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Almost every child experiences a bone fracture in their lifetime. There are numerous situations 
that can lead to an accidental bone fracture. The major challenge for physicians is to recognize 
when the bone fracture is no longer an accidental event. What aspects indicate a forensic cause 
of the bone fracture? No medical textbook is available that answers this question as exhaus-
tively as this book. The chapters are arranged according to the site of the bone fracture, and 
thus fit seamlessly with clinical practice. Several international radiologists, pediatricians, and 
forensic physicians, all experts in the field, have contributed. Differential diagnostic aspects 
are covered extensively, including congenital variants that can put physicians as well as radi-
ologists on the wrong track. The book is packed with examples and is educationally well con-
structed. The book concludes with instructions for reading and interpreting medical literature 
including translations to Bayesian formulation. This book is an essential reference work in 
every emergency room and pediatric department and a textbook of the highest quality for every 
(pediatric) radiologist.

Pediatrician Specialized in Social Pediatrics  
Dutch Expertise Center for Child Abuse (DECCA) 

Elise van de Putte

Utrecht, The Netherlands

Foreword

The original version of this book was inadvertently published without the foreword by Prof. Wilma Duijst. 
The foreword has now been included in the book.



vii

Foreword

‘Break a leg’ is a common saying. The origin of this saying is unknown. Some state it refers to 
the world of dancers, actors and performers. The saying is meant to wish a person good luck. 
Others state the saying goes back to the seventeenth and eighteenth centuries. Breaking a leg 
meant having a child born out of wedlock. In this dark world we called this child ‘a bastard 
child’. This book is about the dark side of breaking a leg or whatever other bone in the body of 
a child. The principal question, after a broken bone is detected in a child, is whether the bone 
is broken due to a disease, due to bad luck (the wish did not work out well) or due to ‘the bas-
tard child’ who annoyed his caregivers (the child is physically abused). Being able to make the 
distinction between these three options is crucial for paediatricians, forensic physicians, public 
prosecutors and judges. Making the distinction has consequences for the medical treatment, 
the decisions about the safety of the child and even the place for the child to live. And as having 
a disease or having bad luck is not a criminal offence, this distinction is crucial to determine 
whether someone has to be prosecuted for child abuse and if so who. In criminal court the 
distinction is the basis for the decision if someone is to be found guilty and has to be punished. 
To be able to make these decisions the professionals need scientific facts. This book provides 
these facts. From now on, making decisions about a broken bone in a child does not depend on 
whether the wish ‘break a leg’ uttered towards professionals worked out.

This book started out as a 200-page book and has now reached the status of a handbook in 
this field of expertise. I’m honoured to present this book to my forensic and judicial 
colleagues.

Wilma DuijstForensic Medicine and Criminal Law
Maastricht University
Maastricht, The Netherlands
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1.1  Defining Child Abuse

1.1.1  Child Abuse

There is no universally accepted definition of child abuse or 
any of its subtypes. Definitions will vary according to the 
circumstances under which the definitions are used, e.g. 
sociological, medical, political, cultural, scientific, or legis-
lative. Definitions may also vary from concise and to the 
point, to comprehensive and more descriptive.

In this book we will use the definition of the World Health 
Organization (WHO), which was first drafted in 1999: ‘Child 
abuse constitutes all forms of physical and/or emotional ill- 
treatment, sexual abuse, neglect or negligent treatment, or 
commercial or other exploitation, resulting in actual or 
potential harm to the child’s health, survival, development or 
dignity in the context of a relationship of responsibility, trust 
or power’ [1]. This definition includes both active (= abuse) 
and passive (= neglect) behaviour of parents and others 
towards children.

The terms ‘non-accidental trauma’ and ‘inflicted injuries’ 
will be defined and discussed in Sect. 1.1.6.

1.1.2  Physical Abuse

Physical child abuse is defined as the deliberate physical vio-
lent behaviour towards a child, committed by parents, care-
givers, and other individuals (such as siblings, acquaintances, 
and teachers) that are in a position of relationship of respon-
sibility, trust, or power towards the child. This leads to actual 
or potential physical injury that is the result of interactions 
(acts), or a lack of interactions (omissions), which should 
reasonably be within the control of a parent or person in a 
position of responsibility, power, or trust [1, 2]. Although the 
physical violent behaviour is always deliberate, the resulting 
physical injuries are often not intended to occur.

Physical abuse also includes the deliberate poisoning or suf-
focation of a child, but these acts can also take place with the 
motive to fabricate or induce illness in the child (Sect. 1.1.6) [2].

The severity of actions may range from a single incident 
without or with visible physical consequences to frequent 
physically aggressive behaviour, such as beating, punching, 
kicking, biting, and burning with or without visible injuries 
and/or scars, up to life-threatening and sometimes fatal 
consequences.

1.1.3  Neglect

Neglect is the failure to provide for the needs of the child in 
every aspect of a child’s life: health, education, emotional 
development, nutrition, shelter, and safe living conditions, 
within the context of resources generally considered avail-
able to the family or carers. This includes the failure to prop-
erly supervise and protect children from harm [3]. The 
actions or the omissions of the parent/caregiver cause, or 
have a high probability of causing, harm to the child’s health 
or physical, mental, spiritual, moral, or social development.

In physical neglect, the parent/caregiver is unable or 
unwilling to provide (with regard to the physical needs of the 
child) minimal adequate care (concerning, e.g. food, shelter, 
hygiene, sleep, and clothing) and suitable medical, dental, 
and mental health care. The parent/caregiver may also not 
take suitable precautions to ensure the safety of the child 
indoors and outdoors according to the nature and develop-
ment of the child (no supervision, unsanitary, unsafe or 
unhealthy environment, no substitute care).

Other types of neglect are emotional and educational 
neglect. Emotional neglect occurs when parents/caregiv-
ers fall short in responsiveness and giving positive atten-
tion to the child. Allowing the child to witness violence 
between parents is also considered to be emotional 
neglect, but is sometimes also defined as emotional/psy-
chological abuse [4].

Educational (or normative) neglect is defined as being 
unable or unwilling to have minimal concerns about the 
socialization of the child including the provision of suitable 
education for the child. It also includes exposing or involving 
the child in illegal acts that induce or promote delinquency or 

R. A. C. Bilo et al.
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antisocial behaviour in the child [4]. Educational neglect also 
includes not exercising appropriate and sufficient parental 
authority or not offering sufficient structure, while raising 
the child [5].

1.1.4  Emotional/Psychological Abuse

Emotional or psychological abuse is described as the sys-
temic destruction of a person’s self-esteem and/or sense 
of safety, acceptance and respect, increasing autonomy 
and clear boundaries, often occurring in relationships 
where there are differences in power and control [6]. 
There is an atmosphere, in which a child is bullied, hurt, 
and belittled. Psychological abuse includes threats of 
harm or abandonment, humiliation, deprivation of con-
tact, isolation, and other psychologically abusive tactics 
and behaviours [7].

Synonyms of psychological abuse are, e.g. emotional 
abuse, verbal abuse, mental cruelty, intimate terrorism, and 
psychological aggression. When the abuse occurs in a resi-
dential care setting, it is often called systemic or institutional 
abuse [7].

1.1.5  Sexual Abuse

The WHO defines child sexual abuse as the involvement of a 
child in sexual activities that he or she does not fully compre-
hend, is unable to give informed consent to, or for which the 
child is not developmentally prepared and cannot give con-
sent, or that violates the laws or social taboos of society [8]. 
According to the WHO child sexual abuse is evidenced by 
this activity between a child and an adult or another child 
who by age or development is in a relationship of responsi-
bility, trust or power, the activity being intended to gratify or 
satisfy the needs of the other person. This may include but is 
not limited to:

• The inducing or forcing of a child to engage in any unlaw-
ful sexual activity

• The exploitative use of a child in prostitution or other 
unlawful sexual practices

• The exploitative use of children in pornographic perfor-
mance and materials

1.1.6  Fabricated or Induced Illness by 
Parents/Caregivers

Fabricated or induced illness by parents/caregivers is defined 
as the deliberate fabrication or induction/production of phys-
ical or psychological symptoms in a child by a parent or 

caregiver [9, 10]. Fabricated or induced illness by carers 
(FII) (UK terminology) was formerly known as Munchausen 
syndrome by proxy [11]. It is now also known as paediatric 
condition falsification (PCF)/factitious disorder by proxy/
medical child abuse [12–14].

In this form of child abuse the child has suffered, or is 
likely to suffer, significant harm through the deliberate action 
of its parent or caregiver. The symptoms of the child are 
attributed by the parent or caregiver to an illness or another 
medical cause [13, 15]. There are three ways (not mutually 
exclusive) of a parent or caregiver fabricating or inducing an 
illness in a child:

• Fabrication of signs and symptoms, including fabrication 
of the child’s past medical history and the past medical 
history of other family members, including the perpetra-
tor’s medical history

• Fabrication of signs and symptoms and falsification of 
hospital charts, records, letters and documents, and speci-
mens of bodily fluid

• Induction of symptoms/illness by a variety of means, e.g.:
 – The administration of prescribed and unprescribed 

medication
 – The administration of substances, that are freely avail-

able at home, which can be given to the child or applied 
to its skin

 – Starving the child leading to malnutrition
 – Smothering

An existing diagnosed illness in a child does not exclude 
the possibility of induced illnesses. The presence of a real 
existing illness can act as a stimulus for the abnormal behav-
iour and also provide the parent with opportunities for induc-
ing or aggravating symptoms.

In order to determine whether the child’s signs and symp-
toms are fabricated or induced, it is not necessary to have 
insight into the perpetrator’s motives for the fabrication or 
induction. The diagnosis of fabricated illness is based upon 
the investigations of the child itself and the complete (medi-
cal) history. Potential motives of the suspected perpetrator 
can be evident or obscure and are of relevance to the treat-
ment of the perpetrator him- or herself, which of course is 
crucial for the final prognosis of the safety and health of the 
child.

1.2  Epidemiology

Lord Laming stated in his 2003 report on the occasion of the 
violent death of Victoria Climbié about the incidence and 
prevalence of child abuse: ‘I have no difficulty in accepting 
the proposition that this problem (deliberate harm to chil-
dren) is greater than that of what are generally recognized as 

1 Child Abuse, Non-Accidental Trauma, and Inflicted Injuries



4

common health problems in children, such as diabetes or 
asthma’ [16]. The exact incidence and prevalence of child 
abuse is not known. One important reason for this is that in 
nearly every study to establish the incidence and prevalence, 
researchers use their own definition. If a ‘broad definition’ is 
used, the incidence and prevalence will be higher than in 
case of a much narrower definition.

In the Netherlands (more than 17 million inhabitants with 
180,000 births per year), the most recent and third 
Netherlands’ Prevalence study on Maltreatment of children 
and youth (NPM-2017) showed that in 2017 90,000–127,000 
children (26–37/1000 children) were recognized by profes-
sionals as victims of child abuse [17]. A study amongst pri-
mary and secondary school students showed that 270 of 
1000 of primary school students had ever experienced a form 
of child abuse and 123 of 1000 secondary school students 
had been victimized during the secondary school period 
[18]. During the COVID pandemic the Netherlands insti-
tuted a nationwide lockdown, a study by the same group 
showed that in a three-month period an estimated 40,000 
children (95% CI: 24.533–54.237 or 8–19/1000 children) 
were recognized as victims of child abuse [19]. This repre-
sents a significant increase and supports the theory that child 
abuse is related to stressful events. In these studies defini-
tions of child abuse, comparable to the WHO definitions, 
were used.

More exact figures will probably never be known, because 
there will always be a dark number of unrecognized, and 
therefore unknown, cases, even with an accurate definition. 
A large review by Hillis et al. on the international prevalence 
of child abuse violence over the then past year included 38 
articles from 96 countries found, depending on the used defi-
nition, a minimum prevalence of 50% for Asia, Africa, and 
Northern America [20]. A study based on United States 
national child protective services records (2003–2016) com-
bined with census data led the authors to conclude that before 
the age of 12 years 32.4% of children were reported at least 
one time [21]. In this study, the probability of subsequent 
reports were 13.71% for 2 reports, 7.57% for 3 reports, 
4.50% for reports, 2.80% for 5 reports, and 1.79% for 6 
reports. Not surprisingly the data showed that children with 
more prior reports were more likely to be reported again.

Among professionals in the field of child abuse there is 
consensus that whatever the exact incidence and prevalence 
numbers might be, it is one of the main threats to the well- 
being of children.

1.3  Clinical Aspects

Each subtype of child abuse can have negative health conse-
quences. In Table 1.1 an overview is given of some of the 
health consequences of child abuse, as summarized by the 

WHO and by Felitti et al. [22, 23]. On the one hand, these 
consequences are the immediate effect of the aggressive or 
negligent behaviour and are visible as, e.g. physical injuries 
or sexually transmitted diseases. On the other hand, these 
consequences are a delayed effect of the child abuse, mani-
festing in adolescent or adult life, like alcohol and drug abuse 
or delinquent, violent, and other risk-taking behaviour 
(Fig. 1.1).

Moreover, not all physical injuries will be noticed when 
they are present or, when they are noticed, be recognized as 
such.

Table 1.1 Health consequences of child abuse [22, 23]

Physical abuse •  Abdominal/thoracic injuries
•  Brain injuries/injuries to the central 

nervous system
•  Bruises and contusions
•  Burns and scalds
•  Disability
•  Fractures
•  Lacerations and abrasions
•  Ocular damage

Physical neglect •  Failure to thrive
•  Dental decay
•  Burns and scalds
•  Severe diaper rash
•  Consequences of inadequate medical 

care
•  Drowning

Sexual and reproductive •  Mucous membrane damage
•  Reproductive health problems (e.g. 

infertility)
•  Sexual dysfunction
•  Sexually transmitted diseases, 

including HIV/AIDS
•  Unwanted pregnancy
•  Constipation, enuresis, abdominal pain
•  Pelvic floor hypertrophy

Psychological and 
behavioural

•  Alcohol and substance abuse
•  Cognitive impairment
•  Delinquent, violent, and other 

risk-taking behaviours
•  Depression and anxiety
•  Developmental delays
•  Eating and sleep disorders
•  Feelings of shame and guilt
•  Hyperactivity
•  Poor relationships
•  Poor school performance
•  Low self-esteem
•  Post-traumatic stress disorder
•  Psychosomatic disorders
•  Suicidal behaviour and self-harm

Other longer-term health 
issues

•  Cancer
•  Chronic lung disease
•  Fibromyalgia
•  Irritable bowel syndrome
•  Ischemic heart disease
•  Liver disease
•  Obesity
•  Diabetes

R. A. C. Bilo et al.
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Fig. 1.1 The ACE Pyramid 
represents the conceptual 
framework for the ACE Study, 
which has uncovered how 
adverse childhood 
experiences are strongly 
related to various risk factors 
for disease throughout the 
lifespan (source: C. Whitfield, 
M.D., Centers for Disease 
Control and Prevention,  
http://www.cdc.gov/
violenceprevention/acestudy/
pyramid.html)

1.4  Defining Trauma and Injury

Trauma and injury are often used as synonyms both in daily 
practice and in the medical literature. This is confusing and 
in a forensic setting incorrect:

• A trauma is an event which can result in an injury.
• An injury is any wounding or physical damage (physical 

harm, bodily injury, physical injury) that results from a 
trauma.

It is important to recognize that cutaneous injuries may 
indicate damage to underlying structures, such as the skele-
ton, intra-abdominal organs, or intracranial (neurological) 
injuries.

1.5  Cause of Injury

1.5.1  Introduction

The cause (or mechanism) of an injury refers to the way a body 
part (skin, mucosa, or any other tissue: muscles, organs, and 
bones) is damaged. The cause of an injury should be differenti-
ated from the manner (or mode) of an injury. The manner of an 
injury describes the circumstances under which the injury was 
sustained or the injury event happened (see Sect. 1.1.6).

An injury is caused by the (sudden) subjection of the body 
or body parts, e.g. the skin, the mucous membranes, the skel-
eton or internal organs, to amounts of energy that exceed the 

threshold of physiological tolerance. In other words, it con-
cerns the exposure of the body to amounts of energy in which 
the loading (the process of transfer of energy during the con-
tact) exceeds the maximum capacity of the body or parts of 
the body (and/or adjacent tissues) to absorb the transferred 
energy. This may occur with or without externally visible 
damage to the skin or the mucous membranes and with or 
without signs of damage to the skeleton or internal organs, 
e.g. fractures, intracranial bleeding, or intra-abdominal inju-
ries [3, 24, 25].

Transfer of energy, leading to injuries, can happen due to 
mechanical trauma or in non-mechanical trauma (contact or 
near contact with physical agents) (Sect. 1.6–1.10) [25].

The nature of an injury, in other words the appearance, 
extent, and severity of an injury, not only depends on the type 
of trauma (mechanical or non-mechanical), but also on [26]:

• The amount of energy that is transferred during the 
contact

• The rate of energy transfer
• The duration of the exposure to the transferred energy
• The exposed body part(s)
• The size of the body surface over which the energy is 

distributed
• The nature of the ‘weapon’ used
• The structures under the skin (e.g. subcutaneous fat, mus-

cle, bone, or internal organs)
• The age and (physical) developmental stage of the child
• The health status of the child and the presence of 

diseases
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In addition to the foregoing, one should be aware that phys-
ical injuries in all body parts (including the skin and the skel-
eton) can also be caused by a lack, or excess, of one of the vital 
elements (e.g. oxygen, trace elements, vitamins, water, or 
warmth) [3, 24]. A lack or an excess of vital elements may 
even lead to death. An excess can be seen, for example in salt 
poisoning, hypervitaminosis, water poisoning (hyperhydra-
tion), or overheating (hyperthermia, heat stroke) [27–32].

1.5.2  Mechanical Trauma

Mechanical (blunt- or sharp-force) trauma is caused by 
transfer of energy due to static or dynamic loading [33, 34]. 
The difference between static and dynamic loading is best 
exemplified by the following statement of Burton: ‘Consider 
the effect of a stationary bullet resting on your chest, com-
pared to the effect of a moving bullet striking your chest. The 
stationary bullet exerts a static load on your chest. A moving 
bullet exerts a dynamic load’ [35].

1.5.2.1  Static Loading
In mechanics, a static load is defined as a non-varying load, 
e.g. a non-varying force exerted on a surface by the weight of 
a mass at rest. For that reason, a static load in mechanics is 
also known as a dead load.

In injury biomechanics and in forensic medicine, the terms 
static load and static loading are used slightly different. Static 
loading is defined as a relatively slow exertion (loading) of 
forces on body parts over a protracted period of time. In the 
paediatric literature, this protracted time is defined as more 
than 200 ms [36, 37]. Static loading occurs when a body part 
is squeezed and/or compressed, which may lead to injuries of 
soft tissues, bony tissues or sometimes to underlying tissues, 
like the intracranial or abdominal content. Just like in dynamic 
loading, the effect of static loading can be focal and limited to 
the point of compression or more extended in which not only 
the superficial, but also the underlying layers are damaged.

The type, severity, dimensions, and appearance of the 
injuries caused by static loading are not only determined by 
mass, weight, gravity, or force but also by:

• The surface of the compressing object (flat, curved, pat-
terned, blunt, sharp, more or less flexible) and of the com-
pressed skin (flat, curved, underlying tissues—connective 
tissue, fat, bone)

• The size of the contact surface between the compressing 
object and of the compressed skin

• The source that determines the applied load (gravity, 
human behaviour, accidental wedging)

• The load exerted on the skin

Gradual or repetitive build-up of loading or changes in 
loading of the skin during the time of exposure may happen, 

because the load that is exerted is not only determined by 
gravity but also by the amount of changes in pressure actively 
exerted on the skin, e.g. if a person is grabbed by another 
person, or if a person is overrun by a very slow driving car, 
or by movements of the person who is subjected to the load 
and actively resists the loading or passively changes posi-
tion. This will lead to changes in the energy that is trans-
ferred from the compressing object to skin during the time of 
exposure (contact time) and will influence the final effect of 
the static load on the skin.

In physical assaults, static loading mostly will be caused 
by blunt-force trauma due to, e.g. compression or bending, 
but static loading of the skin may also be caused by pulling 
or twisting of the skin. Static loading may also happen in 
sharp-force trauma, when a sharp-pointed object (e.g. a nee-
dle) is first held and then pressed against the skin (often 
resulting a penetrating trauma of the skin and sometimes of 
the underlying tissues).

If static loading in blunt-force trauma leads to injuries of 
the skin and underlying tissues, including the vessels (subcu-
taneous veins or capillaries) and bones, the injuries are the 
result of direct damage by the distorting force (compressing, 
pulling, twisting) at the site of the distortion. The integrity of 
the skin and the underlying tissues may or may not be com-
promised during static loading.

The level of static loading is often expressed in terms of 
low and high pressure. These terms however are subjective 
and relative with a grey area between low and high pressure 
and depending on the context in which these terms are used. 
Pressure is the ratio between the exerted force and the 
exposed surface, in other words the distribution of force per 
square centimetre. The risk of injuries to the skin and the 
underlying tissues, for example bones or visceral organs, 
increases with increasing pressure (proportional relation).

In case of low-pressure static loading, e.g. in normal daily 
activities like handling a child, the loading caused by normal 
handling will not result in bruising or other skin injuries and 
usually not in injuries of underlying tissues, like bones. 
However this only accounts if there are no complicating factors 
added to the low-pressure loading, which decrease the capacity 
of the skin and the underlying tissues to absorb the transferred 
energy, e.g. a coagulation disorder, vascular disorders or disor-
ders of the connective tissue, or the use of medication, e.g. cor-
ticosteroids and anticoagulants. Also, prolonged exposure to 
low-pressure loading, as sometimes can be seen in tight cloth-
ing, may lead to superficial skin injuries, like bruises (e.g. com-
pression or torsion of the skin) and superficial abrasions 
(compression in combination with friction and shearing).

High-pressure static loading, as can be seen in accidents, 
e.g. resulting from prolonged wedging in motor vehicle 
 accidents or in non-accidental trauma (e.g. in pinching, grab-
bing, or tying), may result in more extensive bruising or 
other injuries of the skin or compression injuries of underly-
ing tissues, e.g. skull and rib fractures.

R. A. C. Bilo et al.



7

1.5.2.2  Dynamic Loading
Dynamic loading is the fast application or change of forces 
over a shorter period, e.g. less than 200 ms, often even less 
than 50  ms. Dynamic loading can be divided in dynamic 
impact and dynamic impulse loading.

Dynamic impact loading is defined as the application of 
an external force with a certain mass and velocity during a 
relatively short period of contact between the object and the 
skin/body. An injury caused by dynamic impact loading is 
also referred to as a kinetic injury: an injury caused by the 
exchange of energy during motion, leading to a transfer of 
energy during collision as long as the contact continues 
between the human body and the colliding object, e.g. an 
object or (parts of) another human body. Injuries due to 
dynamic impact loading are the result of a single impact or a 
series of impacts. In physical assaults, dynamic impact load-
ing may occur in non-penetrating or penetrating blunt force 
or sharp force.

In dynamic impact loading, the following situations can 
occur during the impact between a body part and an object:

• The impacted body part is stationary, while the impacting 
object moves against the body part.

• The impacting body part is moving, while the impacted 
object is stationary.

• Both the body part and the object are moving either in the 
same direction with different speeds or in opposite 
directions.

The impact loading results in the body part changing 
shape with possible damage to the soft tissues, bony tissues, 
or the underlying tissues.

Dynamic impulse loading is the result of rapid (often 
repetitive) movements without (external) impact, but with a 
rapid alternation of acceleration and deceleration (inertial 
trauma), as can be seen in abusive head trauma or in some 
abdominal injuries due to shaking. Dynamic impulse loading 
has never been described as the cause of skin injuries or frac-
tures of the calvarium, the base of the skull or orofacial 
bones. However, dynamic impulse loading can lead due to 
the rapid alternation to specific fractures, e.g. classical 
metaphyseal lesions (see Chap. 12). Dynamic impulse load-
ing can occur combined with static loading: e.g. during shak-
ing compressive forces on the ribs can result in rib fractures, 
but also in bruising on the thoracic wall.

1.5.3  Non-mechanical Trauma: Physical 
Agents

In non-mechanical trauma, injuries are the result of the trans-
fer of energy during a direct contact of or a contactless transfer 
to the skin and/or other body parts, in which the skin and/or 
the other body parts are exposed to extremes in temperature 

(heat and cold) or to chemical or physical agents (acidic and 
alkaline chemicals, electricity, microwaves, and radiation). In 
a contactless transfer, the risk of injuries usually decreases 
with increasing distance between the body and the energy 
source, e.g. with radiation from an infrared heater. Chemical 
or physical agents may have a similar effect on the skin and the 
subcutaneous tissues as heat or cold: cutaneous burns, resem-
bling burns, due to extremes in temperature (see Sect. 1.7.5).

1.5.4  Direct and Underlying Cause

While determining the cause of an injury, one should differ-
entiate between the direct cause and the underlying cause. 
According to the Centers for Disease Control and Prevention, 
the direct cause is what produces the actual physical harm 
and the underlying cause is what started the chain of events 
that led to the actual physical harm (the injury) [38]. The 
direct and underlying causes can be the same or different.

If a child sustained bruising on the forehead after he or she 
stumbled while walking and hitting his or her head on a coffee 
table, the fall, caused by the stumbling, is the underlying cause 
(the action that started the chain of events leading to the injury, 
i.e. stumbling and falling), leading to the contact with the 
table, which is the direct cause of the bruising (the action that 
caused the actual physical harm, i.e. impact trauma). The 
cause of a certain injury does not have to say anything about 
the manner of that injury. Determining that the child fell and 
hit the table (causing a bruise to the forehead) does not define 
under which circumstances the stumbling took place. The 
stumbling may have been caused, for example by the unstable 
walking of the child (developmental level), just being wild 
during play, being pushed by another child during play or dur-
ing a fight, or intentionally or unintentionally being pushed by 
an adult. The resulting injury will often be the same, because 
it is caused by an impact trauma (cause of injury), despite the 
different circumstances (manner of injury).

1.6  Manner of Injury

As stated before in Sect. 1.5.1, the manner of injury describes 
the circumstances under which the injury was sustained or 
the injury event happened. The manner can be divided in 
three types of circumstances [39]:

• Accidental trauma (often used synonyms: non-inflicted, 
non-intentional or unintentional, or non-abusive)

• Non-accidental trauma (often used synonyms: inflicted, 
intentional, deliberate, abusive, or negligent)

• Unexplained trauma (undetermined)

Using the term ‘accidental’ is factually misleading. It may 
suggest that the events leading to the injury were inevitable 
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and could not be avoided. In case of minors, especially 
younger children, most accidents (perhaps even all) are, at 
least in retrospect, preventable and sometimes even predict-
able [40]. ‘Non-inflicted’ is also a misleading term: the use of 
this term implies that the injury was not inflicted and that 
nobody was involved in causing the injury, although, for 
example in a motor vehicle accident, the driver is involved in 
causing the injury and the injury was inflicted. ‘Non- 
intentional or unintentional’ are more neutral terms: the injury 
event happened but there was no intention for it to happen, 
despite the fact that the incident could have been prevented if 
the necessary precautions had been taken. Despite the fact 
that the term ‘accidental’ is factually misleading, in this book 
this term will be used to describe the circumstances in which 
injuries resulted from an ‘unintended, non-abusive’ incident.

Using the term ‘intentional’ as synonymous for ‘non- 
accidental’, ‘inflicted’, or ‘abusive’ in the evaluation of inju-
ries is also misleading. It would mean that the motivation of 
the perpetrator (‘intentional: willingly, consciously, deliber-
ately’) to inflict an injury can be determined by evaluating cer-
tain characteristics of the injury. This is almost never possible 
based purely on the findings during the physical examination, 
except probably for pinch marks, bite-marks, or multiple stab 
wounds. In a physical assault, the action that led to an injury is 
almost always the result of a conscious decision of the perpe-
trator and therefore intended, but it is rarely the intention to 
inflict (serious) injuries. ‘Inflicted’ is a more appropriate term, 
because it states that the injury was the result of an action by a 
person (and perhaps an animal in bite-marks), without saying 
anything about the intention (‘to inflict = to give or impose 
something unpleasant and unwanted, for example to inflict 
serious injuries’). In this book, the terms ‘non-accidental’ or 
‘inflicted’ will be used to describe the circumstances in which 
injuries resulted from an abusive incident (an event resulting 
from violent behaviour of an adult towards a child).

The evaluation of the circumstance under which an injury or 
injuries were sustained, is a (forensic) medical task, in which 
injury characteristics and the patient’s or parent’s (clinical) his-
tory can be used to differentiate to a certain extent between non-
accidental trauma/inflicted injuries, accidental trauma/
non-inflicted injuries, and unexplained injuries. Beforehand dis-
ease, which can mimic injury, has to be ruled out. In each step 
of the evaluation, a carefully taken and comprehensive (clinical) 
history may add information, which may enable differentiation 
(see also Sect. 1.9). The following aspects should be taken into 
account during the evaluation, concerning the manner:

• The age and developmental level of the child
• Explanations given by the child (if possible), the parent(s), 

and others (people involved in the case, regardless of their 
background: professionally involved or not)

• Other (historical) physical signs and symptoms: e.g. stress-
related physical signs or older bruises and/or other soft tis-
sue injuries, fractures, head injury, and abdominal injury

• Past medical history and family history
• Additional findings during physical examination/forensic 

medical examination
• Findings during laboratory examination: e.g. testing of 

blood tests (e.g. blood clotting) or urine
• Findings during imaging: skeletal survey, CT/MRI, nuclear 

medicine, ultrasonography (brain, abdomen, total body)
• Assessment by social work/child protection services
• Inquiry by the police
• Data from (preferably evidence based) clinical and foren-

sic paediatric literature about the differential diagnosis of 
physical findings and the possibility and probability of 
certain injuries in certain circumstances

• In case of suspicions of fatal abuse: findings during a 
forensic autopsy

Even if all medical findings and other data are properly 
evaluated, including an extensive (clinical) history, a compre-
hensive clinical examination, and/or forensic autopsy, it will 
not always be possible to draw reliable conclusions about the 
manner of the injury. For example, a young child (age 3) 
becomes a victim of a house fire and dies. The cause of the 
injuries and of the death of the child will probably be clear 
after autopsy, e.g. injuries due to heat and/or carbon monox-
ide intoxication. In other words, the injuries and death of the 
child were sustained due to the house fire. The following cir-
cumstances, under which the child sustained the injuries and 
died, should be considered to determine whether the house 
fire occurred in accidental or non-accidental circumstances:

• The fire resulted from a suddenly and unexpectedly mal-
functioning of an electrical device. The parents were at 
home and tried everything to save the child. The manner 
of the injuries and the dying of the child can be defined as 
accidental and unintended.

• The child was left alone in house without any supervision 
and had easy access to matches. The parents were already 
warned by child protection to never leave the child alone 
at home. The injuries and the dying could have been pre-
vented if the child had been taken care of in a proper way. 
The manner will be non-accidental, due to negligence.

• The fire was started deliberately. The manner of death 
will be manslaughter, if the death of the child was not 
intended to happen, or homicide, if the death of the child 
was intended to happen.

1.7  Cutaneous Injuries

1.7.1  Introduction

The most injured organ due to physical assault is the skin, 
irrespective of the age of the assaulted victim. The skin is 
also the easiest organ to examine in case of a suspicion of 
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Table 1.2 Cutaneous injuries caused by mechanical trauma [45]

Blunt-force trauma Resulting injuries
•  Closed injuries •  Erythema 

•  Bruises 
•  Petechiae

•  Open injuries •  Abrasions 
•  Lacerations and avulsions 
•  Injuries due to a blunt penetrating trauma

Sharp-force trauma Resulting injuries
•  Open injuries •  Incisions and stab wounds

•  Gunshot wounds

non-accidental trauma. In paediatric patients, bruises are the 
most common injuries in physical assaults, followed by other 
cutaneous injuries, like abrasions and burns [41–44]. 
However, bruises and other cutaneous injuries due to non- 
accidental trauma are also common injuries due to accidental 
circumstances. An overview of cutaneous injuries resulting 
from mechanical trauma is given in Table 1.2.

When suspicious cutaneous findings are evaluated, a 
number of findings are seen more often in inflicted than in 
accidental injuries:

• Multiple injuries in various stages of healing
• Injuries of various kinds, e.g. bruises, abrasions, and 

burns
• Injuries on different body surfaces: front-back, left-right)
• Injuries with a clearly recognizable pattern, e.g. a hand-

print or an iron
• Self-defence injuries: injuries that arise because the child 

adopts a body posture that reduces the risk of serious 
injury during a violent incident

• Injuries to body parts that would normally not be dam-
aged in an accident or only in exceptional cases, e.g. the 
perianal area

• Injuries/bruises in non-mobile children, especially chil-
dren under the age of 4 months old

1.7.2  Blunt-force Trauma: Closed Skin 
Injuries

1.7.2.1  Erythema
Erythema is defined as redness of the skin and/or mucous 
membranes caused by dilatation of the underlying capillar-
ies. It is caused by a non-specific local reaction, which occurs 
with any cutaneous trauma (e.g. by heat, friction, rubbing, 
pressure, or by the application of irritating chemical sub-
stances), infection, or inflammation. Contrary to bruises and 
petechiae, erythema does blanch under diascopy, because 
there is no leakage of erythrocytes in erythema. In case of a 

traumatic cause, erythema will vanish within minutes to 
hours after the incident. For that reason, erythema is only 
rarely seen during the medical evaluation of suspect child 
abuse cases, unless the child is examined by a physician 
within minutes to hours after the incident that caused the 
erythema.

1.7.2.2  Bruises
A bruise is an injury of soft tissues (skin, underlying tissues, 
mucous membranes), in which vessels (capillaries and 
venules) are damaged by trauma (usually blunt-force trauma: 
collision/compression or stretching), causing leakage of 
erythrocytes into the surrounding interstitial tissues. Because 
of the leakage of erythrocytes, bruises will not blanch under 
diascopy. Synonyms that are used for bruises are hematoma, 
contusion, purpura, and ecchymosis. In this book the terms 
bruise or hematoma will be used.

Bruising occurs when the loading of soft tissues exceeds 
the maximum load-bearing capacity of these tissues. This 
means that traumatic bruising can occur in children with and 
without congenital or acquired medical conditions in which 
the maximum load-bearing capacity of vessels is diminished, 
in clotting disorders or in a combination of both, e.g. sys-
temic disorders with clotting problems. In children with a 
medical condition trauma is often still needed to create bruis-
ing, but the acquired threshold value to cause bruising in 
these children is less than in children without such a condi-
tion. The manner of traumatic bruising in young children 
with or without a medical condition can be either accidental 
(injury, e.g. due to a fall during daily activities) or non- 
accidental (injury due to a human act or omission). In other 
words, finding a medical condition does not exclude non- 
accidental circumstances [45].

The total number of bruises (including bruises of the 
shins) in a young child due to age-appropriate motor behav-
iour (such as playing) (accidental bruises) typically ranges 
from a few to about 15 [46].

One should, however, realize that spontaneous bleeding 
and bruising can sometimes also occur in children with, e.g. 
immune related thrombocytopenia (ITP), sepsis, or Henoch–
Schönlein purpura.

Cutaneous bruises generally are located superficially in 
the skin and subcutaneous tissues, with usually externally 
visible discoloration, changing in colour over time (days to 
weeks). More extensive extravasation of blood will be seen 
in areas with increasing laxity and loose subcutaneous ele-
ments in the tissues, e.g. bruising around the eyes is more 
obvious than bruising of the hand palm [47].

If bruising is found symmetrically on the whole body, this 
usually indicates an underlying condition. If symmetrical 
bruising is found on a limited part of the body, e.g. only in 
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the head-neck region or on the inside of the upper arms or 
thighs, inflicted injury is more likely than an accidental 
injury or a medical condition [45].

Traumatic bruising results from either blunt force (impact 
trauma, e.g. due to falling, bumping, or punching) or com-
pressive force (compressing, tightening, or twisting of the 
skin, e.g. when squeezing the skin) [25].

Kemp et al. published the results of a systematic review of 
the medical literature concerning the circumstances under 
which bruises can occur in children (manner of bruising) 
[48]. They also evaluated the specific characteristics of 
bruises, related to the manner of injury. Accidental bruising 
occurred very rarely (<1%) in non-mobile children. 
Clustering of bruising was often found in children in whom 
the bruising was sustained in non-accidental trauma. 
Frequently, other types of recent and old injuries were found 
in these children such as scars from burns or (healing) 
scrapes, or scratches.

Pierce et al. showed that bruises on the trunk (chest, abdo-
men, back, buttocks, anogenital region, and hips), ears, and/
or neck in children under 4 years of age (TEN-4) were indic-
ative of non-accidental circumstances (specificity of 84%; 
sensitivity of 97%) [49]. The authors stated that the indica-
tive nature of bruising at these locations applied if a state-
ment about plausible accidental circumstances, including 
observation of the causing incident by an independent 
observer, was missing. Based on the findings of Pierce et al., 
it can be calculated the finding of a bruise in the TEN-region 
in a child under the age of 4 years is approximately 6 times 
more likely under the hypothesis of a non-accidental trauma 
than under the hypothesis of an accidental trauma. Pierce 
et al. further concluded that bruises in children under the age 
of 4 months, regardless of the location of the bruises, always 
are suspect for non-accidental circumstances, especially if 
no plausible accidental explanation is present or no evidence 
is found for a condition with an increased bleeding 
tendency.

In 2021, Pierce et al. published the results of the evalua-
tion of an extended ‘bruising clinical decision rule’, TEN-4- 
FACESp (Table 1.3) [50]. The new BCDR has a sensitivity 

of 95.6% (95%CI, 93.0–97.3%), a specificity of 87.1% 
(95%CI, 85.4–88.6%), a negative predictive value (NPV) of 
98.8% (95%CI, 98.1–99.3%), and a positive predictive value 
(PPV) of 63.9% (95%CI, 60.3–67.7%). Based on these new 
findings, it can be calculated that the finding of one bruise in 
the body parts covered by ‘TEN-4-FACESp’ in a child under 
the age of 4 years of age, or regardless of the location on the 
body in a child under the age of 5 months, is approximately 
7.5 times more likely under the hypothesis of a non- accidental 
trauma than under the hypothesis of an accidental trauma 
(LR+ 7.41). Finding a bruise in a child under the age of 
5 months is always suspect, irrespective of the location.

One of the most common explanations of bruising, 
according to the caregiver, in young and pre-mobile children 
is that the child itself was responsible for the occurrence of 
the bruising. Depending on the age and the level of develop-
ment of a child, it is possible that an accidental fall occurs 
unnoticed as a result of the child’s own actions. An acciden-
tal trauma in a young child with limited mobility will almost 
always be a non-serious and often observed event, such as 
bumping the head when rolling over or after lifting the head. 
For young children with this level of development, a ‘spon-
taneous fall’ from a short distance, e.g. from a changing 
table, can occur if the child turns over on the changing table. 
However, such a fall can only occur in case of lacking super-
vision: the child has been left in an unsafe situation.

A young pre-mobile child will have a limited control con-
cerning the movements of the head and neck because the 
head is large compared to the rest of the body and the child 
does not have complete control over the neck muscles. There 
may be bumping contacts against persons or objects during 
the daily handling and care of a child, though there are no 
indications in the literature that bruising will occur due to 
these bumping contacts. It should be noted here that if a child 
has a clotting problem, bruising may occur during these 
bumping contacts.

It is possible that a young and pre-mobile child falls out of 
the hands of a parent/caregiver. This can be seen as a short 
distance fall (about 1.5 m). This type of accidental fall occurs 
regularly [51]. In such a fall, injuries (including bruising) 
can occur in those body parts that first come into contact with 
an object or surface during the fall. While being in the arms 
of the caregiver, the fall of the caregiver him/herself can 
increase the momentum of the fall and thereby the possible 
injuries.

With regard to the moment of the appearance of a bruise 
after a trauma and the possibilities for determining the age of 
a bruise based on visible characteristics, the following can be 
noted:

• Superficial bruises are usually visible as a discoloration 
soon after the causative event (almost immediately, up to 
minutes, e.g. on the forehead). With deeper bruising this 

Table 1.3 TEN-4-FACESp [50]

T Torso which includes chest, abdomen, back, buttocks, and 
genitourinary area

E Ears
N Neck
4 The 4 represents any bruising anywhere to an infant of 4 months 

or younger
F Frenulum
A Angle of jaw
C Cheeks (fleshy)
E Eyelids
S Subconjunctivae
p Patterned injuries
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can take many hours to a few days (such as on a buttocks) 
[47, 52]. Furthermore, deeper bruising sometimes will not 
become visible, except when the skin is incised, e.g. dur-
ing a forensic autopsy [47].

• Superficial bruises fade gradually and are usually no lon-
ger visible after 2 to 3 weeks.

• To date no scientific basis exists for dating bruises based 
on colour changes in young children, neither in visual 
assessment of findings during physical examination nor in 
review of photographic material [42].

1.7.2.3  Petechiae
Petechiae are small red, purple, or brown spots caused by 
minor bleeding (0.1–2  mm, pinpoint bleeding/punctate 
bleeding) in the skin, the mucous membranes, and/or the 
serosa surfaces, due to leakage of blood from damaged post- 
capillary venules. Because of leakage of erythrocytes in the 
surrounding tissues, petechiae will not blanch under 
diascopy.

Petechiae are common and can be caused by a large num-
ber of medical or traumatic conditions, ranging from minor to 
very serious [53]. Medical conditions include viral and bacte-
rial infections, haematological disorders (e.g. immune throm-
bocytopenia, vitamin K deficiency), malignancies (e.g. 
leukaemia), vasculitis and inflammatory conditions (e.g. 
Henoch–Schönlein purpura), and disturbance of collagen syn-
thesis, due to vitamin C deficiency, side-effects of some drugs 
(e.g. anticoagulants or some antibiotics). They can also be 
caused by heavy coughing (e.g. in whooping cough) or strain-
ing (e.g. in severe constipation). Petechiae can also be self-
inflicted, e.g. due to suction, especially in elderly children. 
Petechiae in the skin around the eyes, sometimes combined 
with conjunctival haemorrhages may also occur in patients 
with eating disorders, due to self-induced vomiting [54].

In trauma the damage to the post-capillary venules is pri-
marily due to an acute rise of the venous pressure in these 
venules. This sudden increase can result from several 
mechanisms:

• Back pressure, caused by mechanical obstruction of 
venous return to the heart that leads to over-distension 
and rupture of the thin-walled peripheral venules, which 
in its turn leads to rapid extravasation of blood, especially 
in lax tissues, such as the eyelid, or in unsupported serous 
membranes, such as the pleura and the epicardium (e.g. in 
strangulation or choking)

• Back pressure, caused by gravitational obstruction of 
venous return to the heart (e.g. in upside down hanging)

• Locally acting external colliding and/or compressing and/
or (partly) crushing force action with or by a blunt object 
(e.g. in a slap mark)

• External, local acting, suction on the skin (e.g. ‘love bite’)

The manner of trauma can be accidental or non- accidental. 
‘Accidental’ petechiae can occur e.g. in hanging upside 
down during play or sports on a horizontal bar, weightlifting, 
or in accidental drowning. ‘Non-accidental’ petechiae can be 
seen, e.g. in strangulation or choking but also in physical 
abuse. In a retrospective study of 506 children under the age 
of 6 years suspected of inflicted bodily injury, petechiae were 
present in 15.4% of the children for whom inflicted injury 
was deemed proven (54 of 350 children) and 1.9% of the 
children for whom an accidental trauma was deemed proven 
(3 of the 156 children). This corresponds to a likelihood ratio 
of almost 10 [48]. Petechiae can also be found as a result of, 
what can be considered to be a specific type of non- accidental 
trauma, medical procedures, in which local physical pressure 
is applied, e.g. due to a tight tourniquet or being held tightly.

Sometimes a medical condition and trauma coexist, e.g. 
in illnesses with vomiting and coughing (e.g. in pertussis), in 
which petechiae can be found in the head and neck region.

It is not possible to date petechiae based on externally vis-
ible characteristics. Petechiae due to trauma appear fairly 
quickly (within several seconds to minutes) after the loading 
and usually disappear within a couple of days up to about 
one week. Any accompanying redness that may occur simul-
taneously is visible almost immediately for up to 1 or 2 days.

1.7.3  Blunt-force Trauma: Open Injuries

1.7.3.1  Abrasions
An abrasion is a superficial injury to the skin, characterized 
by the traumatic removal, detachment, or destruction of the 
epidermis and sometimes underlying parts of the skin. 
Abrasions are also known as erosions, excoriations, or crab, 
scratch and scrap injuries.

Abrasions are located at the site of contact with the object 
and are caused by a blunt-force trauma, in which there is:

• Rubbing, sliding, scraping, wiping, or other lateral move-
ment of the skin relative to an object with a high friction 
surface (e.g. a brick) or relative to a more or less sharp or 
pointed object (e.g. barbed wire, fingernail, tip of a nail or 
knife, piece of glass or animal-claws). In the lateral move-
ment an object can be moving along the body surface, the 
body surface along the object or a simultaneous move-
ment of object and body surface.

• Compression/crushing of the skin, where there is a force 
acting more or less perpendicular to the skin.

• A combination of both mechanisms.

Only rarely a child will sustain abrasions due to non- 
accidental circumstances. If these injuries are inflicted, the 
injuries will be found in particular in the head and neck 
region (head, face, mouth, and neck) and on or near the upper 
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arms [55, 56]. The most common injuries of this type are 
sharp, line-shaped injuries due to scratching with the nails or 
‘imprint’ injuries, specifically nail imprints due to pinching. 
In elderly children, self-harm has to be ruled out.

If an abrasion is caused by a fingernail, the width and 
depth depend on the width and sharpness of the nail and the 
amount of pressure during the contact. If only pressure is 
applied and no lateral movement is made, the skin is often 
only superficially damaged and a superficial linear or curved 
(crescent-shaped) shape will be visible (‘static fingernail 
imprint’) [56]. A child usually sustains a fingernail abrasion 
in accidental circumstances. Newborns and young infants 
can have relatively long and sharp nails from birth. The child 
can scratch himself through non-directed movements, par-
ticularly in the face. These injuries are almost always limited 
in number and size, usually with a maximum of 0.5 cm long.

Dating of abrasions in children, either living or deceased, 
is not reliable if based on externally visible characteristics.

1.7.3.2  Lacerations and Avulsions
A laceration is a full-thickness injury of the skin and subcu-
taneous tissues, characterized by tearing of tissue in a frayed 
and irregular pattern and often associated with abrasions, 
contusions, and crushing of the wound margins. A laceration 
is also known as a tear or tear wound. A laceration is caused 
by blunt-force trauma (collision/compression or stretch-
ing—shearing force).

An avulsion is a laceration in which skin and subcutane-
ous tissues are not just separated but torn away from the 
underlying tissues. An avulsion is caused by the same mech-
anism as a laceration.

Usually lacerations and avulsion are sustained in acciden-
tal circumstances and are only rarely seen in non-accidental 
circumstances. A child may incur a laceration in non- 
accidental circumstances, e.g. while being whipped. Another 
non-accidental cause can be sexual abuse with penetration 
(digital, penile, object, etc.) resulting in a laceration of the 
hymen or the anal ring and surrounding tissues.

Dating of lacerations in children, either living or deceased, 
is not reliable, if based on externally visible characteristics.

1.7.3.3  Blunt Penetrating Trauma
A blunt penetrating trauma happens when a more or less 
pointed object pierces the skin. The diameter of the penetrat-
ing object may vary from a few millimetres (e.g. pin or nail) 
up to more than 10 cm (e.g. a wooden stake). The result of 
the piercing varies from deep narrow wounds that are some-
times hard to identify due to a small entry hole without clini-
cal consequences via the same narrow wounds with 
penetrating and life-threatening injuries to underlying tissues 
to large injuries with extensive damage to underlying organs, 
e.g. in a blunt penetrating trauma of the abdomen [57].

Puncture wounds caused by blunt penetration should be 
differentiated from injuries caused by a sharp penetrating 
trauma (stab wound). As far as known from the literature 
and from case work done by the authors injuries due to a 
blunt penetrating trauma always occur in accidental 
circumstances.

1.7.4  Sharp-force Trauma

1.7.4.1  Incisions and Stab Wounds
An incision (incised wound), if caused by sharp-force trauma 
with a clean, sharp-edged object (e.g. a knife, a razor, or a 
glass splinter), is a slicing injury usually with sharp edges 
(clean cut), in which the injury is longer than deep, varying 
from superficial (paper cut) to significant (surgical incision). 
A sharp-edged incised wound will give little or no informa-
tion about the object that caused the injury. If an incision is 
caused by a sharp serrated object (e.g. a bread knife), the 
incised wound will have laceration-like edges.

A stab wound (puncture wound or penetrating injury) is a 
deep, narrow injury, which is deeper than its length visible in 
the skin, caused by a sharp-pointed object puncturing the 
skin (e.g. needle, knife, or broken glass). A stab wound usu-
ally is sharp edged, except in case of a sharp serrated object. 
Stab wounds caused by sharp penetrating trauma should be 
differentiated from injuries caused by blunt penetrating 
trauma (puncture wounds).

Incisions and stab wounds are found in more than 10% of 
children with accidental injuries [58]. Incised wounds usu-
ally occur in accidental circumstances, usually due to broken 
glass (drinking glass, window pane), but may also occur due 
to cutting on paper or grass, a knife, broken glass, or lid of a 
can. Often these occur during household activities. Incisions 
can also be caused by sharp edges of equipment or tools dur-
ing leisure time and work. Accidental incisions are often 
more irregular in shape. Deep penetrating accidental stab 
wounds can occur if a child falls on a knife or other sharp 
object, such as a sharp pencil or a knitting needle.

Inflicted incisions or stab wounds usually are caused with 
a knife, razor, or broken glass by a perpetrator. In children, 
this type of injury is only rarely inflicted. Nevertheless, one 
should consider non-accidental circumstances, if these inju-
ries are found in children, especially if other suspicious inju-
ries are found [59, 60]. An incised wound in the neck of a 
young child is highly suspicious for an attempted homicide 
or murder [61–63].

In case of self-inflicted injuries, any object can be used 
that can lead to incised wounds. ‘Cutting/carving’ with a 
sharp object (e.g. knives, razors, and glass fragments) is 
probably the most common form of self-infliction. The 
resulting injuries can exist on the entire body, but mostly 
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only on the wrists and forearms. It is more common in girls 
than in boys and can occur at any age, although it is usually 
seen in adolescents and young adults [64, 65].

Sometimes the term ‘cut’ is used. This term is confusing 
if used in a forensic setting, because this term is not well 
defined and commonly used for any injury in which the 
integrity of the skin is compromised. A ‘cut’ can result from 
either a blunt-force trauma (laceration, avulsion) or a sharp- 
force trauma (incision, stab wound).

1.7.4.2  Gunshot Wound
A gunshot wound (missile wound, velocity wound) is an 
injury caused by an object entering, and often leaving, the 
body at a high speed; typically a bullet or similar projectile. 
Often two wounds are found, one at the site of entry and one 
at the site of exit (through-and-through injury). Wound char-
acteristics depend on the firearm (handgun, rifle, or shot-
gun) and ammunition (mass and design) used, bullet 
direction, range, and sequence of fire [66]. Analysis of gun-
shot wounds should, given the multitude of parameters 
involved, only be done by experts. Gunshot wounds may 
occur under accidental and non-accidental circumstances 
and are almost exclusively seen in countries with liberal 
firearm legislation like the United States, where it ranks 
third as cause of death for children [67–71]. Based on data 
from the Kids’ Inpatient Database from 2000, 2003, 2006, 
and 2009 for children <19  years of age a total of 27,566 
firearm-related injuries were recorded [72]. In children 
<5 years, most injuries were accidental (59.3%). In another 
study, it was shown that most fatal accidental shootings in 
children (89%) occur in the child’s house while the child is 
playing with a loaded weapon [73].

1.7.5  Non-mechanical Trauma: Near Contact 
with Physical Agents

As already stated in Sect. 1.5.3, injuries are the result of 
the transfer of energy during a direct contact of or a con-
tactless transfer to the skin and/or other body parts, in 
which the skin and/or the other body parts are exposed to 
extremes in temperature (heat and cold) or to chemical or 
physical agents (acidic and alkaline chemicals, electricity, 
microwaves, and radiation). In a contactless transfer the 
risk of injuries usually decreases with increasing distance 
between the body and the energy source, e.g. with radia-
tion from an infrared heater. Chemical or physical agents 
may have a similar effect on the skin and the subcutaneous 
tissues as extremes in temperature (heat or cold): cutane-
ous burns, resembling heat or cold-related burns 
(Table 1.4). Chemical or physical agents may create heat at 
the moment of contact with the skin [74–76]. Besides 

external burns, internal burns may arise due to swallowing 
and inhalation of chemicals or electrocution.

In this section, we will only shortly pay attention to the 
effects of thermal trauma, which may occur in accidental and 
in non-accidental trauma. Injuries due to accidental exposure 
to chemical and physical agents are rare in paediatric 
patients. As far as is known from the existing medical litera-
ture, injuries due to non-accidental exposure to these agents 
are extremely rare (chemical and electrical trauma), or even 
non-existing (electromagnetic and ionizing trauma).

In a thermal skin trauma, the damage to cells is caused by 
the transfer of thermal energy to the skin and/or the subcuta-
neous tissues, as a result of the exposure of tissue to high or 
low temperatures. The extent of the damage is determined 
both by the temperature and the duration of exposure. 
Thermal trauma can also be caused by low or freezing tem-
peratures (cold-related injuries). Thermal trauma may result 
from:

• Direct contact (transfer of energy by conduction) with a 
dry, hot, and solid heat source (dry burns due to, e.g. iron 
or a curling iron), hot liquids (e.g. soup, hot tea), vapours, 
or gases (scalds or wet burns), and open fires (cigarette 
burns, fire and flame burns)

• Exposure of the skin and the subcutaneous tissues to the 
radiant heat of an object, e.g. the close proximity to a radi-
ant fire or electrical heater or the prolonged sun exposure

1.8  Other Injuries

1.8.1  Introduction

In paediatric patients, the same type of injuries can be found 
in accidental trauma as in non-accidental trauma. However, 
with increasing age, injuries due to accidental trauma become 
more common than injuries due to non-accidental trauma.

Fractures probably are, next to bruises and other cutane-
ous injuries, the second most common injury in paediatric 

Table 1.4 Injuries resulting from non-mechanical trauma

Trauma Resulting injuries
Thermal Heat: burns and scalds

Cold: chilblains and frostbite
Chemical Burns

Allergic reactions (topical and 
generalized)
Generalized poisoning 
manifestations

Electrical Burns
High- and low-voltage injuries

Electromagnetic and ionizing 
(radiation)

Burns
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patients due non-accidental trauma [77]. The cause and man-
ner of fractures will be described in Chaps. 5 to 12. 
Intracranial and thoracoabdominal injuries can also be found 
in paediatric patients due to non-accidental trauma, but are 
less common than non-accidental cutaneous injuries and 
fractures. In this section, a short overview of thoracoabdomi-
nal injuries will be given without the intent of being com-
plete. In Chap. 5 a short overview will be given of intracranial 
injuries, due to non-accidental trauma.

In paediatric patients, the most common cause of death, 
irrespective of the circumstances (accidental or non- 
accidental), is trauma [78]. Death due to accidental trauma is 
most commonly caused by intracranial injuries, followed by 
intrathoracic and intra-abdominal injuries as second and 
third most common cause [79, 80]. Death due to non- 
accidental trauma is also most commonly caused by intracra-
nial injuries, but intra-abdominal injuries are the second 
most common cause [81, 82]. Rosenfeld et al. evaluated the 
findings in 678,503 children who were admitted with inju-
ries, due to a physical trauma. Nineteen thousand one hun-
dred and forty-nine children (3%) sustained injuries in a 
non-accidental trauma. According to Rosenfeld et  al. non- 
accidental trauma is a major cause of death in young chil-
dren, with polytrauma being common [83]. In 43% of trauma 
deaths in children under the age of 1  year and in 31% of 
children under the age of 5  years, death was due to non- 
accidental trauma, with traumatic brain injury being the most 
common cause (50%), followed by hollow viscus and tho-
racic injuries.

1.8.2  Thoracoabdominal Injuries

According to Milroy, thoracoabdominal injuries caused by 
blunt-force trauma are an important cause of morbidity and 
mortality in children [82]. Milroy also stated that isolated 
thoracic or abdominal injuries are less common than com-
bined thoracoabdominal injuries and that thoracic injuries 
have a higher mortality than abdominal injuries.

Thoracoabdominal injuries are either caused by static or 
by dynamic loading (see Sects. 1.8.2.1 and 1.8.2.2) and can 
be sustained in accidental and in non-accidental circum-
stances. Usually thoracoabdominal injuries are sustained in 
accidental trauma, e.g. motor vehicle accidents [82]. When 
no plausible accidental explanation is given, non-accidental 
trauma should be considered in paediatric patients with blunt 
thoracoabdominal injuries, with intra-abdominal injuries 
being more common than intrathoracic [78, 82].

Sinha and Lander also stated that, even if a plausible 
cause of the injuries is present, neglect should be considered 
if the injuries were sustained in unusual circumstances, e.g. 
injuries due to a skateboard accident in an 8-year-old at 
23:00 h.

Shenoi et al. evaluated the findings in 12,044 children 
with blunt-force trauma to the torso [84]. In 720 children 
(6%) the injuries were determined to be inflicted, in 9563 
children (79.4%) unintentional (accidental), and in 148 
children (1.2%) indeterminate. In 1613 children (13.4%), 
no data were found concerning the circumstances under 
which the injuries were sustained. In their study, children 
with accidental thoracoabdominal injuries had a lower 
median age than children with inflicted thoracoabdominal 
injuries (10 versus 14 years of age). There was no differ-
ence in mortality rates between both groups. The risk of 
pelvic fractures in the group of children with inflicted inju-
ries was 96% less than the group with accidental injuries. 
Children with accidental injuries were more likely to be 
hospitalized.

1.8.2.1  Intrathoracic Injuries
(Intra)thoracic injuries are caused by static loading (com-
pression) or to dynamic impact loading (blunt-force or pen-
etrating trauma), irrespective of the circumstances under 
which the injuries are sustained (accidental or a non- 
accidental trauma).

Around 85% of all thoracic injuries in paediatric patients, 
that are serious enough to warrant medical attention and/or 
treatment, are due to blunt-force trauma (compression or 
impact), and around 15% are due to penetrating trauma (see 
also Chap. 7) [78, 85]. Blast injuries are very rare in paediat-
ric patients.

Thoracic trauma may cause injuries of the intrathoracic 
organs (lungs, heart, aorta and great vessels, oesophagus, tra-
cheobronchial tree), and of the structures of the chest wall. 
The most common injuries due to blunt-force trauma are 
fractures of ribs and sternum, contusions of the lungs or the 
heart, pneumothorax, and/or haemothorax [82, 86]. Thoracic 
injuries account for less than 10% of all paediatric trauma- 
related injuries but comprise up to 15% of paediatric trauma- 
related deaths [85, 86]. According to Milroy, mortality is 
higher in children with damage to the heart and to the aorta 
[82].

Several studies have shown that there is a clear difference 
between (intra)thoracic injuries sustained in accidental and 
in non-accidental trauma (see Sect. 7.3.3). Non-accidental 
intrathoracic injuries are more common in children under the 
age of 5 years than in children over the age of 5 years [87].

1.8.2.2  Intra-abdominal Injuries
Most intra-abdominal injuries are the result of a serious trau-
matic event, irrespective of the circumstances under which 
the injuries are sustained (accidental or a non-accidental 
trauma). The most common injuries are contusions and lac-
erations to the solid organs (liver, spleen, and kidneys), and 
less common injuries to the hollow viscera, irrespective of 
the circumstances.
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In the United States in about 90% of the children with 
intra-abdominal injuries, these injuries are caused by blunt- 
force abdominal trauma [88]. In the remaining 10%, the inju-
ries are due to several other causes, like sharp penetrating 
trauma or chemical trauma, such as the ingestion of objects 
like batteries or etching substances.

Intra-abdominal injuries in blunt-force abdominal trauma 
can be due to several causes [89–91]:

• Static loading (compression) with damage to hollow vis-
cera (‘bursting’ injuries): if the abdomen is compressed, a 
hollow organ filled with liquid, air, or partially digested 
food can be compressed against a hard structure, e.g. the 
spine. This can lead to bursting of the organ, due to an 
increase in intraluminal pressure. ‘Bursting’ injuries most 
commonly occur in fluid-filled intestinal loops.

• Dynamic impact loading with damage to hollow viscera 
(‘bursting’ injuries): these injuries resemble the bursting 
injuries, due to static loading, and are usually caused by a 
direct blunt-force trauma to the abdomen, e.g. a ‘single 
point blow’ or a blow in the midline of the abdomen.

• Dynamic impact loading with damage to solid organs 
(‘crushing’ injuries): ‘crushing’ injuries of solid abdomi-
nal organs occur due to the impact of blunt-force trauma 
on the upper abdomen or on the lower ribs, in which the 
organs are violently and suddenly compressed against a 
hard structure, e.g. the spine or the ribs. This may result in 
lacerations and ruptures of the liver, spleen, pancreas, or 
kidneys. Bleeding in the intestinal wall, especially the 
duodenum wall, may also occur.

• Dynamic impact loading due to a rapid change of the 
velocity or direction of motion of the body, resulting in 
shearing and tearing forces created in areas of relative 
fixation inside the body [91]. This can occur in an event in 
which, e.g. something hits the child with a high speed and 
the child hits a solid object, e.g. a wall or a cupboard, 
resulting in a sudden and immediate deceleration. The 
sudden deceleration of the body and the inertia of the 
organs may lead to a sudden application of a large inertial 
load, causing the bowel to rupture on the antimesenteric 
side close to the posterior abdominal wall attachment 
point, e.g. at the Treitz ligament or the ileocecal junction 
[92, 93]. In such an event, the upper abdominal organ vas-
cular supply can also tear off. Bleeding into or perforation 
of the small intestine may also occur.

Blunt-force trauma with damage to either hollow visceral 
and/or to solid organs can occur in accidental trauma, e.g. 
due to the impact of the end of a bicycle handlebar to the 
abdominal wall, or in non-accidental trauma, e.g. due to a 
punch or kick [81, 92, 94, 95].

Dynamic impact loading with a rapid change of the veloc-
ity or direction of motion of the body can occur in accidental 

trauma, e.g. in motor vehicle accidents, when the child is 
restrained with the aid of a two-point seat belt, or in motor 
vehicle versus pedestrian accidents or in a fall from a height 
[92]. It may occur when a child is violently thrown against a 
wall or on the floor. This may happen in non-accidental 
trauma, e.g. due to a bomb blast or during a physical assault, 
but is probably very rare [82].

In 1 to 8% of children who were hospitalized because of 
accidental blunt abdominal trauma, intra-abdominal injuries 
are found [92, 94, 95]. Intra-abdominal injuries were found 
in up to 65% of children who were hospitalized with a non- 
accidental blunt abdominal trauma [96]. In a systematic 
review concerning visceral injuries in paediatric patients due 
to non-accidental trauma, it was found that children with 
abdominal injuries due to non-accidental trauma were 
younger than children with abdominal injuries due to acci-
dental trauma (2.5–3.7 years vs. 7.6–10.3 years) [87]. Lane 
et al. found that the rates of non-accidental abdominal trauma 
were higher for infants than for any other age group. They 
also found that in their study infants had higher rates of hos-
pitalization because of non-accidental abdominal injuries, 
despite the fact that often toddlers are considered to be at 
highest risk for non-accidental abdominal injuries. They also 
found that more than 25% of all abdominal trauma in chil-
dren <1 year of age was due to non-accidental trauma [97].

In children with non-accidental trauma duodenal injuries, 
especially in the third or fourth part, were commonly 
reported, but also injuries of the ileum and jejunum have 
been described. Duodenal injuries, due to accidental trauma, 
were not found in children under the age of 4  years [87]. 
Duodenal hematoma, caused by blunt-force abdominal 
trauma, may lead to obstruction of the lumen and may result 
in weakening and finally rupturing of the wall. Ruptures may 
present as peritonitis [82].

Injuries to liver, spleen, and pancreas are also frequently 
seen in non-accidental trauma [98]. Lane et al. even found 
that the organs that were most commonly injured were the 
liver (64% of hospitalizations), kidney (19%), and stomach/
intestines (12%) [97].

Non-accidental blunt-force trauma, e.g. due to blows or 
kicks, may cause contusion, laceration, or transection of the 
pancreas [82]. The damage to the pancreas may be compli-
cated by pancreatitis or pancreatic pseudocyst formation 
[82, 87].

Coexisting findings in children with inflicted abdominal 
injuries include malnutrition, fractures, burns, and head inju-
ries [87].

Lane et  al. stated that mortality rates of non-accidental 
abdominal trauma reported in the medical literature are 
13–45% [97]. Maguire et al. found that the mortality from 
inflicted abdominal injuries was significantly higher than 
accidental injuries (53% vs. 21%) [87]. Post-mortem exami-
nation shows that often there has been more than 1 event in 
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which previous, unrecognized abdominal injuries were sus-
tained [87, 99]. Gilbert-Barnes stated: ‘Many of these chil-
dren have received repeated blows to the abdomen, and 
careful examination and microscopic sampling of the 
abdominal contents has revealed extensive fibrosis confirm-
ing subacute or remote injury’.

Often it is stated that intra-abdominal injuries in a child 
are sustained in a fall. Carter and Moulton evaluated the find-
ings in 180 paediatric patients under the age of 5 years with 
blunt-force abdominal trauma [100]. In 65 patients the intra- 
abdominal injuries were due to non-accidental trauma and in 
115 patients due to accidental trauma (fall casualties). They 
found that non-accidental trauma should be considered, if 
the child was under the age of 5 years, had a hollow viscus, 
pancreatic and/or intracranial injury with a high injury sever-
ity score. They also found that in their population solid organ 
injuries and isolated splenic or renal injury were more likely 
in accidental than in non-accidental trauma.

Externally visible injuries are often absent in children 
with abdominal injuries, due to blunt-force trauma, irrespec-
tive of the circumstances under which the injuries were sus-
tained [82]. Bruising can be absent in up to 80% of children 
with inflicted abdominal injuries [87].

It is not exactly known how often intra-abdominal injuries are 
sustained in non-accidental trauma. Estimates are that between 
1% and 9% of children that are admitted to hospital because of 
non-accidental injuries will have intra-abdominal injuries [81, 
101–104]. Because abdominal injuries in non- accidental trauma 
are often severe and arrive often late in hospital, there is a high 
rate of surgical interventions [105]. According to Sivit et  al., 
around 5% of all abdominal injuries in need of a surgical inter-
vention are sustained in non- accidental trauma [102].

1.9  Objectifying Suspicions of Inflicted 
Injuries and Non-accidental Trauma

Any suspicion of inflicted injuries/non-accidental trauma in 
a child should always be taken seriously. A correct and 
evidence- based interpretation of these signs and symptoms 
(‘fact finding’) is in the interest of the child but also in the 
interest of its parents/caregivers.

Some suspicions will be easy to reject, e.g. when the 
physical findings can be explained as disease-related symp-
toms or as injuries due to an accidental trauma, observed by 
an independent eye-witness. Other suspicions will be easy to 
confirm, e.g. when somebody admits to have inflicted the 
injuries or when an independent eye-witness observes the 
infliction of the injuries.

In many cases however, suspicions will require an elabo-
rate investigation before a conclusion can be reached. This 
investigation requires taking of an extensive clinical history 
(see also Sect. 1.10). A forensic medical evaluation demands 
the same careful considerations as the making of a clinical 

medical diagnosis, with a meticulous weighing of alternative 
explanations, as in a clinical medical differential diagnosis.

The forensic medical evaluation of a suspicion is based on 
both a clinical and a forensic medical scientific framework 
and concerns the evaluation of cause and manner of the find-
ings (Sects. 1.5 and 1.6). And, in the end, also of the motiva-
tion of the person who inflicted the injuries. The evaluation 
of the motivation (intention), however, is not a forensic med-
ical task, but is the task of a behavioural analyst (forensic 
psychologist or psychiatrist) and/or of law enforcement.

Many signs and symptoms may lead to a suspicion of 
inflicted injuries in a child. A suspicion of injuries due to 
non-accidental trauma in a child may arise, based on indi-
vidual findings or combinations of findings, e.g. bruises, 
fractures, and subdural haemorrhages. These individual find-
ings or the combinations of these individual findings have 
their own clinical and forensic medical differential diagnosis 
and demand a careful differential diagnostic process, which 
is done in a systematic way.

In Tables 1.5 and 1.6, an example is given of a systematic 
approach of the diagnostic process in case of a suspicion. 
This process is based on the principles of diagnosis by exclu-

Table 1.5 Clinical scientific framework: clinical medical diagnosis

Step 1: Collecting as much clinical data as possible, incl. all data 
from the medical history
•  Whole body examination, incl. 

registration and photography of all 
external injuries and the absence of 
injuries

•  The complete set of 
medical data is necessary, 
incl. all original source 
information (laboratory 
data, radiology, and retina 
photos)

•  Registration of growth and 
development

•  Only medical 
correspondence is 
insufficient

•  Extensive neurological evaluation
•  Laboratory tests
•  Radiology (X-skeleton—RCPCH/

ACR criteria, CT, MRI, US)
•  Ophthalmology
•  (Forensic pathology, 

neuropathology, 
ophthalmopathology)

•  Other data
Step 2: Determination of the cause of the medical findings
•  Differential diagnosis of the individual and combined medical 

findings
•  Evaluating all the available medical data
•  Cause of medical findings •  Medical condition 

(congenital or acquired)
•  Trauma (trauma during or 

after birth)
•  Undetermined

Formulation of the weight of the evidence regarding the cause of the 
medical findings:
  •  The individual findings or the combination of findings give no (or 

moderate or strong or very strong) support to hypothesis 1 (e.g. 
medical condition) against hypothesis 2 (e.g. trauma)
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Table 1.6 Forensic scientific framework (in case of trauma): forensic 
medical differential diagnosis

Step 3: Determination of manner of injury
•  Medical findings (injuries and injury-patterns) compared to what is 

known in medical science
•  Medical findings compared to the statements of parents, carers, or 

others to medical staff (medical history) & others (incl. police 
interrogations)

Manner of injury
  •  Trauma during birth
•  Trauma after birth: accidental, inflicted
•  Undetermined
Formulation of the weight of the evidence regarding the manner
•  The individual findings or the combination of findings give no (or 

moderate or strong or very strong) support to hypothesis 1 (e.g. 
inflicted injury) against hypothesis 2 (e.g. accidental injury)

Step 4: Determination of mechanism of injury
•  Medical findings (injuries and injury-patterns) compared to what is 

known in medical science
•  Medical findings compared to the statements of parents, carers, or 

others to medical staff (medical history) and others (incl. police 
interrogations)

Mechanism of injury
•  Static loading
•  Dynamic impact loading: impact trauma (acceleration and/or 

deceleration trauma)
•  Dynamic impulse loading: repetitive acceleration-deceleration 

trauma
•  Undetermined
Formulation of the weight of the evidence regarding the mechanism
•  The individual findings or the combination of findings give no (or 

moderate or strong or very strong) support to hypothesis 1 (e.g. 
dynamic impact loading) against hypothesis 2 (e.g. dynamic 
impulse loading)

Table 1.7 Combinations of findings: the Duck principle [106]

Characteristics Conclusion
A 
bird

That waddles Possible duck
That waddles + swims on water Suspected duck
That waddles + swims on 
water + quacks

Strongly suspected 
duck

That waddles + swims on 
water + quacks + has webbed feet

Few doubts of being a 
duck

That waddles + swims on 
water + quacks + has webbed feet + a 
flat bill

Beyond reasonable 
doubt it is indeed: a 
duck!!

sion and by inclusion and on the use of Bayes Theorem to 
formulate the conclusions, concerning the suspicion:

• Diagnosis by exclusion: a diagnosis reached by a process 
of elimination of other possibilities, related to the proba-
bility of these possibilities.

A diagnosis by exclusion is a major component in the 
performing of a clinical or forensic medical differential 
diagnosis and necessary if the presence of a certain medi-
cal condition cannot be established with complete confi-
dence from confirmatory physical examination, radiology, 
or laboratory testing.

• Diagnosis by inclusion: a diagnosis based on the results 
of confirmatory physical examination, radiology, or labo-
ratory tests. In forensic medicine, statistical analysis of 
individual findings or combinations of findings offer the 
possibility of a diagnosis by inclusion under the condition 
that the results of the analysis of the findings do fulfil the 
normal statistical standards of accepting a diagnosis in 
clinical practice (see also Chap. 17).

A diagnosis by inclusion is to a certain height also pos-
sible by applying the ‘duck principle’ as described by 
Minns and Brown in 2005 (Table 1.7) [106].

While evaluating a suspicion of inflicted injuries/non- 
accidental trauma, one should always keep in mind that, 
given the findings and circumstances, a possibility is not 
always a (medical) probability and a probability will not 
always be a (medical) possibility. A good example of the 
difference between certain possibilities and the probability 
of these possibilities was given in 2008 by David in an 
article on the evidence in non-accidental head trauma 
[107]. In this publication David gave two tables, one with 
causes of subdural bleeding and one with causes of retinal 
haemorrhages. Although David explicitly stated that he did 
also include causes in adults and that these were not rele-
vant in children (possibilities without probability), the 
medical conditions in the tables are sometimes used as 
starting point in the differential diagnosis (‘diagnosis by 
exclusion’) if inflicted head injury is suspected in a child. 
This leads to a confusion of tongues, in which possibilities 
and probabilities are used as synonyms. One might wonder 
how realistic (how probable) included possibilities like 
breakdancing, head banging, weightlifting, or boxing, 
described in the medical literature as causes of subdural 
bleeding in adolescents and adults, are as a cause of subdu-
ral bleeding in a young child under the age of 1 year. The 
same accounts for the listed caused by retinal haemor-
rhages. How realistic (how probable) is bungee jumping, 
high altitude, crushing injury to chest, or chest compres-
sion from safety belt as causes in a young child, despite 
their description in the adolescent and adult medical litera-
ture? Even if one looks at causes that were quoted by 
David and that could be relevant in infants, one should 
always ask how probable (how realistic), e.g. ECMO 
(ExtraCorporeal Membrane Oxygenation), diabetes, and 
sickle cell anaemia are as possible causes in infants, given 
the findings and circumstances in a specific child.

1.10  Characteristics of the Clinical History

Most physicians will positively identify injuries as inflicted 
when these injuries are of the most severe clinical category, 
such as extensive bruising or multiple fractures without iden-
tifiable medical history or cause in young, non-mobile chil-
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dren. Problems arise mainly in children that sustained less 
severe injuries and have less obvious symptoms. To this cat-
egory belong, e.g. mobile children that have some bruises or 
just one fracture without a clear clinical history [108].

1.10.1  Clinical History

A child is often not able to explain how (inflicted) injuries 
were sustained. This applies in particular to children in a life- 
threatening situation, making a conversation with the child 
(virtually) impossible. Besides, many children with serious 
inflicted injuries are preverbal. When children are able to 
relate the situation, there is a fair chance that they will keep 
silent out of, e.g. loyalty to the parents or out of fear for the 
perpetrator.

When inflicted injuries are suspected, it is important to 
pay attention to the clinical history of the child and the other 
family members. In case of inflicted injuries, it is possible 
that the child has sustained (multiple) previous trauma and 
has had prior hospitalizations. Various studies have shown 
that approximately 50% of all children in which child abuse 
was established had been seen by a physician for (in retro-
spect suspect) injuries [109]. Also, a child with inflicted 
injuries who returns to a non-safe home setting in which the 
infliction occurred, has a 30–50% chance to suffer addi-
tional injuries and an up to 10% increased risk for fatal vio-
lence [110].

Very regularly, earlier injuries and hospitalizations are 
found in other members of the family as well, such as the 
other parent or other siblings [111]. When compared to other 
men, it appears that men who use physical violence against 
their wife will frequently also use physical violence against 
their children. Furthermore, women who were physically 
assaulted by their husband appeared to be twice as likely to 
use physical violence themselves against their children com-
pared to non-abused women. Likewise, 76% of the physi-
cally abused children allegedly used violence against a 
sibling [112].

1.10.2  The Origin of the Injuries

When a child makes a direct and spontaneous statement on 
how the injury was sustained, he or she will most likely tell 
the truth. This also applies to a witness making a statement 
regarding the origin of the injury. Yet, the statement of the 
witness should be closely examined, since the person will 
speak from his/her own set of values. Observed situations 
might be downplayed or, on the contrary, exaggerated. Also, 
the witness may serve his or her own self-interest by giving 
the statement.

The following items in the clinical history, concerning the 
origin of the injuries, can be considered as red flags for 
inflicted injuries:

• Contradictions between the statements of the child and 
the parent(s), between both the parents, or between par-
ents and a witness.

• The absence of an explanation.
• Constantly varying statements, when further prompted or 

when taken on consecutive days.
• Different statements of parents to different people, or the 

withdrawal of statements.
• The absence of an adequate explanation for previous inju-

ries detected physical or radiological examination.
• A statement in contradiction with the developmental stage 

of the child.
• A statement in contrast with the nature and/or location of 

the injury.
• A statement which only partially explains the injuries.
• A statement of the parents in which the child himself/her-

self or one of the siblings is stated to be responsible for 
the injury.

1.10.3  Delay in Seeking Medical Help

Another red flag for inflicted injuries can be a delay in seeking 
medical care. The latency period can vary from hours to days 
after the injury was sustained. Sometimes it may take weeks to 
months before injuries are ‘diagnosed’, e.g. in case of fractures. 
In these cases no treatment was sought initially, but injuries 
were incidentally recognized, e.g. during a complete workup 
because of a suspicion of child abuse. This is due to various 
reasons: shame, wrongly evaluated situation, hope for sponta-
neous recovery, and hope that the injury will no longer be rec-
ognized as resulting from child abuse. On the other hand, some 
accidentally sustained fractures cause only mild symptoms for 
which parents logically do not seek medical care.

Other red flags are the seeking of help by other persons 
besides the parent(s), such as the grandparents or a teacher. 
Or the seeking of help by the caregivers from others than 
their own general practitioner or paediatrician, thus a profes-
sional without previous knowledge of the child, without pro-
viding a plausible reason. Often this help is sought at odd 
times, such as during the evening at an ER.

1.10.4  Attitude and Reaction of the Parents/
Caregivers

The attitude and reactions of parents vary and no typical pat-
tern distinguishing between accidental and inflicted injuries 
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can be recognized. The contradiction between the severity of 
the injury and the reaction of the parent may indicate that the 
circumstances in which the injury was sustained are 
suspicious.

A parent may totally overreact to a minor injury. On 
the other hand, the carer may have hardly any or a very 
inadequate (remote, indifferent) reaction to (very severe) 
injuries.

A maltreating parent may react aggressively to innocent 
questions and the non-maltreating parent may react in a simi-
lar manner.

Sometimes parents can refuse further medical care when 
the possibility of child abuse/inflicted injuries is discussed.

When a physician speaks to the parents about a specific 
injury, he/she should be aware of the possible reactions of 
parents. Most parents realize that the physician doubts their 
statement and may suspect child abuse. This applies to par-
ents who maltreat as well as to parents who do not maltreat. 
This may cause the parents to take a defensive attitude 
directly at the start of the interview. The reactions may vary 
from denial and a tendency to isolation and then proceed via 
anger, bargaining, and resignation to acceptance. Also, the 
physician will have to be aware that the parent to whom he 
speaks may be ignorant of the maltreating behaviour of the 
partner.
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2.1  Introduction

2.1.1  Definition

A fracture is a partial or complete disruption of the continu-
ity of bone or cartilage, due to mechanical forces exceeding 
the strength of the bone or cartilage to withstand these forces.

2.1.2  Epidemiology

Fractures regularly occur in children. Most fractures in chil-
dren are due to accidental trauma [1].

Landin did several large studies in the Malmö region in 
Sweden [2, 3]. In 1983, he reported on a retrospective study 
regarding 8642 children. It concerned all fractures in children 
treated over a period of 30 years in Malmö (between 1950 and 
1979). In 1997 he added more recent data to his original study. 
In the Malmö region, the chance to sustain a fracture between 
birth and the age of 16 was in the reported period 42% for boys 
and 27% for girls. The overall annual incidence of fractures in 
children turned out to be 2.1% (2.6 for boys; 1.7 for girls). 
This percentage did not differ significantly from the reported 
incidence of the annual incidence of 1.6% reported for boys 
and girls in an English study of children with fractures treated 
clinically as well as in outpatient clinics [4].

In the period after the reports of Landin in 1983 and 1997 
and Worlock in 1986, the incidence of paediatric fractures, 
reported by other authors, only slightly fluctuated, depend-
ing on the studied population and the country of origin 
(Table 2.1) [4, 6, 9].

Rennie et  al. found that the incidence of fractures 
increased with age [5]. They also found that most fractures 
were due to falls from a bed (height <1 m). Most fractures 

were found in the upper extremity. Fractures in the lower 
limbs were mostly due to a trauma in which the limb was 
twisted and to road traffic accidents.

Hedström et al. found that the most common fracture site 
was the distal forearm [6]. The most common type of trauma 
mechanism was a fall on the outstretched hand (FOOSH). 
The peak incidence occurred at 11–12 years in girls and at 
13–14 years in boys, with a male-to-female incidence ratio 
of 2 to 1. They also found variations in mechanisms and 
activities with age, and over time. They noticed a slight 
increase of the incidence in the period between 1998 and 
2007 compared to the first period they evaluated (1993 to 
1997). According to them this partly could be due to changes 
in children’s activity patterns over time.

Mäyränpää et al. noticed an increase in the incidence of 
fractures in the period between 1967 and 1983, but also 
noticed a significant decrease between 1983 and 2005 [7]. 
This decrease was largest in children between the ages of 10 
and 13 years and most marked in hand and foot fractures. 
However, the incidence of forearm and upper arm fractures 
increased significantly (about one-third) in this period. 
Fractures were mainly due to falls when running or walking 
or falls from heights under 1.5 m. Fracture incidence peaked 
at 10 years in girls and 14 years in boys.

In 2010, Mathison and Agrawal reported an increasing 
incidence of paediatric fractures despite public health mea-
sures to prevent childhood injuries [9]. The incidence 
increased with age with a peak between the age of 12 and 
15 years. Boys were over 50% more likely to sustain a frac-
ture than girls. They concluded that traditional play activities 
continued to be the prevalent cause for fractures, but that 
there also was an increase in new sport and recreational 
activities, e.g. skateboarding, that carried significant fracture 
risk. They saw a higher incidence during the summer season. 
Fractures were seen more often in children from families 
with a low socioeconomic status, obese children, and chil-
dren with risk taking behaviour. Furthermore it was seen in 
children with decreased bone density, eating disorders and 
inadequate nutrition, with chronic corticosteroid or 
performance- enhancing drugs use, and in smoking minors. 
Trauma from high risk taking behaviour, e.g. from sports, 
including extreme sports, accounted for a majority of frac-
tures in middle and high school age children. Popular recre-
ational play devices such as heelys, scooters, and all-terrain 
vehicles were highly associated with fractures [9, 10].

Table 2.1 Incidence of fractures in children

Author Incidence/100
Male vs 
female Age

Worlock and Stower 
[4]

1.6

Landin [3] 2.1 2.6 vs 1.7 <16 years of age
Rennie et al. [5] 2.0 61 vs 39%
Hedström et al. [6] 2.0 1.5 vs 1 <20 years of age
Mäyränpää et al. [7] 1.6 63 vs 37% <16 years of age
Naranje et al. [8] 1.8 <18 years of age
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Naranje et al. tried to identify the most common paediat-
ric fractures per 1000 children between the ages of 0 and 
19 years in 2010 by using 2010 National Electronic Injury 
Surveillance System (NEISS) database and 2010 US Census 
information [8]. They found that children between 10 and 
14 years of age had the highest risk of sustaining fractures. 
Forearm fractures were the most common, accounting for 
17.8% of all fractures, whereas finger and wrist fractures 
were the second and third most common, respectively. Finger 
and hand fractures were most common for age groups 10 to 
14 and 15 to 19 years, respectively.

Wilkins and Aroojis stated that 6.8% of the fractures sus-
tained by children in the first 16 years of their life is severe 
enough to require admittance to hospital [11]. Slightly less 
than 20% of children who visit a hospital for sustained inju-
ries appear to have sustained a fracture. According to Naranje 
et al., most paediatric fractures can be treated on outpatient 
basis, with only 1 of 18 fractures requiring hospitalization or 
observation [8].

In conclusion, the incidence of fractures in childhood is 
high, approximately 2%. Boys fracture their bones twice as 
often as girls. The incidence increases with age with a peak 
incidence between 10 and 15 years. The distal arm is most 
frequently affected and FOOSH is the most common trauma 
mechanism.

2.2  Diagnosis and Differential Diagnosis 
of Fractures in Children

2.2.1  Clinical Presentation

Fractures, irrespective of the circumstances under which the 
fractures were sustained, are usually identified based on the 
medical history and the presence of clinical manifestations 
such as pain, swelling, inability to move, and abnormal 
alignment. For a fracture without clinical manifestations 
generally no medical help will be sought.

Pain will occur at the same time as the fracture. Swelling 
may occur immediately after the fracture occurred. Pain will 
increase when the afflicted body part is moved. This may be 
an active movement, such as when the child wants to move 
the afflicted body part, or a passive movement, e.g. when a 
parent or caretaker wants to change the diaper or bathes the 
child.

When there is no dislocation of the fracture parts, the 
acute inflammatory symptoms around the fracture may be 
limited to just a few days. Up to toddler age, children may be 
pain-free within a few days after the fracture has been sus-
tained, whereas in older children and adults this may take 
much longer [12].

In young children, however, fractures frequently have an 
occult course [13, 14]. There are various reasons for this phe-

nomenon. Non-mobile children have a limited movement 
pattern, which makes it harder to notice when a child does 
not move a body part over a longer or shorter period of time 
or whether its movement is somewhat restricted. Secondly, 
the periosteum acts as a splint, resulting in a lesser chance of 
mutual movement of the separated bone parts. And finally, if 
the fracture was inflicted, seeking medical advice is often 
postponed for a few days. During that period there may even 
be spontaneous recovery to such an extent that it is or seems 
no longer necessary to seek medical advice.

2.2.2  Differential Diagnosis

The differential diagnosis of fractures in a forensic paediatric 
evaluation demands differentiating between

 1. Fractures or mimics of fractures (Sect. 2.4; Chap. 14).
 2. Different causes of fractures (Sect. 2.5; Chaps. 5–14) in 

skeletally immature or mature patients and in normal or 
weakened bone.

 3. Different circumstances under which the fracture can be 
sustained (Sect. 2.6; Chaps. 5–14).

Doctors involved in a forensic paediatric evaluation (e.g. 
paediatricians, radiologists, and forensic doctors) should work 
together in a structured manner. Table 2.2 provides an example 
of a structured approach. Doctors should follow, as far as pos-
sible and reasonable, all steps, before concluding what caused 
the fracture in a specific child and under which circumstances 
this fracture was sustained. Central to this diagnostic process 
is taking a detailed clinical history. Furthermore, the age and 
level of development of the child should be taken into consid-
eration: the younger the child, the more limited his/her mobil-
ity, and the more probable that an injury, e.g. a fracture, was 
inflicted. In the differentiation, known trauma mechanisms 
and biomechanical aspects of fractures should also be taken 
into consideration (this chapter; Chaps. 5–12). Other factors 
that should be taken into account are the distribution of the 
fractures over the skeleton and the context in which the frac-
tures were sustained (Chaps. 5–14).

During childhood, fractures are usually the result of acci-
dents [15]. The differential diagnosis, apart from falls or 
accidents, witnessed by an independent person, or periosteal 
reactions that resemble a healing fracture, can be very com-
prehensive (Chaps. 5–14). One should realize that a suspi-
cion of an inflicted fracture in a child also suggests the use of 
severe violence, probably by (one of) the parents. This 
emphasizes the importance of a structured approach, which 
should lead to a correct identification and prevent overhasty 
conclusions.

In this process, the (paediatric) radiologist is eminently 
important for an adequate diagnosis and protection of the 

2 General Aspects of Fractures in Children
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Table 2.2 Evaluation of fractures in young children

Step 1 Take a detailed clinical history
Diagnostic procedures, focused on the initial signs and 
symptoms (medical history, radiology, laboratory)

Step 2 Fracture or mimic (Sect. 2.3)
If the diagnosis is a fracture
Step 3 Describe the individual fracture(s) (Sect. 2.4)

•  Anatomic location, type of fractured bone, affected part 
of the bone.

• Type of fracture and direction of the fracture line
• Position and relationship of fracture components
• Complications
Describe all fractures
• Number.
• Distribution:
  – Axial and/or peripheral
  – Symmetric or asymmetric
  –  Weight-bearing/non-weight-bearing parts of the 

skeleton
•  Age of the fractures and in case of multiple fractures 

differences in age/recent versus old (known and 
unknown) fractures

Step 4 Describe the skeleton
•  Configuration of the bones and the whole skeleton, i.e. 

the presence of underlying metabolic diseases and/or 
skeletal dysplasias

•  Findings suggesting skeletal lesions, like normal variants 
or ‘wormian bones’

Step 5 Describe the child
• Age and level of development
• Known/suspected underlying pathology
• Other injuries

Step 6 Test the plausibility of the clinical history by using 
evidence-based scientific data concerning
•  Probability of accidental versus non-accidental 

circumstances related to the age and level of mobility of 
the child

• Fracture biomechanics

child at the moment that it is suspected that the fracture(s) 
was (were) inflicted. The radiologist is expected to be able to 
[16, 17]:

• Perform a correct radiological examination, according to 
the international standards.

• Detect the radiological abnormalities that are suggestive 
of (inflicted) fractures in both suspect and non-suspect 
cases.

• Distinguish between radiological abnormalities that are 
suspect for (inflicted) fractures and normal variants or 
disorders, simulating a healing or healed fracture.

• Reconstruct theoretically the causing trauma mechanism, 
based on the characteristics of the fracture and the known 
mechanisms, described in the medical literature.

• Evaluate whether the fracture and the known underlying 
trauma mechanisms are compatible with the given state-
ments of the child and/or parents regarding its origin.

• Summarize which findings in the radiological evaluation 
could indicate accidental or non-accidental 
circumstances.

• Date fractures, based on the findings on imaging, within 
the limitations of scientific knowledge.

To fulfill these expectations it is essential that the radiolo-
gist who evaluates the characteristics of paediatric fracture(s) 
has sufficient knowledge of the clinical history of the patient, 
of known causing trauma mechanisms, and of paediatric 
radiology.

2.3  Fracture or Mimic

If clinical symptoms or findings on imaging are suggestive 
for a fracture, the first step in the (differential) diagnostic 
process, after taking a detailed clinical history and appropri-
ate diagnostic procedures, is to exclude that the finding is a 
true mimic. A true mimic is defined here as a normal variant 
or a disorder, which appears on imaging simulates as a fresh 
or a healing or healed fracture [18]. In Table 2.3 an overview 
is given of normal variants and disorders that mimic healing 
or healed fractures. In Chap. 14, these normal variants and 
disorders are discussed extensively.

Some of the mimics, like Raine syndrome (OMIM 
#259775, osteosclerotic bone dysplasia), McCune-Albright 
syndrome (OMIM #174800, fibrous dysplasia), Alagille syn-
drome (OMIM #118450, arteriohepatic dysplasia) and meta-
bolic disorders like the mucopolysaccharidoses may show 
findings on imaging that are similar to those showing in heal-
ing or healed fractures. Others may show findings suggestive 
of recent fractures, e.g. spondylometaphyseal dysplasia cor-
ner fracture type (OMIM #184255). Children with these syn-
dromes/disorders however nowadays often are already 
recognized at birth or early in infancy because of the pres-
ence of significant additional findings.

If a real fracture is found in a child with a disorder with an 
increased risk for fractures due to weakening of the bone 
(e.g. osteogenesis imperfecta), this disorder should not be 
considered to be a true mimic of a fracture. There is a real 
fracture and a fracture is always caused by trauma in which 
the loading of the bone exceeded the maximum load-bearing 
capacity (Sect. 2.5.3.4: fatigue fractures in weakened bone). 
Finding a fracture in a child with a disorder does not auto-
matically indicate under which circumstances the fracture 
was sustained (Sect. 2.6). Fractures due to weakening of 
bone can be considered to be a mimic of inflicted fracturing 
in child abuse, because an adequate clinical history may be 
lacking.

Some disorders can be seen as true mimics, while also 
showing an increased risk of fractures. Menkes syndrome 
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Table 2.3 Normal variants and medical conditions, mimicking (heal-
ing) fractures (not all inclusive) (see also Chap. 14)

Examples
Normal variants •  Subperiosteal new bone formation (shaft 

of femur, tibia and humerus, usually 
bilateral) in normal, healthy neonates 
and infants

• Normal metaphyseal variants
• Accessory growth centres
• Unfused growth plate of the shoulder
• Unfused apophysis of the fifth metatarsal
• Accessory skull sutures
• Accessory ossicles
• Vascular/nutrient lines

Haematological 
disorders, malignancies, 
and benign tumours

• Sickle cell anaemia
• Leukaemia
• Ewing sarcoma
• Osteoid osteoma and osteoblastoma

Congenital/genetic 
disorders

•  Caffey’s disease (infantile cortical 
hyperostosis) (OMIM # 114000)

• Bone dysplasias
•  Metabolic disorders, e.g. 

mucopolysaccharidoses
• Alagille syndrome (OMIM #118450)
•  Copper deficiency/Menkes syndrome 

(OMIM #309400)
•  Metaphyseal chondroplasia (type 

Schmid) (OMIM #156500)
•  Spondylometaphyseal dysplasia (‘corner 

fracture type’) (OMIM #184255)
Infections or healing/
healed infections

•  Osteomyelitis and chronic relapsing 
multifocal osteomyelitis

• Congenital syphilis
• Septic arthritis

Vitamin deficiencies • Vitamin D deficiency (rickets)
• Vitamin C deficiency (scurvy).

Vitamin overdose • Hypervitaminosis A/vitamin A toxicity
• Vitamin E therapy

Growth disturbance •  Harris lines: lines of increased bone 
density due to growth retardation or 
cessation (Sect. 5.12.2)

Medical intervention • Prostaglandin E
• Intra-osseous vascular access needles

(OMIM #309400) and copper deficiency, for example can be 
seen as true mimics, because of the presence of metaphyseal 
spurs, suggesting classical metaphyseal lesions and perios-
teal reactions, which appear as healing fractures. In both dis-
orders however there is also an increased risk of fracturing, 
because of weakening of the bone (osteoporosis) due to dis-
turbances in bone metabolism and for that reason may mimic 
inflicted fractures.

2.4  Fracture Description

As already stated in Sect. 2.1.1, a fracture is the partial or 
complete disruption of the continuity of a bone, due to 
mechanical forces exceeding the strength of the bone or car-
tilage to withstand these forces.

Fractures have different appearances on imaging:

• Most fractures are visible as a lucent (black) line on radio-
graphs or CT.

• When a fracture is impacted, due to compressional forces, 
the overlapping fragments can produce a dense (white) line 
on imaging. In the spine these compressional forces result in 
a loss of height of vertebral bodies (compression fracture).

• Incomplete fractures may present as small interruption of 
the smooth continuous cortical curve of bones, like buck-
les or acute angulations.

• Avulsion fractures cause separation of small bony frag-
ments from the metaphysis, or increased distance and/or 
malalignment of secondary ossification centres from the 
metaphysis.

• Fractures through a growth plate result in malalignment 
between epiphysis and metaphysis, with or without varia-
tions in thickness of the growth plate.

• Occult fractures are fractures that are present but not visible 
on imaging. This can occur when the fracture is small and the 
X-ray beam is not parallel to the fracture plane, or when the 
fracture is in exactly the same plane as the CT slice. Occult 
fractures usually become apparent on imaging 2 weeks later 
because of subperiosteal new bone formation and widening 
of the fracture line due to reparative bone resorption.

Fractures are described according to [19–23]:

• The anatomic location, the type of fractured bone, and the 
affected part of the bone.

• The type of fracture and the direction of fracture lines.
• The position and the relationship of the fracture parts.
• The complications.

2.4.1  Anatomic Location and Type of Bone

The first step in the description of a fracture is the correct 
anatomic identification of the fractured bone, the type of the 
fractured bone and, related to the type of bone, the part of 
bone that is affected.

2.4.1.1  Identification of the Fractured Bone
The identification of a fractured bone should be done accord-
ing to generally accepted and standard anatomical terms.

2.4.1.2  Bone Type
Generally bone consists of trabecular bone and cortical bone 
and it contains the bone marrow. It offers support, regulates 
the calcium metabolism and production of blood cells.

There are five types of bones in the skeleton with different 
characteristics and different functions: long, short, flat, sesa-
moid, and irregular bones (Fig. 2.1) [24, 25].

2 General Aspects of Fractures in Children
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Fig. 2.1 Types of bones (OpenStax College, 2013: licensed under the Creative Commons Attribution 3.0 Unported license, https://commons.
wikimedia.org/wiki/File:601_Bone_Classification.jpg)

Long Bones
Long bones are located in the appendicular skeleton (upper 
and lower limbs), have a cylindrical shape and are longer 
than they are wide. Long bones have several specific 

 functions of which the most important are supporting the 
body weight and facilitating movement (articulation).

They consist of diaphyses, epiphyses, metaphyses, and 
physes (growth plates). Long bones typically have a wide 
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metaphysis with thin cortex and an abundancy of trabecular 
medullary bone whereas the diaphysis has a thick cortex and 
relative lack of trabecular bone (medullary cavity). The phy-
sis (growth plate) is situated between the epiphysis and 
metaphysis. At birth, virtually all epiphyses are cartilaginous 
and therefore not visible on radiographs. Ossification slowly 
progresses and is complete at adolescence. Some long bones, 
like the clavicle do not have a medullary cavity.

Typical long bones, like the humerus, radius, ulna, femur, 
tibia, and fibula, have two epiphyses (one at both ends), 
whereas some of the smaller long bones only have one 
epiphysis. Examples of smaller long bones are the phalan-
ges, metacarpals, and metatarsals.

Short Bones
Short bones are located in the wrist and ankles. Short bones 
are more or less equal in length, width, and thickness and can 
have any shape. Most of these bones are named according to 
their shape, e.g. the carpals in the wrist (scaphoid, lunate, 
triquetral, hamate, pisiform, capitate, trapezoid, and trape-
zium) and the tarsals in the ankles (calcaneus, talus, navicu-
lar, cuboid, lateral cuneiform, intermediate cuneiform, and 
medial cuneiform).

The function of short bones is to provide support and sta-
bility in parts of the skeleton, that are intended for strength 
and compactness with limited movement.

Short bones behave like epiphyses, both in normal growth 
and in pathology: they are almost all cartilaginous at birth 
and have a slow progressive ossification, they have a poor 
vascularization and therefore are prone to malunion or osteo-
necrosis after a fracture.

Flat Bones
Flat bones are located in the skull (e.g. frontal, parietal, and 
occipital bone), the thoracic cage (sternum, ribs and scap-
ula), and the pelvis (ilium, ischium, and pubis) and have a 
thin and curved shape with two prominent surfaces.

Flat bones form the boundaries of certain body cavities 
and their function is to provide protection for internal organs, 
like the brain, heart, lungs, and pelvic organs. Flat bones also 
provide large areas of attachment for muscles and are a major 
source of red bone marrow.

Sesamoid Bones
Sesamoid (‘sesame seed shaped’) bones are small and round 
or irregular bones, which are embedded in tendons and joint 
capsules. Sesamoid bones vary from person to person in 
number and placement. The most common locations are the 
tendons of the hands, knees, and feet. Examples of this type 
are the patella and the pisiform bone.

The function of sesamoid bones is to provide protection 
of the tendons and the joint capsules by absorbing and redis-
tributing weight-bearing forces and in that way decreasing 
stress on and wear of the tendons [26].

Irregular Bones
Irregular bones are located in the axial skeleton (skull, spine, 
and pelvis). They vary in shape and structure and therefore do 
not fit into one of the other categories. They often have a com-
plex shape. Examples of this type are parts of the skull, bones 
in the base of skull and some of the facial bones (e.g. tempo-
ral bone, zygoma, inferior nasal concha, mandibula), the ver-
tebrae and parts of the pelvis (sacrum, coccyx, hip bone).

The function of irregular bones is to provide protection of 
internal organs, e.g. the vertebrae protect the spinal cord and 
the bones in the base of the skull protect (together with the 
flat bones of the skull) the brain.

A specific type of irregular bones are the so-called pneu-
matic bones, which are characterized by the presence of large 
air spaces, e.g. the maxilla, the mastoid, and the ethmoid. The 
function of these bones is not exactly known. These bones are 
relatively light and therefore considerably reduce the weight 
of the skull. These bones probably also play a role in the reso-
nance of sound and in the temperature regulation of inspired 
air. Moreover, most of them are extremely thin-walled and 
therefore prone to fracture during trauma.

Because of the complex shape of irregular bones, it is 
often difficult to detect fractures with conventional radio-
graphs and CT is preferred in cases with clinical suspicion 
but normal radiographs.

2.4.1.3  Affected Part of the Bone
The description of the affected part of the bone depends on 
the type of bone.

In case of a long bone fracture, e.g. a fracture of the 
femur, the anatomic location of the fracture can be speci-
fied as diaphyseal (proximal, middle, or distal part), 
metaphyseal (proximal, distal), physeal, or epiphyseal 
(intra-articular, extra-articular). The fracture can further be 
specified by describing more specific anatomic terminol-
ogy of the location, like condyle, malleolus, plateau, fossa, 
and tuberosity [19].

In case of flat bone fractures, e.g. rib fractures, the ana-
tomic location should be specified by giving the number, 
ranking and laterality of broken ribs, as well as the location 
of the fracture(s) in the broken ribs: at the costochondral 
junction, in the anterior, lateral and posterior costal arch, or 
near the head or neck of the rib. For research purposes more 
elaborate descriptions have been proposed, which could also 
be used in detailed legal reports [27].

In case of an irregular bone fracture, e.g. a vertebral 
fracture, the anatomic location can be specified as frac-
tures of cervical, thoracic, or lumbar vertebrae and of the 
corpus, arch, or transverse/spinous process. In a clinical 
situation classification schemes such as the ThoracoLumbar 
Injury Classification and Severity Scale (TLICS) could be 
used [28].

The reader is referred for an extensive description of 
affected parts of the different bones to Chaps. 5–12.
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Table 2.4 Type of fracture and direction of fracture lines in long bones

Complete fracture
Fracturing of a bone, causing separation into 
two or more pieces

Simple • Only one single fracture line (a.k.a. single)
• Longitudinal •  The fracture line runs parallel to the long 

axis of the bone (a.k.a. longitudinal)
• Transverse •  The fracture line runs more or less 

perpendicular at an angle of less than 30 
degrees in relation to the long axis of the 
bone

• Oblique •  The fracture line runs more or less oblique 
(diagonal) at an angle of over 30 degrees in 
relation to the long axis of the bone

• Spiral •  The fracture line ‘circles’ around the long 
axis (cork-screw), and the fracture line runs 
oblique in relation to the central axis

With conventional radiology, it is not always 
possible to distinguish between an oblique and 
a spiral fracture.

Multifragmentory •  Multiple (three or more) fragments (a.k.a. 
comminuted or complex)

• Wedge–butterfly •  Triangular (shape of a butterfly wing) 
fragment between two larger bone fragments

• Segmental •  Fracture in two places with a ‘floating and 
unattached’ segment between two well-
defined fracture lines

Incomplete–partial 
fracture

•  The fragments are still partially joined and 
the fracture does not completely traverse the 
width of the bone

• Bowing •  The bone deformed past the point at which, 
based on the elasticity of the bone, 
spontaneous recovery is the rule

• No radiologically visible cortical damage
• Greenstick •  The cortex at the tension side is damaged 

with an intact cortex and intact periosteum at 
the compression side

• Torus–buckle •  The cortex at the compression side is 
damaged with an intact cortex and intact 
periosteum at the tension side

Table 2.5 Position and relationship of the fracture components

Fracture 
displacement

abnormal position of the distal fracture fragment 
in relation to the proximal bone

Non-displaced • The fragments of the fracture are aligned
Displaced •  The fragments of the fracture are not aligned and 

there is a gap between the two ends of the bone
•  Translated or 

ad latus
• The bone fragments are sideways displaced

• Angulated •  The fragments are displaced with an alteration 
of the normal axis of the bone, causing the distal 
portion to point in another direction than the 
proximal part:

• Dorsal/palmar
• Varus/valgus

• Rotated •  The distal component is rotated compared to the 
proximal component.

• Shortened • The total bone length is reduced:
•  Impaction = telescoping of two fragments into 

each other,
•  Compression = crushing of two fragments, 

causing the broken bone to be wider or flatter in 
appearance,

•  Compression and wedging = (usually occurring 
in the vertebrae) the front portion of a vertebra 
in the spine has collapsed

•  Overriding = overlap of two completely 
displaced fragments (a.k.a. ‘dinner fork’ or 
‘bayonet’ fracture)

• Avulsion •  A fragment of the bone is pulled off, often by a 
tendon or ligament

Table 2.6 Complications

Concerning the stability of the fracture
Stable • Fragments line up and are barely out of place.
Unstable • Fragments tend to shift further out of place.
Concerning the integrity of overlying skin and soft tissues
Closed •  The bone is broken, but the overlying skin has not been 

ruptured and remains intact (a.k.a. simple), without or 
with soft tissue injury.

Open •  The bone is broken and the overlying skin and soft 
tissues are either pierced by the broken bone or by the 
blow that has broken the skin at the time of the 
fracturing of the bone. The bone may or may not be 
protruded through the skin (a.k.a compound or 
complex). An open fracture carries a high risk of 
infection.

Concerning joint involvement
No
Yes • Articular

• Joint dislocation

2.4.4  Complications

In Table 2.6, an overview is given of possible complications 
of fractures concerning the stability of the fracture, the 
integrity of overlying skin and soft tissues and joint 
involvement.

2.4.2  Type of Fracture and Direction 
of Fracture Lines

The type of fracture, the direction of fracture lines, and the 
terms used to describe type and direction are determined 
mainly by the type of fractured bone. An overview of terms in 
long bones is given as an example in Table 2.4. The reader is 
referred to Chaps. 5–12 for more detailed information.

2.4.3  Position and Relationship 
of the Fracture Components

The position and relationship of the fracture components and 
the terms used to describe position and relationship again are 
determined mainly by the type of fractured bone. An over-
view of terms in long bones is given as an example in 
Table  2.5. The reader is referred to Chaps. 5–12 for more 
detailed information.
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2.5  Cause of Fractures (Mechanism)

2.5.1  General Aspects

In a forensic setting, a (physical) trauma is defined as an 
event which can result in an injury (physical harm, bodily 
injury, physical injury) (see Sect. 1.4). An injury is defined as 
any wounding or physical damage that results from the (sud-
den) subjection of the body or parts of the body to amounts 
of energy that exceed the threshold of mechanical tolerance, 
in other words, that are beyond the body’s ability to absorb 
the transferred energy, with or without externally visible 
damage to the skin or the mucous membranes and/or with or 
without signs of damage to the skeleton or internal organs 
[29, 30]. In brief an (hard or soft tissue) injury is caused by 
loading of that tissue beyond its failure threshold (the maxi-
mum load-bearing capacity). In case of fractures (hard tissue 
injury): fracturing of bone or cartilage will occur when the 
loading of a bone or the cartilage exceeds the failure 
threshold.

Fracturing can occur in normal bone, but also in abnor-
mal/weakened bone. In normal bone the loading will have to 
be substantial with a high transfer of energy. If a bone is 
fractured and there is no evidence of a trauma with a high 
transfer of energy, this may indicate the presence of general-
ized or more localized abnormal/weakened bone.

Although high and a low-energy trauma are well-accepted 
terms in the medical literature one should realize these terms 
are not well defined by exact numbers and measures, but by 
using general descriptions and comparing types of trauma, 
supported by examples of types of accidents. Like high and 
low pressure in static loading (Sect. 1.5.2.1). These terms 
should be considered subjective and relative with a grey area 
between low- and high-energy transfer and depending on the 
context in which these terms are used.

Often used synonyms are trauma (collisions) with high or 
low transfer of energy and high or low velocity trauma 
(collisions).

What type of injury is sustained, depends not only on the 
amount of transferred energy, but also on the specific charac-
teristics of the trauma:

• Type of mechanical trauma:
 – Blunt force trauma: non-penetrating/penetrating.
 – Sharp force trauma: penetrating/non-penetrating.
 – Compression/crushing, tension, shearing and bowing, 

and combinations of these mechanisms, e.g. compres-
sion and bowing (see Chap. 12, concerning long bone 
fractures).

• Type of collision:
 – Moving object impacting static body or moving body 

impacting static object.

 – Body and object both moving: same direction (front to 
back collision), opposite direction (front to front colli-
sion), and/or angled (side to side collision).

• The amount of transferred (=absorbed and returned) 
energy.

• The nature of the object and the impact site on the body, 
including the structures underneath the skin.

2.5.2  High-Energy Trauma

A high-energy trauma is commonly described in the litera-
ture as a trauma in which the body of a person is exposed to 
the transfer of high amounts of energy. The transfer of energy 
can be mechanical or thermal (heat or cold, but also tempera-
ture generated by chemical agents or electricity) in origin.

Mechanically transferred energy can be converted into 
kinetic energy. Kinetic energy is the energy contained in a 
moving object or body. The amount of the transferred 
kinetic energy (KE) can be calculated and is determined by 
the mass and velocity of the moving body/object: 
KE = ½ × mass × velocity2 (mass in kilograms, speed in 
metres per second, kinetic energy in joules). This formula 
shows that velocity is a more important determinant of the 
amount of transferred kinetic energy than mass. If the mass 
doubles, the transferred kinetic energy doubles but if the 
velocity doubles, kinetic energy quadruples.

A high-energy trauma usually will result in more serious 
injuries, like fractures, intracranial injuries, neck injuries, 
and/or injuries to internal organs, compared to a low-energy 
trauma.

Although exact numbers and measures concerning high- 
and low-energy trauma (collisions) are lacking guidelines for 
adults make use of examples like:

• Long-distance falls (at least 2–3 times body length).
• Motor vehicle accidents:

 – Motor vehicle versus pedestrian—speed of vehicle 
above 10 km/h.

 – Motor vehicle versus pedestrian—pedestrian run over 
or thrown.

 – Motor vehicle collision without seat belt—speed above 
35 km/h.

 – Motor vehicle collision with seat belt—speed above 
45 km/h.

 – Motor vehicle versus moped or motor collision with a 
speed difference above 35 km/h.

 – Accident in which the vehicle has been moved more 
than 7 metres.

 – Accident in which the engine or a wheel of the car has 
penetrated into the passenger compartment.

 – Distortion of the steering wheel.
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fracture without significant trauma or
no trauma mentioned

normal bone? abnormal bone?

sufficient bone? insufficient bone?

single bone load:
bad luck

repeated bone load:
stress fractures osteoporosis

disease related/
pathological fractures

Fig. 2.2 Flow chart for the evaluation of a fracture when no (significant) trauma is reported

 – Release of airbags.
 – Accident with a car with an indentation of the passen-

ger compartment above 35  cm on the victim’s side 
and/or above 50 cm on the other side.

 – Collision in which the front axle of a car has been 
moved backwards.

 – A star break in the windscreen caused by the unre-
strained passenger.

 – Hair and/or blood on the interior mirror.
 – Knocking over of the vehicle.
 – Ejection from a vehicle.
 – Helmet damage or no helmet worn.
 – Seriously injured or deceased victim in the vehicle.
 – Vehicle deformation.

The reader is referred to Chaps. 5–12 for an extensive 
description of fractures in children due to high-energy 
trauma.

2.5.3  Low-Energy Trauma

In the medical literature, a low-energy trauma is described in 
many different ways. This is usually done by using exam-
ples, just like in high-energy trauma, e.g. a slip, a trip, or a 
fall from standing height or less. Sometimes it is described as 
a trauma due to the transfer of an amount of energy of which 
it is assumed that such an amount would not result in a frac-
ture. Finally it may be described merely by excluding the 
presence of a high-energy trauma [31].

If a bone is fractured and there is no evidence of a high- 
energy trauma or there is only a minor trauma or even no 
trauma mentioned in the medical history, one should start by 
answering the questions, which are visualized in Fig. 2.2.

2.5.3.1  Low-Energy Trauma: Normal Sufficient 
Bone—Single Load

Despite the fact that most fractures are caused by the transfer 
of high amounts of energy, caused by large mass or high 
velocity, one should realize that fractures can also be caused 
by a trauma that at first sight seems to be a low-energy trauma 
(Sect. 2.5.1). In such a seemingly low-energy trauma, it is 
often the case that the location where a small force acts cre-
ates a high torque around a rotation point, relatively far away 
from that location. This results in a large force at a fracture 
site close to the rotation point, due to the difference in 
moment arms, amplifying the small input force. Strictly 
speaking a small force acting over a large distance (force x 
distance  =  work) still creates a large transfer of energy. 
Nonetheless in a clinical setting this is considered to be a 
low-energy trauma. These fractures are sometimes charac-
terized as ‘bad luck’.

Probably the most common fracture in this category is the 
so-called toddler’s fracture (Childhood Accidental Spiral 
Tibia (CAST) fracture), although Jaimes et  al. are of the 
opinion that this fracture is the most common stress fracture 
(in biomechanics known as fatigue fracture) in young chil-
dren [32]. The toddler’s fracture is a non-displaced oblique 
fracture of the tibia shaft or the distal portion of the tibia. 
This type of fracture typically occurs between the age of 
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9 month and 3 years at the onset of ambulation [32]. A child 
with this fracture will refuse to bear weight on the fractured 
leg. The fracture probably is the result of an often not recog-
nized acute more or less minor trauma, e.g. a torsional force 
when a toddler stumbles and falls on a positioned foot. 
According to Jaimes et al., toddler’s fractures may also (less 
common) occur in other weight-bearing parts of the skele-
ton, like the fibula, the posterior part of the calcaneus, the 
base of the cuboid, and the talus [32].

In older children, a low-energy trauma in normal suffi-
cient bone due to a single load may also result in a fracture: 
spraining an ankle during football is considered to be a low- 
energy trauma. The same movement, that results in sprain-
ing, may also result in a fracture of the tibia or fibula.

Some fractures, e.g. of the radius, ulna, and clavicula may 
also be the result of low-energy trauma in short distance falls 
due to falling on an outstretched hand (FOOSH) (see also 
Sects. 2.1.2, 8.2.2 and 12.5.3.3).

2.5.3.2  Low-Energy Trauma: Normal Sufficient 
Bone—Repeated Load

Repeated loading of normal sufficient bone may lead to an 
accumulated trauma to normal bone, resulting in overuse 
fractures due to a mismatch between on the one hand the 
burden of activity on bone and cartilage (the loading of the 
bone and cartilage) and on the other hand the load-bearing 
capacity of bone and cartilage (the intrinsic biomechanical 
properties and the intrinsic ability of the bone and cartilage 
to repair itself—the ability of bone and cartilage to absorb 
energy) [32, 33]. This type of fractures, due to overuse, 
caused by accumulated trauma, can be divided into avulsion 
fractures and fatigue fractures.

Avulsion Fractures
Avulsion fractures are more common in skeletally immature 
children and in adolescents. Examples of avulsion fractures 
in paediatric and adolescent patients are the classical metaph-
yseal lesion (Sect. 12.3.2 ) and the apophyseal avulsion frac-
tures of the pelvis (Chap. 11).

Fatigue Fractures in Normal Bone: Stress Fractures
In the medical literature, fatigue fractures in normal bone 
and stress fractures are used as synonyms, describing (usu-
ally non-displaced hairline) fractures that occur in a bone 
after the bone has been subjected to repeated stresses (over-
use—accumulated trauma), rather than one single sudden 
impact trauma. Stress-related fracturing occurs when mus-
cles have become fatigued and are no longer able to absorb 
added/repeated shock. The overload of stress is then trans-
ferred to the bone, resulting in a stress fracture. None of 
these stresses would individually be large enough to cause a 
fracture, in a person without an underlying disorder with 
increased bone fragility, but the intrinsic ability of the bone 

to repair itself is exceeded by the repetitive character and 
frequency of the loading [33–35].

Stress fractures in adolescents and adults are most com-
monly sustained during sports, heavy physical exercise/
labour. Most stress fractures occur in the weight-bearing 
bones of the lower leg and the foot (e.g. in runners: metatar-
sal bones). More than 50 percent of all stress fractures in 
adolescents and adults occur in the lower extremity [34].

Stress fractures also occur in paediatric patients. 
According to Griffiths, stress fractures had been described in 
children as young as 15 months [36]. He cited a 1942 article 
by Siemens, who ‘described a case of bilateral fatigue frac-
ture of the middle third of each fibula in a boy of 15 months’, 
and in his article himself described stress fractures in paedi-
atric patients in the tibia (mostly in the proximal third), in the 
fibula and furthermore in the humerus, first rib, pelvis, 
medial sesamoid bone of the hallux, metatarsal bones (so- 
called march fractures), and femur.

The incidence of stress fractures in the paediatric popula-
tion seems to be increasing, supposedly because more chil-
dren are participating in organized and recreational sports at 
a younger age [32, 37–39]. Contributing factors to the 
increasing occurrence in paediatric patients is probably the 
combination of an underdeveloped musculoskeletal system/
skeletal maturation, increased participation in competitive 
sport at a younger age, and increased duration and intensity 
of training, e.g. year-round activities [32, 38, 39]. Shelat and 
El-Khoury and Wu et al. also were of the opinion that many 
of the overuse injuries, including stress fractures, may go 
underreported and/or underdiagnosed, because they may 
also occur in other circumstances, than sporting, or are not 
recognized in imaging, because stress fractures can be radio-
graphically occult [38, 39].

In older children and adolescents, mainly in athletes, 
fatigue fractures are found in the femur (inferior surface of 
the neck, shaft, and distal metaphysis), tibia, spine (spondy-
lolysis), acromion, metatarsal and tarsal bones, pelvic bones, 
and upper extremity (e.g. little leaguer’s shoulder or elbow, 
gymnast’s wrist) [32, 38, 39].

Devas and Jaimes et  al. mentioned that one should be 
aware that a stress fracture in a child might resemble an 
infection, e.g. osteomyelitis, or malignant bone tumour [32, 
40]. Also benign bone tumours, like osteoid osteomas, may 
suggest stress fractures for an unexperienced radiologist. 
Therefore cross-sectional imaging and expert evaluation in 
these cases are mandatory.

2.5.3.3  Low-Energy Trauma: Normal 
Insufficient Bone

It is often stated that fractures in children usually are caused 
by trauma but that certain bone disorders, that ‘weaken’ the 
bone, also may cause fractures. This would concern bone 
disorders with normal but insufficient bone (= normal but not 
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enough bone), but also medical conditions with increased 
risk of fracturing due to weakened bone (see Sect. 2.5.3.4).

The statement that bone disorders may cause fractures is 
not correct. Bone disorders do not cause fractures, but may 
increase the risk of fracturing with a lower load.

A single load or repeated loading of normal but insuffi-
cient bone, e.g. in osteopenia and osteoporosis, can lead to 
overuse fractures due to a mismatch between the loading and 
the ability of the normal but insufficient bone to withstand 
the load.

In the medical literature, fractures in normal but insuffi-
cient bone are often referred to as spontaneous fractures: 
‘fractures that occur without a clear demonstrable external 
(= traumatic) cause’ [41]. Torwalt et al. described a 4-year- 
old boy with cerebral paresis and palsy after a non-accidental 
head trauma [41]. The post-mortem radiographs of the boy 
showed fractures at various stages of healing in the left 
humerus and both femurs, tibiae and fibulae. Based on a 
comprehensive investigation, child abuse, accidents, meta-
bolic diseases, other primary and secondary bone diseases 
and pathological fractures could be excluded. They con-
cluded that the multiple fractures in this boy were ‘spontane-
ous’ fractures secondary to osteopenia, although in our 
opinion another conclusion could also have been drawn. 
Based on the information given by the authors, one could 
also state that no cause was found and that inflicted injuries 
could not be excluded beyond reasonable doubt.

2.5.3.4  Low-Energy Trauma: Abnormal Bone
As stated in the foregoing section, medical conditions can 
lead to an increased risk of fracturing due to weakened bone. 
Just as in normal but insufficient bone fracturing may be 
caused by a single load or by repeated loading of the weak-
ened bone.

In the medical literature, a fracture due to a medical con-
dition with weakening of the bone is often referred to as a 
‘pathological’ fracture: a fracture in bone tissue, that is path-
ological, weakened and remodelled by an underlying disor-
der, with altered or reduced mechanical and viscoelastic 
properties [42].

The list of medical conditions with an increased risk of 
fracturing due to weakened bone is very extensive. An over-
view of medical conditions (not all inclusive) with increased 
risk of fracturing is given in Table 2.7. Medical conditions 
that cause reduced bone strength can be congenital or 
acquired. These disorders are either generalized (diffuse, 
systemic) throughout the skeleton (e.g. osteogenesis imper-
fecta) or more localized (focal) (e.g. osteomyelitis or demin-
eralization of one limb, resulting from prolonged 
immobilization). Disorders are either due to more or less 
benign disorders or to malignant disorders. Most ‘pathologi-
cal’ fractures are due to benign tumours, but can also be due 

to tumour-like lesions, metabolic diseases (e.g. osteogenesis 
imperfecta, osteopetrosis), bone infections (e.g. osteomyeli-
tis), and neuromuscular disorders. Pathological fractures due 
to malignant disorders (e.g. sarcomas, leukaemia, bone 
metastases) are much rarer [42–44]. According to Boyce and 
Gafni, many of these conditions are easily diagnosed or 
excluded with a thorough history, physical exam, and 
selected diagnostic tests [43].

The most important and probably most common medical 
condition with an increased risk of fracturing due to weaken-
ing of bone is osteogenesis imperfecta (OI). In 2013, Greeley 
et al. published the results of a retrospective study into the 
presence of fractures in 68 children with osteogenesis imper-
fecta [49]. They found that most fractures in children with OI 
occurred in the extremities: arms (17×) and legs (36×). Rib 
fractures were found in 15 children. In 13 out of 15 children 
with fractured ribs, they were diagnosed prenatally (before 
birth) or immediately after birth as the result of OI. The rib 
fractures of the 2 remaining children were diagnosed at the 
age of 14 and 43 months. This involved children with OI type 
1 (plus a positive family history and blue ‘eye white’). The 
number of fractures present at the time of diagnosis varied 
from 1 to more than 37, with 7 children (10%) having more 
than 2 fractures. All children with more than 2 fractions were 
diagnosed before or immediately after birth. Seventeen chil-
dren (25%) were diagnosed after the first week of life, but 
before the age of 12  months. None of these children had 
more than 1 fracture at the time of diagnosis. Almost 75% of 
the children were diagnosed on the basis of the findings from 
the clinical examination. According to Greeley et al., finding 
multiple rib fractures is an unlikely finding in children under 
the age of 1 year with OI [49].

2.5.3.5  The Use of Terms like Spontaneous 
and Pathological Fractures in Forensic 
Paediatrics

From a clinical point of view, the use of terms like ‘spontane-
ous’ and ‘pathological’ in relation to the occurrence of frac-
tures is understandable and even acceptable. However, from 
a biomechanical point of view the use of these terms as an 
explanation for the occurrence of a fracture or multiple frac-
tures in a child with a bone disorder is an approach that is too 
limited, and as such incorrect. Fracturing of a bone is deter-
mined by the load exerted on the bone as well as the load- 
bearing capacity of the bone. ‘Spontaneous’ and 
‘pathological’ only pertain to the capacity of the bone to 
absorb stress. Based on the use of these terms, one only and 
implicitly concludes that it would be possible for weakened 
bone to sustain a fracture not only with a minimal trauma or 
during normal care but even without a trauma.

A bone disease may decrease the maximum loading 
capacity/resistance of the bone against fracturing, resulting 
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in a lower resistance against loading and therefore in an 
increased risk of fracturing. A fracture in weakened bone is, 
just like in normal bone, caused by the exceeding of loading 
over the maximum load-bearing capacity of a bone (the 
capacity to absorb stress), in other words, it is caused by a 
trauma. As a result of the loading, the weakened bone breaks.

From a forensic point of view, the use of ‘spontaneous’ 
or ‘pathological’ may also lead to false certainties, related to 
the manner, when one has to differentiate between acciden-
tal and non-accidental circumstances based on these terms. 
By using these terms the manner of the fracture is not taken 
into consideration at all. When a fracture is found in a child, 
the presence of a disorder that results in a decreased capac-
ity to absorb stress says nothing about the circumstances in 
which the stress was exerted. The medical history and the 
clinical/radiological symptoms may indicate whether the 
fracture was sustained in accidental and non-accidental 
circumstances.

Fractures in normal but insufficient bone and in weakened 
bone occur when the strength of a bone is reduced to a level 
that stresses that normally would not fracture a healthy bone 
will break the weakened bone (reduced maximum load- 
bearing capacity) [35, 50]. If fractures are found in a young 
and non-mobile child without any plausible explanation, a 
fracture in normal but insufficient bone or in weakened bone 
should be considered (Table 2.7). The determination of the 
possible presence of an underlying condition and the circum-
stances under which the fracture occurred are based on the 
medical history of the child (and the family), clinical 
 examination (including laboratory examination), and radio-
logical assessment [42].

2.6  Manner of Fractures (Circumstances)

As stated in the foregoing sections, a fracture is always 
caused by a trauma, whether the bone is normal, weakened, 
or overused. The circumstances under which a trauma occurs 
(manner) can be accidental or non-accidental. Trauma can 
occur intrauterine, during birth or after birth.

2.6.1  Intrauterine Fractures

As far as known from the medical literature intrauterine 
acquired fractures (fracturing of a foetal bone in utero) are 
only rarely reported [51–54]. The first descriptions are found 
in the medical literature in the early and mid-nineteenth cen-
tury [55–57]. Some of the first descriptions, in the early 
1900s, in radiology were by Smith and Snure [58, 59].

Table 2.7 Medical conditions with an increased risk of fracturing (not 
all inclusive) [42–48]

Benign congenital disorders
Osteogenesis imperfecta and variants like Bruck syndrome
Copper deficiency in infants
Ehlers–Danlos syndrome
Menkes syndrome
Metabolic bone disease of prematurity
Neuromuscular diseases, e.g. Duchenne muscular dystrophy
Vitamin D-resistant rickets (or hypophosphataemic rickets)
X-linked hypophosphatemia
Liver defects, e.g. Alagille syndrome
Malabsorption
Familial osteoporosis
Osteopetrosis
Cole carpenter syndrome
Congenital CMV infection
Insensitivity to pain, e.g. in spina bifida and in congenital pain 
insensitivity
Neurofibromatosis type 1
Osteopetrosis
Pycnodysostosis
Idiopathic juvenile osteoporosis

Table 2.7 (continued)

Benign acquired disorders
Infections, e.g. osteomyelitis
Vitamin D deficiency based on nutritional defects: Rickets
Intoxications, e.g. with lead
Prolonged reduced mobility, e.g. in cerebral palsy or 
posttraumatic
Paediatric inflammatory bowel disease, e.g. Crohn’s disease 
(due to, among others, direct effects of inflammation, 
prolonged use of glucocorticoids, and poor nutrition)
Benign bone tumours, e.g. non-ossifying fibroma, 
osteochondroma, chondroblastoma, enchondroma, giant cell 
tumour, and osteoid osteoma
Renal osteodystrophy, due to chronic renal diseases and 
concurrent vitamin D deficiency/rickets and secondary 
hyperparathyroidism
Diabetes mellitus
Mastocytosis
Bone cysts, e.g. unicameral bone cyst and aneurysmal bone 
cyst

Iatrogenic conditions
Radiation therapy

Use 
of

Diuretics

Glucocorticoids
Anticonvulsants
Antiretrovirals
Methotrexate
Bisphosphonates
Prostaglandins

Malignant disorders
Leukaemia
Isolated metastases/metastatic tumours (e.g. Wilms tumour, 
neuroblastoma)
Ewing sarcoma
Osteosarcoma
(congenital) fibrosarcoma
Eosinophilic granuloma
Langerhans histiocytosis
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In utero fractures occur due to trauma in normal or in 
weakened bone, just like fractures that are sustained during 
and after birth. According to Morgan and Marcus, ultra-
sound is the best imaging modality for identifying foetal 
fractures of any aetiology, while biochemical and genetic 
tests can aid in the prenatal diagnosis of congenital disor-
ders like osteogenesis imperfecta [53]. According to 
Dawson, the presence of signs of healing on imaging of nor-
mal bone within the first days after birth would rule out an 
obstetrical fracture [60].

2.6.1.1  Intrauterine Fractures in Normal Bone
Skull fractures, although rarely reported, are the most com-
monly described intrauterine fractures in medical literature 
[52–54]. These fractures can be true fractures with clearly 
recognizable fracture lines, but mostly reported are depressed 
skull fractures, so-called ‘ping-pong’ fractures, which are 
characterized by inward buckling of the calvarian bones 
(Sects. 5.3.3.1, 5.3.3.2 and 5.3.4.5) [61].

Isolated intrauterine femur fractures have also been 
described. Several authors described the fracture of the 
femur, after ruling out other possibilities, as occurring spon-
taneous/without any known trauma, others as being caused 
by maternal blunt force trauma of the pelvis, e.g. due to falls, 
motor vehicle accidents, or domestic violence [62–67].

Finally fractures of the tibia and fibula, spine and clavic-
ula have been described (mostly as single case reports) as 
intrauterine acquired fractures, which were not disease 
related [60, 68–73].

2.6.1.2  Intrauterine Fractures in Weakened Bone
Intrauterine fractures in weakened bone have been described 
due to several medical conditions. Osteogenesis imperfecta 
is the most prevalent disorder, but other genetic/metabolic 
disorders can be found [53]. Dawson also mentioned chon-
drodystrophies and congenital syphilis [60]. Some of these 
disorders result in severe handicaps after birth or are not 
compatible with life intrauterine or after birth [74–78].

2.6.2  Fractures During Birth: Birth Trauma

2.6.2.1  General Aspects of Birth Trauma-Related 
Fractures

In older children, pain is often a more or less reliable indica-
tor for the presence of a fracture. However, in neonates it is 
difficult to establish pain and therefore a fracture can only be 
diagnosed by carefully observing behaviour, muscle tone, 
heartbeat and symptoms such as nausea and vomiting or lim-
ited use of a body part [79].

Fractures resulting from birth are not always diagnosed 
immediately post-partum, unless there are obvious symp-
toms, such as a clearly visible swelling and/or abnormal 

position. It is quite likely that physicians will overlook some 
fractures due to the lack of obvious symptoms. Research by 
Morris et al. showed that there was a delay in diagnosis in the 
majority of children that had sustained a birth trauma-related 
femur fracture (Sects. 12.7.2.3, 12.7.3.3 and 12.7.4.3) [80]. 
Skull fractures are found in 5% of the children born by vac-
uum extraction, but are frequently overlooked unless a rou-
tine radiograph is made [81]. Clavicula fractures too are 
often diagnosed as late as several weeks after birth, due to 
the then present callus formation [82].

This delay in diagnosis can lead to wrongfully suspected 
non-accidental circumstances (child abuse). To a certain 
extent it is possible to differentiate between birth trauma- 
related fractures and fractures that are sustained after birth 
by carefully evaluating the presence of callus formation:

• Kogutt et  al. stated that under normal circumstances, a 
fracture that is diagnosed 10 to 15 days after birth cannot 
be considered resulting birth, if there is no evidence of 
healing (subperiosteal new bone formation or callus for-
mation) [83].

• Cumming reported that callus in the healing of birth- 
related fractures may be visible as early as 7 days after 
birth [84].

• Walters et  al. evaluated 131 radiographs of presumed 
birth trauma-related clavicular fractures and rarely did 
find subperiosteal new bone formation before day 7 after 
birth, but it was most often present at day 10 [85]. Callus 
formation was rarely seen before day 9, but it was most 
often present at day 15.

• Fadell et al. reviewed retrospectively a total of 108 digital 
images of 61 infants with clavicular fractures [86]. Their 
findings are summarized in Table 2.8.

2.6.2.2  Incidence and Prevalence of Fractures 
Resulting from Birth

Jaarsma considered the incidence of birth trauma-related 
fractures to be 0.1–3.5% [79]. In the medical literature, a 
great number of studies can be found on fractures resulting 
from delivery (Table 2.9) [87–89]. Based on these publica-
tions it has been established that clavicular fractures are the 
most common birth-related fractures, followed by fractures 
of the humerus, skull, and femur. Rib fractures are only 
reported in exceptional situations (see Sect. 7.3.2) [91].

Table 2.8 Indicative timescale of healing in birth trauma-related cla-
vicular fractures [86]

Feature of healing First seen at day Peak period (days)
Periosteal reaction 7 11–42
Callus 11 12–61
Bridging 20 22–63
Remodelling 35 49–59
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Table 2.9 Fractures resulting from delivery (not all inclusive)

Author(s)
neonates 
(N)

Number of 
fractures (%) Location N %

Rubin [87] 15,435 51 (0.35) Clavicle
Humerus
Skull

43
7
1

84.3
13.7
1.6

Camus et al. 
[88]

20,409 123 (0.6) Clavicle
Humerus
Skull
Femoral 
shaft
Epiphysis

105
7
7
2
2

85.4
5.7
5.7
1.6
1.6

Bhat et al. 
[89]

34,946 35 (0.1%) Clavicle
Humerus
Femur
Skull
Orbit
Epiphysis 
distal femur
Dislocation 
elbow

16
7
5
4
1
1
1

45.7
20.0
14.3
11.3
2.9
2.9
2.9

Groenendaal 
and 
Hukkelhoven 
[90]

158,035 1174 (0.7) Clavicle
Humerus
Femur
No other 
fractures 
mentioned

Number of 
fractures not 
reported

Bhat et al. found a higher incidence of fractures in cases 
without prenatal care, after a complicated delivery or after a 
Caesarean section [89].

In 2007, Groenendaal and Hukkelhoven drew attention in 
the Netherlands Journal of Medicine to the prevalence of 
fractures in term neonates [90]. They used data from Perinatal 
Registration Netherlands which contains data on term neo-
nates <28 days old (n = 158.035). In 1174 children (0.74%) 
fractures were found. In 19% (n = 227) of cases, the cause of 
the fracture was not known: the vaginal birth had been either 
physiological and reported to be non-traumatic or there had 
been an uncomplicated Caesarean section; after the delivery 
there had been no cause for resuscitation and further diag-
nostics showed no indications for congenital bone diseases 
such as osteogenesis imperfecta or osteopenia. Twelve of the 
227 children had sustained a humerus fracture without 
known cause, and 3 a femur fracture. The remaining 212 
children had sustained a fracture of the clavicle. Groenendaal 
and Hukkelhoven suspected that the number of fractures in 
term neonates in The Netherlands would be higher than the 
0.74% they found [90].

Many of the fracture-types that are found in non- accidental 
trauma have also been reported as occurring as birth trauma- 
related, usually in case reports. Hence, it is essential that in 
the immediate period after birth, a thorough obstetric history 
is taken. This history should also include the nurses notes, as 
often they will be the first to note that a child doesn’t move a 
limb properly or shows pain during daily handling.

2.6.3  Fractures After Birth: Accidental 
Circumstances

While growing up, a child becomes more mobile and starts 
to discover the world around him. Due to this the risk of 
accidental injury increases [1].

Between the ages of 1 and 4 years and in older children 
(>10 years), a fracture is most commonly due to accidental 
circumstances [15]. In the group of children between the 
ages of 1 and 4 years, fractures of the upper extremities and 
the clavicle are most common, due to the reflex of the child 
to catch itself on the stretched arm when falling. In children 
over 10 years of age, the number of traffic accidents will be 
higher than in younger children [92] (Sect. 2.1.2). 

2.6.4  Fractures After Birth: Non-Accidental 
Circumstances

2.6.4.1  Epidemiology
In children under 1 year of age, one will find fractures due 
to accidental circumstances only in a small minority of 
cases [92]. After bruises and burns, fractures are the most 
prevalent inflicted injuries [93, 94]. Fractures have been 
described in 55% of children who were victims of physical 
violence [83, 95].

The finding of inflicted fractures in children indicates the 
use of severe violence, which emphasizes the importance of 
a correct diagnosis. Sinal and Stewart found that fractures 
were the first sign of non-accidental trauma in 17% of the 
children with inflicted injuries [96].

Approximately 10% of children under the age of 5 years 
who because of an injury are seen by a physician in emer-
gency departments in the United States have inflicted inju-
ries, including fractures [97]. In children evaluated in 
emergency departments because of a suspicion of inflicted 
injuries, over 30% appears to have fresh or healing frac-
tures [98].

In a study, in air force personnel in the United States, on 
child homicide between the ages of 1–15  years (average 
3.9 years) it was found that 55% of these children had been 
seen by a physician because of physical injuries, including 
fractures, in the month prior to their death [99].

Rang poses that as many as 25% of all fractures in chil-
dren of less than 3 years of age are inflicted and/or due to 
neglect [15]. According to Akbarnia et al., inflicted fractures 
occur predominantly in children of less than 1 year of age 
[100]. Based on various studies, it is estimated that 50 to 
70% of all fractures in children of less than 1 year old are 
inflicted and/or due to neglect [101, 102]. It was also shown 
that children in this age group are at a high risk of sustaining 
inflicted injuries, including fractures, again, even after an 
intervention took place [103].
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Unfortunately in these young, often non-mobile, children 
fractures are often not recognized because of several reasons. 
Firstly fractures in this young children can have an occult 
course, because fractures in these children often show no or 
hardly any clinically conspicuous symptoms such as swell-
ing, redness, tenderness or  pseudo-paresis [13, 14, 104]. 
Secondly in these children (inflicted) fractures remain not 
only unnoticed due to its occult course, but also because non- 
accidental circumstances are not or inadequately considered, 
or even rejected on non-plausible grounds:

• Between 1995 and 1999, Banaszkiewicz et al. carried out 
a retrospective study in all children under the age of 1 year 
which were brought into the emergency department of 
their hospital because of fractures [105]. The data of 74 
children in total were re-evaluated. The average age of the 
children was 5 months (2 weeks to 1 year). Forty-six chil-
dren had sustained a skull fracture. In 28 children, there 
was a fracture of the long bones. After analysis, it appeared 
that the attending physician failed to assess possible non- 
accidental circumstances correctly in nearly 30% of these 
children. In nearly 50% of children, the medical data did 
not show that non-accidental circumstances had even 
been considered, whereas in retrospect non-accidental 
circumstances would have been a plausible explanation in 
the differential diagnosis.

• Oral et al. carried out a similar retrospective study in 653 
children of 3  years and younger who presented with a 
fracture over the period 1995–1999 [106]. The aim of 
their study was to establish whether in this group of chil-
dren physicians inquired sufficiently into the circum-
stances, under which the fractures occurred. Revision 
showed that, based on the data in the dossier, in 42% of 
children it had not been possible to exclude that the frac-
tures were inflicted (non-accidental injury/child abuse). 
The missing data concerned:
 – Information on the presence of (independent) eye- 

witnesses at the moment the fracture was sustained.
 – Information on previous injuries.
 – Revision of previous medical data.
 – Description of associated injuries.
 – An evaluation to see whether the reason provided and 

the injury of the child could be explained when taking 
into account the level of development of the child.

• Consequently, Oral distinguished four groups: accidental 
injury (63%), non-accidental injury (‘inflicted injury’) 
(13%), missed non-accidental injury (23%), and missed 
accidental injury (0.6%) [106]. Factors that had a positive 
influence on identifying non-accidental circumstances 
were the age of the child, the presence of multiple frac-
tures, and an examination by a paediatrician.

• Carty and Pierce reported on a cohort of 467 children who 
were either presented at the or referred to the Alder Hey 
Hospital, Liverpool UK, with a suspected diagnosis of 
child abuse during a 13-year period (1984–1996) [107]. 
In their study group in 435 (93%) child abuse could be 
confirmed, in 51 (11.7%) of them chart reviews showed 
enough evidence that should have led to a correct diagno-
sis at the first presentation. In this group 6 (12%) children 
died and 10 (20%) survived with handicap, which was 
severe in 4 cases.

2.6.4.2  Specificity of Fractures, Sustained in Non- 
Accidental Circumstances

Although it is crucial for a responsible intervention, it is not 
always easy to differentiate between accidental and non- 
accidental circumstances, even if non-accidental circum-
stances are suspected [108]. According to Hobbs et  al., 
non-accidental circumstances should be considered in case 
of [109, 110]:

• Multiple fractures in various stages of healing, even when 
no associated trauma is present, such as haematomas and 
(sub)cutaneous injuries.

• Damage to the epiphysis and metaphysis, possibly multi-
ple as in the inflicted traumatic brain injury.

• Fractures of ribs (single or multiple), scapulae, and 
sternum.

• The presence of periosteal new bone formation.
• A skull fracture, with or without signs of intracranial 

trauma.
• Multiple and complicated skull fractures with a fracture 

width >3 mm.

Hobbs further stated that these fractures are more suspect 
than simple, uncomplicated fractures, shaft fractures of the 
long bones, and fractures of the clavicle and that fractures 
are more suspect when they occur simultaneously with other 
injuries, e.g. a simple fracture  (e.g. of the humerus) com-
bined with multiple unexplained haematomas [110].

In 1998, Kleinman presented an overview (Table 2.10) on 
the specificity of radiological findings regarding non- 
accidental trauma/inflicted fractures (child abuse) [111]. 
According to him, the highest specificity applied in infants. 
He also stated that non-accidental circumstances are likely 
when there is no explanation for the occurrence of fractures 
of average or low specificity or when the explanation does 
not correspond with the nature of the skeletal findings.

In a systematic review of the literature by Kemp et al., the 
predictive value of fractures as a sign of child abuse had been 
evaluated [112]. Other indications such as the child’s age or 

R. A. C. Bilo et al.



39

Table 2.12 Windows of achievement for six gross motor milestones 
according to the World Health Organization [120]

Motor milestone
Box boundary (age in months)
Lower 95% CI Upper 95% CI

Sitting without support 3.8 3.7–3.9 9.2 8.9–9.4
Sitting with assistance 4.8 4.7–5.0 11.4 11.2–11.7
Hand and knees crawling 5.2 5.0–5.3 13.5 13.1–13.9
Walking with assistance 6.0 5.8–6.1 13.7 13.4–14.1
Standing alone 6.9 6.8–7.1 16.9 16.4–17.4
Walking alone 8.2 8.0–8.4 17.6 17.1–18.0

Table 2.10 Specificity of skeletal injuries in child abuse

Specificity Type of fracture/skeletal lesion
High specificity Classic metaphyseal lesions 

(Metaphyseal corner fractures)
Rib fractures, especially posterior
Scapular fractures
Spinous processes fractures
Sternal fractures

Moderate specificity Multiple fractures, specifically bilateral
Fractures of different ages
Epiphyseal separations
Vertebral body fractures and 
subluxations
Digital fractures
Complex skull fractures

Common but low 
specificity

Subperiosteal new bone formation
Clavicular fractures
Long bone shaft fractures
Linear skull fractures

Reprinted from Kleinman 1998 [111]. With permission

Table 2.11 Overview of the general motor development at key ages 
[113–119]

Age Skill
General motor 
development

4 weeks Control muscles of the eye Positive head lag
16 weeks Head balance Stabile head balance

Symmetric posture
28 weeks Grip and manual 

manipulation
Sits and leans forward 
supported on the hands
Stable stance when 
supported
Asymmetric neck reflex 
disappears (22–26 weeks)

40 weeks Control trunk and fingers: 
sitting, crawling, and 
picking

Sits without support
Crawls
Pulls up to stance
Grip reflex at the feet 
disappears 
(40 weeks–18 months)

52 weeks Control of legs and feet: the 
child stands erect and starts 
exploring

Walks holding on to one 
hand
Walks along an object 
(such as coffee table or 
settee)

18 months Control of larynx function: 
words and word 
combinations

Walks independently
Able to sit up 
independently

24 months Control of bladder and 
bowel functions

Is capable of running
Can play football

36 months Speaks in sentences Can stand on one leg
Jumps from the bottom 
step of the stairs

48 months Understands numbers and 
shapes

Hops well on one leg
Jumps forward on both 
legs

60 months Child ready for school and 
prepared to play with other 
children

Hops equally well on 
either leg

the injury that could lead to suspected child abuse were not 
taken into account. After a selection was made from 439 
publications, 32 were analysed. Based on this systematic 
analysis, they concluded among others that rib fractures had 
the strongest correlation with non-accidental circumstances 
(child maltreatment). In 71% of cases (95% CI 42–91%) 
with rib fractures, the rib fractures were inflicted. They also 
found that none of the fractures was pathognomonic for child 
abuse. As such, the inflicted skeletal lesions may be similar 
to lesions found after an accident.

The determination whether a fracture was inflicted in a 
child not only depends on the characteristics of the fracture, 
as described in Sect. 2.4, or on the theoretical specificity of 
the fracture, as described in the foregoing text, but also on:

• The age and level of development of the child (Tables 
2.11 and 2.12 and Chap. 13).

• The statements of the child, the parents, or the caregivers 
regarding the causing fracture.

• The theoretical reconstruction of the causing trauma, 
based on the known biomechanics.

When these are not compatible with the given statements 
of the child and/or the parents and/or caregivers about the 
causing trauma, non-accidental circumstances should be 
considered.

Performing the correct radiological examination and 
radiological dating of fractures is eminently important for 
an adequate diagnosis and protection at the moment that 
child abuse is suspected. Fractures as a result of violence 
can be found throughout the entire skeleton, are often pres-
ent in multiple places, and may show various stages of 

healing on skeletal radiographs [92, 102, 121]. Since in 
cases of child abuse there is often a delay in seeking medi-
cal help, dating may be complicated by further loading of 
the fracture by movement, additional injuries, and renewed 
fractures. The more or less objective radiological dating 
(see Chap. 4) can spot inconsistencies regarding subjective 
dating, based on the medical history, and the explanation of 
the injury.
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2.6.4.3  The Value of Haematomas 
in the Differential Diagnosis Between 
Accidental and Non-accidental 
Circumstances

The little that is known about the presence of haematomas in 
relation to fractures in children has been learned through 
fractures that were sustained in non-accidental circumstances 
(inflicted fractures). In court procedures, it is sometimes 
claimed that haematomas are sustained at the same time as 
fractures (‘the force required to cause a fracture will in all 
likelihood also result in haematomas’) and that the absence 
of haematomas is proof that it took only very little force to 
break the bone and, as such, that the fracture must be due to 
disorders with an increased risk for fracturing, e.g. a meta-
bolic disorder or from osteogenesis imperfecta. This opinion 
is based on one publication, in which this hypothesis was 
described, and is repeated regularly in court procedures, still 
without any evidence (see also Chaps. 15 and 16) [122, 123].

There is even ample evidence of the contrary. Mathew et al. 
conducted a prospective study into the presence of haemato-
mas around the location of the fracture in 88 children that 
showed no signs of bone pathology with a total of 93 fractures 
(49 boys, 39 girls; age 12 months to 13 years and 11 months) 
[124]. All children were seen within 24 h after the fracture had 
been sustained. Only in eight fractures haematomas were found 
in the initial phase. No haematomas were found in fractures 
that showed no dislocation or in fractures that were well cov-
ered by soft tissue. In 13 other fractures, haematomas appeared 
within 24 h after hospitalization. Ultimately, 25 (28%) frac-
tures were accompanied by haematomas 1 week after the frac-
ture was sustained. According to Mathew et al., it is impossible 
to distinguish between fractures that are the result of bone dis-
ease and fractures resulting from child abuse based on the pres-
ence or absence of haematomas. It appears that in acutely 
sustained fractures in children, local haematomas are less com-
mon than one would expect; therefore, based on the absence of 
haematomas, non- accidental circumstances should never be 
excluded. Starling et al. also did not find any relation between 
fractures and the presence of haematomas [125]. After skull 
fractures had been excluded, it appeared that less than 10% of 
children had fracture-related haematomas. Peters et al. found 
that fractured bones that were most frequently associated 
with bruising were skull bones. The presence of bruising near 
the fracture site was uncommon in fractures of the extremities 
or the rib [126]. Valvano et  al. found that the presence or 
absence of bruising was not useful in differentiating between 
inflicted and accidental fractures [127].

2.6.4.4  Perpetrators and Victims
Starling et al. were the first to initiate a study into the specific 
characteristics of perpetrators who cause fractures in children 
[125]. They evaluated the data of 194 children (age: 
0–13.9 years; median 6 months) with in total 630 fractures. The 

median number of fractures per patient was 2 and the maxi-
mum was 31. In 153 children (79%), the perpetrator could be 
identified. Nearly 68% of perpetrators were male. Of all 
known perpetrators, 45% appeared to be the biological father.

Furthermore, there appeared to be a significant difference 
(p = 0.003) between the median age of the children who had 
been abused by a male (4.5 months) and by a female perpetra-
tor (10 months). In 44 of the 194 children, the primary injury 
was non-accidental skull−/brain trauma. Since it is not known 
whether the age of victims of non-accidental skull−/brain 
trauma differs from that of children with other non-accidental 
fractures, further study was done after the children with non-
accidental skull/brain trauma were excluded. However, this 
analysis still showed a significant difference (p  =  0.004) 
between the median age of children abused by a male 
(5 months) or a female perpetrator (12 months).

2.6.5  Fractures After Birth: Other 
Circumstances

Fractures that cannot be classified as classical accidental or 
non-accidental fractures are fractures that are due to, e.g. 
medical procedures (Sect. 13.4.2), habit disorders (Sect. 
13.3.1), or sports activities (e.g. Sect. 13.5.2).
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3.1  Introduction

Even before Kempe published his now classic article on ‘the 
battered child syndrome’ in 1962, radiologists drew attention 
to fractures that could really only be explained by the impact 
of external mechanical force [1]. In 1946, Caffey was the 

first to describe the relation between the presence of multiple 
fractures of the long bones and subdural haematomas in six 
children in whom no previous trauma was known [2]. He 
thought it remarkable that in a number of children no new 
anomalies were found while hospitalized; however, some 
children showed new manifestations as soon as they returned 
home. Based on the fact that in children subdural haemato-
mas are usually of traumatic origin, he suspected that this 
combination had a traumatic origin. In 1953, Silberman 
established that the combination of injuries as described by 
Caffey had to have a traumatic background [3]. In 1955, 
Woolley was the first to conclude that the found anomalies 
were the result of ‘intentionally’ inflicted physical injuries 
[4]. In 1957, 11 years after his original publication, Caffey 
concluded that physical abuse by either one or both parent(s) 
could be a possible explanation for this combination of inju-
ries [5].

The importance of radiological examination when there 
are suspicions of inflicted injuries was not just demonstrated 
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by the earlier-mentioned radiologists. Ellerstein performed 
routine radiological examinations in children suspected of 
being physically abused [6]. In 11.5% he found radiological 
indications for inflicted injuries. Approximately 20% of 
these children had fractures without any clinical 
manifestations.

Generally, fractures are the result of the more serious 
forms of physical abuse. Non-accidental fractures (inflicted 
fractures, fractures seen in child abuse) are similar to frac-
tures sustained in an accident. Whether a fracture can be the 
result of non-accidental circumstances is determined by a 
combination of:

• The type of fracture.
• The age and level of development of the child.
• The manner in which the fracture must have been sus-

tained (according to established biomechanical data).
• The statement of the child, the parents, or the caregivers, 

regarding the origin of the fracture.

Non-accidental circumstances are likely when the first 
three factors are contradicted by the fourth. The role of (pae-
diatric) radiologists is of great importance and often conclu-
sive in determining whether non-accidental circumstances 
are involved. In children below a certain age (see Sect. 3.2) 
who are suspected of being physically abused, it is indicated 
to do a skeletal survey. The purpose of the skeletal survey is:

• To detect occult fractures.
• To obtain additional information on clinically suspect 

abnormalities.
• To date fractures.
• To diagnose the underlying skeletal abnormalities that 

may provide an increased risk for fractures.

In the following paragraphs, the existing guidelines and 
quality criteria that apply to radiological imaging will be 
discussed.

3.2  Conventional Radiology

3.2.1  Guidelines

There currently are two major guidelines on imaging in case 
of suspected physical child abuse. The first is from the 
American College of Radiology (ACR) and the second is 
from the Royal College of Radiologists in collaboration with 
Society and College of Radiographers (RCR & SCoR). Both 
guidelines are discussed in detail and the minor differences 
are highlighted. In Europe, the European Society of Paediatric 
Radiology (ESPR) advises to adhere to the RCR & SCoR 
guideline.

3.2.1.1  American College of Radiology
According to the ACR, the use of specific imaging tech-
niques in suspected physical child abuse will depend on the 
age of the child and the signs and symptoms presented [7]. 
For this purpose the ACR uses the following guidelines; for 
completeness, not just conventional radiology is mentioned:

 1. Suspected physical abuse. Child ≤24  months of age. 
Neurological or visceral injuries not clinically suspected. 
Initial imaging evaluation.

 (a) A full skeletal survey (Table 3.1).
 (b) Tc-99  m bone scan whole body; can be a comple-

mentary/adjunctive examination for detecting skele-
tal trauma. It should only be used when the 
radiographic skeletal survey is negative but clinical 
suspicion remains high and search for further evi-
dence of skeletal trauma is warranted.

 (c) There is no strong evidence to recommend universal 
screening with neuroimaging. However, clinicians 
should have low threshold for performing head CT or 
MRI in young children with suspected child abuse.

 2. Suspected physical abuse. Child >24  months of age. 
Neurological or visceral injuries not clinically suspected. 
Initial imaging evaluation.

 (a) Initial imaging should focus on the areas of clinical 
concern. In children >2 years of age, skeletal survey 
is usually not done but may be performed based on 
clinical findings and the need to document the pres-
ence or absence of injuries.

 (b) There is no strong evidence to recommend universal 
screening with neuroimaging in the absence of clini-
cal suspicion for AHT.

 3. Child with one or more of the following: neurologic signs 
or symptoms, apnoea, complex skull fracture, other frac-
tures, or injuries highly suspicious for child abuse. Initial 
imaging evaluation.

 (a) A full skeletal survey in all children <2 years of age 
in whom there is suspicion of abuse (Table 3.1).

 (b) Tc-99 m bone scan whole body (see point 1).
 (c) MRI scan of the head should be performed if the 

clinical presentation warrants further assessment.
 (d) MRI of the cervical spine should be strongly consid-

ered at the time of MRI brain imaging.
 (e) MRI of the total spine should be reserved for cases 

where the distinction between abusive and accidental 
trauma is not clear.

 4. Child. Suspected physical abuse. Suspected thoracic or 
abdominopelvic injuries (e.g. abdominal skin bruises, 
distension, tenderness, or elevated liver or pancreatic 
enzymes). Initial imaging evaluation.

 (a) A full skeletal survey in all children <2 years of age 
in whom there is suspicion of abuse (Table 3.1).

 (b) Tc-99 m bone scan whole body (see point 1).
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Table 3.1 Radiographic protocol for suspected child abuse [7, 8]

ACR RCR and SCoR
Skulla AP

Lateral
Additional view when indicated: 
oblique or Towne view

AP
Lateral

Cervical spine AP
Lateral

b

Thorax AP and lateral, to include ribs and 
thoracic and upper lumbar spineb

AP, to include the shoulders
Both obliques (to include all the ribs, left and right)
Lateral to include the whole spinec

Abdomen, lumbosacral 
spine, pelvis

AP pelvis, to include the mid 
lumbar spine
Lateral lumbosacral spine

AP abdomen and pelvis

Upper extremities AP of the humerus
AP radius/ulna

Where possible:
AP of the whole arm (centred at the elbow if possible)
Coned lateral elbow
Coned lateral wrist
In larger children:
AP humerus (including the shoulder and elbow)
AP forearm (including the elbow and wrist)
Coned lateral elbow
Coned lateral wrist

Lower extremities AP of the femur
AP tibia/fibula

Where possible:
Whole AP lower limb, hip to ankle
Coned lateral knee
Coned lateral ankle
Coned AP ankle (Mortise view)
In larger children:
AP femur
AP tibia and fibula
AP knee
AP ankle
Coned lateral knee
Coned lateral ankle

Hands PA PA hand and wrist
Feet AP/PA AP
Follow-up Approximately 2 weeks after the 

initial examination
Any of the abnormal or suspicious areas on the initial skeletal view plus the 
following views:

Chest AP, to include the shoulders.
Both obliques (to include all the ribs, left and right).

Upper extremities Where possible:
AP of the whole arm (centred at the elbow if possible)
In larger children:
AP humerus (including the shoulder and elbow)
AP forearm (including the elbow and wrist)

Lower extremities Where possible:
Whole AP lower limb, hip to ankle
In larger children:
AP femur
AP tibia and fibula

a Always part of a full examination, even if a head CT has been made. A linear skull fracture is not necessarily visible on the CT scan
b The addition of both oblique projections to the anteroposterior (AP) view of the rib cage may increase the yield of rib fractures
c For children under 1 year, this may be possible with one view, for larger children and those over 1 year, separate views will probably be required
d At this age, AP views of the cervical spine are hardly ever diagnostic and should only be made at the request of the radiologist

 (c) CT or MRI of the head should also be performed in 
children with neurologic symptoms or risk factors for 
intracranial injuries.

 (d) Contrast-enhanced CT of the abdomen is indicated in 
acute evaluation of the child with suspected abdomi-
nopelvic injuries. Routine CT scan screening for 
abdominal or chest injury is not recommended.

In other words: when child abuse is suspected, radiologi-
cal examination is always advised in children <2 years old, 
and in children >2 years only when there are further serious 
external or internal injuries.

When the radiographs show any abnormalities, a view in a 
second plane should be made. A repeat skeletal survey should be 
performed approximately 2 weeks after the initial examination.
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3.2.1.2  The Royal College of Radiologists 
and the Society and College 
of Radiographers

In September 2017, the RCR & SCoR formulated a British 
guideline, endorsed by the Royal College of Paediatrics and 
Child Health, for imaging when child abuse is suspected 
(Table 3.1) [8]. According to this guideline, a skeletal survey 
should be made in each child <2 years who is suspected of 
being subjected to child abuse. In view of the medical/legal 
implications of this examination, this skeletal survey should 
meet the highest technical standards and as such should be 
made by two trained radiographers. The examination should 
be performed under the supervision of a radiologist, who 
also safeguards the quality of the examination. The child is 
only allowed to leave the radiology department after the radi-
ologist has approved the complete examination.

An important difference with the ACR protocol is the 
standard addition of oblique views of the ribs (Fig. 3.1a, b). 
Ingram et al. showed in a randomized control study that this 
increases the sensitivity of the detection of rib fractures by 
17% (95% CI 2–36%) and the specificity by 7% (95% CI 
2–13%) [9]. Hansen et al. described a series of 22 patients in 
which the oblique view changed the interpretation in 12 
cases (p = 0.02) [10]. In these 12 cases, 19 rib fractures were 
found on the oblique views, and six fractures were excluded. 
All patients with rib fractures showed at least one fracture on 
the anterior-posterior and lateral views. A similar study by 

Marine et al found that in a group of 212 patients (106 
patients with at least one rib fracture and 106 patients with-
out rib fractures), when the four-view series were used as a 
gold standard, the sensitivity and specificity for any rib frac-
ture on the two-view series was respectively 57% (range 
47–70) and 99% (range 98–100) [11]. For posterior rib frac-
tures this was almost identical at respectively 59% (range 
53–67) and 99% (range 97–100). The reported confidence 
increased from 0.022 to 0.061 for the two-view series to 
0.007 to 0.031 for the four-view series (p < 0.001).

The authors of this chapter have one comment with regard 
to the updated RCR & SCoR guideline and that relates to the 
use of AP radiographs of the whole limb. We feel that, based 
on our personal experiences, this should be discouraged as it 
can lead to insufficient radiographs in children who actually 
are too big for this approach. It is a well-known fact that in 
general skeletal surveys a substantial deviation from the pro-
tocols in use is seen, and adding an additional option to the 
process will certainly not lead to an improvement [12–14].

Although this book covers fractures and the imaging 
thereof, we feel that it is important to underline the impor-
tance of the complete workup of children, in whom child 
abuse is suspected. According to the guidelines all children 
under the age of 1 year and those children older than 1 year 
who have external evidence of head trauma and/or neuro-
logical symptoms should undergo neuroimaging. This should 
be done according to the flow chart shown in Fig. 3.2.

a b

Fig. 3.1 Infant with bilateral recent rib fractures, although visible on the AP chest radiograph (a), the oblique chest radiograph (b) increases their 
visibility

R. R. van Rijn et al.



49

Acute
presentation

CT as soon as
stable on day
of admission

Non-acute
presentation

MRI as soon
as possible,
within one

week.

CT Normal:
Full recovery,
no neurologic

deficit

CT Normal:
Abnormal

neurology or
persistent

encephalopathy

CT abnormal:
SDH and/or

brain
abnormality

CT or MRI
abnormal

SDH and/or
brain

abnormality

CT or MRI
normal:

no neurologic
deficit

STOP
MRI on day

2 - 5
STOP

STOP

MRI normal
and

clinical well

MRI abnormal
and

clinical well

MRI abnormal
and persistent

neurologic deficit

Repeat MRI
on clinical

need

Repeat MRI
within 3
months

Fig. 3.2 Flow chart for 
neuroradiological imaging as 
proposed by the Royal 
College of Radiology and the 
Society and College of 
Radiography

3.2.1.3  Examination on Indication
Besides the indications in the earlier-mentioned guidelines, 
there are also further situations in which imaging may be indi-
cated. Among these situations we would like to highlight 
young children with burns and drug-endangered children. In 
the first group it is known that a significant proportion are non-
accidental burns, according to a systematic review the inci-
dence in all children (aged 0–17 years) ranged from 0.5% to 
24.6%, in children under the age of 13 this was up to 25%, 
with pooled data showing an incidence of 9.7% [15]. Hicks 
and Stolfi studied a small group of children with burns who 

underwent a skeletal survey, and they found that 5 (14%) out 
of 36 children had a positive skeletal survey [16]. Fagen et al. 
studied a group of 112 children with burns, mean age 
15 months (range 1 month to 110 months) [17]. They grouped 
the children into three categories; non-accidental, indetermi-
nate, and accidental. The outcome of the skeletal surveys were 
positive for respectively 15/45 (33%), 2/36 (6%), and 0/29 
(0%). Degraw et al. studied a group of 97 children, under the 
age of 24 months, with burns who were referred for subspe-
cialty child abuse evaluation [18]. Of these 97 children 18 
(18.6%) were found to have occult fractures on the skeletal 
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a b

Fig. 3.3 (a) Three-month-old infant with multiple left sided posterior healing rib fractures. (b) the twin, who underwent a skeletal survey due to 
the findings in the sib, showed multiple bilateral healing rib fractures

survey. In the second group it is a well-known fact that in chil-
dren who have parents with illicit drug use there is a higher 
risk for child abuse [19–21]. Howell et al. studied the yield of 
skeletal surveys in a group of 1252 children referred to their 
C.A.R.E. Team for drug endangerment. Of these children, 340 
underwent a skeletal survey with 12 (4%) positive cases [19].

Studies have shown that physicians dealing with suspi-
cions of child abuse are of the opinion that when one child of 
a family is abused, this is sufficient reason to subject the 
other children in the family to medical examination 
(Fig. 3.3a, b) [22]. In a retrospective analysis of 759 siblings 
of 400 index children, it appeared that in 37% of cases abuse 
was directed to all children and in 20% to one or several 
children in the family [23]. In a more recent study Lindberg 
et al. found that in a population of 134 siblings of index chil-
dren referred to child advocacy teams, under 24 months of 
age, that in 16 (11.9%, 95% CI 7.5–18.5) at least one abusive 
fracture was diagnosed [24]. It is of interest to note that in 
none of these children associated findings were present on 
physical examination. Furthermore, they found that twins 
were at increased risk compared to nontwin contacts (odds 
ratio 20.1, 95% CI 5.8–69.9). The authors of this study con-
cluded that ‘A skeletal survey should be obtained in the con-
tacts of injured, abused children for contacts who are <24 
months old, regardless of physical examination findings’. 
This is in keeping with the current protocol of the Royal 
College of Radiologists.

Sometimes the question arises whether or not to perform 
a skeletal survey in children aged over 24 months of age. A 
study by McNamara et al. showed that out of 325 skeletal 
surveys performed in children over 24 months of age (mean 

age 37.2 months, SD 16.5) 88 (27.1) were positive [25]. Of 
these, 88 showed known fractures only, in 1 case the authors 
state ‘fracture without enough information’ and in only 6 
(2%) cases occult fractures were found. Of these 4 cases 
were physically abused, where in each case the diagnosis 
was already made, and in 2 cases a fall from a window caused 
the fractures. This study shows that in individual cases a 
skeletal survey over the age of 24 months can be obtained but 
the expected yield is low.

3.2.2  Adequacy of Examination

3.2.2.1  Number of Views
When child abuse is suspected, and the decision is made to 
continue with radiological examination, this should be con-
ducted adequately. It should first be established that in young 
infants the so-called babygram (consisting of one anterior- 
posterior view and one lateral view) of the skeleton should 
be considered obsolete and an error of judgement (Fig. 3.4a, 
b). In diagnostic radiology, a babygram is inadequate when 
child abuse is suspected [26]. According to professional 
standards, this radiograph, preferably made on a mammo-
graph, is only admissible in premature foetuses in which 
imaging is otherwise impossible.

It regularly happens that the radiological examinations 
performed do not meet the required standard. Offiah and 
Hall studied the quality of radiological examinations per-
formed within the scope of child abuse that were submitted 
for re-evaluation to Great Ormond Street Children’s Hospital 
(London, UK) [13]. They used three exclusion criteria:
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a b
Fig. 3.4 (a) So-called 
babygram within the scope of 
a child abuse protocol. The 
use of a babygram for 
diagnostic purposes is 
obsolete when child abuse is 
suspected and should be 
considered a serious flaw with 
regard to living as well as 
deceased children. (b) Lateral 
view of a babygram

• Examinations in which only a selection of the produced 
radiographs was submitted for re-evaluation.

• Examinations of less than three radiographs (excluding 
babygrams).

• Examinations of children ≥2 years.

In total they admitted the skeletal surveys of 50 consecutive 
children to their study. Per child an average of 10 [2–13] radio-
graphs were made. Hereby it should be mentioned that a profes-
sionally executed skeletal survey comprises 18–19 radiographs. 
In total, Offiah and Hall found 37 different combinations, includ-
ing five babygrams. None of the examinations met the required 
standard. In general, hands and feet radiographs were absent. A 
study of Kleinman et al. from the United States confirmed the 
findings of Offiah and Hall [12]. As part of their study they 
inquired, by means of a questionnaire, in 155 paediatric hospitals 
which radiological protocol was used when child abuse was sus-
pected. Of the 155 hospitals, 69% returned the questionnaire. Of 
these responders, 90.7% were members of the Society for 
Pediatric Radiology (SPR). Here too, a large variety was seen in 
the number of radiographs made. Van Rijn et al. evaluated the 
Dutch practices with regard to the radiological examination used 
in suspected child abuse, and found that only 7% of the reviewed 
skeletal surveys complied with the ACR criteria [14].

Hulson et al. performed a web-based survey among mem-
bers of the European Society of Paediatric Radiology and 
found a considerable difference in practice across Europe, 
this was however before the ESPR adopted the guidelines of 
the Royal Collage of Radiologists [27]. Swinson et al. stud-
ied the effects of the publication of the guidelines of the 
British Society of Paediatric Radiology (followed by the 
guidelines for The Royal Collage of Radiologists and the 
Royal College of Paediatrics and Child Health) and com-

pared their findings with the earlier-mentioned article of 
Offiah and Hall [28]. Their study still showed a considerable 
deviation in imaging, but significantly less so than in the ear-
lier study. The publication of guidelines and education of the 
physicians involved seem to have a positive effect on the 
quality of imaging in cases suspected of child abuse. The 
same finding was reported by Patel et al. who evaluated the 
quality of radiographs in the skeletal surveys and found an 
improvement in the content of skeletal surveys [29]. More 
recently, Wanner et  al. conducted an intervention study 
among members of the ACR in 69 different referring hospi-
tals [30]. During this study they showed that after a 21-month 
intervention period there was a significant improvement in 
the total number of compliant views per skeletal survey.

3.2.2.2  Technique
Not only is it essential that the examination is complete, the 
techniques used are also of great importance.

When film-screen combinations are still used, a film with a 
speed of maximal 200 and a resolution of at least 10 line pairs 
per millimetre should be employed. The use of a grid is undesir-
able. When digital radiology is used (CR/DR), the optimal 
parameters for imaging a child skeleton should be chosen. 
When the radiograph is made, the extremities should be fully 
extended. Up to the present, the influence of digital radiology on 
the detection of subtle anomalies has not been investigated yet.

In view of the social and medical/legal implications, in 
this examination quality is of the essence. For this reason it 
is advised to perform this examination during office hours, 
unless a medical indication necessitates acute execution of 
the examination. In all cases, the (paediatric) radiologist 
must see the radiographs immediately after they have been 
made. The patient is only allowed to leave the department 
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after the radiologist has approved the examination and 
decided that no additional views were required.

The examination should be performed by at least two 
radiographers. From a judicial point of view, it is important 
that they can be traced via the initials on the radiographs. The 
radiology report needs to be complete and all abnormalities 
must be reported separately; furthermore, attention should be 
paid to dating the abnormalities (see Chap. 11). Finally, the 
report must systematically describe all findings in an orderly 
fashion and state whether the reported anomalies are suspect 
for inflicted injuries and whether it concurs with the pro-
vided clinical information.

When the complete skeletal survey confirms suspected 
non-accidental fractures, or when anomalies suspect for non- 
accidental fractures are found in routine radiographs of the 
child, this should be explicitly mentioned in the conclusion.

3.2.2.3  Technical Shortcomings in Making 
a Skeletal Survey

Even when the skeletal survey is made according to valid 
guidelines, there will be technical shortcomings that will 
complicate the evaluation or make it impossible to evaluate 
the radiological examination. In the retrospective study of 
Offiah and Hall it was shown that 35% of all images showed 
an artefact [13]. The most prevalent mistake was the pres-
ence of a hand to steady the child (32%). Other artefacts 
were e.g. the presence of drip-lines, buttons, and identifica-
tion bracelets. In the study of van Rijn et al., artefacts were 
also frequently seen (17.5% of all radiographs); in these 
cases, the researchers frequently saw hands, drip-lines, dia-
pers, and bracelets (Fig. 3.5a–h) [14].

It should be mentioned that when a child dies while hos-
pitalized, it is not allowed to remove the drip-lines and tubes 

Fig. 3.5 (a) The hands of the radiographer are projected over the proxi-
mal femur metaphysis. (b) Although the gastric tube and trachea cannula 
cannot be removed, one should remove all other lines (situated outside 
the patent) as much as possible. (c) The diaper is clearly visible (asterisk) 
and can adversely influence the diagnosis. In spite of the presence of the 
diaper, a healing metaphyseal corner fracture with callus formation can 
be seen along the femoral shaft (open arrow). (d) Identification bracelet 

that nearly covers the distal metaphysis of the radius. (e) The position of 
the pulse oximeter makes it impossible to evaluate the phalanges of digits 
3–5 of the foot. (f) Bandage used to stabilize the drip makes it impossible 
to evaluate the distal tibia and fibula. (g) Press studs of a baby suit pro-
jected over the left costal arch. (h) On the left side a radiograph of the 
dressed arm and on the right side the same arm after undressing, note the 
wrinkles of clothing that could cover or mimic a subtle fracture

a b c

d e f
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that have been inserted by physicians before autopsy 
(Fig. 3.6a, b). In this case, their presence on the skeletal sur-
vey is not considered to be a technical shortcoming.

3.2.2.4  Follow-Up Skeletal Survey
When a radiograph of a tender area found at physical exami-
nation does initially not show any anomalies, a follow-up 
radiograph after 2 weeks is indicated to show or exclude cal-
lus formation or a subperiosteal haemorrhage or an epiphy-
seal injury without dislocation (Fig. 3.7a, b). In the new RCR 
guideline, a limited follow-up skeletal survey is proposed 
(Table 3.1). In this follow-up skeletal survey, all abnormal or 
suspicious areas on the initial skeletal survey are visualized 
as well as a limited set of additional radiographs. Using this 
approach a significant reduction in radiation exposure is 
achieved.

As early as 1996, Kleinman et al. described this positive 
effect in their study that comprised 23 children who had sus-
tained fractures [31]. In 61% of children, additional informa-
tion was found. The number of confirmed fractures went up 
from 70 to 89, an increase of 27% (p = 0.005). According to 

Kleinman et al., repeating the examination also assisted in 
the dating of a number of fractures. Unfortunately, they did 
not mention which data they had used in this case [32].

Zimmerman et  al. described the results of follow-up 
examinations in 48 patients [33]. In 46% of cases, the fol-
low- up examination provided additional information. In 11 
children, 27 fractures were found that had not been diag-
nosed earlier. These were mainly rib fractures (51%) and 
metaphyseal corner fractures (11%). Furthermore, in 15 chil-
dren ambiguous anomalies were confirmed. In one child, in 
whom ambiguous fractures of the three metatarsals were 
seen, no indications for fractures were seen at follow-up 
examination. Consequently, the suspicion of child abuse 
could be rejected.

Harper et al. found that in a series of 796 follow-up skel-
etal surveys a total of 174 (21.5%) had new findings [34]. 
This included at least one new fracture detected in 124 cases  
(15.6%) and 55 cases (6.9%) where the findings were reas-
suring compared to the initial skeletal survey. The follow-up 
skeletal survey frequently affected the perceived likelihood 
of physical abuse.

g h

Fig. 3.5 (continued)
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a b
Fig. 3.6 (a) Post-mortem 
radiological examination with 
an intra-osseous vascular 
access needle in the right 
proximal tibia. After the 
patient has expired, it is, 
within the scope of trace 
investigations, not allowed to 
remove the needle. (b) Photo 
at autopsy shows the tibia 
needle in situ

a b

Fig. 3.7 (a) Initial chest radiograph shows an acute angle at the lateral 
aspect of the sixth rib on the left. On the right side a pleural thickening 
is seen. (b) Repeat radiograph after 14 days clearly shows callus forma-

tion on the lateral aspect of the third to sixth rib on the right and the 
fourth to seventh rib on the left

R. R. van Rijn et al.



55

3.3  Bone Scintigraphy

Bone scintigraphy should not be used as an initial imaging 
technique in diagnosing child abuse (Fig. 3.8a–d). According 
to the guidelines of the ACR and RCR-SCoR, bone scintig-
raphy is only indicated when, after a full skeletal survey in 
which no anomalies are found, the presence of non- accidental 
fractures is still suspected [7]. It should be kept in mind that 
with the decreasing use of bone scintigraphy in children due 
to replacement by PET-CT or MRI, the experience in reading 
these studies also diminishes. This can result in less reliable 
outcomes of bone scintigraphy studies in daily practice.

Drubach et  al. proposed the use of 18F-NaF PET in the 
diagnosis of occult fractures [35]. In a study of 22 patients 
younger than 2  years, they showed that the conventional 
skeletal survey showed a total of 156 fractures versus 200 
fractures with 18F-NaF PET. 18F-NaF PET had a higher sen-
sitivity for rib fractures but a lower sensitivity for metaphy-
seal corner fractures. Since this publication, to the best of our 
knowledge, no other 18F-NaF PET studies in the field of sus-
pected child abuse have been performed.

a b c

d

Fig. 3.8 (a) Three-month-old infant that had been presented at the 
emergency department with a swollen right knee. The radiograph shows 
a classic metaphyseal corner fracture (see inset); however, this had not 
been interpreted as such. (b) Bone scintigraphy, made the day after the 
radiograph, shows increased up-take around the right knee (open 
arrow). (c) Bone scintigraphy also shows increased up-take in the right 

proximal humerus (open arrow). This was not radiographed. (d) Five 
weeks after the initial examination, the patient presented again at the 
emergency department. However, this time she is in coma. A CT of the 
brain shows a subdural haemorrhage (open arrow) and bilateral diffuse 
ischaemic injuries
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3.3.1  Effectivity of Bone Scintigraphy Versus 
Conventional Radiology

There are several publications which looked at the additional 
value of bone scintigraphy compared to a skeletal survey 
[36–42].

On behalf of the Welsh Child Protection Review Group, 
Kemp et  al. compared the effectivity of bone scintigraphy 
and conventional radiology in cases of suspected child abuse 
[43]. Based on mainly case reports/series they came to the 
following conclusions: fractures will be overlooked in con-
ventional radiology as well as in bone scintigraphy, bone 
scintigraphy is very sensitive for the detection of rib and 
acute fractures, whereas these may be overlooked in conven-
tional radiology. And, when using bone scintigraphy, skull 
fractures, metaphyseal and epiphyseal fractures may be 
overlooked.

In a systematic review, Blangis et  al. evaluated studies 
which assessed the value of bone scintigraphy after an initial 
negative skeletal survey, in total seven studies (with a total of 
783 children) were included [44]. Based on the included 
studies, the authors concluded that a bone scan after a nega-
tive skeletal survey increased the summary absolute detec-
tion rates with an estimate of 10 percentage points. In 
approximately half of the children in whom non-accidental 
skeletal injuries were suspected the initial skeletal survey 
was negative. The summary number needed to scan with 
bone scintigraphy to detect one additional child with skeletal 
injury was 3. It is important to state that there was no assess-
ment of the added value of bone scintigraphy to, as the stan-
dards dictate, a follow-up skeletal survey. Also looking at the 
included studies most studies suffered from methodological 
issues, e.g. retrospective, unclear patient selection and risk of 
inclusion bias. As a result the authors state that ‘The quality 
of the reviewed evidence was low, pointing to the need for 
high-quality studies in this field’ [44]. So if this approach 
would be implemented it is to be suspected that the yield of 
bone scintigraphy would than be lower. Therefore, for now 
there is no indication to deviate from the ACR and SCR- 
SCoR guidelines and use bone scintigraphy, as a problem 
solving tool, only in exceptional cases.

3.4  Computed Tomography

Nowadays, CT is increasingly used in the primary evaluation 
of trauma victims. By now, studies in adults have shown that 
by using this technique relevant pathology will be found with 
a higher sensitivity and specificity, which leads to a signifi-
cant improvement in the patient’s prognosis [45–48]. 
However, in suspected child abuse CT in general has no 
place in the primary detection of occult fractures. A substan-
tial percentage of fractures seen within the scope of sus-

pected child abuse, e.g. rib fractures or CMLs, have neither 
from a diagnostic or a therapeutic point of view any need for 
additional imaging. The exception to this rule are fractures of 
the vertebrae, where it is essential to establish fracture stabil-
ity. In these cases, in order to make a proficient evaluation, 
CT is required since this technique provides information on 
the stability of all three pillars of the spinal column.

Having said this CT has shown to be valuable in several 
anatomic areas which are relevant to potential child abuse 
cases, this is especially the case for rib and skull fractures. In 
recent years there have been several publications on the use 
of CT of the chest in the diagnosis of rib fractures, although 
there remains a discussion whether or not this should be 
done [49–52]. Sanchez et al., in a retrospective study, looked 
at 16 children under the age of 12 months with a total of 105 
rib fractures [50]. Of these fractures 84% were seen on the 
first skeletal survey and 16% only after follow-up imaging, 
of which 11 out of 18 rib fractures were only seen on 
CT.  Shelmerdine et  al. retrospectively looked at 25 paired 
post-mortem skeletal surveys and post-mortem CT scans in a 
study population aged 1 month to 7 years [52]. In their study 
they found a total of 136 rib fractures at autopsy, three times 
as many rib fractures were correctly identified on CT com-
pared to the skeletal survey (sensitivity 44.9% [95% CI 
31.7–58.9] vs 13.5% [8.1–21.5]; difference 31.4% [23.3–
37.8; p < 0.001]). Radiologists also reported a higher confi-
dence when reporting on CT compared to the skeletal survey. 
In light of the radiation exposure of the chest CT, with the 
potential detrimental long-term consequences, it is not yet 
advised to perform a chest CT instead of the four-view chest 
radiographs. More research into the validation of low-dose 
chest CT scans is needed before routine chest CT imaging 
can be recommended.

In neurotrauma, CT is widely used for the primary evalu-
ation of the patient. Over the past few years, authors in the 
radiological and paediatric literature increasingly argue the 
case for a standard head CT in all children of ≤2 years old 
who are suspected of being physically abused (Fig. 3.9) [53]. 
As CT is used more frequently, the question arises if conven-
tional radiography of the skull is still needed. Culotta et al. 
performed a retrospective study in 167 children (median age 
5 months) who were evaluated for potential AHT [54]. They 
found no significant difference (p = 0.18) between conven-
tional radiography and CT. Sharp et al. performed a retro-
spective study in 94 infants (aged 24  days–23  months) in 
whom there was a suspicion of child abuse and in whom both 
conventional radiographs and CT of the head were made 
[55]. They found that in none of the cases conventional 
radiographs added findings over the findings on CT. Martin 
et  al. performed a retrospective study in which they com-
pared conventional radiographs, CT without 3D reconstruc-
tion, and CT with 3D reconstruction [56]. They found that 
CT with 3D reconstruction had a 100% sensitivity, specific-
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a b

Fig. 3.9 (a) Small linear parietal fracture on the right side of the skull. (b) Shaded surface reconstruction of the CT scan. Note that as a result of 
the chosen setting the skull fracture appears to be shorter. This illustrates the need for proper assessment of the CT source data

Fig. 3.10 CT of the head showing bilateral subdural haematomas in an 
infant with neurological symptoms and no clinical history of trauma

ity, PPV, and NPV (Fig. 3.10a, b). Based on these results the 
authors concluded ‘Conventional radiographs (SRX) does 
not add further diagnostic information and can be omitted 
from the skeletal survey when CT with 3D reconstruction is 
going to be, or has been, performed’. Penell et al. evaluated 
data from 158 infants who underwent both skull radiography 
and CT [57]. In their study population, they found 46 skull 
fractures on 3D CT and 40 on skull radiographs. The inter-
rater reliability was higher for 3D CT (κ = 0.95) compared to 
skull radiographs (=0.65). Even though 5 fractures were 

identified on skull radiographs only, whereas 11 fractures 
were identified on 3D CT only, the authors concluded that 
omitting the skull radiograph is justified when a 3D CT of 
the skull is obtained. In an older study, Orman et al. retro-
spectively reviewed 250 paediatric cases (mean 7.82 years, 
range 4 days–17.4 years) with linear skull fractures on con-
sensus reading by two experienced paediatric neuroradiolo-
gists [58]. Three reviewers (a third year resident, a fellow in 
neuroradiology, and a paediatric neuroradiologist) first 
reviewed the 2D dataset and later a combined 2D/3D dataset. 
They found that the combination of 2D&3D had a superior 
sensitivity and specificity (83.9% and 97.1%) compared to 
2D only.

Based on this literature omitting the conventional skull 
radiographs, if a sufficient CT including 3D reconstructions 
is available, can be considered in cases of suspected child 
abuse.

3.5  Linear Slot Scanning

A relatively unknown and new technique, marketed as 
Statscan® (Lodox Systems, [Pty] Ltd., Sandton, South 
Africa), is linear slot scanning [59–73]. The Statscan® was 
initially developed to detect diamond smugglers working in 
the South African diamond mines [70, 74]. Since approxi-
mately 2000 it is also used in a trauma setting and in forensic 
facilities. This technique allows for full body imaging; for 
this a C-arm traverses the patient trolley along the Z-axis. As 
the C-arm can rotate up to a maximum angle of 100°, lateral 
and oblique radiographs are also possible (Fig. 3.11a, b). The 
system uses a collimated fan-beam and a linear bank of CCD 
cameras as a detector. The acquisition time of a scan is 
approximately 13 s [72]. Compared to a full skeletal survey 
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a b
Fig. 3.11 Lodox image of a 
(a) neonate without fractures 
and (b) a child with bilateral 
femoral fractures (Courtesy of 
A. Speelman, Cape Peninsula 
University of Technology)

(in adults) the dose has been reported to be 65.0% to 94.0% 
less [72, 75]. Currently it has a noticeable install basis in the 
Southern part of Africa and in medical examiners offices 
throughout the United States [76].

There have been a few small studies into the use of 
Statscan in the paediatric trauma population [67, 68, 73]. The 
largest reported series is on 23 children where the AP linear 
slot bodygram showed 26 of 27 fractures (96%) in the study 
cohort. There is however no evidence with respect to the 
detection of, e.g. posterior rib fractures and metaphyseal cor-
ner fractures. In adults, a retrospective study in 245 consecu-
tive trauma cases showed an overall sensitivity of 73% and a 
specificity of 100% [59]. However, in 50% of cases addi-
tional radiographs were obtained to provide a more detailed 
or an additional view for pre-operative planning. Spies et al. 
performed a post-mortem animal study using piglets com-
paring conventional radiology, Lodox, and CT to assess the 
sensitivity of Lodox for fracture detection [77]. A total of 
586 fractures were created by blunt force trauma in 10 pig-
lets, of which CT correctly detected 427 (73%), X-ray 294 
(50%), and Lodox 245 (42%). Looking at just the ribs CT 
was most sensitive (84%) and Lodox least sensitive (50%).

Based on the literature evidence it could be concluded 
that if no CT scanner is available or to costly to acquire, lin-
ear slot scanning can be used to diagnose major trauma find-
ings. For the detection of subtle fractures, dedicated spot 
radiographs will remain essential.

3.6  Magnetic Resonance Imaging

Up to the present, MRI is not widely used in the initial diag-
nosis of suspected child abuse. MRI is essential as a second 
stage imaging method in order to determine the prognosis in 
severe neurological trauma in intracranial as well as in spinal 
injuries (Fig. 3.12). In abdominal trauma, and more specifi-
cally in pancreatic injuries, MRI/MRCP may provide addi-
tional information on the intra-abdominal parenchymal 
organs (Fig. 3.13a, b).

With respect to fractures the use of MRI is limited. 
However, due to the relatively short scan times available in 
Short T1 Inverse Recovery (STIR), whole body imaging of 
children is possible. STIR is a sequence that yields a uniform 
fat suppression in the field of view leading to increased 
 visualization of, e.g. bone marrow oedema. Clinical paediat-
ric radiology has shown whole body STIR (WB-STIR) to be 
a sensitive technique for the detection of, e.g. bone metasta-
ses or foci of non-bacterial osteitis (Fig. 3.14a, b) [78–86]. 
Some authors suggest the use of WB-STIR for the detection 
of occult fractures in suspected child abuse (Fig.  3.15a–c) 
[33, 87, 88]. Besides a few case reports in which this tech-
nique has been described, two studies have been published in 
which WB-STIR and conventional skeletal surveys were 
compared [89, 90]. The first study comprised 16 children 
(average age 9 months; range: 1.5–37 months) that were sus-
pected of being abused. The average time interval between 
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WB-STIR and conventional skeletal survey was 1.9  days 
(range: 0–13 days). The sensitivity of WB-STIR for rib frac-
tures was 75% (33/44), CML 67% (2/3), metaphyseal frac-
tures 100% (1/1), diaphyseal fractures 100% (6/6), and 
parietal skull fractures 100% (1/1). In total, 11 rib fractures 
were overlooked. However, all children had sustained mul-
tiple fractures and at least one rib fracture was detected by 
WB-STIR.  In three children, WB-STIR showed fractures 
that had not been visible on the conventional skeletal survey. 
In the second study, the authors evaluated the additional 
value of WB-STIR and bone scintigraphy in addition to the 
initial conventional skeletal survey [90]. In this study 107 
children under the age of 3 years who were suspected vic-
tims of child abuse were included. In this study, the skeletal 
survey had the highest sensitivity and specificity (88.4% 
[95% CI 82.0–93.1%] and 99.7% [95% CI 99.5–99.8%]), 

Fig. 3.12 Axial T2 weighted MRI showing an intraspinal subdural 
haematoma (arrow)

a b

Fig. 3.13 (a) Positive focused assessment with sonography in trauma exam in a child with blunt abdominal trauma, fall with bicycle. (b) MRI 
shows a liver laceration in segment 4A (arrow)

a bFig. 3.14 (a) Whole body 
MRI shows paravertebral 
oedema at the level of the 
11th rib (arrow). (b) 
Follow-up oblique chest 
radiograph shows subtle 
callus formation of the 
posterior 11th rib (see inset)
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c

Fig. 3.15 (a) Two-month-old infant with severe inflicted traumatic 
brain injury. The diffusion-weighted views show areas of severe cyto-
toxic oedema (open arrow) resulting from hypoxia. (b) Cor STIR-
weighted view of the chest shows increased signal intensity at the site 
of the seventh left rib (open arrow). This corresponds with a fresh frac-

ture. (c) Oblique chest view, made 6 days after the MRI, shows callus 
formation at the site of the seventh left rib (open arrow). Furthermore, 
there are fractures visible at the costochondral junctions of ribs 7 and 8 
(see inset)
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a b c

Fig. 3.16 (a) Infant with a right parietal skull fracture (arrow) with 
overlying haematoma. (b) Corresponding black bone sequence shows 
the fracture as well (arrow). (c) The inverted image shows an imaging 

resembling a CT scan (courtesy of M.H.G.  Dremmen MD.  PhD., 
Sophia Children’s Hospital, Erasmus MC+, Rotterdam, the Netherlands)

followed by WB-STIR (69.9% [95% CI 61.7–77.2%] and 
99.5% [95% CI 99.2–99.7%]) and bone scintigraphy (54.8% 
[95% CI 46.4–63.0%] and 99.7% [95% CI 99.5–99.9%]). 
The combination of the skeletal survey and WB-MRI had the 
highest sensitivity (95.9% [95% CI 91.3–98.5%]) and the 
combination of the skeletal survey and bone scintigraphy 
had the highest specificity (99.4% [95% CI 99.2–99.6%]). 
Based on their findings the authors concluded both WB-STIR 
and bone scintigraphy can be used in case of equivocal 
lesions. In many infants who are suspected to be a victim of 
child abuse MRI of the brain and spine will be obtained, and 
in these cases WB-MRI could be used as an ‘add-on’ to the 
standard brain and spine.

A relatively new development in the field of MRI is the 
use of the so-called ‘black bone’ sequence [91–93]. In 2012, 
Eley et al. were the first to present this sequence which con-
sists of a low flip angle gradient echo MRI sequence provid-
ing high image contrast between bone and other tissues while 
at the same time reducing the contrast between soft tissues. 
There are only a handful of studies which have evaluated the 
sensitivity and specificity of this sequence compared to cra-
nial CT as a gold standard. Dremmen et al. showed in a study 
of 28 children that ‘black bone’ MRI had a lower sensitivity 
(66.7% versus 100%) and specificity (87.5% versus 100%) 
(Fig. 3.16a–c) [94]. In a more recent study by Kralik et al., 
‘black bone’ MRI showed an 83% sensitivity (95%[CI] 
36–99%) and a 100% specificity (95%[CI] 88–100%) [95]. 
To date the evidence is insufficient to advocate replacing CT 
by ‘black bone’ MRI for the diagnosis of skull fractures.

3.7  Ultrasonography

In recent years, there have been some publications on the use 
of ultrasonography (US) in the diagnosis of fractures, due to 
non-accidental circumstances [96–100].

Marine et al. presented a descriptive retrospective study in 
22 patients who had, based on the skeletal survey, a total of 
39 CMLs [96]. In their population in 85% of cases the US 
exams were abnorma. The authors concluded that ‘while a 
negative US does not exclude CML, US may have a role in 
either confirming or evaluating radiographically equivocal 
CMLs’. A recent retrospective study in 63 children by 
Karmazyn et al. focused on the accuracy of US for CMLs 
[97]. In this study, both in a group of children in whom the 
diagnosis CML was in doubt and in a group of children with 
radiologically proven CMLs US of the lower extremity was 
performed. Based on their findings the authors concluded 
that ‘US has low sensitivity and high specificity in the diag-
nosis of CMLs in the lower extremities’ and that ‘US for 
CML may help substantiate the diagnosis’ (Fig. 3.17a, b).

There are two publications on the use of US in diagnosing 
rib fractures, the first is by Kelloff et al. who describe a case 
of a 9-week-old infant [99]. The attending physician noted 
crepitus of the chest on physical exam and when the chest 
radiographs, including the obliques, were negative US was 
used as a problem solver. The follow-up skeletal survey 
showed healing rib fractures of the left sixth and seventh 
posterolateral ribs and right seventh, eighth, and ninth 
anterolateral ribs. Smeets et  al. reported on a 9-month-old 
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Fig. 3.17 (a) Ultrasonography of the distal tibia shows a metaphyseal corner fracture (b). Corresponding conventional radiograph of the ankle

a b

Fig. 3.18 (a) Chest radiograph shows multiple recent anterolateral right sided rib fractures. (b) Ultrasonography shows beginning callus forma-
tion (arrow)

girl that on a skeletal survey showed multiple healing rib 
fractures [100]. A soft tissue swelling was noted on the left 
lateral thoracic wall. US of this area revealed a subcutaneous 
haematoma overlying costochondral dislocations of all left 
lower ribs (Fig. 3.18a, b).

3.8  Bone Densitometry

In children presenting with fractures, the question of bone 
density in relation to bone fragility is often raised. In a pub-
lication from 1936 by Lachmann and Whelan, the authors 

stated that at least 20–40% of bone mass should be lost 
before it is visible on conventional radiography [101]. This is 
often mentioned in presentations and in court proceedings. 
However, the authors performed their experimental work on 
cadaveric bones and using film-screen combinations. The 
question is if this also applies to modern techniques and chil-
dren. Recently, Rosendahl et  al. performed a systematic 
review which addressed this question [102]. In their study, 
they couldn’t find any evidence to support the statement that 
before it is noticeable on conventional radiography that 
20–40% bone mass should be lost. Therefore, in order to 
make a statement on bone mass bone densitometry is neces-
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sary. Within the world of bone densitometry historically the 
focus has been on middle aged women suffering from age- 
related osteoporosis, all techniques have been developed and 
initially validated for use in this specific population. 
However, once these techniques became more readily avail-
able it also found its way into the field of paediatrics.

The use of bone densitometry techniques in children is, 
without proper knowledge of its limitations, not without 
risks [103]. One of the obvious differences between adults 
and children is the propensity to grow for the latter group. As 
growth is a volumetric process techniques using a two- 
dimensional approach have the inherent problem of not only 
measuring a change in bone mass but also a change in size.

If bone densitometry is performed, the outcome of the 
study should not be reported as the T-score, as is customary 
in adults. In children the Z-Score should be adopted, this 
score not only adjusts for sex and racial background but also 
for age. One problem is that Z-score reference curves are in 
general only available for children aged 5  years and over, 
making it not useful for the age range in which children who 
are subject to physical child abuse tend to be [104, 105].

There are multiple techniques available to assess bone 
density, e.g. Dual-Energy X-ray Absorptiometry (DXA), 
Quantitative UltraSound (QUS), Digital Radiogrammetry 
(DXR), and Quantitative Computed Tomography (QCT) 
(Table 3.2) [106–108]. Of these, DXA is most widely in use 
and its use in children is recommended by the PDC.  This 
technique measures bone mass as Bone Mineral Content 
(BMC, gram), Bone Mineral Density (BMD, gram/cm2), or 
the derivative Bone Mineral apparent Density (BMaD, gram/
cm3) (Fig. 3.19).

With respect to reporting bone densitometry studies, the 
PDC states that terminology like ‘T-score’, ‘Osteopenia’, 
and ‘Osteoporosis’ based on densitometry studies only can-
not be used in children. This as these terms are developed for 
studies in adult women. Therefore, in 2013 PDC revised the 
clinical criteria for the definition of osteoporosis in paediat-
rics. In this they defined osteoporosis as the finding of one or 
more vertebral compressions fractures (VCF) in the absence 
of local disease or high energy trauma, independently of den-
sitometric results. Moreover, it was confirmed that, in the 
absence of VCF, only the combination of both a reduced 
bone mass for age and sex [BMC or BMD below 2 Z-score at 
the spine (L1–L4) and/or at the total body less head] and a 
significant history of fragility fractures (2 or more or 3 or 
more respectively by the age of 10 or below 19 years of age) 
is indicative of osteoporosis [109]. This statement is mainly 
supported by expert’s opinion as the quality of evidence 
unfortunately was rated low.

A second aspect of reporting bone densitometry studies is 
the question whether the measurements should be corrected 
for length, body mass, skeletal age, or pubertal stage. This is 
especially the case in children with an underlying disease 

affecting one or more of these parameters. However, for 
every potential correction a potential error is also introduced. 
It is therefore important that the clinician who requests a 
bone densitometric study realizes the advantages but also the 
drawbacks of bone densitometry.

Finally and perhaps most important is the relation of frac-
ture risk based on the bone densitometry findings. Although 

Table 3.2 Overview of bone densitometry techniques (for comparison 
the natural background dose in the Netherlands is approximately 2.5 
millisievert per year, whereas a transatlantic flight is approximately 
0.05 millisievert) [107, 108]

Technique Bone type Skeletal site Parameters
Radiation 
dosea

DXAb Integral Lumbar spine BMCc (g/cm), 
BMDd (g/cm2), 
BMaDe (g/
cm3)

0.0024–
0.0040

Hip BMC (g/cm), 
BMD (g/cm2), 
BMaD (g/cm3)

0.0024–
0.0054

Total body BMC (g/cm), 
BMD (g/cm2)

0.0010–
0.0034

DXRf Integral Hand BMD (g/cm2) 0.0001
QCTg Cortical—

trabecular
Spine 
(L1–L2)

BMC (g), 
vBMD (g/
cm3), CSAh 
(cm2)

0.59–1.09

Forearm BMC (g), 
vBMD (g/cm3)

0.01

pQCTi Cortical—
trabecular

Forearm/tibia BMC (g), 
vBMD (g/
cm3), CSA 
(cm2)

< 0.003

HR-pQCTj Cortical—
trabecular

Forearm/tibia BMC (g), 
vBMD (g/
cm3), CSA 
(cm2)

<0.005

QUSk Integral Heel, fingers, 
radius, tibia.

SOSl (m/s), 
BUAm (dB/
MHz), 
AD-Sosn 
(m/s), BTTo 
(ms)

0

MRI Cortical—
trabecular

Central and 
appendicular 
skeleton

Trabecular 
parameters

0

a  Radiation dose in millisievert
b  Dual-energy X-ray absorptiometry
c  Bone mineral content
d  Bone mineral density
e  Bone mineral apparent density
f  Digital X-ray radiogrammetry
g  Quantitative CT
h  Cross-sectional area
i  Peripheral quantitative CT
j  High-resolution peripheral quantitative CT
k  Quantitative ultrasonography
l  Speed of sound
m Broadband ultrasound attenuation
n  Amplitude-dependent speed of sound
o  Bone transmission time
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Fig. 3.19 Dual-energy X-ray 
absorptiometry of the lumbar 
spine of a five-year-old boy 
showing a low BMD for age

in adults a lot of strong evidence with respect to the  predictive 
value of bone densitometry has been published, this is not 
the case for paediatrics [110–112]. Given the lack of consen-
sus and limited amount of evidence, it would be unwise to 
use the outcome of bone densitometry studies as foundation 
for legal reports.

3.9  Post-Mortem Imaging

When a child dies suddenly and unexplained or in case of 
suspected unnatural death, the use of imaging techniques is 
part of the standard procedures of the post-mortem exami-
nation. The examination is of importance in the death of 
each minor. Although in physical child abuse skeletal lesions 
rarely have a life-threatening character, during autopsy they 
often are one of the strongest radiological indicators of 
physical child abuse. In all cases of sudden unexpected 
death in infancy (SUDI) defined as ‘All cases in which there 
is death (or collapse leading to death) of a child, which 
would not have been reasonably expected to occur 24 h pre-
viously and in whom no pre-existing medical cause of death 
is apparent’, post-mortem skeletal imaging according to the 
RCR guideline is mandatory. This can be complemented by 
a CT scan and/or MRI, even if an autopsy will be performed. 
The radiological examination is a very valuable addition to 
the autopsy and may direct the investigation [113, 114]. In 
the Netherlands, an evidence based national guideline for 
post- mortem imaging in a clinical setting of SUDI has been 
published [115, 116]. Although this guideline was specifi-
cally developed for a clinical setting, it can of course also be 
applied to a forensic medical setting. Recently, the European 
Society of Paediatric Radiology and the International 
Society of Forensic Radiology and Imaging issue a joint 

statement on a PMCT protocol [117] (Fig. 3.20). As men-
tioned earlier in this chapter, the so-called babygram (one 
single overview or two views) of the skeleton in young 
infants was shown to be inadequate when child abuse is sus-
pected [26]. This examination should be considered obso-
lete, also in post- mortem evaluation. It is of interest to note 
that a 2009 American survey study into the use of skeletal 
surveys in a forensic post-mortem setting yielded rather 
poor results [118]. Of the respondents 29% reported the rou-
tine use of a babygram, 73% only 1–5 views, and only 5% 
more than 16 views. There thus seems to be a large discrep-
ancy between the clinical setting and the post-mortem 
forensic setting.

During a full autopsy of a child, conspicuous fractures 
such as skull fractures or fractures of the long bones will 
generally not be overlooked. However, there is a greater risk 
that the more subtle skeletal anomalies may be overlooked, 
such as a CML, since the ends of the long bones are not rou-
tinely inspected at autopsy. There is also a reasonable chance 
that rib fractures (especially when located on the posterior 
side) will be overlooked [119].

When the sudden and unexplained death occurred in 
non- accidental circumstances, e.g. physical child abuse, it is 
not rare to find signs of earlier injuries at post-mortem 
radiological examination [120]. In a retrospective study of 
McGraw et al. of 106 consecutive post-mortem skeletal sur-
veys, 14 children showed signs of inflicted skeletal injuries 
[121]. Sperry and Pfalzgraf describe a 9-month-old child 
whose death was initially contributed to cot death [122]. 
However, post-mortem examination showed healing clavi-
cle fractures and a healing fracture of the humerus on the 
left. Extensive investigation revealed that 4 weeks prior to 
death a non- qualified chiropractor had treated the child for a 
‘shoulder dislocation’. It was very likely that this treatment 
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Fig. 3.20 Graphic 
representation of the 
post-mortem CT protocol as 
proposed by the European 
Society of Paediatric 
Radiology and the 
International Society of 
Forensic Radiology and 
Imaging [117]

was the cause of the fractures. Also, Ojima et al. describe 
the finding of fractures in a child who died suddenly and 
unexplained [123]. This child had undiagnosed osteogenesis 
imperfecta.

When it is decided that post-mortem examination with 
radiological techniques will take place, this should always 
happen prior to autopsy. It is important to recognize that 
imaging deceased children, due to rigor mortis or the legal 
inability to remove foreign objects, can present with difficul-
ties and that the resulting quality can be lower compared to 
imaging a living child [124]. Preferably the images are eval-
uated by an experienced paediatric radiologist before the 
pathologist starts the autopsy. This enables the pathologist to 
take the radiological findings into consideration. Sometimes 
the pathologist will find fractures at autopsy that were not 
visible on the radiographs. When this is the case, the bone 
may be removed in its totality and be subjected to specimen 
radiography [125]. Specimen radiography should preferably 
be performed on a high-resolution system; in general a mam-
mography system is the technique of choice (Fig. 3.21a–d).

An important development in clinical and forensic pathol-
ogy is the use of post-mortem CT (Fig. 3.22a–c) and MRI 
(Figs.  3.23a, b and 3.24a, b) [126–128]. The use of these, 
clinically widely used, techniques is evident; also, for lay-
men it produces (when reconstructions are used) an image 
they can understand, and that is suitable for presentation in 
court cases. Furthermore, it provides calibrated three- 
dimensional measurements and long-term storage of images. 
However, post-mortem imaging also has its disadvantages. 
Firstly, obviously there is no blood circulation, which makes 
it difficult to use contrast media. A possible solution to this 
problem has been developed by the ‘Virtopsy project’ in 

Bern, where after perfusion with paraffin oil and with the use 
of a heart-lung machine it was still possible to produce an 
angiography [126]. A second, even more important problem 
is the interpretation of the CT and MRI images. Where radi-
ologists are experienced in evaluating the images of living 
patients and pathologists are experienced in the performing 
and interpreting autopsies, there is little or no overlapping 
knowledge. This may lead to problems in interpretation; for 
example when air is seen in the portal system (Fig. 3.25). In 
living patients this is a rare finding, but in post-mortem CTs 
of critically ill patients, this is regularly found. Shiotani et al. 
described portal air in 33% of 190 post-mortem CTs [129].

To date most forensic PMCT studies have focused on the 
adult population [130–132]. Most paediatric post-mortem 
studies have focused on a very young population, including 
foetuses, making use of PMMRI which makes it difficult to 
incorporate their findings in a forensic setting [133].In chil-
dren there only have been a few studies published on the use 
of PMCT in a forensic setting [134–137]. These three studies 
have shown somewhat conflicting results with respect to the 
sensitivity and specificity related to the cause of death. In a 
series of 18 children under the age of 2 years, in whom a 
cause of death was found at autopsy, Proisy et al. found that 
this was in accordance with PMCT in 15 cases (83%) [135]. 
Krentz et  al. reported on a series of 26 children aged 
0–12 years; in this series consisting of a mix of cases useful 
findings were more frequently detected by autopsy compared 
to PMCT (192 out of a total of 244 findings) [134]. Sieswerda 
et al. reported on a series of 98 children where CT and autopsy 
identified the same cause of death in 66/98 cases [136]. They 
found an important influence of the case mix with respect to 
the concordance between PMCT and autopsy, 59–67% con-
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a b

c d

Fig. 3.21 (a) Chest radiographs shows multiple rib fractures with cal-
lus formation, among others on the lateral aspect of the fourth left rib 
(inset). (b) CT of the chest clearly shows the rib fracture of the fourth 
left rib. (c) 3D reconstruction of the chest in a bone window showing 

the rib fracture of the fourth left rib. (d) Specimen radiograph clearly 
shows the rib fracture of the fourth left rib (arrow) but also a healing 
fracture of the neck of the fourth right rib (inset)

cordance in unnatural deaths compared to 0% agreement to 
natural deaths. More recently, Shelmerdine et al. performed a 
retrospective study in 136 cases, 74 (54.4%) boys and 62 
(45.6%) girls with a mean age of 2 years and 1 month (range: 
2  days–14.7  years) [137]. In 77 cases, autopsy revealed a 
definitive cause of death; of these cases in 55 (71.4%) PMCT 
had a similar cause of death. For the whole population PMCT 
identified 40.4% (55/136) of the main pathologic findings. In 
this mixed study, containing unexplained deaths as well as 
forensic cases, there were depending on body area varying 
diagnostic accuracy rates. There were high diagnostic accu-
racy rates for neurologic findings (75.6%) and musculoskel-

etal findings (98.4%), whereas there were significantly lower 
rates for thoracic (64.7%), abdominal (53.8%), and cardio-
vascular (31.3%) findings. Overall it can be concluded that in 
all studies PMCT excelled in the detection of skeletal pathol-
ogy and autopsy excelled in soft tissue findings. Despite the 
differences between these studies, it can be concluded that 
PMCT and autopsy should be considered to be complemen-
tary modalities.

Although post-mortem radiology is still in full develop-
ment, and its values and limitations will have to be proven in 
the future, it seems obvious that after its successful introduc-
tion into the clinic it will now also find its place in pathology.
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a b

c

Fig. 3.22 (a) Found demised 
neonate, PMCT shows gasless 
lungs as a sign that the 
neonate died in utero. (b) 3D 
reconstruction shows a 
normally developed skeleton. 
(c) Based on the length 
assessment of the left femur 
the gestational age was 
calculated to be 37 weeks (SD 
2.1 weeks) [151]

a b

Fig. 3.23 (a) Deceased neonate, found in a refuse container. Post- mortem 
T2-weighted MRI shows oedema around the blood vessels in the neck (open 
arrow). Also, the neonatal anatomy is clearly visible. (* = thymus; L = liver; 

S  =  stomach; arrow  =  right atrium; arrow point  =  umbilical cord) (b) 
Autopsy (seen from above) shows a haematoma around the blood vessels on 
the right side of the neck (open arrow), possibly the result of strangulation
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a b

Fig. 3.24 (a) Fatal birth trauma C4-C5 distraction fracture. (b) Post-mortem MRI shows the known distraction but also a spinal cord transection 
(arrow)

Fig. 3.25 Post-mortem CT shows portal air as a normal post-mortem 
finding

3.10  Radiation Dose in Imaging Suspected 
Child Abuse

Over the past decades, there are growing concerns about the 
small but potential adverse effects of ionizing radiation used 
in medical imaging [138–141]. There are two types of 
adverse effects related to the use of ionizing radiation, deter-
ministic and stochastic. Deterministic effects are character-
ized by a dose-related increase in risk and associated severity 
of outcome. They only occur above a threshold dose and 

examples include radiation-induced dermatitis and cataract. 
Stochastic effects, on the other hand, are caused by a 
radiation- induced mutation or other permanent change in 
cells which otherwise remain viable. Examples of stochastic 
effects include cancer and hereditary effects. The probability 
of stochastic effects increases with dose without a threshold, 
which means that even a small X-ray dose has the potential 
to cause a base change in DNA, and that the severity of the 
outcome is not related to the dose. These small but not negli-
gible health risks of the use of ionizing radiation is of par-
ticular concern in children as their tissues are more 
radiosensitive than adults and they have more years ahead in 
which cancerous changes might occur.

The term usually used to describe the effect of ionizing 
radiation is ‘effective dose’, which reflects a rough estimate 
of the whole body dose based on summed dose values to 
important critical organs and tissues within the exposed body 
area multiplied by ICRP103 weighting factors (wT). It 
allows for comparison of risks among various radiological 
imaging techniques and is measured in units of milliSievert 
(mSv). There are different ways to express radiation dose 
such as background equivalent radiation time (BERT), criti-
cal organ dose (COD), surface absorbed dose (SAD), dose 
area product (DAP), diagnostic acceptable reference level 
(DARLing), and effective dose (ED) [142]. In explaining 
effective dose to parents/caretakers the easiest is to use the 
background equivalent radiation time (BERT), in which the 
exposure is compared to the annual natural background radi-
ation exposure such as natural radioactive substances in the 
air, soil, and environment to which the population is exposed 
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on a daily basis. Depending on where you live the annual 
background radiation exposure differs slightly, but on aver-
age this is 2.4  mSv per year [143]. There are numerous 
sources that expose us to radiation, in Table  3.3 some of 

these sources and the radiological exams used in evaluating 
child abuse cases are presented, Fig.  3.26 shows a break- 
down of the sources of natural back. The U.S.  Nuclear 
Regulatory Commission (NRC) has an online calculator, 
focused on America, to calculate your personal annual radia-
tion exposure, this might be useful in educating parents 
about the perceived risk of radiation [144].

Berger et al. investigated the effective dose of the skeletal 
survey based on the recommendations of the American 
Academy of Pediatrics and consisting of 15 different radio-
graphs [139]. The radiographic examinations were acquired 
using an X-ray system with a digital flat panel detector and 
manually set technique factors optimized to provide a high- 
quality diagnostic image at the lowest possible radiation 
dose. Based on Monte Carlo simulations, the total effective 
dose of the 15 radiographs was estimated to be 0.2 mSv for 
both female and male infants. Similar results were found in a 
recent study published in 2019 by Rao et  al. [141]. They 
investigated the effective dose of a skeletal survey compliant 
with the national guideline and based on the most recent 

Table 3.3 Overview of natural background radiation sources com-
pared to a skeletal survey

Source
Radiation dose 
(mSv)

Weeks of natural 
background radiation

Coast-to-coast US flight 
[148]

0.035 0.75

Transatlantic flight [149] 0.08 1.7
Follow-up skeletal survey 
[141]

0.1 2.2

Skeletal survey [8, 139, 
141]

0.06–0.2 1.3–4.3

Annual food intake [150] 0.3 6.5
Head CT [145] 1.6 34.7
Bone scintigraphy [141] 2.27 49.2
One year annual 
background radiation 
[143]

2.4

Ingestion of other 
natural radionuclides

2%

Ingestion
of C-14

1%
Ingestion of 

Pb-210/Po-210
6%

Ingestion of
K-40
11%

Cosmic radiation,
additional due to flights

4%

Cosmic radiation at
ground level

13%

Terrestrial radiation
2%

Gamma radiation from
building materials

21%

Inhalation of Radon
28%

Inhalation of Thoron
12%

Fig. 3.26 Break-down of the sources of natural background radiation [152]. The first four causes are external radiation, the following two are 
caused by inhalation, and the last four are the result of ingestion of radio isotopes
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ACR and RCR/SCoR guidelines. This skeletal survey 
included at least 14 different radiographs (19 in the absence 
of a paediatric radiologist), whereas the follow-up survey 
included fewer radiographs. The mean effective dose was 
0.20 mSv (95% CI 0.18–0.22) for the initial skeletal survey 
and 0.10 mSv (95% CI 0.08–0.11) for the follow-up survey. 
They also looked at the mean effective dose of CT head, 
which delivered a mean effective dose of 2.49 mSv (95% CI 
2.37–2.60). In a minority of patients in their study cohort a 
bone scintigraphy was performed, with a mean effective 
dose of 2.27 mSv (95% CI 2.11–2.43). Finally, in a recent 
newborn phantom study by Hampel et al. effective doses of 
approximately 0.06–0.09 mSv were found for a skeletal sur-
vey according to the RCR/SCoR guidelines [8]. Therefore, 
from these studies it can be concluded that (optimized) skel-
etal surveys deliver a relatively low effective dose of ionizing 
radiation, and that the benefits of early detection of physical 
abuse certainly outweigh the potential risks of the use of ion-
izing radiation. This seems to be true for the use of CT head 
(estimated dose 1.6 mSv [145]) in case of suspected abusive 
head trauma, although for non-acute head injury presenta-
tions MRI is preferred to keep the radiation dose to the child 
as low as reasonably achievable. In a large meta-analysis 
published in 2020, the authors concluded ‘no evidence of an 
increased risk of all cancers was observed after X-ray expo-
sure’ [146]. For CT this isn’t so clear cut, based on pooled 
results from studies on CT exposure during childhood, the 
life risk for leukaemia and brain tumours seems higher. 
However, these published studies all suffer from different 
levels of methodological limitations and given the fact that 
long-term data is needed the scans were made with signifi-
cantly higher radiation exposures as are used in modern day 
scanners. For the true impact of the life risk of cancer after 
diagnostic paediatric CT, we will have to wait for the results 
of the ongoing European EPI-CT study [147].
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4.1  Introduction

In a forensic medical setting the radiologist, pathologist, 
and/or anthropologist is often asked by the police or prosecu-
tion to assess the age of a fracture. In living victims, dating is 
focused on the time elapsed between the traumatic event and 
the imaging or examination of the fracture. In deceased vic-
tims, the fracture age may be used to assess the interval 
between the traumatic event and death of the victim. This 

information can be valuable in legal context for multiple rea-
sons. First, it can be instrumental to police investigation in 
defining a timeline, which can be used to corroborate or fal-
sify testimonies or to exclude specific scenarios or suspects. 
Second, it can help to establish the relation between the trau-
matic event and eventual death, making it possible to show 
inconsistencies between the more or less objective forensic 
medical dating and the subjective dating based on the clinical 
history and the reason provided for the injury [1]. Finally, in 
case of multiple fractures, dating of the lesions might help to 
differentiate between a single and multiple traumatic events. 
In children, depending on their age, the effects of trauma and 
the signs of subsequent healing may be apparent for months 
or even years.

Dating of any type of tissue damage is based on the tissue 
healing response, of which the start coincides with the 
moment of injury. Any dating method should abide to two 
basic principles. First, one should be able to recognize fea-
tures that relate to a specific phase of the healing response. 
Second, these features should be time-dependent, which 
means their appearance and/or their disappearance must be 
limited to a specific amount of lapsed time. Healing responses 
may differ significantly between different tissue types, and it 
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naturally follows that lesions can only be dated reliably if the 
forensic specialist is well acquainted with the biology and 
temporal progression of the healing response of the specific 
type of damaged tissue.

4.2  Biology of Fracture Repair

Fracture repair is a complex, as of yet incompletely under-
stood biological process which includes a combination of 
cellular, chemical, and molecular processes. It goes beyond 
the scope of this chapter to present a full in-depth overview 
of this process. In this section, a summary of the biology 
repair is presented as far as relevant for fracture dating. There 
is a significant amount of literature in which this biology is 
presented in more detail [2–8].

4.2.1  Types of Fracture Repair

Fracture repair can be divided into two types. The first type, 
referred to as ‘direct’ fracture repair, occurs when the frac-
ture is not displaced and is completely stable. As a result, no 
repair tissue is formed, and the fracture repair is limited to an 
increase of normal physiological bone remodelling. During 
this process, the number of so-called bone multicellular units 
(BMUs) increases at the fracture site. A BMU consists of 
bone-removing osteoclasts and osteoid-depositing osteo-
blasts, which in concert resorb old bone and fill the remain-
ing defect with new bone tissue. As the BMUs traverse the 
fracture line, the fracture will be removed and replaced, 
eventually resulting in a total resolution of the fracture. From 
a radiological or histopathological point of view, direct frac-
ture repair only produces a very minute, hardly distinguish-
able tissue response. This type of fracture repair may be 
encountered after surgical open reduction and internal fixa-
tion but is exceedingly rare in natural circumstances.

Most often fractures heal by means of indirect fracture 
repair. Here anatomical reduction or complete stability is not 
required, although a large fracture gap or excessive mobility 
between the fracture ends may have a negative impact on 
healing. Indirect fracture repair, which relies on several 
intermediate steps for its completion, is also referred to as 
secondary fracture repair. The healing response in case of 
indirect fracture repair is a sequential process, traditionally 
subdivided in an inflammatory, a reparative, and a remodel-
ling phase.

4.2.1.1  The Inflammatory Phase
The inflammatory phase of indirect fracture repair starts 
immediately after the fracture. The disruption of blood ves-
sels at the fracture site results in hematoma formation, with 
subsequent activation of the coagulation cascade. Activation 

of the coagulation cascade results in fibrin deposition. At the 
same time, the haematoma and the traumatically damaged 
tissue at the fracture site induce an inflammatory response 
with release of inflammatory mediators. This response is 
amplified by the osteocyte necrosis that is caused by the dis-
ruption and thrombosis of blood vessels. The following 
inflammatory response has many similarities to that seen in 
many other tissue types of the human body: an acute inflam-
matory response with polymorphic nuclear leukocytes is fol-
lowed by a chronic inflammatory response with mononuclear 
inflammatory cells. Debris and necrotic tissue are removed 
by macrophages. Specific for bone tissue are the cells that 
are tasked with the removal of necrotic bone tissue: multi-
nucleated osteoclasts. Radiologically and histologically, this 
can be appreciated as resorption of the fracture ends. Soon 
after the traumatic event, granulation tissue is formed. This 
heralds the next phase of fracture repair: the reparative phase.

4.2.1.2  The Reparative Phase
The reparative phase is characterized by cell growth and dif-
ferentiation. This requires the influx of mesenchymal stem 
cells, which may differentiate in fibroblasts, chondroblasts, 
or osteoblasts. The differentiation of mesenchymal stem 
cells into a specific type of mesenchymal cell is dependent 
on local factors (e.g. local strain and hypoxia), and eventu-
ally gives rise to both enchondral and intramembranous ossi-
fication. Between the fracture ends, granulation tissue is 
gradually replaced by fibrous tissue and cartilage. This tissue 
lends stability to the fracture and is, in the absence of miner-
alized tissue, also referred to as ‘soft callus’. Analogous to 
embryological skeletal development, the cartilaginous tissue 
in the soft callus is subsequently replaced by bone by enchon-
dral ossification. At the same time, intramembranous ossifi-
cation occurs at the periosteal surface of the fracture edges. 
This type of ossification may either be the result of the acti-
vation and differentiation of the osteoprogenitor cells that 
reside in the cambium of the periosteum, or osteoblast that 
differentiate from recruited mesenchymal stem cells. The 
result of the combined enchondral and intramembranous 
ossification is a bony cast surrounding and bridging the frac-
ture. As the callus becomes more and more mineralized, it is 
also referred to ‘hard callus’. Please bear in mind that the 
definition of ‘soft’ and ‘ hard callus’ may differ in pathology 
and radiology literature. The fracture becomes more stable 
as the amount of mineralized tissue in the callus increases, 
eventually resulting in stability in each direction.

4.2.1.3  The Remodelling Phase
The bone tissue that is deposited by enchondral or intramem-
branous ossification is generally characterized by a haphaz-
ard and unorganized microarchitecture, called woven bone. 
This contrasts to normal bone tissue, which has a highly 
organized lamellar architecture. This specific lamellar 
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 architecture is the result of continuous remodelling during 
life, in which the bone lamellae are oriented to meet the 
mechanical demands of the skeletal element, while using a 
minimum of tissue volume. This is also known as Wolff’s 
law: the bone tissue of a healthy individual will adapt to the 
loads under which it is placed.

In order to regain its full function, the newly deposited 
bone tissue thus needs to be remodelled. This gradual 
replacement of woven bone tissue by lamellar bone tissue is 
similar to the normal physiological remodelling that takes 
place during life. It involves an intricate process in which the 
hard callus is resorbed by osteoclasts, and lamellar bone is 
deposited by osteoblasts. This remodelling is done by virtue 
of bone multicellular units, and dependent on the fracture, 
may take months or years, depending on the fracture and the 
age of the patient.

4.2.2  Factors that Influence Fracture Repair

Fracture repair may be influenced by a multitude of factors, 
resulting in either an impairment or acceleration of the pro-
cess. These factors might be local, i.e. related to the fractured 
bone and its surrounding tissues, or systemic, i.e. related to 
the individual. Some of the most common and most relevant 
factors are listed in Table  4.1. A more detailed discussion 
than the one provided below can be found in various articles 
[48–50].

4.2.2.1  Local Factors
There are three major local factors that have an influence on 
bone healing. First, the position of the fracture ends, defined 
by fracture alignment and fracture gap. In general, a more 
anatomical position of the fracture leads to quicker repair. 
Consequently, malaligned or large fracture defects heal 
slower. A fresh fracture near an already healing fracture may 
considerably delay the healing process. A new fracture 
through an older untreated fracture can be identified by 
ample new bone formation and a clearly defined fracture line 
[9]. Repeated trauma may delay the resolution of soft-tissue 
injuries, periosteal new bone formation, hard callus forma-
tion, and remodelling [10].

Second, the stability of the fracture site, which has a less 
straightforward effect on healing. Whereas direct fracture 
repair requires absolute stability, early indirect fracture 
repair is enhanced by on-axis micro-movement. However, 
off-axis movement or an excessive amount of movement will 
prevent the deposition of bone tissue and can ultimately 
result in pseudoarthrosis development [11, 12]. Apparently, a 
‘perfect window’ for adequate indirect fracture repair exists, 
and this forms the basis for semi-rigid immobilization of 
fractures such as casts, intramedullary nails, and external 
fixation devices. The beneficial or hampering effects of 
motion may affect various regions of the skeleton differently. 
For example, ribs are almost continuously in motion, not just 
because of the continuous process of breathing, but also 
through intermittent processes such as picking up and hold-
ing the child.

Third, the type and location of fractured bone has consid-
erable effect on healing speed. Forearm fractures tend to heal 
faster than leg fractures, whereas peripheral appendicular 
bones, such as phalanges, tend to heal faster than proximal 
appendicular bone, such as the humerus [13]. Cancellous 
bone generally heals faster than cortical bone. Keep in mind 
that these are generalizations; they are by no means 
absolute.

Besides these three major factors, many others exist. 
Given the complexity of fracture repair, almost any local fac-
tor that has a direct or indirect effect on inflammation, cel-
lular signalling, or tissue differentiation has an effect on the 
speed of fracture repair. Important ones to keep in mind are 
an impeded blood supply or denervation of the fracture site, 
pre-existing local bone disease, infection, and soft-tissue 
interposition. All are known to delay or even halt the fracture 
repair process.

4.2.2.2  Systemic Factors
As in local factors, any systemic factor that directly or indi-
rectly affects the physiology of the repair process may affect 
its temporal progression. As such, systemic diseases that 
influence bone quality, such as osteoporosis, are known to 
impede fracture repair [14]. Also, the nutritional status seems 
to affect the moment of callus formation around the healing 
fractures; the poorer the nutritional status, the slower the 
development of new bone [15]. The same holds for vitamin 
deficiencies, or alcoholism [16, 17]. Among systemic factors 
that negatively influence fracture repair are furthermore 
those that are commonly related to vasculopathy. Examples 
hereof are smoking, obesity and diabetes or the use of ste-
roids [18, 19].

A special comment should be made on the relation 
between the age of the individual and the speed of fracture 
repair. It is generally assumed that fractures tend to heal 
faster in younger individuals, and that this difference is 
limited to specific age groups. That is, young children 

Table 4.1 Selection of factors that influence fracture healing

Local factors Systemic factors
Type of bone
Fracture gap
Fracture alignment
Fracture stability
Soft-tissue 
interposition
Vascularity
Infection
Local bone disease

Age
Activity level
Nutritional status
Health status (e.g. diabetes, obesity, use of 
medication)
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generally heal faster than older children or adults. The 
cause of these differences is poorly understood and prob-
ably many factors such as higher metabolism, vascularity, 
and mitotic activity in children play a role. Also, several 
genes and hormones involved in skeletal growth are 
involved in fracture healing. In children, which still expe-
rience skeletal growth, this osteogenic environment is a 
given, which facilitates fracture healing. In adults, the 
metabolic rate in bone is much lower, which impedes the 
speed of the healing response. However, in contrast to 
this, Prosser et al. maintain that as of yet there are no pub-
lications of scientific data that proof that fractures in 
young children (in particularly those of less than 1 year 
old) do indeed heal faster [20].

4.3  Dating Fractures

As described above, the general sequence of events in frac-
ture repair is well known, and there is a considerate amount 
of data on the local and systemic factors that affect its speed. 
However, unlike the artificial and somewhat rigid description 
just given, fracture repair is a much less straightforward bio-
logical process; each phase gradually passes into the next. 
This in combination with local differences in the speed of 
healing may result in the simultaneous presence of several 
phases in one fracture. Second, while it is generally known 
which factors impede or accelerate fracture repair, there is 
hardly any knowledge on the extent in which they do so. 
Moreover, individuals commonly have a combination of 
impeding or accelerating factors, while the interplay between 
them is largely unknown. Despite these problems, the poten-

tial value of fracture dating has inspired various attempts to 
use either radiological or histological methods for the esti-
mation of lapsed posttraumatic time.

4.3.1  Radiological Aspects of Fracture Dating

The radiological dating of fractures can either be done in liv-
ing or deceased individuals. Especially when a victim is 
unable to provide an adequate clinical history, the radiologi-
cal assessment of fracture repair can provide objective infor-
mation on the age of the lesion. This is most often the case in 
children and as a result, virtually all research on the radio-
logical dating of fractures has been aimed at this age group 
[13, 20–30]. For fracture dating follow-up radiological 
examination is valuable. In 1996, Kleinman et al. described 
the benefit of follow-up radiography in a study that com-
prised 23 children that had sustained fractures [31].

On conventional radiographs, the fracture repair process can 
be broken down in different phases (Figs. 4.1, 4.2, 4.3, and 4.4):

 1. Soft-tissue swelling surrounding the fracture. This obvi-
ously depends on the fracture location, as for instance 
soft-tissue swelling surrounding a femoral or humeral 
fracture is much more distinct compared to a fracture of 
the phalanx of the hand or foot (Fig. 4.1a). In case of rib 
fractures, one should look for the presence of a focal 
pleural thickening (Fig. 4.2).

 2. Presence of periosteal reaction, also called subperiosteal 
new bone formation. Subperiosteal new bone formation 
is especially seen in long bone fractures, while it may be 
more difficult to appreciate in rib fractures (Fig. 4.1b).

a b c d e

Fig. 4.1 Various phases of bone healing in a 1-year-old child, (a) transverse femoral fracture at day 1, (b) subperiosteal new bone formation and 
soft callus at day 12, (c) soft callus transforming to hard callus at day 18, (d) hard callus at day 45, and (e) remodelling after 11 months
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a b

Fig. 4.2 (a) Chest radiograph showing bilateral pleural thickening and an acute rib fracture on the left side. (b) Follow-up radiograph shows 
bilateral healing rib fractures

a b

Fig. 4.3 Lateral view of the lower arm showing widening of fracture 
line. (a) Fresh re-fracture of an old antebrachial fracture. Note the thin 
greenstick fractures of radius and ulna shaft. (b) Healing fracture 
4 weeks later. Hard callus has formed, evident widening of both frac-
ture lines

 3. Soft callus formation. Radiologically defined as the depo-
sition and organization of soft tissues with incipient min-
eralization to produce a ‘fluffy’ appearance adjacent to 
the fracture (Fig. 4.1c). Also the margins of the fracture 
line become more indistinct and the fracture line may 
occur wider on the radiograph, both because of bone 
resorption in the inflammatory and reparative phase of 
fracture healing (Fig. 4.3).

 4. Hard callus formation. Mineralization of the soft callus 
and deposition of new bone produces a well-demarcated 
periosteal callus which surrounds the fracture (Fig. 4.1d) 
with a density that approximates the density of cortical 
bone. Endosteal hard callus may be visible as a zone of 
sclerosis at the fracture site (Fig. 4.4).

 5. Bridging. The fracture line becomes indistinct, but callus 
is still clearly visible.

 6. Remodelling. The fracture line is no longer discernible. 
The callus contour is smoothened and over time, only a 
deformity of the bone remains (Fig. 4.1e). This stage can 
even lead to a complete resolution of all findings related 
to the fracture.

Abovementioned stages are relatively well defined and 
sometimes used in daily clinical practice. For forensic pur-
poses however, we need information on the accuracy with 
which radiologists can discriminate between them, and the 
exact time lapse related to them. Several papers that studied 
the healing phases of fractures in children also included 
interobserver variability (Table 4.2) [20, 23, 24, 27, 30]. The 
interobserver agreement varied from poor to excellent. Not 
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a b
Fig. 4.4 An example of 
endosteal callus formation. 
(a) Torus fracture distal radius 
in an 8-year-old boy. (b) On 
follow-up imaging endosteal 
callus at the fracture site. No 
periosteal callus

Table 4.2 Agreement in the assessment of radiological healing 
features

Feature
Halliday 
[24]

Fadell 
[23]

Walters 
[27]

Prosser 
[20]

Warner 
[30]

Soft-tissue 
swelling

0.41–0.66 0.70

Subperiosteal new 
bone formation

0.83–0.96 0.61 0.92 0.79 0.85

Definition of 
fracture line

0.46–0.64

Presence or 
absence of callus

0.86–0.88 0.90 0.89 0.81

Well or ill-defined 
callus

0.17–0.76 0.77–
0.80

Presence of 
endosteal callus

0.34–0.73

Bridging 0.69 0.82 0.69
Remodelling 0.86 0.83

Abbreviations: NR not reported

all of the radiological features of fracture healing were 
addressed in every paper. The observer agreement of the 
definition of the fracture line was only mentioned in one 
paper [24] and was only moderate. Some papers make no 
distinction between soft and hard callus and just score the 
presence or absence of callus with a good to excellent 
interobserver agreement. The agreement on bridging and the 
discrimination between soft and hard callus varies between 
moderate and good. Overall, the presence of absence of cal-
lus or the presence of periosteal new bone formation had the 
best observer agreement.

The second important factor, next to observer agreement, 
is the accuracy of dating. For the relation between specific 
radiological features and lapsed time, most radiologist will 
refer to the chapter ‘dating fractures’ by O’Connor and 
Cohen, which contains a table with such information [10]. 
This table is, as stated by the authors, based on personal 
experience, and therefore is under Daubert criteria not 
admissible as evidence in the Court of Law. There have been 
several publications on dating fractures, most of them with 
relatively small populations (Table 4.3) [13, 20, 22–30, 32].

In 2005, Prosser et al. published a systematic review on 
dating paediatric fractures in which only three publications 
met their inclusion criteria [21, 22, 25, 28]. There were a 
total of 189 children, of which 56 were under the age of 
5 years. The authors subsequently presented a table which 
links radiological healing features to specific time intervals. 
Given the limited number of included children, the relatively 
broad time ranges underscore the large variation in fracture 
repair speed. The effect of age on the speed of the process 
was noted in the described studies: the youngest individuals 
healed the fastest. Furthermore it must be kept in mind that 
considerate differences exist in the radiological appearance 
of fractures. For instance, skull fractures and metaphyseal 
corner fractures are known for healing with a little or no cal-
lus formation at all [31, 33]. In forensic case work the ques-
tion is relevant if there is an influence of the literature used to 
base an age assessment on. Drury and Cunningham per-
formed a study based on 112 long bone fractures in 96 chil-
dren with an average age of 9.1  years (range 1–17  years) 
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which they dated using the data described by respectively 
Islam et al., Malone et al., and Prosser et al. [34]. The study 
analysed fractures from a wide range of locations: 40 
humeral, 13 ulnar, 10 radial, 11 metacarpal, 4 femoral, 5 
tibial, 1 fibular, 23 metatarsal, and 5 proximal phalangeal 
fractures were included. This study, not surprisingly, showed 
differences in age assessment between all three methods. 
The authors concluded that great caution should be used 
when applying existing timetables to radiologically date a 
paediatric fracture of unknown age.

Messer et  al. performed a systematic review on radio-
graphic features of paediatric fracture healing and corre-
sponding timelines [35]. This review included 10 studies that 
all had a retrospective design [13, 20, 23–30]. The number of 
children in each study varied greatly, from 12 [29] to 141 
[25]. They found that the radiological features of healing and 
the timelines of common fracture healing variables differed 
significantly among studies for several reasons:

First, the age ranged from 0 to 17 years. It is unlikely that 
the timetable of a five-year-old child can be extrapolated to 
that of a neonate. Only 2 studies examined the effect of age 
[13, 28]. Second, various studies describe various bones or 
combination of bones. It is highly speculative that the healing 
of a rib fracture matches the healing phases of a femoral shaft 
fracture. Malone found that forearm fractures heal faster than 
leg fractures [13]. Third, the studies did not differentiate 
between various types of fractures. Only one study addressed 
fracture type (complete versus incomplete) with differences 
in healing between the two [30]. A torus fracture will heal 
with significant less callus than a fracture with displaced frag-
ments. Fourth, because all the studies had a retrospective 

design the timelines may (in part) present hospital radio-
graphic protocols, e.g. taking the first control radiograph only 
after 7 days. Fifth, there were eight studies focused on acci-
dental injuries. Applying healing timelines generated from 
accidental trauma in children who are in good health and who 
receive adequate treatment to fractures in physically abused 
children who might suffer from malnutrition and multiple 
injuries is at least questionable. Finally, the radiological fea-
tures of fracture healing varied considerably among the stud-
ies, but most used terminology was subperiosteal new bone 
formation, callus, bridging, and remodelling. Considering all 
abovementioned flaws, Messer et  al. conclude that fracture 
healing timelines should be used with caution.

All in all, the current situation in radiological fracture dat-
ing is perhaps best illustrated by quoting Prosser et al. ‘dat-
ing of fractures is an inexact science’ [20]. Each radiologist 
should be thoroughly aware of this whenever interpreting 
radiographs for the purpose of dating.

Next to the specific radiological stages of fracture healing 
at the fracture site, there are also changes in the rest of the 
fractured bone. Changes that manifest later during the heal-
ing phase and as such may provide additional information 
for the timeline. These include osteopenia, overgrowth, 
metaphyseal band-like lucencies, and growth lines. 
Osteopenia is caused by disuse during active (pain) or pas-
sive (cast) immobilization in combination with inflammatory- 
induced hyperaemia. Bone mineral density is difficult to 
appreciate on conventional radiographs but specific features 
are easier to recognize like subchondral epiphyseal lucency, 
metaphyseal band-like lucency, and appearance of Haversian 
canals in cortical bone (Fig. 4.5a, b).

a b
Fig. 4.5 Osteopenia in the 
femoral shaft of an 11-year- 
old girl with a left-sided 
slipped capital femoral 
epiphysis. (a) Right femur: 
normal shaft versus. (b) Left 
femur: appearance of 
Haversian canals due to 
disuse osteopenia

H. H. de Boer et al.



83

a b c

Fig. 4.6 A 6-year-old child with multiple fractures of the left lower leg (a) and after surgical reposition (b). At the age of 13, a significant leg 
length discrepancy has developed in the lower leg (c)

Overgrowth is present in the months after the fracture. It 
is probably a side-effect of inflammatory-induced hyperae-
mia, not only at the fracture side, but in the entire bone 
including the growth plates. It results in temporary over-
growth and thus increased lengthening. This phenomenon is 
especially seen in diaphyseal fractures (with a large hema-
toma) of long bones with a high growth rate such as femur, 
tibia, and humerus. The resulting leg length discrepancy may 
cause considerable invalidating effects (Fig. 4.6a–c).

Band-like metaphyseal lucency is a subset of focal intense 
osteopenia because of the high metabolic rate and high vascu-
larity of the metaphysis, reflecting its specific task in longitu-
dinal growth. Finally, growth lines (Parker-Harris lines) 
reflect a temporary arrest in longitudinal growth and probably 
formed in the first days after the fracture in the zone of provi-
sional calcification. In time, as longitudinal growth recovers, 
they gradually ‘grow away’ from the growth plate. The dis-
tance from the growth plate to the growth line is an indication 
of the time elapsed since the fracture (Fig. 4.7a, b). However, 
growth lines are not pathognomonic for past fractures. They 
may also be silent witnesses of a variety of temporary meta-
bolic disturbances, intercurrent diseases, intermittent medica-
tion or, in some cases, remain idiopathic.

4.3.2  Histological Aspects of Fracture Dating

Histological examination of a fracture in a forensic context is 
limited to deceased individuals. In most instances, it will 
relate to non-decomposed ‘fresh’ human remains, in which 
the fracture, including its surrounding soft tissues, is pro-
cessed for histological slides. These slides, including both 
mineralized and non-mineralized tissue, naturally convey the 
most information on the healing phase of the fracture and are 
therefore preferred. In some cases, the remains are decom-
posed to such an extent that only skeletonized remains are 
available. The loss of the soft-tissue component and the 
potential microbial degradation and/or remineralization of 
the skeletal elements will complicate the analysis consider-
ably. As most forensic pathological casework will relate to 
non-decomposed human remains, this paragraph will focus 
(unless otherwise specified) on the examination of fresh, 
non-decomposed human tissue.

The histology of fracture repair is described in most gen-
eral pathology and orthopaedic pathology textbooks, and 
often these texts provide a crude estimation of the time 
related to various healing phases. Although such texts are 
valuable from an educational point of view, they do not suf-
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a b
Fig. 4.7 (a) Lateral view of a 
fracture of the left lower arm. 
(b) Three months later, the 
fracture is healing and a 
growth line has formed at 
distal radius and ulna

fice as a basis of fracture dating in a forensic context. As in 
radiological fracture dating, the latter depends on the extent 
in which two basic premises are met: knowledge on the 
agreement in which histological healing features can be rec-
ognized reliably, and the extent in which these healing fea-
tures are accurate representatives of lapsed time since the 
traumatic event.

The agreement of observers on their histological findings 
is a common point of discussion in any part of pathology, and 
medical scientific literature almost invariably shows that 
general agreement between pathologists is far from perfect. 
The partial alleviation of this problem by adhering to strict 
definitions does not only illustrate the need for such defini-
tions, it also shows that histological examination is inher-
ently subjective. Although this may come as no surprise, no 
data currently exists on the agreement between pathologists 
on the presence or absence of histological fracture repair fea-
tures. Of course, many of these features are fairly well- 
defined such as the presence of hematoma, the formation of 
granulation tissue, or the apposition of osteoid. It may thus 
be expected that examiners agree considerably on their pres-

ence. Still, although texts on histological fracture examina-
tion seem to agree with this assertion, it lacks direct scientific 
evidence [8, 36].

Currently one exception to this rule exists, and it only 
relates to skeletonized tissue. A survey of non-decalcified, 
unstained histological slides of 22 fractures and 9 amputa-
tions showed a substantial agreement between three observ-
ers in the recognition of various healing phases [37]. Both 
‘early’ features, such as the resorption of bone tissue  adjacent 
to the fracture, and ‘late’ features, such as callus formation 
and callus remodelling, were considered reliably detectable. 
Histological staining of the sections with haematoxylin 
showed to have an effect on the visibility of some of the heal-
ing features, although our experience with the method sug-
gests a less dramatic effect than the study shows.

Only a very limited number of studies focus on the exact 
timing of the emergence or disappearance of specific healing 
features, which is at least partially due to problems with the 
availability of adequate study material. Forensic material 
often lacks sufficient contextual data or cannot be used for 
research purposes, while obvious ethical constraints pre-
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clude experimental human studies. Most of the limited data 
on the chronology of fracture repair therefore stems from 
various animal studies [38–42]. These studies are helpful for 
the development of new treatment strategies, but the obvious 
differences between the several animal models and humans 
disqualify this data for forensic purposes [43]. The studies 
that could serve a forensic purpose, i.e. well-documented 
human cases, are extremely scarce, usually outdated and 
mostly case descriptions [44–48].

In an attempt to circumvent the unavailability of direct 
data, authors have resorted to various research designs to 
devise a histological fracture dating methodology. In 2003, 
Klotzbach et al. made an attempt to date 44 paediatric frac-
tures histologically [36]. Relatively recent fractures were 
dated by the presence of osteoblasts (reported to emerge at 
2–4 days), osteoclasts (reported to emerge at 4–7 days), and 
the mineralization of osteoid (reported to emerge at 8 days). 
Older fractures were dated by comparing the amount of 
deposited bone with a known rate of bone apposition, which 
was derived from experimental human studies. Although 
elegant, the study had several important limitations: For 

instance, the source data did not come from a representative 
cohort (i.e. was mainly experimental and related to adult 
individuals). More importantly, the actual age of the studied 
lesions was unknown. The performance of the methodology 
thus remains to be tested.

In 2008, Malcolm reviewed the examination of fractures 
in autopsy pathology, and provided a chronology of several 
of the healing phases [8]. Cognisant of the many (un)known 
variables that affect fracture healing, he advocated the use of 
rather broad time intervals, especially in the later phases of 
healing. Instinctively, this more careful approach is more 
accurate than the detailed approach by Klotzbach et al., be it 
at the costs of specificity. However, the publication does not 
provide details on the source information of the time inter-
vals. In addition, the performance of the dating methodology 
in a series of fractures of known age is not given.

In 2010, Maat and Huls published a chapter on the histo-
logical fracture dating in the first edition of this book [49]. 
This publication features a table that links specific healing 
features to specific time lapses, a reworked version is pre-
sented here as Table 4.4. Their time intervals are comparable 

No. of 
fractures

11 10 11 16 14 6 13 10 7 8 5 6 8 8 8 5 6 5 4 4 4

Pos�rauma�c 
survival �me

1 
h

2h 4h 12h 12-
24h

24-
36h

36-
48h

3d 4d 5d 6d 7d 8-
14d

15-
21d

22-
28d

29-
35d

36-
49d

50-
70d

71-
91d

92-
112d

>122d

Haemorrhage 11 10 11 16 14 6 11 6 4 1
Osteocyte 
loss

2 10 11 16 14 6 13 8 4 5 2 2

Fibrin 
forma�on

2 15 14 6 12 4 2

Inflammatory 
reac�on: 
polymorphs 
infiltra�on 
between the 
fracture ends

7 13 5 6 4 2

Inflammatory 
reac�on: 
macrophage 
infiltra�on 
between the 
fracture ends

3 8 9 4

Granula�on 
�ssue 
forma�on

2 11 10 6 8 2

Osteoclast 
ac�vity at the 
fracture site

5 9 7 8 5 4

Early 
condensa�on 
of 
mesenchyme 

4 4 7 8 5 4

Table 4.4 The presence of histological healing features in infants, adopted from Naqvi et al. [52]

(continued)
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into ‘crude 
scaffold 
shapes’
Woven bone 
forma�on. 
Early primary 
callus 
including 
osteochondral 
�ssue

2 8 5 6 7 1

Bone 
trabeculae 
and car�lage 
nodules

2 5 8 8 7 2

Calcifica�on 5 8 8 5 6 5 4 4 4
Fracture 
union

2 7 8 5 6 5 4 4 4

Remodelling 
of woven 
bone into 
lamellar bone

3 5 5 5 4 4 4

Evidence of 
bone 
returning to 
normal

4 4

Table. 4.4 (continued)

The presence of histological healing features related to their posttrau-
matic survival time, as observed by Navqi et al. in 169 fractures in infants 
(<12 months). The total number of fractures studied per time interval is 

shown in the top two rows. The proportion of fractures with a particular 
healing feature is indicated by different colours: blue: less than 25%; 
green: 25–49%; orange: 5–74%; grey: 75–89%; black: 90–100%

to those given by Malcolm, but provide more detailed 
description on the defining healing features per healing 
phase. The source information for this table comes from an 
extensive literature review. Instead of reporting the time at 
which a healing feature is generally seen, the table reports 
the minimum amount of time needed for its emergence; the 
‘minimum posttraumatic survival time’. Theoretically, this 
alternative approach may circumvent the problems associ-
ated with interpersonal differences in healing speed. 
However, as each histological healing feature shows a more 
or less gradual increase before reaching peak intensity, the 
approach may result in considerable underestimation of the 
true age of the fracture. This increases in older fractures. 
Maat and Huls explicitly state that their table is compiled 
from data from healthy, non-operatively treated adult indi-
viduals, and that children may show a markedly quicker 
healing response. They furthermore list some histochemical 
stains that may aid the recognition of specific healing fea-
tures. As the previous mentioned studies, the method has not 
been tested in a series of fractures of known age.

Although initially designed for fresh tissue, adaptations 
have made Maat and Huls’ approach applicable to skeleton-
ized remains as well [33, 37, 50]. This method for skeleton-
ized material was tested by Cappella et  al. [51] in five rib 
fractures and four skull fractures of known age. The method 
accurately estimated minimum posttraumatic survival in 8 

out of 9 specimen, but indeed, significantly underestimated 
the true age of the fracture, especially in older fractures. This 
was particularly the case in the skull fractures, again empha-
sizing the influence of fracture location on the healing 
response. The (very) small number of cases however pre-
vents large generalizations.

The largest and most comprehensive study in histological 
fracture dating stems from 2019 [52], and only included 
infants of 12  months of age or younger. Over a 32-year 
period, a total of 169 fractures with a known time of injury 
were studied. For a total of 14 healing features, ranging from 
local haemorrhage to restoration of the normal bone tissue, 
their absence or presence was determined and related to the 
posttraumatic survival time. The data confirms the sequential 
and time-related process of histological fracture repair, but 
also shows that many healing features may be encountered in 
fractures that differ considerably in terms of age. The results 
once again underscores the variability of the speed of the 
fracture repair process. The study included a wide variety of 
types and locations of fractures, and interobserver agreement 
of the described healing features was not tested.

All in all, various practitioners have tried to provide 
benchmarks for histological fracture dating, with the study 
by Navqi et al. currently providing the most comprehensive 
information for infants of less than 12 months of age [52]. As 
in radiological fracture dating, no fully tried and tested 
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Fig. 4.8 Features indicative of various steps in the fracture healing 
cascade. (a) A recent fracture, with frayed fracture lamellae and early 
granulation tissue formation. (b) Granulation tissue and numerous mul-
tinucleated osteoclasts which remove necrotic bone fragments (recog-
nizable by their empty osteocyte lacunae). (c) Early ‘woven’ bone 
formation directly adjacent to the cortex of a fractured rib. Note the 
difference between the highly organized lamellar bone and the haphaz-
ard architecture of the woven bone. The cuboid, plump cells lining the 

new bone are active osteoblasts. (d) Woven bone on the right side, but 
the lower left side of the panel shows chondroid tissue, indicating indi-
rect fracture repair. (e) Masson trichome stained section, this type of 
stain helps to differentiate between the non-mineralized bone-precursor 
osteoid (blue) and mineralized bone tissue (red). (f) So-called ‘bone 
multicellular unit’, with multinucleated osteoclasts to the left and 
osteoid- depositing osteoblasts to the left

 histological dating method exists, and practitioners should 
be fully aware of this when trying to determine the age of a 
fracture. Various laboratories are currently developing 
research strategies to examine fractures more systematically, 
and hopefully these efforts will provide the much-needed 
scientific evidence to advance the histological dating of frac-
tures. Various histological features that are regularly used for 
dating are shown in Fig. 4.8a–f.

4.4  The Practice of Fracture Dating 
in Dutch Forensic Casework

Given all its limitations, it may come as no surprise that the 
majority of forensic specialists are reluctant to venture into 
fracture dating. Still, despite the scarcity of the evidence the 
radiological and histological examination of a fracture may 
provide information that may be valuable in a legal context. 
This especially holds in those cases in which clear hypothe-
ses can be tested. An example might be a case in which mul-
tiple fractures were found, and the question arises to what 
extent they may be related to one or multiple events. Another 

example may be a situation in which a testimony places the 
fracture in a specific time frame. In such circumstances, the 
radiological and histological analysis may provide informa-
tion to corroborate or refute the given scenario. In addition, 
detailed analysis of the fracture may give additional informa-
tion on the health status of the individual.

For the sake of practicality, this chapter therefore ends 
with a description of the fracture dating approach in paediat-
ric cases at the Netherlands Forensic Institute. It includes 
radiology, histology and uses an integrative approach for 
interpretation. It is noted that histology is especially helpful 
in the earlier stages of healing (i.e. the first four weeks of the 
healing response).

4.4.1  Radiological Imaging Before and After 
Autopsy

Each paediatric case that is submitted to the NFI receives a 
full body CT scan and a skeletal survey according to the 
guidelines of the Royal College of Radiology and Society 
and College of Radiographers [53]. A dedicated paediatric 
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radiologist discusses the results of the imaging with the 
pathologist prior to the autopsy. The radiologist and patholo-
gist jointly make a decision on which fractures require fur-
ther analysis during autopsy, for instance to confirm the 
presence of a fracture or for dating. All selected fractures are 
removed during autopsy, sometimes with the contralateral 
skeletal element for comparison. In some instances, this 
requires removal of the entire affected bone, although often 
excision of the fractured portion will suffice. After autopsy, 
fractures may be imaged a second time by conventional 
radiographs in two directions. There is a low threshold for 
radiological consultation for imaging directions or specific 
fields. The images are interpreted by a dedicated paediatric 
radiologist.

4.4.2  Histological Analysis

Each excised fracture is fixed in 4% formalin. As most frac-
tures are too large for direct processing into paraffin embed-
ded blocks, the fractures are sawn with a band saw. Preferably 
this results in one or more thick slices of about 4–5  mm 
thick, perpendicular to the fracture line (Fig. 4.9a, b). These 
thick slices are again formalin-fixed for at least another 
24–48 h, decalcified in EDTA and processed into standard 
paraffin tissue blocks. Each block is used for at least one 
standard Haematoxylin and Eosin stained section, although 
various other stains may help to visualize the full spectrum 
of healing features. These may include Masson trichrome, 
Alcian blue, Von Kossa, period acid-schiff after diastase 
(PAS-D), Azan, and an iron stain. The histological interpre-
tation is done by a dedicated histopathologist.

4.4.3  Interpretation

Interpretation of the radiological and histological images is 
guided by the context of the case and the forensic issue that 

is at stake. This issue forms the basis of two competing and 
mutually exclusive hypotheses, in line with the Bayesian 
approach that is now widely accepted as the standard of 
forensic evidence interpretation [54]. For example, if multi-
ple rib fractures are found in a single individual, the issue at 
stake may be whether or not those fractures are related to a 
single event. The two competing hypotheses then could be: 
‘all rib fractures are explained by a single event’ vs. ‘the rib 
fractures are caused by at least two events’. In another exam-
ple, a specific scenario may be put to the test. It may for 
instance be alleged that the fracture coincided with the death 
of the individual. In such a case the two competing hypoth-
eses could be: ‘the fracture is caused at the moment of death’ 
vs. ‘the fracture is caused prior to death’. The hypotheses are 
at the heart of the investigation and should be formulated 
carefully and preferably before the investigation.

A hypothesis-driven interpretation has several benefits 
over an approach in which each fracture is dated separately. 
First, it clearly defines the problem, providing clarity and 
focus. Second, it circumvents lengthy (and often impossible) 
determination of the age of each separate fracture. Rather, 
the aim is to describe to which extent the radiological and 
histological observations help to differentiate between the 
two competing hypotheses. In some cases, the radiological 
and histological observations may not be able to differentiate 
between the two hypotheses, in other words, the results of 
the analysis do not favour one hypothesis of the other. This 
may for instance be the case if two fractures show a similar 
healing phase and can therefore not be separated in time. 
This may also occur if the material is unsuited for analysis or 
there is insufficient scientific evidence to back up a state-
ment. However, in other situations the results can provide 
useful information. For example, healing phases of two frac-
tures can differ to such an extent that it becomes very unlikely 
that they occurred simultaneously. Or a fracture may show 
signs of re-fracture, indicating an initial and subsequent trau-
matic event. Or a fracture that was deemed to be perimortem 
may show signs of considerable healing. These examples 

a b

Fig. 4.9 Example of the excision of so-called ‘thick slices’ for the pro-
duction of histological slides. Bar indicates centimetres. The fractured 
bone is initially sawn in halve, and subsequently lamellated in slices of 
approximately 3–4 mm thick. Careful photo documentation secures the 

chain of custody. (a) Healing tibial fracture; there is obvious displace-
ment of the cortex and interposition of soft callus. (b) Distal metaphysis 
of a femur, suspected to have sustained a metaphyseal corner fracture 
(red box)
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show that analysis of the healing response may still be use-
ful, even if it remains impossible to put a specific date on a 
fracture.

The magnitude of the evidence, or the differentiating 
power of the observations, is expressed by the likelihood 
ratio. This likelihood ratio may be numerical, and then 
expresses the relative probability of the two hypotheses. A 
likelihood of twenty for instance indicates that the results are 
twenty times more likely when hypothesis 1 is true, than if 
hypothesis 2 is true. To indicate the uncertainties related to 
fracture dating, the likelihood ratio is usually expressed by a 
verbal term rather than by a number. As such, conclusions 
may for instance state that the findings provide ‘weak’, 
‘moderate’, or ‘strong’ support for one hypothesis over the 
other. Each verbal term represents a range of numerical val-
ues and the use of a verbal term does require some unifor-
mity on its meaning. More information on this can be found 
in the guidelines of the European Network of Forensic 
Science Institutes [55].

Eventually, it remains of great importance to realize that a 
statement on the age of a fracture require thorough knowl-

edge of the biology of fracture repair, the affected individual, 
and the context of the case. As ever, it is best to err on the 
side of caution. Over-interpretation should be avoided.

4.4.4  Examples of Fracture Dating

Case 1: Two Posterior Rib Fractures
In a four-month-old infant, who died from extensive blunt 
force trauma to the head, two posterior rib fractures were 
also found. Due to the context of the case, the question arose 
as to these rib fractures could be related to the same event as 
the head trauma. Radiological analysis consisting of a skel-
etal survey (Fig.  4.10a) full body CT (Fig.  4.10b) did not 
show any healing features. At autopsy, the fractures showed 
haemorrhage, but no other signs of healing. Specimen radio-
graphs showed recent posterior rib fractures (Fig. 4.10c) The 
ribs were excised (Fig. 4.10d) and processed into standard 
HE sections. Histological observation confirmed the pres-
ence of haemorrhage, no other signs of healing were noted 
(Fig. 4.10e). It was concluded that the radiological and histo-

a b c

d e f

Fig. 4.10 (a) Post-mortem chest radiograph, on a diagnostic monitor 
posterior rib fractures there was as suggestion of left-sided posterior rib 
fractures of the seventh and eighth rib. (b) Post-mortem CT (axial 
image at the level of the seventh rib) showed bilateral posterior rib frac-
tures. (c) Excised section of the chest (thoracic 3 to 8) shows bilateral 
posterior rib fractures of the seventh and eighth rib. (d) Detail radio-
graph of the seventh rib (note right and left are different from the speci-
men block) shows bilateral posterior rib fractures. Both fractures show 

no radiological signs of healing. (e) Excised and halved parts of a frac-
tured posterior rib in a 4-month-old infant. No callus formation is visi-
ble. (f) Micrograph of a haematoxylin and eosin stained section of the 
fracture in the left panel. Besides minimal haemorrhage in the fracture 
cleft, no signs of vitality or healing are visible. This indicates that the 
fracture occurred during life, shortly (maximally several hours) before 
death
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Fig. 4.11 (a) Post-mortem chest radiograph shows a healing rib frac-
ture of the fifth rib right posterior and 11th rib left anterior. Specimen 
radiographs show (b) sclerotic posterior rib fracture of the fourth left 
rib, (c) healing rib fracture of the fifth rib right posterior, and (d) healing 
11th rib left anterior. (e) Fifth rib right posterior fracture with advanced 
healing, as indicated by fibrous plug and extensive new bone formation. 

(f) Healing 11th rib left anterior in the same individual, also with 
advanced healing as indicated by the osteoclastic activity and copious 
new (woven) bone formation. However, the healing tissue is disrupted 
centrally, with haemorrhage and fibrin deposition, indicating a second-
ary traumatic event (re-fracture)

logical findings did not reveal any findings indicating a sec-
ond traumatic event. It was stressed that these findings did 
not exclude a separate event shortly prior to the fatal head 
trauma.

Case 2: Multiple Rib Fractures
A 17-month-old infant was submitted for forensic autopsy. 
Skeletal survey (Fig. 4.11a) and full body CT (Fig. 4.11b) 
prior to the external and internal examination revealed mul-
tiple rib fractures, both anterior and posterior. The rib cage 
was excised for further analysis by specimen radiography 
and histology. The additional radiological analysis revealed a 
parietal linear skull fracture (Fig. 4.11c). Based on the radi-
ology and autopsy results, various parts of the ribs were 
excised for histological analysis, to confirm the presence or 
absence of various regions suspected to be fractured, and to 
explore the extent in which the fractures could be related to a 
single event. Histology revealed several fractures that were 
not diagnosed at radiology or autopsy, especially at the cos-
tochondral junction. Besides rib fractures with advanced 
healing (Fig. 4.11d, left panel), also signs of recent trauma 
were found (Fig. 4.11e, right panel).

Case 3: A Skull Fracture
Histological analysis of a skull fracture, obtained at forensic 
autopsy. The sample was demineralized, embedded in paraf-
fin and histologically stained with haematoxylin and eosin, 
Lawson Van Gieson and Masson Trichrome. An all over 
image of the fracture area with polarized light distinctly 
shows the discontinuation in the cranial vault (Fig. 4.12a). 
There is a connective-tissue plug visible in the fracture line. 
The middle-size enlarged view (Fig.  4.12b) clearly shows 
callus formation, only in a few places the callus is attached 
with sparse trabecular connections to the original cortex of 
the cranium. A detailed view shows the woven callus to be a 
deposit of primarily woven bone tissue (Fig.  4.12c). No 
remodelling into lamellar bone was observed. No blood 
extravasations and haemosiderophages were found, there 
was hardly any inflammatory infiltration. However, osteo-
clasts and their related Howship’s lacunae were found at the 
fracture site (Fig.  4.12d). Although at autopsy the fracture 
was deemed perimortem, the histological observations indi-
cate that that the fracture was sustained at least a couple of 
days before death.
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Fig. 4.12 (a) Discontinuity of the cranium with connective-tissue plug 
in the fracture cleft. Callus layer can still be separated from the mar-
ginal bone layer (arrows). Polarized light. (b) Detail of (a). Callus layer 
along the external trabecula of the cranium can still be separated 
(arrows). Haematoxylin-Eosin staining. (c) Depositions of primary 

bone tissue (disorganized), ‘woven bones’ in the callus layer. Lawson 
Van Gieson staining. (d) Howship’s lacunae with multiple-nuclear 
osteoclasts in the fracture cleft (arrows). Trichrome staining according 
to Goldner
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5.1  General Aspects of Head Injuries

5.1.1  Introduction

Head injuries are defined as injuries to the soft tissues of the 
orofacial region and the scalp and/or the bony tissues of the 
skull (calvarium, base, and orofacial bones) and/or the intra-
cranial contents (meninges, brain) due to mechanical or non- 
mechanical trauma.

Most head injuries in paediatric patients are caused by 
mechanical trauma (Sect. 1.5.2), irrespective of whether 
these injuries concern soft tissues, bony tissues, or the intra-
cranial content. On rare occasions paediatric head injuries, 
especially cutaneous injuries, are caused by thermal trauma, 
chemical trauma, electrical trauma, or electromagnetic and 
ionizing trauma (Table 1.4).

5.1.2  Injuries to the Scalp and the Bony 
Tissues of the Skull

In this chapter we will focus on injuries, due to mechanical 
trauma, to the scalp (Sect. 5.2) and the bony tissues of the 
skull (Sects. 5.3, 5.4, and 5.5). The reader is referred to Sect. 
6.4, concerning fractures in the neck region (cervical 
vertebrae).

Mechanical trauma is caused either by static loading or by 
dynamic loading [2, 3].

In forensic medicine, static loading of the head is defined 
as a relatively slow exertion of forces on the head over a 
protracted period of time (more than 200 ms). This occurs 

when the head is squeezed and/or compressed, which may 
lead to injuries of soft tissues, bony tissues, or sometimes to 
the intracranial content. The results of static loading can be 
focal and limited to the scalp at the point of compression or 
more extended in which also the underlying layers (skull and 
intracranial structures) are damaged.

Dynamic (or rapid) loading is the impact of forces over a 
shorter period (<200 ms, often even less than 50 ms). Dynamic 
(or rapid) loading can be subdivided into two subtypes: 
dynamic ‘impact’ loading, and dynamic ‘impulse’ loading.

In dynamic impact loading of the head there are three pos-
sible situations:

• The head is stationary, while the impacting object is 
impacting against the head.

• The impacting head is moving, while the impacted object 
is stationary.

• Both the head and the object are moving in the same 
direction or in opposite directions.

The impact loading results in a momentary deformity of 
the head with possible damage to the soft tissues, bony tis-
sues, or the intracranial content.

Dynamic impulse loading (inertial trauma) is the result of 
fast movements without impact (fast alternation of acceleration 
and deceleration, e.g. in shaking) of the head, which will mainly 
result in intracranial injuries and injuries to the spinal cord.

Injuries to the head may occur before, during, and after 
birth. The circumstances, under which injuries occur, can be 
either accidental or non-accidental.

The cause and manner of injuries to soft tissues of the 
scalp and of injuries to bony tissues will be discussed in the 
following sections.

5.1.3  Injuries to the Orofacial Soft Tissues 
and the Intracranial Content

Orofacial soft tissue injuries and injuries to the intracranial 
content are probably equally important as injuries to the 
scalp and the bony tissues of the skull, when evaluating head 
trauma. This was clearly highlighted by Atabaki [1]. 

Any blow to the head can transfer energy from the 
skin, through the skull and meninges, to the brain. 
When evaluating head trauma, the clinician should 
remember the anatomic layers of the head that may be 
affected: the skin, galea aponeurotica, periosteum, cra-
nial bone, epidural space, dura mater, subdural space, 
arachnoid mater, subarachnoid space, and brain.

Atabaki SM. [1]
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Although these injuries are beyond the scope of this book, a 
short overview of inflicted orofacial soft tissue injuries is 
given in this section. An overview of intracranial injuries is 
given in Sect. 5.6.

The head is the least protected and the most vulnerable 
part of the body in case of trauma, irrespective of the circum-
stances (accidental or non-accidental) and irrespective of the 
age of the victim.

In 1946, Caffey was the first to report the relation between 
the occurrence of multiple fractures of the long bones and sub-
dural hematoma in young children [4]. He suspected this com-
bination to be of a traumatic origin. Three of the children, who 
were described by Caffey, also showed intraoral injuries. In 
1966, Cameron et al. described 29 cases of fatal child abuse 
(mean age 14.5 months) [5]. Around 50% of the children had 
clearly visible abrasions, bruises, and bumps on the head, face, 
and neck (Table 5.1). Since the articles of Caffey and Cameron 
et al.there has been a plethora of publications on the subject of 
inflicted injuries in the head and neck region. Most of these 
publications point to the frequent occurrence of these injuries.

Several studies have shown that more than 45% of all 
children who sustained inflicted injuries (non-accidental cir-
cumstances, child abuse) have orofacial injuries [5–16]. The 
orofacial region is probably even the most frequently injured 
part of the body, due to non-accidental trauma [6, 12, 17, 18]. 
Around 75% of inflicted injuries in the orofacial region are 
found in children under the age of 3 years [17].

Most commonly reported inflicted orofacial soft tissue 
injuries are (often easy to identify) bruises, e.g. slap marks or 
pinch marks. Also bite marks, abrasions, and lacerations of 
lips and frenulum, burn injuries, and injuries to the ears can 
be found [9, 19].

Probably the main reason for the high incidence of 
inflicted injuries in this region, is that the head, and in par-
ticular the face, is the most visible part of the body by which 
someone is recognized and defined as a person. Moreover, 
human behaviour and emotions are recognized and inter-
preted through facial expressions. Therefore, physical 
aggression is mainly directed to this part of the body. In chil-
dren this plays an even a greater role. When a child cries in a 
stressful situation, aggression may be directly targeted 
towards the face in general and the mouth in particular. 
Various authors are even of the opinion that the oral cavity is 
the most important target in physical assaults towards chil-

dren because of the role of the mouth in feeding and com-
munication, for example crying behaviour or unwanted 
verbal reactions of the child [18, 20].

5.2  Injuries of the Scalp

5.2.1  Introduction

5.2.1.1  Anatomy of the Scalp
The scalp is that part of the skin of the head that extends from 
the external occipital protuberance and superior nuchal lines 
to the supraorbital margins. It forms a strong cover over the 
skull [21]. Compared to adults, the scalp of a young child is 
relatively thin. It consists of five layers: the skin (epidermis 
and dermis), a layer of dense connective tissue, a layer of 
strong fibrous tissue (galea aponeurotica), a layer of loose 
areolar connective tissue and the pericranium (periosteum) 
(Figs. 5.1 and 5.2) [21]. The superficial layers (skin, connec-
tive tissue, and galea aponeurotica) are firmly bound together 
and act as a single tissue layer. The layer of loose connective 
tissue allows the superficial layers to slide over the, firmly 
attached to the skull, epicranial aponeurosis.

5.2.1.2  Scalp Injuries
There are no reliable data about how often children sustain 
injuries to the scalp, although one may assume that minor 
head trauma due to accidental falls or other minor accidents 
happens on a daily base in mobile (young) children. Most 
commonly minor accidents will occur without causing sig-
nificant and/or visible injuries (or skull fractures). As a result 
most of these children will not be examined by a doctor. 
More significant or visible bruising of the scalp is uncom-
mon without significant head trauma or coexisting disorders 
like coagulation disorders, except in case of a subgaleal hae-
matoma, which can be sustained due to a minor trauma [22].

5.2.1.3  Cause and Manner of Scalp Injuries
Most injuries to the scalp are caused by mechanical trauma, 
either static loading or dynamic impact loading (Sects. 1.5.2 
and 5.1.2), followed by thermal trauma. Chemical trauma, 
electrical trauma, or electromagnetic and ionizing trauma of 
the scalp is very rare in paediatric patients. Irrespective of the 
cause of the scalp injuries, the manner of scalp injuries in 
children is either accidental or non-accidental. In this section, 
only injuries caused by mechanical trauma are discussed.

Static loading of the scalp occurs when the head is com-
pressed. The results of static loading can be focal and limited 
to the scalp at the point of compression or more extended in 
which the underlying layers (skull and intracranial struc-
tures) are also damaged. Static loading may occur during 
childbirth or accidentally during traffic accidents, when the 
head is wedged for a period of time. It may also be inflicted 
when the head is violently squeezed during physical abuse.

Table 5.1 Injury location in 29 cases of fatal child abuse (irrespective 
of type of injury) [5]

Location Percentage
Skull 79
Neck 52
Maxilla 49
Mandible 48
Upper lip 45
Frenulum 45

5 Head
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Skin and Dense
Connective Tissue

Galea aponeurotica

Loose areolar
connective tissue

Periosteum

Fig. 5.1 Anatomy of the 
scalp

Fig. 5.2 Normal appearance of scalp on CT. Skin (between arrows) and 
hypodens subcutaneous fatty connective tissue (between arrowheads). 
Galea aponeurotica and periosteum are not visible. Asterisk = suture

Dynamic loading of the scalp usually consists of dynamic 
or rapid impact loading (Sect. 5.1.2). This results in 
 deformation of the scalp and the head and may lead to dam-
age to the scalp, skull, and/or intracranial structures. Dynamic 
impact loading may occur accidentally or may be inflicted. 
Inflicted impact loading is seen, e.g. when a child is hit with 
a hand or an object (moving object against stationary head) 
or by dropping or throwing the child on the floor or throwing 
the child against an object or a wall (moving head against 
stationary object). Dynamic loading of the scalp can also 
occur when traction is applied to the skin. This can occur due 
to either quick or continued slow hairpulling.

Scalp injuries in non-mobile children are most often sus-
tained in non-accidental circumstances (inflicted injuries). In 
children under 2 years of age with limited mobility scalp 
injuries are most often sustained in accidental circumstances, 
usually accidental short-distance falls, e.g. from standing 
height, beds, or changing tables [23, 24]. The falling height 
will increase, when the child gets older, becomes more 
mobile and learns to climb. The risk of complicated acci-
dents, e.g. due to toppling televisions, also increases. In older 
children (traffic accidents with pedestrian, bicycle, and 
motor vehicle) become more common [25].

5.2.1.4  Type and Severity of Scalp Injuries
The type and severity of scalp injuries are determined by the 
type of force applied to the scalp (= mechanical trauma), the 
amount of force, the angle at which the force is applied (per-
pendicular, tangential, or parallel to the surface of the scalp), 
and the type and surface of the object that strikes the head. 
Injuries may occur in only one layer, multiple layers, or in all 
layers plus the underlying bone structures of the skull and 
intracranial structures, like the dura and the brain.

5.2.2  Cutaneous and Subcutaneous Injuries 
of the Scalp

5.2.2.1  Introduction
Damage to one or all layers of the scalp is almost always the 
result of dynamic impact loading. The skin, however, may 
remain intact, in spite of damage to the deeper layers. Injuries 
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that can be found in the different layers are bruises,  abrasions, 
lacerations and avulsions, subgaleal haematomas, and ceph-
alhaematomas (Sect. 5.2.4).

5.2.2.2  Bruises
Bruising of the scalp is often not externally visible, unless 
there is at least some swelling [26]. During trauma the soft 
and pliable infant scalp and skull may remain intact, in spite 
of damage to the deeper layers. This is irrespective of the 
cause (static or dynamic impact loading) or the circum-
stances, making the identification of injuries difficult by 
visual inspection only. Bruising of the scalp may go unno-
ticed for hours to days in a child. Sometimes the deeper dam-
age to the scalp is only found at autopsy [27, 28]. In other 
words, the absence of visible injuries in (living) children 
does not exclude head trauma [26, 28].

Bruising or swelling of the scalp can occur during and 
after birth. Birth-related bruising and swelling, e.g. a caput 
succedaneum or a swelling, induced by vacuum extraction, 
will rarely if ever lead to a suspicion of inflicted bruises. 
Bruising and swelling of the scalp, due to trauma after birth, 
can occur in accidental and non-accidental circumstances. 
Bruising of the scalp should be differentiated from, e.g. 
extensive Mongolian spots with involvement of the scalp 
[29]. Thakur and Kaplan described in an 18-month-old child 
the recurrent and unexplained swelling of different parts of 
the face and scalp, which initially led to a suspicion of 
inflicted blunt head trauma (child abuse), but finally was 
diagnosed as an atypical presentation of angioedema without 
occurrence of the swelling on other parts of the body and 
without urticarial [30].

5.2.2.3  Abrasions, Lacerations, and Avulsions

General Aspects
The scalp is extensively vascularized. The vessels are fixed 
within the scalp and are not able to retract when lacerated 
[31]. The fibrous fascia prevents vasoconstriction [21]. As a 
result of this, even minor scalp lacerations may frequently 
bleed profusely and lead to major blood loss or even haemor-
rhagic shock, particularly in children [21, 32]. Lacerations 
(or incision wounds) superficial to the galea show much less 
diastasis than injuries that cut through it because the galea 
holds the skin tight [21]. Open wounds like lacerations or 
incisions are a potential point of entry for infection, espe-
cially when associated with a skull fracture [32]. The veins 
do not have valves and open in the loose connective tissue 
beneath the galea. In this way, an infection can be transmit-
ted from the scalp to the cranial cavity [21]. Total or partial 
avulsions of the scalp are rare in paediatric patients.

Abrasions, lacerations, and avulsions of the scalp can be 
sustained during birth, e.g. because of the placement or the 
removal of a scalp electrode [33]. Lacerations of the scalp 

can also occur due to other medical procedures during birth 
(mechanical birth-associated trauma) [34]. Teng and Sayre 
described the occurrence of superficial abrasions due to the 
use of a vacuum extractor [35]. Scalp lacerations and scalp 
incised wounds (mostly mild, very rarely severe) have been 
reported to occur during caesarean section [36–39]. Mathur 
and Marcus described the occurrence of a scalp laceration in 
a neonate due to the presence of infected cervical cerclage 
sutures at 20 weeks of gestation [40].

Trauma After Birth: Accidental Circumstances
After birth abrasions, lacerations, and avulsions of the scalp 
can occur due to accidental and non-accidental circum-
stances. Scalp injuries due to accidental circumstances have 
regularly been described:

• Mayr et  al. described the findings in 103 children with 
highchair-related injuries: 68.9% of the children had sus-
tained a simple contusion of the head or lacerations to the 
scalp or face, 15.5% a skull fracture, 13.6% a brain con-
cussion, and 2.0% limb fractures [41].

• Alias et al. analyzed head injuries caused by fan blades in 
14 children (mean age 7.9 years; range 1.0–12.2 years; 
most often school-aged boys) [42]. The circumstances 
under which the injuries were sustained included jumping 
on the upper bunk of a bunk bed, climbing on a ladder, 
climbing up onto a table, and being lifted by an adult. The 
injuries consisted of scalp lacerations, compound 
depressed fractures and multiple intracranial haemor-
rhages. One child died from severe head injuries.

• Agrawal et al. described two children with partial scalp 
avulsions sustained in accidental circumstances: a 4-year- 
old girl and a 1½-year-old boy [43]. The girl supposedly 
hit her head against the table, while playing at home. She 
sustained a partial avulsion of the scalp. There were no 
other physical findings. The boy fell off an auto rickshaw. 
He had a transient loss of consciousness and two episodes 
of vomiting. He also sustained a linear fracture of the 
occipital bone. There was no intracranial injury. There 
were no other findings.

• Scalp avulsions can also occur in paediatric patients with 
long hair, if the hair is caught in mechanical equipment, 
e.g. an uncovered farm engine, a tractor, or in a go-kart 
motor belt [44–48].

Trauma After Birth: Non-accidental Circumstances
Probably the most common non-accidental circumstances, 
resulting in abrasions, lacerations, and avulsions of the scalp 
in paediatric patients, are dog bites [48, 49]. Dog bites occur 
frequently and the head and neck are most frequently 
involved in paediatric patients [49–51]. According to Ng 
et al. the combination in a dog bite of crushing, tearing, and 
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perforation may result in scalp avulsion in severe cases [49]. 
Dog bites, penetrating the cranial vault, occur only occasion-
ally and may go unnoticed on initial examination because 
penetrating wounds of the calvarium can be masked as a 
result of scalp displacement at the time of trauma and nor-
malization of the scalp shape after penetration [50].

5.2.2.4  Traction Alopecia
Hair loss or baldness (alopecia) in children can result from 
many congenital and acquired (psycho)dermatological disor-
ders, which in most cases are benign, self-limiting, and non- 
scarring and from trauma [52–56].

Alopecia may also result from trauma, e.g. traction alope-
cia or trichotillomania. The traction to the hair is applied 
either suddenly and in a short time (dynamic loading by rapid 
hair pulling) or continuously/chronically during a longer 
period (more or less static loading by continuous/chronic hair 
pulling). Chronic traction may lead to permanent alopecia.

Traumatic alopecia is most often seen in children, adoles-
cents, and young adults [54, 57]. The alopecia can be self- 
inflicted or inflicted by others, e.g. parents, caregivers, or 
other children. In most paediatric cases traumatic alopecia 
will be unintentional (Table  5.2). Intentional violent hair 
pulling however may result in traumatic alopecia and subga-
leal bleeding [61, 62]. Violent hair pulling may in some cases 
lead to a massive subgaleal bleeding without creating alope-
cia [63]. DeRidder and Berkowitz described a toddler, who 
was admitted to the hospital because of nonspecific gastroin-
testinal complaints, caused by pancreatitis, due to a pancre-
atic transection [64]. The toddler also had hair loss, most 
probably due to traction alopecia. No history of any wit-
nessed trauma was given, and it was decided that the transec-
tion and the alopecia were inflicted.

5.2.2.5  Scalp Injuries, Skull Fractures 
and Intracranial Injuries

The scalp protects the skull against fracturing. Tedeschi 
showed that the risk of fracture of the skull increases tenfold 
when no scalp is present [65]. In accidental falls bruises of 
the scalp (and other injuries in the face) are seen regularly 
without being accompanied by skull fractures [66–71].

In general, fracture-related bruising is rare in children 
[72]. In skull fractures, however, fracture-related bruising/
soft tissue swelling is relatively common [73, 74]. Scalp 
bruising and other scalp injuries may indicate skull fractures 
and focal or diffuse intracranial injuries, especially large and 
non-frontal (temporoparietal and occipital) scalp haemato-
mas [75]. Peters et  al. found scalp bruising or subgaleal 
bleeding near the site of a skull fracture in 43% of children 
with inflicted fractures [72]. Metz et al. evaluated the find-
ings in 218 children under the age of 4 years (two-thirds of 
the children under the age of 1 year) and found clinically 
apparent soft tissue swelling in 73% of children with skull 

fractures [73]. They found radiologically apparent fracture- 
associated soft tissue swelling in 93% of the children with 
skull fractures.

In young children under the age of 2 years with a scalp 
injury, when there are no neurological symptoms, it is from a 
clinical viewpoint rarely indicated to perform diagnostic 
imaging, such as radiography or CT. From a forensic point of 
view, however, additional imaging, e.g. a skeletal survey and 
CT or MRI is indicated, if a plausible accidental explanation 
is lacking (see Chap. 3). This also applies when there are no 
neurological symptoms [76].

5.2.3  Subgaleal Haematoma

5.2.3.1  Introduction
A subgaleal haematoma (a.k.a. subaponeurotic haematoma) 
is a haematoma in the loose connective tissue between the 
galea aponeurotica and the periosteum of the skull (Fig. 5.3). 
The galea aponeurotica is located over the entire calvarium. 
The possible spreading of subgaleal blood is shown in 
Fig. 5.4. A subgaleal haematoma is in fact an abnormal accu-
mulation of blood in a space which in physiological circum-
stances does not exist.

Most cases of subgaleal haematoma are reported in neo-
nates [77]. The most common risk factors are instrumental 
delivery, prolonged second stage of labour, precipitate labour, 
coagulopathy, prematurity, large infants, foetal dystocia, and 
severe head moulding [78]. Subgaleal haematoma occurring 
beyond the neonatal period is rare [79]. If a child sustains a 
subgaleal haematoma, clinical symptoms do not have to occur 
immediately. Young children can show irritability, while older 
children can complain about headaches. In most cases, there 
will be an insidious onset of swelling of the scalp [79]. It may 
take up to 14 days before enough blood has collected in the 
subgaleal space to be visible or palpable to a parent/caregiver 
or during a physical examination by a doctor [79, 80]. 
Bleeding in the subgaleal space can lead to visible bruises 

Table 5.2 Differential diagnosis of traumatic alopecia [58–60]

Behaviour
Cultural, social, and 
cosmetic practices

Unintentional:
•  Certain styles of hairdressing (e.g. tight 

ponytails or tight braids)
Physiological habits Unintentional:

•  Hair twirling, twisting, stroking, and pulling 
in infants and toddlers (habitual activity, like 
nail biting, and thumb sucking)

Habit disorders Intentional or unintentional:
•  Self-mutilation—trichotillomania (self- 

inflicted hair loss)
Accidental trauma Unintentional
Non-accidental 
trauma

Intentional:
• Physical abuse—hair pulling
• Fabricated or induced illness by caretakers

R. A. C. Bilo et al.



99

Galea
aponeurotica

Periosteum

Fig. 5.3 Subgaleal haematoma. These haematomas are not confined to 
individual bones and therefore may cross sutures and fontanelles

Fig. 5.4 T2-weighted MRI of a 6-month-old boy who had a dynamic 
impact trauma to the occipital skull. The subgaleal haematoma (aster-
isk) has mixed signal intensities and crosses the sagittal suture

Subgaleal
hematoma

Periosteum

Gap between
O.S and L.P.A

O.S

Galea
aponeurotica

Skin

L.P.A

Protosis caused
by intraorbital
extension

Fig. 5.5 Intraorbital extension of a large subgaleal haematoma through 
a gap between the orbital septum (O.S) and the levator palpebral apo-
neurosis (L.P.A), causing proptosis

around the eyes, behind the ears, from the helix of the ear (rim 
of the ear cup), and in the neck. Subgaleal bleeding may exist 
without externally visible bruising [62]. In that case, the sub-
galeal bleeding can be recognized by the presence of a swell-
ing that can be felt by palpation of the hairy scalp.

In most children treatment will not be necessary, the 
swelling will resolve without treatment in a few days up to 5 
weeks without complications, if there is no underlying medi-
cal condition [79, 81, 82].

Only rarely severe complications may occur. Because the 
potential subgaleal space basically covers the entire calvar-
ium, a large amount of blood can accumulate in the space 
with only a limited increase in head circumference [80, 83]. 
This may lead to severe anaemia, an acute haemorrhagic 
shock on the basis of blood loss in subgaleal space (e.g. up to 
50% of the total blood volume can be lost in the subgaleal 
space in a newborn), icterus due to significant hyperbilirubi-
nemia and even death if it is not diagnosed on time [84–88]. 
Sometimes the haematoma migrates into the orbit, which can 
result in proptosis/exophthalmos (Fig. 5.5), and behind the 
zygoma to the neck on both sides [89–91]. If the blood 
migrates to the neck on both sides, tracheal compression can 
occur, even resulting in severe cases of obstruction and com-
promised breathing [90]. Local obstruction of the blood flow 
can also occur as a complication of local accumulation of 
blood/fluid under some pressure, which can make the skin 
locally vulnerable to, e.g. touching or rubbing, and some-
times even necrotic. Another very rare complication is the 
occurrence of an infection in a subgaleal haematoma. Barry 
described an infected subgaleal haematoma in an 8-month- 
old girl with a closed skull fracture after a fall of about 1 m 
[92]. The child was seen 1 day after the fall with a swelling 
of the head. Nine days after the fall incident, she was seen 
again in the hospital because of fever, irritability, and a sig-
nificant increase of the swelling in the head. MRI showed a 
subgaleal abscess with osteomyelitis.

5.2.3.2  Cause of Subgaleal Haematoma
A subgaleal haematoma is caused either by traumatic separa-
tion of the aponeurosis/galea from the periosteum, resulting 
in tearing of the vessels crossing this potential space and 
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accumulation of blood in the subgaleal space or by migration 
of intracranial blood and/or liquor to the subgaleal space. 
Traumatic separation may be due to a minor or a major 
trauma [79, 81, 93].

Traumatic Separation of the Galea 
from the Periosteum
Traumatic separation of the galea from the periosteum (in 
other words, the tearing loose of the galea from the perios-
teum due to trauma) can be caused by traction on the hairy 
scalp (a more or less perpendicular force), by shifting of the 
galea and the periosteum relative to each other (a movement 
of the scalp and underlying soft tissue relative to the skull, 
whereby the galea shifts relative to the periosteum, caused 
by either a radial and/or tangential force, usually due to an 
impact trauma), or by a combination of traction and shifting. 
Haemorrhage in the originally virtual subgaleal space occurs, 
when the draining veins, which connect the veins of the hairy 
scalp with the intracranial dural venous sinuses, are dam-
aged, due to the same mechanisms that caused the traumatic 
separation: traction, shifting, or both [80].

Migration of Intracranial Blood and/or Liquor 
to the Subgaleal Space
On rare occasions intracranial blood and/or liquor may 
migrate into the subgaleal space:

• Malek et al. described a 17-month-old patient, who fell 
from a height of 1.5 m and presented with an 8-mm tem-
poral epidural haematoma, an overlying linear skull frac-
ture, and a subgaleal hematoma without evidence of 
intraparenchymal injury or oedema [94]. There were no 
neurological symptoms. When the CT scan was repeated 
after 18 h, a near-complete resolution of the epidural hae-
matoma was seen with an increase in the volume and 
spread of the subgaleal hematoma.

• Neely reported a 2½-year-old girl, who was struck on the 
left side of the head by a softball [95]. During physical 
examination, a soft-tissue swelling was felt over the left 
parietal bone. She had no seizures and no reported loss of 
consciousness (Glasgow coma scale 15). Serial CT scans 
showed the spontaneous decompression of epidural 
bleeding into the subgaleal space. The decompression 
was visible on serial CT scans as a simultaneous decrease 
in epidural blood and increase in subgaleal blood.

• Chida et  al. described a similar course as Neely in a 
4-month-old girl, who had fallen off the table on the floor 
[96]. On the first CT scan, made 4 h after trauma, an epi-
dural haematoma and a left-sided parietal fracture were 
seen. Four hours after the first CT scan, the epidural hae-
matoma was found to have increased in size. On day 2, it 
was seen that the blood discharged from the epidural loca-
tion through the fracture into the subgaleal space. On day 

5, the epidural blood had almost completely moved to the 
subgaleal space. The epidural and subgaleal blood had 
completely disappeared on the 12th day. No other com-
plaints or symptoms were seen during admission.

• Yaka et al. described the extracranial decompression of an 
asymptomatic epidural haematoma in an 8-year-old girl 
[97]. The girl had fallen at the playground and struck her 
head on the ground 15 days before visiting the hospital 
with a swelling in the right parietal region. A CT scan was 
made, which showed a mixed density parietal epidural 
haematoma with a linear fracture overlying it. No other 
pathological intracranial findings, like a midline shift or 
an ipsilateral ventricular compression, were done on 
imaging. The girl remained asymptomatic after the fall. 
According to the authors, this was due to the spontaneous 
decompression of the epidural haematoma into the subga-
leal space.

• Yamada et al. described a 6-year-old boy who presented 
at the hospital after a head trauma [98]. A CT scan, made 
at the initial presentation, showed a thin epidural haemor-
rhage in the right temporo-occipital area and diastasis of 
the right lambdoid suture. The boy showed no neurologi-
cal or other symptoms. After a week he visited the hospi-
tal again, because of a massive fluctuant watery mass 
extending from the forehead to the right temporoparietal 
areas. Laboratory data revealed that he was anaemic. 
Follow- up CT showed a massive subgaleal haematoma 
around the cranial diastasis. Surgery was performed and 
the boy recovered completely and was discharged 9 days 
after surgery.

5.2.3.3  Manner of Subgaleal Haematoma

Intrauterine Trauma
A subgaleal haematoma is only very rarely sustained due 
to an intrauterine trauma. Only one case report was found. 
Assad et  al. reported an intrauterine sustained depressed 
foetal skull fracture with massive subgaleal and subperios-
teal haemorrhage, which required neurosurgical interven-
tion with good clinical outcomes for both mother and 
infant [99].

Trauma During Birth
Although most cases of subgaleal haematomas are reported 
in neonates, subgaleal haematomas due to trauma during 
birth (neonatal subgaleal haematomas) in fact are rare. 
Gebremariam reported an incidence of 0.16–0.3% of all neo-
nates [77]. Shimokaze et  al. stated that neonatal subgaleal 
haematomas are found in about 0.04% in spontaneous deliv-
eries and 0.6% in vacuum extractions [100]. Ekéus et  al. 
found subgaleal haematomas in about 1.5% of the children 
born after using vacuum extraction [101]. However, in over 
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90% of the newborns with a subgaleal haematoma, the bleed-
ing is caused by traction on the scalp due to using a vacuum 
extractor during vaginal delivery [79]. Usually, they contain 
a low volume of blood, often resolve spontaneously and in 
general have a good prognosis [100, 102].

A neonatal subgaleal haematoma can give rise to serious 
clinical symptoms, which can be potentially life threatening, 
because of the large volume of blood that can be present in a 
subgaleal haematoma, e.g. a hypovolaemic shock or dissem-
inated intravascular coagulation and bleeding (Fig. 5.6) [79, 
103–106].

Kilani and Wetmore evaluated the data of 34 neonates 
with a subgaleal haematoma [107]. In 31 neonates (over 
90%) the haematomas were due to instrumental deliveries 
(vacuum in 21, vacuum followed by forceps in 8 and forceps 
in 8 neonates). In 17 children associated intracranial haemor-
rhage occurred (subarachnoid haemorrhage in 4, intraven-
tricular haemorrhage in 4, intraparenchymal haemorrhage in 
4, and subdural haemorrhage in 11 children). Skull fractures 
were found in six children, three of them had depressed frac-
tures. Four children died, due to significant loss of blood vol-
ume loss with anaemia, coagulopathy, and shock requiring 
large volumes of blood and blood products transfusions. The 
presence of intracranial haemorrhage did not correlate with 
the severity of subgaleal haematoma or mortality, but the 
severity of the subgaleal haematoma correlated with mortal-
ity. In only four children minor neurological abnormalities 
were noted at discharge.

Santín-Amo et al. described that a neonatal subgaleal hae-
matoma very rarely becomes chronic and then might require 
a surgical treatment [102].

Swanson et  al. described the neonatal outcomes in 21 
newborns with subgaleal haematomas over a 10-year period 
[105]. They found that 13 (62%) were born by instrumental 
vaginal delivery and that 10 neonates (48%) required resus-
citation at delivery. The severity of subgaleal haemorrhage 
varied from mild in four infants (19%), via moderate in 10 
(48%) to severe in seven (33%). Hypovolemic shock devel-
oped in 10 neonates (48%), encephalopathy in 13 (62%) and 
coagulopathy was present in five (24%). Three children died 
(14%). Long-term outcomes were good in the surviving 
infants.

Fareeduddin and Schifrin reported a case in which vac-
uum extraction was used during an elective caesarean deliv-
ery [108]. Although there is a clear relation between the 
presence of neonatal subgaleal haematomas and the use of 
vacuum extraction, Liu and Antaya reported the presence of 
four enlarging subgaleal haematomas in an 11-day-old boy 
born without the use of instruments during delivery [104]. 
They suspected that the provider’s fingers caused the subga-
leal haematomas during vaginal delivery.

Neonatal subgaleal haematomas, due to instrumental and/
or traumatic deliveries, usually are recognized clinically 
shortly after birth. Sometimes it may take weeks to months 
before the swelling of the infant’s scalp is diagnosed as a 
delayed presentation of a neonatal subaponeurotic (subga-
leal) fluid collection [109]. Smith et al. evaluated 11 infants 
with a delayed presentation [109]. All infants underwent 
either successful vacuum delivery or failed vacuum delivery 
with subsequent forceps delivery or emergency caesarean 
section. All infants were otherwise well at presentation, and 
resolution of the scalp swelling occurred within weeks to 
months. In all the conditions had a benign course.

Trauma After Birth: Accidental or Non-accidental
Subgaleal haematoma occurring beyond the neonatal period 
is rare and is often associated with head trauma involving 
forces applied to the scalp causing emissary veins traversing 
the subgaleal space to be ruptured [79]. The circumstances 
under which a subgaleal haematoma can be sustained after 
birth are either accidental or non-accidental. It is not possible 
to differentiate between accidental and non-accidental cir-
cumstances merely based on the presence of a subgaleal 
haematoma.

Accidental Traction
A subgaleal haematoma occurring beyond the neonatal 
period may result from vigorous hair combing and tight hair 
braiding [79, 93, 110, 111]. Palmer described two girls aged 
9 months and 10 years of age in whom traction caused by 
hair braiding resulted in a subgaleal bleeding [112]. In both 

Fig. 5.6 Large circumferential subgaleal haematoma (asterisk) in a 
newborn causing hypovolemia. The skin and subcutaneous fat are nor-
mal (excluding caput succedaneum) and the hematoma crosses the 
sutures (excluding cephalhaematoma). Note the right parietal fracture

5 Head



102

girls, the subgaleal haematoma became visible within 24 h 
after braiding. Vu describes the development of a massive 
subgaleal haematoma after hair braiding in a 9-year-old girl 
[79]. During physical examination on admission 11 days 
after the braiding she showed notable scalp swelling and 
bogginess frontoparietal as well as significant bilateral peri-
orbital oedema. She was also anaemic. Onyeama describes 
the development of a subgaleal haematoma by braiding in a 
girl of 31 months. It was visible within 1 day and resolved in 
2 weeks. Baker et al. reported the occurrence of a massive 
right frontotemporoparietal subgaleal haematoma after hair 
combing in a 14-year-old boy [110]. The boy presented with 
pain and swelling in the scalp for 6 days duration. The hae-
matoma was drained 3 times and surgery was planned, but 
when he presented for the operation, the haematoma had 
resolved. In children in whom tight braiding resulted in a 
subgaleal haematoma, one should always consider a coexist-
ing coagulation disorder (Sect. 5.2.3.4, Table 5.4).

Accidental Impact Trauma/Blunt Force Trauma
In 40% of children with a subgaleal haematoma one will find 
other signs and symptoms, suggestive of an impact trauma, 
including cutaneous injuries, skull fractures, or intracranial 
haemorrhages (Fig. 5.7a, b). The simultaneous presence of 
these physical findings is proof of impact trauma to the head. 
Often the trauma to the head is due to an accidental fall, e.g. 

with a bicycle, or when playing at home or in a playground, 
a traffic accident, a blow to the head by a swing, a karate 
blow, or a frying pan that fell on the head [89, 113].

In mobile children, there seems to be no relationship between 
the severity of the impact trauma, the severity and extent of sub-
galeal haematoma, the severity of other symptoms, and physical 
findings. Subgaleal haematomas in young children appear to 
occur due to a minor and perhaps sometimes even unnoticed 
trauma as well as major trauma [79–81, 93, 114].

Kuban et al. and Cooling and Viccellio described a num-
ber of infants and young children with a minor impact 
trauma leading to a subgaleal bleeding, which sometimes 
was massive, without any evidence of a skull fracture or a 
coagulation disorder [80, 114]. In these children, no specific 
underlying mechanism for the onset of bleeding was found. 
Haidar-El-Atrache et  al. described a 7-year-old girl with 
scalp swelling, due to a subgaleal haematoma since 1 day 
[115]. There was no history of trauma or of easy bruising in 
the family. Neither signs of impact trauma, e.g. bruising, nor 
findings consistent with a coagulation disorder were found. 
They concluded that trivial impact trauma, which was not 
recollected by the child, may have caused the haematoma.

Even in a more or less minor trauma massive subgaleal 
haemorrhage can occur without an underlying skull fracture 
and/or without clotting problems. Oliveira Sillero described 
a 14-year-old boy who had fallen off his bicycle and hit the 

a b

Fig. 5.7 This 6-month-old boy was said to have been struck on the head with a wooden toy block, thrown by a toddler. (a) Subgaleal haematoma 
(asterisk) and evidence of impact trauma: occipital fracture (arrows). (b) A and small epidural hematoma is also present (arrows)
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ground with his head 14 days before he was admitted to the 
hospital [116]. His head was remarkably swollen. The CT 
scan showed a massive subgaleal haematoma. A total of 
600 ml old blood was removed during drainage. Kichari and 
Gielkens described a 15-year-old boy with an increasing 
head circumference due to swelling to the hairy scalp after a 
minor trauma 4 days before admission [117]. An extensive 
circumferential subgaleal haemorrhage was seen on the CT 
scan. He had no neurological deficits. The haematoma dis-
appeared within a few weeks. Takano et  al. described a 
9-year- old girl who sustained a subgaleal haematoma, after 
she struck the left side of her head on a doorknob [91]. She 
also had complaints of exophthalmos and diplopia.

In case of the simultaneous presence of a subgaleal hae-
matoma and a skull fracture this usually will be a linear often 
parietal skull fracture without diastasis of the fracture line, 
directly located below the subgaleal haematoma [118]. The 
subgaleal haematoma most probably is due to the accumula-
tion of blood from the fracture into the subgaleal space [118]. 
If there is only a skull fracture without intracranial injury, the 
child will be alert and active with no evidence of neurologi-
cal problems. The only symptom may be irritability or head-
ache caused by the subgaleal haematoma.

The simultaneous presence of a subgaleal haematoma and 
a nonlinear and more complex skull fracture or multiple skull 
fractures suggests a more serious trauma, irrespective of the 
circumstances, under which the trauma occurred (accidental 
or non-accidental) than in the case of the simultaneous occur-
rence of subgaleal haematoma and a linear fracture [118].

Non-accidental Traction
Many authors state that one always should consider non- 
accidental circumstances if a subgaleal haematoma is found 
in a paediatric patient, especially if hair pulling is suspected, 
although there are hardly any case reports, concerning hair 
pulling inflicted by a parent or caregiver to be found in the 
medical literature [111, 115, 119]:

• Hamlin stated that the most likely cause of childhood sub-
galeal haematoma is a vigorous hair-pull by the grip of an 
enraged adult and that finding this would be a clue to ‘the 
battered-child syndrome’ [119].

• Seifert and Püschel described a 3½-year-old boy, who was 
brought to the hospital by his mother [63]. His forehead 
was swollen and bluish. A doughy swelling was present on 
the forehead as well as the rest of the  calvarium. Some 
hours later, a massive bilateral periocular haematoma 
appeared. The mother was not able to explain what had 
happened. Sonographic examination showed an extensive 
subgaleal haematoma. Finally the mother’s boyfriend 
admitted that he forcefully pulled the boy’s hair.

• Shamji and Jacoby reported a 2-year-old girl, who was 
brought to the hospital by her mother because of a swollen 
head (64.5  cm circumference instead of normally 

44–51 cm), which was due to a massive subgaleal haema-
toma [120]. 1500 ml of serosanguineous fluid was removed 
with two subgaleal drains. Further imaging showed a heal-
ing fracture of the distal humerus and occult fractures of 
the right tibia and wrist. Coagulation disorders were 
excluded. Child protection services confirmed the clinical 
suspicion of injuries due to non-accidental circumstances 
(child abuse). The subgaleal haematoma was explained as 
a non-accidental trauma, due to chronic hair pulling.

Several case reports have been published in which hair pull-
ing was not done by a parent/caregiver, but by another child:

• Yip et al. described a 13-year-old boy with a 1-week his-
tory of progressive proptosis after his older sister pulled 
his hair during an argument [121]. On CT-scan a subga-
leal hematoma and a right superior subperiosteal orbital 
hematoma were found.

• Fujisawa et al. described a 12-year-old girl with a subga-
leal haematoma developed over her right cranium, due to 
hair pulling on the right side of her head pulled during a 
quarrel [122]. The subcutaneous swelling progressed to 
the forehead, and a marked exophthalmos developed on 
the left side.

• Edmondson et al. reported a case of an adolescent with 
delayed presentation of a massive subgaleal haematoma 
in the absence of any underlying haematological or ana-
tomical abnormality, following a seemingly innocuous 
episode of hair pulling whilst play fighting [81].

Non-accidental Impact Trauma/Blunt Force Trauma
Also in case of a subgaleal haematoma due to an impact 
trauma non-accidental circumstances may play a role, e.g. if 
the child has been hit against the head with a hand or an 
object. According to Ota the simultaneous presence of a sub-
galeal bleeding with a more extensive/more complex skull 
fracture, a compound fracture or multiple fractures indicates 
a more serious incident (either accidental or non-accidental), 
than when a subgaleal haemorrhage is found in combination 
with a linear fracture [118]. If there are no clues in the 
 medical history indicating a serious accident (preferably 
monitored by an independent observer), non-accidental cir-
cumstances should be considered.

5.2.3.4  Differential Diagnosis of Subgaleal 
Haematoma

Other Scalp Haematomas
In a neonate subgaleal haemorrhage must be differenti-
ated from a caput succedaneum and cephalhaematoma 
(Table  5.3, Figs.  5.8 and 5.9). Subgaleal haemorrhage, 
unlike a cephalhaematoma, may cross the sutures and 
obscure the fontanelle [88]).
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Table 5.3 Distinguishing features of different neonatal extracerebral fluid collections [87, 103, 123]

Feature Caput succedaneum Subgaleal haemorrhage Cephalhaematoma
Location Between the skin and the galea, at point 

of contact; can extend across sutures
Between the galea and the 
periosteum; may extend to orbits 
and to the neck; can extend across 
sutures

Between the periosteum and the skull, 
usually over parietal bones; restricted to the 
subperiosteal space; does not cross sutures

Characteristic 
clinical findings

Soft and poorly defined tissue oedema 
or serosanguineous fluid; pitting 
oedema that shifts with gravity

Diffuse, mobile, and elastic 
swelling; firm to fluctuant; 
ill-defined borders; may have 
crepitus or fluid waves

Fixed, elastic swelling with distinct margins; 
initially firm, more fluctuant after 48 h

Timing Immediately visible after birth; 
maximum size and firmness at birth; 
resolve in 48–72 h

Progressive after birth; resolution 
over 2–3 weeks

Increases after birth for 12–24 h; resolution 
over 2–3 weeks

Volume of blood Minimal May be massive, especially if 
there is
an associated coagulopathy

Rarely severe

Cutis
Subcutis

Galea
aponeurotica

Fig. 5.8 Caput succedaneum. Fluid and/or oedema is located in the 
subcutaneous tissue between the galea aponeurotica and the skin. It 
may cross sutures and fontanelles

Periosteum

Parietal bone

Fig. 5.9 Cephalhaematoma between the parietal bone and the perios-
teum. Cephalhaematomas do not cross sutures or fontanelles because 
the periosteum is confined to the bone

Coagulation Disorders
A subgaleal haematoma may occur after a minor trauma [79, 
80]. However, if a subgaleal haematoma is found in a child 
after a minor trauma, one should always consider a coexist-
ing or contributing underlying disorder, like a coagulation 
disorder [22, 79, 82, 84, 124]. In the medical literature, sev-
eral coagulation disorders have been related to the occur-
rence of a subgaleal haematoma (Table 5.4).

Other Disorders
In the medical literature very rarely other disorders than 
coagulation disorders have been reported as coexisting or 
contributing medical conditions:

• Kirkpatrick et al. mentioned that a subgaleal haematoma 
should be differentiated from subgaleal infection and air 
from frontal sinusitis with bony erosion, and from an 
encephalocele or tumour erosion through the skull [82].

• Dahdaleh et al. reported a patient with sickle cell disease 
who presented with a sickle cell crisis that was complicated 
by the development of multiple acute epidural and subga-
leal haematomas requiring surgical evacuation [145].

• Al-Tonbary et al. reported on a 2½-year-old boy with a 
progressive increase of the head circumference, due to a 
large subgaleal haematoma, which the boy sustained after 
a trivial trauma (falling on the ground while playing) 3 
days before admission to the hospital [146]. Two days 
after admission, bruises started to appear over the entire 
body. The subgaleal haematoma and the bruising were the 
first signs of an acute myeloid leukaemia.

The Use of Anticoagulants
Children, who are treated with anticoagulants, like aspirin, 
for a prolonged period, are at risk of sustaining an extensive 
subgaleal haematoma, eventually resulting in significant 
anaemia, even in case of a mild trauma [79, 147].

5.2.3.5  Dating Subgaleal Haematomas
It is not possible to give an indication of the moment on 
which a child sustained a subgaleal haematoma based on the 
appearance of the first symptoms, on the moment on which 
the subgaleal haematoma became visible, or the characteris-
tics of the externally visible ‘bruising’:
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Table 5.4 Overview of coagulation disorders, related to the occurrence of a subgaleal bleeding

Disorder Author Patient Symptoms
Factor I deficiency (fibrinogen 
deficiency, congenital 
hyperfibrinogenaemia, 
dysfibrinogenemia)

Prakash [125] 10-year-old 
girl

•  Diagnosed at the age of 4 months with congenital 
hyperfibrinogenaemia

•  Subgaleal haematoma and proptosis after falling on her 
head

Sharma et al.,
Khare et al. [126, 127]

5-year-old 
boy

•  Gradual increase of the head circumference for last 1 
month before admission

•  Medical history also showed the presence of a massive 
caput succedaneum at birth (full-term normal vaginal 
delivery) and prolonged profuse bleeding from minor 
injuries in the past

Factor VII deficiency Pomeranz et al. [128] 6½-year- 
old girl

•  Subgaleal haematoma and proptosis 9 days after a mild 
head trauma.

• She fell on the back of her head, while roller skating
Jenkins et al. [129] 10-year-old 

girl
•  Delayed contralateral proptosis and external 

ophthalmoplegia after relatively minor right-sided 
forehead trauma

Factor VIII deficiency (haemophilia 
A) and factor IX deficiency 
(haemophilia B)

Alcover Bloch et al., Balliu 
Bada et al., Chia et al., Cohen 
et al., Rohyans et al., 
Radovanović et al., Talar et al.
[130–135]

Neonates •  Massive subgaleal haematomas in neonates with 
haemophilia A or B with the risk of severe anaemia and a 
hypovolemic shock in the first days after birth, or even 
death (with or without instrument-assisted delivery)

Talar et al. [135] Neonate Neonate delivered through caesarean section with a 
subgaleal haematoma

Guirgis et al. [136] 5-year-old 
boy

•  Large subgaleal and left subperiosteal orbital haematoma, 
resulting in progressive left-sided scalp swelling, marked 
proptosis of the left eye, visual loss (20/200 visual acuity), 
and an afferent pupillary defect after a mild trauma.

Factor X deficiency Wetzel and Kingma [137] Neonate •  Born after a non-traumatic, non-instrumented caesarean 
section with respiratory failure and severe metabolic 
acidosis secondary to subgaleal haematoma

Factor XIII deficiency Kim and Taragin [22] 9-year-old 
girl

•  Sudden head swelling, bilateral proptosis, extraocular 
muscle palsy, and progressive visual disturbance after 
hair braiding due to a subgaleal haematoma

• Surgical intervention was needed
Natarajan et al. [138] 6-year-old 

boy
•  Tense subgaleal hematoma and proptosis 2 weeks after a 

minor head trauma
Von Willebrand (type 1) Raffini and Tsarouhas [124] 17-year-old 

boy
• Subgaleal haematoma after hair braiding

Vitamin K deficiency Ryan and Gayle [139] Infant • Exclusively breast-fed, no vitamin K prophylaxis at birth
•  Large subgaleal hematoma, resulting in hypovolemic 

shock, and death
Neonatal alloimmune 
thrombocytopenia

Borensztajn et al., Talar et al., 
Winkelhorst et al.
[135, 140, 141]

Several 
neonates

• Severe subgaleal haematomas

Platelet function defect Kirkpatrick et al., Hutspardol 
et al. [82, 142]

? • No trauma occurred, spontaneous subgaleal haematoma

Kasabach-Merritt syndrome Stalder et al. [143] 25-month- 
old boy

•  Massive calcified subgaleal hematoma with secondary 
cranial deformity

•  Cranial deformity required surgical evacuation and 
reconstruction

Disseminated intravascular 
coagulation

Modanlou et al. [144] Male 
neonate

•  Massive subgaleal haematoma following the use of a 
vacuum extractor

• The first physical symptoms of a subgaleal haematoma 
(irritability, headache) do not have to occur immediately 
after the causing trauma.

• The first physical findings do not necessarily have to be 
immediately recognizable as ‘bruising’, e.g. around the 
eyes, behind the ears, and in the neck, because often only 

a non-specific swelling of the scalp or local redness 
becomes visible as the first physical sign.

• In infants and young children ‘bruising’ may take hours to 
days, before becoming visible, usually about 1–8 days 
after the causing trauma, before enough blood is collected 
in the subgaleal space to become visible or palpable for a 
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caregiver or during a physical examination [80]. However, 
the maximum period described in the medical literature is 
up to 14 days [79].

5.2.4  Cephalhaematoma

5.2.4.1  Introduction
A cephalhaematoma is an accumulation of blood or serosan-
guineous fluid under the periosteum of the skull (Fig. 5.9) [148, 
149]. Cephalhaematomas are usually located over the parietal 
bones and can be found unilateral or bilateral. A cephalhaema-
toma can be sustained at any age, although the occurrence out-
side the neonatal period is extremely rare [150–153].

5.2.4.2  Cause and Manner of Cephalhaematoma
The accumulation of blood in the subperiosteal space is 
caused by a rupture of blood vessels crossing the periosteum 
due to shearing of the periosteum relative to the skull. The 
accumulation ‘lifts’ the periosteum from the skull and ‘cre-
ates’ a subperiosteal space, which in physiological circum-
stances does not exist. The blood cannot cross the sutures, 
because it is bound between the periosteum and the skull 
(Figs. 5.10 and 5.11a, b). When the blood accumulates, the 
pressure in the subperiosteal space increases and the accu-

mulated blood finally will act as a tamponade and prevent 
further bleeding [148, 149].

Almost all cases of cephalhaematomas are found in neo-
nates and occur due to traumatic pressure on the head during 
birth, e.g. caused by pressing the head against the maternal 
pelvis during labour or by the use of instruments [149]. The 
blood accumulates gradually and the cephalhaematoma may 
not be evident immediately after birth. In the setting of cra-
niosynostosis, the blood may cross the affected suture [154]. 
Cephalhaematomas are found in about up to 2.5% of all liv-
ing neonates [149, 155, 156].

Fig. 5.10 Coronal ultrasonography image of a newborn with bilateral 
cephalhaematomas (asterisk). The cephalhaematomas do not cross the 
sagittal suture (arrow)

a b

Fig. 5.11 Neonate with a bilateral swelling. (a) Skull radiograph shows bilateral soft tissue swellings. (b) 3D CT at the age of 6 weeks shows 
calcified ridges along the edges of the cephalhaematomas (arrows)
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a b c

Fig. 5.12 Calcifying cephalhaematoma. Skull radiograph (a) and CT (b) at the age of 3 months. At the age of 12 months (c) the calcified cephal-
haematoma has almost resolved and blended with the cortical bone

Treatment will not be necessary for most neonates [156]. 
Neonatal cephalhaematomas usually resolve spontaneously 
within 1 month, sometimes up to 3 months, although some-
times complications may occur [154, 157]. According to 
Raines and Jain, there is an increased risk of neonatal jaun-
dice in the first days after birth [149]. Calcification is often 
seen and may undergo spontaneous remodelling (Fig. 5.12a–
c) [157–159]. Calcification can start after 2–3 weeks [154]. 
Calcification may lead to asymmetry of the skull, secondary 
craniosynostosis, and/or deformation of the skull [155, 157, 
158]. Spontaneous resorption of a calcified haematoma has 
also been reported [155, 160].

Sometimes a fracture is found underneath the haema-
toma. This fracture usually will be linear, but also the occur-
rence of a ‘ping pong’ fracture has also been described [161].

Wong and Cheah reported that hyperbilirubinemia or 
scalp infection can occur in children with a cephalhaema-
toma [156]. They reported a neonate with a cephalhaema-
toma, infected with Escherichia coli, resulting in an extensive 
deep-seated scalp abscess and septicaemia with E. coli. 
Zimmermann and Duppenthaler also reported the occurrence 
of an infected cephalhaematoma with E. coli in a 5-week-old 
infant [162].

The clinical course of a cephalhaematoma in a neonate 
can get complicated because of a coexisting coagulation 
disorder. Abdullah et al. described a 2-day-old girl with a 
cephalhaematoma with persistent abnormal coagulation 
tests, due to a combined factor V and VIII deficiency 
[163]. Salek et al. described a 2-day-old boy with a large 
cephalhaematoma of the right frontoparietal region [164]. 
On day 3 he showed pallor, poor feeding, and decreased 
activity. The boy was finally diagnosed with severe hae-
mophilia A.

5.3  Calvarium Fractures

5.3.1  Introduction

The neurocranium consists of the skull cap/calvarium and 
the skull base and covers the cranial cavity, containing the 
brain. The calvarium is the dome-like upper part of the neu-
rocranium. The skull base is the floor of the neurocranium 
(Sect. 5.4). The calvarium consists of the superior part of the 
frontal bone, the occipital bone, the parietal bones, and the 
temporal bones [165]. These bones are connected by syndes-
moses (sutures) and these may cause confusion because they 
may be mistaken for fractures. A thorough knowledge of 
normal sutures (and their variants) is mandatory. More 
detailed information is found in Sect. 5.3.4.7 (Figs.  5.45, 
5.46, 5.47, 5.48, 5.49, 5.50, 5.51, 5.52, 5.53, 5.54, 5.55, 5.56, 
5.57, 5.58, and 5.59).

A trauma to the head can cause injuries to the covering 
skin (Sect. 5.2), the skull, e.g. fractures of the calvarium (this 
section), the base of the skull (Sect. 5.4), and/or orofacial 
bones (Sect. 5.5), and the intracranial content (Sect. 5.6). 
Children are more susceptible to head trauma than adults 
[166]. The size of a child’s head is approximately 18% of the 
total body surface area in infancy, decreasing to about 9% in 
adults. Also, the body proportions do change. In infancy, the 
child’s head is about 25% of the total body length, decreas-
ing to about 12.5% in adulthood (Fig. 5.13). Above that, the 
skull of a child is thinner and more pliable, thus providing 
less protection to the brain than in adults [166].

Infants and young children regularly fall, and quite often 
they fall on their head [71]. If infants fall out of the hands of 
their parents or fall off a couch or changing table, this usually 
will be ‘head first’, with the head as the first part of the body 
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Fig. 5.13 Changing body proportions from infancy to adulthood, the 
human head becomes proportionately smaller and the legs become pro-
portionately longer as humans mature. (Reprinted with permission: By 

Ephert—Own work, CC BY-SA 4.0, https://commons.wikimedia.
org/w/index.php?curid=39752841 from ‘Neoteny in humans’ [167])

hitting the floor. This is due to the body proportions and the 
head being the heaviest body part in infants and young chil-
dren. 80–90% of head trauma in paediatric patients can prob-
ably be classified as mild [166].

Fractures of the calvarium are the most common skull 
fractures in young children [168]. These are more common 
in younger children than in older children, irrespective of the 
circumstances (accidental or non-accidental—Sect. 5.3.3) 
[169]. Ibrahim et al. evaluated the findings in 285 children, 
aged 0–48 months with an accidental head injury from a fall 
[170]. They found that, despite similar injury severity scores, 
infants sustained more skull fractures than toddlers (71 vs. 
39%). Of all children with skull fractures, 11% had no evi-
dence of scalp and/or facial soft tissue swelling.

It is unknown how often a head trauma results in a cal-
varium fracture, although the incidence of skull fractures in 
children that present at the emergency department following 
head trauma ranges from 2 to 20% [171]. Fractures of the 
parietal bones are most common, followed by the occipital, 
frontal, and temporal bones. Generally, it will be linear frac-

tures without dislocation (Sect. 5.3.4.2), followed by 
depressed fractures (Sect. 5.3.4.5) and basilar skull fractures 
(Sect. 5.4). Fractures of the calvarium usually do not cause 
any complications, unless they are accompanied by fragmen-
tation causing bone-splinter damage to brain tissue or by epi-
dural hematomas causing compression of the brain. Another 
possible complication of a calvarium fracture is the so called 
‘growing skull fracture’ (Sect. 5.3.4.6).

The precise incidence of calvarium fractures however will 
be difficult to determine, because it is rarely indicated after a 
head trauma in a young child to perform a medical examina-
tion or additional diagnostic procedures, such as a radio-
graph or a CT scan, because most children do not show any 
disturbing symptoms. If a doctor is consulted, this consulta-
tion usually will be limited to a physical examination. 
Imaging of the skull, e.g. radiography or CT, is clinically not 
indicated, especially when neurological symptoms or physi-
cal findings indicating a fracture are lacking.

A fracture of the calvarium can be suspected because of 
the medical history or certain findings during the physical 
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examination. Older children may complain of a localized 
headache. Physical examination may reveal local swelling, a 
haematoma, a palpable fracture or physical findings, indicat-
ing a basilar skull fracture (Sect. 5.4). Metz et al. evaluated 
the findings in 218 children under the age of 4 years (two- 
thirds of the children under the age of 1 year) with a skull 
fracture and found clinically apparent soft tissue swelling in 
73% and radiologically apparent fracture-associated soft tis-
sue swelling in 93%of the children [73].

The majority of fractures of the calvarium will have little 
or no clinical consequences, due to the lack of disturbing 
clinical symptoms, physical findings, or complications. 
Despite the lack of these, fractures of the calvarium do have 
an indicative value. Their presence implies that considerable 
force has been exerted on the skull [172]. Therefore, from a 
forensic point of view, imaging of the skull is indicated—
especially when the child is under the age of 1 year. This also 
applies when there are no neurological symptoms, even 
though a normal radiograph of the calvarium does not 
exclude the presence of a fracture or of intracranial injury. 
Finding a fracture of the calvarium does not always indicate 
that underlying structures such as dura, bridging veins, or 
brain have been damaged. A calvarium fracture can be 
observed during an operation or autopsy, while not necessar-
ily being visible on a radiograph [173]. In 16 children with 
an epidural haemorrhage and a calvarium fracture, the 
 fracture was visible on radiographs in 10 children, in four 
children it was seen during operation and in two during 
autopsy [174].

5.3.2  Cause of Calvarium Fractures

Fractures of the calvarium are caused by either static or 
dynamic (impact) loading of the head (Sect. 5.1) [2, 3]. In 
both types of loading the skull changes shape. This applies to 
children as well as to adults. In this section, only the effects 
of static and dynamic loading on the calvarium are discussed. 
Both types of loading can also lead to injuries of the scalp 
and the orofacial skin, the base of the skull, the orofacial 
bones, and of the intracranial content. These effects will be 
discussed respectively in Sect. 5.2 (injuries of the scalp), in 
Sects. 5.4 (basilar fractures) and 5.5 (orofacial bone frac-
tures), and in Sect. 5.6 (intracranial injuries).

5.3.2.1  Static Loading

Defining Static Loading
Static loading is the relatively slow loading of forces exerted 
on the calvarium over a protracted period of time (above 
200  ms). Static loading of the calvarium occurs when the 
calvarium is squeezed and/or compressed.

Injuries to the Head in Static Loading
Deformation of the calvarium, caused by static loading 
(squeezing and compression) can cause a more or less focal 
effect, e.g. a single line/linear fracture restricted to one cal-
varium bone (Sect. 5.3.4.2), symmetrical bilateral linear 
fractures (Sect. 5.3.4.3) or a depressed fracture/ping pong 
fracture (Sect. 5.3.4.5). Deformation due to static loading 
can also cause more diffuse multiple fractures in more than 
one skull bone and on more than one side (front, back, left, 
right) (Sect. 5.3.4.4). Finally, static loading can cause intra-
cranial injuries (Sect. 5.6).

5.3.2.2  Dynamic Impact Loading

Defining Dynamic Impact Loading
Dynamic (or rapid) loading is the fast loading of forces over 
a shorter period (less than 200  ms, often even less than 
50 ms). Dynamic loading can be divided in ‘impulse’ and 
‘impact’ loading.

Dynamic impulse loading is the result of fast and repeti-
tive movements of the head, without impact (acceleration—
deceleration). Impulse loading of the head never causes 
fractures of the calvarium, the base of the skull, or orofacial 
bones.

Dynamic impact loading can be due to blunt force trauma 
(non-penetrating or penetrating) or to sharp force trauma 
(non-penetrating or penetrating). In dynamic impact loading, 
the head and an object can move relative to each other. The 
following situations can occur during the impact:

• Stationary head, impacted by a fast-moving object (accel-
eration trauma of the head and intracranial content), 
sometimes followed by falling, in which the head started 
moving and hits a stationary object, e.g. another object, a 
wall, or the floor (acceleration trauma followed by a 
deceleration trauma).

• Stationary object, impacted by the fast-moving head (decel-
eration trauma of the head and intracranial content).

• Both head and object are moving in the same direction 
during the impact, similar to a head-to-tail motor vehicle 
collision.

• Both head and object are moving in the opposite direction 
during the impact, similar to a frontal motor vehicle 
collision.

• Both head and object are moving with an oblique impact, 
similar to a side-impact collision.

Injuries to the Head in Dynamic Impact Loading
Fractures of the calvarium can be caused by dynamic 
impact loading [2]. Other injuries due to dynamic impact 
loading of the head are injuries to the scalp and the orofa-
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cial skin (Sects. 5.2 and 5.5), the base of the skull (Sect. 
5.4), the orofacial bones (Sect. 5.5), and the intracranial 
content (Sect. 5.6).

Child’s Versus Adult’s Calvarium in Dynamic Impact 
Loading
Calvarium fractures due to dynamic impact loading are regu-
larly seen in children as well as in adults. Compared to a 
child’s calvarium, the adult’s calvarium is fairly rigid. The 
adult calvarium can cope with some deformation. However, 
when the deformation exceeds a certain point, no recovery is 
possible and a fracture will occur. Post-mortem research has 
shown that the adult calvarium can be indented a few centi-
metres before it resumes its original shape with or without 
fracture [175, 176]. This indentation may lead to  considerable 
damage to the underlying tissue, even without a fracture 
being present.

A child’s skull is made of thin and malleable bone tissue 
and does not have the rigidity and strength of the adult skull. 
Moreover, the calvarium bones of a child are separated by 
sutures that have not been fused yet. According to Lancon 
and Haines this makes the child’s calvarium relatively resis-
tant to fractures [28]. In their opinion fracturing of the child’s 
calvarium takes a significant trauma. However, the question 
is whether this assumption is correct. Weber is of the opinion 
that a number of sites on the child’s immature calvarium 
have an increased susceptibility to fracturing. This applies in 
particular to the parietal bone in infants [177].

In relation to the adult skull, these specific properties of 
the infantile skull enable it to tolerate greater deformation 
before it breaks. This deformation may even lead to a depres-
sion of the cranium without fracturing (the so-called ping- 
pong fracture/deformation—Sect. 5.3.4.5).

Deformation in Dynamic Impact Loading: Trauma- 
Related and Anatomy-Related Factors
The degree of deformation of the calvarium at the moment of 
fracturing and the nature and size of the fracture and the 
associated injuries will depend on trauma-related factors (the 
location of the impact and the amount of energy transferred 
during the impact) and on anatomy-related factors, concern-
ing the scalp, the age of the child and the shape, build, thick-
ness, and malleability of the calvarium at the point of impact 
and at other sites (after DiMaio and Dimaio [26]):

Trauma-Related Factors: Location of the Impact
The location of the impact determines only to a certain extent 
the location, nature, and extent of the skull fracture. Damage 
to the scalp, however, is an important indicator for the pri-
mary site of impact. For this reason, a precise registration of 
external injuries is always required, in particular, when 
inflicted injuries are suspected. In 80% of children with a 
calvarium fracture external injuries are found that indicate a 

head trauma. In 84% of children fractures were found ipsilat-
eral and in 16% contralateral from the point of impact [174]. 
However, the absence of external injuries does not exclude a 
calvarium fracture.

A study of adults who had sustained a calvarium frac-
ture showed that, depending on the place of impact, dif-
ferent types of calvarium fractures can result from equal 
amounts of energy. It is not clear whether this can also be 
applied to children and, if so, whether this is the same for 
every age group. An impact trauma on top of the cranium 
will usually lead to a calvarium fracture that may carry on 
into the temporal region or the base of the skull. A blow to 
the occipital region will usually lead to a linear fracture in 
the posterior cranial fossa. A blow to the temporoparietal 
region may cause a fracture that runs through the temporal 
bone to the base of the skull. A blow to the forehead 
causes a fracture that may run into the orbit and even into 
the maxilla [178].

Trauma-Related Factors: Amount of Energy Transferred At 
the Impact
The amount of energy, that is transferred at the impact, is 
determined by four elements:

• The shape, weight, and nature of the object. It may be a 
solid object that will not give way during contact (e.g. a 
hammer, concrete floor, or stone) or a more or less soft 
object with a surface that gives way at contact (e.g. a mat-
tress or a floor covered with thick, soft carpet). In soft and 
yielding objects, the deformation of the surface will 
absorb a large part of the energy released at contact. Yet, 
the literature has shown that a child falling on a soft sur-
face can also sustain a fracture [177]. On a solid and not 
flexible surface hardly any energy is transferred to the 
object.

• The velocity resulting from the speed of the head and the 
object at the moment of impact.

• A fixed or free-moving head. When the head can move 
freely, it will move along in the same direction as the 
impacting object. In this manner, part of the energy at 
impact is absorbed by the movement.

• The size of the impact surface. If the impact takes place 
on a limited surface, all energy released at impact will be 
concentrated at this surface. If the site of impact is larger, 
the energy will spread itself over this surface.

Anatomy-Related Factors: The Scalp
The calvarium is covered by the scalp, which consists of five 
layers: the skin (epidermis and dermis), a layer of  fatty/con-
nective tissue, a layer of strong fibrous tissue (the epicranial 
aponeurosis or galea), a layer of loose areolar connective tis-
sue and the periosteum of the skull (pericranium) (Sect. 
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5.2.1.1) [21]. Tedeschi showed that when force is exerted on 
the calvarium, the scalp, if intact, will protect against fractur-
ing [65]. Compared to when the skin is present, the risk for a 
fracture increases tenfold when no skin is present [65].

Anatomy-Related Factors: The Age of the Child
In a short-distance fall, children with open sutures and a thinner 
albeit more malleable skull will generally sustain a fracture less 
often than older children with closed sutures and a more rigid 
skull. Yet, children under 1 year of age can sustain a skull frac-
ture in a relatively small trauma, in spite of the substantial mal-
leability of their skull (Sect. 5.3.5). Children under 1 year of 
age than 1 year old are six times more likely to sustain a skull 
fracture than older children [179–181]. However, this will only 
rarely lead to serious or life- threatening intracranial injury 
(Sect. 5.3.5; see also Chap. 13). Ibrahim and Margulies con-
cluded, based on an anthropomorphic dummy analysis, that 
toddlers (aged 2–4 years) might have fewer skull fractures and 
soft tissue injuries of the scalp and face than infants below the 
age of 1 year after the same short-distance fall, but that toddlers 
might be more vulnerable to neurological impairment/altered 
mental status (see also Sect. 13.3.2.2) [182].

Anatomy-Related Factors: Shape, Build, and Thickness 
of the Skull
The cranium is constructed of two layers of bone with a 
spongy structure in between (diploid). The inner layer of 
compact bone is the most vulnerable. On impact this layer 
may be damaged, whereas the outer layer does not suffer any 
damage. When the impact generates enough energy, the outer 
layer will fracture too and this may result in loose bone frag-
ments (Fig. 5.14). Young children do not have a diploid struc-
ture of the parietal bone, leading to an increased risk for 
sustaining a fracture in this bone in a short-distance fall [177].

5.3.3  Manner of Calvarium Fractures

As stated before, calvarium fractures are regularly seen in 
children. Irrespective of the cause (Sect. 5.3.2), there may be 
various circumstances under which calvarium fractures are 
sustained (accidental or non-accidental circumstances). In 
relation to the manner the different moments in which the 
fractures can be sustained, should be taken into consider-
ation: trauma before birth (Sect. 5.3.3.1), during birth (Sect. 
5.3.3.2), and after birth (Sect. 5.3.3.3: static loading; Sect. 
5.3.3.4: dynamic impact loading).

Trauma after birth can be due to accidental and non- 
accidental circumstances. Calvarium fractures, regardless of 
the circumstances (accidental or non-accidental), are more 
common in younger children than in older children [169]. 
Concerning these circumstances, differences are found 
between age categories [179, 181, 183–185]:

• In children under the age of 1 year, non-accidental cir-
cumstances (inflicted fractures) should always be consid-
ered, although trauma before birth or during birth due to 
the passage through the delivery channel or due to medi-
cal procedures during birth (the use of a forceps or vac-
uum extraction) or an accidental fall after birth should not 
be ruled out in advance.

Fig. 5.14 Schematic representation of the relation between increasing 
levels of energy and type of fracture in dynamic impact loading
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• In children from approximately the age of 1 year (pro-
vided they are sufficiently mobile) up to the age of 4 
years, accidental trauma due to falls during play seems to 
be most common.

• In children between the ages 4 and 14 years, the most 
common circumstances are accidental trauma in traffic 
accidents and non-accidental trauma in physical assaults.

Children with a bone disease can sustain a (calvarium) 
fracture at a lower level of loading than children without a 
bone disease.

5.3.3.1  Trauma Before Birth
Calvarium fractures, although rarely reported, are the most 
commonly described intrauterine fractures in medical 
 literature [186, 187]. Intrauterine calvarium fractures can be 
caused by static loading and by dynamic impact loading.

Trauma Before Birth Due to Static Loading
Static loading is the most common cause of intrauterine cal-
varium fractures. Static loading can cause true fractures with 
clearly recognizable fracture lines, although this is rare [186]. 
Static loading most commonly causes depressed skull frac-
tures, which are characterized by deformation of the calvar-
ium, due to inward buckling of the calvarian bones without a 
recognizable ‘true’ fracture, so-called ‘ping-pong’ fractures 
(Figs. 5.15 and 5.16a, b) [186, 188, 189]. These fractures usu-
ally are found in the parietal and temporal bones [190], and 
should not be mistaken for fractures during birth (Section 
“Trauma During Birth Due to Static Loading”, Fig. 5.17).

According to Preston et al., the finding of a depressed 
skull fracture in a neonate is rare, estimated between 4 and 

10 in every 100,000 live births in western countries [191]. 
They, however, did not differentiate between depressed 
fractures/ping-pong fractures that were sustained before or 

Fig. 5.15 Schematic drawing of the development of congenital 
impressions

a b
Fig. 5.16 Three-day-old boy 
after prolonged breech 
position and uneventful 
delivery. (a) At physical 
examination a depression of 
the right parietal bone was 
found, which was confirmed 
on a skull radiograph (arrow). 
(b) CT showed no soft tissue 
swelling or brain lesions (b). 
Given the history, this was 
considered a congenital 
abnormality caused by 
longstanding static loading
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a b

c d

Fig. 5.17 Large depressed (‘Ping-Pong’) fracture in a term infant with 
a complicated delivery: slipped vacuum extractor followed by emer-
gency caesarean section. The depression of the right parietal bone is 
well demonstrated on CT with 3D rendering (a) versus normal contra-

lateral side (b). Corresponding slices (c, d) show posttraumatic soft tis-
sue swelling but no intracranial damage. Uneventful recovery with 
gradual remodelling

during birth due to the use of instruments, although the 
authors stated that these types of fractures are due to instru-
mental delivery or pressure from the delivering doctor or 
midwife’s hands during obstetric manoeuvres in a difficult 
delivery. Dupuis et al. retrospectively analyzed the data of 
1,994,250 deliveries and found 68 neonates with depressed 
skull fractures [189]. Eighteen of these fractures were 
determined to be sustained intra-uterine. Fifty were deter-

mined to be due to the use of instruments during the 
delivery.

Brodhurst probably was the first to describe this type of 
intrauterine skull fracture: ‘There are also numerous 
instances of fracture of the foetal skull on record, as well as 
of depression of the cranial bones’ [192]. According to 
Guha-Ray ‘ping-pong’ fractures are less rare in Africa 
among African women and possibly in other developing 
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countries than in Western countries [193]. Most intrauterine 
ping-pong fractures resolve spontaneously within 6 months 
without neurological deficits [194–198]. (Neuro)surgical 
interventions or non-surgical interventions are only rarely 
needed [199]. Intracranial bleeding (e.g. intraventricular 
haemorrhage), intracerebral injuries, and severe long-term 
neurological sequelae, like a developmental delay or spastic 
hemiplegia are rare and probably mainly found in case of 
maternal abdominal trauma, due to dynamic impact loading 
[200].

Based on their own experience with six neonates and a 
review of the literature, Alexander and Davis concluded that 
almost all depressed intrauterine calvarium fractures (‘ping- 
pong’ fractures) were caused by compression of the skull 
against the promontory of the sacrum of the mother [188]. 
This conclusion was consistent with what previously was 
supposed to be the cause [201–204].

Ben-Ari et  al. evaluated the data of 29,137 births in 8 
years and found depressed fractures in three neonates cases 
(0.01%) [205]. Two were determined to be intrauterine sus-
tained. In one case, the right hand of the neonate showed 
slight shortening of the second digit and a more than usual 
flexor position of the fingers. The depression on the skull fit-
ted the size of the hand and the authors suggested that pro-
longed pressure of the hand caused the depression of the 
skull. In another case, a large myoma of the left inferior wall 
of the uterus was thought to have caused the skull 
depression.

Nowadays, accepted explanations for the occurrence of 
intrauterine calvarium fractures, due to static loading, are 
continuous or prolonged compression of the child’s head 
[186–188, 200, 206–208]:

• Against maternal bony structures (sacral promontory, L5 
vertebra, pubic symphysis, ischial bone, asymmetric pel-
vis) or against uterine fibromas.

• By the child’s own hands/fists or feet/heels.
• By a twin’s hands/fists or feet/heels.

Sometimes no cause will be found.

Trauma Before Birth Due to Dynamic Impact Loading
Dynamic impact loading may involve (non-penetrating 
and penetrating) blunt force trauma and (non-penetrating 
and penetrating) sharp force trauma. The majority of 
trauma before birth, due to impact loading, occurs in acci-
dental circumstances (motor vehicle/traffic accidents, fol-
lowed by accidental falling). With the increasing number 
of traffic accidents the incidence of accidental in utero 
trauma may also be increasing. Impact loading can also 
occur in non- accidental circumstances, e.g. in physical 
assaults (including gunshot and stab wounds) or suicide 
attempts [209–211].

The incidence of trauma due to impact loading of the 
pregnant woman and her unborn child is not exactly known, 
but in the past the incidence of this type of trauma was esti-
mated to be 6–7% [212, 213]. Injuries to the expectant 
mother, which carry a high risk for maternal and neonatal 
morbidity and mortality are abdominal trauma, pelvic frac-
tures, and penetrating trauma [211].

In utero calvarium fractures due to maternal trauma have 
been mentioned in the medical literature for over a century 
[206]. Although it is possible for fractures to occur in every 
bone of the unborn child, calvarium fractures appear to be 
the most prevalent in utero trauma [212, 214]. In utero cal-
varium fractures can be found in all bones of the calvarium 
[215]. Multiple depressed calvarium fractures may also 
occur [216].

Calvarium fractures may be accompanied by serious inju-
ries that are sometimes incompatible with life. Intracranial 
(subdural/subarachnoid, intraventricular) haemorrhages, 
cerebral oedema, hypoxic and ischaemic damages, and 
parenchymal injuries have been reported [215, 217, 218].

Trauma Before Birth Due to Dynamic Impact Loading: 
Accidental Circumstances
The majority of calvarium fractures in utero are related to 
severe maternal injuries (fractures of the pelvis). As a result of 
the fracture and dislocation of the pelvic bones, the calvarium 
is pressed against the sacrum with great force [206]. The high-
est risk in case of blunt abdominal trauma is during the third 
trimester, when the skull has descended into the pelvis [187].

The occurrence of calvarium fractures in the unborn child 
is often accompanied by severe maternal trauma. Weigel 
described the case of a pregnant woman who died from 
haemorrhage, due to a ruptured uterus after a motor vehicle 
accident [219]. Sadro et al. reported a case of detachment of 
the placenta due to a blunt abdominal trauma, which also 
resulted in intrauterine fractures of the calvarium/lethal foe-
tal head injury [220].

Severe maternal injuries, however, are not always present. 
Stafford et al. described eight cases of in utero foetal trauma 
(two children had sustained calvarium fractures with cortical 
lacerations and contusions) [218]. Six of the eight children 
were stillborn, and the other two died during the first postna-
tal day. In all cases, the mother survived, usually with only 
limited injuries. At least five of the mothers were unre-
strained at the time of the accident, three of whom experi-
enced abdominal impact against the steering wheel but no 
external abdominal injuries. Their study showed that lethal 
placental or direct foetal injury, e.g. of the head, can occur 
even though maternal injuries are minor or insignificant.

Härtl and Ko described the case of a 19-year-old pregnant 
woman who had been involved in a traffic accident and had 
no significant injuries [206]. Due to foetal distress, it was 
decided to perform a Caesarean section. The child was found 
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to have a linear fracture in the left parietal bone plus a scalp 
haematoma on the left side at the location of the fracture. 
Both mother and child had an excellent recovery. The authors 
assumed that the fracture was caused by blunt trauma directly 
through the abdominal wall during the accident.

Assad et al. described the occurrence of a depressed cal-
varium fracture with a massive subgaleal and subperiosteal 
haemorrhage in an unborn child after a motor vehicle acci-
dent, requiring neurosurgical intervention with good clini-
cal outcomes for both the expectant mother and unborn 
infant [99].

Trauma Before Birth Due to Dynamic Impact Loading: 
Non-accidental Circumstances
Tattoli et al. reported the case of a 46-year-old woman, 34 
weeks pregnant, who attempted suicide by jumping from a 
flyover, immediately after a probably deliberate traffic colli-
sion with the guardrail [211]. She had fractures of five lum-
bar vertebrae and three ribs with pulmonary contusions, but 
had no other injuries. Following the mother’s stabilization, 
the foetal heart tones were detected as abnormal and the 
patient had an emergency caesarean section delivering a still-
born male infant. Neither alcohol nor drugs were found in 
the mother who had been diagnosed with an unspecified epi-
sodic mood disorder. She recovered completely from her 
injuries. At autopsy of the newborn, a massive subarachnoid 
haemorrhage with deformity of the skull was found, caused 
by maternal blunt abdominal trauma following a car accident 
and fall.

Moscote Salazar et al. described the occurrence of a pen-
etrating head trauma with skull fracture and intraventricular 
haemorrhage in a foetus after his mother had violently self- 
inserted a blunt object through the vagina [210]. The integ-
rity of the intrauterine membranes was disrupted, which 
resulted in preterm labour. After birth, the child was surgi-
cally treated (debridement of the scalp and surgical manage-
ment of the fracture), but the child died 4 weeks later, due to 
neonatal sepsis. Only a few intrauterine head stab wounds 
have been reported [209, 221–223].

Grubb reported a 26-year-old Hispanic woman, 30 weeks 
pregnant, admitted to the hospital with multiple stab wounds 
in the abdomen and upper extremities, inflicted by her hus-
band [223]. She and her unborn child were managed non- 
surgically by serial examinations and continuous foetal 
monitoring. At 34 weeks she was admitted to the hospital in 
labour. An energetic girl (weighing 2540 gm) was delivered 
spontaneously. An Apgar score of 8 was noted after 1 and 5 
min. A poorly healed laceration, about 5 mm long, was noted 
over the infant’s left parietal bone and closed spontaneously 
on the second day of life.

Schultz et  al. and Avenarius et  al. described the same 
case: a 19-year-old woman in her 29th week of pregnancy 
who was stabbed in the lower abdomen during a robbery 

[221, 222]. Two hours later, an emergency caesarean deliv-
ery was performed. The APGAR scores of the newborn were 
low: 2, 5, and 6 at 1, 5, and 10 min, respectively. The child 
had a 2-cm-long bleeding wound above the right ear and an 
extensive intracerebral haemorrhage in the region of the right 
thalamus and temporal lobe with a visible 5–6-cm long inci-
sion channel, stretching about 1 cm beyond the midline. A 
large, right-sided subdural hematoma near the laceration site 
and intraventricular bleeding had occurred. Surgical evacua-
tion of a subdural hematoma was undertaken. The child 
developed a post-haemorrhagic hydrocephalus and a left 
spastic hemiparesis.

Gallo et al. reported the case of a 20-year-old woman who 
was stabbed in the lower abdomen when she was 30 weeks 
pregnant [209]. She and her unborn child were managed 
non-surgically by serial examinations and continuous foetal 
monitoring. Spontaneous vaginal delivery occurred at term 
with good maternal and foetal outcomes. The child had a 
right temporal swelling, which was interpreted as a subcuta-
neous haemangioma. At the age of 2 years and 6 months, the 
child had a pulsating bulge in the right temporal region. 
Clinical examination and imaging were indicative of a typi-
cal growing skull fracture, due to a bone defect and dural tear 
with a good neurological and aesthetic outcome (see also 
Sect. 5.3.4.6).

Disease-Related Intrauterine Calvarium Fractures
Disease-related intrauterine calvarium fractures are only 
very rarely described in the medical literature.

Plotkin described the occurrence of intrauterine calvar-
ium fractures in osteogenesis imperfecta type II [224]. Bar- 
Yosef et  al. described a neonate with multiple congenital 
calvarium fractures and intracranial bleeding [225]. He also 
had multiple skin folds suggesting a connective tissue abnor-
mality. The child was diagnosed with Ehlers-Danlos syn-
drome type VIIC. Solomons et al. also described a neonate 
with congenital calvarium fractures and skin lacerations at 
birth, who was diagnosed with Ehlers-Danlos syndrome type 
VIIC (Dermatosparaxis Ehlers-Danlos syndrome) [226].

5.3.3.2  Trauma During Birth

Trauma During Birth Due to Static Loading
Calvarium fractures due to birth trauma usually are caused 
either by static loading due to the delivery itself caused by 
pushing/compressing the child’s head against the mother’s 
pelvis or due to medical procedures during the delivery 
caused by the use of instruments (forceps—compression, 
vacuum extractor—traction). In uncomplicated deliveries, 
skull/calvarium fractures, however, are very rare.

Rubin did a prospective study on 15,435 births and only 
found only one skull fracture [227]. Two other studies 
showed 11 skull fractures in a total of more than 51,000 
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births [228, 229]. In an article (letter), Groenendaal and 
Hukkelhoven reported 1174 fractures in 158,035 births that 
were due to birth trauma, none of which were skull/calvar-
ium fractures [230].

Most calvarium fractures that result from birth are uncom-
plicated linear fractures in the parietal bone. This kind of frac-
ture almost always concurs with a difficult delivery or 
externally applied mechanical force. For example, skull frac-
tures are found in 5% of children that had had vacuum extrac-
tion [231]. The risk of sustaining a skull fracture when vacuum 
extraction is used increases considerably when the cup releases 
unexpectedly and has to be re-applied (Fig. 5.17a, b). Bruising 
of the scalp may indicate the presence of a calvarium fracture. 
The risk also increases with maternal age, primigravida, and 
macrosomia. Yet, a simple linear fracture may also occur in a 
normal spontaneous vaginal birth without specific complica-
tions or the use of forceps or vacuum extraction [232].

Ben-Ari et  al. evaluated the data of 29,137 births in 8 
years and found depressed fractures in three neonates cases 
(0.01%) [205]. Two were determined to be intrauterine sus-
tained. Only one of these fractures was determined to be 
instrument (forceps) related.

Dupuis et al. found a depressed fracture immediately after 
birth in 1 in 26,000 neonates [189]. This fracture may be sus-
tained in utero (Sect. 5.3.3.1) or during birth due to the use of 
instruments during the delivery. Complicated skull fractures 
occur mainly with forceps deliveries, but depressed fractures 
have also been reported with excessive manipulation during 
a Caesarean section or vacuum extraction [233, 234]. A 
growing skull fracture has been reported twice as resulting 
from vacuum extraction [235, 236]. Rupp et  al. described 
circular fractures and/or elevation of the outer layer of the 
skull, subperiosteal and intra-osseous haemorrhages, and 
epidural and subdural haemorrhages as complications of a 
vacuum extraction [237].

A Caesarean section seldom leads to skull fractures. 
Alexander et al. found 418 children with injuries in a total of 
37,110 Caesarean sections [238]. Six of them sustained a 
skull fracture due to complicating factors prior to the 
Caesarean section, such as complications resulting from an 
earlier effort at a vaginal delivery.

There is a considerable chance that a linear fracture is not 
detected directly after birth. Complex skull fractures are usu-
ally visible immediately after birth and are often accompa-
nied by marked and acute intracranial injuries [233].

During the first months it is, based only on the radiologi-
cal evidence of the fracture, generally impossible to differen-
tiate whether the calvarium fracture resulted from trauma 
during or after birth, irrespective of the circumstances (acci-
dental or non-accidental) under which the fracture was sus-
tained [184]. Calvarium fractures in children under the age 
of 1 year tend to heal without notable callus formation. An 
uncomplicated linear fracture that was sustained during 

delivery will no longer be well visible after 2 months, due to 
fading of the fracture lines and will no longer be visible after 
6 months [184].

The chance of a skull fracture after an uncomplicated 
delivery is negligible, especially when the new born does not 
show any visible swelling or neurological symptoms. Of the 
children with a scalp haematoma, 10–25% may have a cal-
varium fracture [239, 240].

Disease-Related Calvarium Fractures Due to Trauma 
During Birth
For the incidence of calvarium/skull fractures as birth trauma 
in children with congenital disorders, such as osteogenesis 
imperfecta or Menkes disease, we refer to Chap. 14.

5.3.3.3  Trauma After Birth: Static Loading

Accidental Circumstances
Most head injuries are caused by accidents involving 
dynamic impact loading (acceleration and/or deceleration) 
[241, 242]. Head injuries due to static loading are much less 
common than those caused by dynamic impact loading [241, 
242]. Accidental static loading most commonly occurs due 
to accidents, in which the child’s head is more or less immo-
bilized against a rigid structure, e.g. due to wedging. In traf-
fic accidents static loading often is combined with dynamic 
impact loading, e.g. impact of the head, while being hit by a 
moving vehicle, followed by wedging of the head for a 
period of time or when a wheel runs over the head, in which 
the head lies more or less stationary and is pressed against a 
rigid structure.

Immobilization/wedging can result in bilateral compres-
sion of the child’s head, which most commonly occurs at the 
site of temporal bones, leading to static loading of the head 
in a transverse axis [241]. Due to the compression/static 
loading, the skull is deformed relatively slowly, eventually 
leading to crushing of the head and, according to Duhaime 
et al. associated damage to the intracranial structures, such as 
the brain [243]. According to Gonzalez Tortosa et al., bilat-
eral compression produces basilar fractures that cross the 
midline structures, however, without usually producing sig-
nificant cerebral damage [241]. López-Guerrero et  al. 
described the findings in 19 children with crushing head 
injuries (13 boys and 6 girls; mean age 4.1 years) [242]. All 
children had externally visible injuries (scalp injuries or 
bleeding from the nose, ears, or throat). Basilar fractures 
were seen in most cases with extension to the calvarium in 
11 children. Although Gonzalez Tortosa et  al. stated that 
bilateral compression did not produce significant cerebral 
damage, López-Guerrero et al. found associated intracranial 
lesions in 14 children, including two with diffuse axonal 
injury [241, 242]. Eleven children were initially uncon-
scious. Six children had cranial nerve defects in addition to 
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impaired hearing. Surgery was needed in three children. 
Only seven children had long-term sequelae.

Duhaime et al. reported on seven children between the 
age of 15 months and 6 years that had sustained crush inju-
ries [243]. They all suffered basilar fractures and six of 
them had multiple and often extensive fractures of the cal-
varium. The authors did not report whether the 7th child, 
who died soon after arriving at the hospital due to transec-
tion of the cervicomedullary myelum, had sustained any 
other fractures besides the earlier mentioned basilar frac-
ture. Four children were victims of traffic accidents, and 
had been run over by a reversing car. In the three other chil-
dren there was, according to the authors, static loading 
when the child climbed on a heavy object or pulled at a 
heavy object that consequently dropped on the head of the 
child (solid stone front of a fireplace, 27-inch television, 
45  kg clock). However, the question is whether in these 
three children one can speak of static loading. It could also 
be dynamic impact loading, in which the child falls on the 
floor with its head more or less stationary on the underlying 
surface and the object falling on the child and crushing the 
head. This can be compared to the effects of a fall from 
great height, which may also lead to multiple and extensive 
fractures of the calvarium.

According to Partrick et  al. driveway-related trauma in 
children (being struck or run over in a driveway), resulting in 
crush injuries of the head/closed head injury, carried a ten-
fold increase in mortality in children under 5 years of age 
when compared with all other paediatric pedestrian acci-
dents with a mortality rate of only 2% [244].

Prasad et al. evaluated the data concerning crush injuries 
of the head in eight children (ages 13–32 months) [245]. 
They found that all children sustained pronounced head inju-
ries, characterized by multiple fractures throughout the cal-
varia, extra-axial haemorrhages, and parenchymal 
contusions. Cranial nerve injuries were found in three and 
hemiparesis in two children. One year after the trauma, five 
of the six children had a good recovery. The authors con-
cluded that the neuropsychological outcome after brain 
injury produced by static loading of the head was more 
favourable than from traumatic brain injury due to dynamic 
loading.

According to Takeshi et al., serious crush injuries of the 
head usually are fatal. They also pose that the prognosis of 
this type of injury, either lethal or excellent, depends on the 
extent to which the skull and brain have been able to with-
stand the force [246]. Six of the seven children (three boys, 
four girls; average age: 5.9 years) they described had sus-
tained skull fractures. In six children the head had been run 
over by the wheel of a car. The head of one child had been 
crushed by press machine. In four children multiple linear 
fractures of the calvarium were found and in six children a 
basilar fracture was found. Four children died. The three sur-

viving children only had cranial nerve palsies, which recov-
ered completely.

Brison et al. concluded the same as Takeshi et al. concern-
ing the fatal course of crush injuries of the head in agricul-
tural accidents, especially in pre-school children, due to 
being run over by agricultural machinery as a bystander or as 
an extra rider who fell from the machine [246, 247].

Non-accidental Circumstances
Static loading of the head, due to compression, can occur 
in non-accidental circumstances. In several (unpublished) 
cases, one of us dealt with (RB), compression of the 
child’s head was mentioned, e.g. by wedging of the child’s 
head between the arm and trunk of a caregiver or by sit-
ting or standing by a parent/caregiver on the child’s head. 
However, in these cases it could not be determined which 
part of the injuries to the head were caused by the com-
pression or by other mechanisms, e.g. dynamic impact 
loading. No reports were found in the medical literature, 
in which non-accidental compression irrefutable has led 
to (intra)cranial injuries.

5.3.3.4  Trauma After Birth: Dynamic Impact 
Loading—Accidental Circumstances

As stated before most calvarium fractures and other head 
injuries, including intracranial injuries, are caused by 
dynamic impact loading with acceleration and/or decelera-
tion due to a direct impact of the head against a hard object 
or surface. Calvarium fractures are common injuries in 
young children and can be sustained in accidental or non- 
accidental circumstances [241, 242, 248, 249].

Accidents: Falls
In a young child, an accidental fall, in which only the effect 
of gravity is involved, will usually lead to an impact trauma 
of the head, being the first to be impacted. This is due to the 
disproportional size and the disproportionately high weight 
of the head (see also Sect. 5.3.1). If a calvarium fracture is 
found in a young child, an accident of sufficient magnitude, 
will be enough to explain the occurrence of the fracture ade-
quately [249].

In the medical literature a short-distance fall usually is 
defined as a fall over a distance of less than about 1 m (around 
3 ft), an intermediate-distance fall as a fall over a distance of 
between about 1 m and 3 m (10 ft) and a long-distance fall as 
a fall over a distance over 3 m [170].

For practical reasons we defined falls in this section as 
follows:

• Short-distance fall: Fall over a distance of less than 1.5 m 
(5 ft).

• Intermediate-distance fall: Fall over a distance between 
1.5 and 3 m (5–10 ft).
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• Long-distance fall: Fall over a distance of than 3 m (10 ft).

Furthermore, the results of studies concerning cer-
tain short-distance and intermediate-distance falls will 
be discussed combined because these studies either did 
not differentiate between short- and intermediate-dis-
tance falls, or described falls over a distance of less than 
1 m up to 3 m.

Falls, irrespective of their distance of falling, can also be 
divided into uncomplicated and complicated falls. An 
uncomplicated fall is defined as a fall on a flat surface in 
which only the effect of the gravity is involved. A compli-
cated fall is defined as a fall on a flat or uneven surface, in 
which extra loading of the head/skull is added to the effect of 
gravity. This extra loading may occur:

• At the initial moment of a fall, e.g. falling from the arms 
of a caregiver, from a swinging swing or with a baby 
walker.

• During falling, e.g. when falling off a bunk bed, in which 
the child comes into contact with parts of the bed while 
falling, or when falling with a baby walker from the stairs. 
This can also occur when a caregiver falls with a child on 
his/her arms.

• At the landing, e.g. falling on a non-flat surface or falling 
on objects, like toys. This can also occur, when a caregiver 
falls with a child and falls fully or partly on the child.

In case of extra loading at the initial moment of a fall or 
during falling this may result in a combination of the loading 

due to height of the fall, caused by the gravity, with a ‘forward 
momentum’ and the ‘propulsive force exerted by the moving 
swing, baby walker or caregiver’ (Fig. 5.18a, b) [249].

Most accidental falls, especially in young children, are 
preventable if adequate precautions are taken, adequate 
supervision is present and, in case of the use of equipment 
like baby bouncers, baby walkers, or car seats, the safety 
standards are maintained [250].

A delay in seeking medical care in children with inju-
ries is often considered to be supportive for a non-acciden-
tal aetiology. Metz et  al. evaluated the occurrence of 
delayed seeking of medical care (frequency and patterns) 
in 210 children under the age of 4 years (2011–2012) with 
accidental skull fractures [251]. Delays were defined as 
seeking medical care after a period of 6 h or more after the 
accident. ‘Minor accidents’ included falls <4  ft and low 
force trauma, while ‘major accidents’ included higher 
height falls and major force events. Delays were less likely 
with major accidents (4.9%), than with minor accidents 
(25.8%) (RR = 0.32 (0.15–0.70)). Children came to care 
for soft tissue swelling (STS) (39%), the injury event 
(36.2%), altered consciousness (15.2%), and vomiting 
(10.5%). Delayed onset of STS (78.6%) caused most 
delayed care. Early STS was firm, (17.6%) vs. delayed 
(5.0%), as opposed to soft or fluctuant. Delayed care seek-
ing is common for minor, but not major accidental infant 
and toddler skull fractures. Most followed delayed onset of 
signs and symptoms. Metz et  al. concluded that delayed 
seeking of medical care in children with skull fractures in 
itself does not imply non-accidental circumstances.

a b

Fig. 5.18 Complicated fall resulting in a simple zigzag fracture (a) in 
a 4-week-old infant. His mother twisted her ankle and fell while carry-
ing the child in a baby wrap carrier (see also Fig. 5.20b). She could not 

prevent the head from hitting the pavement. Despite the subgaleal 
hematoma and subarachnoid blood (b) the infant did not have neuro-
logical symptoms
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Accidental Short-Distance Falls
An uncomplicated short-distance fall is defined as a fall in 
which only the effect of gravity is involved and in which usu-
ally the fall occurs over a distance of less than 1.5 m [66, 67, 
69, 71, 249, 252]. In other words: an uncomplicated fall is a 
short-distance free fall on a flat surface. The fall originates 
from a position in which the child stands still or lies still and 
the fall is the result of the child’s own movement patron in 
accordance with its level of development, e.g. a situation in 
which the child falls from a changing table because it turns 
over, or when a child falls over while standing because it 
loses balance. Data on how often a child sustains a skull frac-
ture after an uncomplicated fall have been derived from fall 
studies in living and in deceased children. According to 
Offiah and Hall every loading that is added in a short- distance 
fall to the effect of gravity increases the chance that the child 
sustains a fracture of the calvarium [249].

Uncomplicated Short-Distance Falls in Living Children
Many authors emphasize that the occurrence of a calvarium 
fracture (and/or intracranial injuries) after an uncomplicated 
short-distance fall will be rare, unless there are complicating 
factors [66, 67, 69, 71, 252, 253]. Their opinion probably is 
correct, but calvarium fractures, sustained due to an uncom-
plicated short-distance fall, hardly ever will cause alarming 
clinical symptoms (Fig. 5.19) (Sect. 5.3.1). Hence, no medi-
cal help usually will be sought and therefore no additional 
examination will be done. Consequently, falls, irrespective 
of the circumstances, may result in a larger number of cal-
varium fractures than one would deduce from data in the lit-

erature. No consensus exists about the minimal distance a 
child must fall to sustain a skull fracture.

Data on how a living child sustains a calvarium fracture 
after an uncomplicated fall can be derived from the evalua-
tion of data concerning accidental falls, which were more or 
less observed by independent bystanders or happened in 
more or less ‘controlled’ circumstances:

• Helfer et al.: 246 children under the age of 5 years with a 
history of a short-distance fall [66]. The group consisted 
of 161 children whose parents filled out a questionnaire 
when they saw a physician for a fall over a distance of less 
than 90 cm (bed or settee) and 85 children who had fallen 
from their crib/cot or from the examination table during 
their stay in hospital. Two children (1%) in the group that 
had fallen outside the hospital had sustained a calvarium 
fracture. Both children were younger than 6 months of 
age. In the children who had fallen while hospitalized, 
one calvarium fracture (1%) was found. The majority of 
children did not have any externally visible injuries.

• Nimityongskul and Anderson: Seventy-six children, age 
range from neonate to 16 years, who had fallen out of bed, 
crib/cot, or chair while being hospitalized [69]. Fifty- 
seven children were under the age of 5 years and 23 chil-
dren were under the age of 1 year. The measured fall 
distance was between 30 and 100 cm. Most children had 
superficial injuries (haematomas of the scalp and abra-
sions/lacerations of the face). One 12-month-old child 
had an uncomplicated fracture of the occipital bone.

• Lyons and Oates: Two hundred and seven children under 
the age of 6 years who had fallen from their crib/cot 
(n = 124) or bed (n = 83) [67]. The fall distance ranged 
from 65 cm (lowered side rail) to 110 cm (side rail up) in 
a fall from a crib or cot, and from 50 to 85 cm (including 
side rails) in a fall from a bed. In 31 children there were 
visible injuries, in 26 of these children injuries to the head 
were visible. None of the children who fell from a bed 
sustained a fracture. In the group of children who fell 
from their cot/crib only one child (<1%), aged 10 months, 
had an uncomplicated linear skull fracture.

• Tarantino et al.: One hundred sixty-seven children under 
the age of 10 months (average age 5.2 months, 56% male), 
who fell over a distance of less than 1.25 m and for that 
reason were presented at the emergency department [70]. 
They excluded all falls from baby walkers and car seats, 
falls down the stairs and all accidents resulting from 
walking, running, or climbing. They also excluded chil-
dren that had fallen on objects or on whom a caregiver 
had fallen. Fifty-five percent of children fell out of bed, 
20% fell from the arms of a parent/caregiver (being 
dropped), 16% fell from a couch and 10% fell in a differ-
ent manner. Eighty-five percent of children had no or 
minimal injuries. The remaining children (n  =  25) had 

Fig. 5.19 Eight-month-old infant with a soft tissue swelling of the 
head after a fall from a bed. Radiological examination shows a linear 
fracture of the skull (open arrow)
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more or less severe head injuries or other injuries: 16 of 
them had a closed-head injury, of whom 12 had a calvar-
ium fracture, and seven had a fracture of one of the long 
bones. Infants that dropped from the arms of the caregiver 
had the highest risk of sustaining significant injury (odds 
ratio 6,4 versus rolling from a bed or other surface). They 
concluded that the biomechanics of a fall from the arms of 
a caregiver may be different from other kinds of short- 
distance falls.

• Warrington and Wright: Requested parents of 6-month- 
old children, enrolled in the Avon Longitudinal Study of 
Parents and Children, to describe every accident since 
birth using questionnaires [71]. They asked the parents to 
describe the type of fall, the distance of the fall, the injury 
and, the medical help given (in case this was sought). The 
number of forms returned was 11,466 (81% of the total 
study cohort), in 2554 children, a total of 3357 fall inci-
dents were reported. Fifty-three percent of children fell 
out of bed or from the settee, and 12% fell from an arm 
while being carried or when the person who carried the 
child fell down while holding the child. In the remaining 
children, a large diversity of falls was seen: from a table, 
chair, or changing table, from a baby bouncer etc. In less 
than 1% the circumstances of the fall were not reported. 
Seventy-six percent of children fell only once, and in 5% 
it was thrice or more. The number of falls increased with 
the age of the child. Less than 25% occurred before the 
age of 4 months. Only 14% of children sustained visible 
injuries, of which 56% were haematomas. In 97% of the 
injury was visible on the head. Less than 1% (21 children) 
sustained a concussion or fracture. One-hundred and 
sixty-two children were taken to hospital after their fall, 
and 18 children were hospitalized. In the hospital, a cal-
varium fracture was diagnosed in three children. However, 
this was no reason for hospitalization. Calvarium frac-
tures were never seen after a fall from a bed or settee. 
None of the children suffered intracranial injuries such as 
subdural or epidural haemorrhages.

• Johnson et  al.: Seventy-two consecutive children under 
the age of 5 years (ranging from 4 months to 4 years and 
9 months), who presented at the emergency department 
because of an accidental head trauma after falling [254]. 
They collected data on the distance of fall in a free fall or 
falling down the stairs, the surface area of the landing and 
the length of the child. The distance of the fall ranged 
from 50 cm to 3 m. Most children fell less than 1 m. Of 
the 72 children, 49 children fell on a hard surface and 23 
on a soft surface (covered in carpet). In 52 children the 
fall resulted in a visible injury to the head (35 on hard 
surface, 17 on soft surface—there was no significant dif-
ference). There were visible head injuries in all children 
that had fallen over a distance of more than 1.5 m, and in 
95% of the children that had fallen over a distance of 

more than 1 m. In 32 children (44%), radiological imag-
ing of the skull was done. In four cases a calvarium frac-
ture was seen, of which three were linear. Two of the 
children with a linear fracture had fallen over a distance 
of more than 1 m. One child sustained a fracture in a fall 
of 80–90  cm against the stone edge around a fireplace. 
The fourth child sustained a basilar fracture in a fall of 
over 3 m from a window on the first floor. The authors 
concluded that children rarely sustain serious injuries in 
accidents in and around the home. They maintain that 
skull (calvarium and basilar) fractures are rare and occur 
only in less than 5% of all accidents. In their opinion, it 
takes a fall of at least 1 m or, in lesser distances, on a lim-
ited impact area to cause a skull fracture.

• Thomas et al.: One hundred twelve children under the age 
of 1 year with head trauma. In 96 children radiological 
imaging of the head was done. According to the parents, 
32 children fell over a distance of less than 1 m [255]. Six 
children, that belonged to the group of 80 children that 
had fallen over a distance of less than 1  m, were diag-
nosed with a calvarium fracture. According to the parents, 
two children with a skull fracture had fallen from a height 
of less than 30 cm. In four of the six children that had 
sustained a fracture the physicians were sufficiently con-
cerned to report the child to the child protection service. 
When additional examinations were performed, two of 
the children were found to have further fractures. Based 
on the statements of the parents, it appeared to be impos-
sible to predict which children had sustained skull frac-
tures. The presence of external injuries or neurological 
symptoms appeared to be an unreliable indicator for skull 
fractures. The reported distance of the fall was also not 
indicative. Therefore, Thomas et al. are of the opinion that 
in children under the age of 1 year that present with head 
trauma, radiological imaging of the head (X-ray) should 
routinely be done [255]. In their study, it led to the identi-
fication of four children with a skull fracture due to non- 
accidental circumstances (child abuse).

• Hughes et al.: Four hundred sixty-three children under the 
age of 48 months, who attended a hospital because of a 
head trauma due to a witnessed fall [253]. The authors 
investigated the relationship between fall height and the 
occurrence of head injuries, including the severity of the 
head injuries. The falls concerned a height of falling less 
than 3  m. Forty-seven children had a skull fracture or 
intracranial injuries, 416 children had minor head inju-
ries. No calvarium fractures or intracranial injuries were 
recorded in children who fell over a distance of less than 
60 cm, based on the height of the head centre of gravity. 
Skull fractures or intracranial injuries were more likely in 
children under the age of 12 months in case of an impact 
trauma to the temporal/parietal or occipital region, impact 
onto wood, and falls from a carer’s arms, particularly 
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when on stairs. The authors did not find a significant dif-
ference between the mean fall heights of children who 
had a simple skull fracture (n = 17) versus those who had 
a complex fracture or ICI (n  =  30). According to the 
authors, the following should always be evaluated in 
young children with a head injury after a reported fall: the 
age of the child, the child’s position prior to the fall, the 
estimated height of falling, the location of the impact on 
the calvarium, and the landing surface.

• Hajiaghamemar et  al. used an integrated approach and 
combined the findings of case evaluation,  anthropomorphic 
reconstruction, and finite element simulation to predict 
the occurrence of skull fractures and the thresholds for the 
occurrence [248]. They found that infant falls from 0.3 m 
had a low probability (0–54%) to result in parietal skull 
fracture, particularly with carpet impact (0–1%), that 
head-first falls from 0.9 m had a high probability of frac-
ture (86–100%) for concrete impact and a moderate prob-
ability (34–81%) for carpet impact and that the 
probabilities of fracture in 0.6 m falls were dependent on 
impact surface. Occipital impacts from 0.9  m onto the 
concrete also had the potential (27–90% probability) to 
generate parietal skull fracture.

The foregoing data show that calvarium fractures can be 
sustained in uncomplicated short-distance falls and these 
data also show that uncomplicated short-distance falls rarely 
if ever lead to (well-documented) serious or life-threatening 
intracranial injuries.

When a calvarium fracture is the result of an uncompli-
cated short-distance fall, e.g. a fall from a bed or a changing 
table, the occurrence of other fractures, such as rib fractures 
or a mid-shaft fracture of one of the extremities, is unlikely. 
In a non-accidental calvarium fracture, e.g. because a parent 
or caregiver deliberately has hit the child’s head against the 
wall, or when a parent or caregiver at the end of his/her wits 
has thrown the child to the floor, it will nearly always lead to 
a more complicated combination of injuries than in an 
uncomplicated short-distance fall, e.g. calvarium fractures 
combined with intracranial injuries or with injuries in other 
locations of the body. The medical history, as told, will not 
be able to explain the (combination of the) injuries and their 
location. In other words, an accidental calvarium fracture, 
due to an uncomplicated short-distance fall can nearly always 
be explained based on the medical history.

In addition to the medical history, the fracture character-
istics may provide only limited opportunities to further dif-
ferentiate between accidental and non-accidental fractures. 
Hobbs evaluated 89 children under the age of 2 years old 
with calvarium fractures [256]. Sixty of them had sustained 
fractures due to accidental causes. The remaining 29 were 
victims of child abuse. Table 5.5 gives an overview of the 
differences between both groups.

Experimental Uncomplicated Short-Distance Falls 
in Deceased Children
Nearly every young child has ever fallen, probably even more 
than once, on its head from a standing position or from lim-
ited height, e.g. from a changing table or from a stroller. Since 
no consensus existed on whether children would sustain cal-
varium fractures from falling from these low heights or about 
the minimum distance a child must fall on its head to sustain 
a calvarium fracture, Weber did experimental research with 
deceased children under the age of 8.2 months. In his first 
article in 1984, he described three test series each with five 
children who he dropped in free fall from a height of 82 cm 
on several surfaces (stone-tile surface, carpeted floor, foam-
supported linoleum floor) [177]. Hereby, the horizontally 
positioned body and the parieto-occipital part of the skull hit 
the surface simultaneously. In all cases autopsy showed linear 
skull fractures of the parietal bone. One child sustained bilat-
eral fractures. In three children the fractures run across the 
sutures. Based on this study, he concluded that skull fractures 
can be sustained in a fall from a changing table. He also con-
cluded that when non-accidental circumstances are suspected, 
differentiation with an accidental fall is only possible when 
the whole picture is taken into consideration.

In a second article, Weber described a follow-up study on 
another 35 children who he dropped on a soft surface [257]. 
For 10 children, a 2-cm thick foam rubber mat was used and 
for the other 25 a once folded, 8  cm-thick blanket. Weber 
found a calvarium fracture in one child in the rubber mat 
group (two linear fractures in the left parietal bone). In the 
other group, he found bowing fractures in four children (lin-
ear fractures or ping-pong fractures).

In interpreting Weber’s data, one must be aware of the fact 
that a living child will fall differently from the dead body of 
a deceased child, due to active muscle tension and, when old 
enough, a falling reflex. Yet, Weber’s studies show that it is 
possible to sustain a skull fracture in an uncomplicated fall 
from a height under 1 m.

Table 5.5 Characteristics of accidental and non-accidental calvarium 
fractures in children under the age of 2 years [256]

Accidental Non-accidental
Type of 
fracture

Generally simple and 
linear, uncomplicated

Multiple or complex
Depressed fracture (Sect. 
5.3.4.5)
Growing fracture (Sect. 
5.3.4.6)

Fracture 
width

<3 mm (never 
>5 mm)

>3 mm

Location Generally, a fracture 
in one bone
Mainly parietal
Rarely other 
locations

More than one bone
Mainly parietal and occipital
Sometimes frontal or temporal 
or in the anterior cranial fossa 
or the medical cranial fossa

Intracranial 
injury

Rare Frequently, combined with 
other fractures
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Complicated Short-Distance Falls
Most falls in infants and young children will be uncompli-
cated short-distance falls. A complicated short-distance fall 
is defined as a fall over a distance of less than 1.5 m, in which 
extra loading of the head/skull is added to the effect of 
gravity.

Samuel et al. analyzed fall mechanisms in 595 children 
between 0 and 2 years of age and identified eight types of 
falls: from ground-level, down-stairs, from a bed, from a 
changing table, from furniture, from adult hold, from a play-
ground device, and from a stroller/baby carriage [258]. All 
these falls can be defined as short-distance falls, but some 
can be considered to be complicated short-distance falls, e.g. 
adult hold falls or falls from a stroller/baby carriage. In their 
study population, the risk of clinically significant traumatic 
brain injury was very low. This was found in only one child. 
They did not find an association between the type of fall and 
the severity of the injury.

Burrows et al. evaluated the data of 1775 children under 
the age of 6 years (median 18 months, 54.7% boys) with 
head injuries from falls [259]. They found that children with 
complicated falls had the greatest chance of intracranial inju-
ries or a skull fracture. This concerned short-distance falls in 
children, who fell from the arms of a parent or caregiver 
(mean age 12 months) or who fell from infant or child prod-
ucts (mean age 21 months) and long-distance falls in chil-
dren who fell from a building (e.g. a window, wall, or attic) 
(mean age 3 years).

In 2001, Plunkett published a study entitled ‘Fatal 
Pediatric Head Injuries Caused by Short-distance falls’ 
[260]. In this paper, he presented data on 75,000 cases from 
the US National Electronic Injury Surveillance System 
(NEISS), from January 1988 to June 1999, and based on this 
presented data on fatal short-distance falls from playground 
equipment (e.g. see-saw, swing, and monkey bar). Plunkett 
reported 18 fatal cases, the ages of the children ranged from 
1 to 13 years (five children aged between 12 and 24 months 
of age, five children aged between 25 months and 25 years of 
age, and eight children aged between 6 and 13 years), the 
reported fall distance varied from 55 cm. to 3 m, where in 
several cases (falls from a swing) there also was an angular 
acceleration in play. In 12 cases, the accident was witnessed 
by an independent third witness, in the 6 non-independently 
witnessed cases four children were under the age of 24 
months. Based on the data presented in this article Spivack 
calculate a death rate of 1.3 deaths per 100,000 of such falls 
[261]. In 2008 Chadwick wrote, based on previously pub-
lished publications, that ‘The best current estimate of the 
mortality rate for short falls affecting infants and young chil-
dren is <0.48 deaths per 1 million young children per year’ 
[262]. It is safe to assume that the incidence of fatal cases 
based on the publication by Plunkett is an overestimation. 
This as registries are biased towards more serious cases, as 

most falls will never be reported and thus not included in the 
NEISS database. This paper led to several letters to the editor 
but here the main focus was on either the reported lucid 
interval, the presence of retinal haemorrhages, or the extrap-
olation of the findings in this publication to cases of sus-
pected AHT [261, 263, 264]. But in all letters, the authors 
commented that this study supported the general notion that 
it is extremely rare that a short-distance fall of a child will 
result in death from a head injury.

Falls from the Arms of Parent or Caregiver
Warrington and Wright and Tarantino et al. also looked into 
the consequences of a fall from the arms of a parent or care-
giver [70, 71].

Warrington and Wright studied the incidence of falling in 
11,466 non-mobile children in a home setting by a question-
naire [71]. The incidence of one or more falls was 22%. In 
nearly 12% of falls, the infant was dropped out of the arms of 
a person or a person fell carrying the infant, resulting in an 
incidence of 3.4%. At least one of these infants sustained a 
calvarium fracture but otherwise the authors did not specify 
the injuries of these infants. They merely state that serious 
injuries (concussion or fractures (either long bones or cal-
varium)) did not result from falls from a bed or settee but 
were the result of complex accidents (e.g. fall from the arms, 
changing unit, table, bouncer, and baby walker).

Tarantino studied 167 infants ≤10 months who presented 
to the emergency department and who rolled off a bed, chang-
ing table or other surfaces, or were dropped by the caretaker 
[70]. Only 15% sustained significant trauma (long bone frac-
tures or closed head injury (75% of which had calvarium frac-
tures)). Infants who were dropped by the caretaker had 
significantly more significant injuries (32%) than infants who 
rolled from a bed or other surfaces (10%). None of these acci-
dental falls resulted in intracranial haemorrhage.

Minns reported that infants, as early as 5 weeks old, 
when they are held with one hand against the shoulder of a 
caregiver, are able to arch backwards, effectively diving 
from a caregiver’s shoulder, falling approximately 1.5 m on 
the floor [68]. As a result of such a fall, they may sustain 
focal bruising, extensive calvarium fractures, and focal con-
tusion of the brain, not accompanied by a concussive ele-
ment or other encephalopathy or delay in seeking treatment. 
A good medical history and careful investigation of the cir-
cumstances will provide ample information to differentiate 
between accidental and non-accidental skull/brain trauma.

In 2004, Bechtel et  al. published an article with the 
title ‘Characteristics that distinguish accidental from 
abusive injury in hospitalised young children with head 
trauma’ [252]. In 2005, Lueder responded to this article, 
regarding the presence of retinal haemorrhages in a num-
ber of accidental falls [265]. In their answer to Lueder’s 
letter, Bechtel et al. described a number of situations in 
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which children had fallen from the hands of a parent or 
another caregiver and consequently sustained calvarium 
fractures and other injuries, e.g. epidural haemorrhages 
(Table 5.6) [266].

Falls on Objects
In the medical literature mostly case reports and only limited 
epidemiological studies are found about relatively serious 
injuries, e.g. calvarium fractures or intracranial haemor-
rhages, after short-distance falls, which were complicated, 
because of falling head first on a non-flat surface or falling 
on objects, like toys, electrical plugs, or other objects:

• Wheeler and Shope: 7-month-old girl who fell out of bed 
and sustained an uncomplicated, simple depressed cal-
varium fracture with a size of 2 × 4 × 0.5 cm in the right 
parietal bone (so-called ping-pong fracture—Sect. 
5.3.4.5) [267]. She appeared to have fallen over a distance 
of approximately 60 cm on top of a metal toy car and was 
found lying on the floor crying. Nobody saw the fall. 
After the fall the father noted a depression on the right 
side of her head. In hospital she had a normal physical and 
neurologic exam, with no evidence of external trauma 
except for the depression on the right side of the head. 

There were no signs of underlying brain damage, retinal 
haemorrhages, or other fractures.

• Thompson et al.: 1-month-old boy with a depressed cal-
varium fracture and a thin right frontoparietal subdural 
haematoma [268]. The boy was sleeping on his moth-
er’s chest while she was lying in bed. The mother fell 
asleep and rolled over causing the child to fall off her 
chest and off the bed (height: 86  cm). He struck his 
head on a humidifier that was adjacent to the bed and 
landed supine on the carpeted floor. The subdural hae-
matoma was determined to be consistent with an impact 
trauma. The boy was clinically well and had shown no 
neurological symptoms.

• Six children were described after falling on an electrical 
plug [269–272]. Ages ranged from 6 months to 2½ years. 
All patients had penetrating injuries to the skull and most 
of them had accompanying dural tears. All had depressed 
skull fracture in the frontal or parietal region. Neurological 
outcome was excellent in all cases.

• George and Round: 3-year-old boy, who had tripped 
and fallen onto a metal model of the Eiffel Tower, 
resulting in penetration of the skull and the brain 
parenchyma (11 mm) [273]. The tower became rigidly 
lodged into his skull. He had no neurological symp-
toms. He was operated and left the hospital the follow-
ing day.

Accidental Short- and Intermediate-Distance Falls
As already mentioned before, in this section the results of 
studies concerning certain short-distance and intermediate- 
distance falls will be discussed combined, because these 
studies either did not differentiate between short- and 
intermediate- distance falls, or described falls over a distance 
of less than 1–1.5 m as well as falls up to 3 m, e.g. falls with 
bouncy chairs or car seats, standing on an elevation, or from 
high chairs or shopping carts.

Falls from Furniture
Thompson et al. evaluated the findings in 79 children, aged 
0–4 years, who presented at an emergency department with a 
history of a short-distance fall from furniture [268]:

• No injuries: 15 children
• Minor injuries, e.g. lacerations and contusions 

(Abbreviated Injury Scale (AIS) 1): 45 children
• Moderate injuries, e.g. fractures (AIS 2): 17 children
• Serious injuries, e.g. subdural haematomas (AIS 3): 2 

children

There were no children with injuries classified as AIS 4 or 
higher (life-threatening injuries) and no fatalities. None of 
the evaluated children had moderate or serious injuries to 

Table 5.6 Injuries in children who fell from the arms of a parent or 
another caregiver [265, 266]

Age Distance Context Witnesses?
Findings at 
examination

1 
month

1 m Fell from the 
father’s arms, 
who was lying 
on the bed

+ •  Right-sided 
calvarium fracture

•  Epidural 
haemorrhage

•  Retinal 
haemorrhages in 
one eye (right eye)

4 
month

1 m Fell from the 
arms of an 
older child

? •  Left-sided 
calvarium fracture

•  Intra-retinal 
haemorrhages in 
the posterior pole 
of the left eye

4 
month

1.25 m Fell from 
mother’s arms 
and hit its 
head against 
the edge of the 
table

+ •  Right-sided 
calvarium fracture

•  Intracranial 
haemorrhage

•  Intra-retinal 
haemorrhages 
around the optical 
disc and arcs

8 
month

60 cm Fell from 
mother’s arms, 
who was lying 
on the settee

? •  Left-sided 
calvarium fracture

•  Epidural 
haemorrhage

•  One intra-retinal 
haemorrhage in the 
left eye
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multiple body regions. Children with AIS 2 or 3 injuries 
tended to have fallen from greater heights, had greater impact 
velocities, and had a lower body mass index than those with 
AIS 1 or no injuries.

Falls From or with Stroller
Stroller-related falls (synonyms: perambulator, pram, baby 
carriage), in particular in children under the age of 1 year, 
are not rare and usually result from incorrect use [274–
276]. Injuries are mainly found in the head and neck area, 
including calvarium fractures and intracranial injuries:

• Couper et al.: One hundred forty-nine infants and young 
children with stroller-related injuries, who had either 
fallen of the stroller or had their fingers entrapped in the 
stroller [274]. One hundred five children were between 
the age of 9 and 15 months. Eighty nine children (60%), 
who had fallen off the stroller, had either injuries to the 
head, face or teeth, or a concussion.

• Powell et al.: A retrospective review of data for children 3 
years old and younger from the National Electronic Injury 
Surveillance System of the United States Consumer 
Product Safety Commission for 1994–1998 [277]. They 
estimated that there were almost 65,000 children (median 
age 11 months) with stroller-related injuries treated in 
hospital emergency departments in this period. Most inju-
ries involved the head (44%) or face (43%). Injury diag-
noses included contusions or abrasions (38%), lacerations 
(24%), closed head injuries (22%), and extremity frac-
tures (3%). Two percent of the children had to be admit-
ted. Seventy percent of these children were admitted 
because of head trauma.

• Fowler et  al. retrospectively analyzed data from the 
National Electronic Injury Surveillance System for chil-
dren 5 years of age and younger treated in emergency 
departments (1990–2010), who sustained an injury asso-
ciated with a stroller or carrier [278]. They estimated that 
in the United States. around 17,000 children under the age 
of 5 years are treated annually in emergency departments, 
concerning stroller- or carrier-related injuries. 70–75% 
were stroller-related injuries. These were most common 
in boys (52.4%) and in children under the age of 1 year of 
age (42.0%). The head (43.0%) and face (31.0%) were 
most commonly injured. The most common diagnoses 
were soft tissue injuries (39.4%) and traumatic brain inju-
ries/concussions (24.6%).

• Vilke et  al.: One hundred twenty-one children with 
stroller-related injuries. Most children were 0–6 months 
of age. 47.5% of the children fell off the stroller [279]. 
Fifty-nine percent of the injuries were head injuries, 18% 
facial injuries. No child died.

• Tripathi et al.: Two hundred forty-eight children under the 
age of 6 years (median age 12.5 months) with stroller- 

related injuries (retrospective review, tertiary paediatric 
hospital in Singapore) [280]. Most injuries (97.6%) were 
due to blunt force trauma. The circumstances of sustaining 
injuries were fall/tripping in 221 children. Most children 
(91%) had injuries to the head, face and neck. 144 children 
(58.1%) had superficial injuries, 69 children (27.8%) sus-
tained open wounds, and 16 children (6.5%) had a haema-
toma of the scalp. 17 children (6.9%) suffered fractures or 
dislocations of a limb or digit. Two children had moderate 
to severe head injuries. Most of the injuries (197 cases, 
79.4%) occurred despite adult supervision.

According to Watson and Ozanne, the risk for serious 
injuries is considerable, since by far the majority of chil-
dren (96% of children in their study) who had fallen from 
a perambulator fell on their head, although serious intra-
cranial injuries have only been described in case reports 
(see earlier in this section) [276]. It concerns typically 
injuries that originate from impact, e.g. epidural haemor-
rhages, but the impact does not have to lead to a calvar-
ium fracture, e.g. Lee and Fong [275] described the 
occurrence of an epidural haemorrhage in a 10-month-
old girl after falling from a stroller. The girl had no skull 
fracture.

Permanent injuries as well as death are extremely rare 
[274–277]. Watson and Ozanne-Smith reported one child, 
that, according to the authors, died due to falling from a 
stroller. In their review of the literature, Lee and Fong found 
three children that died after their parents reported a fall from 
a stroller [275, 276]. In the end, two of the children were 
classified as victims of child abuse.

Arnholz et  al. described the origin of bilateral skull 
fractures in a 6-week-old baby who had fallen from a per-
ambulator from a height of approximately 90 cm on top 
of his/her head on concrete steps [281]. As associated 
injuries ‘two separate and symmetrical areas of scalp 
haemorrhage’ were found. Arnholz et  al. point out that 
bilateral fractures are rarely the result of an accident and 
for that reason should be seen as extremely suspect of 
child abuse [281]. Their findings correspond with Weber’s 
experiments with deceased children (See the section on 
‘Experimental Uncomplicated Short-Distance Falls in 
Deceased Children’ earlier in this section) [177, 257].

Falls from Baby Carriers, Bouncy Chairs, Baby Bouncers, 
and Car Seats
A baby carrier is a supporting device worn by an adult for 
holding a young child close to the torso (Fig. 5.20a–c). Baby 
carrier-related falls in young children are less common than, 
e.g. stroller-related falls, but are not rare and, just like 
stroller-related falls, usually result from incorrect use [278]. 
Injuries are mainly found in the head and neck area, includ-
ing calvarium fractures and intracranial injuries.
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Fig. 5.20. (a) Baby carrier, 
(b) baby wrap carrier, and (c) 
bouncy chair

• Fowler et  al. retrospectively analyzed data from the 
National Electronic Injury Surveillance System for chil-
dren 5 years of age and younger treated in emergency 
departments (1990–2010), who sustained an injury asso-
ciated with a stroller or carrier [278]. They estimated that 
in the United States around 17,000 children under the age 
of 5 years are treated annually in emergency departments, 
concerning stroller- or carrier-related injuries. 25–30% 
were baby carrier-related injuries. These injuries were 
most common in boys (52.5%) and in children under the 
age of 1 year of age (89.0%). The head (61.5%) and face 
(24.7%) were most commonly injured. The most common 

injuries were soft tissue injuries (48.1%) and traumatic 
brain injuries/concussions (34.9%). Carrier-related inju-
ries resulted in more hospitalizations (6.5%) than stroller- 
related injuries (2.4%).

• The Centres for Disease Control (CDC) reported 26 fatal-
ities associated with infant carrier-related injuries over a 
period of 5 years resulting in an annual fatality rate of 
approximately 5 [282].

• Wickham and Abrahamson analyzed the data of 131 chil-
dren under the age of 1 year (mean age 6.9 months) with 
head injuries, due to accidental circumstances [283]. 
Seventeen of these 131 children sustained a head trauma 
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Fig. 5.21 Infant who fell with a bouncy chair from a table resulting in 
a simple linear parietal fracture (arrow). Uneventful recovery

Fig. 5.22 Baby carrier car seat

Fig. 5.23 Baby bouncer

due to a fall with a bouncy chair (11 children) (Fig. 5.20c) 
or a car seat (6 children). 13 falls occurred while the child 
was seated in the bouncy chair or car seat which was 
placed on a raised surface (Fig.  5.21): all bouncy chair 
falls and two car seat falls. Four car seat falls occurred 
while being moved from car to house. Fourteen children 
fell on a solid surface. Only one child had sustained a 
skull fracture as a result of the fall. There were no serious 
or life-threatening injuries. Most and probable all falls 
could have been prevented.

Greenberg et  al. described the findings in 62 children 
under the age of 18 months (mean age 4.4 months) with 
infant carrier car seat-related falls (Fig. 5.22) and concluded 
that falls from infant carriers occurred regularly [284]. In 
almost 90% of these falls involved children who were 
unbuckled in their car seats. Twenty-two children had to be 
hospitalized, including 6 children who had to be admitted to 
a paediatric intensive care unit. Thirteen children had intra-
cranial injuries: subdural haematoma in 8, epidural haema-
toma in 3, subarachnoid haematoma in 1 and cerebral 
contusion also in 1 child. Eleven of these 13 children had a 
skull fracture. Ten children had isolated skull fractures.

There are several case reports concerning injuries due to 
unsafe use of baby bouncers (e.g. [250, 285, 286]). 
Unfortunately, the literature is not clear on the definition of a 
baby bouncer, which makes it difficult to compare the 
described findings. A baby bouncer usually is considered to 
be a playing device made for children that are well able to 
keep their head upright, but are yet unable to walk (Fig. 5.23). 
Claydon reported the case of a fatal fall from a baby bouncer 
[250]. A 5-month-old boy had fallen after two other children 
had rocked the child in the bouncer. At the time of the fall, 
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the boy’s head was no more than 60 cm (2 ft) from the floor. 
Clayton assumed, that pivoting about the central point pro-
vided by the seat of the bouncer increased the momentum of 
the head before it struck the ground and so the injury would 
be more severe than a straightforward fall back from his own 
height to the ground. After the fall the boy cried loudly. He 
died 7 h after the fall. At autopsy, a large epidural haemor-
rhage was found on the left side, without an associated skull 
fracture.

Falls from High Chairs
High chair-related accidents regularly occur in children under 
the age of 3 years. The majority of those children sustained 
head injuries, but in the (albeit limited) literature, serious or 
even life-threatening injuries have rarely been described:

• Watson and Ozanne-Smith: Eighty-three percent of high 
chair-related injuries occurred as a result of falls [276]. 
Seventy-five percent of the children who fell from a high 
chair landed on their head. Only 25% of the children was 
wearing any form of safety restraint. They reported one 
child that died from a fall from a high chair.

• Mayr et al.: One hundred three children with high chair- 
related accidents. Most commonly the children tried to 
stand up in the chair before falling off, but also tipping 
over the chair was reported regularly [41]. Only one child 
was wearing a safety restraint. Skull fractures were pres-
ent in 15.5%, simple bruising of the scalp or lacerations of 
the scalp or face in 68.9%, brain concussion in 13.6%, 
and limb fractures in 2%.

• Both Powell et al. and Kurinsky et al. retrospectively ana-
lyzed data from high chair-related injuries that were 
treated in emergency departments from the National 
Electronic Injury Surveillance System (NEISS) [287, 
288]. Approximately 9000 children ≤3 years were seen 
annually. Falling was the most common injury mecha-
nism (93–94%). Most injuries were in the head/neck 
region (44–59%) and the face (28–39%) and concerned 
closed head injuries (21–37%), bruises and abrasions 
(33–36%), lacerations (19–25%), and fractures (8–9%). 
Admission to the hospital was required for 2–3% of the 
children. No fatalities were recorded, but the authors state 
that the NEISS does not register outcomes after admis-
sion to the hospital.

According to all cited authors most of the accidents could 
have been prevented by following the safety instructions and 
using safety restraints.

Falls from Shopping Carts
Shopping cart-related accidents are common in children, 
especially in children under the age of 5 years, who account 
for around 85% of all cart-related accidents [289]. Injuries 

mainly occur due to falling from carts and tip-overs of carts 
tipping, but also other circumstances can occur like becom-
ing entrapped in a cart, falling off a cart while riding on the 
outside, striking against a cart, and being run over by a cart. 
Shopping cart-related accidents can result in severe injuries 
and probably even death. Injuries to the head and neck are 
most common and occur in around 75% of the accidents:

• The Centers for Disease Control and Prevention (CDC) 
reported on infant carrier-related fatalities over a period 
of 5 years. One child died due to blunt force trauma to the 
head [282]. A grocery cart containing an infant carrier in 
which the infant was riding overturned and the child 
impacted, probably head first, to the ground.

• Both Smith et al., Martin et al., and Wright et al. retro-
spectively analyzed data from the US National 
Electronic Injury Surveillance System concerning 
shopping cart- related injuries in children under the age 
of 15 years who were treated in US emergency depart-
ments from 1990 to 2011 [287, 289, 290]. An average 
of approximately 24,000 children were reported annu-
ally. Injury rates decreased markedly with increasing 
age and were highest among children under the age of 
5 years (97.8 per 100,000 persons/year), followed by 
children between 5 and 9 years (13.9 per 100,000 per-
sons/year), and children between 10 and 14 years (2.9 
per 100,000 persons/year) [289]. Head and neck inju-
ries were most common and occurred in 74–80% of the 
children. Almost 3% of the children required a hospital 
admission, most of them (93%) were between 0 and 4 
years of age. Among the 0–14 year old children, frac-
tures accounted for 45% of hospital admissions, fol-
lowed by internal injury (22%) and concussion (17%). 
The annual concussion/closed head injury rate per 
10,000 children increased from 0.64 in 1990 to 2.02 in 
2011 [290].

• Smith et al.: Sixty-two children (4 months to 10 years of 
age; mean age 2.8 years), presented at the emergency 
department because of shopping cart-related accidents 
over a period of 15 months (prospective research) [291]. 
The majority of children had sustained the injury by fall-
ing out of the shopping cart in 58%, followed by top-
pling over of the cart in 26%. The sitting position was 
associated with tip-over injuries, and standing in the cart 
basket was associated with falling from the cart. Injuries 
due to falling out of the cart occurred at all ages, whereas 
injuries due to toppling over accounted for 40% of shop-
ping cart-related injuries among children under the age 
of 2 years. Eleven children (18%) had fractures, of 
which five (8%) had skull fractures. Forty-nine children 
(79%) sustained head injuries, 9 children (14%) had lac-
erations, and 30 (48%) had superficial injuries (bruises 
or abrasions). Smith et al. concluded that accidents with 
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shopping carts can lead to serious and potentially life-
threatening injuries, although there were no cases of 
(intra)cranial injury, in spite of falling on a solid (often 
concrete) surface [291]. No intracranial haemorrhages 
were found.

• Vilke et al.: One hundred twenty children under the age of 
14 years with shopping cart-related injuries [279]. Most 
children were around 1 year of age. Seventy percent of the 
children fell off the shopping cart. Head injuries accounted 
for 53% of the injuries and facial injuries for 12%. No 
child died.

Falls from Bunk Beds
Bunk bed-related injuries are common in children and may 
be sustained by falling from the top bed, the bottom bed, or 
from the ladder. The fall may occur during sleep, when get-
ting out of bed or while playing. The majority of children 
who fall from a bunk bed, will sustain head injuries, includ-
ing facial injuries:

• Selbst et  al.: Sixty-eight children with bunk bed-related 
injuries, of whom 47 were younger than 6 years (prospec-
tive research) [292]. Injuries were sustained most often 
when the child fell from the top bed (38 children), fell off 
the ladder (7 children), or fell off the bottom bed (8 chil-
dren). Injuries occurred during sleep (19 children), getting 
in or out of the bunk bed (13 children), or playing in or 
near the beds (28 children). Of those injured while asleep, 
13 of 19 children were younger than 6 years. Head injuries 
were present in 35 children and injuries to the extremities 
in 16 children. The most common injuries were lacerations 
in 27 children and soft tissue bruises in 19 children. Eight 
children had concussions and seven children had fractures. 
One child had a skull fracture and a subdural haemor-
rhage. Six children (9%) required admission to the hospi-
tal. Head and face injuries were significantly more likely if 
the top bed had no side rails. Injuries were more serious in 
case of falling off the top bed.

• Macgregor: Eighty-five children with bunk bed- and con-
ventional bed-/cot-related injuries, of whom 66 were 
under the age of 6 years (prospective research) [293]. A 
majority had fallen out of bed while sleeping. Twenty-five 
children sustained a fracture, 27 a head injury, 12 a lacera-
tion requiring treatment, and 21 sustained a soft tissue 
injury to a limb. Injuries were more serious in case of fall-
ing off the top bed. There were no children with calvarium 
fractures, in spite of the fact that a number of children 
showed notable neurological symptoms (e.g. unconscious-
ness, drowsiness, or vomiting). In none of the children an 
intracranial haemorrhage was found, not even in case of a 

complex fall, e.g. if the child during fall hits another piece 
of furniture before landing on the ground [293].

• Mayr et al.: Retrospective analysis of 218 children with 
bunk bed-related accidents. The most common circum-
stances were falls from the top bed during sleep in 35.1%, 
while playing in 34.4%, and falling off the ladder in 
23.2% [294]. Ninety-one children had major injuries, 
including 3 polytrauma, 7 calvarium fractures, 44 cere-
bral concussions, 33 long bone fractures, 2 Lisfranc inju-
ries, and 2 lacerations of the spleen. Eighteen children 
had fractures in other locations than the long bones or the 
calvarium, 89 children soft tissue injury and sprains, 18 
skin lacerations, and 2 tooth fractures. Almost 25% of the 
bunk bed-related accidents occurred in children under 3 
years of age.

• Belechri et  al.: Injuries in 197 children (aged 0–14 
years) with falls from bunk bed compared to injuries in 
1684 aged-matched children with falls from conven-
tional beds (research period 1996–1998) [295]. Injuries 
in children with bunk bed-related falls generally were 
more serious than those in children with conventional 
bed-related falls, with overrepresentation of brain inju-
ries, fractures, multiple injuries, and injuries requiring 
hospitalization.

• Mack et al: Retrospective analysis of data from the 2001 
to 2004 National Electronic Injury Surveillance System, 
concerning non-fatal, unintentional bunk bed-related 
injuries in children, aged 0–9 years (around 23,000 chil-
dren annually, including 14,600 children under the age of 
6 years [296]. 1 in 4 children was injured in a fall from the 
upper bed. Injuries were fractures, lacerations, contusions 
and abrasions, and internal injuries. The most commonly 
injured body region in these children was the head and 
neck.

• D’Souza et  al.: Retrospective analysis of data from the 
1990 to 2005 National Electronic Injury Surveillance 
System, concerning non-fatal, unintentional bunk bed- 
related injuries in children and adolescents, aged 21 years 
or younger (around 35,790 children and adolescents annu-
ally, including 14,600 children under the age of 6 years) 
[297]. The most common type of injury was lacerations in 
almost 30%, followed by abrasion in 24% and fractures in 
almost 20%. The most commonly injured body region was 
the head and neck in 27.3% in all age groups.

In spite of the high number, the severity and diversity of 
the injuries that occur when children (and adolescents) fall 
from a bunk bed, intracranial injuries are only rarely reported 
in the medical literature [292, 294, 295, 298]. In none of the 
before mentioned studies, the death of a child after a fall 
from a bed bunk was reported.
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Falls During Playing and Sporting Activities
Calvarium fractures can occur during daily activities, like 
playing or sporting:

• Ono et al.: Forty-two children under the age of 15 years 
with playground equipment-related head injuries (median 
age 5 years; 26 boys, 16 girls) [299]. The injuries were 
slide-related in 20 children, swing-related in 11, and jun-
gle gym-related in 5. Injuries were sustained in one child 
each, due to the use of monkey bars, iron bars, and a tram-
poline. In six children the circumstances were not known, 
except that they were playground equipment related. Falls 
ranged from a height of 1.2–2.5  m. Most of the falls 
occurred on hard soil or concrete. Skull fractures were 
found in 30 children, acute epidural haemorrhages in 9, 
acute subdural haemorrhages in 5, subarachnoid haemor-
rhages in 3, concussion in 8, and contusion in 3.

• Illingworth et  al.: Two hundred twenty-five children with 
skateboard (Fig.  5.24) injuries [300]. Nine-two fractures 
were found, of which most involved the upper limb. 
Lacerations, bruises, abrasions, and injuries to joints and 
soft tissues were the next most frequent injuries. Concussions 
were found in four children, of whom one also had a skull 
fractured. Minor head injuries were found in 8 and soft tis-
sue injuries of the head and neck in 23 children.

• Russell et al.: Sixty-four children with (Fig. 5.24) injuries 
(median age 14.5 years; 84% male) [301]. Fifty-one chil-
dren sustained head injuries, including 32 intracranial 
haemorrhages, 31 skull fractures, and 17 concussions. All 
children survived. The authors compared the findings in 
children with longboard injuries with the findings in chil-
dren with skateboard injuries during the same period and 
found that head injuries were more common in the long-
board group (Fig. 5.24).

Accidental Long-Distance Falls
Long-Distance Free Falls and Falls From Windows, 
Balconies, and Rooftops
According to the American Academy of Pediatrics (AAP) 
falls off heights (windows, roofs, and balconies) represent an 
important cause of child injuries and death and in the United 
States, approximately 140 deaths from falls occur annually 
in children under the age of 15 years [302]. An estimated 
three million children require emergency department care for 
fall-related injuries. According to Stone et  al. the leading 
cause of death in children are injuries, sustained in acciden-
tal circumstances and falls are the most common type of 
injuries due to accidental circumstances (unintentional inju-
ries) in the United States [303].

The majority of children with injuries due to long- distance 
falls are under the age of 5 or 6 years and fall over a distance 
of 3–7 m (one or two floors), most commonly in or in the 
direct vicinity of the home, and mostly during the warm sea-
sons [304–307]. Parents usually do not witness the fall of 
their child, unless the parents are directly involved in the fall-
ing [305].

The fall distance necessary to cause injuries in children 
in a long-distance free fall has been and still is a continu-
ous subject of discussion. Most injuries sustained by a 
child with a long-distance fall are injuries to the head and 
neck. The most common injuries, besides visible injuries, 
like bruising and abrasion, are fractures of the calvarium, 
which may be accompanied by intracranial findings, like 
subdural, subarachnoid and epidural haematoma, or cere-
bral contusions [304, 306–310]. Basilar fractures can also 
occur [308]. The risk for a fatal course increases with 
increasing height, for example a fall from a balcony, roof, 
stairs, diving board, or from an open window or tree 
(Fig.  5.25a, b) [304]. Mortality rates are relatively low 
[307, 308, 311].

In long-distance falls intracranial injuries are the most 
common cause of death [304, 308, 312]:

• Meller and Shermeta: 48 children who had vertically 
fallen from heights (e.g. windows, walls, and roofs) [313]. 
Most children (67%) fell from a distance of 3.5 m (12 ft) 
but 33% of the children fell from a height between 3.5 and 
11 m (12–36 ft). The mean age of children with serious 
injuries was 7.5 years. Twenty-seven percent of children 
under 3 years of age had a documented injury, as opposed 
to 67% of children over 3 years of age. The mortality rate 
was relatively low (2%) and 4% of the children had long- 
term sequelae.

• Williams: Evaluation of the physical findings in 398 con-
secutive paediatric victims of falls [310]. In the end, 106 
children were selected for further evaluation. In these, the 
fall had been witnessed by another person than the carer, 
and the circumstances of the fall had been documented. 
The physical findings in these children are specified in Fig. 5.24 Left: classic skateboard; right: longboard
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a b

Fig. 5.25 (a) Skull radiograph of an infant who died after being thrown from the fifth floor of an apartment building by her caretaker. Extensive 
comminuted diastatic skull fractures. (b) 3D CT reconstruction of another patient with extensive comminuted fractures

Table 5.7 Injuries in falls witnessed by others than the carer (distance 
of falling 0.5–20 m) [310]

Severity of injury N Injuries <3 m >3 m
None 15 8 7
Mild 77 • Haematomas, abrasions

• Simple fractures
24 43

Serious 14 •  Calvarium fractures: 
depressed or compound/
comminuted

•  Intracranial haemorrhages
Brain oedema

3 11

Table 5.7. In the group with the independent eye witness, 
there were 44 children that had fallen over less than 3 m. 
In this group, three children had sustained a small, 
depressed fracture without loss of consciousness from 
falling against an edged surface. None of these children 
died. In the group of children whose fall had been wit-
nessed by an independent observer, one child died after a 
fall of over 20 m (70 ft). Williams concluded that ‘infants 
and small children are relatively resistant to injuries from 
free falls, and falls of less than 3 m (10 ft) are unlikely to 
produce serious or life-threatening injury’.

• Musemeche et al.: Seventy children (mean age 5 years; 
68% boys) with falls of 3 m (10 ft) or higher or of at least 
one story (1985–1988) [306]. Seventy-eight percent took 
place in falls from two stories or less and usually took 
place at home or near the home. Most children sustained 
a single major injury, most commonly involving the head 
or the skeleton. All children survived.

• Lehman and Schonfeld: Ninety three children fallen from 
windows and 58 fall from other structures (balconies, fire 
escapes, and roofs) in a 3-year period [311]. Over 70% 
fell from a second-story window. Most children were 
under 3 years of age, and playing at the time of the fall. 
Although the morbidity rate was high (two-thirds of chil-
dren had at least one fracture, more than 30% of the chil-
dren required the intensive care unit, and 10% were 
permanently more or less neurologically impaired), the 
mortality rate was relatively low (0.7%).

• Lallier et al.: 64 children (aged 1–18 years; mean age 7.4 
years; 45 boys, 19 girls) were admitted to hospital because 
of a long-distance fall [304]. Fifty children fell from 6 m 
(20  ft) or less (two stories) and 14 fell from a distance 
above 6 m: 15 children fell from a balcony, 13 from a win-
dow, 9 from a tree, 6 from a roof, 6 from stairs, 3 from a 
diving board, and not further specified in 12 children. 
Sixty percent took place at home and during the summer 
months. Two children had no injuries, 55 children had 
only one system injury, and 7 multisystem injuries. Major 
injuries included head trauma (39%), musculoskeletal 
(34%), abdominal (12%), maxillofacial (8%), and spine 
(6%). Only one child died after a fall over 15 m (50 ft).

• Murray et  al.: Retrospective review of children, aged 
0–14 years [309]. Children who fell over a distance of 
4.5 m (15 ft) or less than had a higher incidence of intra-
cranial injuries and a lower incidence of fractures of the 
extremities than children who fell over a distance above 
4.5 m. Skull fractures were the most common injuries and 
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were associated with an increase in intracranial injuries in 
both subgroups.

• Stone et al.: 86 children under the age of 15 years, admit-
ted to hospital, because of falls from windows (1991–
1997), compared to 1277 children under the age of 15 
years, admitted to hospital, because of other falls [303]. 
Children, aged 0–4 years had a higher rate of falls than 
children, aged 5–14 years: 14.6/100,000 vs. 2.0/100,000. 
Boys were twice as likely to fall as girls. The mortality 
rate for falls from windows was 4.7%, compared to 0.07% 
for all other falls.

• Kim et al. and Wang et al.: Retrospective analysis of 729 
children, aged 15 years or younger with fall-related inju-
ries due to accidental circumstances (1992–1998) [308, 
314]. In 393 children the fall was classified as a short- 
distance fall (under 4.5  m/15  ft) and in 336 as a long- 
distance fall (4.5 m or above). Ninety-eight children had a 
fracture of the calvarium and 93 had a basilar fracture. A 
cerebral contusion was found in 26 children, a subarach-
noid haemorrhage in 25, a subdural haematoma in 22, and 
an epidural haematoma in 12. Brain injuries were found 
with equal frequency in children with falls over a distance 
of 4.5 m or less and falls above 4.5 m [314]. Common 
extracranial injuries were fractures of the upper extremity 
in 6.2%, fractures of the lower extremity in 5.6%, pulmo-
nary contusion in 1.8%, pneumothorax in 1.1%, liver lac-
eration in 1.1%, bowel injury in 1.0%, and splenic injury 
in 2.1%. Orthopaedic and thoracic injuries resulted more 
commonly from high-level falls, whereas abdominal inju-
ries were as likely to occur after a low-level fall. Long- 
distance falls were associated with a higher mortality rate 
than a fall of 4.5 m or less (2.4 vs. 1%; overall mortality 
rate 1.7%). Four children died from a fall under 4.5 m, all 
because of intracranial injuries and intracranial hyperten-
sion. All four had a GCS of three when arriving at the 
hospital and had abnormal CT findings. Fifty percent of 
the children, who died after a fall over a distance above 
4.5  m, died of intracranial injuries and 50% of severe 
extracranial injuries.

• Vish et al.: Ninety children (mean age 2 years; 55 boys, 
35 girls) were admitted to hospital because of a fall from 
a window [307]. Ninety-eight percent of the children fell 
over a distance of four stories or less. Head injuries and 
fractures of the extremities were most common. Three 
children died, and three children were discharged to a 
rehabilitation centre.

• Mayer et  al.: Thirty-one children under the age of 16 
years with head injuries and/or multiple trauma due to 
falling from windows or balconies [305]. Eighty-four per-
cent of the children was between 0 and 5 years of age. All 
six children who died belonged to this age group. Twenty- 
seven children fell from the third-floor or lower. Twenty- 
one children fell at home. Fifteen children climbed on 

furniture before falling. According to the authors the fall 
was due to dangerous balcony or house constructions in 
20% of the falls. Except for three cases parents did not 
witness the fall. One mother jumped out with her child 
and two mothers threw their children out of the window. 
Two children attempted suicide.

• Melo et al.: 58 children under the age of 6 years (mean 
age was 2.8 ± 1.4 years) with severe head injuries due to 
falls from windows, presenting with a Glasgow Coma 
Score (GCS) of eight or less (2000–2005) [315]. Almost 
half of the children had a GCS of 5 or less and just over 
60% had a Paediatric Trauma Score (PTS) of 3 or less. 
The mortality rate was 41% (24/58) and most of them 
(88%; 21/24) died within 48 h after falling. According to 
the authors, severe head injuries due to falls from win-
dows carry a high risk of mortality in children under the 
age of 6 years.

• Al et al.: Five hundred thirty-eight patients, aged 3 months 
to 98 years (mean age 12.4 ± 3.22 years) with injuries due 
to an accidental fall from heights (1–20 m; mean distance 
3.2 ± 2.4 m), divided into falls from rooftops, balconies, 
stairs, and simple falls (elevator shafts, rock cliffs, bunk 
beds/berths, chairs, donkey/horses, and cribs) [312]. Over 
50% of patients were under the age of 6 years old, 70% 
were under the age of 10 years, and 83.5% were under the 
age of 20 years old. The most common injuries were to 
the head with linear fractures being the most common 
injury in over 20% of all patients, followed by intracranial 
haemorrhages, brain oedema, and cerebral contusions. 
The mortality rate was 2.2%, and was highest among the 
patients who fell from flat-roofed houses. All patients 
who died had head injuries. The mortality rate in children 
under the age of 10 years was 1.5%. The mean distance of 
falling in this age group of children who died was 4 m, 
although fatalities were more common, when children fell 
from distances over 4 m, or when the child’s head hit a 
hard surface, such as concrete.

• Shields et  al.: 86,500 balcony fall-related injuries (esti-
mated), treated in US hospital EDs from 1990 through 
2006 [316]. The distance of falling ranged from 1.5  m 
(5  ft) to 26.5  m (87.5  ft). Thirty-seven percent of the 
patients were under the age of 18 years. These patients 
were more likely to sustain a concussion/closed head 
injury or skull fracture than patients 18 years and older.

• Kocak et al.: One hundred thirty-three children under the 
age of 18 years (median age 4 years, 50% between 2 and 
7 years of age) with accidental falls from a height of at 
least 1  m (prospective study—1 year period) [317]. 
Ninety-five children were between 0 and 6 years of age. 
Parents were not present at the moment of falling in 55% 
of children in this age group. Thirty-eight percent of all 
children fell off a balcony. The mean fall distance was 
2.9 ± 2.5 m. Median Glasgow Coma Score was 15 (50% 
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had a GCS of 14 or 50), and the median Paediatric Trauma 
Score was 10 (50% had a PTS of 9–11). The risk of losing 
consciousness increased with increasing distance of fall-
ing. Head injuries were the most common injuries in 63%. 
Multiple injuries were found in 17.3%.

• Pérez-Suárez et  al.: Fifty-four paediatric patients (age 
ranging from 0.4 to 14 years; mean age 6 years) with falls 
of 2  m and above, admitted to hospital (intensive care 
unit) (retrospective study—10 years period) [318]. 
Twenty-eight of the children (51%) were (often unsuper-
vised) pre-school children, 12 (22%) were above the age 
of 12 years. Ninety-two percent fell off a building (e.g. 
windows or balconies). Most of the falls occurred during 
playing. Six of the 12 children between 12 and 14 years of 
age attempted suicide. Head injuries, ranging from mild 
to severe, were found in 38 children (70%), including cal-
varium fractures in 25 children (46%) and intracranial 
injuries (subdural and epidural haematomas; brain contu-
sion) in 30 children (56%). Seven children (12%) died, all 
due to falls over 9 m (two children due to brain injuries, 
two due to hypovolemic shock, and three to cardiorespira-
tory arrest).

These papers show that accidental long-distance falls in 
children have high morbidity (27–97%), especially head 
injuries, and a relatively low overall mortality (0–4.7%). 
However, mortality increases sharply in patients with severe 
brain damage, up to 41%.

Long-Distance Falls from Playing Equipment
Several studies have been published concerning more or less 
long-distances falls from playing equipment, e.g. from ropes, 
vines, and tree houses:

• Albanese et  al.: Twenty-six children, of whom 18 fell 
from ropes, and 8 from vines (all onto packed dirt) (retro-
spective study) [319]. Fourteen children fell over a dis-
tance of one story or less, 8 from two stories, and 4 from 
three stories. No differences were found in injury severity 
score, or length of hospital stay with respect to the height 
of falling. Head injuries were the most common injuries 
in 58% of the children, followed by long bone fractures in 
42%, axial skeletal fractures in 23%, and intra-abdominal 
visceral injuries in 8%. One child died due to intracranial 
injury after a two-story fall.

• Randazzo et al.: Retrospective analysis of data from the 
National Electronic Injury Surveillance System, concern-
ing tree house-related injuries, due to falls or jumps 
(1990–2006) in (estimated) 47,351 paediatric patients of 
19 years and younger, who were treated in an emergency 
department [320]. Fractures were the most common 
injury (36.6%), and the upper extremities were the most 

commonly injured body part (38.8%). The risk of sustain-
ing a head injury was the highest in children under the age 
of 5 years. The risk of sustaining a fractures was higher in 
falls of jumps over 3.5 m (10  ft) than in falls of jumps 
under 3.5 m.

Long-Distance Falls from Stairs
Almost all parents have experienced at some time that their 
young child fell downstairs. This means that annually the 
number of falls down the stairs must be very high. Usually, it 
results in little or no injuries. This is probably why the paedi-
atric literature contains only a few publications on this type 
of accident and the occurrence of skull fractures in these 
accidents, despite the fact that falling down stairs most prob-
ably is the most common type of long-distance falls in chil-
dren, followed by playground-related falls and bicycle-related 
falls [321]. Most of the studies concerning stairway-related 
falls show that long-distance free falls cause more serious 
and more injuries than stairway falls from the same vertical 
distance downstairs:

• Joffe and Ludwig: Three hundred sixty-three children (1 
month to 18.7 years; mean age 55 months; 54 children 
under 1 year of age), presented to a paediatric emergency 
department with injuries due to falling downstairs (pro-
spective study) [322]. Children with inflicted injuries 
were excluded from the study. 10 children were carried by 
their parents or carer. Twenty-four children were in a baby 
walker when they fell downstairs. The majority of chil-
dren sustained only minor superficial injuries. Seventy- 
three percent of the children had injuries to head and 
neck, irrespective of the severity of the injuries. Twenty- 
eight percent had injuries to the extremities (mostly dis-
tal) and 2% had injuries to the trunk. Children under the 
age of 4 years were more likely to sustain injuries to the 
head injuries than children above that age. Only 2.7% of 
the children had injuries to more than one body part. Six 
percent of the children had fractures. Seventy-two percent 
of these children had fractures of extremities. Six children 
(28% of children with fractures) had a skull fracture, all 
of them were under the age of 3 years. Four of the chil-
dren with skull fractures belonged to the ten children that 
fell from their parents’ or carers’ hands while going 
downstairs. A cerebral concussion was found in three 
children. Intracranial haemorrhages or cerebral contu-
sions were not seen. In none of the children, the injuries 
were life threatening. No child needed intensive care. No 
association was found between the number of steps fallen 
down and the number and/or the severity of injuries. 
Children who fell down more than four steps had no 
greater number or severity of injury than those who fell 
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down less than four steps. According to the authors, a fall 
downstairs consists of mild-to-moderately severe initial 
impact  followed by a series of low-energy (most proba-
bly) non- injurious falls down the remaining steps. The 
first fall is the longest by height: the height of the child 
itself plus the number of steps of the stair. Joffe and 
Ludwig concluded that different circumstances should be 
suspected when multiple, severe, truncal, or proximal 
extremity injuries are noted in a child who reportedly fell 
down stairs [322].

• Chiavello et al.: Sixty-nine children (under the age of 5 
years; median age 2 years) presented to a paediatric emer-
gency department with stairway-related injuries (prospec-
tive study—2-year period), including three children who 
fell while being carried by a parent/carer [323]. Children 
with baby walker-related accidents and children sus-
pected to have inflicted injuries were excluded. Most inju-
ries were not serious. Ninety percent of the children had 
head and neck injuries, irrespective of the severity, 6% 
injuries of the extremities, and 4% of the trunk. There 
were no children with injuries to more than one body 
region. Fifteen children sustained serious injuries such as 
concussions (11 children—16%), skull fractures (5 chil-
dren—7%), cerebral contusion (2 children—3%), subdu-
ral haematoma (1 child—1%) and fracture of the second 
cervical vertebra (1 child—1%). The three children who 
were carried had sustained serious injuries: one child had 
a skull fracture, one child had a skull fracture and a brain 
contusion, and one child had a subdural haematoma. This 
was also the child that had sustained a fracture of the sec-
ond cervical vertebra. These injuries occurred in a fall 
while being carried downstairs by an adult. Chiaviello 
et al. [323] concluded that head and neck injuries are the 
most prevalent injuries, and that it is rare to have injuries 
on more than one body part, but they also concluded that 
serious stairway-related injuries might be more common 
than reported before their article.

• Docherty et al.: Two hundred thirty-nine children (aged 
0–15 years; mainly toddlers), visiting the emergency 
department, because of falls downstairs (retrospective 
analysis) [324]. Two hundred sixteen of the 239 children 
(90%) had sustained one or more than one injury. One 
hundred sixty-five children (69%) had minor injuries to 
the head and face, 29 minor soft tissue injuries to other 
body parts. Twenty-three children had fractures: fractures 
of the clavicle in 9, wrist in 4, elbow in 1, femur in 4, and 
tibia in 5 children. Eight children were admitted to the 
hospital. None of the head injuries needed an interven-
tion. Injuries to more than one body part were found in 
only 8 children (3%). Seventeen children (7%) were 
dropped while being carried on the stairs by a parent or 
carer and all 17 children sustained injuries, of whom 5 

had a fracture of the skull, 1 of the tibia, and 2 of the 
femur. The likelihood or severity of the injuries was not 
associated with the number of stairs, but young children 
who fell downstairs with their carer or were dropped 
while being carried downstairs should get a close evalua-
tion. Docherty et  al. concluded (just like Joffe and 
Ludwig) that different circumstances should be suspected 
when severe injuries to the trunk and extremities truncal 
or injuries involving more than one body region are found 
in a child, who reportedly fell downstairs [322, 324].

• Pomerantz et  al.: Four hundred eighty-nine children 
(under the age of 5 years) were hospitalized because of 
falling either from furniture (318 children; most com-
mon falls: 33% from beds, 18.9% from couches; 17.9% 
from chairs) or from stairs (171 children) (retrospective 
study, 11 years) [325]. Head injuries were much more 
likely in falls from stairs compared to falls from furni-
ture (64.3 vs. 38.1%), including skull fractures (39.8 vs. 
20.1%). Injuries to the upper extremities were much 
more likely in falls from furniture compared to falls 
from stairs (33.3 vs. 9.9%), including humerus fractures 
(30.8 vs. 9.4%).

• Zielinski et  al.: Retrospective analysis of data from the 
National Electronic Injury Surveillance System of the US 
Consumer Product Safety Commission from 1999 
through 2008, concerning stair-related injuries in (esti-
mated) 931,886 children (under the age of 5 years) [326]. 
In this period, the number of the number of stair-related 
injuries decreased significantly. Approximately 75% of 
children had injuries to the head and neck region, and 
2.7% of patients were hospitalized. Soft tissue injuries 
were found in almost 35% of the children. Children who 
fell while being carried accounted for almost 25% of the 
injuries in children under the age of 1 year.

• Pennock AT et al.: Sixteen children (7–51 months of age; 
average age 14.5 months), who sustained a fracture due to 
falling down stairs, while being carried by a carer (retro-
spective study, 2004–2012) [327]. None of the children 
had a fracture of the skull. Fifteen children had a fracture 
of the lower extremity, of whom 8 had a fracture of the 
femur. The majority were buckle fractures, but all diaphy-
seal femur fractures were spiral. One child had a fracture 
of the ulna. Detailed histories from the person who car-
ried the child showed that they ‘missed a step’ due to the 
child being carried in front, obscuring the vision of the 
carer (Fig. 5.26).

• Hibberd et al.: Three hundred seventy-two children (aged 
0–13 years) with bruises from accidental (unintentional) 
trauma (falls from less than 1 m, falls from 1 to 2 m, falls 
from standing height or less and hitting an object during 
fall, stairs or impact, crush, sports, or motor vehicle colli-
sion) [328]. The children had 559 injury incidents, result-
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Fig. 5.26 (a) Side view of 
the caretaker’s unobstructed 
view on the stairway. (b) Side 
view of the child obstructing 
the caretaker’s view. (c) 
Bird’s eye view of the 
caretaker’s unobstructed view 
of the stairway. (d) Bird’s eye 
view of the child can obstruct 
the caretaker’s view of the 
stairway. (Reprinted under 
open access from 
A.T. Pennock et al. Stair falls: 
caregiver’s “missed step” as a 
source of childhood fractures 
[327])

ing in 693 bruises. Stair falls resulted in 3 or more bruises 
only with falls involving 10 or more steps.

Injuries to the head (including fractures of the skull) are 
probably the most common injuries in stairway falls in chil-
dren. Serious intracranial injuries, however, are only very 

rarely described. Only Chiavello et  al. reported the occur-
rence of intracranial injuries (see earlier in this section) 
[323]. As far as could be derived from the medical literature 
there is only one isolated case report concerning a fatal stair-
way fall in a young child. Lantz and Couture reported an 
almost 8-months-old infant, who sustained an acute subdural 
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haematoma, and a severe haemorrhagic retinopathy, accord-
ing to the authors, due to an unobserved stairway fall (base-
ment stairway, six carpeted steps, total vertical height 
1.40 m) [329]. The infant eventually died due to intracranial 
injuries. According to the Greeley and the RCPCH and RCO, 
the case report cannot be considered as proof that young 
children can sustain fatal injuries due to stairway falls, 
because Lantz and Couture did not give sufficient evidence 
that non-accidental circumstances (inflicted injuries/abuse) 
were excluded properly [329–331].

Falls with Baby Walkers, Including Walker Falls from Stairs
Accidents with baby walkers (Fig. 5.27) occur regularly in 
young children up to 1 year of age. The number of baby 
walker-related injuries is decreasing in the United States 
since the implementation of federal mandatory safety stan-
dards in 2010 [332]. Nevertheless, despite the decline in 
injuries, baby walkers remain an important and preventable 
source of injury among young children.

Baby walkers are not inherently dangerous, but become 
dangerous because of lacking supervision by parents/carers 
[333]. In the eighties of the last century, discussions started 
on the risks of sustaining calvarium fractures and other 
severe injuries (including severe or even fatal head inju-

ries), due to falls downstairs while using a walker and on 
the banning of walkers because of this risk [333–338]. In 
the eighties 30–50% of infants, placed in walkers, experi-
enced at least one accident or sustained injuries due to the 
use [333, 339].

Most baby walker-related injuries are bruises, abrasions, 
and minor cuts and occur due to various mechanisms: going 
head over heels, falling down the stairs or from an elevation, 
or by crushing of fingers. The most serious injuries occur 
when falling down the stairs or from an elevation:

• Kavanagh and Banco: 150 infants (aged 5–15 months) 
using infant walkers, surveyed in a 3-months period [340]. 
In 47 infants a walker-related accident occurred, leading 
to closed head injuries, fractures, lacerations, tooth evul-
sion, and soft palate perforation.

• Wellman and Paulson: Retrospective chart review of 
infants with baby walker-related injuries over a 23-month 
period [341]. Ninety-seven percent of the children sus-
tained injuries to their head or face. The majority of the 
injuries were relatively innocent. Sixty-eight percent of 
the injuries were the result of falling down steps.

• Fazen and Felizberto: Forty-two infants (aged 8–12 
months) using various types of baby walkers [342]. 
Twenty-one infants (50%) experienced at least at least 
one accident involving a tip-over, a fall downstairs, or 
finger entrapment. Two children sustained head and 
neck injuries after falling downstairs in a walker, that 
were serious enough to require medical management. 
Stairway and finger entrapment accidents occurred 
most commonly before the age of 7 months, while tip-
overs were much more likely to occur after the age of 
8 months.

• Stoffman et al. sent questionnaires to evaluate the use of 
baby walkers. Of the 152 responding families 82% 
reported the use of a baby walker. The incidence of baby 
walker-related falls was 36 and 8% needed medical care. 
To determine what proportion of head injuries in children 
under 24 months of age who presented to an emergency 
department were related to the use of baby walkers, the 
authors reviewed the charts of 52 such children. Baby 
walkers were involved in 42% of the head injuries in chil-
dren under the age of 12 months and in none of the chil-
dren aged 12–24 months. All baby walker-related injuries, 
including skull fractures in three children, were sustained 
in falls downstairs.

• Rieder et  al.: Prospective study of baby walker-related 
injuries in infants presenting to the emergency depart-
ment of a large paediatric hospital during a 1-year period 
[343]. They included 139 children with injuries, 29 of 
these were fractures. Falls downstairs accounted for 123 
injuries (89%). The most severe injuries occurred in falls 
downstairs. Most frequent injuries were closed head 
injury (67%) and skull fractures (14%).

Fig. 5.27 Baby walker This media file is in the public domain in the 
United States. This applies to US works where the copyright has 
expired, often because its first publication occurred prior to January 1, 
1925, and if not then due to lack of notice or renewal
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• Coats and Allen: Retrospective study of all infants under 
the age of 2 years attending an accident and emergency 
unit [344]. Twenty-two baby walker-related injuries were 
found in a total of 1049 attending infants. Skull fractures 
were found in three infants. These were considered to be 
the most serious injuries. Most injuries occurred due to 
falling downstairs in the walker. Injuries due to the use of 
baby walkers occurred with a similar frequency as inju-
ries due to road traffic accidents.

• Partington et al.: One hundred twenty-nine children under 
the age of 2 years with head injuries (retrospective clini-
cal review, 3-year period) [345]. Nineteen children sus-
tained baby walker-related head injuries (mean age at 
time of injury 8.7 months). Almost 95% sustained head 
injuries due to falling downstairs. Nine children (almost 
50% of the children with walker-related head injuries) 
had a calvarium fracture.

• Mayr et al.: One hundred seventy-two infants (aged 7–14 
months) with baby walker-related injuries (retrospective 
study, 3.5-year period). One hundred twenty-five infants 
(73%) had bruises and lacerations of the head, including 
four teeth luxation). Nineteen children (11%) had a skull 
fracture, of whom 15 had a calvarium fracture and 4 a 
basilar fracture. 23 children (13%) had a concussion of 
the brain. Three children had a fracture or distortion of the 
arm. The authors recommended a general ban on the sale 
and manufacture of baby walkers [336].

• Chiavello et al.: Sixty-five children (aged 3–17 months, 
95% under the age of 1 year) (prospective study, 3-year, 
8-month period) with baby walker-related injuries [334]. 
In 46 children (71%) the injuries were due to stairway 
falls, in 14 children (21%) to tip-overs, in 2 children (3%) 
to falls from a porch. Three children (5%) sustained burn 
injuries. In 97% the injuries were located in the head and 
neck region. In 6% there were injuries on the extremities 
en in 3% on the trunk. Most injuries were minor. In 19 
children (29%) significant injuries were found: fractures 
(skull, c-spine), intracranial injuries (concussion, intra-
cranial haemorrhage), and full-thickness burns. Five chil-
dren had intracranial haemorrhages. One child with a 
skull fracture, subdural haemorrhage, and a fracture of the 
cervical spine died. After excluding the children with 
walker-related burn injuries, all serious injuries were 
found in children who had fallen downstairs.

• Petridou et al.: Forty-nine infants (80% under the age of 
10 months) with baby walker-related injuries (retrospec-
tive analysis, 12-month period) [346]. Most injuries, 
especially in children under the age of 10 months, were 
sustained in falls downstairs. Most injuries were found in 
the head and neck region and were minor (bruises and 
abrasions), although three children sustained fractures 
and one child a burn injury.

• Smith et  al.: Two hundred seventy-one children (aged 
4–20 months, mean age 9.2 months, mean age 8 months; 
1 child was 36 months) with baby walker-related injuries 
[347]. Ninety-six percent fell downstairs, 1.5% from an 
elevated surface (e.g. curb or porch). The rest were injured 
in another way (falling out the walker, burning or shutting 
finger in door, while sitting in the walker). One hundred 
fifty-nine children had bruises and abrasions, 35 had con-
cussions/head injuries, and 33 had lacerations. Twenty- 
six children sustained calvarium fractures (17 parietal, 8 
frontal, and 1 occipital), three clavicular fractures, and 
one a radius and ulna fracture. Three children had a 
depressed calvarium fracture with an accompanying 
intracranial haemorrhage, of which two were subdural 
haematomas. Two of these three children had a second 
skull fracture without depression. The calvarium fractures 
all occurred in the group of children that had fallen down-
stairs. Falls downstairs ranged from 1 to 30 steps. A fall 
over 10 steps resulted in a significantly increased risk on 
a skull fracture. Supervision was present in 78% of cases, 
including supervision by an adult in 69% of cases.

• American Academy of Pediatrics (2001): In 1999, an esti-
mated 8800 children under the age of 15 months were 
treated in emergency departments in the United States for 
baby walker-related and from 1973 through 1998 34 
walker-related deaths were reported. Based on these data 
the AAP recommended a ban on the manufacture and sale 
of mobile baby walkers.

In summary, baby walkers are often used in everyday life 
but carry a high risk for injuries (up to 50%). Most injuries 
involve the head and neck regions. Especially falls from 
stairs with baby walkers occur often and have a high risk for 
severe injuries to the head.

Accidents: Toppling Televisions and Other Falling 
Heavy Objects
Injuries in children which are caused by toppling televisions 
or other falling heavy objects are compared to injuries sus-
tained in other accidents rare [348]. However, because of the 
weight of some televisions, compared to the size of young 
children severe and sometimes fatal injuries can result [348, 
349]. Various publications report a high morbidity and mor-
tality in children due to toppling televisions. Wide-screen 
cathode ray tube (CRT) televisions are notorious, especially 
when placed on unstable cupboards, often with wheels, 
dressers or other furniture that the child can climb on [349–
355]. Although most bulky CRT televisions in family homes 
have been replaced by flat screen televisions (LCD, LED), 
accidents with CRT televisions still are reported regularly. 
According to several recent studies, the number of toppling 
television-related accidents is even still increasing [356–
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358]. In 2018, Safe Kids Worldwide stated that every 3 
weeks a child dies from injuries, caused by toppling televi-
sions [359].

Duhaime et al. defined the cause of head trauma, due to 
falling of heavy objects as static loading (‘the child climbed 
or pulled on a heavy object, which then fell over with the 
child and landed on the child’s head’) [243]. This type of 
accident, however, has more in common with dynamic load-
ing, as found in accidental falls. In such a situation it is not 
rare for a double impact to occur: first, the moment that the 
child falls off the cupboard on top of its head and then the 
moment that a heavy object, like a television and/or the cup-
board topple(s) over on the child. Both contact forms lead to 
dynamic impact loading. All children in Duhaime’s study 
had basilar cranial fractures.

Injuries due to toppling televisions are predominantly 
found in children between the age of 1 and 4 years and 
mostly concern injuries to the head and [354, 356, 360]. The 
most common injuries are head injuries (skull fractures, 
intracranial haematomas) (Table 5.8).

The most common cause of death in these children is 
severe head (skull and intracranial) injuries [352, 354, 356]. 
Children that died as the result of injuries due to toppling 
televisions instantly showed clinical symptoms and were in 
near immediate need of intensive care.

• Bernard et al. reported on 73 accidents with toppling tele-
visions in children (boys 31; girls 42) (average age 36 
months; SD ± 25.4 months) [350]. The data were derived 
from a retrospective analysis of incident files of the US 
Consumer Product Safety Commission (CPSC) data sys-
tems and The Children’s Hospital of Alabama inpatient 
medical records. Twenty-eight children (boys 10; girls 
18) (average age 31 months; SD ± 22 months) died due to 
the accident. The head was the most prevalent anatomical 
location for injuries (externally visible injury, skull frac-
tures, and intracranial injuries) (72%). Of the 14 deceased 
children, who were further investigated by the CPSC, 13 

died from head injuries, while the remaining child died 
from generalized crushing injuries (injuries in which sev-
eral body parts and organs are seriously damaged and/or 
crushed).

• DiScala et  al. evaluated the findings in 183 children 
under the age of 7 years (76% between the age of 1 
and 4 years) (almost 60% boys), hospitalized because 
of injuries caused by toppling televisions (data from 
the US National Pediatric Trauma Registry) [351]. 
68.3% of the 183 children had head injuries, and 
43.7% had injuries to one or more body parts or 
organs. More than a quarter of children had injuries 
with an injury-severity score of 10–75. Approximately 
one-third of the children had to be admitted to an 
intensive care unit. Five children died due to massive 
intracranial haemorrhages.

• Scheidler et al. evaluated the findings in 43 children, aged 
0–16 years, and found that the most common injuries 
were to the head, abdomen, and arms/legs (fractures) 
[354]. The majority of television-related injuries occurred 
in toddlers, aged 1–3 years, who were left unattended at 
home. Five children died, all resulting from head injuries. 
Four children sustained an abdominal trauma, and in three 
children a surgical intervention was indicated. None of 
the children with abdominal trauma died.

• Jea et  al. reported on seven children, aged 18–36 
months (average 22 months), with injuries due to top-
pling televisions. Four children sustained a calvarium 
fracture, two children a basilar fracture [352]. Skull 
fractures were found most often in children under the 
age of 24 months.

• Yahya et  al. reported on 18 children (13 boys, 5 girls), 
aged 12 months to 10 years (mean 44 months) with inju-
ries caused by toppling televisions [355]. Radiological 
findings were 16 skull fractures, 3 epidural haematomas, 
3 small subdural haematomas, one intracranial haemor-
rhage (not otherwise specified), and three venous obstruc-
tions of the transverse-sigmoid sinus. Three children had 
cranial nerve deficits and three had otorrhoea, otorrhagia, 
or haemotympanum.

• Ota et al. analyzed 26 children (mean age 40 months) who 
were injured by a falling television. There were 14 head 
injuries (8 fractures and 4 intracranial bleedings) and 9 
children with an injury of an extremity (5 fractures). Nine 
children were hospitalized, including two patients admit-
ted to the intensive care unit [353].

• Marnewick et  al. analyzed the findings in 13 children 
under the age of 15 years with injuries, caused by top-
pling televisions [348]. Nine children had head injuries 
and one child died.

• Befeler et  al. evaluated the findings in 26 paediatric 
patients (19 boys, 7 girls). 85% of the incidents occurred 
in 2–4 year old children [360]. Twenty children had head 

Table 5.8 Anatomical location of injuries and ‘injury severity score’ 
in toppling televisions [351]

Anatomical location of the injury N %
• Skull/brain 58 31.7
• Arms or legs 28 15.3
• Face, abdomen, skin 17 9.3
•  Combination of more than two injuries: skull/brain, 

face, chest, abdomen, arms, legs, skin
80 43.7

• Total head/neck area 125 68.3
Injury severity score N %
• 1–9 (mild) 127 69.4
• 10–15 (moderate) 32 17.5
• 16–24 (severe) 13 7.1
• 25–75 (life-threatening) 7 3.8
• Unknown 4 2.2
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injuries, ranging from concussions to skull fractures and 
subdural, subarachnoid, and intraparenchymal haemor-
rhages. No child died.

• Eren et al. described 86 children (47 boys, 39 girls), aged 
9 months to 8.5 years (mean age 38.8  ±  19.5 months), 
with injuries, all caused by toppling CRT televisions 
[358]. Nineteen children had skull fractures and 12 had 
intracranial haemorrhages. One child had permanent neu-
rological damage and one child died.

Therefore, injuries sustained from toppling televisions 
often cause head trauma that is potentially serious and 
even life threatening. Mortality rates up to 38% have been 
reported.

Accidental Circumstances: Traffic Accidents
Severe trauma, such as a motor vehicle accident or motor 
vehicle versus pedestrian accidents, may cause head inju-
ries, including calvarium fractures and intracranial inju-
ries. However, in those cases, the accident is almost always 
observed by an independent spectator and the patient’s his-
tory will be supported by statements of this spectator and 
the history corresponds with the injuries found. Therefore, 
independently observed accidental calvarium fractures 
will rarely if ever be confused with calvarium fractures 
due to non- accidental circumstances. For a comprehensive 
overview regarding the origin of calvarium fractures 
accompanied by intracranial injury and other fractures and 
possible death based on accidental causes, we refer to 
Sect. 5.6 and Chap. 13.

Accidental Circumstances: Daily Activities
Injuries to scalp, calvarium, and intracranial contents can 
also occur due to ceiling fans:

• Alias et al. (2005): Fourteen children with head injuries 
due to fan blades in (mean age 7.9 years; range 1.0–12.2 
years; most often school-aged boys). The circumstances 
under which the injuries were sustained included jumping 
on the upper bunk of a bunk bed, climbing on a ladder, 
climbing up onto a table, and being lifted by an adult. The 
injuries consisted of scalp lacerations, compound 
depressed fractures, and multiple intracranial haemor-
rhages. One child died from severe head injuries.

• Furyk et  al.: One hundred thirty-six paediatric patients 
with ceiling fan-induced head injuries. Most children had 
no physical findings [361]. If present, lacerations of the 
scalp were most common. Skull fractures were found in 
seven children. Most of these fractures were palpable. 
The circumstances included getting in and out of the 
upper bunk bed, jumping from furniture, or being held up 
by an adult.

• O’Donnell: A 12-month-old girl with a large scalp lacera-
tion and a depressed curvilinear calvarium fracture and 

underlying haemorrhagic contusion of the brain. The girl 
was held up by an adult and struck on the head by a ceil-
ing fan [362].

• Hoz et  al.: Twenty-nine paediatric patients with head 
injuries due to metallic ceiling fans [363]. Most of the 
injuries occurred while climbing on or jumping from 
furniture. Most children were between 2 and 5 years of 
age. Compound depressed skull fractures were most 
common, often associated with intracranial injuries and 
pneumocephalus.

5.3.3.5  Trauma After Birth: Non-accidental 
Circumstances

In non-accidental circumstances, a calvarium fracture can be 
caused by a direct impact due to a considerable blunt force 
trauma, e.g. when being punched with a fist or in a contact 
with a flat surface, like being hit with a shelf or thrown on the 
floor or against a wall.

Epidemiology
Calvarium fractures are sustained in non-accidental circum-
stances only in a relatively small part of all paediatric cal-
varium fractures, although, according to some authors, skull/
calvarium fractures are the second most common fracture 
occurring in non-accidental circumstances [181, 364, 365].

Johnstone et al. evaluated 409 children under the age of 
13 years; only 3% of skull fractures were sustained in non- 
accidental circumstances [366]. However, this percentage 
seems to increase dramatically as the studied population gets 
younger. Hobbs found that 33% (29 of 89 children) of cal-
varium fractures in children under the age of 2 years of age 
occurred in non-accidental circumstances [256]. Loder and 
Bookout evaluated the data of children under the age of 16 
months that had sustained fractures in non-accidental cir-
cumstances and found skull fractures in 35% of children 
[367]. Leventhal et al. studied 93 children under the age of 3 
years with skull fractures; 80% was under the age of 1 year 
[368]. In the group of children under the age of 1 year, 27% 
of skull fractures occurred in non-accidental circumstances 
(child abuse). Reece stated that 80% of inflicted skull frac-
tures occur in infants under the age of 1 year [369]. According 
to Kleinman and Barnes 7–30% of all inflicted fractures in 
children are skull fractures and 10–13% of all inflicted inju-
ries concern skull fractures [184]. Merten et al. found a com-
parable percentage, slightly less than 10% (67 children with 
a skull fracture) of a total of 712 children with inflicted inju-
ries [370]. Neither Kleinman nor Merten et al. differentiated 
for age. Pandya et al. found that calvarium fractures in chil-
dren under the age of 18 months were more often sustained 
in accidental than non-accidental circumstances [371]. 
According to Kleinman et  al. skull fractures are found in 
41% of children that had died as a result of non-accidental 
circumstances (physical violence) [180].
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Differential Diagnosis, Based on Type of Calvarium 
Fractures
No type of calvarium fracture offers the possibility to dif-
ferentiate a non-accidental fracture (an inflicted injury) from 
an accidental fracture [372]. Even if a history of trauma is 
lacking in a child who is diagnosed with a calvarium fracture 
and a soft tissue swelling of the scalp, this does not indicate 
an inflicted injury, because, e.g. subgaleal and subperiosteal 
haematomas may develop gradually in the course of several 
days (up to weeks) (Sect. 5.2).

The most common inflicted calvarium fracture is a uni-
laterally localized, simple linear fracture of the parietal 
bone without depression. However, this also happens to 
be the most prevalent skull fracture in accidents [169, 
368, 373].

When the fracture is bilaterally present or when there 
are multiple fractures with depression and diastasis 
>3  mm, one should consider non-accidental circum-
stances, especially with an ambiguous clinical history. 
Also, in depressed fractures, fractures with diastasis of 
the fracture lines and occipital fractures, one should con-
sider physical violence as a possible cause (Table  5.5) 
[28, 256, 368, 370, 374].

However, the presence of the earlier-mentioned character-
istics or locations of calvarium fractures, taken out of their 
context, can never be considered as absolute proof of non- 
accidental circumstances [375, 376]. Meservy et  al. evalu-
ated 134 children under the age of 2 years and found that in 
39 infants (29%) the calvarium fracture was inflicted [377]. 
The parietal bone was the most common fracture site in both 
accidental fractures (91.3%) as in non-accidental fractures 
(87.5%). They also did not find differences in the occurrence 
of impression fractures, diastatic fractures (≥3 mm), or com-
plex fractures between children who were involved in an 
accidental trauma compared to children with a non- accidental 
trauma. The age of the child also offered no possibility of 
differentiation between accidental and non-accidental cir-
cumstances. Meservy et  al. did also find that multiple or 
bilateral fractures or fractures that cross the sutures were 
more common in or highly suspect for non-accidental cir-
cumstances [377]. The literature seems to confirm the find-
ing of Meservy et al. concerning the crossing of sutures (e.g. 
[28, 374, 377]). However, fractures that continue into the 
adjacent bone are also found in accidental circumstances 
[177, 378].

5.3.3.6  Medical Differential Diagnosis 
of Calvarium Fractures Due to Trauma 
After Birth

In the radiological differential diagnosis one should be aware 
of so-called pseudo-fractures, such as impressions of blood 
vessels, but also different aspects of sutures and connective 
tissue fissures (Sect. 5.3.4.7) [379]. Also, super-positioned 

externally localized objects may cause confusion. For exam-
ple, this may the case with plaids or hair bows. In Chap. 14, 
normal variants, resembling calvarium fractures, will be 
dealt with. Also, congenital and acquired disorders with an 
increased risk of fracturing will be described in Chap. 14.

5.3.4  Types of Calvarium Fractures

5.3.4.1  Introduction
The type of calvarium fracture that is sustained due to trauma 
is largely dependent on the same trauma- and anatomy- 
related factors that determine whether static or dynamic 
impact loading will result in a fracture: the amount of trans-
ferred energy during the impact, the location of the impact, 
and the shape of the impacting object (Sect. 5.3.2) [380]. 
Calvarium fractures can be classified according to several 
criteria [166, 380, 381]:

• The anatomical fracture location: Fractures in a single 
bone (frontal bone, parietal bones, temporal bones, occip-
ital bone) or in more than one bone, e.g. frontoparietal or 
parietooccipital.

• The integrity of the skin: Closed versus open fractures. In 
a closed fracture the skin, covering the fracture, is intact, 
while in an open (or compound) fracture there is an asso-
ciated laceration of the skin and the bone fragments may 
be visible. In penetrating injuries there is not only a cal-
varium fracture, but also a laceration of the skin and 
injury to the dura (Fig. 5.28a–c). This results in an injury 
that has an open connection between external and intra-
cranial environments, presenting a considerable risk for 
infection. A pointed object is more likely to penetrate the 
skull than a hard and flat surface, such as the surface of 
the floor or a wall.

• The characteristics of the fracture: Wiersema et al. pro-
posed a 3-stepped classification system for a standardized 
description of paediatric skull fractures [382]. The steps 
describe consecutively the category, the pattern, and the 
description:
 – Category: Three types: Simple, complex, and 

comminuted.
 – Pattern: Adds detail to the category, like linear, curvi-

linear, stellate, or diastatic.
 – Descriptor: Describes additional features of the frac-

ture, e.g. depressed, displaced, and degree of healing.

Category is the basis of this classification system 
(Fig. 5.29a–c):

A simple fracture is defined as any fracture with two ter-
minal ends, regardless of its course, length, and severity. 
They may cross one or more sutures, travel along a suture, 
follow a curved path as long as it has only two terminal ends. 

5 Head



140

a b

c

Fig. 5.28 An infant with a penetrating injury caused by a forcefully introduced key. (a) A small defect on the skull radiograph depicts the entry 
of the key (arrow). (b) CT and (c) MRI show the intracranial haemorrhage and skin laceration

A complex fracture has three or more terminal ends, 
 regardless of its complexity. A comminuted fracture is 
defined as a fracture that results in an island of bone.

Patterns of fractures are commonly occurring fracture 
characteristics adding details to the basic categories like lin-
ear (more or less straight), curvilinear, stellate, diastatic, and 
zigzag (Fig.  5.30a–f). The term diastatic is bivalent, some 
authors consider diastatic fractures as fractures with diastatic 

enlargement (>4 mm) [383], others define diastastatic frac-
tures as fractures that involve a suture line, either partially or 
wholly [384].

Descriptors describe additional features of the fracture 
that do not fit in categories or patterns, like depression, dis-
placement, and stage of healing (Fig. 5.31a, b).

Every type of calvarium fracture may potentially develop 
into a ‘growing fracture’ (Sect. 5.3.4.6).
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Fig. 5.29 The three basic categories of skull fractures: (a) simple, (b) complex, and (c) comminuted

5.3.4.2  Simple (Single Line)/Linear or Curvilinear 
Calvarium Fractures

The most prevalent type of fracture of the cranium is the 
single-line linear fracture. Wiersema et al. defined this type 
of fracture as ‘a simple fracture as any fracture with two ter-
minal ends, regardless of its course, length, and/or severity. 
A simple fracture may cross one or more sutures, travel 
along a suture, or assume a curved path as long as it has 
only two terminal ends’ (Figs.  5.29a, 5.30a, b, d–f, and 

5.32a–d). Of all skull fractures in children, 74–90% are 
single- line/linear fractures. This type of fracture is usually 
restricted to one skull bone. Linear fractures may be present 
bilaterally and symmetrically. Linear fractures result from a 
contact with a large flat object, in which the impact of a blunt 
trauma spreads over a large area, e.g. the fall from the arm of 
a parent/caregiver that results in the head of the child falling 
onto the floor (Fig. 5.33a, b) [385]. This is a typical example 
of relatively ‘low velocity’ dynamic impact loading [26].
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Fig. 5.30 Patterns of skull fractures. (a) Simple linear, (b) simple curvilinear, (c) complex stellate, (d) simple zigzag, (e) simple linear diastatic, 
because wider than 4 mm, and (f) simple zigzag diastatic, because partially running along the coronal suture

a b

Fig. 5.31 Descriptors of skull fractures. Depressed (Ping-Pong) fracture (a), complex curvilinear displaced fracture (b)
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Fig. 5.32 (a) Infant who, according to the clinical history, had fallen 
from the changing table (85  cm high). When presented at the emer-
gency department she was comatose. Five days later she died from neu-
rological trauma. The anterior-posterior skull view shows a bilateral 
linear fracture that transgressed multiple sutures (open arrows). (b) 
Lateral skull view shows besides the fracture in the parietal bone (open 

arrow) a clearly visible soft-tissue swelling corresponding to a post- 
traumatic haematoma (asterisk). (c) The fracture is visible on the three- 
dimensional CT reconstruction (open arrow); furthermore, conform the 
child’s age, the sutures are still visible). (d) At autopsy the fracture in 
the parietal bone is clearly visible (open arrow)
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Fig. 5.33 (a) Two-month-old baby who, according to the clinical, had 
fallen from the arms of his 7-year-old sister. The fall had not been wit-
nessed. The lateral view of the skull shows a parietal linear fracture 
(white arrow). The small black arrows indicate both coronal sutures, 

wide apart because of rotation of the skull. (b) Additional CT in this 
patient shows post-traumatic soft-tissue swelling (arrow) but no intra-
cranial pathology

Fig. 5.34 Schematic representation of the wave pattern of skull defor-
mation after contact with a relatively large surface. At the impact site, 
there is inward deformation whereas peripherally the skull bows 
outwards

When the head impacts on an object with a large flat sur-
face, the skull curvature flattens under the influence of the 
contact. The skull surface bows inwards, whereas the sur-
rounding area bows outwards in a wave-like manner 
(Fig. 5.34) [178, 385]. The outward bowing of the skull may 
occur at a relatively large distance from the primary site of 
contact. Hence, the location of a linear fracture does not have 
to correspond with the place of contact [373]. After the skull 
has been deformed by the impact, it will try to resume its 
normal shape. At the moment that the inwardly bowed part 
resumes its normal shape, the fracture will spread from its 
original location into the direction of the place of impact as 
well as into the opposite direction. This may result in a frac-
ture line that reaches the original place of contact or extents 
even further [26].

Although linear fractures are usually confined to one skull 
bone, it is possible that the fracture extends into the adjacent 
skull bone. In most linear fractures, external injuries are 
found, such as swelling of the overlying tissues or a haema-
toma. Sometimes a subgaleal haematoma is seen (Sect. 
5.2.3). The extent of the subgaleal haematoma may be such 
that it leads to anaemia [1].

In approximately 15–30% of linear fractures intracranial 
injury is found (Sect. 5.6) [171]. Linear fractures tend to 
show diastasis (Sect. 5.3.4.6). However, in most patients lin-
ear fractures heal without any problems.
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Fig. 5.35 Bilateral parietal diastatic linear fracture (arrows) crossing 
the midline in a 4-week-old infant who fell from the arms of his mother 
because she slipped from the second step of the stairway. Skeletal sur-
vey was normal. No retinal haemorrhages. After a short period of 
drowsiness there was an uneventful recovery

Table 5.9 Recommended evaluation for an infant with bilateral cal-
varium fractures (after O’Hare [386])

Assessment Noteworthy features
Detailed history •  Characteristics of the fall: fall height, 

trajectory, impact surface, complicating factors
• Independent eyewitness

Complete physical 
exam

•  Skin findings (incl. scalp): bruises, abrasions, 
swelling, pain.

• Orofacial findings
•  Other signs of trauma (thorax, abdomen, 

extremities)
Psychosocial 
assessment

• Prior and current child protection involvement
• Prior and current injuries
•  Prior and current poor child care, concerning 

this child and other children in the family
•  Prior and current domestic violence between 

family members (between parents, between 
children)

In case of suspicion of non-accidental circumstances or if medically 
indicated
• Non-contrast cranial CT, incl. 3D reconstruction
• Complete skeletal survey
• Complete laboratory work-up

5.3.4.3  Symmetrical or Bilateral Linear Calvarium 
Fractures

Sometimes bilateral and nearly symmetrical linear fractures 
are found in children. These can be due to accidental and 
non-accidental circumstances (Fig. 5.35) [386].

The occurrence of bilateral and nearly symmetrical linear 
fractures can be explained in various ways:

• Single contact trauma at the centre of the vertex: Arnholz 
et  al. described a 6-week-old child with symmetrical 
biparietal fractures after a fall from a perambulator 
[281]. The fractures did not pass the sagittal suture. The 
fall was observed by an eyewitness. The child landed 
‘head first’ on the centre of the calvarium on a concrete 
base. The child also had two separate bilateral subgaleal 
haematomas in the parietooccipital area [281]. The same 
mechanism can occur when a child is hit against the wall 
with great force and the energy transferred at the impact 
spreads symmetrically over, e.g. the parietal skull bones.

• Single unilateral (one-sided) impact trauma: According to 
Kleinman and Barnes bilateral fractures, crossing the 
midline, can also be caused by a single and unilateral 
impact trauma [184].

• Impact trauma at two different moments: According to 
Offiah and Hall, an impact trauma at two different 
moments would be more likely in a non-accidental than in 
accidental circumstances [249].

• Bilateral compression: Hiss and Kahana did a post- mortem 
forensic analysis of four young children with bilateral cal-
varium fractures [387]. They concluded that symmetrical 
fractures appear to be more often the result of bilateral 

compression between two surfaces (static loading) than of 
a one-sided localized dynamic impact trauma. Offiah and 
Hall described this mechanism as the effect of a single 
‘crushing force, applied simultaneously to both sides of 
the head’, e.g. by standing on the child’s head [249].

In Table 5.9, an overview is given of the recommended 
evaluation to differentiate accidental from non-accidental 
circumstances [386]. If bilateral and symmetrical calvarium 
fractures are suspected, one should consider accessory 
sutures in the differential diagnosis [386].

5.3.4.4  Complex and Comminuted Calvarium 
Fractures

Wiersema et  al. defined a complex fracture as ‘a complex 
fracture is any fracture that has three or more terminal ends, 
regardless of its level of complexity’ (Figs. 5.29b and 5.30c), 
and a comminuted fracture as ‘a comminuted fracture is 
defined as any fracture that results in an island of bone. The 
island of bone must be surrounded on all sides by fracture’ 
(Fig. 5.29c and 5.36a) [382]. Several patterns and descrip-
tions of complex and comminuted calvarium fractures can be 
found in children:

• Complete or incomplete circular/concentric fractures may 
occur around the point of impact, due to blunt force 
trauma, occurring when a solid object hits the head with a 
high-velocity impact. Concentric fractures are typical 
bowing fractures: the circles are formed on the outer sur-
face of the skull at the junction of the inward and outward 
bowing part of the skull, as a result of the extreme bowing 
at the point of impact (Fig. 5.36b) [26, 388].
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Fig. 5.36 Schematic representation of a comminuted fracture (a) and a comminuted stellate depressed fracture (b)

Fig. 5.37 Infant who was the victim of abusive head trauma. Cinematic 
rendering shows the extent of the comminuted diastatic depressed skull 
fracture with elevated fragments

• Star-shaped or stellate fractures occur when a flat object 
impacts on a bowed bone with a (very) high velocity. At 
the point of impact, the bone suffers an impression that 
results into a number of fractures that all originate from 
the inward-bowing point of impact [385]. Star-shaped and 
circular fractures may both be present.

• Complex fractures with signs of crushing occur due to 
one impact with a very high transfer of energy, e.g. in a 
long-distance fall, or due to multiple impacts to the head, 
e.g. when the skull is repeatedly hit with a hammer. In this 
type of fracture, the skin may or may not be intact 
(Fig. 5.37).

According to Offiah and Hall, complex bilateral skull 
fractures are a strong indication of non-accidental circum-
stances (inflicted injury), unless there is an acceptable medi-
cal history with regard to serious accidental circumstances 
[249]. Complex bilateral skull fractures are probably due to 
more than one impact on both sides of the head or to a crush-
ing force, applied simultaneously to both sides of the head.

5.3.4.5  Complete and Incomplete Depressed 
Calvarium Fractures

A depressed calvarium fracture is a fracture in which a part 
of one of the calvarium bones has buckled inwards. A 
depressed fracture can be complete, with inward buckling 
(depression) and clearly recognizable fracture lines (‘true 
fracture’), or incomplete, with an inward buckling and no 
recognizable fracture lines (‘ping-pong or celluloid frac-

ture’). A ping-pong fracture is usually only seen only in 
infants, generally under the age of 6 months, due to the larger 
malleability and elasticity of the immature calvarium/skull, 
because of not being ossified [373]. In a ping-pong fracture, 
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Fig. 5.38 Infant who fell from a couch. (a) AP skull radiograph shows a ping-pong or celluloid fracture of the right parietal bone (arrow). (b) CT 
confirms the location of the fracture. (c) 3D reconstruction

Fig. 5.39 Tri-cornered impression of skull without fracture [392]

part of one of the calvarium bones transforms from convex to 
concave (Fig. 5.38a–c) [389, 390].

A child can sustain a depressed calvarium fracture before, 
during, and after birth (Sects. 5.3.3.1–5.3.3.3). This type of 
fracture can be caused by static loading (compression) or by 
dynamic impact loading (blunt force trauma). The circum-
stances under which a child sustains a depressed calvarium 
fracture, can be accidental or non-accidental, but in rare 
instances may be due to medical procedures, like the use of 
instruments during birth (Sects. 5.3.3.1–5.3.3.3). Irrespective 
of the circumstances, a depressed fracture, due to dynamic 
impact loading, can occur when an object with a small surface 
(e.g. a hammer or the heel of a shoe) hits the calvarium and a 
high transfer of kinetic energy takes place, or when an object 
(irrespective of the size of the object) hits only a small part of 
the skull with a high transfer of kinetic energy.

According to Erşahin et al., a depressed calvarium frac-
ture can be found in 7–10% of all children that are admitted 
to hospital with a head trauma and in 15–25% of all calvar-
ium fractures in children [391].

Luckett probably was the first to describe a depression of 
the calvarium without a fracture line [392]. He used the term 
ping-pong ball indentation to describe this. He described a 
5½-months-old infant, who, supposedly, had fallen from a 
low couch (less than 2 ft–50 cm), striking the left side of the 
head (Figs. 5.38c and 5.39). He described the following: ‘We 
obtained a dozen ping-pong balls and by holding them firmly 
in the hand and striking both sides consecutively against a 
solid flat surface reproduced the same tri-cornered depres-
sion nineteen times out of twenty-four. The other five depres-
sions were quadrilateral. This tendency to form tri-cornered 
depressions from a blow produced by a flat surface seems to 
be characteristic of hollow spherical bodies with thin walls, 
and might have some medicolegal value relative to injuries 
of the vault’ [392].

Erşahin et al. evaluated the data of 357 boys (67%) and 
173 girls (33%) (ages ranging from 1 day to 16 years; mean 

age 6.1 years) [391]. They found that the depressed fracture 
was most commonly sustained in an accidental fall.

Zia et  al. reported the case of a 7-week-old boy with a 
ping-pong fracture, who was involved in a road traffic acci-
dent [393]. The boy had a right sided skull depression, which 
was palpated during physical examination and confirmed on 
a CT scan. No fracture line was seen.
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Fig. 5.40 Mimics of depressed fractures (arrows). (a) Bathrocephaly and (b) postural non-synostotic brachycephaly

In a depressed fracture, there is hardly any deformation 
of the skull besides the primary point of impact [178, 
385]. At the point of impact a fracture is sustained, pos-
sibly with fragmentation. The depression results from the 
inability of the inner layer of the bone to absorb the inward 
bowing adequately. The depression may reflect the shape 
of the object. Sometimes there is only a depression in the 
outer layer, whereas the inner layer remains intact [26]. 
Sometimes a compound fracture can occur, in which the 
skin is broken and the damaged part of the calvarium is 
splintered.

In most depressed fractures no complications will 
occur. Erşahin et al. found that 66% of the 530 paediatric 
patients they evaluated had open (or compound) fractures 
and that the risk of sustaining a compound fracture 
increased with age [391]. Brain lacerations were found 
more often in compound fractures (29%) than in closed 
fractures (15.5%). In their study compound fractures were 
associated with a worse outcome and a higher incidence of 
intracranial lesions and cortical lacerations. They also 
found that the deeper the depressed bone, the higher the 
risk of both dural tear and cortical laceration and the worse 
the prognosis. A depressed fracture increases the risk for 
posttraumatic seizures. Schutzman and Greenes found 
intracranial injuries in about 30% of children with a 
depressed fracture [171]. Besides intracranial haemor-
rhages, compression of the underlying brain tissue, lacera-
tion of the brain parenchyma, and intraparenchymal bone 
fragments may occur [197, 391].

Depressed fractures may be simulated by intrauterine 
compression (Figs. 5.15 and 5.16), postural non-synostotic 
brachycephaly, and bathrocephalie (Fig. 5.40a, b).

5.3.4.6  Growing Fractures of the Calvarium

Introduction
A growing skull fracture is a fracture that enlarges over time 
due to herniation of intracranial tissue through the defect 
(Figs. 5.41a–c and 5.42a, b). In 1816 John Howship, a British 
surgeon, was the first to describe the occurrence of a growing 
fracture of the calvarium in a 9-month-old child, who was 
‘playing near a flight of stairs, fell down, and was taken up 
at the bottom in a state of insensibility. There was no wound 
upon the head; but on examination, there was a broad line 
parallel with the coronal suture, where the right parietal 
bone was depressed for the length of three inches, and the 
breadth of one inch. At this part from the form of the depres-
sion, it was supposed that the head had struck against the 
edge of the stairs’ [394]. He referred to this condition in a 
case report (case 10) as ‘partial absorption of the parietal 
bone resorption, arising from a blow on the head’. Following 
his first description other terms that were used for the same 
condition are traumatic cephalhydrocele, traumatic menin-
gocele, cephalhydrocele, leptomeningeal cyst (because of 
the frequently present relation with a cyst-like mass filled 
with cerebrospinal fluid), meningocele spuria, fibrosing oste-
itis, cerebrocranial erosion, diastatic fracture, cranial-burst 
fracture, and finally growing skull fracture [383, 395, 396].

Most calvarium fractures that are sustained during child-
hood heal without any complications. Most cases concern-
ing growing calvarium fractures are reported in children 
under the age of 3 years. About 50% of all cases are found 
in children under the age of 1 year [397]. The literature 
reports an incidence that ranges from 0.05 to 1.6% of all 
calvarium fractures. A growing fracture is hardly ever seen 
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a b

c

Fig. 5.41 An infant who fell from the hands of the caretaker. (a) radiograph shows bilateral diastatic parietal fractures. (b) At the age of 6 months 
the fractures have increased in width due to (c) herniation of intracranial structures into the fractures (arrows)

in children above the age of 8 years [397–402]. There may 
be a considerable delay in time between the occurrence of 
the clinical findings and the moment the diagnosis is made 
[403, 404]. Sometimes the diagnosis is not made until the 
patient is above the age of 60 years [405, 406]. Consequently, 
in certain cases it is impossible to relate to the initial 
trauma. After reaching their maximal size, growing frac-
tures tend to remain stable for the rest of one’s life [400].

Most growing fractures are found in the calvarium, in 
particular in the parietal bone (50%) [407]. Sometimes 
growing fractures can be found at the base of the skull or in 

the roof of the orbit. It is very rare for a growing fracture to 
be present in the posttraumatic diastasis of a suture [408]. 
Generally, it concerns linear fractures. Normally, a 
depressed fracture will not develop into a growing fracture 
[409]. However, a linear fracture that originates from a 
depressed fracture can develop into a growing fracture 
[410]. In a fracture with a diastasis of over 4 mm, there is 
an increased risk for the development of a growing fracture 
(Fig. 5.43a, b) [411, 412].

Clinical symptoms develop gradually, unless in the acute 
phase there is a cranial-burst fracture with acute herniation 
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a b

Fig. 5.42 (a) Girl with a growing skull fracture. The skull view shows a diastatic fracture on the right dorsal parietal side. (b) Pre-operative MRI 
shows a dural defect and prolapsed meninges and brain tissue in the diastatic fracture (arrow)

a b

Fig. 5.43 (a) Infant who was presented at the emergency department after a fall on the head. The skull view showed a diastatic fracture on the left 
side (open arrow). (b) Follow-up view after 3 months, clearly shows the growing skull fracture (open arrow)

of intracranial tissue through the fracture towards subgaleal, 
or if there is a dura defect with a high risk for herniation and 
development of a growing fracture. It seems that in acute 
situations MRI imaging is the most reliable manner to show 
dura defects [383]. The MRI images enable instant evalua-
tion of damage to the dura, and an immediate referral of the 

patient for surgical correction, so as to prevent additional 
damage [396].

Children may present with gradual increase in the subga-
leal mass, headache, and signs of neurological pathology. 
Pezzotta et al. did a retrospective study of the literature on 
132 children with a growing fracture [407]. They established 
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that normally the initial clinical symptoms were the develop-
ment of seizures (40%), focal neurological deficits (43%), 
unconsciousness (38%), or combinations of the aforemen-
tioned. Asymptomatic presentation was more common in 
frontal-parietal and frontal-parietal-occipital locations. In 
50% of children, the delay between the occurrence of the 
fracture and appearance of the first symptoms ranged from a 
day to a year. There seems to be a proportional relation 
between the severity of the neurological deficits and the size 
and ‘growing time’ of the defect [399]. The externally visi-
ble lesions of a growth fracture are a cyst-like non-firm 
swelling, visible sometime after the initial trauma, with an 
underlying palpable bone defect [408].

The diagnosis is based on the clinical presentation and 
radiological images. In order to avoid neurological complica-
tions, immediate recognition and early treatment are required 
[413]. Treatment is always surgical and directed at reducing 
the herniated brain tissue and repair of the damage inflicted to 
skull and dura. It may be necessary to place a shunt to allevi-
ate the cyst and to treat local dilatation of the ventricles [408].

The severity of the underlying trauma is a risk factor for 
the child. A linear fracture combined with haemorrhagic 
contusion foci in the underlying brain tissue suggests a 
trauma severe enough to cause dura lacerations. The pres-
ence and severity of the associated damage determine the 
risk of complications.

In a growing fracture there is nearly always underlying 
brain damage. At the place of the fracture scar tissue may 
develop in brain tissue and meninges. Cyst-like changes at 
the place of the fracture may be the result of encephalomala-
cia. Posttraumatic aneurysms and subdural haematomas 
have also been reported in relation to growing fractures [413, 
414]. In all children they examined, Muhonen et al. found 
damage to the cortex at the location of the fracture, although, 
without signs of increased intracranial pressure [404]. 
Although in most children signs of damage to the underlying 
brain tissue can be found, this finding is not a prerequisite for 
developing a growing fracture [397].

A growing fracture of the base of the skull may cause eye 
proptosis or cerebrospinal fluid leakage from the nose or the ear.

Cause of Growing Fractures
The exact cause of growing fractures is still under discus-
sion. It appears that calvarium fractures are not inclined to 
show diastasis when the underlying dura is intact. The occur-
rence of a growing fracture seems to depend on many fac-
tors: head trauma resulting in a large fracture, the presence of 
a dura laceration, damage to the parenchyma at the location 
of the skull fracture and the dura laceration, and damage sus-
tained at the time of maximal brain growth [396, 408].

Muhonen et al. are of the opinion that herniation of brain 
tissue/leptomeningeal cyst, without indications for increased 
intracranial pressure, points to physiological growth and to pul-
sations of the cerebrospinal fluid as the cause of diastasis/

growth of the fracture [404]. The force of the pulsations widens 
the skull fracture. The pulsations also push intracranial tissue 
into the fracture line. This makes it impossible for the osteo-
blasts to migrate to the fracture; hence, there is no new bone 
formation and consequently no healing. Finally, there is resorp-
tion of the adjacent bone as a result of the continuous pressure 
of the tissue herniation through the defect in the bone [408].

It seems that insufficiently closed dura lacerations during 
craniotomy can also lead to growing fractures of the skull. 
These findings support the idea that traumatic damage to the 
dura is the most important risk factor in the development of 
a growing fracture [408, 415]. In children, the dura is firmly 
attached to the skull preventing wide fracture lines. Therefore, 
when a diastatic fracture (≥4 mm) is present in a young child 
there is an increased risk for the development of a growing 
fracture.

Manner of Growing Fractures
Growing fractures usually occur after serious head trauma. 
This trauma can occur before, during, and after birth. The cir-
cumstances can be accidental or non-accidental, but the occur-
rence has also been described due to medical procedures.

Trauma Before Birth
There are case reports on the origin of growing fractures fol-
lowing the occurrence of calvarium fractures/damage to the 
calvarium in utero.

Moss et al. described the case of a full-term male infant 
with a right parietal caput succedaneum and cephalhaema-
toma at birth [416]. The boy also had bilateral parietal frac-
tures and a one-sided leptomeningeal cyst at birth. At the age 
of 2 weeks, a linear lesion measuring 3 × 7 cm in the parietal 
bone was found. The initial linear fractures probably were 
caused by a blunt force trauma, a blow to the mother’s abdo-
men 2–3 weeks before birth.

Gallo et al. described the occurrence of a growing fracture 
due to sharp penetrating trauma [209]. A 20-year-old pregnant 
woman was stabbed in the lower abdomen at the 30th week of 
gestation. The stabbing did cause a bony interruption and a 
dural tear with parenchymal injury in the foetus, resulting in a 
slowly developing growing fracture of the calvarium. When 
the child was born, a right temporal swelling was seen, which 
was interpreted as a subcutaneous haemangioma. At the age of 
2½ years, a pulsating bulge in the right temporal region was 
noticed and imaging showed a typical growing skull fracture.

Trauma During Birth
The occurrence of a growing fracture of one of the calvarium 
bones has been described in case of a difficult delivery with 
vacuum extraction [234, 235, 417, 418].

Trauma After Birth
Growing fractures of the calvarium most commonly occur an 
accidental circumstance, e.g. due to falling or a traffic acci-
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dent. Occasionally after a non-accidental trauma (child 
abuse). The occurrence of a growing fracture has also been 
reported as a complication after neurosurgery for corrective 
cranial vault reshaping [415].

Hobbs evaluated 89 children under the age of 2 years 
with skull fractures. In 60 cases he found accidental cir-
cumstances [256]. In the remaining children (n = 29), the 
fractures were due to non-accidental circumstances (child 
abuse). In the group of children with accidental trauma, he 
did not find but one growing fracture, whereas six of the 
abused children did have a growing fracture (Table  5.5). 
Hobbs’s results seem to contradict the results of the study 
of Donahue et al., they evaluated 13 children with a grow-
ing fracture, ranging in age from 1 to 17 months with an 
average age of 5.7 months [383]. Seven children had suf-
fered serious injuries in traffic accidents, and in five chil-
dren the fractures were due to a non-accidental trauma 
(child abuse). In one child the physicians were not clear 
about the cause. The children in the study of Donahue 
et al. were all seen when acute [383]. They showed a con-
spicuous haematoma of the scalp and a Glasgow Coma 

Score of 10 points or less, indicating recent serious head 
trauma.

When the data of Hobbs and Donahue et al. are combined, 
they show that in young children head trauma with hernia-
tion of intracranial tissue (either in the acute phase or at a 
later stage) is the result of severe head trauma [256, 383]. It 
must be possible to objectify the circumstances of the trauma 
in order to accept accidental circumstances. If not possible, 
one must consider non-accidental circumstances in this 
group of young children.

5.3.4.7  Normal Variants Simulating Fractures

Sutures
Sutures and synchondroses are fibrous and cartilaginous 
connections between the separate bones that form the skull. 
In young children, the sutures are flexible allowing them to 
adapt to increased intracranial pressure (Fig. 5.44a–e).

The largest sutures are well known (the big five): metopic, 
coronal, sagittal, squamous, and lambdoid sutures and can be 
seen both on conventional radiographs as 3D CT images 

a b c

d e

Fig. 5.44 Infant who was presented at an emergency department in a 
comatose state. (a) Skull radiograph shows widening of the sutures. (b) 
3D-CT showed no skull fractures. (c) CT shows bilateral subdural 
hematomas (arrows). (d) T2-Weighted MRI shows bilateral subdural 

hematomas (asterisk), a laceration in the frontal lobe (arrow), and blood 
in the lateral ventricle (open arrow). (e) Susceptibility-weighted MRI 
shows haemosiderin depositions in the subdural haematomas, the lac-
eration, and the lateral ventricle
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(Fig. 5.45a–e) [419, 420]. But there are many other smaller 
sutures to complicate interpretation (Fig. 5.46a, b). And on 
top of that many normal variants (e.g. accessory sutures) 
make interpretation even more difficult [421–425].

Accessory Sutures
Most accessory sutures are found in the occipital and parietal 
bones. These can be considered as membranous remnants 
between separate ossification centres or focal persistence of 
the stripe-like foetal ossification pattern (Fig. 5.47a–c).

The Occipital Bone
The occipital bone develops from six primary ossification 
centres (Fig. 5.48a, b) and the interparietal bone (Inca bone) 
can even be subdivided in additional secondary ossification 
centres (Fig.  5.49a, b) [426, 427]. Therefore, the occipital 
bone is particularly prone to the formation of accessory 
sutures and bones. Well-known mimickers of fractures are the 
mendosal suture, the superior and inferior midline (or median) 
fissures, the innominate suture, and Kerckring’s ossicle:

The mendosal suture is the most prominent and most fre-
quent accessory suture (Figs. 5.48, 5.49, 5.50, and 5.51). It is 
a remnant of the suture between the supraoccipital and inter-
parietal bones and always seems to originate from the mas-
toid fontanel (Fig. 5.48).

The superior midline fissure is a remnant of the suture 
between the ossification centres of the interparietal bones. It 
is seen in up to 21% of newborns and closes by the age of 5 
months (Figs. 5.49 and 5.55) [428].

The innominate suture runs between the exoccipital and 
supraoccipital bones (Fig. 5.48) These sutures usually do not 
cause confusion on 3D-CT, but are difficult to discriminate 
on conventional radiographs, simulating fractures (Fig. 5.51). 
They gradually fuse with age and on conventional radio-
graphs this fusion is complete by 4 years of age, except for 
the mendosal sutures that persist until 6 years of age [429].

Two remnants of development of the supraoccipital bone 
may persist after birth, Kerckring’s ossicle and the midline 
occipital fissure: Kerckring’s ossicle is an ossification centre 
of the supraoccipital bone, in the midline posteriorly of the 
foramen magnum (Figs.  5.48 and 5.52). It appears around 
week 16 of gestation and usually fuses with the rest of the 
occipital bone antenatally but sometimes persists after birth 
[424, 430].

The inferior midline occipital fissure (or median occipital 
fissure) runs from the posterior rim of the foramen magnum in 
posterior direction and should be less than 2  cm in length 
(Fig. 5.49) [424, 430]. A longer fissure would not be consistent 
with normal embryogenesis and therefore represents a fracture 
(Fig.  5.53) [424]. All fissures around the foramen magnum 

a b c

d e

Fig. 5.45 ‘The big five’ sutures on radiographs (a and d) and 3D-CT (b, c, e)
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a b

Fig. 5.46 The minor sutures on 3D-CT lateral (a) and caudal view (b). 
See also Fig.  5.67. 1  =  Frontozygomatic. 2  =  Sphenofrontal. 
3  =  Sphenozygomatic. 4  =  Sphenoparietal. 5  =  Temporozygomatic. 

6  =  Sphenosquamosal. 7  =  Parietomastoid. 8  =  Occipitomastoid. 
9 = Innominate (posterior intraoccipital)

a b c

Fig. 5.47 (a) Lateral radiograph of the skull of a 20-week-old foetus 
with mammography technique. Insert is depicted in (b) showing the 
stripe-like pattern of ossification. (c) Persistence of some of these mem-

branous stripes can result in accessory sutures as shown on a 3D-CT of 
a term new-born

close before 4 years of age and a persistent hypoattenuating 
line of any length that is seen extending from the foramen mag-
num beyond 4 years of age indicates a fracture [423].

The Parietal Bone
The parietal bone shows fewer variants than the occipital 
bone due to its less complicated embryogenesis: the parietal 
bone ossifies from two centres whereas the occipital bone 
has at least six centres [426, 431]. Two variants will be 
discussed:

Obelion fissure. The obelion marks the point along the 
sagittal border of the parietal bone where a parietal notch 
may appear, at approximately one-third of the sagittal suture 
from the posterior fontanel. This may eventually result in a 

(obelion) fissure, a small parietal fontanel or parietal foram-
ina. The obelion fissure extends outwards from the sagittal 
suture for 1 cm or more and is present at birth in approxi-
mately 25% of the children to disappear soon after birth 
[432, 433].

Occasionally it is seen in routine skull radiographs where 
it may simulate a fracture (Fig. 5.54a, b). It is seen to be a 
good advantage on CT (Fig. 5.55).

Accessory parietal suture. This is a remnant of the space 
between the two foetal ossification centres of the parietal 
bone, usually one above the other resulting in a horizontally 
orientated accessory suture [431, 434]. They are often bilat-
eral and symmetric [423]. Usually, they extend from the 
lambdoid suture into the parietal bone for only several centi-
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a b

Fig. 5.48 (a) 3D-CT of the occipital bone in a 6-month-old infant 
showing the major ossification centres of the occipital bone: single bas-
occipital (blue), two exoccipital (red), single supraoccipital (green), and 
two ossification centres of the interparietal bone (= os inca, yellow). (b) 

At the posterior side of the foramen magnum Kerckring’s ossicle is 
present (arrow). Also, well visualized are the mastoid fontanel (aster-
isk), mendosal suture (small white arrows), and the innominate suture 
(small black arrows)

a b

Fig. 5.49 (a) 3D-CT of a neonate with a birth-related parietal impres-
sion fracture showing the mendosal sutures (small white arrows), the 
superior median occipital fissure (black arrow), and the inferior median 
occipital fissure (white arrow). (b) Detailed ossification centres of the 

interparietal bone (yellow) are schematically drawn: 1  =  pre- 
interparietal. 2 = medial secondary interparietal. 3 = lateral secondary 
interparietal. 4 = primary interparietal
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a b

Fig. 5.50 3D-CT’s of 2 patients with accessory occipital sutures. 
Arrows indicate the mendosal suture. (a) Infant whose mother while 
carrying him in a baby wrap carrier resulted in a parietal fracture (not 
shown). The numerous accessory sutures in the occipital bone should 
not be misinterpreted as fractures. Knowledge of the embryology of the 

occipital ossification centres (Fig.  5.49) makes it clear that this is a 
multi-segmented os inca (interparietal bone) with separate lateral sec-
ondary interparietal bones and fused medial secondary interparietal 
bones. (b) Another infant with separate large pre- interparietal bones 
(asterisk)

Fig. 5.51 Lateral radiograph of the skull of a normal infant showing 
occipital sutures

Fig. 5.52 CT MIP image of Kerckring’s ossicle (indicated by arrow)
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Fig. 5.53 3D-CT, posterior view. Fracture of the occipital bone extend-
ing into the foramen magnum (arrow). It exceeds a length of 2 cm and 
is therefore not the inferior midline occipital fissure

a b

Fig. 5.54 Newborn infant. (a) Incidental finding of obelion fissure on lateral skull radiograph. (b) Detail shows the fissure to a better advantage, 
simulating a fracture

metres (Fig. 5.56) but sometimes extend all the way to the 
coronal suture (Fig. 5.57a, b).

Occasionally, the ossification centres lie next to each 
other resulting in a vertically oriented accessory suture [435]. 
The combination of vertical and horizontal accessory sutures 
may result in complex sutural patterns [436]. These are very 
rare (Fig. 5.58a–d).

Fractures Versus Accessory Sutures
Differentiating fractures from sutures and artefacts remains 
a diagnostic challenge in childhood. Solid knowledge of the 
anatomy and variations of sutures is as important as com-
mon radiological sense: some basic guidelines to distin-
guish fractures from accessory sutures are given in 
Table 5.10 [421, 423].

Although 3D-CT is superior to discriminate accessory 
sutures from fractures, it is important to realize that move-
ments even during a fast CT scan may create motion arte-
facts that simulate fractures (Fig. 5.59).

5.3.5  Calvarium Fractures and Intracranial 
Injuries

Calvarium fractures and intracranial injuries are only corre-
lated to a limited degree. Calvarium fractures may be present 
without any intracranial injury, but can be associated with 
several intracranial injuries, like epidural or subdural bleed-
ing or contusion of the brain [437]. On the other hand, there 
may be intracranial injury without a skull fracture. This 
applies to accidental as well as to non-accidental circum-
stances [26, 170, 184, 438]. In Sect. 5.6, the relation between 
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Fig. 5.55 Neonate with multiple bruises, a torn frenulum and on the 
skeletal survey two posterior rib fractures and several metaphyseal cor-
ner fractures. Obelion fissure (black arrow) ending in a small parietal 
foramen. The contralateral side also has a subtle obelion fissure. Also, 
note the simple linear fracture (white arrow) and superior median 
occipital fissure (open arrow)

Fig. 5.56 Two accessory parietal sutures (black arrows) in a 3-month- 
old boy who had a workup for non-accidental injury because of unex-
plained bruises on the buttocks. Also, note the mendosal suture on the 
right side (white arrow). These should not be mistaken for fractures

a b

Fig. 5.57 (a) Complete intraparietal suture on the right side (arrow). 
(b) Normal left side for comparison. This was an incidental finding in 
an infant with subdural hematomas, hypoxic-ischemic brain lesions, 

and retinal haemorrhages without a history of trauma. She expired after 
the cessation of treatment because of poor neurological prognosis. The 
judicial autopsy showed no additional traumatic lesions
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Table 5.10 Distinguishing features of fractures and accessory sutures

Fracture Accessory suture
Straight course Zigzag/interdigitating
Nonsclerotic borders Sclerotic borders
May bifurcate Do not bifurcate
Cross sutures Merge with sutures
Increase in diameter as they approach a 
suture

Uniform in diameter

Cause diastasis of sutures No diastasis of sutures
Unilateral Bilateral
Asymmetrical if bilateral Fairly symmetrical
Focal soft tissue swelling No soft tissue 

swelling
Focal intracranial haemorrhage No haemorrhage

a b

c d

Fig. 5.58 Schematic representation of vertical and horizontal accessory parietal sutures

calvarium fractures and intracranial injuries will be dealt 
with more extensively.

5.3.6  Dating of Calvarium Fractures

In living children, an indication of the age of a calvarium 
fracture can be given by analyzing certain findings from 
physical examination (abnormalities of the hairy scalp/soft 
tissue swelling) and characteristics of the fracture, which are 
visible during imaging (conventional radiology, CT, MRI) 
[249, 372].
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a b

Fig. 5.59 The mother of this infant suspected that her partner abused 
the child and a workup for non-accidental injury was performed. (a) 
The 3D-CT was interpreted as a possible left frontal fracture. (b) The 
native slices demonstrated motion artefacts (e.g. blurring of the skin 

and ghosting of calvarium) that were caused by an ultrashort jerking 
movement of the head during spiral CT scanning. No other abnormali-
ties were found on CT and the skeletal survey was normal

5.3.6.1  Soft Tissue Swelling
As previously stated, calvarium fractures are caused either 
by static loading (squeezing or compression) or by dynamic 
impact loading (blunt force trauma). A soft tissue swelling 
may occur at the location of the contact or of a calvarium 
fracture. The swelling may be caused by the direct effect of 
the impact trauma, which resulted in damage to the scalp and 
underlying soft tissue, and/or by bleeding at the site of the 
fracture.

The soft tissue swelling can be seen immediately, but can 
also develop gradually over a period of a few hours to days. 
In case of a gradual development, the swelling can be noticed 
after a while because, e.g. a soft or spongy swelling is felt 
while touching the head during daily activities, like caring 
for the child. The swelling generally begins to decrease in 
size after 7–10 days.

The clinical detection of swelling of the hairy scalp can be 
helpful in determining when a skull fracture has occurred, but 
both the presence and the absence of soft tissue swelling dur-
ing a physical examination can lead to an incorrect interpreta-
tion. The late detection of soft tissue swelling, for example 
regularly occurs in single linear fractures. Soft tissue swelling 
may be visible on the CT scan without being clinically visible 
(Fig. 5.60a–c). However, it is possible that in children with 
fatal head injuries no evidence of damage to the scalp is found 
during physical examination or during the CT scan, while 
abnormalities were found in and under the scalp during 
autopsy on the outside of the skull [439]. Kleinman and 
Silvera (2015), however, are of the opinion that, if no soft tis-
sue swelling is visible over the fracture on a CT scan, an acute 
fracture is unlikely and that the fracture was sustained at least 
a few days before the CT scan was made [372].

The foregoing data show that the development of soft tis-
sue swelling only enables a rough estimation of the moment 
on which a calvarium fracture was sustained, varying from 
some days to longer than a week before the fracture is diag-
nosed by imaging. And if a subgaleal haemorrhage occurs, it 
may take even weeks before the swelling becomes clinically 
visible and gives rise to imaging (Sect. 5.2.3).

5.3.6.2  Radiological Characteristics
The dating of calvarium fractures by using the findings of a 
single radiological examination is unreliable. Repeated 
imaging combined with clinical findings, like soft tissue 
swelling, may provide a more reliable indication of the 
moment at which the fracture was sustained (Fig. 5.60c).

Calvarium fractures show a different healing pattern than 
other fractures. No callus is formed during the healing pro-
cess. A fresh fracture will have sharp edges that fade during 
the healing process. Calvarium fractures do not heal as fast 
as other fractures. In young children, the healing process 
may be faster than in older children.

In the case of birth-related calvarium fractures, the first 
radiological signs indicating recovery (fading of the edges of 
the fracture) are often not visible until 4–6 weeks after birth 
[440]. A simple linear fracture, sustained during birth, is 
often no longer distinctly visible after 2 months and has 
almost always completely disappeared after 6 months [441].

In calvarium fractures that are sustained after birth, the 
edges of the fracture will be sharply defined in the first 2 
weeks after the fracture occurred. After this period, fading of 
the edges takes place, after which the fracture will eventually 
close and no longer be visible (Fig. 5.61). This fading can be 
visible for weeks to months and is therefore not a reliable 
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a b c

Fig. 5.60 A 3-month-old boy with a bruise on the left buttock of 
unknown cause. A skeletal survey showed multiple CMLs and suspi-
cion of a skull fracture. (a) CT shows a simple linear structure in the 
right parietal bone on 3D reconstruction. (b) This proves to be a fracture 

and not an accessory suture (black arrow) because of the sharp edges 
compared to the sagittal suture (white arrows). (c) The subperiosteal 
soft tissue swelling (white arrows), which confirms a recent traumatic 
origin, was not palpable at physical examination

a b

Fig. 5.61 (a) Bilateral parietal fractures in a 6-month-old boy as a 
coincidental finding on a skull radiograph that was made for craniosyn-
ostosis. (b) The right-sided fracture is not recent and has blurred mar-
gins. (c) The fracture on the left side is relatively fresh with sharp 

borders. (d) On MRI there a focal haemorrhagic abnormalities on the 
left side, but no abnormalities (anymore) on the right. The child was 
placed in foster care

indicator of the moment of sustaining [442]. It may even take 
as long as a year before a fracture is no longer visible on 
radiographs [184]. A simple fracture may no longer be visi-
ble on imaging within 1–2 months, while complex fractures 
may require many months to fully heal. With complex frac-
tures, some parts can heal faster than others [249, 372]. In 

other words, the time, in which healing occurs, varies, 
depending on the type of fracture (simple or complex) and 
between children [443].

The fracture lines in diastatic fractures grow towards each 
other, unless a growing fracture occurs as a result of underly-
ing damage to the dura [404, 444, 445].
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It is almost impossible in the first months after birth to dif-
ferentiate between a calvarium fracture due to a birth trauma 
or a trauma, sustained after birth, irrespective of the circum-
stances (accidental or non-accidental) solely on the basis of 
the radiological characteristics of a skull fracture [184].

5.4  Basilar Fractures

5.4.1  Introduction

The skull base is the floor of the neurocranium and is (from 
anterior to posterior) composed of the frontal bone, ethmoid 
bone, sphenoid bone, parietal bone, temporal bone, and 
occipital bone. Basilar fractures or basal skull fractures may 
involve any of these bones.

Basilar fractures are relatively rare in children. A basilar frac-
ture can be found in 6–14% of all children with a head trauma, 
that requires medical intervention (regardless of the circum-
stances of the trauma). The posterior and middle parts of the 
base (occipital bone, sphenoid bone, and/or temporal bone) are 
fractured more often than the anterior part [446]. It is possible 
for a growing fracture to develop in the base of the skull [417].

Basilar fractures are more complicated than calvarium 
fractures due to the presence of related structures such as cra-
nial nerves, inner ear structures, and sinuses. Basilar fractures 
are commonly associated with intracranial injuries. 
Perheentupa et al. found concomitant intracranial injuries in 
43% of 63 paediatric patients (mean age 10.7 years; range 
1–18 years) and early neurological deficits, due to traumatic 
brain injury, in 33% [447]. Ten percent had permanent neuro-
logical deficits. Most basilar fractures were due to accidental 
circumstances (motor vehicle accidents/road traffic accidents). 

A basilar fracture may lead to loss of cranial nerve functions, 
such as facial numbness/paralysis, anosmia (decreased sense 
of smell), visual defects/nystagmus, and hearing loss. The 
fracture may also lead to incarceration of the cranial nerves. A 
basilar fracture can also pose a risk for meningitis [166].

Clinical signs may be nausea, vomiting, and general mal-
aise. Also, unconsciousness, seizures, and loss of neurologi-
cal functions can occur. In a child with a basilar fracture, 
various physical findings can be found at physical examina-
tion, that are considered to be almost pathognomonic, such 
as the ‘Battle sign’, ‘racoon eyes’, haemotympanum, and 
leakage of cerebrospinal fluid from ear and nose.

The ‘Battle sign’ is a haematoma directly behind the ear 
on the mastoid process and is an indication for a fracture of 
the middle part of the base of the skull in the posterior cranial 
fossa. If the pars petrosa of the temporal bone fractures, there 
is often deformation of the external auditory canal which 
may cause a rupture of the tympanic membrane. This may 
lead to leakage of cerebrospinal fluid. On inspection, the 
tympanic membrane may show discolouring, due to the pres-
ence of blood behind the tympanic membrane (haemotympa-
num). With further posterior extension of the fracture, 
involving the sigmoid sinus, the tissue behind the ear and 
over the mastoid process may assume a blue-brown colour as 
a result of blood that collects underneath the fascia. This is 
called ‘Battle sign’ [448–450]. Although the ‘Battle sign’ is 
usually visible 8–12 h after the fracture is sustained, it may 
also take as long as 48–72 h [451, 452].

‘Racoon eyes’ or periorbital ecchymosis is a haemorrhage 
of the loose connective tissue around the eyes, which causes 
a red to purple swollen ring around the eye, similar to the 
rings around the eyes of a racoon. It is a clinical symptom 
indicative of a basilar fracture in the anterior cranial fossa 

c d

Fig. 5.61 (continued)
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[453]. According to McLaurin, the presence of racoon eyes 
should be considered evidence for a skull base fracture in the 
anterior cranial fossa, irrespective of finding a fracture on a 
radiograph or CT scan [446]. Racoon eyes occur when blood 
seeps from a fracture in the anterior cranial fossa in the loose 
connective tissue of the orbit. The haemorrhage is sharply 
outlined due to the connection between the periosteum and 
the bony margins of the orbit. Usually, racoon eyes are bilat-
eral, since blood seeps via the paranasal sinus into the contra-
lateral orbit. Racoon eyes will show within a few hours, but a 
time delay from 48 to 72 h has also been reported [451, 454].

There may also be loss of cerebrospinal fluid or blood 
from the nose (rhinorrhoea) or ear (otorrhoea) or loss of 
smell due to damage to the terminal filaments of the olfac-
tory nerve at the cribrous lamina [449, 453]. Rhinorrhoea is 
not necessarily instantly present. It may take some time 
(days to weeks) after the fracture was sustained [446].

5.4.2  Cause and Manner of Basilar Fractures

A basilar fracture usually is sustained in accidental circum-
stances, due to a blunt force trauma to the back of the head, 
such as a blow or a fall. A basilar fracture may also occur as a 
continuation of a fracture of the cranium, in an impact trauma 
at the top of the head or a blow in the region of the temporo-
parietal bone that resonates through the temporal bone into 
the base of the skull [178]. Furthermore, these fractures can 
also occur in static loading crush injuries in traffic accidents 
or in dynamic loading crush injuries in a fall from a great 
height (above 3 m) [71, 243, 246, 304]. As a result of static 
loading crush injuries, the skull is deformed relatively slowly 
and there may be damage to the intracranial structures, such 
as the brain [243]. In some traffic accidents, there is a combi-
nation of dynamic impact loading (e.g. head against car while 
being hit by a car) and static loading (e.g. when the wheel 
runs over the head; hereby the head lies more or less station-
ary and is pressed against a rigid structure). Duhaime et al. 
reported on seven children between the age of 15 months and 
6 years that had sustained crush injuries [243]. They all suf-
fered basilar fractures, six had multiple and often extensive 
fractures of the cranium. The researchers did not report 
whether the 7th child, who died soon after arriving at the hos-
pital, due to a transection of the cervicomedullary myelum, 
had sustained any other skull fractures besides the earlier-
mentioned basilar fracture. Four children were victims of 
traffic accidents and had been run over by a reversing car. In 
the three other children, there was static loading when the 
child climbed on a heavy object or pulled at a heavy object 
that consequently dropped on the head of the child (solid 
stone front of a fireplace, 27-in television, 45  kg clock). 
However, the question is whether in the case of these three 
children one can speak of static loading. It could also be 
dynamic impact loading, in which the child falls on the floor 

with its head more or less stationary on the underlying surface 
and the object drops on the child (see Sect. 5.3.2). This can be 
compared to the effects of a fall from great height, which may 
also lead to multiple and extensive fractures of the cranium. 
According to Takeshi et al., serious crush injuries of the head 
usually are fatal [246]. The authors also pose that the progno-
sis of this type of injury, either lethal or excellent, depends on 
the extent to which the skull and brain have been able to with-
stand the force. Six of the seven children (average age: 5.9 
years) they described had sustained skull fractures. In six 
children the head had been run over by the wheel of a car. In 
four children multiple linear fractures of the cranium were 
found and in six children a basilar fracture.

Basilar fractures probably only very rarely occur due to 
non-accidental circumstances. While screening the literature 
no case reports in paediatric patients were found in which 
was described that the fracture was inflicted.

5.4.3  Differential Diagnosis of Basilar 
Fractures

Racoon eyes should not be confused with an orbital 
haematoma/‘black eye’. Racoon eyes may be distinguished 
from a normal ‘black eye’ by its sharply defined margins and 
the moment at which the ‘black eye’ appears. A normal 
‘black eye’ is usually instantly visible with only rarely a 
delay of a few hours at most. Racoon eyes are generally vis-
ible after a few hours, possibly even after as much as 2–3 
days. Moreover, in a normal ‘black eye’, bleeding and swell-
ing may spread to the front and face, whereas racoon eyes 
will be restricted to the direct vicinity of the eye.

Although some consider racoon eyes to be indicative or even 
to be evidence of a basilar fracture, Gumus states that the finding 
can also be a sign of diseases like amyloidosis, Kaposi’s sar-
coma, multiple myeloma, and metastatic neuroblastoma [455].

5.5  Orofacial Bone Fractures and Dental 
Trauma

5.5.1  Introduction

Orofacial fractures are less common in paediatric patients 
than in adult patients [456, 457]. Approximately 5–15% of 
all facial fractures occur in children [456]. As children grow 
up, the risk to sustain orofacial fractures increases [458]. 
Less than 1% of orofacial fractures occur in children under 
the age of 5 years. Two peaks can be seen in the occurrence 
of orofacial fractures. The first peak occurs at the age of 6–7 
years, and is associated with the beginning of school atten-
dance. The second peak occurs at 12–14 years, and is prob-
ably due to increased physical activity and participation in 
sports during puberty and adolescence. Orofacial fractures 
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are more often minimally displaced or non-displaced in chil-
dren than in adults [456].

Fracturing can occur in all orofacial bones: mandible 
(Sect. 5.5.4), maxilla and zygomatic arch (Sect. 5.5.5), orbit 
(Sect. 5.5.6), nasal bones and nasal septum (Sect. 5.5.7), and 
frontal bone (Sect. 5.5.8).

Although there seems to be an age-dependent distribution 
of orofacial fractures, mandible, and nasal/nasal septum 
fractures are the most common orofacial fractures in paediat-
ric patients, irrespective of the circumstances, gender, and 
age [456, 458, 459]. Fractures of the frontal skull and orbital 
roof are found more often in newborns to children aged 5 
years, midface and mandible fractures in children aged 6–16 
years and nose and mandible in adults (cited from 
Oppenheimer et al.) [460]. Imahara et al., just like McCoy 
et al. and Enlow, found that cranial and central orofacial inju-
ries were more common among toddlers and infants, and 
mandible injuries were more common among adolescents 
[458, 461, 462]. Hoppe et al. found that in male patients and 
the older age groups, the mandible was most commonly frac-
tured orofacial bone, while in female patients and in younger 
age groups the orbit was most commonly fractured [463]. 
Alcalá-Galiano et  al. found that older children sustained 
more severe orofacial fractures than younger children [456].

5.5.2  Cause of Orofacial Bone Fractures

Fracturing of orofacial bones in paediatric patients usually 
requires a significant force, in other words fracturing usually 
requires a trauma with a high energy transfer (dynamic 
impact loading). This can either be a blunt force or a (blunt 
or sharp) penetrating trauma. Penetrating trauma will not be 
dealt with in this book.

Alcalá-Galiano et al. are of the opinion that not only the 
circumstances are closely age-related but also the cause: 
young children, who are constantly supervised and usually 
live in a protected environment, most commonly sustain oro-
facial fractures from trauma with a low energy transfer (low- 
velocity forces) (e.g. accidental short distance falls—Sect. 

5.3.3.4), while older children more commonly have injuries 
due to trauma with a high energy transfer (high-velocity 
forces), e.g. motor vehicle accidents, sporting activities, 
physical assault (Sect. 5.6.3) [456]. However, it is not clear 
from their review on what grounds non-accidental circum-
stances were excluded in young children, which makes it 
uncertain how often or even whether young children sustain 
orofacial fractures due to a trauma with a low energy 
transfer.

5.5.3  Manner of Orofacial Bone Fractures

5.5.3.1  Accidental and Non-accidental 
Circumstances

Orofacial fractures can be sustained during and after birth, 
although almost all orofacial fractures are due to a trauma 
after birth. In Table 5.11, an overview is given of the results 
of several studies concerning the circumstances under which 
orofacial fractures are sustained. Most are due to accidental 
circumstances, although the circumstances varied with gen-
der and age (Sect. 5.5.3.2). Orofacial fractures due to birth 
trauma are extremely rare and have been described in a  single 
case report in the mandibula (Sect. 5.5.4), zygomatic arch 
(Sect. 5.5.5), and orbit (Sect. 5.5.6).

5.5.3.2  Manner, Fracture Location, Gender, 
and Age of Sustaining

Several authors found that the circumstances under which 
certain orofacial fractures are sustained varied with gender 
and age [456, 458, 463–465]. Imahara et al. stated that the 
proportion of patients with orofacial fractures increases sub-
stantially with increasing age [458].

Mericli et al. compared the data of children with craniofa-
cial fractures due to non-accidental (violence-related) and 
other (nonviolence-related) circumstances [465]. This retro-
spective study concerned the data of 1528 paediatric patients 
with skull and/or facial fractures in a major urban children’s 
hospital from 2000 to 2005. Patients with isolated skull frac-
tures were excluded, leaving 793 patients. In 98 (12.5%) 

Table 5.11 Accidental and non-accidental circumstances, concerning orofacial fractures

Circumstances
Alcalá-Galiano 
(2008)

Imahara 
(2008)

Mericli 
(2011)

Hoppe 
(2014/2015)

Allred 
(2015)

Accidental 87.5% 56.5%
• Motor vehicle accidents 5–80.2% 55.1% 30.7%
• Sports-related 4.4–42% 24.4%
•  Other accidental causes (e.g. falling, bicycle 

accidents)
7.8–48%

• Falls 8.6%
• Other causes (not specified) 1–4.8%
Non-accidental 12.5% 43.5%
• Violence/assault 3.7–61.1% 11.8% 13.7%
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patients the fractures were due to non-accidental circum-
stances and in 695 patients due to other nonviolence-related 
circumstances. Patients with violence-related fractures were 
more likely to be male and older. They also found that nasal 
and mandible angle fractures were more common in patients 
with violence-related fractures, while skull and orbital frac-
tures were more common in patients with nonviolence- 
related fractures.

In two publications, concerning 353 paediatric patients 
under the age of 18 years with orofacial fractures (of a total 
of 3147 patients over a 12-year-study period), eventually, 
due to insufficient data, 285 patients with a total of 431 frac-
tures were included [463, 464]. Orofacial fractures were 
most commonly due to accidental circumstances in female 
paediatric patients (motor vehicle accidents) and in the 
younger age groups (falls, pedestrian vs. motor vehicle), 
while the fractures in male paediatric patients and in the 
older age groups were more commonly due to non- accidental 
circumstances (physical assault). In male patients and the 
older age groups, the mandible was most commonly frac-
tured, while in female patients and in younger age groups the 
orbit was most commonly fractured. Hoppe et al. concluded 
that the differences in circumstances, fracture locations, and 
concomitant injuries (Sect. 5.5.3.3) between sexes and dif-
ferent age groups likely reflected the differing activities 
between the different (gender and age) groups [464]. Hoppe 
et  al. identified 124 paediatric patients (43.5%) who sus-
tained fractures due to non-accidental circumstances 
(assault—interpersonal violence) [463]. Patients with frac-
tures due to non-accidental circumstances were more likely 
to be boys and more likely to have sustained a mandibular 
fracture.

5.5.3.3  Manner and the Occurrence of Associated 
Injuries

Orofacial fractures in the paediatric population usually result 
from severe trauma, resulting, due to the severity of associ-
ated injuries, in substantial hospital resource use, morbidity, 
and mortality [456, 458, 459].

Compared with patients without orofacial fractures, 
patients with fractures exhibited substantial injury severity, 
hospital lengths of stay, ICU lengths of stay, ventilator days, 
and hospital charges [458]. Patients with orofacial fractures 
had more severe associated injuries to the head and chest and 
considerably higher overall mortality than patients without 
orofacial fractures.

Allred et al. found associated injuries in almost half of the 
evaluated patients with the majority involving cerebral 
trauma (14.7%) or the extremities (9.3%) [459].

In their review of the medical literature, Alcalá-Galiano 
et al. found that associated injuries were found in 10–88% of 
paediatric patients with orofacial fractures [456]. The likeli-
hood of associated injuries depended on the complexity and 

on the location of the fracture. Midfacial and mandibular 
fractures had a higher risk of other injuries than other orofa-
cial fractures, because the finding of midfacial and mandibu-
lar fractures implies a trauma with a high energy transfer. 
They also found that the most commonly associated injuries 
in cases of midfacial and mandibular fractures were injuries 
of the neurocranium and/or the central nervous system.

Mericli et  al. found that patients with violence-related 
fractures had fewer associated serious injuries and lower 
morbidity (lower rate of hospital admissions and intensive 
care unit admissions) than patients with nonviolence-related 
fractures [465].

Hoppe et al. found that intracranial haemorrhage was the 
most common concomitant injury across most age groups 
[464]. In another study, Hoppe et  al. found that patients 
with violence-related fractures were less likely to have 
other systemic injuries such as spinal fractures, intracranial 
fractures, long bone fractures, and pelvic/thoracic fractures 
[463]. These patients also had a higher Glasgow Coma 
Scale (14.7 vs. 12.8) and age (16.0 vs. 12.8 years) and a 
significantly lower hospital length of stay (2.9 vs. 7.9 days). 
According to the authors, the differences in presentation 
between non- accidental and accidental circumstances prob-
ably result from the fact that the forces, causing injuries in 
interpersonal violence, are likely directly directed to the 
craniofacial skeleton and therefore other organ systems are 
spared.

Owusu et al. found associated intracranial injuries in 756 
of 8848 cases of paediatric mandible fracture (8.5%) and 
cervical spine fractures in 393 (4.4%) [466].

5.5.4  Mandibular Fractures

Although mandibular fractures are uncommon in children, 
these fractures probably are, together with nasal bone and 
nasal septum fractures, the most common orofacial fractures 
in paediatric trauma patients, irrespective of the gender, age, 
and circumstances of sustaining [456]. Children tend to have 
only one mandibular fracture site compared to usually more 
than one fracture site in adults. The most common fracture 
sites were condylar (often bilateral) and subcondylar, fol-
lowed by fractures at the parasymphysis, angle, and symphy-
sis [456]. The symphysis itself (symphysis menti) should not 
be mistaken for a fracture (Fig. 5.62a, b). Also at birth 2–4 
mental ossicles may be present at the caudal side of the sym-
physis menti that should not be mistaken for avulsion frac-
tures (Fig.  5.63a–c). These ossicles become incorporated 
into the intramembranous bone when the symphysis menti 
converts from a syndesmosis to a synostosis during the first 
postnatal year.

Mandibular fractures are either caused by static load-
ing (compression) or dynamic impact loading (blunt force 
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Fig. 5.62 Normal skull of a 3-week-old infant who died of sepsis. (a) 
The mandibular symphysis is indicated by the arrow on axial CT. (b) 
Mandibular symphysis on 3D CT. This should not be mistaken for a 

fracture. Note the small ossicles near the symphysis, better delineated 
in Fig. 5.63

trauma), usually a high-energy transfer trauma, except in 
infants and young children in whom the fracture can be 
due to a low-energy transfer trauma, like a short-distance 
fall [467, 468]. Several researchers (Glazer et  al. [469]) 
found that associated injuries were more common in 
young children [470]. The mandibular is typically affected 
in Caffey’s disease (see also Sect. 14.5.6) and these 
 periosteal appositions may simulate healing fractures 
(Fig. 5.64a, b).

Most mandibular fractures are due to an accidental trauma 
after birth [458, 471]. The following circumstances are 
reported in the medical literature [458, 463, 466, 467, 
471–474]:

• Birth trauma:
 – Traumatic vaginal delivery, including use of forceps
 – Caesarean section

• Trauma after birth:
 – Accidental circumstances: (low distance) falls, motor 

vehicle accidents, bicycle accidents, sporting 
activities

 – Non-accidental circumstances: child abuse, physical 
assault

• Unknown/not reported in several cases.

5.5.4.1  Mandibular Fractures in Children Under 
the Age of 2 Years

Mandibular fractures in children under the age of 2 years are 
rare with an estimated frequency of 0.9–2.6% [472]. Up to 
2016, less than 30 cases were reported in neonates and 
infants in the medical literature.

Mandibular Fractures in the Neonatal Period
Mandibular fractures are extremely rare in neonates. Some 
of the risk factors are underlying congenital disorders, birth 
weight over 4000 g, experience of the midwife/obstetrician, 
midforceps delivery, or shoulder dystocia [474]. If a man-
dibular fracture is found in a neonate, it is almost always due 
to an often not specified traumatic delivery [474–479]. 
Sometimes the use of forceps during a vaginal delivery is 
mentioned [480, 481]. A mandibular fracture, sustained dur-
ing a caesarean section, was reported by Priest [482].

One should, however, always think of other (accidental or 
non-accidental) circumstances, even in neonates. 
Gopalakrishnan et  al. described a 1-day-old neonate, who 
sustained a single fracture of the mandibular symphysis after 
vaginal delivery, immediately after birth, due to falling off 
the delivery chair on the ground [467]. York described a 
3-week-old neonate who sustained the fracture due to a car 
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Fig. 5.63 Normal skull of a 2-week-old infant who was evaluated for sudden death. No abnormalities were found. (a) The mandibular symphysis 
is clearly seen (arrow). (b, c) Three mental ossicles are present at the caudo-ventral side of the symphysis (arrows)

accident [483]. Chidzonga described the occurrence in a 
neonate, who was assaulted by its mother, who was suffering 
from a postpartum psychosis [484, 485].

Mandibular Fractures Between 1 Month and 2 Years 
of Age
Almost all mandibular fractures in children between 1 month 
and 2 years of age are considered to occur in accidental cir-
cumstances (Fig. 5.65a, b). Lustmann and Milhem described 
seven cases of mandibular fractures in infants (six boys, one 
girl) due to short-distance falls [472]. All were located in the 
symphysis region. It is not clear on what grounds non- 
accidental circumstances were excluded in these children.

• Knoche et al. showed the importance of a scene investiga-
tion, if there is doubt about the circumstances [486]. They 
described a 3-month-old girl with a unilateral mandibular 

fracture, who allegedly fell from her swing onto her face. 
The mother explained that she had put her baby in an elec-
tric swing, which was placed on a wooden stool. According 
to the mother a few minutes after starting the mechanical 
swing it toppled off the stool. The girl landed face down on 
the carpet overlying a ceramic tile floor. CPS and law 
enforcement were involved and conducted a scene investi-
gation. They found out that the swing was placed on four 
small wooden circular barstools, about 45 cm. high. The 
swing initially appeared stable, but became unstable after 
being turned on. Above that, the plastic grippers on the 
base of the swing were worn off in three locations. It was 
concluded that the fracture was consistent with the acci-
dental circumstances, as described by the parents and as 
re-enacted during the scene investigation.

• Kim et al. reported an 11-month-old infant, who sus-
tained a fracture of the symphysis of the mandibula 
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Fig. 5.64 Periosteal new bone formation in Caffey’s disease may simulate healing fractures. (a) Infant with focal periosteal new bone formation 
(arrow). (b) Another infant shows generalized hyperostosis (between arrows)

with perioral swelling and bruising around the area of 
the symphysis, due to falling down from a baby car-
riage [468].

• Letelier et al. reported a 22-month-old girl with multiple 
fractures of the mandibula (bicondylar, left body, and 
right parasymphyseal region) due to a motor vehicle 
accident [487]. She was expelled from her mother’s 
arms through the windscreen after crashing against a 
road barrier and found conscious 10 m away from the 
car. She had a normal Glasgow Coma Score (15) and 
had a right periorbital haematoma, severe right hemifa-
cial oedema, abrasions, mainly on the right side of her 
face and on her chin, a laceration of the inner side of the 
lower lip, gingival wound of upper front teeth zone, 
avulsion and luxation of several teeth. There were no 
intracranial injuries reported.

• Siegel et al. evaluated the data of 73 paediatric patients, 
who were seen in a 10-year period, with a mandibular 
fracture [488]. They found that young children relatively 
commonly sustained this type of fracture due to non- 
accidental circumstances (Fig.  5.66a, b). They also 
found that associated injuries were more common in 
young children with other inflicted fractures, but that 
inflicted mandibular fractures were not associated with 
other injuries.

• Alberth et al. described a 7-month-old boy with an iso-
lated mandibular fracture, in whom it was suspected that 
the fracture was inflicted [489].

• Schlievert reported the case of a 6-month-old child who 
sustained a mandibular fracture due to a direct blow [473].

5.5.4.2  Mandibular Fractures in Children Above 
the Age of 2 Years

Mandibular Fractures in Children Between 2 and 12 
Years of Age
Owusu et al. found that in children under the age of 12 years 
mandibular fractures were most commonly sustained in acci-
dental circumstances [466]. Around 30% were due to falls. The 
most frequent fracture site in this age group was the condyle.

Chan and Au-Yeung [490] reported a 7-year-old boy with 
a very uncommon combination of bilateral mandibular con-
dyle and external acoustic canal fractures after falling from 
his step (scooter).

Mandibular Fractures in Children Older than 12 Years 
of Age
The mean age of children with mandibular fractures is 
around 14 years, irrespective of the circumstances under 
which the fractures were sustained [466].

In children between 13 and 18 years of age mandibular frac-
tures were most commonly sustained (around 40%) in non-
accidental circumstances (assault) [463, 466]. The angle of the 
mandibula was the most frequent fracture site in this age group.

Owusu et al. not only found a difference in age, but also 
between male and female patients [466]. In male patients, 
the angle was the predominant site, and in male patients the 
fracture was most commonly sustained in non-accidental cir-
cumstances. In female patients, the condyle was the most 
frequent site, and the fracture most commonly was sustained 
in accidental circumstances (falls).
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Fig. 5.65 Unilateral condylar fracture in a child who fell forward on her chin during potty training. Arrows indicate the fracture in coronal CT (a) 
and 3D rendering (b)

a b

Fig. 5.66 A 5-month-old Infant who underwent a non-accidental injury workup because of facial bruises after a fall. (a) Bilateral condylar frac-
tures are seen on coronal CT reconstructions. (b) 3D rendering of the fractures

5.5.5  Midfacial (Maxillary and Zygomatic 
Arch) Fractures

Midfacial fractures are rare in young children and may range 
from simple minor fractures of the zygoma or the zygomatic 
arch to complex orbital-zygomaticomalar fractures, involv-
ing the zygoma and/or maxilla and/or the orbital rim/floor 
[456, 491]. Midfacial fractures become more common with 
increasing age, when the face, according to Alcalá-Galiano 
et al. undergoes a downward and forward projection with the 
midface becoming more prominent and less protected by the 
frontal bone [456]. Sutures around the midface may be mis-
taken for fractures, e.g. intermaxillary, zygomaticomaxillary, 

frontonasal, and nasomaxillary sutures (Fig.  5.67a–c). The 
zygoma forms a large part of the anterolateral wall of the 
orbit, the lateral margin of the infraorbital rim, and the ante-
rior segment of the zygomatic arch. It articulates with the 
superior portion of the maxilla and the frontal, temporal, and 
sphenoid bones. The zygomatic arch is predominantly 
formed by the zygomatic process of the temporal bone which 
articulates with the temporal process of the zygoma forming 
the arch [491]. The maxilla, also known as the upper jaw, is 
the central bone of the midface. Midfacial fractures can be 
sustained during and after birth.

If sustained during birth the cause most probably has been 
compression (static loading). Noyola-Frias et  al. described 
the occurrence of a fracture of the zygomatic arch and right 
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Fig. 5.67 Normal sutures in an infant’s face. Intermaxillary suture (arrow in a), frontonasal suture (white arrow in b and c), zygomatomaxillary 
suture (black arrow in b), and nasomaxillary suture (black arrow in c)

frontomalar region in a 2-day-old girl due to the use of a 
forceps during vaginal delivery, because of a persistent trans-
verse position [492].

If sustained after birth, zygomatic arch fractures/midfa-
cial fractures usually are caused by an impact trauma with a 
high energy transfer, almost always a blunt force trauma 

[456, 493]. Usually, fractures in this region will be sustained 
due to accidental circumstances (motor vehicle accidents, 
falls, or sporting activities).

Non-accidental circumstances (fights, interpersonal vio-
lence) are rarely described in the medical literature and if 
described mostly concern adolescents [464, 494]. Only one 
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publication was found in which a zygomatic arch fracture in a 
child was suspected to be inflicted [495]. Maxillary fractures 
have also been reported as being inflicted in children [9, 496].

Kao et al. evaluated the findings in 218 paediatric patients 
(aged 0–18 years, average age 11.5 years), who presented with 
a total of 410 midface fractures (retrospective study) [497]. 
80.7% of the fractures were sustained in accidental circum-
stances. Most common were motor vehicle accidents in 56 
patients (25.7%), during sporting activities in 35 patients 
(16.1%) and falls in 22 patients (10.1%). In 32 patients (14.7%) 
the fractures were due to physical assault/battery. In 7 patients 
(3.2%) the occurrence was animal related. In three patients 
(1.4%) the fractures were classified as gunshot wounds. The 
most common manners by age were falls in patients, aged 0–7 
years, motor vehicle accidents in patients, aged 7–13 years, and 
physical assault/battery in patients, aged 13–18 years.

5.5.6  Orbital Fractures

5.5.6.1  General Aspects of Orbital Fractures
An orbital fracture is a fracture of one or more than one of 
the bones that form the bony orbit, which surrounds and pro-
tects the eye. The orbit consists of thickened orbital rims and 
relatively thin inner walls (roof, floor, lateral, and medial 
wall) (Fig. 5.68). The zygoma and maxilla form the largest 
part of the medial, inferior, and lateral orbital margins as 
well as almost all of the orbital floor [491].

Orbital fractures can be divided into orbital rim fractures, 
orbital floor fractures, orbital roof fractures, and fractures of 

the medial and lateral orbital wall [498–500]. In paediatric 
patients, the medial wall and floor are the commonest sites 
affected [501].

Orbital fractures can occur during and after birth.

5.5.6.2  Orbital Rim Fractures
An orbital rim fracture is a fracture of the bony outer edges 
of the orbit (Fig. 5.69a, b) [498]. The rim consists of very 
thick bone and fracturing of the rim only occurs in a trauma 
with a high energy transfer, usually a blunt force trauma 
with a direct impact on the face or periorbital region, e.g. in 
a motor vehicle accident. Because of the type of trauma, 
rim fractures are often associated with other extensive inju-
ries to the surrounding orofacial soft tissues and bones, and 
sometimes the eye, the optical nerve, eye muscles, and the 
brain [502].

5.5.6.3  Orbital Floor Fractures
Floor fractures can be divided into direct and indirect orbital 
floor fractures. Approximately 24% of floor fractures are 
associated with ocular injury [456]. Orbital floor fractures 
usually are caused by a direct impact trauma to the front of 
the eye and periorbital region, in which the energy, that is 
transferred during the impact, transmitted downward through 
the orbital soft tissues to the least resistant part of the orbit, 
the thin orbital floor [456].

Direct Orbital Floor Fractures
In a direct floor fracture both floor and rim are fractured. The 
floor fracture is an extension of the rim fracture, in which, 
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a b

Fig. 5.69 CT of a 3-year-old girl who fell from the stairs. (a) MPR MIP image and (b) 3D reconstruction show fracture line (arrows) running 
through the orbital rim. Also, note another fracture line in the frontal bone ending at the frontonasal suture and the monocle haematoma

due to an impact on the rim, the floor is pushed backward and 
the bones of the floor are buckled downwards. The fracture 
may also result in damage to the muscles and nerves around 
the eye. Muscles and other structures around the eye can get 
caught between the fractured part, keeping the eyeball from 
moving properly.

A direct floor fracture can be sustained in accidental cir-
cumstances, e.g. as a result of an impact to the face and peri-
orbital region in motor vehicle accidents, sporting activities, 
and daily activities. The fracture can also occur in non- 
accidental circumstances, e.g. in a physical assault [500].

Indirect Orbital Floor Fractures
An indirect floor fracture occurs when, due to blunt force 
trauma to the front of the eye and periorbital region (usually 
a direct blow to the eyebrow and upper cheek-bone), the thin 
orbital floor buckles or breaks, while the orbital rim remains 
intact [503].

In the medical literature indirect, orbital floor fractures 
are also referred to as ‘pure internal floor fractures’, isolated 
orbital floor fracture or ‘orbital blow-out fractures’ [504, 
505]. A blow-out fracture, however, can occur in one or more 
than one bone of the orbital walls [154, 506]. The orbital 
floor is the most common location of blow-out fractures, 
although fractures of the floor are often associated with a 
fracture of the medial wall [154, 502].

An indirect floor fracture/blow-out fracture is usually 
caused by a blunt force trauma with a high energy transfer to 
the eye and orbit. Often this concerns a direct blow to the eye 
and the periorbital region with an object larger than the 
diameter of the orbital rim [456, 500, 502]. Due to the blow, 
the intra-orbital pressure suddenly increases. Decompression 

of the increased pressure occurs by rupturing of the eyeball, 
and, if the eyeball does not rupture, fracturing of one or more 
of the bones of the orbital walls at their weakest point, with-
out fracturing the rim [154, 500, 502]. This increased pres-
sure will spread equally over all orbital walls. The floor with 
a thickness of only 0.5–1 mm is the thinnest bone and weak-
est point of the orbit and will fracture first. Joseph and Glavas 
also mention another theory, namely that compression of the 
inferior orbital rim causes direct buckling of the orbital floor, 
as can be seen in a direct floor fracture [502]. According to 
the American Association for Pediatric Ophthalmology and 
Strabismus (AAPOS) the release of the transferred energy, 
resulting in buckling or breaking of the floor, may protect the 
eye from more serious damage [503].

This may result in herniation of the intra-orbital tissues 
into the antrum, which could result in a growing fracture of 
the side of the orbit [407]. There may also be haemorrhage 
into the orbit, which will present as a nasal bleed on the side 
of the fracture [507].

According to Klenk and Kovacs, blow-out fractures of the 
orbital floor are rare in children under 8 years of age, due to 
the anatomical characteristics of growing bone at an early 
age [508]. Zygomatic fractures often accompany a blow-out 
fracture of the orbital floor. There must be severe blunt 
trauma in the medical history [507].

In children and adolescents a specific type of indirect 
floor fracture has been described, the so-called ‘trapdoor 
fracture’, which is a greenstick-like fracture of the orbital 
floor, linear in form and hinged medially, allowing herniation 
of orbital contents (orbital fat, inferior rectus muscle) through 
the fracture and then entrapping these herniated contents, 
due to recoiling to near anatomical position [456, 504, 506, 
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509]. Due to this entrapment the tissues, which are caught in 
the fracture, immediately lose their blood supply. Also, the 
eye movements will be severely restricted [503]. A variant of 
the trapdoor fracture is the ‘white-eyed’ blow-out fracture, 
characterized by restriction of upward gaze caused by infe-
rior rectus muscle entrapment within the fracture [510].

An indirect floor fracture can be sustained in accidental 
and in non-accidental circumstances. Wang et  al. analyzed 
the findings in 41 paediatric patients under the age of 18 
years (mean age 12.7 years) with orbital blow-out fractures 
[511]. In 43.9% (n = 18) the fractures occurred due to non- 
accidental circumstances (physical assault), e.g. a blow with 
a fist or elbow. Accidental circumstances were found in 
56.1% of the patients: motor vehicle accidents in 29.3% 
(n  = 12), falls in 17.1% (n  = 7), and sporting activities in 
9.7% (n = 4). Egbert et al. found that children above the age 
of 12 years were more likely to sustain orbital floor fractures 
due to interpersonal violence than children under the age of 
12 years [512]. Hatton et al. found that in paediatric patients 
nearly 50% of blow-out fractures occurred during sporting 
activities, e.g. by being hit by a (base)ball or tennis ball or by 
another player [499]. The fracture, however, can also occur 
in non-accidental circumstances, e.g. in a physical assault.

5.5.6.4  Orbital Roof Fracture
Orbital roof fractures are uncommon in children and are typ-
ically associated with trauma to the forehead/frontal bone 
These fractures are often extensions of superior orbital rim 
fractures (Fig. 5.70). Isolated non-displaced orbital roof frac-
tures are most commonly seen in children and may occur in 
much more trivial events than in adults, in whom fracturing 
is associated with trauma with a high transfer of energy, e.g. 
falls from heights or motor vehicle accidents [513].

• Messinger et  al. evaluated the findings in 23 children 
(aged 3.3 ± 1.6 years) with fronto-orbital trauma (retro-
spective study, 2 year and 9 month period). Twenty chil-
dren had fractures in one orbital roof and 3 had fractures 
in both [514]. Only three children had large, displaced 
roof fractures. Most children had no associated facial 
fractures. Only seven children had associated maxillofa-
cial fractures.

• Greenwald et  al. evaluated the findings in 32 children 
with a total of 36 roof fractures (retrospective study, 
5-year period) [515]. Sixteen fractures were isolated frac-
tures (75% linear) and 20 (usually comminuted) were 
associated with more extensive damage to the skull. 
Haematomas of upper eyelids usually developed hours 
after the trauma. Isolated fractures typically occurred in 
younger children (mean age 2.8 years), most sustained in 
falls from a height under 3 m (10 ft). Only in one case, the 
fracture was sustained during birth. According to 

Greenwald et al. roof fractures in children are common, 
but frequently overlooked [515].

• Koltai et  al. evaluated the findings in 40 children, aged 
1–16 years, with orbital fractures [516]. Fourteen children 
had fractures of the roof, 10 of the floor, and 2 of the 
medial wall. 14 children had mixed fractures. The mean 
age (4.8 ± 3.3 years) of the 14 children with roof fractures 
was significantly less than the mean age (12.0 ± 4.2 years) 
of the 26 children with other orbital fractures. Roof frac-
tures had a significantly greater likelihood of associated 
neurocranial injuries.

• Ng et al. reported two boys 5 and 6 years with accidental 
orbital injuries due to falling on handlebar-mounted bicy-
cle hand brakes, perforating in both boys the left upper 
eyelid [517]. The 5-year-old boy sustained an orbital roof 
fracture and penetrating brain injury. The 6-year-old boy 
had an orbital haemorrhage. In both boys surgery was 
needed.

• Steyn reported the findings in the skeletal remains of a 
3.5-year-old boy, who died of a massive cranial fracture, 
with multiple injuries present to the rest of the body [518]. 
The body was exhumed to look for signs of chronic, long- 
term abuse. Besides the massive cranial fracture, a frac-
ture in the orbital roof was found.

Fig. 5.70 A 3-month-old infant girl who sustained severe neurological 
trauma and presented in coma at the emergency department. CT of the 
orbit showed a left orbital roof fracture (arrow) with accompanying soft 
tissue hematoma. Interrogation by the police revealed that the girl had 
been hit by a steel pétanque ball
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5.5.6.5  Orbital Fractures Due to Trauma During 
Birth

Orbital fractures due to birth trauma have been described 
only a couple of times in the medical literature [228, 515]. 
Greenwald et al. reported 36 orbital roof fractures in 32 chil-
dren over a 5-year period. In only one case the roof fracture 
was due to birth trauma [515]. Bhat et al. evaluated the data 
of 34,946 live-born babies over an 11-year period [228]. 
They found 35 cases of bone injuries with only one case of 
an orbital fracture.

5.5.6.6  Orbital Fractures Due to Trauma After 
Birth

General Aspects of Orbital Fractures Due to Trauma 
After Birth
According to Gerber et  al., orbital fractures are the third 
most common facial fractures in children [501]. According 
to Bales et al., 5–25% of orofacial fractures are orbital frac-
tures [519]. Nevertheless, orbital fractures are rare in chil-
dren, irrespective of the fractured bone(s) [456, 460, 501, 
518]. In the acute phase, the externally visible signs of orbital 
fractures in children are abrasions of the eyelid, haemato-
mas, and oedema [507] (Figs. 5.69 and 5.70).

• Losee et al. did a retrospective review of the findings of 
74 paediatric patients under the age of 18 years (average 
age 8.6 years) with a total of 81 orbital fractures [520]. 
They found that in their population 90.5% of the orbital 
fractures were due to non-accidental circumstances. 
Paediatric patients who sustained orbital fractures from 
activities of daily living were, on average, 6 years old, 
whereas paediatric patients who sustained orbital frac-
tures in non- accidental circumstances were twice as old, 
with an average age of 13.6 years.

• Gerber et al. evaluated the findings in 24 consecutive pae-
diatric patients under the age of 18 years (mean age 13.5 
years) (retrospective study, 2005–2010) with orbital frac-
tures. Fifty-eight percent of the patients (n = 14) had iso-
lated floor fractures [501]. The remaining patients had 
fractures of other orbital and/or facial bones. Thirty-eight 
percent (n = 9) had indirect floor fractures (blow-out frac-
tures) and 46% (n = 11 had trapdoor fractures). Most frac-
tures were sustained in accidental falls.

• Barh et al. evaluated the findings in 52 paediatric patients 
under the age of 18 years (range 2–18 years, mean age 
10.9 years) with orbital fractures and found that 81% of 
the floor was a fracture site. In almost 50% a trapdoor 
fracture was found [521].

• Depending on the location of the fracture, fracturing of 
the orbit can cause severe damage to the eyeball or the 
optic nerve. In 50% or more of the orbital fractures, that 
are sustained after birth, there is also (intra)ocular  damage 

[499]. It is also possible that ocular muscles get incarcer-
ated in the fracture [522–525].

Orbital fractures due to trauma after birth are caused 
either by direct trauma (blunt force trauma, impact trauma) 
or by indirect trauma (trauma, due to deformation) to the 
globe, the orbital, facial, or cranial bones and can be sus-
tained in accidental and non-accidental circumstances, irre-
spective of the bone(s) that are fractured [456, 460, 518, 
526].

In case of accidental trauma, usually, a blunt force trauma 
with a high energy transfer will be mentioned in the medical 
history, most commonly with an impact directly unto the 
orbit (Fig. 5.71a–c) [499, 500]. In such a trauma the globe is 
more resistant to perforation than the bony orbit is to fracture 
[491]. Usually, these are fractures of the orbital floor and 
medial side of the maxilla [499]. This may happen in  sporting 
activities in adolescents, e.g. when the face or the periorbital 
region is hit by an object larger than the eye socket, like a 
baseball or a softball. It may also occur in a motor vehicle 
accident when the face/periorbital region hits the dashboard 
or steering wheel during the collision. If this happens there 
are often associated injuries to the eye/eyeball, tear duct, 
periorbital bones and sinuses, and brain can occur [500].

When a child presents with an orbital fracture, and no 
blunt force trauma with a high energy transfer is mentioned, 
one should always consider non-accidental circumstances 
(physical violence), e.g. when the face or the periorbital 
region is hit by a fist.

Gender and Orbital Fractures Due to Trauma After 
Birth
Boys sustain orbital fractures more often than girls [503]. 
Losee et al. evaluated the findings of 74 paediatric patients 
under the age of 18 years and found orbital fractures in 53 
males and 21 females [520]. Hink et al. described 591 orbital 
fractures and associated ophthalmic and craniofacial injuries 
in 312 paediatric patients, in whom orbital fractures were 
diagnosed by CT scan: 62% (n = 192) were boys and 38% 
(n = 120) were girls [527]. Sirichai and Anderson evaluated 
the data of 41 children, aged 8 months to 15 years (retrospec-
tive study, 10-year period) with orbital fractures and found a 
clear male predominance [528]. 33 of the children were 
male. Firriolo et  al. evaluated 152 paediatric patients with 
floor fractures: 80.3% (n  =  122) were boys and 19.7% 
(n = 30) were girls [529]. Barh et al. [521] evaluated the find-
ings in 52 children, aged 2–18 years, with orbital fractures: 
39 boys and 13 girls.

Location of the Orbital Fractures and Age 
of Sustaining
Alcalá-Galiano et al. found that orbital floor and orbital rim 
fractures were rare in young children, and that this was due 
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Fig. 5.71 Blow-out fracture in a 3-year-old girl. Mechanism (a) orbital floor fracture with depression and herniation of orbital fat (arrow in b) and 
resulting in soft tissue haematoma (monocle sign) (c)

to the anatomical development of the orbit and periorbital 
bones and sinuses [456]. In young children blunt force 
trauma on the frontal bony usually is transmitted directly to 
the orbital roof, while with increasing age the frequency of 
orbital floor fractures increases. The authors also stated that 
after the age of 7 years, orbital fractures mainly will affect 
the medial and lateral walls and the floor. According to 
them a blow-out fracture of the orbital floor is a common 
fracture in children of this age. Koltai et al. evaluated the 

findings in 40 paediatric patients between the age of 1 year 
and 16 years with orbital fractures (retrospective case 
series) [516]. Roof fractures were found in 14 children with 
a mean age of 4.8 ± 3.3 years. Ten children had floor frac-
tures, 14 children had mixed fractures, and two children 
had fractures of the medial wall. These 26 children had a 
mean age of 12.0  ±  4.2 years. The authors also found a 
significantly greater likelihood of associated neurocranial 
injuries in children with roof fractures. According to the 
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authors, roof fractures occur primarily in younger children 
due to the proportionally prominent forehead and the lack 
of frontal sinus pneumatization. Lower orbital fractures 
occur primarily in older children because of the increased 
vulnerability of the face due to growth and the pneumatiza-
tion of the paranasal sinuses.

Sirichai and Anderson evaluated the data of 41 children, 
aged 8 months to 15 years (retrospective study, 10-year 
period) [528]. Orbital floor and multiwall fractures were 
most common, with medial wall fractures as the second most 
common site. Most fractures were sustained during sporting 
activities (more often with increasing age). Blunt force 
trauma due to falls was more common in young children (in 
their study all 10 years of age or less). Fractures of the orbital 
roof and lateral wall were more common in young children 
(Fig.  5.70) (decreasing in frequency with increasing age), 
while those of the orbital floor and medial wall occurred at 
any age, although those of the medial wall were more com-
mon among older children. Sirichai and Anderson stated that 
these locations and patterns of fractures changed with 
increasing age, due to changes in behaviour and activities, 
and due to growth and development of the craniofacial skel-
eton [528].

Hink et al. described 591 orbital fractures and associated 
ophthalmic and craniofacial injuries in 312 paediatric 
patients (192 boys, 120 girls), aged 4 months to 16 years 
(average 7.3 years), in whom orbital fractures were diag-
nosed by CT scan (retrospective study, 2002–2011) [527]. 
They found that in their population orbital fractures associ-
ated with other craniofacial fractures were more common 
than isolated orbit fractures (internal fractures and fractures 
involving the orbital rim but without extension beyond the 
orbit) (62 vs. 38%). Roof and medial wall fractures were 
most common (30% and 28%, respectively), followed by 
orbital floor (24%) and lateral wall (18%) fractures. Orbital 
roof fractures were the most common fractures in patients 
under the age of 8 years, whereas orbital floor fractures were 
the most common fracture in patients above the age of 8 
years. Associated neurologic injuries were more common 
(23%) than associated ophthalmic injuries (20%).

Yang et al. evaluated the findings in 177 paediatric patients 
under the age of 18 years (retrospective study, 2004–2014) 
with orbital wall fractures [530]. The floor was the most 
common fracture site, irrespective of the age of the patient. A 
floor fracture was present in 50% of the children under the 
age of 7 years (pre-school age) and in 64.4% of the patients, 
aged between 7 and 18 years (school age). The male-to- 
female ratio and the circumstances under which the fracture 
was sustained showed significant differences between the 
two age groups. The sex distribution in the preschool group 
was equal (52.0% boys) whereas in the school age group the 
overwhelming majority of patients were boys (93.4%, 
P < 0.001). Accidental falls from heights were responsible 

for 42.9% of the orbital fractures in children under the age of 
7 years, while physical violence (non-accidental trauma) was 
responsible for 49.3% of the orbital fractures in patients, 
aged between 7 and 18 years. Associated injuries and facial 
fractures were found more frequently in patients above the 
age of 7 years.

5.5.7  Nasal Bone and Nasal Septum Fractures

Nasal bone and nasal septum fractures are caused by dynamic 
impact loading, usually blunt force/impact trauma. Blunt 
force trauma to the nose occurs regularly in children, but not 
all children who sustained a blunt force trauma to the nose 
are in need of medical treatment [531]. The nasal bones are 
the most prominent bones of the orofacial skeleton and above 
that the least protected and least resistant against impact 
trauma [532]. This also explains why, compared to other oro-
facial bones, the nasal bones, just like the mandibula, so 
often fracture, despite the fact that the nasal cartilage is rela-
tively compliant [456].

The circumstances, under which the trauma to the nasal 
bones/nasal septum can occur, are either accidental or 
non-accidental.

Accidental circumstances are most common and concern 
motor vehicle accidents, sporting activities, and daily life 
accidents like falls [533, 534]. Desrosiers and Thaller found 
inflicted nasal/nasal septum fractures in 15% of the evalu-
ated paediatric patients [533]. Liu et al. found nasal fractures 
due to interpersonal violence in 10% of their cases [534].

Borner et al. found a decrease in fall-related injuries with 
increasing age, whereas accidental and non-accidental blunt 
force to the nose increased with age [531]. They also found 
that male patients had a higher risk for soft tissue injuries and 
frontobasal fractures (individual or combined fractures of the 
orbital roof, the posterior wall of the frontal sinus, the roof of 
the ethmoid sinus, or the roof or wall of the sphenoid sinus).

Blunt force trauma to the nose may lead to externally vis-
ible superficial (abrasions) and deeper (lacerations) cutane-
ous injuries. It may also lead to haemorrhage and fractures of 
the bony or cartilage part of the nose [535, 536]. After direct 
blunt force trauma, a haematoma or the development of an 
abscess in the nose septum is a rare complication.

In young children, injuries to the cartilage of the nasal 
septum are rare, irrespective of the circumstances, under 
which the damage was sustained (accidental or non- 
accidental). In the medical literature, there are only a few 
case reports on inflicted nasal bone and nasal septum injuries 
[537, 538]. However, according to Nathanson, fractures of 
the nasal bones and the nasal cartilage of young children 
strongly suggest non-accidental circumstances [539]. This is 
certainly true when there is no serious trauma in the medical 
history.
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Precious et al. described three children, aged 11, 14, and 
17 years, who had sustained nasomaxillary injury at least 8 
years earlier as a result of physical beating [538].

Canty and Berkowitz described 20 children (aged, 2 
months to 15 years; mean age, 7 years) with a post-traumatic 
haematoma of the nasal septum [537]. Nasal fracture was 
present in three children. In two children (under 2 years old), 
a septum haematoma (and the consequent development of an 
abscess) resulted from non-accidental circumstances (child 
abuse). Compared to children that presented with a septum 
haematoma and developed an abscess after a minor and iso-
lated nasal trauma (14 children, aged 1–14 years old) and 
after a sports injury (four children, over 10 years old), the 
children with inflicted injuries were all young (under 2 years 
old). Moreover, the children with inflicted injuries had sus-
tained severe additional injuries in the head and neck region 
(face, neck, nose) and the patient history recorded earlier 
inflicted injuries (child abuse).

Inflicted injuries of the nose, and of other inflicted injuries 
to the face, are often accompanied by other extracranial inju-
ries, such as fractures and haematomas on trunk and extremi-
ties [540].

5.5.8  Frontal Bone Fractures

According to Alcalá-Galiano et  al. fractures of the frontal 
bone are common in young children because of the promi-
nence of the forehead, overhanging the face [456]. In chil-
dren under the age of 7 years fractures of the frontal bone 
tend to extend superiorly in the calvarium or across the 
orbital roof. According to Alcalá-Galiano et al., orbital roof 
fractures are considered skull fractures, and these are often 
associated with neurocranial injury [456].

5.5.9  Dental Trauma, Dental Neglect, 
and Gingival Injuries

5.5.9.1  Dental Trauma

Introduction
Dental and periodontal trauma regularly occurs in children. 
Epidemiological studies have shown that overall (children 
and adults), the incidence pro year of dental trauma is around 
4.5% [541]. It is estimated that almost 50% of all children 
will sustain some kind of dental or periodontal trauma during 
childhood [542–544]. According to Andreasen and Ravn 
about 30% of children and toddlers will have injuries of the 
primary dentition (boys vs. girls = 1:1) [542]. Widmer, how-
ever, is of the opinion that in two out of three children one 
may find damage to the deciduous teeth [545]. In one out of 
five children over 6 years of age/adolescents/adults, there is 

damage to the permanent teeth [541, 545]. Dental trauma to 
the permanent dentition is recognized at least twice as often 
in boys than in girls [542]. Faus-Damia et al. found a preva-
lence of dental injuries of 6% in children aged 6–18 years 
[546]. They also found that boys between 12 and 18 years of 
age sustained more injuries than girls.

Dental injuries can be injuries to the enamel (chipping) 
and fracturing of the crown and root (Fig.  5.72a–c). 
Periodontal injuries include gingival bruising, luxation (dis-
placement) of teeth (intrusive, extrusive, lateral), and avul-
sion of teeth (Fig. 5.73a–c). Most of the injuries are minor, 
most commonly due to chipping of only the enamel. 
Fracturing of the crown also occurs regularly, but is less 
common. The most commonly injured teeth are the maxil-
lary central incisors, followed by the maxillary lateral inci-
sors and the mandibular incisors [541, 543].

Many of these injuries will not be reported or seen by a 
dentist, because they are minor or are not recognized as such. 
Subtle damage to the teeth can easily be missed by non- 
dentists or by inexperienced dentists. If injuries are found or 
suspected, the assistance of an experienced (paediatric) den-
tist should be sought [547].

Cause and Manner of Dental Trauma
Dental trauma in children is almost always caused by blunt 
force trauma (impact trauma). The severity of the impact 
ranges from minor, resulting, e.g. in chipping, to major, 
resulting, e.g. in fractures of the root or tooth avulsion, com-
bined with other severe injuries in the orofacial region.

The circumstances of the trauma may be accidental (falls, 
traffic accidents, sports-related) or non-accidental (alterca-
tions, physical abuse, assaults, and torture) [288, 545, 548]. 
In pre-schoolers and school-aged children dental injuries 
most commonly are sustained in accidental falls at home, 
whereas in adolescents contact during sports (e.g. collisions, 
elbowing, or falls) and altercations are the most prevalent 
circumstances [541, 543, 549]. Also, free-time activities, like 
bicycle rides, walking, roller skating, and skateboarding play 
an important role in the occurrence in adolescents [549].

According to Widmer, dental injuries are found in 30% of 
victims of child abuse [545]. However, differentiating 
between non-accidental and accidental traumatic dental inju-
ries is very difficult, perhaps even impossible, if the injury 
has to be assessed separately from the context (medical his-
tory, age, and developmental level of the child) [545, 550].

Discoloured teeth, indicating pulp necrosis, may be the 
result of an earlier trauma [546, 551, 552]. The differential 
diagnosis of discoloration should include a history of expo-
sure to tetracycline or heavy metals during enamel formation 
[540]. In this situation, one will find discoloration of all teeth 
that were formed during the exposure. Wright and Thornton 
pointed at dentinogenesis imperfecta in the differential diag-
nosis of discoloration, caused by child abuse [553].
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Fig. 5.72 Schematics of (a) 
a normal tooth, (b) partial 
avulsion of the crown with 
secondary inflammatory 
changes and (c) root fracture

Intrusion and forced extraction of teeth have also been 
reported in the paediatric medical literature. Kaplan 
described the extraction of canines within certain cultures for 
treating paediatric diseases [554]. Edwards et al. described 
the extirpation of primary canine tooth follicles (‘ebinyo’) by 
traditional healers in infants in rural areas of eastern Africa 
to prevent high temperature, vomiting, loss of appetite, and 
diarrhoea and reported this in five infant siblings, who appar-
ently had been subjected to ‘ebinyo’ as infants before immi-
grating to the United States [555]. Carrotte reported a family 
in which the parents over the years had extracted various 

permanent incisors from three of their six children as punish-
ment for misbehaviour [556]. One parent held the child, 
while the other removed the teeth.

In adolescents self-injury should be considered in case of 
dental fractures. Gantha et  al. reported a 14-year-old boy, 
who visited the Department of Paediatric Dentistry together 
with his parents, because of broken upper front teeth [557]. 
The parents revealed that the boy himself broke his teeth by 
hitting with a hammer. The parents stated that the boy was 
constantly bullied in the school by his peers because of the 
abnormal size of his teeth.
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Fig. 5.73 Schematic of (a) extrusive displacement, (b) intrusive displacement, and (c) complete luxation

5.5.9.2  Dental Neglect
Dental neglect is defined by the American Academy of 
Pediatric Dentistry (AAPD) as ‘willful failure of parent or 
guardian to seek and follow through with treatment neces-
sary to ensure a level of oral health essential for adequate 
function and freedom from pain and infection’ [558]. The 
British Society of Paediatric Dentistry (BSPD) defines den-
tal neglect as ‘the persistent failure to meet a child’s basic 
oral health needs, likely to result in the serious impairment 
of a child’s oral or general health or development’ [559]. In 
other words, dental neglect is the failure on the part of the 
parent(s)/caregiver(s) to provide preventive dental care in the 
form of adequate hygiene or in the prevention of caries. It 
also includes not seeking adequate dental help for caries, 
infections, or any other abnormalities of the teeth or support-
ing structures, which makes normal eating difficult or impos-
sible, causes chronic pain, slows down the growth and/or 
development of the child and makes it difficult or impossible 
for the child to participate in all kinds of daily activities, such 
as play or school [20].

Important signs of dental neglect include the occurrence 
of caries even conspicuous for laymen, and negligence in 
seeking medical/dental assistance for infections, bleeding, or 
trauma to the head and neck region. According to Lourenço 
et al. and Harris caries (dental decay) is probably the most 
significant sign of neglect in children [560, 561]. Dental 
neglect may occur in isolation, but could also be a significant 
sign of other types of neglect or more generalized child mal-
treatment [562, 563]. Research done by Greene et al. showed 
that victims of child abuse and neglect had an eight times 
higher risk of poor permanent teeth [564].

According to Ramazani dental caries is the most preva-
lent infectious disease in the paediatric population [563]. 
A 2003 survey, cited by the British Dental Association 
(BDA), showed that by the age of 5 years, 43% of UK 
children had obvious decay [562]. In 2005, an epidemio-
logical study of dental neglect in young people reported a 
prevalence of between 40 and 50% in 15- and 16-year-old 
adolescents at secondary schools in a deprived inner-city 
area [562].
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The BDA stated that even extensive decay will not always 
indicate neglect and that the finding of caries should never be 
interpreted in isolation but always assessed in the context of 
the child’s medical and social history and developmental 
stage [562]. Hinchliffe mentions lack of knowledge or diffi-
culty in understanding or complying with home dental care 
or dietary needs by parents or carers [565]. This may cause 
dental problems in the child, resembling those that are found 
in neglect, but cannot be considered, according to Hinchliffe 
as deliberate neglect, e.g. a child with rampant caries with a 
parent/caregiver who is unaware that caries may be associ-
ated with poor oral hygiene, sweet diet, and drinks.

5.5.9.3  Gingival Injuries
Accidental or inflicted dental injuries are often combined 
with bruising or lacerations of the surrounding gingiva. 
Trauma caused by a blow or an object striking the child’s 
face may lead to gingival injuries without apparent dental 
injuries.

Traumatic damage to the gingiva may be found as a result 
of child abuse. Iatrogenic, accidental, and artificial damages 
must be taken into account in the differential diagnostics of 
gingival damage. This may involve the effect of chemical 
substances such as aspirin or peroxide, thermal stimuli such 
as hot or cold food, and physical causes such as flossing, 
piercings, and self-inflicted injury. Iatrogenic and accidental 
causes frequently appear to be self-limiting, whereas artifi-
cial abnormalities often appear to be chronic [566].

5.6  Intracranial Injuries

5.6.1  Introduction

Head injuries and intracranial injuries are sometimes used as 
synonyms in case of the physical findings, due to head 
trauma, irrespective of whether these were sustained in acci-
dental or non-accidental circumstances. This is incorrect 
from a forensic point of view. The term ‘head injuries’ should 
only be used as a generic term for unspecified injuries to the 
head, which can be injuries to the soft tissues of the orofacial 
region and/or the scalp and/or the bony tissues of the skull 
(calvarium, base, and orofacial bones) and/or the intracranial 
contents (meninges, brain), caused by mechanical or non- 
mechanical trauma (Sect. 5.1.1). The use of the term ‘intra-
cranial injuries’ should be limited only to injuries of the 
intracranial contents (Sect. 5.6.2).

If a child sustained a head trauma and the trauma resulted 
in injuries, the exact character and location of all injuries to 
the head should always be specified, because this may help 
to evaluate the circumstances under which the trauma was 
sustained (accidental or non-accidental). Because the focus 
of this book is on (forensic aspects of) fractures in children, 

in this section injuries to the intracranial contents and the 
differential diagnosis of these findings will only shortly be 
described.

Traumatic brain injury is the most common cause of per-
manent disabilities and death in paediatric patients (Chap. 
1). This is irrespective of the circumstances (accidental or 
non-accidental) under which the trauma was sustained 
[567–572].

5.6.2  Trauma-Related Intracranial Findings

The most prevalent trauma-related intracranial findings are 
due to the accumulation of blood either in physiological cir-
cumstances existing or in non-existing spaces (= haema-
toma). This accumulation is the result of extravasation of 
blood from damaged vessels (veins, arteries, capillaries) (= 
bleeding or haemorrhage). An overview of the most common 
trauma-related intracranial findings is given in Table  5.12 
and Fig. 5.74a–h.

5.6.3  Cause of Trauma-Related Intracranial 
Findings

Trauma-related intracranial findings can be divided into 
damage due to primary and to secondary causes.

Primary trauma-related intracranial damage is damage 
that occurs immediately at the moment of the traumatic event 
and is caused by mechanical trauma:

 (a) Static loading of the scalp, skull, and intracranial con-
tents, due to squeezing and compression, may lead to 
injuries of the intracranial contents.

Table 5.12 Dynamic loading and head injuries [380, 573]

Mechanism Intracranial findings
Impact loading • Injuries of the scalp

•  Fractures of the calvarium, base, and 
orofacial bones

•  Epidural bleeding, at the site of the 
calvarium fracture, often with mass 
effect

•  Subdural bleeding, often not at the site 
of the calvarium fracture, often with 
mass effect

• Often localized axonal injury
Impulse loading (‘inertial 
trauma’)

•  Subdural bleeding, often a thin layer 
over both hemispheres, no or only 
limited mass effect

• Acute encephalopathy
• Often diffuse axonal injury

Impact or impulse or both 
(mechanism 
undetermined)

• Subarachnoid haemorrhage
•  Brain contusions and lacerations, incl. 

related intracerebral haemorrhage
• Subdural effusions, incl. haemorrhage
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Fig. 5.74 Spectrum of intracranial lesions in accidental and non- 
accidental injury. (a) Epidural hematoma (arrows) and accompanying 
large cephalhaematoma (asterisk). (b) Small acute subdural haemor-
rhage (arrows). Also, note the subtle loss of grey/white matter differen-
tiation which is suspected of hypoxic-ischemic encephalopathy. (c) 
Small acute subdural hematoma in posterior interhemispheric fissure 
(arrows). (d) Large chronic bilateral subdural hematomas with different 
signal intensities on this FLAIR MRI image. (e) Subarachnoid blood in 

sulcus (arrow). Note the left parietal skull fracture and soft tissue swell-
ing of the scalp. (f) Rupture of the right frontal lobe (between arrows). 
(g) Ruptured and thrombosed bridging veins at the vertex. The arrow 
depicts the ‘tadpole’ sign, composed of a thrombosed vein ending in an 
ellipsoid haemorrhage. (h) Large area of diffusion restriction left 
parieto- occipital on DWI MRI image as an early sign of hypoxic- 
ischemic encephalopathy
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 (b) Dynamic impact loading of the scalp, skull, and intracra-
nial contents, due to blunt force trauma (non-penetrating 
or penetrating) or to sharp force trauma (non-penetrating 
or penetrating).

 (c) Dynamic impulse loading of the scalp, skull, and intra-
cranial contents, due to fast and repetitive movements of 
the head, without impact (acceleration—deceleration).

 (d) Combination of impact and impulse loading.

In Table 5.12 an overview is given of head injuries, due to 
dynamic impact and dynamic impulse loading.

Clinical symptoms of primary damage may vary from 
almost non-existing to very severe. The damage can be life 
threatening or even not compatible with life. Symptoms can 
occur immediately after the event or may take a while to 
develop or to be recognized.

Secondary trauma-related intracranial damage is reactive 
damage that occurs as a (non-specific) response of the brain 
tissue to a traumatic event, that caused the primary damage. 
Secondary damage not only occurs in trauma, but may also 
occur due to diseases, in which the brain is involved. 
Secondary damage is caused by the occurrence of a lack of 
oxygen in the brain tissue (hypoxic-ischemic damage).

Clinical symptoms of secondary damage can occur almost 
immediately or within minutes after the provoking trauma, 
but can also develop after a time interval of hours to days 
[574–576].

Oedema is one of the most devastating secondary symp-
toms. Oedema causes an increase in the volume of the brain 
tissue. This has a number of negative effects [576]. In the 
first place, it leads to an increase in intracranial pressure, 
which can manifest itself with symptoms like vomiting, low-
ering or loss of consciousness, a bulging fontanel, broaden-
ing of cranial sutures, rapid increase of the head 
circumference, and epileptic seizures. Oedema and the 
increase of the intracranial pressure can negatively affect the 
blood supply to (parts of) the brain, which may lead to addi-
tional damage to the brain tissue. A lack of supply of oxygen 
to the brain can also arise as a result of cerebral respiratory 
problems and a spasm in the vessels in response to bleeding 
in the head. Oxygen deficiency can lead to hypoxic damage 
to the axons (hypoxic/ischemic encephalopathy) in addition 
to traumatic damage to the axons (traumatic encephalopa-
thy). Secondly, the space in the skull is limited. When the 
volume of the brain increases, there is a risk of impaction of 
parts of the brain, which in turn causes more damage and 
increases the risk of death [576].

The severity of the brain damage and the ultimate progno-
sis is determined by both the damage that results from the 
primary trauma and the secondary damage that occurs in 
response to the primary trauma.

Finally, the presence of subdural/subarachnoid blood can 
lead to irritation of the cerebral cortex, which can trigger epi-

leptic seizures. This may result in a status epilepticus, which 
may cause a serious disruption of the oxygen supply to the 
brain, leading to permanent damage to the brain tissue.

In other words, a (serious) disruption of the oxygen sup-
ply to the brain can occur as a result of oedema formation, 
vasospasm, and epileptic seizures/status epilepticus. These 
reactions can occur separately or in combination.

In Table 5.13, an overview is given of primary and sec-
ondary damage in head trauma.

5.6.4  Manner of Trauma-Related Intracranial 
Injuries

Trauma-related intracranial injuries can occur before, dur-
ing, and after birth. In this section, no attention will be given 
to intracranial injuries sustained in the uterus.

5.6.4.1  Trauma-Related Intracranial Injuries 
Sustained During Birth

Head trauma can occur during birth, due to compression of 
the skull and intracranial content, while passing the birthing 
canal, or due to using a forceps. It may also occur during 
birth by pulling (traction) on the scalp and skull during a 
vacuum extraction.

Subdural Haematoma
The most prevalent and most important perinatally acquired 
intracranial injury, concerning the differential diagnosis of 
intracranial injuries, sustained after birth, is a subdural hae-
matoma (SDH). In 2008, David stated concerning the occur-
rence of perinatally acquired SDH the following [577]:

Thus, without wishing to oversimplify matters, there appear to 
be two rather distinct recognised categories of subdural haemor-
rhage occurring at birth:

 1. A common, asymptomatic, self-limiting and rapidly resolv-
ing (completely disappeared before 4 weeks of age) category, 
found in close to 10% of babies.

 2. A rare, symptomatic category, often requiring treatment.

There are those who wish to speculate that there exists a third 
and fourth category, as described above, but these remain 
hypothetical.

Table 5.13 Primary versus secondary damage in head trauma

Primary injuries Secondary findings
• Injuries to the scalp
•  Fractures of the skull and 

orofacial bones
•  Intracranial extra-axial and 

intra-axial bleeding
•  Axonal injuries (diffuse or 

localized) due to mechanical 
trauma

• Oedema
• Increased intracranial pressure
•  Hypoxic-ischaemic 

encephalopathy
•  Axonal injuries (diffuse or 

localized) due to hypoxia/
ischaemia

• Thrombosis
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 3. A large subdural haematoma occurring at birth that causes 
little or no symptoms at all at first, but is detected much later, 
either coincidentally or because of chronic and possibly mild 
symptoms.

 4. A small (or larger) but asymptomatic subdural haematoma 
occurring at birth, re-bleeding, resulting in significant fresh 
haemorrhage at a later date.

No new scientific evidence has been published since 
2008, in which the statements concerning the hypotheses, 
formulated under 3 and 4 have been proven. However, Rooks 
et al. showed that SDH is found in almost 50% of all neo-
nates, instead of the 10%, mentioned by David [578].

SDH is less common in caesarean sections than in vaginal 
birth, with a higher risk in forceps or vacuum delivery than in 
spontaneous vaginal birth [579–584]. Birth-related SDH has 
been described in vaginal birth as well as in caesarean sec-
tions [578, 584].

Most of the perinatally acquired subdural haematomas are 
asymptomatic. If a perinatally acquired SDH causes symp-
toms, in most neonates these will be present within 12–24 h 
after birth, but it may take up to 4 days [585–588]. In sub-
arachnoid and intraparenchymatous bleeding it may take as 
long as 11 days, before the first symptoms appear [586].

Retinal Haemorrhages
Retinal findings play an important role in the forensic medi-
cal evaluation of head injuries and the radiologist must scru-
tinize the eye in every child which is suspected of a 
non-accidental injury. Unfortunately, only extensive retinal 
haemorrhages and detachments can be seen on MRI 
(Fig. 5.75a, b) and therefore the role of the radiologist is lim-
ited compared to an ophthalmologic examination by an oph-
thalmologist with experience in non-accidental injury.

RH can be sustained during birth. Birth-related flame/splin-
ter-shaped RH resolves within 2 weeks (usually within 2–3 
days) after birth. Larger dot/blot-shaped haemorrhages can be 
found up to 6 weeks after birth, but usually resolve within 4 
weeks [589]. Laghmari et al. (2014) analyzed the presence of 
retinal haemorrhages in 2031 healthy newborns within 24  h 
after birth [590]. In over 30% of the newborns RH was found. 
All children with RH were examined again after 1 and 4 weeks. 
They found that the RH in two-thirds of the newborns resolved 
within 1 week and all RH resolved within 4 weeks. Birth-
related RH are rarely serious or very extensive [590–593].

It should be mentioned that the correct interpretation of the 
RH severity (extent) can provide an indication of the circum-
stances, under which the RH were sustained (accidental or 
non-accidental). RH severity is defined by the  combination of 
the number and type of RH and the distribution of the haem-
orrhages in the retina: the degree of spread over the quadrants 
(top, bottom, left, right), from the posterior pole up to the ora 
serrata and in relation to the retina (intraretinal, preretinal, 
and subretinal). The finding of extensive RH in all quadrants, 
from posterior pole up to the ora serrata, in all layers of the 
retina and in large numbers (too numerous to count) is much 
more likely in non-accidental trauma than in accidental 
trauma [593–595]. It should be noted that the reverse does not 
apply: a limited number of RH or the absence of retinal haem-
orrhages does not rule out non- accidental trauma or does not 
make an accidental event more likely.

5.6.4.2  Trauma-Related Intracranial Injuries 
Sustained After Birth

Intracranial injuries, as summarized in Table 5.14, and RH 
can be sustained after birth in accidental or in non-accidental 
circumstances.

a b

Fig. 5.75 (a) T2-weighted MRI of a 3-month-old girl with extensive subdural effusions and extensive retinal lesions. (b) Detail of (a) showing 
the retinal detachment of the left eye (arrow). Also, note the “wavy” thickening of the retina in the right eye
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Table 5.14 Trauma-related intracranial findings

Intracranial extra-axial bleeding
• Epidural bleeding Bleeding between the skull and the dura 

mater. An epidural haematoma is in fact an 
abnormal accumulation of blood in a space 
which in physiological circumstances does 
not exist

• Subdural bleeding Bleeding between the dura mater and the 
arachnoid membrane. A subdural haematoma 
is in fact an abnormal accumulation of blood 
in a space which in physiological 
circumstances does not exist

• Subarachnoid 
bleeding

Bleeding in the space between the arachnoid 
membrane and the pia mater surrounding the 
brain

Intracranial intra-axial bleeding
• Intracerebral/
intraparenchymal 
bleeding

Bleeding in the brain tissue

• Intraventricular 
bleeding

Bleeding in the ventricles

Parenchymatous lesions
• Axonal injury Diffuse or focal
• Oedema

Table 5.15 Manner of intracranial injuries in 345 children [597]

Manner (circumstances, under which the intracranial injuries were 
sustained
Natural 6 2%
   • Birth trauma
   • Haemorrhagic disease of the newborn
   • Hydrocephalus
   • Epilepsy
   • Haemophilia
Uncertain 37 11%
Accidental 96 28%
Non-accidental 206 60%
Total 345

Table 5.16 Age distribution of children with inflicted head injuries 
versus children with accidental injuries [597]

Age Under 2 years Above 2 years Total
Accidental 75 21 96
Inflicted 180 26 206
Total 255 47 302

It is not possible to differentiate between accidental and 
non-accidental circumstances, merely on the basis of symp-
toms, found in children with intracranial injuries. According 
to Fortin and Stipanic, more than 50% of the symptomatic 
children with inflicted intracranial injuries initially show 
non-neurological symptoms, like respiratory dysfunction, 
hypotonia, nausea, vomiting, apnoea, and irritability [596]. 
Children may also present with clear neurological symptoms 
like decreased alertness, convulsions, and coma. This prob-
ably also accounts for children with accidental intracranial 
injuries.

It is also not possible to differentiate between accidental 
and non-accidental circumstances merely based on the pres-
ence of SDH and RH without further analysis of the nature 
and extent of the findings [593, 595].

According to Kelly et al. (2015), no pathognomonic diag-
nostic features exist concerning inflicted head trauma [597]. 
They compared in retrospect the findings in 345 children 
with head injuries either sustained in accidental or in non- 
accidental trauma (referred between 1991 and 2010) (Tables 
5.15 and 5.16). The ages ranged from 6 days to 13 years, 
with a median of 7 months. Eighty-five percent of the chil-
dren were below the age of 2 years and 15% were above that 
age. In children over 2 years the median age was 3 years with 
a middle 50% of 2–5 years. Children with inflicted head inju-
ries were younger (median 5 months, middle 50% 2–12 
months) compared to children with accidental head injuries 
(median 10 months, middle 50% 5–20 months). In children 
above the age of 2 years no differences in age range were 
found between inflicted and accidental head injuries (median 
3 years, middle 50% 2–5 years). Characteristics of particular 
interest for inflicted head injuries in children under the age of 

2 years were no history of trauma (88/98, 90%), no evidence 
of impact to the head (84/93, 90%), complex skull fractures 
with intracranial injury (22/28, 79%), subdural haemorrhage 
(160/179, 89%) and hypoxic-ischaemic injury (38/39, 97%). 
These characteristics did not differ significantly between 
children over the age of 2 years with accidental (21/47, 45%) 
and inflicted head injuries (26/47, 55%). Children over the 
age of 2 years, who were hospitalized because of inflicted 
head injuries are usually injured by mechanisms involving 
impact and should be considered at high risk of death. The 
mortality rate of inflicted head injuries was higher in chil-
dren over the age of 2 years (10/26, 38%) than those under 
that age (19/180, 11%). Kelly et al. found that the probability 
of inflicted head injuries was similar regardless of socio- 
economic status or ethnicity.

In 2011 and 2013, the ‘Houston Journal of Health Law & 
Policy’ published two extensive analyzes by Narang et al. with 
regard to the ‘Levels of Evidence’ in the medical scientific lit-
erature on the evidential value of findings in inflicted head inju-
ries and the admissibility of these scientific data in US courts in 
accordance with the Daubert criteria (Sect. 15.2) [598, 599].

In the second article, Narang et al. used the 2009 criteria of 
the Oxford Center for Evidence Based Medicine levels of evi-
dence to support the weight of evidence of medical literature in 
establishing a diagnosis. Based on a very extensive literature 
review, Narang et al. provided an overview of the (in 2013 cur-
rent and best) evidence for certain subjects: accidents/injuries 
due to accidental trauma, coagulation disorders, biomechanics, 
and hypoxia. In Table 5.17, a short overview of their findings is 
given. For the full text of this analysis, the reader is referred to the 
article. According to Narang et al. in children with head trauma, 
the emphasis in EBM is on the use of the current and best evi-
dence available at the time of the evaluation. This was already 
stated in 1996 by Sackett, one of the founders of ‘Evidence 
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Table 5.17 Overview of the levels of evidence of findings in head trauma [599]

Topic Studies Level
Subdural haematoma
Trauma is the most common cause Epidemiologic studies in young children, both 

prospective and retrospective, from multiple countries
3b

Non-accidental trauma is by far more common Epidemiology and pathology studies in young children, 
both prospective and retrospective

2b

SDH being much more common in non-accidental trauma than in accidental 
trauma is a statistically significant conclusion

Numerous well- designed, prospective clinical studies 2b

Retinal haemorrhages
Severe RH being much more common in non-accidental trauma than in 
accidental trauma is a statistically significant conclusion

Numerous well- designed, prospective clinical studies 2b

Severe RH carries a high specificity and positive predictive value for 
non-accidental trauma

Prospective, validating clinical studies 1b
Systematic reviews 2a

Severe RH were not found in studies into the
relation between RH and increased ICP

Prospective clinical studies and ‘systemic reviews’ 2b

Severe RH is rarely found in short-distance falls Prospective and retrospective clinical studies
Case descriptions show complicated short- distance falls

2b

Trauma history
The absence of a trauma history, in the presence of traumatic injuries, holds a 
high specificity and positive predictive value for non-accidental trauma

Several well-designed, prospective clinical studies 2b

Short-distance falls
Short falls occurring in objective settings, such as hospitals, have not resulted 
in subdural haematoma or death

Several consecutive case series. 3b

Severe injuries or death resulting from short falls are rare events Well-designed, prospective studies and systematic 
reviews

2a

Clinical variables
Clinical variables, such as apnoea and severe RH, demonstrate high positive 
predictive values for non-accidental trauma

Prospective, validating clinical studies 1b
Systematic reviews 2a

Bleeding disorders
Most bleeding disorders are rare. The more common bleeding disorders 
typically are mild, and intracranial haemorrhage resulting from bleeding 
disorders is a rare complication of the more severe rarer disease

Clinical studies 3b
Symptom prevalence evidence 1b

Hypoxia
Macroscopic SDH are not associated with hypoxia Several well-designed radiology and pathology studies 2b
Severe RHs are not associated with hypoxia Well-designed clinical studies and animal studies 2b
Adjunct hypotheses of hypoxia (such as ‘dysphagia/choking’, ‘coughing’, or ‘dural immature vascular plexus’) resulting in SDH and/or 
RH are supported by the lowest levels of evidence-based medicine

4 or 
5

Evidence against adjunct hypotheses of hypoxia is much stronger 2b
Biomechanical studies
Biomechanical studies have shown mixed results as to whether shaking can result in the estimated mechanical forces needed to cause SDH
Biomechanical studies have shown that RHs can result from shaking
Biomechanical studies have not shown that neck “failure” must result prior to the estimated forces required for SDH being achieved

based’ thinking in medicine: ‘Evidence Based Medicine is the 
conscientious, explicit, and judicious use of the current, best evi-
dence in making decisions about individual care’ [600].

5.6.4.3  Medical Conditions in the Differential 
Diagnosis of Physical Findings in Inflicted 
Head Trauma

There are many lists published of the findings in accidental 
trauma and in medical disorders in the differential diagnosis 
of the possible signs, symptoms, and physical findings in 
inflicted head trauma (Table  5.18). Some of these publica-
tions are well researched [601, 602]. Other publications do 
not differentiate between physical findings in adults and in 
children [577]. Finally, lists are found, which lack adequate 
supporting scientific evidence or even present non-existing 

medical conditions in the differential diagnosis [577, 603–
605]. Despite the often missing evidence, most of these disor-
ders can be excluded easily because of differences in clinical, 
laboratory, or radiological findings (Table 5.19, Fig. 5.76).

5.6.5  Intracranial Injuries and Skull Fractures

5.6.5.1  General Aspects of Intracranial Injuries 
in Children with Skull Fractures

As already stated in Sect. 5.3.5 calvarium fractures and intra-
cranial injuries are only correlated to a limited degree.

Intracranial injuries can occur without the occurrence of a 
skull fracture. This applies to accidental as well as to non- 
accidental circumstances [26, 170, 184, 438, 606].
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Table 5.18 Presenting signs, symptoms, and physical findings of 
inflicted head trauma

Possible presenting signs and 
physical findings Possible physical findings
• Neurological symptoms
   – Decreased alertness
   – Convulsions
   – Coma
• Non-neurological symptoms
   – Respiratory dysfunction
   – Hypotonia
   – Nausea and vomiting
   – Apnoea
   – Irritability

• Subdural haematoma
• Retinal haemorrhages
• Encephalopathy
   –  Primary (traumatic)
   –  Secondary 

(hypoxic-ischaemic)
• Bruises
• Fractures
   – Rib fractures
   –  Classical metaphyseal 

lesions
   – Skull fractures
   – Other fractures

Table 5.19 Overview of the differentiating findings in the most com-
monly mentioned medical conditions in the differential diagnosis of 
inflicted head

Medical condition Differentiating findings
Coagulation disorders •  Clinical signs and 

symptoms, physical findings
•  Laboratory findings, specific 

for different coagulation 
disorders

• Vitamin K-deficiency •  Laboratory findings: at least 
4 times prolonged PT and 
aPTT

• Immune-related thrombocytopenia •  Laboratory findings: 
extremely low number of 
thrombocytes

Metabolic disorders • Clinical signs and symptoms
• Physical findings
• Laboratory findings
•  Neuroimaging (CT/MRI of 

the brain)
• Glutaric Aciduria type 1 •  Part of the neonatal 

screening (in most countries)
•  First clinical signs and 

symptoms are usually above 
the age of 5–6 months

•  Specific findings on 
neuroimaging

•  Limited number of retinal 
haemorrhages, limited to the 
posterior pole

• Menkes syndrome •  First clinical signs and 
symptoms are usually above 
the age of several months

•  Specific findings on 
neuroimaging and on 
skeletal imaging

• No retinal haemorrhages
Congenital malformations of 
intracranial vessels, e.g. aneurysm or 
arteriovenous malformation

• Clinical signs and symptoms
• Specific findings on 
neuroimaging

Osteogenesis imperfecta (‘brittle 
bone disease’)

• Clinical signs and symptoms
• Physical findings
• Radiological findings
• Laboratory findings

Infectious disorders •  Clinical signs and 
symptoms, e.g. fever

• Physical findings, e.g. rash
• Laboratory findings

Calvarium fractures may be present without any intracra-
nial injury, but can also be associated with several intracra-
nial injuries, like epidural or subdural bleeding or contusion 
of the brain [437]. Dunning et al. calculated that a skull frac-
ture has a relative risk of 6.13 (95% CI 3.35–11.2) for intra-
cranial haemorrhage [607].

Demaerel et al. (2002) found that 45% of infants under 
the age of 2 years with intracranial injuries did not have a 
skull fracture and that 56% of children with a skull fracture 
did not have any intracranial injuries. Finally, they concluded 
that it is impossible to differentiate between accidental and 
non-accidental causes based on radiological findings [608].

According to Harwood-Nash et al. (1971), skull fractures 
with associated subdural haemorrhages are more often seen 
in older children than in infants [174]. However, the location 
of the skull fracture is not a good indicator for the location of 
the subdural haemorrhage. The series of Harwood-Nash 
showed that subdural haemorrhages were predominantly 
found contralateral to the fracture [174].

An epidural haematoma may directly result from fractur-
ing of the calvarium. In a fracture of the temporal bone the 
medial meningeal artery can be damaged, which can lead to 
an epidural haemorrhage in the temporoparietal area. 
Epidural haemorrhages are nearly always of arterial origin. 
In a fracture of the occipital bone, however, the venous sinus 
may be damaged, leading to a venous epidural haemorrhage 
in the posterior cranial fossa [1].

Mogbo et al. (1998) did a retrospective study into the rela-
tion between skull fractures, visible on radiographs, and 
intracranial injury in 87 children under the age of 2 years old 
with a skull fracture [609]. In 67 children no neurological 
findings were found. In 32 of those children, a CT scan was 
performed to exclude intracranial injuries. In six children 
(19%) small focal haemorrhages were found around the frac-
ture. This did not result in an intervention or change in pol-
icy. None of the children without neurological symptoms 
developed neurological complications at a later stage. In 20 
of 87 children, acute neurological were found. They all had a 

CT scan, and in 16 of 20 children pathology was found. 
Three children had minor pathology, 13 children showed 
serious pathology which led to neurosurgical intervention in 
9 (45%). In 15 children with acute neurological pathology 
further examination was performed within the scope of child 
protection proceedings. Based on these findings, 13 of them 
were placed into care. According to Mogbo et al., a CT scan 
is indicated in case of neurological symptoms and there is no 
indication for a CT scan based solely on the presence of a 
skull fracture because there is no direct correlation between 
skull fractures and clinically significant intracranial injuries.

This is in line with a prospective study by Lloyd et al. of 
883 children (mean age 7 years) with head injury who either 
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Fig. 5.76 Large acute subdural haemorrhage with midline shift. In this 
neonate vitamin K deficiency was the cause of the haemorrhage

had a skull fracture on radiographs or were admitted to the 
hospital [610]. The presence of neurological abnormalities 
had a sensitivity for identification of intracranial injury of 
91% (21 of 23) and a negative predictive value of 97%. The 
corresponding values for skull fracture on radiography were 
65% (15 of 23) and 83%. Four children died, of whom only 
one had a skull fracture. The authors conclude that a skull 
radiograph is not a reliable predictor of intracranial injury.

Gruskin and Schutzman (1999) performed a retrospec-
tive study into the predictors of complications in skull-/
brain trauma in 278 infants under the age of 2 years, pre-
senting at the emergency department of an academic hospi-
tal [611]. They concluded that clinical signs and symptoms 
were not suitable as predictors for skull fractures and/or 
intracranial injury in children <2 years. Also, they found 
three characteristics to identify children that are at low risk 
for complications:

• A fall of less than 1 m
• No neurological symptoms in the medical history
• No abnormalities of the scalp at physical examination

5.6.5.2  Intracranial Injuries in Children 
with Linear Skull Fractures

Schutzman and Greenes (2001) found intracranial injuries in 
approximately 15–30% of children with linear fractures of 
the calvarium [171].

Erlichman et al. (2010) evaluated the findings in 114 chil-
dren with a diagnosis of a linear skull fracture, due to a minor 
head trauma, and compared these with the findings in a con-
trol group of 125 children without the diagnosis [612]. 
Twenty-five percent of the children with a linear fracture had 
an intracranial haemorrhage, compared to only 11% in the 
control group. All the intracranial haemorrhages were small. 
In none of the children a neurosurgical intervention was 
indicated.

Arrey et al. (2015) evaluated the findings in 326 chil-
dren (median age 19 months; range 2 weeks to 15 years) 
with isolated, linear, and non-displaced skull fractures 
[613]. Exclusion criteria were an open or comminuted 
fracture, intracranial haemorrhage, more than 1 skull frac-
ture, or pneumocephalus. Forty-five children had an altered 
mental status or loss of consciousness by history. There 
were no children with neurological deficits on examina-
tion, and no children were in need of a neurosurgical 
intervention.

Bressan et al. (2018) evaluated the findings in 6646 chil-
dren under the age of 18 years with isolated, linear, and non- 
displaced skull fractures (i.e. without traumatic intracranial 
injury on neuroimaging) (587 studies of which 21 were 
included) [614]. Only one child needed an emergency neuro-
surgical intervention. No child died, 569 children had repeated 
neuroimaging. In six of these children, new evidence of an 
intracranial haemorrhage were found. In none of these chil-
dren neurosurgery was needed. According to the authors, 
children with mental status changes, additional injuries, or 
possible non-accidental trauma may require observation.

5.6.5.3  Intracranial Injuries in Children 
with Depressed Skull Fractures

Intracranial injuries are found in approximately 30% of chil-
dren with a depressed fracture [171, 391]. The deeper the 
fracture, the higher the chance that dura and brain tissue have 
been damaged. Besides intracranial haemorrhages, compres-
sion of the underlying brain tissue, laceration of the brain 
parenchyma and intraparenchymal bone fragments may 
occur in depressed fractures [391, 615].
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6.1  General Aspects of Spinal Fractures

6.1.1  Clinical Presentation

Injuries to the spine can range from relatively mild ligament 
and muscle strains, to fractures, dislocations, or subluxation 
(= spondylolisthesis: the forward slippage of a vertebra on 
the one below) of the vertebrae with subsequent risk of dam-
age to the spinal cord. Fractures and dislocations of the ver-
tebrae can occur at all levels in the spine (cervical, 
thoracolumbar, and sacro-coccygeal—Fig. 6.1) and in all 
parts of a vertebra (Fig. 6.2). Spinal fractures and disloca-
tions carry a risk of spinal cord injury, due to compression, 
by the fracture/dislocation itself or by the concomitant hae-
matoma, or due to tearing of the cord.

Neurological symptoms are rarely seen in children with 
spinal fractures. Nevertheless, a full neurological examina-
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Fig. 6.1 Anatomic regions of the spine (Source: https://commons.wikimedia.org/wiki/File:Figure_38_01_07.jpg, licensed under the Creative 
Commons Attribution-Share Alike 3.0 Unported)

Fig. 6.2 Vertebral anatomy (Source: https://commons.wikimedia.org/wiki/File:718_Vertebra- en.svg, licensed under the Creative Commons 
Attribution-Share Alike 3.0 Unported)
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tion should always be performed on every child that presents 
with a spinal fracture, because the consequences of neuro-
logical damage could be devastating [1]. In some children, 
only a slight kyphosis is found at physical examination, and 
sometimes also signs of compression or contusion of the spi-
nal cord. However, a vertebral fracture in children is often a 
coincidental finding discovered in radiological imaging.

When a history of a trauma and clinical symptoms are 
lacking, spinal fractures can be missed [2]. For that reason 
some spinal injuries, regardless of whether these are acci-
dental or non-accidental, will not be diagnosed in children. 
The absence of clinical signs and symptoms does not mean 
that long-term consequences will not occur over time. After 
years (sometimes serious) anomalies in spinal alignment or 
growth of the spine can develop [3]. In a systematic review 
by Parent et al., it was shown that children who sustain spinal 
injury before their adolescent growth spurt, have a higher 
risk of developing spinal deformities [4].

6.1.2  Epidemiology

Epidemiological findings of injuries to the spine, concerning 
incidence, age, Male-to-Female ratio, level of injuries, asso-
ciated cord lesions, associated injuries, and mortality vary 
between various studies.

6.1.2.1  Age-Related Incidence and Male-to- 
Female Ratio

Spinal fractures are extremely rare in children and far less 
common than in adult patients [5, 6]. The exact incidence 
and prevalence of spinal fractures in children are unknown, 
but research has suggested that spinal fractures account for 
less than 1% of all fractures in children [7].

Piatt estimated, after evaluating the data from the US Kids’ 
Inpatient Database (KID) and the National Trauma Data 
Bank (NTDB) registry for 2009, that in the United States the 
incidence of hospital admissions for spinal injury, irrespec-
tive of the circumstances (accidental or non- accidental), was 
170 per one million and that the incidence of spinal cord 
injury was 24 per one million (age range from birth to 21 years 
of age) [8]. There was regional variance in incidence and ado-
lescents predominated. Piatt also stated that true rates could 
be higher, because clinical manifestations are often lacking.

Based on the Canadian National Trauma Registry 
Reilly estimated an annual incidence of 1 child in 
1,000,000 children under the age of 15  years. Reilly 
stated that the vast majority of spine and cord injuries, 
that are sustained in North America occur in patients 
between the age of 15 and 40 years and that in patients, 
aged 0–40 years with proven spinal injuries, only 10% is 
under the age of 15 years [9].

Spinal injury is more common in older children. Kim et al. 
studied the findings in 275 children with spinal injuries and 
found that they were more common in children, aged 

12–16  years, with most injuries in children aged 15 and 
16 years and with the highest risk in active adolescent boys [6]. 
Babu et al. found in a series of 84 children with spine injuries 
that 79% was 13 years of age or older [10]. There is an overall 
higher incidence of spinal injury in boys (61–86%) [11, 12]. 
Babu et al. even found a 6 to 1 male-to-female ratio [10].

6.1.2.2  Location and Age-Related Level 
of Fractures

Most studies on paediatric spinal injuries show a high inci-
dence of cervical spine injury (56–100%), followed by the 
thoracolumbar region (1–34%) [4, 10, 13, 14]. Gopinathan 
et  al. reviewed the literature concerning spine injuries in 
children and found that 60 to 80% of the paediatric spinal 
injuries, reported in the medical literature, were cervical 
spine injuries [15]. Saul and Dresing, however, found that 
the most common level was lower thoracic (TH7–8) and tho-
racolumbar (Th12-L1), while Özkan and Babu found that in 
paediatric patients fractures in the thoracolumbar region 
were quite rare [7, 10, 14].

Knox evaluated the findings in 206 children, aged 
0–9 years, with spinal trauma and found that cervical spine 
injuries were more common in children under the age of 
4 years than in children, aged 4–9 years old [13]. In patients 
with cervical spine injury, the upper cervical spine (52–68%) 
is more often involved than the lower cervical spine (25–
28%). Both upper and lower cervical spine was injured in 
7% [5, 11, 12]. Babu, however, found more injuries of the 
lower cervical spine (63%) than of the upper cervical spine 
(37%), probably because the mean age of these patients was 
higher (15 years) than in the other studies [10]. Patel evalu-
ated the findings in 1098 patients with cervical spine injury 
and found that upper cervical spine injuries occurred in all 
age groups but that lower cervical spine injuries were more 
common in children above the age of 8  years [12]. Cirak 
evaluated 406 children with spinal injuries and found that in 
all age groups the upper cervical spine (C0-C4) was approxi-
mately three times more involved than the lower cervical 
spine (C5-C7) [5]. In their review, Gopinathan et al. found 
that the majority of cervical spine injuries in children occur 
between the skull and C4 and that in many cases C1 and C2 
are involved. They found atlanto-axial injuries 2.5 times 
more often in children than in adults [16].

6.1.2.3  Cord Lesions and SCIWORA
Children can have spinal fractures with or without spinal 
cord injuries, but they can also have neurological symptoms 
due to spinal cord injuries without radiological abnormalities 
(SCIWORA) [6].

In a series of 1098 children with cervical spine injury 33% 
had neurological injury. Almost 1 in 4 children with neurologi-
cal injuries had a complete spinal cord injury (8% of all patients 
with cervical spine injury) [12]. Complete spinal cord injuries 
were more common in lower cervical spine injuries [11]. It is 
regarded as a typical paediatric injury [17]. In paediatric trauma 
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Fig. 6.3 (a) CT of the cervical spine shows atlanto-occipital dislocation with anterior displacement of the occiput in relation to the atlas. MRI 
shows (b) diffuse soft-tissue oedema and focal oedema of the cervical spine and (c) increased distance between the occiput and the body of C1

patients (spinal and non-spinal trauma) the incidence of 
SCIWORA is around 2%, [Reddy] but in children with spinal 
trauma the incidence rises to 6% [5, 6]. In children with cervi-
cal spinal trauma the incidence further rises to 17–38%. Pang 
and Pollack evaluated the findings in 55 children with 
SCIWORA [18]. Ten children (18%) had upper cervical cord 
lesions (C1-C4), 33 (60%) lower cervical cord lesions (C5-
C8), and 12 (22%) thoracic cord lesions. They were the first to 
use the term SCIWORA for complete, severe partial, or (rarely) 
mild spinal cord injury in children without evidence of a verte-
bral fracture or dislocation on conventional radiographs (CR) 
or CT [18]. Pang and Pollack suggested that the mechanism of 
the cord injury in case of SCIWORA is probably related to the 
immature and elastic juvenile spine, which is more flexible and 
permits self- reducing but significant intersegmental displace-
ments when subjected to flexion, extension, and/or distraction 
forces [19]. For that reason, the spinal cord would be vulnera-
ble to injury even though the vertebral column is spared from 
disruption, and this vulnerability seems to be most evident in 
children under the age of 8 years. This is thought to be due to 
large head/trunk ratio, the immature and flexible vertebral 
spine combined with the relatively narrow spinal canal and the 
relatively poorer blood supply [19, 20].

In children under the age of 8  years, SCIWORA is 
more common than spinal cord injury with associated 
radiological spinal abnormalities [19, 20]. Pang and 
Pollack found complete transection or severe lesions in 22 
of 55 children with SCIWORA (40%) and mild lesions in 
33 (60%). In their study, the incidence of severe cord 
lesions was higher in children under the age of 8 years (21 
of the 22 with severe lesions), whereas mild cord lesions 
were more present in children above that age (24 of the 33 
with mild lesions) [19].

In current times with rapid technological developments 
and increasing use of modern CT scanners and especially 
MRI the diagnosis SCIWORA has become less relevant. A 
large portion of the children with injuries previously classi-
fied as SCIWORA turns out to have abnormalities detectable 

on MRI, such as injuries to the spinal cord, ligaments, mus-
cles, or the vertebral endplate [21–23]. The high sensitivity 
for (intra)spinal pathology of MRI will limit the diagnosis 
SCIWORA to a smaller sample of patients, however, the 
complete absence of neuroimaging abnormalities remains 
clinically relevant in children with SCIWORA. The paediat-
ric trauma guidelines of the Royal College of Radiology state 
that ‘Where there are definitive neurological signs, the pri-
mary imaging modality should be MRI where possible’ [24].

6.1.2.4  Associated Injuries and Mortality
Kim et  al. found associated injuries in 55% of 275 children 
with spinal trauma [6]. Traumatic brain injury is reported to be 
the most prevalent associated injury and was present in 29–37% 
of children [5, 6]. Fractures and dislocations were present in 
27% of the patients [6]. Children above the age of 8 years have 
a higher risk for concomitant lesions [16]. Multiple fractures 
are more common in children of 13 years and older [7].

The overall mortality of spinal trauma is 3% [6]. In a 
study of 103 children with cervical spine injuries predic-
tors of mortality included younger age, motor vehicle-
related circumstances, C1 dislocations, injury severity 
score greater than 25, and associated closed head injuries 
[11]. The mortality rate in children with upper cervical 
spine injury was almost six times higher than in the group 
with lower cervical spine injury. Mortality was highest in 
children with atlanto- occipital dislocation (almost 50%) 
(Fig. 6.3a–c) [12].

6.2  Cause of Spinal Fractures

Spinal fractures in children with normal skeletal develop-
ment are usually caused by a trauma with a high transfer of 
energy, such as. falls from height (Fig.  6.4a, b) or motor 
vehicle accidents (MVA). Rarely fractures have been 
described due to a trauma with a low transfer of energy. For 
example, a case report in an 37-year-old male describes the 
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Fig. 6.4 (a) Accidental fracture of the first lumbar vertebra (open arrow) in a 15-year-old child (sports trauma from high jump). (b) CT scan of 
the lumbar spine shows a stabile fracture with only an anterior component (open arrow)

Fig. 6.5 Vertebrae plana in a child with osteogenesis imperfecta

occurrence of an isolated transverse sacrum fracture due to a 
fall on the back onto a rough surface and one other case 
series describes spinal fractures in children in short distance 
falls [25, 26]. Fracturing due to low transfer of energy may 
also occur in patients with weakened bones, as is the case in 
osteogenesis imperfecta (Fig. 6.5) [27–29]. Spinal fractures 
in normally developed bones (but probably also in weakened 
bones) are thought to be caused by one of the following four 
injury mechanisms (Fig. 6.6a–d) [30, 31]:

 (a) Flexion compression, resulting in a wedge deformity/
fracture, due to simple compression of the anterior col-
umn with variable involvement of the middle and poste-
rior column.

 (b) Axial compression, resulting in a burst fracture in case 
of severe axial loading.

 (c) Lateral flexion and rotation with or without a posterior- 
anteriorly directed force (translation), resulting in frac-
ture dislocation (displacement in the horizontal plane).

 (d) Flexion distraction, resulting in a horizontal fracture and 
separation of posterior elements (a so-called ‘Chance’ 
fracture, Fig.  6.7a, b). Distraction is the result of dis-
placement in the vertical plane.

Most spinal fractures in paediatric patients are caused by 
hyperflexion and/or hyperextension combined with axial 
compression, regardless of the location of the fracture, 
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a

c d

bFig. 6.6 (a) Fracture due to 
flexion-compression: wedge 
deformity, (b) due to 
axial-compression: burst 
fracture, (c) due to mainly 
lateral flexion and rotation: 
fracture dislocation, and (d) 
due to flexion-distraction: 
Chance fracture. (reprinted 
with permission from https://
radiologyassistant.nl/
neuroradiology/spine- 
thoracolumbar- injury [31])

a bFig. 6.7 A seven-year-old 
boy who sustained a seat belt 
injury in a car accident. 
Horizontal osseous and 
ligamentous flexion- 
distraction injury resulting in 
dislocation at level Th 9–10 
(Chance fracture). Sagittal CT 
MPR (a) and 3D 
reconstruction (b)

R. A. C. Bilo et al.
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whether it is in the vertebral body or in the vertebral arch [32, 
33]. In addition, shearing forces or subluxation-dislocation 
(displacement of vertebrae relative to each other) can lead to 
fractures in paediatric patients [34].

A compression fracture of a vertebral body is caused by 
a combination of hyperflexion and axial loading (forces in 
the longitudinal direction of the vertebral column) with or 
without a rotating component [35]. These fractures are rec-
ognizable because of a diffuse loss of height. If the frac-
tures are caused only by hyperflexion, loss of height will 
mainly occur at the anterior part of the vertebral body. 
Compression fractures of vertebral bodies can occur in all 
regions of the spine, but are most commonly found between 
the middle part of the thoracic spine (mid-thoracic) and the 
middle part of the  lumbar spine (mid-lumbar). The severity 
of compression fractures of the vertebral body varies from 
a barely perceptible loss of vertebral body height to severe 
compression with clearly perceptible loss of height ([36]. 
Multiple, often consecutive, compression fractures (con-
tiguous fractures) can occur, although vertebral bodies of 
normal height can be found between vertebral bodies with 
loss of height due to compression (non-contiguous frac-
tures) [36, 37].

To assess the extent of spinal trauma not only the location 
and aspect of the fracture are of importance, but also the integ-
rity of the posterior ligamentous complex and the neurological 
status of the patient. This has led to the introduction of the 
Thoracolumbar Injury Classification and Severity Scale 
(TLICS) (Table  6.1) [38, 39]. It has been shown in several 
studies that the TLICS can be applied to the paediatric popula-
tion as well [40, 41]. Based on this classification the need for 
surgical treatment can be evaluated in an objective manner.

6.3  Manner of Spinal Injuries

Spinal injuries and fractures can be sustained as a result of 
trauma before, during, and after birth. If sustained after birth, 
these fractures can occur in accidental and in non-accidental 
circumstances. In this section, we will deal with general 
aspects of accidental and non-accidental trauma after birth. 
A detailed discussion on spinal fractures before, during, or 
after birth is presented in Sects. 6.4 (cervical spine injuries), 
6.5 (thoracolumbar spine injuries), and 6.6 (injuries of the 
sacrum and coccyx).

6.3.1  Trauma After Birth: Accidental Trauma

As previously stated, spinal fractures are rare in children. 
Most commonly they occur in accidental circumstances. 
Usually, these circumstances concern significant traumas 
such as motor vehicle accidents (reported in up to 56% of 
cases), sports- and play-related trauma, and falls from a con-
siderable height [4, 6, 7, 14, 42–45]. With respect to 
SCIWORA, Carroll et al. performed a systematic review and 
identified 433 paediatric patients with SCIWORA [46]. 
Blunt trauma was the mechanism of injury in most patients. 
Irrespective of age, sports-related trauma was most common 
in almost 40%, followed by falls in about 24% and motor 
vehicle-related trauma in about 23.18%.

6.3.2  Trauma After Birth: Non-accidental 
Trauma

6.3.2.1  Clinical Aspects and Epidemiology
Non-accidental spinal injuries are rarely reported in medi-
cal literature and with the exception of a few studies are 
usually limited to case reports/series [1, 3, 42, 47–50]. 
Some authors suggest that spinal injuries seldom occur in 
non-accidental circumstances [1, 3, 51, 52]. Non-accidental 
circumstances, however, should always be considered and 
excluded, when a child presents with a spinal fracture, irre-
spective of the type of vertebral fracture. Especially when 
the medical history is blank or does not mention any severe 
trauma, bone disease or an earlier experienced osteomyeli-
tis, or tuberculosis [53, 54].

Swischuk described seven children who sustained spinal 
fractures due to non-accidental circumstances [50]. One of 
these seven children also had associated spinal cord injury.

Knox et  al. reported on 206 young paediatric patients 
(aged 0–9  years) with spinal injuries. Fifty-seven children 
(27.7%) were aged 0–3 years. In 19% of the children, aged 0 
to 3  years, the spinal injuries were due to non-accidental 
trauma, while in all children accidental trauma (especially 
motor vehicle accidents), was most prevalent [13].

Table 6.1 Thoracolumbar injury classification and severity scale 
(adapted from Vaccaro et al.) [39]

Injury category Point value
Injury morphology
Compression 1
Burst 2
Translation or rotation 3
Distraction 4
PLC status
Intact 0
Injury suspected or indeterminate 2
Injured 3
Neurological status
Intact 0
Nerve root involvement 2
Incomplete spinal cord or conus medullaris injury 3
Complete spinal cord or conus medullaris injury 2
Cauda equina syndrome 3

PLC Posterior Ligament Complex
Score 0–3: Non-surgical treatment
Score 4: Surgeon can decide to perform surgery or not
Score > 4: Surgical treatment
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Table 6.2 Spinal fracture distribution based on 370 positive skeletal 
surveys (based on data reported by Kleinman and Barber) [58, 158]

Level Number of fractures
Cervical spine
1 0
2 1
3 0
4 0
5 0
6 0
7 0
Thoracic spine
1 0
2 2
3 4
4 4
5 1
6 1
7 3
8 3
9 3
10 4
11 4
12 6
Lumbar spine
1 2
2 2
3 1
4 1
5 0
Sacral spine
1 0
2 0
3 1
4 2
5 2

Fig. 6.8 A four-month-old child whose sib was admitted with inflicted 
traumatic brain injury. The skeletal survey shows fractures of the verte-
bral bodies at levels T12, L2, and L4

Kim et al. evaluated the findings in 275 children with spi-
nal trauma. Of these children 32 were aged 4  years or 
younger. In only six cases, all aged under 2 years, the verte-
bral fractures were determined to be sustained in non- 
accidental circumstances [6].

In the older literature, the incidence of non-accidental spinal 
fractures is estimated to range between 0% and 3% in larger 
study populations [55, 56]. According to Bode and Newton, 
non-accidental injuries to the spine and the spinal cord occur in 
less than 1% of children with inflicted injuries [57]. Kleinman 
et al. reported on the yield of skeletal surveys with respect to the 
detection of hand, foot, and spine fractures in children 
(0–2 years) suspected of child abuse [58]. Out of 365 skeletal 
surveys, of which 62% (225/365) showed positive radiographic 
findings, 10 (2.7%) cases were positive for spinal fractures. The 
majority of fractures were found in the thoracic spine (Table 6.2).

Non-accidental spinal fractures most commonly are com-
pression fractures of the vertebral bodies, due to extreme flex-
ion or extension (in anterior-posterior direction), with or 

without a rotational component. This occurs particularly at the 
lower thoracic and higher lumbar level, for example due to 
shaking or direct-impact violence such as a blow by an object 
or a kick (Fig.  6.8). Often multiple compression fractures 
occur simultaneously (contiguous fractures). Sometimes they 
result from acute lateral flexion or from axial rotation. Lateral 
hyperflexion mainly leads to fractures at the thoracic level, and 
axial rotation mainly leads to fractures at the cervical level.

Kleinman considers fractures of the spinous process as a 
highly specific sign of non-accidental circumstances [54]. 
According to Kleinman, fractures and subluxations of the 
vertebral bodies have an average specificity, which means 
that in the absence of a plausible explanation there is a high 
risk the fracture is sustained in non-accidental circumstances. 
According to Brodeur and Monteleone, 50% of spinal inju-
ries in children under the age of 1 year are sustained in non- 
accidental circumstances [53].

According to Piatt and Steinberg spinal cord injuries and 
vertebral fractures due to non-accidental circumstances have 
regularly been described as incidental findings but are rarely 
clinically apparent [49]. According to the authors, spinal 
cord injury without spinal fracture and without head injury is 
a rare presentation of inflicted injuries, and can escape rec-
ognition unless other (more or less) characteristic signs of 
inflicted injuries are detected.
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Fig. 6.9 Infant suspected to be the victim of inflicted traumatic brain injury. Sagittal T1 (a) and T2 (b) show a subdural haematoma at the level of 
L2–4. Axial T2-weighted imaging (c) shows the delineation by the denticulate ligaments

In 2010, Kemp et  al. performed a systematic review of 
articles concerning the clinical and radiological characteris-
tics of inflicted spinal injuries in paediatric patients under the 
age of 18 years (alive at presentation) [59]. They included 19 
studies with a total of 25 children with inflicted spinal inju-
ries. Twelve children (median age 5  months) had spinal 
injury solely at the cervical level. Ten of these children had 
musculoskeletal injuries such as Hangman’s fractures, com-
pression fractures, and dislocations. Six of these ten children 
had subsequent spinal cord injuries. In seven cases, the clini-
cal signs of spinal injury were masked by respiratory symp-
toms and impaired levels of consciousness, six out of seven 
children were diagnosed with abusive head trauma. 
Thoracolumbar injuries were present in twelve children 
(median age 13.5  months). Eleven of these children had 
lesions at T11-L2 of which six had spinal cord injury. Nine 
children had fracture dislocations and three had compression 
fractures. Despite focal symptoms in all children, in eight 
cases spinal injuries were initially missed. One child had cer-
vical, thoracic, and sacral injuries. Kemp et  al. concluded 
that any clinical or radiological indication of spinal injury 
warranted an MRI and therefore in children undergoing 
brain MRI for a suspicion of abusive head trauma one should 
always consider to include a MRI of the spine (Fig. 6.9a–c) 
[59]. In the latest update of the imaging guideline of the 
Royal College of Radiology this has been incorporated as the 
standard (RCR 2019).

Jauregui et  al. evaluated the findings in 22,192 patients 
under the age of 18 years with a diagnosis of vertebral col-
umn or spinal cord injury (2000–2012) [60]. One hundred 
sixteen children (0.5%) were diagnosed with abuse, most 
commonly physical abuse (75.9%). Non-accidental circum-
stances were more often present in children under the age of 
2 years and in girls (n = 76 < 2 years and n = 40≥2 years). 
Non-accidental vertebral fractures were more frequently 

located at the thoracic level (40.5%) and at the lumbar level 
(28.4%) compared to the cervical level (13.8%). There was 
an increased risk of thoracic and lumbar spinal fractures in 
the abused group compared to the non-abused group. 
Jauregui et  al. concluded that the presence of a vertebral 
fracture in children below the age of 2 years without a plau-
sible explanation should raise the suspicion of abuse.

6.3.2.2  Non-accidental Spinal Injuries 
and Associated Injuries

In most cases non-accidental spinal injuries are a coinciden-
tal finding in the screening or assessment for a suspicion of 
abuse (Fig. 6.10). Therefore, there are usually other findings 
that raise a suspicion of abuse, such as cutaneous lesions, 
other fractures, intracranial injuries, or injuries of internal 
organs [55, 61, 62]. These injuries may occur in the same 
moment, but repeated incidents of abuse are common.

Fractures of the upper extremities may occur at the same 
moment as vertebral compression fractures. For example, as 
reported by Akbarnia and Campbell, when a child is held 
over a hard surface and is slammed down with great force on 
its bottom [20]. In these cases, fractures of the upper extrem-
ities may be sustained in two ways. Firstly, when a child uses 
the fully stretched arms to break the trauma against the table, 
and secondly, when the maltreating person uses the arms as 
levers to lift the child up. Classic metaphyseal lesions and rib 
fractures are other common fractures in cases of non- 
accidental vertebral fractures [59].

Besides vertebral fractures, several other types of spinal 
injuries can be present in cases of abuse. Soto-Ares et  al. 
evaluated the findings in 13 children (mean age 15.3 weeks) 
with suspected abusive head trauma [63]. Eight of these chil-
dren had an MRI of the spine. In two of them a spinal epi-
dural haematoma was found. No spinal fractures were 
reported.
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Fig. 6.10 Multiple vertebral fractures at levels T11, T12, and L2 in an 
abused infant

Koumellis et al. (2009) examined the incidence of spinal 
pathology in 18 infants with abusive head trauma by using 
routinely MRI of the whole spine in addition to the brain. 
They found spinal subdural collections in eight of the 18 
infants (44%). All were clinically occult. In six infants the 
collections were large and extended from the cervical to the 
sacral region. All eight infants with spinal subdural collec-
tions had associated supratentorial and infratentorial subdu-
ral haematomas. Two infants had a thoracic spine fracture, of 
whom one had a small epidural haematoma. Edelbauer et al. 
evaluated the findings (ultrasound, CT and/or MRI, and skel-
etal radiography) in six infants (mean age  ±  SD 
3.3 ± 1.5 months) with suspected abusive head trauma and 
compared these findings with the findings in 12 healthy 
infants (mean age ± SD 2.5 ± 1.4 months) in whom an ultra-
sound of the spine was performed to exclude spinal dysra-
phism served as controls [64]. All infants with suspected 
abusive head trauma had intracranial subdural haematomas 

and spinal subdural haematomas. The size of the spinal sub-
dural haematomas varied and extended from the cervical 
spine to the cauda equina. All spinal subdural haematomas 
were asymptomatic and detected by diagnostic ultrasound. 
There were no fractures visible on the plain X-rays of the 
spine in these infants. Spinal subdural haematomas were not 
observed in the control group. Choudhary et al. (2012) com-
pared the occurrence of spinal subdural haemorrhages in 
children with abusive head trauma (n = 252, aged 0–2 years; 
1997–2009) with the occurrence in children with well- 
documented accidental head injuries (n  =  70, aged 0 to 
2 years; 2003–2010) [65]. 67 of the 252 children with abu-
sive head trauma (26.6%) had spinal imaging results of at 
least on spinal region, that could be evaluated. 31 children 
had spinal subdural haemorrhage (46%). Seven of the 29 
children with cervical imaging had cervical spine subdural 
haemorrhages (24%). All children with spinal subdural 
haemorrhage also had intracranial supratentorial and poste-
rior fossa subdural haemorrhages. In one of the 70 children 
with accidental head injuries an isolated spinal subdural 
haemorrhage was reported, at the thoracolumbar level. No 
cervical subdural haemorrhages were observed.

The occurrence of epidural haemorrhages in the spinal 
canal without the presence of fractures is very rare. Even if 
these haemorrhages are large, they may resolve spontane-
ously [66]. Rangwala et al. state that spinal epidural hae-
matomas are much less common than spinal subdural 
haematomas in children with abusive head trauma [66]. 
They described the occurrence of a spinal epidural haema-
toma in a 2-year-old boy after a non-accidental trauma. The 
boy had no focal neurological deficits. Follow-up imaging 
studies showed spontaneous resolution of spinal epidural 
haematoma. Rabbitt et al. identified 76 children under the 
age of 5 years, who were evaluated for a suspicion of abu-
sive head trauma with presence of MRI of the spine [67]. 
Forty-five children were diagnosed with spinal injuries 
(59%). Forty- seven children were eventually diagnosed 
with abusive head trauma of which 29 had an abnormal spi-
nal MRI (62%). In 29 children abusive head trauma could 
not be confirmed, of which 16 children had an abnormal 
spinal MRI.  Spinal injuries included ligament injury 
(n = 32, 42%), muscle oedema (n = 29, 38%), soft-tissue 
swelling (n  =  24, 32%), spinal subdural haemorrhage 
(n = 12, 16%), spinal epidural  haemorrhage (n = 6, 8%), 
and bony injury (n = 4, 5%). Spinal injuries were associated 
with more severe intracranial injuries. Spinal subdural 
haemorrhage was the only finding associated with a combi-
nation of retinal haemorrhages, non-contact head injuries 
(severe repetitive acceleration- deceleration/shaking), and a 
diagnosis of abusive head trauma. Spinal subdural haemor-
rhage was associated with other spine injuries but not with 
intracranial haemorrhage.
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6.3.2.3  Spinal Injuries in Fatally Abused Children
According to several authors spinal injuries, spinal cord 
lesions, and vertebral fractures are, if a thorough post- 
mortem examination is performed, regularly found in infants 
and young children who have died of abusive head trauma 
[49, 68, 69]. Serinelli et al. found spinal injuries in 19 of the 
51 cases of homicide due to child abuse of subjects <3 years 
old (37%), most commonly a subdural haemorrhage was 
reported [69]. Spinal injuries were mostly located in the tho-
racic area (n = 17, 33.3%), followed by the lumbosacral area 
(n = 14, 27.5%), and the cervical region (n = 13, 15.5%).

Kleinman and Marks evaluated the findings of four fatally 
abused infants and young children (aged 7–36 months) with 
a total of ten vertebral body fractures [70]. Three children 
died of inflicted intracranial injuries and one after abandon-
ment. They found three pure vertebral body compression 
fractures, two superior end-plate fractures without compres-
sion deformity, and five anterosuperior end-plate fractures 
with associated compression deformity. Vertebral compres-
sion was generally mild (less than 25%).

Spinal injuries are not only found associated with serious 
and/or fatal abusive head trauma, but can also be found in 
children with other serious and/or fatal injuries due to abuse. 
Dudley and Garg described the findings in an initially unex-
plained death of a previously healthy 30-month-old child 
[71]. The foster father stated that he had found her unrespon-
sive after a 2-h nap. She was transported to the hospital and 
died in the emergency room. Post-mortem skeletal survey, 
MRI of the brain, and retinal examinations were negative for 
injuries. The autopsy showed massive retroperitoneal haem-
orrhage, transections of the abdominal aorta and inferior 
vena cava, and complete tears of the anterior longitudinal 
ligament of the spine at C5-C6 and L1-L2 with diastases of 
the vertebral bodies at the corresponding intervertebral disc 
spaces. It was concluded that the autopsy findings matched a 
non-accidental trauma. The uncle admitted to punishing the 
girl by pinning her down by her flanks in the prone position 
and hyperextending her legs over her back, causing her feet 
to touch the back of her head.

6.4  Cervical Spine Injuries

6.4.1  Specific Aspects of Cervical Spine 
Injuries

Cervical spine injuries, including fractures, are rare in the 
paediatric population and occur in around 1.5% of injured 
children [12, 15, 72]. Cirak (406 children with spinal inju-
ries) showed that in all age groups the upper CWK (C0-C4) 
was approximately 3 times more involved than the lower 
CWK (C5-C7) [5]. In a study of 206 young patients with 

spinal trauma (0–9 years) children younger than 4 years cer-
vical spine injuries were more common compared to 4–9 year 
olds [13]. In a study of 1098 patients with cervical spine 
injury upper cervical spine injuries occurred in all age groups 
but lower CWK more common in >8 years of age [12].

They can be associated with significant disability and 
mortality [10, 73]. Although rare, cervical spine injuries are 
the most common spine injuries in the paediatric population 
[4, 5, 9, 10, 74]. Cervical spine injuries can be sustained 
before, during, and after birth.

The cervical spine is more vulnerable in younger children 
than in adolescents or adults [75, 76]. This higher vulnerabil-
ity can be attributed to a combination of reasons: the rela-
tively high weight of the head, the larger head compared to 
the whole body size, flatter vertebral bodies, lesser muscular 
development, and the ligamentous laxity [7, 75]. Besides 
that, the great flexibility of the neck in younger children 
allows the spinal cord to be damaged without a visible spinal 
fracture on CR or CT (SCIWORA—Sect. 6.1.2.3) [76]. 
Despite this higher vulnerability, considerable force is 
needed to fracture the cervical spine in children.

The cervical spine is difficult to assess in children using 
conventional radiography, especially for the untrained clini-
cian/radiologist. This may result in underdiagnoses of frac-
tures. Various authors reported on problems related to 
diagnosing fractures of the cervical spine.

Swischuk reported that prevertebral oedema seen on a 
radiograph may be the only indication that the spine had 
been damaged, since spontaneous reduction of the cervical 
spine after dislocation is common. It is important to note that 
in crying infants ‘pseudo prevertebral oedema’ can also be 
been seen (Fig. 6.11a, b).

Thomas et al. described a 9-week-old boy with a spinal 
cord injury due to a fracture of the C3 vertebral body [77]. 
The infant presented as a ‘floppy infant’ (hypotonia and no 
spontaneous arm movements). Routine radiographs of the 
cervical spine looked normal. However, the MRI revealed an 
injury with dislocation of part of the cartilaginous part of the 
body of the third cervical vertebra into the spinal canal. The 
child also had multiple fractures (rib, clavicle, ulna, and 
metaphyseal lesions).

Easter et  al. stated that cervical spine injuries tend to 
occur in different locations compared to adults, and that 
these injuries are more difficult to identify based on history 
or physical examination because of lack of symptoms [78]. 
Additionally, the authors stated that radiographs will not 
identify all cervical injuries in children and that CT has 
higher sensitivity.

In adults the use of triage tools for imaging cervical spine 
trauma, in order to overcome overuse of imaging, has been 
advocated. For paediatric trauma patients Slaar et  al. pub-
lished a Cochrane review on triage tools for detecting cervi-
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Fig. 6.11 (a) Lateral cervical spine radiograph in crying infant, note the prevertebral soft-tissue swelling. (b) Same child after consoling, note 
normalization of the prevertebral soft tissue

cal spine injury [79]. Their review showed that there are only 
a few studies assessing the diagnostic test accuracy of the 
two main triage tools, i.e. the National Emergency 
X-Radiography Utilization Study (NEXUS) criteria and the 
Canadian C-Spine Rule (CCR) in children. Currently, the 
evidence is insufficient to assess the accuracy of the CCR to 
detect cervical spine injury in children. The confidence inter-
val of the sensitivity of the NEXUS criteria between the 
included studies showed a wide range with a total of four 
false negative test results. This means that if the NEXUS cri-
teria are used in the paediatric setting cervical spine injury 
can still be missed.

Gopinathan et al. reviewed the literature concerning cer-
vical spine injuries in children and found that the majority of 
cervical spine injuries in children occur between the skull 
and C4 and that in many cases C1 and C2 are involved [15]. 
Atlanto-axial injuries were found 2.5 times more often in 
children than in adults.

6.4.2  Manner of Cervical Spine Injuries

6.4.2.1  Trauma Before Birth
Cervical spine injuries due to trauma in utero have only very 
rarely been reported in the medical literature [80–83]. 
According to Hernandez-Marti et al. and Caird et al. these 
intrauterine injuries are caused by hyperextension of the foe-
tal head and breech presentation in utero [80, 84].

Cervical spine injuries due to trauma in utero should be 
differentiated from findings that Blount et al. had described 
as spontaneous cervical and thoracic spinal epidural hema-

toma [85]. It should also be differentiated from atrophy of 
the cervical spinal cord due to an intrauterine ischaemic 
infarct in the C4-C6 region of the anterior spinal artery [86]. 
Currently, isolated cervical fractures that occurred in utero 
have not been described.

6.4.2.2  Trauma During Birth
Cervical spine injuries can be sustained during birth [87]. 
MacKinnon et  al. evaluated 22 neonates with birth-related 
spinal cord injuries [88]. In 14 neonates the injuries were 
located above C4, in six neonates between C4 and Th4, and 
in two neonates in the thoracolumbar region. All 14 neonates 
with upper cervical spinal cord injuries were born head first 
and underwent attempted forceps rotations of the head, for-
ceps delivery of the head or both. Two neonates had spinal 
subdural haemorrhages, one neonate had a fracture with dis-
location. All six neonates with cervicothoracic spinal cord 
injuries had breech presentations.

Cervical spinal cord injury is most probably caused by 
hyperextension of the foetal head in utero and during  delivery 
(Fig. 6.12) and with forceps-assisted breech vaginal deliver-
ies, often with entrapment of the foetal head [84, 89]. Spinal 
cord injury can also occur in face presentation with hyper-
flexion of the cervical spine (Fig. 6.13) [89].

Other circumstances than position during birth have been 
described:

Menticoglou et al. evaluated the findings in 15 neonates 
with high cervical spinal cord birth injury and found that this 
injury was a rare but specific complication of forceps rota-
tion of the head of 90 degrees or more from occipitoposterior 
or occipitotransverse position [90].
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Mechanisms of injury to spinal cord and nerves
During breech delivery

Footling breech

Hyperextension of neck

Excessive traction of neck

Over rotation of neck

Fig. 6.12 Hyperextension of the cervical spine during breech delivery

Saleh et al. described a 2-week-old boy with spinal cord 
injury and C4-C5 spondyloptosis (with the body of C5 being 
completely anterior to the vertebral body of C4), due to 
trauma during birth [74]. Birth was complicated by previ-
ously undiagnosed abdominal dystocia, which required sig-
nificant force applied to the boy’s head and neck for 
extraction. The dystocia was caused by hydronephrosis (due 
to posterior urethral valves) and rupture of the left-sided kid-
ney causing significant abdominal ascites.

Spinal cord injury may be complete or incomplete. 
Cervical spine injuries can be fatal, especially in case of a 
high cervical spine injury [91]. Forceful hyperextension of 
the neck can also result in injuries to the ligaments at the 
craniocervical junction [92].

Birth-related cervical spine injuries most commonly 
occur in the absence of bony injury [84]. Fractures and dislo-

cations, due to birth trauma, have been reported, but are rare 
(Fig. 6.14a, b) [84, 87, 89, 93–95].

Stanley et al. described four infants with fracture disloca-
tions of the cervical spine after traumatic delivery [93]. In 
three of the cases, the delivery was complicated by a shoul-
der dystocia and in the fourth case the delivery was a difficult 
breech delivery.

Caird et  al. reported a neonate with spinal cord birth 
injury and a cervical fracture dislocation, following a com-
plicated footling breech vaginal delivery (a footling breech 
delivery is a delivery in which one or both of the feet of the 
foetus are born first instead of the pelvis) [84].

Sheil et al. reported an eventually fatal birth trauma of a 
neonate with an enlarged abdomen due to a previously undi-
agnosed abdominal teratoma [94]. During vaginal delivery 
of the head, the remainder of the body lodged in the birth 
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Face

Fig. 6.13 Hyperextension of the cervical spine during face presentation

canal. After an episiotomy the midwife attempted to pull the 
head and the midwife reported a ‘pop’. A caesarean section 
was performed and the neonate was delivered and diagnosed 
with a C5-C7 dislocation fracture and subtotal transection of 
the spinal cord. The spine was displaced posteriorly at the 
C5-C7 level, and the superior cervical spine was angled 
forward.

Often there are neurological sequelae and/or early child 
death. Vialle et  al. evaluated the findings in nine children 
with birth-related spine injuries, of whom six had cervical 
spine injuries [89]. The pregnancy was uneventful in all 
cases. Three children with upper cervical spine injuries died 
before the age of 6 years. The six remaining children (includ-
ing three children with non-cervical spine injuries) experi-
enced no neurological improvement. Salek et al. reported on 
an infant who during birth sustained a C4–5 spondyloptosis 
with on MRI imaging findings in keeping with spinal cord 
transection at that level [95]. The cervical spine underwent 
open reduction and fusion using autologous rib grafts and a 
mini-absorbable plate, at the age of 4.5 years he was able to 
speak, walk with orthotics and use both his arms and hands.

6.4.2.3  Trauma After Birth: Accidental 
Circumstances

In children, most cervical spine injuries are sustained in sig-
nificant accidental trauma such as motor vehicle accidents 
and falls [96, 97]. In young children, however, a relatively 
minor fall of less than 1.5  m can result in cervical spine 
injury [26]. In teenagers and adolescents, fractures occur 
mostly during participation in sports and traffic [97].

McGrory et  al. reviewed the data of 143 paediatric 
patients, aged 2 months to 15 years, with cervical spine inju-
ries [97]. Children under the age of 11 years had fewer inju-
ries in total and were most often injured in falls. These 
children had less fractures than children between 11 and 
15 years, but had more ligamentous injuries of the cephalic 
portion of the cervical spine with subluxations and disloca-
tions of the upper cervical spine. They also had a high rate of 
mortality as a consequence of injury to the spinal cord. 
Children between 11 and 15 years of age had more injuries 
in total and were most often injured during sports and recre-
ational activities. They had a higher male-to-female ratio. 
They were more frequently injured in the caudal portion of 
the cervical spine, and had a pattern of injury similar to that 
of adults.

Brown et al. analyzed the data of 103 consecutive paedi-
atric patients with cervical spine injuries and found that the 
most common circumstances were motor vehicle-related 
trauma (52%), followed by sports-related trauma (27%) [73]. 
The cause was correlated to age; younger children sustained 
cervical spine injuries most commonly as a result of motor 
vehicle-related trauma and adolescents most commonly as a 
result of sporting activities. Sixty-eight percent of all chil-
dren sustained injuries to C1 to C4; 25% to C5 to C7; and 7% 
to both. Thirty-eight percent of the children in their study 
group had SCIWORA at the cervical level. In their study 
group the type of cervical spine injury was related to the cir-
cumstances under which the injury was sustained. SCIWORA 
was present in 75% of children with a sports-related injury 
and in all children (n  =  3) with injury as a result of non- 
accidental circumstances (child abuse). Cervical spine dislo-
cations occurred most commonly in motor vehicle-related 
trauma (especially among pedestrians), while cervical spine 
fractures most commonly occurred in falls and dives.

Leonard et al. reported on cervical spine injuries in 540 
children under the age of 16 years (5-year retrospective study) 
[72, 98]. They compared the findings in 3 age groups: under 
the age of 2  years (n  =  27), 2–7  years old (n  =  140), and 
8–15 years old (n = 373). In the group of children under the 
age of 2 years and the group of 2–7 years old children cervical 
spine injuries were most commonly sustained in motor vehi-
cle accidents (respectively in 56% and 37% of the children). 
Children in these age groups were more commonly injured in 
the axial region (occiput to C2) (respectively in 74% and 78% 
of the children). In the group of children, aged 8–15 years, 
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Fig. 6.14 Fatal cervical distraction fracture in two neonates as a result 
of birth trauma (a) lateral radiograph of the cervical spine shows a dis-
traction of the cervical spine at the level of C4 with a bilateral fracture 

of the pedicles. (b) AP radiograph of the cervical spine shows a distrac-
tion of the cervical spine at the level of C3 and free air in the neck as a 
result of a transsection of the trachea. Also, note the oedema of the head

cervical spine injuries were sustained equally in sports-related 
trauma (23%) as in motor vehicle accidents (23%). Fifty-
three percent of the injuries were located subaxially (C3 to 
C7). Neurological deficits were found in 21% of all children 
and 7% of the children died.

A specific type of cervical spine fracture is the so-called 
‘hangman’s fracture’ or traumatic spondylolisthesis of the 
axis [99, 100]. This type of fracture was first described by 
Wood-Jones in 1913 and was typically seen in judicial hang-
ing, in which the body takes a fall [101]. In 1965 Schneider 
et al. introduced the term ‘hangman’s fracture [102]. Sumchai 
and Sternbach defined the hangman’s fracture as a bilateral 
avulsion of the pedicles or their synchondroses from the C-2 
vertebral body, frequently with anterior dislocation of C-2 or 
C-3 [103]. This fracture is caused in children as well as in 
adults from extreme hyperextension of the head in relation to 
the cervical spine. This may or may not result in subluxation 
of the second cervical vertebra in relation to the third. In 
adults, a hangman’s fracture occurs mainly in sports or traf-
fic accidents. In suicides, this type of fracture is not seen that 
often, since the height and subsequently the energy of the fall 
during hanging is insufficient to cause a fracture. In these 
cases, asphyxia is generally the cause of death. Irrespective 
of the circumstances (accidental or non-accidental) a hang-

man’s fracture is rare in children. The fracture usually occurs 
in accidental circumstances in children over the age of 
2 years [104, 105]. Only a few case reports of younger chil-
dren are available.

Weiss and Kaufman describe a 12-month old, previously 
healthy girl, who struck her head while a passenger in an 
automobile involved in an accident. She had an abrasion of 
the left side of the forehead and was irritable. Initially, the 
radiographs were read as normal but because of persistent 
clinical findings repeated radiographs of the cervical spine 
were obtained and these showed a clear fracture through the 
neural arch of C2 [106].

Sumchai and Sternbach report a 7-week-old girl was cra-
dled in the arms of an adult in the backseat of a car traveling 
at moderate speed when the driver lost control of the car. The 
car rolled over an embankment before coming to rest. The 
infant was observed to have been thrown backward onto the 
floor. The infant was diagnosed with a cranial contusion. 
Radiographic imaging was not performed. At home the child 
was irritable, especially when lifted by her arms. She lost the 
ability to support her head in prone position. A lump was 
noted in her neck and due to persisting irritability the child 
was re-evaluated. Radiographic imaging showed a hang-
man’s fracture [103].
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Parisi et  al. report a 3-month-old infant with a subtle 
hangman’s fracture after a motor vehicle accident. The child 
was not restrained and impacted against the windshield. 
Initial radiographic imaging was negative. Due to poor feed-
ing and crying, especially during movements, the child was 
re-evaluated and diagnosed with a hangman’s fracture [107]. 
The traumatic nature of the finding was confirmed by serial 
plain films and CT.

Finnegan and McDonald describe a 5-month-old girl, 
who sustained a fracture in a motor vehicle accident in which 
both parents were injured and the car was demolished [108]. 
The girl was observed in hospital overnight, but no injuries 
were found and she was sent home. The child was presented 
again 1 week later because the girl was no longer able to hold 
her head up when prone. She also was unusually irritable. No 
bruising of the head or neck was found during physical 
examination. The neurological examination also showed no 
abnormalities.

A hangman’s fracture should not be confused with pri-
mary spondylolysis of the axis vertebra [107, 109, 110]. 
Williams et al. reported a congenital defect of C2 in a 2-year- 
old boy [111]. The defect was mistakenly diagnosed on plain 
film and CT as a hangman’s fracture. Montalbano et al. men-
tioned a normal variant as a possible mistake [100]. According 
to them a normal anterolisthesis of C2, which can be seen in 
younger children, can mimic anterolisthesis as can be seen 
after traumatic spondylolisthesis. Even in case of findings 
suspected to be a hangman’s fracture due to non- accidental 
circumstances one should always consider a possible alterna-
tive explanation. Van Rijn et  al. reported on a 5-month-old 
infant who had been physically abused by one of her carers 
[112]. The girl showed defects at the C2–C3 level, which led 
to the suspicion of a ‘hangman’s fracture’. Physical examina-
tion did not show any soft-tissue swelling or haematomas. 
Neither were there any neurological defects. However, there 
was some local tenderness. In the end, it was concluded that 
the girl had a congenital defect of the arch of C2.

6.4.2.4  Trauma After Birth: Non-accidental 
Circumstances

Clinical Aspects and Epidemiology
Only occasionally reports are found in the medical literature 
concerning cervical spine injuries due to non-accidental cir-
cumstances, but these non-accidental injuries may be under-
reported [50, 51, 113–117]. Cervical spine injuries can 
already occur in non-accidental circumstances at a very 
young age. In most children other (often severe) inflicted 
injuries are found:

Rooks et al. report on a 3-month-old child (part of a twin), 
who was brought to the emergency room because of fever 
and upper respiratory symptoms. The child was irritable but 

consolable and showed no abnormalities during physical 
examination. Chest radiographs showed multiple rib frac-
tures. The child was admitted for further child abuse evalua-
tion [117]. Skeletal survey showed 20 fractures such as a left 
distal radius and ulna fracture, multiple classic metaphyseal 
lesions, and a sternal depression fractures. The cervical spine 
series, including MRI, showed a mild spinal cord compres-
sion due to a C4-C5 anterior subluxation and a compression 
fracture of C5. The twin sister also received radiographic 
imaging and was diagnosed with a C5-C6 fracture disloca-
tion with mild spinal cord compression. She also had multi-
ple rib fractures and metaphyseal lesions.

Ghatan and Ellenbogen describe a 24-day-old girl who 
was a victim of violent shaking. She was diagnosed with a 
high cervical injury (atlanto-axial subluxation and dens frac-
ture with compression of the upper cervical spinal cord), due 
to the violent shaking, which was admitted by the father [51]. 
The infant also had intracranial injuries (subdural haema-
toma, hypoxic-ischaemic brain damage), eight bilateral rib 
fractures and a hip dislocation, abdominal bruising, and a 
laceration of the liver.

Harmon et al. report a 10-week-old girl who presented to 
her paediatrician with wheezing and irritability. The paedia-
trician noticed the child was not moving her right arm. 
Multiple paraspinal bruises and scars were noted on the 
torso. Radiographic imaging showed bilateral posterior rib 
fractures, bilateral femoral fractures, and metaphyseal 
lesions of the right fibula and left femur. In addition, there 
was a large calcified mass in the prevertebral soft tissue. 
Cervical spine CT showed a precervical mass without osse-
ous lesions. MRI showed a compression fracture at C5 with 
a heterogeneous precervical mass, biopsy and ultrasound 
confirmed the diagnosis of myositis ossificans circumscripta 
of the neck secondary to non-accidental trauma [118].

Holland et al. describe a 3-week-old infant was presented 
with diminished movement and irritability. The father 
reported that the child had fallen from his arms and struck her 
head on a changing table 2 days prior. Physical examination 
showed a lethargic child with bruising on the child’s neck. 
Radiographic imaging showed a severe subaxial cervical 
fracture dislocation, bilateral rib fractures, and a distraction 
injury between C-5 and C-6 [115]. Further CT and MR imag-
ing showed severe distraction at C5-C6 and a near- complete 
spinal cord transection resulting in quadriparesis. Follow-up 
MRI at the age of 2 years showed severe spinal cord injury 
with evidence of bilateral C5 nerve root avulsions.

Avulsion fractures of the spinous processes of the lower 
cervical and higher thoracic spine (called a clay-shoveler’s 
fracture in adults) have been described as being caused by 
(inflicted) hyperflexion. This type of fracture is found pre-
dominantly in older children and adults [48]. Oral et  al. 
described a 4-year-old disabled girl that had suffered an 
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avulsion fracture of the C2 and damage to the interspinal 
ligaments between C1 and C2 after the babysitter had thrown 
her on the bed from a distance of at most 50  cm (1–2  ft) 
[119]. The girl also had a bruise on her forehead.

Brown et  al. reviewed the findings in 103 paediatric 
patients with cervical spine injuries and found that 
SCIWORA was present in all infants (n  =  3) with non- 
accidental injuries [11]. In 2 patients cord symptoms were at 
both C1-C4 and C5–7 levels and in 1 patient at C5–7. All 
these patients had severe associated lesions caused by non- 
accidental trauma. One patient died and the 2 others survived 
with significant deficits.

Feldman et  al. reported on 4 infants (aged 1, 2, 4, and 
6 months) and a 15-month-old toddler with cervical spinal 
cord injury, sustained in non-accidental circumstances [114]. 
Evidence of associated spinal bony injury was often absent 
or unapparent until healing occurred. Four children had spi-
nal cord injury without (or with minimal) radiological abnor-
mality. All children showed other inflicted injuries, e.g. 
bruises, burns, intraoral injuries, subdural haematomas, frac-
tures of skull, ribs, clavicula, and metaphyseal fractures.

When a ‘hangman’s fracture’ is found in children, non- 
accidental circumstances should always be considered, espe-
cially when the patient’s history does not offer a plausible 
explanation, concerning an accidental trauma with severe 
hyperextension [120–122]:

• Curphey et  al. described the post-mortem findings in a 
3-week-old girl [123]. The girl was found dead in her bed 
after her father reported to have picked her up from the 
bed when she started crying. The girl slipped from his 
hands and the father said he caught the baby by the neck 
and head with his hand and heard a cracking noise. 
Afterwards, he gave the girl her bottle and put her back to 
bed. Six hours later she was found dead. The girl had no 
visible injuries, except for a deformity of the left thigh 
with pronounced swelling, due to fracture of the left thigh 
with displacement of the fracture ends and formation of 
soft callus. Also, fractures of the right third rib and the left 
first rib with hard callus formation were found. The ante-
rior aspect of the entire cervical spine was haemorrhagic. 
There was a recent fracture dislocation between C2 and 
C3 and a recent fracture separation between Th2 and Th3 
with extensive interstitial haemorrhage. The father even-
tually admitted that he had squeezed and twisted the 
child’s neck on the day of the girl’s death. He had heard a 
snapping sound while doing this.

• McGrory and Fenichel described a 4-month-old infant 
with a hangman’s fracture, due to repetitive rapid alterna-
tion of hyperextension and hyperflexion during shaking at 
the age of 4 weeks [124].

• Gille et al. reported an 11-month-old girl with a painful 
neck, due to a non-accidental fracture of the axis pedicles 
[120]. She also had an old humerus fracture.

• Kleinman and Shelton evaluated the findings in a 
6-month-old boy who was admitted to the hospital 
with respiratory distress was diagnosed with 27 rib 
fractures (different ages) and multiple other injuries, 
including an old clavicular fracture and metaphyseal 
fractures, which were highly suspicious for non-acci-
dental circumstances [121]. The C2-C3 subluxation 
was an unsuspected finding on the skeletal survey. 
According to the authors the subluxation could prob-
ably have been caused by hypertension of the cervical 
spine during shaking.

• Ranjith et  al. reported a 23-month-old girl, who was 
admitted to hospital because of a 5-day history of irri-
tability and general malaise [122]. According to her 
father, she was reluctant to move her neck. Imaging 
of the cervical spine showed a hangman’s fracture 
of C2 with slight anterior subluxation of C2 on C3. 
The father stated that no trauma occurred. It was sus-
pected that the fracture occurred in non-accidental 
circumstances.

Kleinman stated in a comment on the article of Ranjith 
et al. (2002) that the hangman’s fracture might be more com-
mon that suggested in the medical literature and that a lateral 
view of the cervical spine should be included in the routine 
skeletal survey if non-accidental circumstances are suspected 
[116].

Non-accidental Cervical Spine Injuries 
and Associated Injuries
As already mentioned in the previous sections, non- 
accidental cervical spine injuries are often found in children 
with other inflicted injuries, such as other fractures, intracra-
nial injuries, spinal injuries, and other systemic injuries [121, 
123–126].

Baerg et  al. described 53 children under the age of 
36  months with inflicted head injuries (median age: 
5  months; range: 1 to 35  months) [127]. Seven children 
(13.2%) died. Cervical spine injuries were identified in 8 
children (15.1%): ligamentous injury (2), vertebral artery 
shear injury (1), atlanto-occipital dissociation (1), spinal 
cord injury with spinal cord epidural hematoma (2), and iso-
lated spinal cord epidural hematoma (2). One child with cer-
vical spine injury died.

Koumellis et al. (2009) evaluated spinal pathology in 18 
infants with inflicted head injury. Cervical subdural hemato-
mas were found in 3 infants (17%). In 2 of these infants the 
haematomas extended to the sacral region [128].
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6.5  Thoracolumbar Spine Injuries

6.5.1  Specific Aspects of Thoracolumbar 
Spine Injuries

According to Daniels et al. thoracolumbar spine injuries in 
paediatric patients are caused by a trauma with a high trans-
fer of energy, which may lead to compression fractures, burst 
fractures, flexion-distraction injuries (e.g. Chance fracture), 
fracture dislocation injuries, apophyseal fractures/ hernia-
tions, and spinous process and transverse process fractures 
(see also Sect. 6.2) [129]. The majority of thoracolumbar spi-
nal fractures are caused by hyperflexion plus compression 
[32, 33]. Furthermore, they may also occur due to shearing 
forces or subluxation-dislocation. Shearing forces are 
involved in injuries sustained by the impact with a high 
transfer of energy, such as road traffic accidents in which the 
child is hit by a car [34].

6.5.2  Manner of Thoracolumbar Spine 
Injuries

6.5.2.1  Trauma Before Birth
There are no reports on sustained fractures of the thoraco-
lumbar vertebrae, due to trauma before birth. Intrauterine 
sustained spinal cord injuries have been reported but are 
extremely rare [81, 85].

6.5.2.2  Trauma During Birth
Several reports are found in the medical literature concern-
ing thoracolumbar spinal injuries (sometimes with fatal out-
come), due to a trauma during birth:

Journeau et al. report on a neonate that was born at term 
by spontaneous vaginal delivery. Presentation was breech 
following a transverse position. The neonate showed a com-
plete paralysis with a T3 level and was diagnosed with a 
Salter–Harris Type II fracture with an associated spine dislo-
cation and complete transection of the spinal cord at T3-T4 
was seen at radiography and confirmed by MRI [130]. The 
authors stated that this type of injury is rare and that it can 
occur in certain obstetric circumstances, like breech trans-
verse presentations or large baby size. This is the only case 
which reported fractures.

The following cases report spinal trauma during birth, 
however all without fractures.

Ilagan et al.: Preterm neonate with a thoracic spinal cord 
transection (Th3-Th4) and paravertebral haemorrhage 
(according to the authors mimicking a catastrophic intracra-
nial bleed), delivered by caesarean section because of breech 
presentation [131].

MacKinnon et al.: Twenty-two neonates with birth-related 
spinal cord injuries of which 6 had cervicothoracic and 2 had 
thoracolumbar spinal cord injuries. All these eight patients 
were breech deliveries. Four of the patients with cervicotho-
racic injury died [88].

Fotter et al. report on two neonates. The first neonate was 
manually rotated from a breech position after 38 weeks of 
gestation, but returned back to breech position. Onset of 
labour was spontaneous after 41 weeks of gestation, but a 
caesarean section was performed because of hyperextension 
of the head, a large biparietal diameter and maternal diabe-
tes. The newborn showed flaccid paralysis of the trunk and 
limbs. The neonate was eventually diagnosed with a com-
plete transection of the spinal cord. The second neonate was 
born after 40 weeks of gestation and vaginally delivered in 
double footling breech position. The delivery was reported to 
be difficult. The neonate was limp, pale, cyanosed, apnoeic, 
bradycardic, and all reflexes were absent. The neonate was 
diagnosed with a partial transection of the spinal cord [132].

Le Masne et al.: Two neonates with thoracic spinal cord 
injuries [133]. The first neonate was delivered by caesarean 
section, which was indicated because of breech presentation 
with hyperextension of the neck. After the section she rap-
idly developed acute respiratory distress and paraplegia. 
MRI showed spinal cord haemorrhage involving the cervical 
and upper thoracic cord with rupture of the cord. The patient 
died a few weeks later. The second neonate was delivered 
vaginally in breech presentation without any difficulty. She 
progressively developed tetraplegia evolving into spasticity. 
MRI showed stretching of cervical spinal cord.

Billingham et al.: Male neonate with an epidural haema-
toma at the level of T8 and distal cord oedema which 
extended to the conus medullaris after an atraumatic vaginal 
frank breech delivery [134]. According to the authors, the 
spontaneous occurrence of a spinal epidural hematoma could 
be related to an increase in the abdominal and/or thoracic 
pressure which they hypothesized resulted in an increased 
pressure in the anastomotic network of thin-walled and valve 
less vertebral venous plexus, during the frank breech 
delivery.

6.5.2.3  Trauma After Birth: Accidental 
Circumstances

Thoracolumbar spine injuries In children are rare and 
account for 2–5% of all paediatric spine injuries [129]. In 
children up to approximately 10  years old, thoracolumbar 
spinal injuries are most commonly sustained in motor vehi-
cle accidents—either as pedestrian or as passenger in a car—
or falls from a height (Fig. 6.15a, b) [32, 135–137]. Fractures 
in older children are usually caused by either sports or other 
recreational activities, traffic accidents, or suicide attempts 
[43–45, 138, 139].
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a b

Fig. 6.15 A 3-year-old child who fell from the third floor. (a) spinal 
radiograph during trauma work-up shows thoracic vertebral fractures. 
(b) Post-mortem CT shows vertebral fractures of the fourth and fifth 
thoracic vertebra (arrow)

Babu et al. evaluated the findings in 90 children with tho-
racolumbar spinal injuries (mean age was 15.9 ± 3.2 years; 
range: 2–18 years) (male-to-female ratio 3:1) [140]. Sixty- 
four children (71.1%) sustained the injury due to fall from 
height (>10 feet/3 meters) and 18 children (20%) following 
a motor vehicle accident. The rest of the children sustained 
injury due to the fall of a heavy object on the neck or diving. 
The lumbar spine was the most common spinal level injured 
(n = 48, 53.3%), and fractures were the most common type 
of injury (n  =  84, 93.3%). The most common associated 
injury was a long bone fracture.

Kraus et al. found that in 86 paediatric patients under the 
age of 16 years (average age 11.9 years) thoracolumbar spi-
nal fractures were most commonly sustained during sporting 
activities (n = 46, 53%) and traffic accidents (n = 24, 28%) 
[141]. Fractures were most often located in the mid-thoracic 
(n = 40, 47%) and thoracolumbar spine (n = 35, 41%).

Franklin et  al. did a retrospective review of 52 patients 
aged 0 to 18 years with a total of 191 thoracic and/or lumbar 
compression fractures who had both CT and MRI during the 
initial trauma evaluation [142]. Only ten patients (19%) had 
a single-level injury. Of 42 with multiple compression frac-
tures, 34 (81%) had fractures in contiguous levels, and eight 

had non-contiguous injuries. T4 was the most commonly 
fractured vertebra. The mid-thoracic spine (T3-T6) and the 
thoracolumbar junction (T12-L1) were the most affected 
segment. Fewest fractures were seen at T8 and lower lumbar 
segments. Comparing CT and MRI, there was complete 
agreement in the number and distribution of fractures in 23 
patients (44%). MRI identified additional levels of fracture 
in 15 patients (29%); 14 (27%) had fewer levels fractured on 
MRI than CT. Two patients (4%) with injuries identified on 
CT subsequently had normal MRI findings. Only one patient 
(2%) had fractures seen on MRI after a normal CT scan. 
Complete correlation between CT and MRI was seen in 59% 
(17/29) of patients aged 11 to 18 years, compared with 26% 
(6/23) of patients younger than 11.

6.5.2.4  Trauma After Birth: Non-accidental 
Circumstances

Non-accidental circumstances (child abuse, physical vio-
lence) should always be considered, irrespective of age, if a 
thoracolumbar spinal injury is found in a child, in particular 
when there is no plausible explanation.

Fractures and Fracture Dislocations
Most non-accidental fractures concern the vertebral body 
(Fig. 6.16) [20]. They result from a combination of extreme 
hyperflexion and hyperextension, such as in severe shaking 
or direct-impact forces. Anterior compression fractures 
resulting from hyperflexion in shaking are predominantly 
seen in the thoracolumbar junction and in the lower thoracic 
and higher lumbar spine [143].

The alternation of extreme flexion and extension during 
shaking may also cause avulsion fractures of the thoracic and 
lumbar spinous processes and damage to the interspinal liga-
ments in infants [48, 53, 143]. Ogden (1990) described mul-
tiple fractures of the spinous processes of the thoracolumbar 
spine due to shaking.

Fracture dislocations of thoracolumbar vertebrae, some-
times with cord compression, and kyphosis due to violence 
have been reported, but are probably rare (Ogden, 1990; 
Hobbs et al., 1993) [1–3, 50, 62, 124, 144]:

Cullen reported on five children with spinal injuries after 
probable maltreatment [1]:

• A 14-month-old boy with a fracture dislocation of the 
Th12 on L1 and a calvarium fracture. The boy also had a 
right-sided subdural haematoma and bruising on the right 
side of the head. There were no signs of spinal cord 
compression.

• A 16-month-old boy with an older compression fracture 
of the Th3 vertebral body (the compression fracture was 
already visible on films that were made 6 months earlier) 
and fractures of 2 ribs (left, anterior) and a healing frac-
ture of the right femur.

6 Spine



222

Fig. 6.16 A 11-month-old infant who was suspected to be a victim of 
child abuse. The radiograph of the spine, as part of the skeletal survey, 
shows a fracture of the fourth lumbar vertebra

• A 16-month-old girl with kyphosis at the thoracolumbar 
junction, due to a marked reduction in height of the bod-
ies of Th12 and L1 with narrowing of the intervening disc 
space. The girl had no other bony injuries.

• A 19-month-old boy with a marked thoracolumbar kyphos, 
caused by a subluxation of Th11 on Th12, and a left pari-
etal skull fracture, a metaphyseal lesion on the upper end 
of the left humerus, and recent fractures of the lower end 
of the left radius and ulna. He also had a scar over the right 
eyebrow, bruising of the right thigh and right ankle.

• A 36-month-old boy admitted to hospital because of fail-
ure to gain weight and retarded speech. Radiographs 
showed loss of the anterior height of L1 and L2, with dis-
ruption of their inferior surfaces and sclerosis anteriorly. 
The findings were thought to be from trauma. At the age 
of 24 months he was admitted to the hospital because of 
‘failure to thrive’. On admission, radiographs showed a 
recent fracture of the left parietal bone and old fractures 
of the right capitellum and lower end of the left humerus.

Most reports in the medical literature are single case 
reports

• Dickson and Leatherman evaluated the findings in a 
33-month-old boy, who initially was diagnosed with a 
progressive dorsolumbar kyphosis (due to wedging of 
Th12), with no known previous trauma [3]. The injury 
was later found to probably be due to a non-accidental 
trauma, described by the authors as parental abuse. The 
boy also had rib fractures.

• Renard et al. reported a 13-month-old boy who was sud-
denly noticed to have a paraplegia and an significant 
kyphosis was diagnosed with a subluxation of Th12-L1 
and compression of the spinal cord, initially with a com-
plete paraplegia [144]. The boy made a full recovery from 
his paraplegia. According to the authors, the subluxation 
was due to extremely violent spanking.

• Diamond et al. evaluated a 12-month-old girl with a com-
plete fracture dislocation Th12 on L1 [2]. The girl also 
had an abrasion on the forehead and bite marks on the 
hand. A hearing in family court confirmed the diagnosis 
of child abuse.

• Gabos et al. evaluated a 15-month-old girl, who initially 
was admitted to the hospital because of lethargy, pete-
chiae around the head and neck, a palpable upper lumbar 
prominence for a week, and paraplegia [42]. The lumbar 
prominence and the paraplegia were caused by an isolated 
fracture dislocation (L1-L2) of the lumbar spine with 
severe spinal cord compression. The mother’s boyfriend 
admitted to abusing the child.

• Tran et  al. evaluated the findings in a 6-month-old boy 
with a thoracolumbar neurocentral synchondrosis fracture 
dislocation of Th12, associated with compression frac-
tures of C4 and S4, sustained in non-accidental circum-
stances and most probably caused by massive hyperflexion 
and axial spinal loading [145]. The boy also had a parietal 
skull fracture, multiple rib fractures, metaphyseal lesions, 
and bilateral acromion fractures.

• Bode and Newton described an 8-month-old boy with a 
fracture dislocation at level Th12-L1 and a Th11-Th12 
spinal cord contusion resulting from non-accidental 
trauma [57]. A 3-year-old child supposedly fell on the boy.

• Sieradzki and Sawark evaluated the findings in a 
14-month-old boy with a fracture dislocation at level 
Th12-L1, due to non-accidental circumstances (thrown 
across a room and landing in jackknife position) [146]. 
The boy also had a healed fracture of the right forearm 
and bruising on the back.

• Lieberman et al. described a child with aortic disruption 
associated with L2-L3 fracture dislocation after report-
edly drowning in a children’s pool. The authors suggested 
the injuries were sustained in non-accidental circum-
stances, probably due to forced hyperextension [147].
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• Webb et al. reported a 29-month-old who died after the 
child was found unresponsive at home after choking on 
baby wipes that were found in the mouth [148]. After 
autopsy it was concluded the child died of blunt force 
trauma to the back. Internal examination showed a com-
plete fracture of L4 vertebral body and rupture of the 
anterior longitudinal ligament. The presence of granula-
tion tissue and callus formation indicated prior healing 
injury with acute re-injury.

According to Levin et al. fractures of the thoracolumbar 
spine with spondylolisthesis are rarely seen in cases of child 
abuse [149]. They mentioned only six earlier reports in the 
medical literature. In a review of seven new cases (age from 
6 months to 7 years), they found abnormalities that ranged 
from a subtle spondylolisthesis to overt dislocation of the 
vertebrae, generally at the L1-L2 level. In six children para-
vertebral calcifications were found. In two children, spondy-
lolisthesis was the only confirmation found in imaging.

Carrion et al. reported on two girls (9 and 12 months old) 
who sustained a circumferential fracture of the growth plate 
at the thoracolumbar level due to non-accidental circum-
stances [150]. The 9-month-old girl had a Th11 subluxation 
with compression on the spinal cord. The 12-month-old girl 
had an anterolisthesis of Th12 on L1 with local compression 
of the spinal cord. Both had paraplegic symptoms due to 
fracture dislocation.

Brink et al. reported a 5-week-old boy with a distraction 
injury of the thoracic spine, spinal cord transection, and adja-
cent vascular injury due to non-accidental circumstances 
(physical abuse) [73].

Spinal Subdural and Epidural Haemorrhage
In recent years there has been more attention to thoracolum-
bar spinal subdural haemorrhage, and it has been shown to 
be more common in infants than once thought:

• Gruber and Rozzelle: A 4-month-old boy with a thora-
columbar spinal subdural haematoma (Th10-L4) and 
spinal cord compression (seen on MRI), due to non-
accidental circumstances [151]. A CT scan of his head 
showed subdural and subarachnoid haemorrhaging. The 
boy also had retinal haemorrhages and a bruise on the 
left shoulder.

• Choudhary et al. compared the occurrence of spinal sub-
dural haemorrhages in children with inflicted head inju-
ries (n  =  256, aged 0 to 2  years; 1997–2009) with the 
occurrence in children with well-documented accidental 
head injuries (n = 70, aged 0 to 2 years; 2003–2010) [65]. 
Sixty-seven of the 252 children with inflicted head inju-
ries had spinal imaging results of at least one spinal 
region, that could be evaluated. Thirty-eight of the 67 
children had undergone thoracolumbar imaging and 24 of 

these 38 had thoracolumbar spine subdural haemorrhages. 
Only 1 of the 70 children (a child with a displaced occipi-
tal fracture) with accidental head injuries had a thoraco-
lumbar spine subdural haemorrhage at presentation.

• Koumellis et al. reported on 18 infants, age 1–12 months 
(mean age 3 months), with AHT of whom 8 (44%) had a 
subdural collections in the spine [128]. In none of the 
cases this lead to clinically detectable abnormalities.

• Hong et al.: A 5-month-old boy with bilateral intracra-
nial subdural haematomas, sustained in non-accidental 
circumstances [152]. Imaging showed a spinal subdural 
haematoma extending from Th4 to L5 with cord 
compression.

• Edelbauer et al. presented data on the use of ultrasonogra-
phy of the spine in 6 cases of non-accidental trauma (age 
2.0–6.0 months (median 3 months). Besides the findings 
on CT scan or MRI in all cases the subdural haematomas 
were visible on ultrasound.

Thoracolumbar spine epidural haemorrhage is only rarely 
reported in children. Gosnold and Sivaloganathan reported 
the coincidental finding of a spinal epidural haematoma and 
microscopic haemorrhage into the spinal cord at the mid- 
thoracic level in a fatally abused child [47].

6.6  Injuries to the Sacrum and Coccyx

6.6.1  Specific Aspects of Injuries 
of the Sacrum and Coccyx

Injuries to the sacrum and coccyx are rare in the paediatric 
population. Sacral spine fractures account for about 0.16% 
of injuries in paediatric trauma patients [153]. Often these 
fractures are combined with associated fractures of the pelvis 
(Chap. 11) [25].

Transverse sacral spine fractures account for about 3% to 
5% of all sacral fractures [25]. Isolated fracture dislocations 
of the sacrum are very uncommon [154, 155]. Sacro- 
coccygeal fracture dislocation is an extremely rare injury in 
paediatric patients [154]. Most sacral fractures are not asso-
ciated with neurologic injury [153]. Fractures of the sacrum 
are usually caused in otherwise healthy children by a trauma 
with a high transfer of energy.

6.6.2  Manner of Injuries of the Sacrum 
and Coccyx

6.6.2.1  Trauma Before and During Birth
No reports were found in the medical literature, concerning 
injuries of the sacrum and coccyx, due to trauma before or 
during birth.
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6.6.2.2  Trauma After Birth: Accidental 
Circumstances

Hart et  al. evaluated the data of 4876 cases of paediatric 
trauma at 1 children’s hospital over a 7-year period [153]. 
Eight children (0.16%) had documented sacral fractures. All 
children sustained sacral fractures due to accidental circum-
stances, either motor vehicle accidents or fall from height.

Isik et al. reported a 4-year-old girl who was injured in a 
motor vehicle accident with bruising and tenderness in the 
abdominal and sacral region [155]. CT showed a dislocation at 
the third and fourth sacral vertebrae without any fractures.

Hamoud & Abbas reported a 12-year-old boy with severe 
pain at the area of his tailbone [154]. The boy could hardly 
walk and was unable to sit or lie on his back. CT showed an 
anterior fracture dislocation of the sacro-coccygeal joint. 
The fracture was due to a bad fall off his bicycle.

In 2017 Hamoud and Abbas presented 2 patients with 
fracture dislocations of the coccyx [156]. The first patient 
was a 19-year-old man with a complete posterior dislocation 
of the joint between the first and second coccygeal vertebrae. 
The man had slipped with his motorcycle on a wet road and 
had landed on his tailbone. The second patient was a girl 
aged 2 years and 4 months with a complete anterior disloca-
tion of the first coccygeal vertebra, following a fall on the 
edge of a step, hitting her tailbone.

6.6.2.3  Trauma After Birth: Non-accidental 
Circumstances

Just like accidental injuries to the sacrum and/or the coccyx, 
non-accidental injuries to the sacrum and/or the coccyx are 
only very rarely reported:

Johnson et  al. reported 3 girls, aged 5 months, 3 years, 
and 5  years with skeletal injuries associated with sexual 
abuse [157]. The 3-year-old girl had extensive soft-tissue 
injuries to the arms, legs, and perineum, but also sustained 
fractures of both pubic rami and the sacral side of the right 
sacroiliac joint (see also Chap. 11).

Tran et  al. reported a 6-month-old boy who presented 
with a 5-day history of increasing respiratory distress. The 
father stated he fell with the child one month prior. Physical 
examination showed mild posterior scalp swelling. He was 
diagnosed with a thoracolumbar neurocentral synchondrosis 
fracture dislocation of Th12, associated with compression 
fractures of C4 and S4, multiple bilateral healing rib frac-
tures, multiple classic metaphyseal lesions, bilateral acro-
mial fractures, and a right linear parietal skull fracture. The 
injuries were thought to be sustained in non-accidental cir-
cumstances and probably caused by massive hyperflexion 
and axial spinal loading [145].

Barber et  al. evaluated American College of Radiology 
standardized skeletal surveys and neuroimaging studies of 
751 children (ages 0–4 years) [158]. One hundred forty-five 
children (19%) had a positive skeletal survey. Fourteen of 

these 145 children (2%) had a total of 22 definite spinal frac-
tures, visible on the skeletal survey. Advanced imaging (CT, 
MRI, and bone scintigraphy) confirmed the fractures in 13 of 
the 14 children and demonstrated 12 additional spinal frac-
tures. The children had 25 thoracic spine injuries, 6 lumbar 
spine injuries, and 8 sacral fractures on imaging (7 children 
had a spinal injury at multiple levels).

6.7  Differential Diagnosis

In the literature, several normal developmental variants are 
reported that were or easily could be falsely identified as 
radiological findings suggestive of non-accidental injuries 
[159]. If radiologists are not familiar with these normal vari-
ants inadvertently an incorrect diagnosis could be made.

The first, and most prevalent, finding that can be mis-
taken for a post-traumatic finding is a pseudosubluxation of 
C2 on C3 (Figs. 6.17a, b and 6.18) [159–164]. The diagno-
sis is made if the vertebral body of C2 shows anterior dis-
placement compared to C3 while the posterior cervical line 
pass through, touches of lies 1 mm in front of the cortex of 
the posterior arch of C2 (Fig. 6.19) [162]. Shaw et al. evalu-
ated a trauma population of 208 children, aged between 1 
and 16 years who were admitted with polytrauma [162]. In 
their study population, 30 children (21.7%) showed a C2/
C3 pseudosubluxation, there was no difference in the age or 
sex of the patients nor in the presence of an endotracheal 
tube, the severity of trauma (as scored by the injury severity 
score and revised trauma score), and the clinical outcome. 
The patients with a C2/C3 pseudosubluxation did have a 
significantly lower age, median age 6.5 years versus 9 years 
(p = 0.0091).

Aronica-Pollak et al. described a 4-month-old child with 
a radiologically reported fracture of the third lumbar verte-
bra, which was assumed to be a non-accidental fracture 
[165]. The child died 4 days after being hospitalized. Autopsy 
did not show a fracture, but a congenital defect in the con-
struction of the vertebrae. The cause of death was determined 
to be Sudden Infant Death Syndrome (SIDS). Also, a con-
genital decreased height of a vertebral body may simulate an 
impression fracture. In those cases, additional MRI is helpful 
in making the diagnosis (Fig. 6.20a–d).

Van Rijn et al. described a 5-month-old infant who had 
been physically abused by one of her carers [112]. The girl 
showed defects at the C2–C3 level, which led to suspected 
‘hangman’s fracture’. Physical examination did not show 
any soft-tissue swelling or haematomas. Neither were there 
any neurological defects; however, there was some local ten-
derness. In the end, it was concluded that the girl had a con-
genital defect of the arch of C2 (Fig.  6.21a–c). Hill et  al. 
found an apparent C2 posterior arch defect in a child with 
Menkes disease and decided to evaluate cervical spine radio-

R. A. C. Bilo et al.



225

a b

Fig. 6.17 C2/C3 pseudosubluxation in two 9-month-old infants (a, b) (arrow)

Fig. 6.18 C2/C3 pseudosubluxation in a 14 month old infant

graphs of 35 children with Menkes disease [166]. In four 
children they found apparent C2 posterior arch defects con-
sistent with spondylolysis or incomplete/delayed ossifica-
tion. The authors concluded that in a child with Menkes 
disease, suspicions of inflicted cervical spine injuries should 
be considered cautiously when a C2 posterior arch defect is 
found.

Changes occurring during normal development or result-
ing from infection in the vertebrae and intervertebral discs 
may also be a reason for confusion of these findings with 
spinal fractures [3, 20].

Doberentz et al. mentioned the presence in the infantile 
skeleton of vertical radiolucent bands running through a ver-
tebral body, so-called coronal clefts of vertebrae (Fig. 6.22) 
[167]. These clefts are most commonly located in the lumbar 
spine and, according to the authors, should not be confused 
with spinal signs of child abuse. The authors also stated that 
coronal clefts show a completely different radiological 
appearance than usually are seen in compression fractures of 
the vertebral body. The exact meaning of coronal clefts is not 
known, but these clefts should be considered to be a normal 
variant, probably due to retarded ossification of the vertebral 
bodies in fetal development [167, 168]. Tanaka and Uhthoff 
concluded that coronal clefts should not be interpreted as a 
malformation, while, according to Doberentz et al., coronal 
clefts are found almost exclusively in foetuses with chromo-
somal aberrations or severe congenital malformations [168, 
169]. Westvik and Lachman stated that clefts (most com-
monly coronal and sometimes sagittal clefts) were often 
observed in skeletal dysplasias, like atelosteogenesis, chon-
drodysplasia punctata, dyssegmental dysplasia, Kniest dys-
plasia, and short rib polydactyly syndrome [170].

Oestreich and Anton reported a normal radiographic find-
ing that, according to them, may be mistaken for a non- 
accidental injury [171]. This can be seen in the posterior 
thoracolumbar spinous processes of young infants after the 
first week of life and it concerns a lucency paralleling the 
posterior margin of the ossified spinous process, which is 
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Fig. 6.19 Posterior Cervical Line. In physiological C2/C3 pseudosubluxation the posterior cervical line may (from left to right) pass through or 
touch or lie 1 mm in front of the cortex of the posterior arch of C2 (reprinted with permission from [162])

a b c d

Fig. 6.20 Similarity between congenital decreased height and impres-
sion fractures of vertebral bodies. (a, b) A 4-month-old girl died from 
severe brain injury after a fall from the stairs at the hands of her father. 
Decreased height of the body of Th12 (arrows) was considered con-
genital because there were no abnormalities on post-mortem CT and 

MRI as well during autopsy. She also had segmentation anomalies on 
other levels. (c, d) Five-month-old boy who died under suspicious cir-
cumstances. Height loss of L3 and L4 (arrows in c) was considered 
post-traumatic because of oedema on T2-weighted MR images (arrows 
in d)

equivalent to the metaphyseal lucent bands seen normally 
after about a week of the child’s age at the ends of long tubu-
lar bones. A similar lucency is seen just under the growth 
plate of vertebral bodies at that early age, giving the bone-in- 
bone appearance. Their index case was imaged at 3 weeks 
and at 5 weeks of age, with no evidence of periosteal reaction 
or endosteal callus in that follow-up study, confirming the 
lack of fractures.

Besides normal variants which could be mistaken for 
fractures, there are diseases that can lead to the occurrence of 
spinal fractures in children. Mostly these are oncological, 
such as Langerhans cell histiocytosis (Fig. 6.23a–c) or leu-
kaemia, or endocrine disorders, such as hyperthyroidism or 
diabetes mellitus, where the structure of the vertebral body is 
compromised. These broader differential diagnoses are dis-
cussed in Chap. 14.
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a b c

Fig. 6.21 (a) Radiological examination for suspected child abuse. The 
cervical spine view shows anterolisthesis (>3 mm) and a defect in the 
arch of C2 (open arrow) (Reprinted from [76]. With permission). (b) 
CT of the cervical spine shows a sclerotic margin of the arch defects 

(open arrow). (c) MRI of the cervical spine shows no signs of haema-
toma or bone oedema (sub-optimal quality due to movement artefacts) 
(reprinted with permission from [112])

Fig. 6.22 Coronal clefts of L3 and L4 in a 1-day-old child with mul-
tiple congenital abnormalities
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a b

Fig. 6.23 (a) Girl with Langerhans cell histiocytosis. The conventional 
radiograph of the cervical spine shows a collapsed vertebral body at the 
level C4 and C6 (open arrow). (b) T2-weighted sagittal MRI view of the 
earlier found (CT and conventional radiograph) cervical collapse at the 

C4 level (open arrow) and C6. Collapsed vertebrae are seen at the tho-
racic level (arrows). All fractures are consistent with Langerhans cell 
histiocytosis
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7.1  General Aspects of Rib Fractures

The thorax consists of the rib cage and the intrathoracic 
organs. The intrathoracic organs are the lungs and lower part 
of trachea, the heart and large vessels, like the aorta, pulmo-
nary arteries and the vena cava, the oesophagus, the thymus, 
the thoracic lymph nodes, and the nerves, like the vagal 
nerve. The rib cage is the bony framework of the thoracic 
cavity and consists of twelve thoracic vertebrae, twelve pairs 
of ribs, and the sternum. The first seven ribs articulate anteri-
orly with the sternum at the sternocostal joints with their cos-
tal cartilages: the costochondral junction. The eighth, ninth, 
and tenth ribs articulate with their costal cartilages not with 
the sternum, but merge with the cartilage of the seventh rib. 
The eleventh and twelfth ribs are called floating ribs because 
they do not articulate directly or indirectly with the sternum. 
Each rib articulates posteriorly with the thoracic vertebrae at 
the costovertebral and costotransverse joints (Fig. 7.1) [1]. 
The arch of the rib can be divided into four regions (poste-
rior, posterolateral, anterolateral, and anterior) and rib frac-
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Fig. 7.1 Diagram of the four regions of the rib and the costovertebral 
joints

Table 7.1 Definition of fracture location and type [2]

Location of 
fracture Definition
Posterior Area from the lateral margin of the rib tubercle to 

the medial tip of the rib head
Posterolateral Area from the lateral most point of the rib body to 

the lateral margin of the rib tubercle
Anterolateral 
and anterior

The anterior and anterolateral regions of the rib 
span from the most lateral point of the rib body to 
the sternal end. The interface of the anterior and 
anterolateral regions is the midpoint of this section 
of the rib

Type of fracture Definition
Buckle Incomplete fracture on the pleural surface of the 

rib
Transverse Complete fracture with a vertical (superior-

inferior) orientation
Oblique Incomplete or complete fracture with a 

superolateral to inferomedial orientation or vice 
versa

Sternal end 
plate

Fracture of the sternal end plate or rim

tures can be classified into four types (sternal end, buckle, 
transverse, and oblique) (see Table 7.1 and Fig. 7.1) [2].

7.2  Cause of Rib Fractures

Around 85% of all chest injuries in paediatric patients, which 
are serious enough to warrant medical attention and/or treat-
ment, are due to blunt force trauma, and around 15% are due 
to penetrating trauma [3, 4]. Blast injuries are very rare in 
paediatric patients.

Blunt force trauma can be due to ‘low speed crush’ blunt 
force trauma, in which the cage and intrathoracic organs are 
compressed, and in ‘high speed impact’ blunt force trauma, 
in which large amounts of kinetic energy, which are released 
during the impact, are transferred to the intrathoracic struc-
tures (pressure wave).

Not all children with thoracic trauma will have a combi-
nation of intrathoracic injuries, extrathoracic injuries, and rib 
fractures. Most children will have one injury, e.g. only rib 
fractures or intrathoracic injuries, or two injuries, e.g. a com-
bination of rib fractures and bruising.

Rib fractures in a paediatric patient are usually due either 
to static loading (compression) or to dynamic impact loading 
(direct impact trauma to the ribs). In young children, rib frac-
tures are usually caused by static loading (Sect. 7.2.1), while 
in mobile older children and in adolescents rib fractures are 
usually caused by dynamic impact loading (Sect. 7.2.2). In 
this section and in Sect. 7.3 (manner of rib fractures) the 
effects of static and dynamic impact loading will be dealt 
with. However, concerning the information in these sections 
it should be noted that still there is no clear understanding of 
what forces and mechanisms of injury are involved in the 
production of rib fractures, as was already stated in 2007 by 
Worn and Jones [5]. This is mainly due to the fact that in vivo 
experiments in children are impossible. The information in 
these sections reflects what is accepted as plausible in medi-
cal science.

Chest traumas, due to penetrating trauma, e.g. caused by 
bullets, knives or, other sharp objects, have been mainly 
reported in older children or in adolescents and only rarely 
reported in young paediatric patients (see Sect. 7.4) [6, 7]. 
Sometimes (more or less) blunt penetrating trauma may 
occur in paediatric patients, e.g. due to falls on railings or 
fence posts. In Sect. 7.4 cause and manner of penetrating 
trauma will be described.

7.2.1  Static Loading: Compression

In young children rib fractures are usually caused by static 
loading due to compression, resulting in deformation of the 
chest, e.g. when the chest is encircled by both hands and 
compressed [5]. Compression may result in deformation of 
the whole rib cage or of a part of the rib cage. The forces 
released during compression and deformation may have var-
ious effects on the rib cage and on the individual ribs. This 
may lead to fractures at different levels in or on different 
sides of the rib cage and to fractures in different locations in 
the rib arch (Table 7.2, Figs. 7.2 and 7.3). Rib fractures, due 
to compression, may be single or multiple. Often, they are 
found bilateral and multiple adjacent ribs are affected.

Fractures, due to compression, are most probably first 
sustained at the posterior side at the costovertebral junction, 
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Table 7.2 Overview of rib fractures, due to symmetrical and asym-
metrical compression [5]

Compression Mechanism
Fractures located 
at:

Symmetrical
Anterior-
posterior

Force exerted from the front 
(back on surface)—Sternum 
moved towards spine—
Compression on the inside of 
the ribs and tension on the 
outside of the ribs

•  Anterior, lateral 
and posterior 
costal arch.

•  Costochondral 
junction 
(possibly).

Anterior-
posterior/
posterior-anterior

Force exerted from the front 
as well as the back—Sternum 
and spine moved towards each 
other—Leverage of rib on 
transverse process

•  Transverse 
process 
(leverage).

•   Rib head 
(costovertebral 
joint).

Posterior-anterior Force exerted from back 
(front on surface)—Spine 
moved towards sternum—
Leverage of rib on transverse 
process

•  Transverse 
process 
(leverage).

•  Rib head 
(costovertebral 
joint).

From the side Force exerted from the 
side—Lateral costal arches 
moved towards each other

•  Anterior, lateral, 
and posterior 
costal arch.

•  Costochondral 
junction 
(possibly).

In the presence of leverage:
(depends on the manner of 
holding and compressing)

•  Transverse 
process 
(leverage).

•  Rib head 
(costovertebral 
joint).

Asymmetrical
Combinations of 
anterior-posterior 
and sideways 
compression

Forces exerted to different 
degrees from the front, back 
and side—Oblique—
Asymmetrical deformation of 
the ribcage in which the right 
or left anterior side is pushed 
in the direction of, 
respectively, the left or right 
posterior side

•  Fractures are 
possible at all 
anatomical 
locations.

Fig. 7.2 Anatomy of the costal arch and possible locations for rib frac-
tures in anterior-posterior and sideways compression. (1) Sternum. (2) 
Rib cartilage. (3) Sternal end of the rib. (4) Anterior costal arch. (5) 
Lateral costal arch. (6) Posterolateral costal arch. (7) Posterior costal 
arch (costal tubercle). (8) Tubercle of the transverse process of the ver-
tebra. (9) Rib head. (10) Rib neck. (11) Costovertebral joint

the location where the effect of mechanical forces is highest 
and where excessive leverage of the rib on the transverse 
process of the vertebra occurs. When compression increases, 
first lateral and then anterior fractures, will follow the poste-
rior fractures [8].

In front-to-back compression the sternum is pushed 
inwards. This is also the case when the vertebrae are not 
pushed in the direction of the sternum. Hereby the costo-
chondral junctions are pushed inwards, which may result in 
fractures at that location [9].

The finding of posterior or posterolateral fractures is par-
ticularly suggestive for compression as cause of a rib frac-
ture. Kleinman and Schlesinger showed that considerable 
leverage from the posterior end of the rib against the verte-

bral transverse processes is necessary before a rib fracture is 
sustained at that location [10]. This effect occurs when the 
transverse processes are compressed in the direction of the 
sternum by moving the vertebra towards the sternum [11, 
12]. This causes a fracture in the cortex of the posterior cos-
tal arch at the ventral side, possibly with complete cortical 
disruption (Fig. 7.4) [9, 10, 13, 14].

In summary, compression may result in two kinds of frac-
tures. First, fractures due to stress in the rib (costochondral, 
anterior, lateral, and posterior) and secondly due to leverage 
(around the vertebra at the costovertebral junction).

Compression does not necessarily leave externally visible 
bruising. It was found that compression fractures are rarely 
accompanied by bruising [15], although thumb and finger 
print bruises (thumb print at the anterior/upper part of the 
chest and fingerprints at the posterior side, often paraverte-
bral) may be the only clinical signs for non-accidental com-
pression fractures of the ribs (Fig. 7.5a, b) [16].

As far as is known from medical literature, rib fractures 
due to compression occur mainly in non-mobile children 
under the age of 2 years [17].

In the older literature, several other explanations for the 
occurrence of posterior rib fractures at the costovertebral 
junction can be found. Cameron and Rae assumed that pos-
terior fractures could also be caused by lateral compression 
(side-to-side compression of the chest) during violent 
squeezing of the thorax [18]. Smith et al. assumed that pos-
terior fractures also could be caused by dynamic impact 
loading: ‘In our cases of costovertebral fractures, we suspect 
that the injury required a large amount of direct force, prob-
ably caused by the child being trodden upon or struck from 
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Fig. 7.3 Schematic 
representation of bimanual 
chest compression. Fractures 
locations at the: (a) 
Costochondral junction. (b) 
Anterior costal arch. (c) 
Lateral costal arch. (d) 
Posterolateral costal arch. 
(e)  Posterior costal arch 
(costal tubercle). 
(f)  Transverse process (g) 
Head of rib

Fig. 7.4 A posterior rib fracture with disruption of the ventral cortex in an 
infant after bimanual resuscitation with vigorous thoracic compression

behind’ [19]. According to Kleinman there is no scientific 
support for the views of Cameron and Rae and of Smith et al. 
[20]. However, in a publication by Bixby, which was coau-
thored by Kleinman, the hypothesis of Smith et al. is illus-
trated in a case report, concerning a 13-month-old boy who 
sustained multiple right-sided posterior and lateral rib frac-
tures, including posterior fractures near the costovertebral 
junction [21]. The left-sided ribs were intact. The boy was 
sitting in a stroller, which was pushed across the street by his 
mother. The stroller was struck by an automobile at an 
unknown speed and the boy was ejected from the stroller and 
landed on the pavement approximately 2.5 metres away. He 
also sustained a minimally displaced and angulated distal 
right femur fracture. Bixby et al. concluded the abstract with: 
‘In this patient, the presumed mechanism of injury was con-
sistent with the compressive forces that cause rib fractures in 
abused infants and young children. This case illustrates how 
a high-impact traumatic event may cause rib fractures that 
would otherwise point strongly to abuse’.

Worn and Jones, just like Cameron and Rae, stated that vio-
lent lateral compression can lead to a situation in which the ribs 

are forced to fracture [5]. They also stated that lateral compres-
sion was (and still is) much less well-documented as cause of 
rib fractures, compared to anterior-posterior compression. 
Concerning dynamic impact loading, as described by Smith 
et al. [19], Worn and Jones are of the opinion that: ‘Though 
unreported, it is reasonable to postulate that other scenarios 
such as direct blows (e.g. automotive accidents, resulting in a 
rapid lateral impact to the thorax, heavy objects falling or 
pressing on the lateral aspect of the chest, or a child falling 
onto a rigid surface) and manual assaults (e.g. slamming the 
infant sideways onto a solid surface, and violent squeezing) 
could also result in the required lateral compression’.

The opinion of Worn and Jones, that lateral fractures 
could be caused by dynamic impact loading is supported by 
Bradley et al. and Blackburne, who, based on their research 
in piglets, concluded that complete lateral rib fractures in 
infants may in fact not be the result of pure compression and 
the biomechanical analysis of their findings suggests that 
blunt force trauma might offer a more credible explanation 
for lateral rib fractures in infants [22, 23].

7.2.2  Dynamic Impact Loading

In only a minority of cases, rib fractures in paediatric patients 
are caused by a direct impact to the chest. This is true, irre-
spective of the circumstances: accidental (e.g. a fall on an 
object or an accident) or non-accidental (e.g. a blow/punch 
or kick)(Sect. 7.3.3). Rib fractures can also be sustained by 
sudden deceleration, when a child hits a blunt object or wall 
at high speed (a.k.a. inertial loading).

Depending on the nature of the force applied, the fracture 
occurs at either the place of impact or the place where as a 
result of the impact the greatest stress is exerted on the rib(s) 
(Figs. 7.6 and 7.7). Often bruising will be found at the impact 
site [24].

Rib fractures due to dynamic impact loading are found 
mostly in mobile children above the age of 2 years, whereas 

H. C. Terlingen et al.



237

a b

Fig. 7.5 (a) Fingerprint bruises (open arrow) on the back of an infant admitted to the intensive care unit with a Glasgow coma score of 3. (b) 
Graphic representation of fingerprint bruises on the back, resulting from compression of the chest

Fig. 7.6 Graphic representation of a rib fracture at the impact site after 
blunt chest trauma with deformation of a part of the rib arch and cage in 
the immediate vicinity of the fracture(s)

Fig. 7.7 Graphic representation of a rib fracture at the site of the high-
est stress after blunt chest trauma with deformation of a part of the rib 
arch and cage in the immediate vicinity of the impact site and on the 
other side

fractures due to static loading are predominantly found in 
younger often non-mobile children [17].

7.3  Manner of Rib Fractures

Rib fractures may occur intrauterine, during birth or after 
birth. Rib fractures that occur after birth can be due to acci-
dental circumstances (e.g. a fall or motor vehicle accident), 
non-accidental circumstances (inflicted injuries), or iatro-
genic (e.g. in resuscitation or connected to surgical proce-
dures). Rib fractures are rarely seen due to circumstances 
like birth, resuscitations, and physiotherapy.

In addition to the foregoing, it should be noted that in 
children with bone disease rib fractures can occur with a 
lower load than in a child without bone disease. It should 
also be noted that the occurrence of rib fractures in these 
children is the result of a trauma, in which the loading of the 
rib(s) (= the transferred energy) exceeded the maximum 
load-bearing capacity of that bone, just like in children with-
out a bone disease.

7.3.1  Trauma Before Birth

In the literature only a few case reports are found, in which 
the intrauterine occurrence of one or more than one rib frac-
ture has been described (Fig. 7.8).

Van Mieghem et al. reported that intrauterine trauma due 
to the impact of the unrestrained foetus with the maternal 
pelvis or with extra maternal structures (seat belt, airbag, or 
steering wheel) is rare [25]. They found foetal injuries in less 
than 1% of the motor vehicle accidents, they evaluated, in 
which an unborn child is involved. Limb, rib, and skull frac-
tures, and intracranial haemorrhages were the most common 
lesions.

More commonly it will concern foetuses with lethal forms 
of skeletal dysplasia’s, resulting in an increased risk of intra-
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Fig. 7.8 Posterior rib fracture with mild callus formation (arrow) seen 
in a babygram of a foetus aborted at 23 weeks gestational age. The pres-
ence of callus excludes the termination of pregnancy procedure as a 
cause Fig. 7.9 Infant with osteogenesis imperfecta type IIA, born at 35 weeks 

gestational age. Prenatal ultrasonography demonstrated abnormal ribs 
and extremities. The infant died several hours after birth. Note the short 
thick ribs with continuous beading due to multiple fractures and gener-
alized loss of height of the vertebral bodies due to collapse

uterine fractures. Usually there are multiple rib fractures, 
which often are already diagnosed before birth:

• Osteogenesis imperfecta type II (perinatal lethal osteo-
genesis imperfecta—OMIM #166210) (Figs.  7.9 and 
14.13) [26–31].

• Lethal achondrogenesis type IA (Houston-Harris type—
OMIM #200600) [27, 32, 33].

• Lethal osteopetrosis (marble bone disease, Albers-Schon-
berg disease—OMIM #259700) [34, 35].

7.3.2  Trauma During Birth

Skeletal lesions may occur in otherwise normal children as a 
result of a traumatic delivery, such as breech birth [36]. 
Clavicle fractures are the most prevalent and present in 1.7% 
to 3.5% of neonates [37].

During birth there is a great deal of force on the ribcage 
during the passage through the birth canal. Yet, it is rare to 
see rib fractures directly after delivery [38–40]. When they 
are present, they result either from trauma around the time 
of birth or in utero, from a rigid ribcage or from congenital 
disorders [40]. In a prospective study of 15,435 births, 
Rubin did not find any rib fractures [41]. In 43 children he 
found a clavicle fracture, in seven a humerus fracture and 
in one a skull fracture. In a retrospective study of over 

20,000 births, Camus et al. also did not find any rib frac-
tures [42]. Neither did Bhat et al. in their study of 34,946 
live-born infants [43]. The literature only counts a limited 
number of case reports on rib fractures in newborn infants 
(Table 7.3).

It seems to be unlikely that rib fractures resulting from 
birth are present in normal-term birth and after a normal 
postpartum physical examination. All children described 
up to the present day had, as far as one can evaluate from 
case reports, almost always a high to very high birth 
weight. Shoulder dystocia is also regularly described as a 
risk factor. Only one child had a normal birth weight of 
3300 g. The delivery of this child was complicated, because 
of shoulder dystocia [44]. Rib fractures have also been 
described as a result of complications during a breech or 
other traumatic delivery (Fig. 7.10) [36, 40, 45]. Various 
symptoms may indicate a traumatic birth: cephalic haema-
toma, bruising, swelling, and subcutaneous crepitus. A 
relatively common finding in birth-related rib fractures is 
the presence of ipsilateral clavicular fractures [40, 
46–48].

Rib fractures can also occur during childbirth in children 
with a metabolic or genetic bone disease with an increased 
risk of fractures, such as severe osteogenesis imperfecta (OI) 
[38].
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Fig. 7.10 Term neonate with a birthweight of 5.5 kg born after a trau-
matic vaginal delivery. Chest radiograph on day 3 shows multiple pos-
terior rib fractures and an ipsilateral fracture of the clavicle (reprinted 
with permission from ‘Birth-related mid-posterior rib fractures in neo-
nates: a report of three cases (and a possible fourth case) and a review 
of the literature’ [40]

Table 7.3 Rib fractures 
resulting from delivery 
(Reprinted with permission 
[40].)

Author Sex

Birth 
weight 
(g) Dystocia Delivery Fracture location

Thomas [76] Nk 5896 Nk Forceps Right posterior ribs 5–7
Rizzolo [44] Nk 3300 + Vacuum 5 ribs posterolaterala

Barry [189] Nk 5020 + Normal 5 ribs posteriora

Hartmann [190] F 3912 – Vacuum Right posterior ribs 4–8
M 4205 – Vacuum Right posterior ribs 6–8

Bulloch [46] Nk 3946 + Vacuum Right posterior ribs 4–6 + right clavicle
Durani [47] M 4309 – Normal Left posterior rib 7 + left clavicle
Ibanez [191] M 3800 + Vacuum Right posterior ribs 7 and 8
Landman [48] F 4400 – Normal Left posterior ribs 5–7 + left clavicle

M 4500 – Normal Left posterior ribs 5–7
Van Rijn [40] F 5070 + McRoberts Right posterior ribs 6 and 7 + right clavicle

M 5020 + Forceps Left posterior ribs 4–6 + left clavicle
M 4300 + Normal Left posterior ribs 5–8 + left clavicle
F 5656 + Normal Right posterior ribs 4–9 + right clavicle

Jovanović [192] M 4650 – Normal Left posterior ribs 3–7
Khan [193] M 4040 + Forceps Left posterior ribs 5–7

Nk not known
a Number known, exact location unknown

7.3.3  Trauma After Birth: Accidental 
and Non-accidental Circumstances

7.3.3.1  Epidemiology of Rib Fractures, 
Due to Trauma After Birth

Rib fractures in adult and in paediatric patients are always 
due to thoracic trauma. Rib fractures are identified in approx-
imately 10 to 20% of adult trauma victims [49, 50]. The 
prevalence of rib fractures in paediatric trauma patients is 

probably lower, and is estimated to be around 1 to 2% of all 
paediatric trauma patients, irrespective of the circumstances 
under which the fractures were sustained.

In young children, the circumstances of the trauma can be 
either non-accidental, most commonly due to compression 
(Sect. 7.2.1) or accidental, most commonly a severe blunt 
force trauma of the thorax, often as a pedestrian/cyclist in 
motor vehicle accidents (Sect. 7.2.2). If rib fractures are 
found in young children with congenital bone disorders, 
these are also always due to a trauma, although probably less 
force will be needed for the fracture to occur (Sect. 7.3.5.2). 
Rib fractures in older children and adults are most com-
monly sustained in accidental trauma, like motor vehicle 
accidents.

The first, and probably the most important reason for the 
low reported prevalence of rib fractures in young paediatric 
trauma patients compared to older paediatric trauma patients 
and adolescent or adult trauma patients, is the malleability of 
the thorax in paediatric patients, especially in young chil-
dren. The higher malleability is due to the rib cage being 
more flexible and the costal cartilage being unossified. In 
young children therefore ribs are more likely to deform than 
to break, unless a certain level of loading of the ribs is 
exceeded [51, 52]. Due to this malleability, it can be ruled 
out that rib fractures arise during normal handling of chil-
dren or during normal daily care [53].

A second reason why rib fractures in paediatric trauma 
patients are diagnosed less often, especially in young chil-
dren, is because they can easily be missed. Often there are no 
conspicious clinical symptoms and complications which 
could be a reason for a referral for a radiological examination 
or for treatment. It is assumed that approximately 80% of rib 
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fractures in young children do not give any complaints [54]. 
Complaints are only seen in case of irritation of the pleura or 
in case of other injuries. Irritation of the pleura may cause 
pain and lead to noticeable crying. Very rarely complications 
may occur in paediatric patients, irrespective of the circum-
stances under which the rib fractures were sustained, e.g. rup-
turing of intercostal vessels or the occurrence of haemothorax, 
pneumothorax, bilateral chylothorax, pleural effusion, or sub-
cutaneous emphysema (Sect. 7.3.3.2) [55]. If fractures of the 
lower ribs are found, one should be aware of simultaneous 
damage to the spleen, stomach, and/or bowels [17].

A third reason for the low reported prevalence is that fresh 
rib fractures can be missed on standard radiographs, because 
of the complex geometry of the ribs and overprojection of 
the spine. Therefore, if there is a suspicion of a fracture, or 
suspicion of abuse, additional oblique views are mandatory 
(Fig. 7.11a–c). In particular, fresh paravertebrally localized 
fractures are, unless there is dislocation of the fracture, not 
always visible on radiographs [53]. Occasionally, pleural 
thickening is the only sign that should raise concern for an 
occult rib fracture (Fig.  7.12a–c). In those cases, healing 
reactions of the bone may become visible over time. 
Therefore a second radiological examination is always indi-
cated if non-accidental trauma is suspected (Fig. 7.12d). In 
deceased children, a post-mortem CT scan of the chest offers 
more accuracy in the acute phase than conventional chest 
radiography (Fig. 7.13a, b). The diagnostic accuracy of CT 
in living children, however, should be studied further [56].

The foregoing means that in an unknown number of 
young children rib fractures will never be diagnosed. Rib 
fractures are probably the most undiagnosed fractures, irre-
spective of the circumstances under which the fractures were 
sustained. Often when they are found, it is a coincidental 
finding in a child, that is examined for other reasons, or a 
finding within the scope of a full radiological examination in 
a young child in whom non-accidental trauma is suspected 
[57–59]. It has been established that when rib fractures are 

found in non-accidental trauma, they are rarely the only 
injury (Fig. 7.14a–f) [60].

Garcia et  al. retrospectively analyzed the findings in 
2080 children, aged between 0 and 14  years, who were 
admitted with a blunt or penetrating trauma to a Level 1 
paediatric trauma centre between 1985 and 1988 [61]. 
Thoracic trauma was present in 104 children (5.9%). Of 
these children, 33 (1.6% of all admissions; 31.7% of the 
children with thoracic trauma) had rib fractures. The mean 
age of the children with rib fractures was 4.7 years. Nearly 
60% of the children with rib fractures were 4 years old or 
younger. Rib fractures were most commonly (nearly 70%) 
sustained in traffic accidents as pedestrian or as crash occu-
pant. Falls were identified in 9.1%. In the remaining cases 
the rib fractures were due to non-accidental trauma. Most 
of the children with non-accidental trauma were under the 
age of 3 years. Non-accidental trauma accounted for 63% 
of the injuries in children under the age of 3 years, while 
pedestrian injuries predominated among older children. 
Children with traffic accidents and with non-accidental 
trauma had more rib fractures than children involved in 
falls (mean number of rib fractures crash occupant 4.7, 
pedestrian 3.0, non-accidental trauma 4.6, and fall 1.3). 
Seventy percent of the children with two or more rib frac-
tures had multisystem involvement. Six children had poste-
rior rib fractures, of whom five were injured as pedestrians. 
Five children with posterior rib fractures also had addi-
tional intrathoracic injuries. Overall children with rib frac-
tures were more severely injured than children without rib 
fractures. Trauma scores or mortality rates between chil-
dren with posterior rib fractures and children with rib frac-
tures in other locations were not significantly different. 
There were 14 deaths among 33 children with rib fractures, 
which constitutes a mortality rate of 42%. When compared 
to children without rib fractures, children with rib fractures 
had a higher mortality rate, but there was no statistically 
significant difference in morbidity between the 2 groups. 

a b c

Fig. 7.11 An infant with unexplained bruises on the chest and a posterior rib fracture of the tenth rib on the right side. (a) AP chest radiograph 
does not show the fracture (inside of the box). (b) Detail of the box. (c) Only one of the oblique views clearly shows the fracture
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Fig. 7.12 An infant with multiple bruises of unknown origin. (a–c) 
Chest radiograph and detailed views show pleural thickening (arrows). 
(d) A second radiograph, 20 days later, shows massive bilateral perios-

teal new bone formation of multiple ribs. A skeletal survey also revealed 
metaphyseal avulsion fractures and fractures of the foot and tibia. The 
father confessed non-accidental injury

The risk of mortality increased with the number of ribs 
fractured. The mortality rate for the 18 children with both 
rib fractures and head injury was 71%.

Hedström et al. evaluated the fracture pattern in 10,203 
fracture events, that had resulted in a total of 10,327 frac-
tures, in paediatric patients under the age of 19 years [62]. 
The complete evaluation concerned the period from 1993 to 

2007  in northern Sweden. In 2006 and 2007  in northern 
Sweden a total of 1551 fractures were registered, of which 
about 1% (n = 17) were rib fractures, irrespective of age of 
the paediatric patient or the circumstances under which the 
fractures were sustained. The exact prevalence of rib frac-
tures in paediatric patients, however, is unknown, because of 
several reasons.
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a b

Fig. 7.13 Post-mortem examination of an infant. Cause of death was 
bronchiolitis with pneumonia after prolonged resuscitation (a). Chest 
radiograph shows pulmonary abnormalities and pleural thickening but 

no rib fractures (b). CT scan depicts subtle, but evident anterior rib 
fractures (arrows). In total 8 fractures were discovered on CT, believed 
to be caused by the resuscitation

a

d e f

b c

Fig. 7.14 (a) Infant admitted to the intensive care unit with a Glasgow 
coma score of 3. At physical examination skin lesions are found corre-
sponding with burns, possibly a cigarette (open arrow) and a haema-
toma suspect of a bite injury (arrow). (b) Spinal view of the skeletal 
survey shows healing rib fractures (open arrow) on the left posterior 
side. (c) Skull shows a comminuted bilateral skull fracture (besides the 
physiologically open sutures). (d) Doppler ultrasound of the skull made 

at the paediatric intensive care unit shows a retrograde flow during dias-
tole in the pericallosal artery. This is congruous with intracranial pres-
sure in cerebral oedema. (e) CT at admittance shows an oedematous 
swollen brain with signs of hypoxic-ischaemic injury. (f) CT made 
7 months after the first day of hospitalization shows severe focal and 
diffuse tissue loss
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Table 7.4 Circumstances under which paediatric trauma victims had 
sustained rib fractures [51]

n = 328 %
Accidental
 • Pedestrian hit by a car. 132 40.24
 • Falls from height. 68 20.73
 • Driver or passenger in a motor vehicle accident. 53 16.16
 • Bicycle. 25 7.62
 • Falls (non-height). 12 3.66
 • Motorcycle. 1 0.3
Non-accidental
 • Assault. 9 2.74
Other (not further specified by the authors) 28 8.54

Table 7.5 Circumstances under which the 65 children under the age of 
3 years had sustained rib fractures [63]

n = 65 %
Non-accidental 47 72
Accidental 18 28
 • Pedestrian hit by a car. 7 39
 • Falls from height. 5 28
  – Two- to four-story falls in 4 children.
  – Fall downstairs in adult’s arms with associated 
crush injury,
 • Passenger in a motor vehicle accident. 4 22
 • Television fallen on child. 1
 • Kicked by horse. 1

Kessel et al. analyzed retrospectively the circumstances, 
under which 328 paediatric trauma victims (aged 0 to 
15 years) had sustained rib fractures [51]. Most rib fractures 
were due to accidental circumstances. In only 2.74% (n = 9) 
the rib fractures were determined to be due to an assault 
(Table  7.4). Unfortunately, the authors did not age-related 
specify the circumstances. Also, the term ‘assault’ was not 
defined. Also in 8.54% the circumstances were not further 
specified by the authors.

Darling et al. reviewed the occurrence of rib fractures and 
associated injuries due to accidental and non-accidental 
trauma (period 2003 to 2010) in 65 children under the age of 
3  years [63]. Children with bone demineralization were 
excluded. Of these children 47 (72%) (mean age 4 months) 
sustained non-accidental rib fractures and 18 (28%)(mean 
age almost 20  months) sustained accidental rib fractures 
(Table  7.5). Children with non-accidental trauma were 
younger than children with accidental trauma. Children with 
non-accidental trauma had more rib fractures than children 
with accidental trauma.

Skinner et  al. analyzed the findings in 84 paediatric 
patients under the age of 18 years with severe blunt thoracic 
trauma [64]. In 63 patients (75%) the patient was a pedes-
trian hit by a car. Seventeen patients (20.2%) were involved 
in a motor vehicle accident as a passenger and 1 patient 
(1.2%) was involved as a driver. In 2 patients (2.4%) the 
trauma was due to a structural collapse or to a blunt force 

trauma (not further specified). In 1 patient (1.2%) the trauma 
was due to a fall. Rib fractures were found in 17 patients 
(20.2%). A flail chest was found in 2 patients (2.4%). Non-
accidental trauma is mentioned in the text (‘Very few patients 
had injuries from structure collapse, assaults, motorcycle 
accidents or falls’) no numbers are found in the article con-
cerning non-accidental trauma.

Wegmann et al. retrospectively analyzed the findings in 
248 infants (54% male, 46% female) under the age of 1 year 
(mean age of 7 months) who presented with fractures in an 
11 years period (2001–2011) [65]. They described the loca-
tion of the fractures, sites of the accident, circumstances, and 
mechanisms of injury, that lead to the fractures. Six patients 
(2%) were determined to have sustained fractures due to 
non-accidental trauma. These children sustained a total of 10 
fractures (2 skull fractures, 4 proximal humeral fractures, 2 
rib fractures, and 2 tibial fractures). No other children with 
rib fractures were identified. In none of the children, who fell 
from sitting/standing, fell from 50, 100, or 150 cm (20, 40, or 
60 inches), fell from a stair or had an external impact, a rib 
fracture was diagnosed.

Naqvi et  al. retrospectively reviewed the findings in all 
cases of moderate to severe trauma (abbreviated injury scale 
score of 2 and above in one or more body regions) of 213 
children under the age of 16 years (mean age 7.8 years; stan-
dard deviation 5.2  years) in a major trauma centre in the 
United Kingdom (2012–2014) [66]. Blunt force trauma was 
present in almost all cases, except in 3 cases with penetrating 
trauma. Motor vehicle-related trauma was most common 
(46%), followed by falls under 2 metres (26.8%) and falls 
above 2 metres (12.2%). Non-accidental trauma was sus-
pected in 3.6% (n = 8). Thoracic injuries were less common 
(16.9%) than head injuries (54%) or injuries to the extremi-
ties (39.9%), but children with thoracic injuries had the high-
est mortality rate (13.9%) with an overall mortality rate of 
6.6%. None of the injuries to the thorax were isolated. All 
cases, in which non-accidental trauma was suspected, pre-
sented with either head injury or asphyxia-related brain 
injury. The authors did not describe the number of rib frac-
tures and concomitant injuries in these children.

Hagedorn et  al. reviewed the findings in 455 patients, 
aged 0 to 18  years, who were admitted (2004–2013) to a 
level I trauma institute following an all-terrain vehicle-
related accident [67]. One or more than one thoracic injury 
was present in 102 patients (22%). The most common inju-
ries were pulmonary contusion in 61%, pneumothorax in 
45%, and rib fractures in 34% of the patients. The mean age 
of the patients with chest injuries was 11.5  years. Eight 
patients with chest injury died (8%) compared to 2 patients 
without chest injury (0.6%).

Ruest et al. evaluated retrospectively the findings in 7530 
infants, aged between 0 and 2  years, with a total of 9720 
radiographs of the thorax, to determine the prevalence of inci-
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dental rib fractures identified by radiographs of the thorax 
obtained for indications unrelated to accidental or non-acci-
dental trauma (study period 01 January 2011 to 31 October 
2016) [68]. They identified incidental rib fractures on 5 chest 
radiographs, making the prevalence of chest radiographs with 
incidental rib fractures in their study population under 0.1%. 
The mean age of infants with incidental rib fractures was 
3.6 months. According to the authors, the rib fractures were 
concerning for non-accidental trauma in 3 of the 5 infants. In 
1 infant non-accidental trauma was confirmed. The fifth child 
had radiological findings consistent with osteopenia of pre-
maturity. Ruest et al. concluded that the finding of incidental 
rib fractures is rare in children who are evaluated for indica-
tions unrelated to accidental or non-accidental trauma, but 
also were of the opinion that when rib fractures are found in 
the absence of a corresponding accidental trauma history and/
or objective laboratory or radiological indications of meta-
bolic bone disease, work-up for non-accidental trauma should 
be done. They also stated that alternative explanations for rib 
fractures occasionally used in a medico-legal context such as 
minor accidental trauma, undiagnosed medical conditions, 
and transient metabolic bone disturbances are unlikely to be 
the aetiology of incidental rib fractures.

Ruest et  al. also reviewed chest radiographs of infants 
under the age of 2 years, which were made either for known 
accidental trauma (n  =  226; mean age 10.8  months; SD 
7.4 months) or for suspected non-accidental trauma (n = 51; 
mean age 5.3 months; SD 5.6 months) at a paediatric level 1 
trauma centre [69]. Only one patient with a known accidental 
trauma had acute rib fractures on two chest radiographs, 
made 5 days apart. The rib fractures were located in the pos-
terior part of the seventh and eighth rib and were associated 
with a small haemothorax. The infant was involved in a high-
speed, rollover motor vehicle crash with an unstrained adult 
passenger landing on top of and subsequently crushing the 
infant. In the ‘accidental’ group no healing rib fractures were 
found. Despite a wide variety of injuries caused by minor to 
major trauma the presence of rib fractures in paediatric acci-
dental trauma was uncommon. Even none of the four 
deceased children in this group had acute rib fractures identi-
fied on the first chest radiograph. In the group, in which non-
accidental trauma was suspected, 10 of the 51 revealed rib 
fractures (9 of 10 showed only healing rib fractures and 1 
showed acute rib fractures. After additional work-up (e.g. 
skeletal survey, laboratory evaluation, and head CT) and/or 
perpetrator confession, 38 of the 51 cases were determined 
to be consistent with non-accidental trauma and the remain-
der was characterized as accidental trauma, neglect, or nor-
mal variants (e.g. birthmarks). In 4 infants, in whom 
non-accidental trauma was suspected, the diagnosis remained 
unclear. The overall prevalence of rib fractures identified on 
chest radiographs in infants with a final diagnosis of non-
accidental trauma was much higher.

7.3.3.2  Morbidity and Mortality Associated 
with Rib Fractures

Trauma is the leading cause of death in paediatric patients, 
under the age of 18 years. Although thoracic trauma accounts 
for only 5–12% of admissions to a trauma centre, it is second 
only to head injury as the most common cause of death [4]. 
According to Sharma, mortality is 5% for isolated thoracic 
trauma, approaches 20% in patients with concomitant abdom-
inal injuries, and exceeds 30% in patients with concomitant 
head injuries [4]. Of the children with a blunt chest trauma, 
who die, approximately 15% will die directly from intratho-
racic injuries, but in case of penetrating chest trauma, nearly 
100% of the deaths result from the intrathoracic injuries [70]. 
In more than 50% of children with severe thoracic trauma, 
thoracic trauma is accompanied by injuries to other organ sys-
tems, due to the proportionately smaller size of the chest com-
pared to the abdomen or the head in a young child. For that 
reason, a significant thoracic trauma should initially be treated 
as a multi-systemic trauma with a high risk of multi-organ 
involvement and an increased mortality (Fig. 7.15a, b) [4, 71].

In most of the adult trauma patients, the presence of rib 
fractures is associated with an increased morbidity and mortal-
ity, commonly due to the combined occurrence of rib fractures 
and injuries to the intra- and extrathoracic organs [49, 50]. In 
contrast children with a severe trauma to the chest more often 
have major intrathoracic injuries with minimal or no injury to 
the bony thorax [4]. As stated in Sect. 7.3.3.1 the rib cage in 
paediatric patients is much more flexible than the cage of adult 
patients. Therefore, the paediatric rib cage can absorb a larger 
amount of kinetic energy from an impact, with a higher trans-
mission of the kinetic energy to the intrathoracic organs, 
resulting in a higher probability of serious multi-organ injuries 
and even death, compared to adult patients [4, 51].

Schweich and Fleisher reviewed the records of 21 chil-
dren with rib fractures [72]. They found distinctive differ-
ences between children who sustained the fractures either in 
accidental or in non-accidental circumstances (Table  7.6). 
Sixteen children (76%) sustained fractures due to an acci-
dental trauma, most commonly by pedestrian-motor vehicle 
accidents (age range 2 to 15 years) and 5 children (24%) sus-
tained fractures due to non-accidental trauma (age range 
3–7 months). Nineteen children fractured an average of 3.5 
ribs, with a range of 1–8. Two children fractured 22 and 23 
ribs. In the group of children with an accidental trauma, the 
number of rib fractures ranges from 1 to 8 ribs (median 2.5 
ribs) and in the group of children with accidental trauma, the 
number ranged from 3 to 23 ribs (median 7 ribs). Neither an 
increased number of fractures nor first or second rib fractures 
were associated with more severe intrathoracic injuries. The 
five children with non-accidental rib fractures were young, 
had an unexplained history, and a paucity of multiple trauma.

Nakayama et  al. reviewed the records of 105 children, 
aged 1 month to 17 years (mean age 7.6 years) with chest 
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a b

Fig. 7.15 (a, b) Teenage cyclist who was involved in a MVA. (a) 
Coronal image shows a, surgically proven, diaphragmatic hernia with 
the stomach displaced into the chest cavity (asterisk) and a splenic lac-

eration (arrow). (b) Posterior 3D rendering shows an oblique distal 
humerus fracture (arrow) and three left-sided posterior rib fractures 
(black arrows)

Table 7.6 Differences between accidental and non-accidental trauma 
in 21 children with rib fractures

Accidental (n = 16) Non-accidental (n = 5)
Primary 
complaint

Severe trauma with adequate 
clinical history: Traffic 
accidents, fall from a height, 
shot wounds

Unexplained 
respiratory problems 
(usually no complaints)

Age child
• Average 8 years and 7 months 3 months
• Range 2–15 years 0.5–7 months
Number of fractures
• Average 3.3 11.8
• Range 1–8 3–23

injuries [73]. Nearly all injuries (97.1%) were due to blunt 
trauma, and more than 50% were traffic related. Rib frac-
tures, commonly multiple, and pulmonary contusions 
occurred, respectively, 49.5% and 53.3% of the children, fol-
lowed by pneumothorax in 37.1% and haemothorax in 
13.3%. In 52% of the children with blunt trauma significant 
intrathoracic injuries occurred without rib fractures. 
Associated head, abdominal, and orthopaedic injuries were 
present in 68.6% of children.

Garcia et al. retrospectively analyzed the findings in 104 
children, aged between 0 and 14 years, with a thoracic trauma, 
who were admitted to a Level 1 paediatric trauma centre (see 
also Sect. 7.3.3.1) [61]. Thirteen children (31.7%; mean age 
4.7 years) had rib fractures. Nearly 60% of the children with 
rib fractures were 4 years old or younger. Seventy percent of 
the children with two or more rib fractures had multisystem 
involvement. Overall children with rib fractures were more 

severely injured than children without rib fractures. There 
were 14 deaths among the 33 children with rib fractures 
(42%). When compared to children without rib fractures, 
children with rib fractures had a higher mortality rate, but 
there was no statistically significant difference in morbidity 
between the two groups. The risk of mortality increased with 
the number of ribs fractured. The mortality rate for the 18 
children with both rib fractures and head injury was 71%.

Kessel et  al. compared retrospectively the findings in 
adult and paediatric trauma victims with rib fractures, irre-
spective of the circumstances under which the fractures were 
sustained: 6627 adults (aged 15  years and older) and 328 
children (aged 0–15 years) [51]. Isolated rib fractures with-
out associated injuries were found in 19 children (5.8%) and 
in 731 adults (11%). Adults had more often 4 or more frac-
tured ribs than children. Children had significantly higher 
rates of associated brain injuries, abdominal solid organ 
(especially spleen and liver) injuries, pneumothorax/ haemo-
thorax and lung contusions than adults. In case of associated 
extrathoracic injuries, mortality rate in both groups was 
around 6%. None of the children without extrathoracic inju-
ries died, while 0.64% of the adults without extrathoracic 
injuries died.

According to Rosenberg et al. the number of rib fractures 
correlates with mortality in adult trauma patients [52]. This 
rate rises in adults sharply above six fractured ribs. The 
authors evaluated the data of 729,240 paediatric patients 
under the age of 21 years, of whom 19,442 had rib fractures, 
to see whether the number of rib fractures also correlates 
with the mortality rate in paediatric patients, just like in adult 
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trauma patients. The mortality rate increased from 1.79% in 
paediatric patients without rib fractures to 5.81% for one rib 
fracture and then nearly linearly increased to 8.23% for 
seven fractures. They also found that ventilator days also 
increased with increasing number of rib fractures.

Darling et al. reviewed the occurrence of rib fractures and 
associated injuries due to accidental and non-accidental 
trauma (period 2003 to 2010) in 65 children under the age of 
3  years (see also Sect. 7.3.3.1) [63]. Children with bone 
demineralization were excluded. Of these children 47 (72%) 
(mean age 4 months) sustained non-accidental rib fractures 
and 18 (28%)(mean age almost 20 months) sustained acci-
dental rib fractures (Table 7.5). Children with non-accidental 
trauma were younger than children with accidental trauma. 
Although children with non-accidental trauma had more rib 
fractures than children with accidental trauma, intrathoracic 
injuries as a whole and individual types of intrathoracic inju-
ries (pneumothorax, pleural effusion, pulmonary contusion, 
pulmonary laceration) were more common in children with 
accidental trauma. Rates of other thoracic cage injuries (frac-
tures of the clavicle, scapula, sternum and thoracic verte-
brae) did not differ substantially between children with 
accidental or non-accidental trauma. Intracranial and intra-
abdominal injuries and skull fractures were equally frequent, 
but fractures of the extremities were more common in chil-
dren with non-accidental trauma. According to the authors 
mortality rates were not dissimilar between the non-acciden-
tal (8.5%) and accidental (11.1%) groups. Darling et  al. 
explicitly stated that ‘lack of intrathoracic injuries in abused 
children with rib fractures does not imply bone fragility’.

Despite the fact that severe or fatal intrathoracic injuries 
usually are less common in children with non-accidental 
trauma than in children with accidental trauma, non-acciden-
tal trauma to the chest can lead to severe or fatal intrathoracic 
injuries. Cohle et al. reported 6 young children, aged 9 weeks 
to 2½ years (5 girls, 1 boy),  with intentionally inflicted car-
diac lacerations [74]. Rib fractures were found in 4 children, 

with at least two fractures in each child. According to Cohle 
et  al. cardiac rupture from blunt force trauma most com-
monly is caused by compression of the heart between the 
sternum and vertebral column, but it may also occur from 
compression of the abdomen or legs, deceleration, blast 
injury, puncture of the heart by a fractured rib and rupture 
through a resolving contusion. The authors concluded that 
cardiac lacerations, as with other types of severe trauma 
acquired at home, are almost never sustained in accidental 
circumstances.

7.3.3.3  Accidental Versus Non-accidental Rib 
Fractures

In 2004 Williams and Connolly published an analysis of ten 
articles from the medical literature to arrive at a number of 
general conclusions on rib fractures in young children [53]. 
They summarized their conclusions in the following clinical 
bottom line:

• The likelihood that rib fractures are due to non-accidental 
trauma decreases as the child grows older.

• Rib fractures in children under the age of 3 years old are 
very suspect for non-accidental trauma.

• The absence of fractures on a radiograph does not exclude 
their presence (Fig. 7.16a–c). In particular, fresh paraver-
tebral-localized fractures are not always (clearly) visible 
on radiographs, unless there is dislocation of the fracture 
(Fig. 7.17a, b).

The analysis of Williams and Connolly still is valid. 
Based on the data described in Sect. 7.3.3.1 the following 
conclusions can be drawn:

• Accidental rib fractures are rare in children under the age 
of 3 years. If they do occur, they are almost always the 
result of a severe trauma to the chest, e.g. an accident in 
which the child was hit by a car. Often the thoracic inju-

a b c

Fig. 7.16 (a–c) Child involved in a car accident, the car ran over the child. (a) Radiograph in the trauma bay shows no fractures. Chest CT shows 
a posterior fracture of the first rib (b) and anterolateral torus fracture of the fourth rib (c)

H. C. Terlingen et al.



247
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Fig. 7.17 (a) Fresh rib fractures on the left posterior side with slight dislocation of the fracture ends. (b) Using photo-enhancement software the 
fractures are made more visible

ries are accompanied by extensive other injuries, e.g. neu-
rological injuries (Sect. 7.3.3.2) (Fig. 7.18a–j). Usually, 
this type of accident will have been observed by an inde-
pendent outsider [15, 61].

• In children under the age of 3 years rib fractures usually 
occur in non-accidental trauma, except in children with a 
metabolic bone disease, in which a relatively minor 
trauma may result in rib fractures (Sect. 7.3.5.2) [61, 63, 
75, 76].

• Children under the age of 3  years with non-accidental 
trauma usually have more rib fractures than children with 
accidental trauma [63].

• Intrathoracic injuries as a whole and individual types of 
intrathoracic injuries (pneumothorax, pleural effusion, 
pulmonary contusion, pulmonary laceration) are probably 
more common in children with accidental trauma [63].

• Lack of intrathoracic injuries in children with non-acci-
dental rib fractures does not imply bone fragility [63].

• Simultaneous occurence of rib fractures and fractures of 
the extremities is probably more common in children with 
non-accidental trauma [63].

• Due to the malleability of the chest, one can exclude the 
possibility of rib fractures resulting from picking the child 
up in normal daily interactions and care. This, again, does 
probably not apply to children with a bone disease in 
whom fractures can occur with lesser loading than in chil-
dren without a bone disease.

• In older children, adolescents, and adults, rib fractures are 
almost always sustained in accidental circumstances, 
such as motor vehicle accidents as pedestrian or crash 
occupant, or accidental household /playground trauma 
(e.g. falls from height or falls on an object) [51, 61]. Usu-
ally, this will involve a blunt force trauma, but a compres-

sive force effect can also occur, e.g. in a situation where 
the paediatric or adult victim is run over.

Paine et al. performed a systematic review of the litera-
ture, published between 01 January 1990 and 30 June 2014, 
in which they included data for 1396 children 48 months or 
younger with rib fractures from ten publications [77]. Based 
on their review the authors concluded that ‘The prevalence of 
suspected or confirmed abuse among children younger than 
36 months presenting with rib fractures varied from 34% to 
100% across the studies, reflecting heterogeneity of their 
study populations and methodologies. Excluding MVC and 
bone pathology as fracture etiologies produced abuse preva-
lence rates of 67–100% in children younger than 24 months 
and 91% in children younger than 12 months, demonstrating 
the high prevalence of abuse in young children with rib frac-
tures’. Table  7.7 presents an overview of the literature on 
accidental versus non-accidental rib fractures in children.

7.3.3.4  Non-accidental Rib Fractures

General Aspects of Non-accidental Rib Fractures
Rib fractures are probably the most common fracture result-
ing from non-accidental trauma (physical child abuse). 
Ninety percent of all non-accidental rib fractures are found 
in children under the age of 2 years [8, 54]. Of all fractures 
sustained in non-accidental trauma 5–27% are rib fractures 
[12, 78]. Rib fractures may be the only skeletal abnormality 
in about 30% of children who are radiologically evaluated 
because of a suspicion of non-accidental trauma (physically 
abused children) [79].

Rib fractures are probably even more prevalent in chil-
dren with non-accidental trauma, but an unknown number 
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Fig. 7.18 Infant who was presented with a status epilepticus. (a) Chest 
radiograph shows healing posterior rib fractures of the seventh to tenth 
rib. (b) CT of the head at admission shows frontotemporal and occipital 
areas with decreased density (asterisk). (c) T1-weighted MRI shows 
bilateral subdural hematomas (arrow). (d) Diffusion-weighted MRI 
shows multiple bilateral areas of diffusion restriction in keeping with 
hypoxia. As a result of the severe brain trauma the child died and a legal 
autopsy was requested. As part of this process post-mortem radiology 

was performed. (e) Radiograph of the right knee shows a metaphyseal 
corner fracture of the distal femur (open arrow) and subperiosteal new 
bone formation (arrow). (f) Radiograph of the right lower arm shows a 
healing proximal ulnar fracture. (g) Radiograph of the spine shows a 
compression fracture of the first lumbar vertebral body. (h) 3D-CT of 
the chest shows healing posterior fractures of the sixth to tenth rib. (i) 
Specimen radiograph of a section of the chest. (j) Specimen of the sev-
enth left rib shows a healing posterior rib fracture (arrow)

will not be diagnosed, since these fractures usually do not 
cause any complaints. In children that have died due to non-
accidental trauma, one regularly finds fresh and healing or 
healed rib fractures. In autopsy cases, Kleinman et al. found 

radiographic evidence of 84 rib fractures (51%) in a total 
number of 164 fractures in 31 abused children [9].

Despite the fact that the statistical analysis of Barsness 
et al. concerning the positive predictive values (PPV) of non-

H. C. Terlingen et al.



249

Table 7.7 Rib fractures accidental versus non-accidental overview of relevant literature

Author, year Study period
Ages 
(months)

Total study population 
(Accidental/non-accidental)

N cases with 
rib fractures

Cases with 
accidental rib 
fractures (%)

Cases with non-
accidental rib  
fractures (%)

Schweich, 1985 [72] 1980–1985 <216a Selection based on presence 
of rib fracture

21 16 (76.2) 5 (23.8)

Bulloch, 2000 [46] 1994–1996 <12 Selection based on presence 
of rib fracture

39 7 (18) 32 (82.0)

Cadzow, 2000 [15] 1994–1998 <24 Selection based on presence 
of rib fracture

18 3 (16) 15 (83.3)

Barsness, 2003 [80] 6 year period < 36 NRb 62 9 (17.7) 51 (82.3)
Pandya, 2009 [194] 1998–2007 ≤48 1485 (985/500) 105 11 (10.5) 94 (89.5)
Ruest, 2021 [69] 2011–2016 < 24 264 (226/38) 12 2 (16.7) 10 (83.3)

a No specific data on young children
b Part of a larger study population of 3758 trauma evaluations in children

accidental rib fractures in young children is flawed, as it was 
calculated based on the number of rib fractures instead of the 
number of cases with rib fractures, the research nevertheless 
showed some interesting results [80, 81]. Barsness et  al. 
identified in a 6-year period 62 children under the age of 
3 years with a total of 316 rib fractures. They established that 
in 51 children (82%) the fractures were the result of non-
accidental trauma (physical violence). Furthermore, their 
study showed that:

• In non-accidental trauma, multiple fractures were more 
prevalent than single fractures (Fig. 7.19a, b).

• Non-accidental trauma was likely when the fractures 
were located posterior and lateral (in 78% of children).

• Rib fractures (single or multiple) were the only skeletal 
signs of non-accidental trauma in 29% of their study 
population.

These data corresponded with the data found by Cadzow 
and Armstrong [15]. They also found that rib fractures are 
often found in children who also sustained, due to non-acci-
dental trauma, fractures of (one of) the extremities or intra-
cranial pathology (Figs. 7.20a–c and 7.21a–f).

Non-accidental circumstances should always be consid-
ered when [38, 75, 82]:

• Rib fractures are found outside of the perinatal period, 
although rib fractures have been reported sporadically in 
complicated deliveries (Sect. 7.3.2).

• There are no indications for bone disease.
• There is no adequate explanation for a trauma that caused 

the injuries, or when parents/carers provide no explana-
tion at all.

• Multiple bilateral fractures are found particularly in the 
lower ribs on the posterior and lateral sides (combina-
tions of fractures on the posterior and anterior sides can 
occur).

• Multiple fractures are found, and based on the healing 
process it can be established that the fractures differ in 
age (Figs. 7.22a, b and 7.23a, b).

Posterior rib fractures seem to be most prevalent between 
the fourth and ninth rib. Lateral rib fractures are most preva-
lent in the lower part of the chest. Damage to the anterior 
costochondral junction is usually found between the second 
and ninth rib [83].

Fractures can occur in different locations of one rib. When 
this happens to several ribs it can lead to a flail chest. Hereby 
the chest wall of the child moves in the opposite direction 
when breathing: at inspiration the chest wall moves inwards 
and at expiration outwards. At physical examination it will 
be found that the chest is no longer firm and feels less mal-
leable. Gipson and Tobias report a 21-day-old infant with a 
flail chest resulting from non-accidental trauma [84]. They 
state that child abuse is the most likely explanation for a flail 
chest in infants when there are no clear indications of serious 
chest trauma or a metabolic disorders.

The reliability of the detection of rib fractures depends on 
the technique used. It seems justified to use detailed radio-
graphs to establish these injuries in living and deceased chil-
dren (Fig. 7.24a–c) [9].

Paine et al. did a systematic review to estimate the preva-
lence of non-accidental trauma in young children presenting 
with rib fractures and to identify specific characteristics that 
affect the probability that rib fractures are secondary to non-
accidental trauma [77]. A total of 1396 children under the 
age of 48 months from 10 articles were included. The preva-
lence of rib fractures in children under the age of 12 months, 
due to non-accidental trauma, ranged from 67% to 82%. In 
children aged 12–23 months the prevalence was 29% and in 
children aged 24–35 months 28%. The location of a rib frac-
ture was not associated with the likelihood of abuse.

Kriss et al. retrospectively reviewed the radiographs of 78 
infants (aged 0–18 months) with rib fractures in whom non-
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Fig. 7.19 Infant with multiple unexplained bruises. (a) Chest radio-
graph shows a healing posterolateral rib fracture of the fifth and sixth 
right rib (arrow). The skeletal survey also showed a fracture of the lower 
arm and metaphyseal corner fractures of the tibia. (b) Radiograph after 

10 days shows a posterior rib fracture of the sixth left rib, which was not 
initially described in the referring hospital. On the right side multiple 
posterolateral rib fractures (open arrow) and two healing lateral rib frac-
tures (oval)

a

c

b

Fig. 7.20 (a) Right distal metaphyseal humerus fracture in an infant. 
The healing mid-axillar rib fractures are clearly visible on this view 
(open arrows), but were missed when reporting the humerus fracture. 
At the age of 3–4 weeks he had already been seen for a fracture of the 
left humerus. The physicians deemed the parent’s statement that the 
child had clumsily been picked up plausible. (b) Six days after the visit 
for the distal metaphyseal humerus fracture, the child presented again at 

the emergency department, this time for a suspected femur fracture on 
the right. The radiograph shows a transverse mid-shaft femur fracture 
and a metaphyseal corner fracture of the proximal part of the left (see 
inset). These findings resulted in a full skeletal survey. (c) The chest 
radiograph showed more than 30 rib fractures originating from different 
points in time and showing different stages of healing
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Fig. 7.21 Neonate who, according to the clinical history, became 
unwell while being bottle fed. At presentation a comatose neonate was 
seen. (a) CT showed a subdural hematoma along the falx and tentorium 
(arrow), a haemorrhagic contusion (open arrow), and diffuse oedema 
(asterisk). (b) Chest radiograph showed multiple healing lateral rib 
fractures on the left side (arrow). (c) A healing metaphyseal corner frac-
ture of the distal right femur (open arrow) with subperiosteal new bone 

formation (arrow). (d) Chest CT showed clear callus formation around 
a lateral fracture of the third rib (arrow). The neonate died as a result of 
the sustained trauma and a legal autopsy was performed. (e) Photo of 
the left inside of the chest, after removal of the heart and lungs, shows 
multiple nodular changes due to callus formation (arrow). (f) Specimen 
radiograph of the thorax. (g) Specimen radiograph of the third rib show-
ing a healing rib fracture (arrow)

accidental trauma was confirmed [85]. They found a total of 360 
rib fractures in 273 individual ribs involving 78 abused children. 
Sixty-three children (81%) had multiple rib fractures. They also 
found a significantly greater number of left-sided rib fractures 
(67%) than right-sided fractures. Fractures were most often 
identified in the posterior and lateral regions and mid-level of 

the ribcage (ribs 5 through 8). Fifty-four percent of subjects had 
other skeletal fractures; these non-rib fractures were also pre-
dominantly on the left side. In their conclusion they stated that 
‘further research is needed to understand whether factors such 
as perpetrator handedness are associated with these unequal 
distributions of fractures in abused children’.
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Fig. 7.22 (a) Child who, according to the clinical history, had alleg-
edly fallen from a bunk bed. A chest CT (made at presentation in the 
trauma unit) shows a healing left lateral rib fracture. (b) Chest CT, a few 

slices lower than (a), shows a fresh right posterior rib fracture (open 
arrow). On the left lateral side a healing rib fracture can be seen (arrow)

a b

Fig. 7.23 Infant with multiple bruises. (a) Chest radiograph shows multiple healing lateral and fresh posterior rib fractures. (b) Repeat chest 
radiograph shows multiple healing rib fractures in nearly all ribs

Mitchell et al. did a systematic review to determine which 
children presenting with rib or long bone fractures should 
undergo a routine evaluation, concerning non-accidental 
trauma, based on age [86]. Fifteen articles were suitable for 
final analysis. In 77% of the children under the age of 3 years 
presenting with rib fractures, the rib fractures were due to 
non-accidental trauma. If in children under the age of 3 years 
motor vehicle accidents were excluded, non-accidental 

trauma was present in 96%. The authors strongly recom-
mend routine evaluation for non-accidental trauma, includ-
ing forensic paediatric consultation, for children with rib 
fractures under the age of 3 years.

Posterior Rib Fractures
Initially, it was thought that the vast majority of rib fractures, 
due to non-accidental trauma, were posterior fractures. This 
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Fig. 7.24 Example of the value of right and left oblique radiographs. 
(a) AP chest radiograph shows a slight bilateral pleural thickening with-
out clearly identifiable rib fractures. (b) Left oblique radiograph shows 

a lateral fifth rib fracture (arrow) and a posterior seventh rib fracture 
(inset) on the right side. (c) Right oblique radiograph shows lateral rib 
fractures of the fourth to sixth ribs on the left side (inset)

a b c

Fig. 7.25 (a) Posterior rib fracture with callus formation as an acci-
dental find (see inset) in a child who had been admitted to hospital for 
severe abdominal pain. The stepfather persisted in his explanation that 
the boy had fallen when playing with the dog in the garden. (b) 
Abdominal CT scan showed a liver laceration (open arrow). (c) 

Abdominal CT scan confirms the presence of a posterior rib fracture 
with callus formation (see inset). At further investigation, it was found 
that both injuries, separated by a time interval, were the result of child 
abuse

is not correct, as was shown by Paine et al., they found that 
the location of a rib fracture was not associated with the like-
lihood of abuse [77]. Nevertheless, posterior rib fractures in 
young children are highly suggestive of non-accidental 
trauma, as described in the earlier sections.

Often, posterior fractures will not be visible until there is 
callus formation (Fig. 7.25a–c) [12]. Since in the acute phase 
the fracture can easily be overlooked, it is recommended to 
make a chest radiograph when non-accidental chest com-
pression is suspected, at the first exanimation as well as at 
2-week follow-up [13, 79, 87]. In case of enduring doubt 
regarding the presence of rib fractures in the acute phase 
despite oblique views and CT is inconclusive, one may con-
sider performing bone scintigraphy (Chap. 3) [88].

Fractures of the First Rib
Fractures of the first rib are only very rarely reported in 
infants and toddlers (Fig. 7.26). Strouse and Owings evalu-
ated 35 infants under the age of 2 years with rib fractures 

[89]. In 12 children the fractures were determined to be due 
to non-accidental trauma. Only in four children a fracture of 
the first rib was found: one neonate with congenital osteo-
genesis imperfecta and 3 infants with non-accidental trauma 
(in 1 infant bilateral). The authors identified two more chil-
dren with first rib fracture from years prior to the study 
period. In four children, first-rib fractures were ‘isolated’, 
without fractures of adjacent bones. Strouse and Owings 
concluded that non-accidental trauma should be considered 
in infants with fractures of the first rib (uni- or bilateral), 
since it takes a severe trauma to fracture these ribs. Hereby 
one should think along the line of direct blunt force trauma 
(impact), compression, shaking, or acute axial loading (slam-
ming). In a letter to the editor, in response to Strouse and 
Owings, Oestreich mentioned that he had seen a child with a 
first rib fracture, due to non-accidental trauma, only once 
[90]. He also described the radiological findings in a 
7-month-old infant. Initially, it was thought that the child had 
a fracture of the left first rib, due to a non-accidental trauma. 
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In fact, the finding was a cervical rib synostosing with a pro-
cess off the subjacent rib.

Melville et al. described 3 infants with 4 fractures of the 
first rib [91]. All fractures were due to non-accidental trauma. 
The authors did a literature search, but could not find one 
case of a fracture of the first rib in a healthy infant that was 
not the result of non-accidental circumstances. Just like 
Strouse and Owings, the authors state that a thorough medi-
cal and social evaluation should be done if a fracture of the 
first rib is found in an infant.

In older children fractures of the first rib also are also 
uncommon [92]. According to Hamilton et al., the finding of 
a fracture of the first rib suggests a trauma with a high trans-
fer of energy and resultant multisystem injuries. They 
described 33 children (0.27% of all paediatric trauma 
patients; mean age 10.9 ± 0.9 years) with either a first rib 
fracture or thoracic vascular injury owing to blunt trauma. 32 
children had a first rib fracture. Most were due to motor vehi-
cle accidents, followed by pedestrian versus motor vehicle, 
farming accidents, bicycle accidents and all-terrain vehicle 
accidents. In 2 children the circumstances were not described. 
Associated injuries concerned head injury and fractures of 
skull, facial bones, pelvis, lower extremity, spine and scap-
ula. Also, injuries to intra-abdominal organs were found. 
Three children died.

In adolescents fractures of the first rib are mainly seen in 
motor vehicle accidents, falls and sporting activities, due to 
trauma with various severities [93]. A fracture of the first rib 
however may also occur due to a more or less trivial trauma. 
Lee et al. described a 13-years-old boy with a fracture of the 
left first rib, due to ‘morning stretching with a yawn without 
sports activity’ [94]. According to Lee et al. non-accidental 
trauma was excluded.

Injuries to the Costochondral Junction
Injuries to the costochondral junction have been described to 
occur due to front-to-back compression, when the sternum 
and the costochondral junctions are pushed inwards, which 
may result in fractures at the costochondral junction 
(Fig.  7.27a, b) (Sect. 7.2.1) [5, 9]. This may occur during 

Fig. 7.26 An infant was evaluated for non-accidental injury because of 
haematomas on his back which were caused by forcefully holding/
squeezing by his father during periods of persistent crying. The arrow 
indicates a healing fracture of the left first rib. Moreover, several bilat-
eral old fractures at the costovertebral junction of other ribs were pres-
ent (not shown)

a b

Fig. 7.27 According to the clinical history the father had tripped over 
the cat while holding the infant on the day before hospitalization. At 
admittance, the infant presented with tachycardia and decreased satura-
tion (85%). (a) The chest radiograph at admittance showed anterior rib 
fractures on the right (see inset, open arrow), a healed posterior rib frac-

ture on the left (arrow), and pneumoperitoneum, characterized by 
Rigler’s sign (arrowhead) and ‘continuous diaphragm’ sign. (b) Cross 
table abdominal radiograph shows again the pneumoperitoneum 
(asterisk)
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cardiopulmonary resuscitation (CPR) (Sect. 7.3.4.1.), 
although very rarely. In a systematic review Maguire et al. 
only found one child in whom a fracture at the costochondral 
junction could be explained by CPR [95].

In the literature only a limited number of articles is 
found in which the authors draw attention to injuries to the 
costochondral junction, due to non-accidental trauma 
(Fig. 7.28a, b).

Smeets et al. were the first to report a non-accidental cos-
tochondral dislocation of the lower ribs in a physically abused 
child, who also had fractures of skull, ribs, and long bones. 
An ultrasound showed the costochondral dislocation [96].

Ng and Hall describe three children under the age of 
3 years (two boys, one girl; 7, 18, and 36 months of age), 
with fractures at the costochondral junctions of the sixth to 
ninth ribs [97]. According to Ng and Hall around 4% of rib 
fractures, due to non-accidental trauma, are located at the 
costochondral junction. The fractures were bilateral in two 
children and symmetrical in one. The fractures resembled 
‘bucket-handle’ metaphyseal fractures, as can be found in 
the long bones and it was hard to visualize these fractures. 
They also stated that these fractures heal with minimal callus 
formation. The authors also stated that rib fractures at this 
location are often associated with major intra-abdominal 
blunt force trauma (in these cases severe physical abuse), 
such as rupture of the duodenum and spleen, ileal serosal 
tears, portal vein tear or transection of the pancreas.

Kleinman et al. evaluated the characteristics of rib frac-
tures in 11 infants, who died due to non-accidental trauma 
[9]. These 11 infants had a total of 84 rib fractures. In 4 of the 
11 children a total of 10 healing fractures at the costochon-
dral junction were found. No acute fractures at this location 

were found. According to Kleinman et  al., the fractures 
tended to involve the inner aspect of the costochondral inter-
face with an associated osseous fragment.

Nimkin and Kleinman, just like Ng and Hall, stated that 
fractures at or around the costochondral junction are difficult 
to visualize and may occur more commonly than reported in 
the literature [98].

Weber et  al. analyzed the post-mortem findings in 546 
children, aged 7 to 365  days, presented as SUDI (Sudden 
Unexplained Death in Infancy), over a 10-year period (1996–
2005) (see also Sect.  7.3.4.1) [99]. This included 94 forensic 
autopsies. Rib fractures were found in 24 infants (4%). In 4 
children the fractures (mostly multiple) were located at the 
costochondral junction, in 2 children bilaterally located, and 
in 2 children only right sided. In 3 of these 4 children death 
was due to inflicted head injury and in 1 child due to inflicted 
asphyxia. No fractures at the costochondral junction were 
seen in apparent CPR-related cases.

Rib Fractures as Indication for Respiratory 
Obstruction by Chest Compression
Only a few case reports have been published concerning the 
risk of respiratory obstruction due to anterior-posterior com-
pression of the chest in young children (also described as 
‘constrictive asphyxia’) [100–103]. This form of static load-
ing may impede respiration as well as oxygen uptake by 
mechanically closing the airways. The lack of oxygen will 
make the child disoriented. The face and neck will become 
cyanotic with petechiae and bruises on head, neck, and chest. 
There may also be subconjunctival and retinal haemorrhage. 
Other clinical signs may include tachypnoea, vomiting 
blood, and respiratory failure. However, these physical find-

a b

Fig. 7.28 Ultrasonography of costochondral dislocation in an abused 
infant. (a) Normal anatomy at the junction of the ventral osseous (black 
arrow) and cartilaginous rib (white arrows). The junction is indicated by 
the open arrow and shows a smooth transition from the bony rib to the 

cartilaginous rib. (b) Dislocation at the costochondral junction (open 
arrow): the cartilaginous part of the rib is depressed compared with the 
osseous part of the rib. The child also had bony rib fractures of different 
ages, metaphyseal avulsion fractures, and a skull fracture
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Fig. 7.29 (a) Post-mortem radiograph of an infant found dead in her 
crib. In compliance with the Dutch SIDS protocol a skeletal survey was 
done. The chest radiograph showed bilaterally localized lateral rib frac-
tures which were, when considering the callus formation, not recently 
sustained (see inset, open arrow). (b) Bilateral-localized lateral rib frac-
tures of an older date, visible on the total-body CT scan (MIP images, 

open arrow). (c) Left clavicle fracture (open arrow). This fracture was 
only visible on the CT scan and not on the radiograph, not even in retro-
spect. (d) Photograph at autopsy shows callus formation on the anterior 
side of the left chest wall (open arrow). On autopsy no brain pathology 
was found. Based on the clinical and forensic evaluation static chest 
compression leading to asphyxia was considered to be the cause of death

ings are not always present. The authors of the case reports, 
especially draw attention to the occurrence of rib fractures in 
this kind of static loading, and the potentially fatal course of 
this type of child abuse. They also state that rib fractures 
most probably are the most reliable indicator for the cause of 
this kind of asphyxia (Fig. 7.29a–d).

Boos described a situation in which the father confessed 
that he had pushed several times on the chest of his infant to 
make it stop crying [100]. He also pushed the legs of the 
infant against its chest. During the last incident at the age of 
7 months, he wrapped the infant firmly into a sheet because 
of uncontrollable crying, after which he put the infant to bed. 
After a couple of hours the father found the infant dead 
(apnoeic and pulseless). The child had 14 old and new 
rib fractures (healing rib fractures of differing ages, antero-
lateral from the fourth to tenth rib on the left and fourth to 
seventh rib on the right; and new fractures of the eighth to 

tenth rib). The infant also had face and scalp haematomas. 
Death most probably was due to respiratory obstruction. In 
the discussion section Boos reported a second case (unknown 
sex, unknown age), with multiple rib fractures found during 
the autopsy. Initially no cause of death was determined. The 
father stated that he would hold the child tightly against his 
chest in order to stop his son’s crying. One day after a squeez-
ing episode the child was found dead in the morning. The 
father pleaded guilty to the murder of his child.

Gunther et  al. presented the findings in 3 infants, aged 
7 months (twin brothers), and 13 months, with multiple heal-
ing/healed and unhealed anterior and lateral rib fractures 
(including several refractures) due to inflicted anteroposte-
rior manual chest compression and accompanied by haemor-
rhage into the viscera, and rupture of large vessels and solid 
organs [101]. One of the twin brothers died of abdominal 
trauma, with mesenteric scarring found during the autopsy. 
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Haemosiderin macrophages were present in his lungs. The 
boy had multiple new and healing rib anterior and lateral 
fractures, however, no posterior fractures or fractures at the 
costochondral junction were found. He also had fingertip 
bruising, bilaterally on the front of the thorax. The second 
twin brother survived, but was found to have multiple lateral 
rib fractures. There was no confession in these two cases. 
The third infant had new lateral rib fractures, located at the 
inner cortex and limited to the inner curvature. This infant 
also died of abdominal trauma. The infant had similar finger-
tip bruising on the front of the thorax as the first infant. In 
this case the perpetrator confessed to squeezing the infant.

Lauridson and Cromblin described the findings in a 
4-month-old boy whose mother sought medical care because 
of poor feeding and low-grade temperature [102]. The infant 
had no external evidence of abuse, but chest radiographs 
showed multiple rib fractures (left fourth, fifth, sixth, and 
seventh ribs in the posterolateral region). There were no indi-
cations for abusive head trauma (no intracranial or retinal 
haemorrhages). No other fractures were found. The father 
admitted to the police, that he had, on multiple occasions, 
squeezed the infant’s chest, as hard as he could (‘My arms 
would get a little achy’). The father also stated that the infant 
turned blue. The father’s squeezing behaviour resulted in 
asphyxia, due to restriction of respiration, resulting in uncon-
sciousness, and in rib fractures.

Vester et al. presented two girls, 3 weeks and 2 months of 
age, who died under suspicious circumstances [103]. In both 
girls, non-accidental constrictive asphyxia, inflicted by their 
fathers, was established after extensive clinical, forensic med-
ical, and legal investigations. In the first case, the father 
admitted that he sometimes sat on his infant while she was 
lying on the bed, and occasionally used to tighten his grip by 
pulling with his hands on the bottom of the bed, thus increas-
ing the compressive forces. The girl had been in the hospital 
shortly at the age of 2  weeks because of  dehydration after 
feeding difficulties. During that stay small bruises on her 
chest were seen, which were allegedly caused by rough cud-
dling by her older sister. Also, a bruise on her leg was seen, 
reportedly caused by her father. For reasons unknown, non-
accidental trauma was not considered at that time. At the age 
of 3 weeks, the girl was readmitted to the hospital because of 
seizures. Upon arrival she was pale, drowsy, and hypothermic 
with a recorded temperature of 35.8 C, absent left-sided direct 
light reflex, and had bruises behind the left ear and on her 
right knee. She was subsequently admitted to the neonatal 
intensive care unit. A skeletal survey showed ‘small hooks’ 
on the right distal femoral metaphysis and 14 recent and older 
rib fractures. After initially denying a non-accidental trauma, 
the father confessed to the police, to periodically sitting on his 
daughter while she was lying on the bed in order to stop her 
from crying. The father reportedly sat on her the day prior to 
the final hospitalization, after which the baby was less respon-
sive and had developed new chest bruises. He also confessed 

to shaking her in this period. In court, he was found guilty of 
multiple attempts of manslaughter.

The second girl died unexpectedly at the age of 2 months. 
The parents reported that on the day of her demise, her father 
checked in on her while she was lying in her bed crying. 
Approximately an hour later, her mother found her in her 
bed; pale, motionless, and without noticeable respiration. On 
the way to the hospital, her mother started resuscitation, 
which was continued by medical personnel in the emergency 
department. However, resuscitation efforts were unsuccess-
ful and a judicial autopsy was requested. Post-mortem chest 
radiographs showed lateral rib fractures on both sides, all 
with callus formation. No other fractures were visible on the 
post-mortem skeletal survey. Post-mortem CT scans also 
revealed a fracture of the medial part of the left clavicle. On 
autopsy, a 3-mm bruise was seen on the chest, and a 10-mm 
bruise in the mouth. All costochondral junctions were thick-
ened, and lateral rib fractures with callus formation of the 
right second to fifth ribs were found, along with a left third 
rib fracture which showed a fresh refracture. Furthermore, 
there was a fresh fracture of the left clavicle. Neuropathology 
indicated asphyxia without other neuropathological findings. 
Autopsy of the lungs showed signs of food aspiration. No 
other abnormalities were found. Although no definite cause 
of death was found, the pathologist ruled that the combina-
tion of rib fractures and food aspiration was indicative of 
asphyxia due to airway obstruction. After initially denying a 
non-accidental trauma, the father later admitted that in order 
to stop his daughter from crying, he would wrap her tightly 
in a blanket and hold her tightly against his chest, while 
encircling her with both arms until she would stop crying. 
On the evening of the fatal incident he squeezed her more 
tightly than normal, after which she went quiet and he put 
her back to bed. At that time he thought that she was still 
breathing, although she was very pale and had her eyes 
closed. In court the father was found guilty of abuse.

7.3.4  Trauma After Birth: Medical Procedures

7.3.4.1  Resuscitation and Rib Fractures

General Aspects of Resuscitation

Cardiopulmonary resuscitation (CPR) in itself can be physi-
cally traumatic due to the manual compression of the chest. 

External cardiopulmonary resuscitation is a potentially lifesav-
ing intervention aimed at preserving the cerebral function of a 
person in cardiac arrest. However, certain injuries can be 
caused by the various techniques employed. Although these are 
seldom consequential, they may complicate the forensic evalua-

tion of cases [104].
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Also, orofacial injuries may occur due to the ventilation tech-
nique, whether done by mouth-to-mouth, by airbag-valve 
mask, by intubation, or by a combination of these methods.

If a person is accused of inflicting severe non-fatal, or 
fatal injuries to a child, that had to be resuscitated, he/she 
may claim that the injuries were caused by the attempts to 
resuscitate, either by him/herself, or by somebody else, e.g. 
medically trained personnel. These, according to the accused, 
CPR-related injuries may concern thoracic and abdominal 
structures and organs, e.g. rib fractures, visceral haemor-
rhages/intra-abdominal bleeding, rupture of large vessels 
and damage to solid organs [101, 105–107]. It may also con-
cern superficial structures, like bruises or abrasions of the 
orofacial skin [108].

A statement about attempts to resuscitate should be care-
fully evaluated. Firstly, the evaluation should deal with the 
performed techniques and the skills of the persons, who per-
formed the CPR. Secondly, the evaluation should be directed 
towards the probability of the injuries of the child, when 
compared to the used CPR technique.

If a child has been resuscitated and there are unexplained 
or suspicious findings in the head-neck region or elsewhere 
on the body (especially on the torso), one should always 
carefully ask the persons involved, who performed the resus-
citation (medically trained or untrained person, including the 
parents), what was done (which methods was used) at which 
moment, where (at home, during transportation, in the emer-
gency room, in the hospital), why and for how long. One 
should also ask all participants whether they noticed any 
injuries before the resuscitation was started and whether they 
were aware that they had induced injuries.

In case the child died, all equipment used during the resus-
citation (e.g. airway and nasogastric tubes, intravenous lines, 
bone needles, cardiac resuscitation pads, and wound dress-
ings) must be left in place to be assessed during the post-
mortem examination. Also, any discarded items, including 
the mask, should accompany the body, so that the use of these 
items can be evaluated [108]. Both the comprehensive history 
of what happened during the resuscitation and the presence of 
the used devices may be helpful in differentiating resuscita-
tion injuries from injuries, due to non-accidental trauma.

All injuries should be registered, including minor and 
therapeutically unimportant injuries, because they may have 
forensic significance. Preferably, pictures of all the injuries 
should be made as soon as possible after the death of the 
child, preferably by a forensic photographer.

If rib fractures are found in an autopsy and it is suspected 
that death of the child was due to non-accidental trauma, his-
tological dating of the rib fractures (and other injuries) is 
advised to differentiate non-accidental rib fractures from 
CPR-related fractures, irrespective of a claim by the accused 
that the injuries (fatal and non-fatal), found during autopsy, 
were caused by attempts to resuscitate the child [101].

Two-Finger Cardiopulmonary Resuscitation and Two-
Thumb-Encircling Hands Chest Compression
The traditional way of resuscitating neonates and infants is 
the ‘two-finger’ cardiac massage (‘two-finger’ infant cardio-
pulmonary resuscitation) (Fig. 7.30 A). Hereby anterior-pos-
terior compression is applied, with the child supine on a flat 
solid surface, and the sternum is pressed towards the spine 
during cardiac massage. Pressure is exerted exclusively on 

a b c

Fig. 7.30 (a) Two-fingers cardiopulmonary resuscitation (CPR) technique; (b) Two-thumbs encircling hands chest compression CPR technique, 
and (c) side view of two-thumbs encircling CPR technique
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the front of the chest. In relation to the ribs and the costo-
chondral junction, the sternum is moved inwards. At the 
same time, the spine and the ribs are more or less stationary 
on the flat solid surface. According to Chapman, this makes 
it impossible for leverage of the ribs on the vertebral pro-
cesses to take place [16]. Even if the infant lies on a soft 
surface, such as a bed, it is unlikely that there will be poste-
rior rib fractures, since the chest as a whole and the ribs and 
spine on the posterior side are pressed simultaneously into 
the soft surface below. Moreover, according to Worm and 
Jones, the forces exerted in two-finger cardiac massage are 
below the level of force required to cause rib fractures [5].

In the international guidelines of 2000 for the resuscita-
tion of neonates and infants and in the revised version of 
these guidelines of 2006, the ‘two-thumb-encircling hands 
chest compression’ is considered to be an effective form of 
cardiac massage (Fig. 7.30 B & C) [109, 110]. In this man-
ner of resuscitation, anterior-posterior compression is 
exerted while the ribcage of the infant is encircled by both 
hands (thumbs on the sternum and fingers on the back) and 
sternum and spine are compressed towards each other 
(bimanual anterior-posterior compressions) (Fig.  7.31). 
According to some authors, this way of encircling the chest 
is similar to the supposed manner in non-accidental com-
pression [5, 111]. Worn and Jones stated that there are more 
risk factors for sustaining rib fractures in ‘two-thumbs 
resuscitation’. There is a risk that the compressions during 
resuscitation are too deep (more than the recommended 
depth of one-third of the anterior-posterior diameter of the 
chest), that the compressions are too firm and/or that there 
is too much deformation of the ribs. Theoretically, this 
could increase the risk for fractures and, due to the poste-
rior leverage, also the risk for posterior rib fractures. 
Kleinman and Schlesinger showed that in rabbits posterior 
rib fractures did not occur, due to digital sternal compres-
sion (two-finger CPR), but did occur, due to anteroposterior 

bimanual thoracic compression (two-thumbs CPR) [10]. 
They concluded that ‘posterior rib fractures require exces-
sive levering of the posterior ribs at the costotransverse 
process articulation’.

Rib Fractures, Due to Resuscitation: 
Epidemiological Data
Feldman and Brewer probably were the first to evaluate the 
probability of the occurrence of rib fractures, due to 
CPR. They compared the findings in 113 children (41 chil-
dren with non-accidental trauma, 50 patients who had to be 
resuscitated, and 22 patients with rib fractures) [75]. In total 
29 of the 113 children had rib fractures. In 14 of these 29 
children fractures were inflicted. In 4 children the fractures 
were sustained in traffic accidents. Rickets/osteoporosis was 
found in five children. In 5 children the fractures were sus-
tained in surgical interventions. One child was diagnosed 
with osteogenesis imperfecta. In spite of prolonged resusci-
tation, no fractures could be attributed to CPR. CPR was per-
formed by persons with completely different levels of 
expertise in this field (parents, emergency department per-
sonnel, other hospital personnel, and combinations of the 
aforementioned). Fractures, due to non-accidental trauma, 
were often multiple, of different ages, and spread over mul-
tiple adjacent ribs. Moreover, frequently these children also 
showed other physical and radiological signs of non-acci-
dental trauma and/or neglect.

Spevak et al. performed a retrospective study of autopsy 
data and post-mortem radiographs of 91 infants under the 
age of 1 year (56 boys, 35 girls; age range from 26 hours to 
8.5 months; mean age 2.4 months), who were resuscitated 
for other reasons than non-accidental trauma [112]. In none 
of the infants rib fractures were found. Spevak et  al. con-
cluded that rib fractures rarely occur in infants due to CPR 
and that when rib fractures are found in an otherwise normal 
child, non-accidental trauma should be considered.

Fig. 7.31 Graphic 
representation of the ‘two 
thumbs encircling hands chest 
compression’, as advised in 
2006 by the International 
Liaison Committee on 
Resuscitation (ILCOR) [110]
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Betz and Liebhardt reviewed the autopsy reports of 233 
children aged between 5 days and 7 years [113]. In 190 chil-
dren death from natural causes was proclaimed and others 
died due to trauma. Ninety-four of the children who died of 
a natural cause had been resuscitated. Two of them had bilat-
eral fractures in the mid-clavicular line. According to Betz 
and Liebhardt, these findings support the findings by other 
researchers that fractures of ventral parts of the ribs can 
occur during resuscitation. In 15 of the 43 trauma-related 
deaths, rib fractures were found, mainly of the posterior 
ends. According to Betz and Liebhardt, this shows that in 
case of posteriorly localized rib fractures in infants without 
metabolic bone diseases one should always consider non-
accidental trauma. One of the most interesting findings in 
this study is that physicians (and not non-medical persons) 
caused more frequently or nearly exclusively notable injuries 
during resuscitation. This makes the regularly provided 
explanation for rib fractures in deceased children, e.g. that 
the fractures were the result of CPR by an inexperienced and 
panicking person quite improbable.

Bush et  al. retrospectively analyzed type, number, and 
severity of unexpected complications of CPR (external car-
diac compressions and ventilation) in 211 children under the 
age of 12  years (mean age 19  months) during an 8-year 
period (1988 through 1995) [114]. Children with historic or 
physical signs of prior trauma were excluded from the study. 
Cause of death was determined to be cod death in 56%, 
drowning in 8%, congenital cardiac defects in 7% and pneu-
monia in 4%. Average time of resuscitation was 45  min 
(ranging from 3 to 180 min) Fifteen children (7%) sustained 
injuries that were significant from a medical point of view 
and that could be considered to be due to the resuscitation: 
retroperitoneal haemorrhages in two children, pneumothorax 
in one child, pulmonary haemorrhage in one child, epicardial 
haematoma in one child and gastric perforation in one child. 
Although some children had been resuscitated for a pro-
tracted period of time by various persons with different lev-
els of expertise, rib fractures were found in only one child, a 
3-month-old infant, in whom CPR was performed by a lay-
person (babysitter), 2 prehospital care providers and emer-
gency department personnel for a total of 75 minutes. The 
infant had bilateral rib fractures, involving rib 8 and 9 at the 
sternochondral junction. The cause of cardiac arrest/death in 
this infant was determined to be Sudden Infant Death 
Syndrome. Bush et al. concluded that notable injury due to 
medical procedures is rare and is only seen in 3% of chil-
dren. According to Bush et al. one should, irrespective of the 
resuscitation, always consider non-accidental trauma when 
injuries are found after CPR. Furthermore, they mention that 
the case reports found, only discuss rib fractures after pro-
longed and strenuous resuscitation.

Ryan et al. retrospectively analyzed the incidence, type, 
and pattern of injury related to resuscitation attempts in 346 

children, aged 0 to 14  years, who died between 1994 and 
1996 and underwent a full necropsy [115]. Children who 
were subject to recognized trauma before resuscitation or 
died because of a congenital abnormality were excluded. 
Finally, 204 children were included in the study. Resuscitation 
was performed in 75% of the children (n  =  153). In 60% 
(n = 123) the CPR started before the ambulance arrived. In 
65 children, who were resuscitated, only minor CPR-related 
injuries, such as superficial bruises and abrasions, were 
found. The likelihood of CPR-related injuries increased with 
the duration of the CPR. None of the children in this study 
had a rib fracture. According to Ryan et al., one should be 
cautious when attributing significant injuries to resuscitation 
attempts and alternative causes must be fully investigated.

Hoke and Chamberlain did a Medline search and litera-
ture review, concerning rib and sternal fractures in adults and 
children, resulting from conventional closed-chest compres-
sion (conventional CPR) in the treatment of cardiac arrest 
[116]. In adults, the reported incidence of rib fractures ranged 
from 13 to 97% and of sternal fractures from 1 to 43%. In 
children the reported incidence of rib fractures ranged from 
0 to 2%. No reports on CPR-related sternal fractures in chil-
dren were found. They also evaluated the findings in adults 
and children after active compression-decompression car-
diopulmonary resuscitation (ACD-CPR). They found no 
convincing evidence that an increased complication rate 
would be associated with ACD-CPR. Hoke and Chamberlain 
stated that non-accidental trauma should always be consid-
ered when rib fractures are present after resuscitation in 
infants and toddlers, because skeletal chest injuries, due to 
manual CPR, are only rarely described. According to the 
authors rib or sternal fractures were unlikely to increase mor-
tality, because they rarely cause severe internal organ dam-
age. They also stated that the reasons for resuscitation 
(cardiac arrest) should always be carefully examined and 
that the child should be screened for further suspicious find-
ings that could indicate non-accidental trauma [116]. Finally, 
they mentioned that it is rare for any rib fractures to occur 
during CPR in otherwise healthy children, irrespective of 
whether the CPR was performed by well-trained or untrained 
personnel. Various other studies before this review, but also 
later studies confirmed this proposition [75] [95, 112, 113].

In 2006, Maguire et al. published a comprehensive study 
of the literature on the prevalence of rib fractures in cardio-
pulmonary resuscitation (427 articles in various languages, 
published between 1950 and 1 October 2005) [95]. In the 
end they included six studies with the data of in total 923 
children. Three resuscitated children had sustained an ante-
rior-located rib fracture. Two fractures were mid-clavicular 
and one was located at the costochondral junction. The pres-
ence of multiple fractures had also been described. 
Resuscitation was carried out for different periods of time by 
trained medical personnel and by non-trained non-medical 
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personnel. Maguire et al. could not find one well-documented 
posterior-localized rib fracture that resulted from resuscita-
tion. They remarked that in the studies they evaluated, the 
most modern and sensitive techniques for the detection of rib 
fractures in young children had not been applied.

The study of Dolinak underlines the conclusion of 
Maguire et  al. regarding the diagnostics of rib fractures 
[117]. Dolinak evaluated the data of 70 consecutive autop-
sies in infants, aged between 2 weeks and 8 months, that had 
been resuscitated. Only children with no history or indica-
tions of injuries were included. In all children the parietal 
pleura of the thoracic cage was stripped and the ribs carefully 
examined for the presence of findings, characteristic of a 
fracture. Dolinak found recent subtle anterolateral-located 
rib fractures in 8 children (11%). Seven of the infants had 
more than one fracture, varying from 2 to 10 fractures. Five 
children had bilateral rib fractures. No lateral, posterolateral 
or posterior rib fractures were found. All rib fractures were 
subtle (often involving a merely ‘bent defect’ in the integrity 
of the rib) with little or no associated blood loss around the 
fracture line, and as such the fracture could easily have been 
missed, were it not for the removal of the pleura. The CPR 
method was not known in any of the resuscitated children 
with rib fractures. Dolinak stated that the anterolateral rib 
fractures he found in infants were the equivalent of rib frac-
tures regularly found after resuscitation in adults. Dolinak, 
however, stated that these fractures cannot be considered to 
be specific for resuscitation attempts. Any other non-specific 
compressive force, pushing down on the chest might also 
lead to this type of rib fractures, irrespective of the circum-
stances, under which the compressive force occurred (acci-
dental or non-accidental).

Røed et  al. evaluated the findings in 261 medicolegal 
examinations of children, aged 0 to 4 years and 11 months 
(mean age 297.4 days; median age 144.5 days), in whom a 
full forensic autopsy was performed (1985–2004) [106]. 
Thirty-one children died of accidents, 12 children were 
homicide victims, 43 children died of natural causes and 175 
children died, due to, what the authors called, an unknown 
cause of death (all certified as SIDS cases). CPR was per-
formed in 119 children by health care workers and in 23 by 
parents or unskilled personnel. In 68 cases it was unknown, 
whether CPR was performed and in 51 no CPR was per-
formed. The length of CPR in individual children was not 
known. Rib fractures were found in 6 children. In 3 of these 
children, CPR was performed by health care workers. No 
CPR was done on the other 3 children. The rib fractures were 
found in 3 victims of ‘high energy traumatic accidents’ and 
in 3 homicide victims. 5 children had either posterior or lat-
eral fractures. One child, who was diagnosed with osteogen-
esis imperfecta, had 2 right-sided anterior fractures, found 
during the autopsy, but not seen on radiograph. No CPR was 
performed on this child. The child was involved in a car acci-

dent, in which the child was thrown around in the car. Røed 
et al. did not find any rib fractures, which could be attributed 
to CPR. According to Røed et al., all children with rib frac-
tures had an injury pattern and an injury history that could 
explain both the rib fractures and their death.

Weber et  al. analyzed the post-mortem findings in 546 
children, aged 7 to 365  days, presented as SUDI (Sudden 
Unexplained Death in Infancy), over a 10-year period (1996–
2005) [99]. This included 94 forensic autopsies. Rib frac-
tures were found in 24 infants (4%). 15 of these 24 infants 
had healing rib fractures. Ten of these infants also had other 
findings suggestive of non-accidental trauma. Nine of the 24 
infants had recent rib fractures with no surrounding tissue 
reaction histologically. In 7 of these 9 infants there were no 
other injuries and the rib fractures were interpreted to be 
CPR-related. All CPR-related rib fractures were situated in 
the anterolateral chest, in contrast to fractures due to non-
accidental trauma, which were located in the anterolateral 
and/or posterior chest. Fractures at the anterior costochon-
dral junction were also seen by Weber et al. in a minority of 
the non-accidental trauma cases, but fractures at this location 
were not seen in apparent CPR-related cases. Compared to 
healing rib fractures, which were detected on skeletal survey 
in 93%, recent rib fractures were only detected in 22% of 
skeletal surveys. Weber et  al. confirmed the findings of 
Dolinak, that fresh rib fractures may be missed on skeletal 
survey, but can be reliably detected at post-mortem examina-
tion following stripping of the pleura and detailed examina-
tion of each rib [117]. Fresh anterolateral fractures, which 
may be multiple, contiguous and even bilateral, are highly 
likely to be related to resuscitation if there are no other asso-
ciated injuries.

Matshes and Lew reviewed the findings in 546 children, 
under the age of 18 years, who had died from non-traumatic 
causes (with or without attempted resuscitation) and who 
were autopsied in the 10-year period from 1994 to 2003 
[107]. Three hundred eighty-two children had a history of 
CPR (average age 4.17 years). In 248 of these 382 children, 
the CPR was performed by trained individuals only, in 133 
children by both trained and untrained individuals, and in 1 
child by untrained individuals only. There was no overlap 
between these 3 distinct groups. Matshes and Lew especially 
searched for CPR-related findings. In 19 children they found 
22 findings that could be CPR-related: orofacial injuries, 
compatible with attempted endotracheal intubation in 15 
children, focal pulmonary parenchymal haemorrhage in 4 
children, anterior chest abrasions in 2 children, and promi-
nent anterior mediastinal emphysema in 1 child. There were 
no significant hollow or solid thoraco-abdominal organ inju-
ries. There were also no rib fractures. The remaining 164 
children, who died from non-traumatic causes without 
attempted resuscitation served as a control group. In these 
children no injuries were found. Matshes and Lew stated that 
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the absence in their paediatric population of CPR-related rib 
fractures was in keeping with the findings in earlier research 
[75, 105, 112, 115]. They also reviewed 6 other studies, con-
cerning a total of 1356 paediatric patients (including their 
own study) in which only 3 children with CPR-related rib 
fractures were described: 2 children with a fracture in the 
mid-clavicular line and 1 child with a fracture at the sterno-
chondral junction [75, 105, 107, 112–114]. Matshes and Lew 
concluded that participation of non-medical or untrained 
individuals in CPR did not increase the likelihood of injury.

The earlier findings of Matshes and Lew, concerning the 
occurrence of rib fractures in infants from resuscitation 
attempts, were based upon data derived from infants under-
going traditional ‘one-handed’ CPR, and not from ‘two-
handed’ CPR. In a follow-up study, concerning a period of 
6  months, Matshes and Lew reported five unrelated, non-
sequential cases of infant death with multiple acute antero-
lateral rib arc fractures, which were determined to have 
occurred due to two-handed CPR (two-thumb-encircling 
hands chest compression), performed by trained medical 
personnel, and which could not be explained by another 
mechanism [118]. In all infants a detailed history of the 
mechanics of chest compressions was available. The infants 
died between the ages of 1 and 4  months. Metabolic and 
other bone diseases were excluded. All infants had at least 2 
anterolateral rib fractures. Three infants had bilateral, multi-
ple, and rib fractures. In all infants both the 1- and the 
2-handed technique was used. Matshes and Lew concluded 
that the 2-handed CPR may result in rib fractures. An incor-
rect chest compression technique is one of the possible 
explanations, according to the authors. None of the infants 
had associated cutaneous injuries despite the technique used, 
or the degree of training of the performers of the CPR. Neither 
were there injuries to thoraco-abdominal organs. Histologic 
examination showed in all cases acute fractures, without 
signs of healing.

Reyes et  al. reviewed the autopsy reports from 1997 to 
2008 of 571 infants, 0 to 6 months, in whom CPR was per-
formed prior to death [119]. They compared the findings in 
infants who were resuscitated in the period from 1997 to 
2005 (pre-CPR revision) with the findings in infants in the 
period from 2006 to 2008 (post-CPR revision) (Table 7.8). 
They found 19 infants (3.3%), aged 0 to 179 days (mean age 

78  days), in whom it was concluded that the rib fractures 
were CPR related. Fourteen infants became unresponsive at 
home, due to natural diseases (congenital heart disease, 
familial cardiomyopathy, metabolic disorder, complications 
of prematurity), infection, drowning, and undetermined 
causes in 10 infants. These 14 infants were all resuscitated 
by EMS personnel. Five infants were hospital in patients. All 
rib fractures were located in the anterior to lateral rib seg-
ments, most commonly in the fourth and fifth rib. The frac-
tures were diagnosed in only 4 of the 15 infants who had 
post-mortem diagnostic imaging performed. In 16 infants the 
CPR duration was known and ranged from 21 to 260 min-
utes. The number of fractures varied from 1 to 11 and did not 
correlate with the duration of CPR. In the pre-revision period 
1.3% of the infants (n = 5) had CPR-related rib fractures and 
in the post-revision period 7.9% (n = 19). According to the 
authors this is a significant increase (p < 0.001, Fisher-exact 
test). According to Reyes et  al., their findings indicate an 
increase in CPR-related rib fractures after introducing two-
handed CPR. They also stated that their findings reinforced 
the notion that anterior to antero-lateral rib fractures in pre-
mobile infants may be a result of CPR and are not pathogno-
monic of non-accidental trauma.

Franke et al. wanted to answer the question if it could be 
possible that posterior rib fractures in newborns and infants 
were caused by the ‘two-thumbs’ CPR technique, because 
this technique was, according to the authors, similar to the 
grip on an infant’s thorax while shaking [111]. They reviewed 
the medical records of all infants, under the age of 12 months, 
who, in a period of 10 years, underwent CPR in their first 
year of life in three German Hospitals. Exclusion criteria 
were absence of medical records, no documentation of chest 
compressions, CPR outside the hospital, no radiograph after 
CPR, sternotomy, osteopenia, various other bone diseases, 
and accidental trauma. Children in whom non-accidental 
trauma was suspected, were also excluded. They included 80 
neonates and infants (with a total of 546 chest radiographs; 
average number of radiographs 7) who had anterior-posterior 
chest radiographs after CPR. The mean duration of CPR was 
11  min with a range from 1 to 180  min (median duration 
3 min). 50 neonates underwent CPR immediately after birth. 
Forty-nine infants (61.2%) were premature, and 31 (38.8%) 
had a very low or an extremely low birthweight. In addition 
to the radiographs directly after CPR, 39 infants had a fol-
low-up radiograph after at least 10  days. No rib fractures 
were identified in any infant. The results of this study suggest 
that rib fractures due to ‘two-handed CPR’ are uncommon. 
However, in 41 infants (51.2%), rib fractures could not defin-
itively be excluded because of the limited quality of the 
Radiographs or unavailable follow-up radiographs. Despite 
the limitations of the study, Franke et al. concluded that their 
findings suggest that any rib fracture is uncommon after ‘two 
thumbs CPR’ and that there should be careful consideration 

Table 7.8 Infants under the age of 6  months who underwent CPR 
(n = 571; study period 1997–2008) [119]

CPR-related rib 
fractures

No CPR-related rib 
fractures Totals

1997–2005 
(pre-CPR revision)

5 389 394

2006–2008 
(post-CPR revision)

14 163 177

Totals 19 552 571
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Table 7.9 Circumstances, under which 61 children sustained clini-
cally not evident rib fractures [120]

Circumstances Number
Physical abuse 20
Post-surgical (e.g. thoracotomy) 11
Accidental
 • Motor vehicle accident 1
 • High distance fall 1
Medical procedures
 • Traumatic medical procedure (not otherwise specified) 1
 • Presumed CPR 2
Bone disease
 • Metabolic bone disease of prematurity. 18
 • Metabolic bone disease 1
Unknown 6
Total 61

of non-accidental trauma when these fractures are identified 
in a child without underlying bone disease or major trauma, 
regardless of whether CPR was performed and what tech-
nique used.

Cosway et  al. evaluated the circumstances under which 
61 children under the age of 2  years had sustained occult 
(defined by the authors as not clinically evident) rib fractures 
[120]. An overview of their findings is given in Table 7.9. 
According to the authors 2 children had acute fractures that 
were presumed to be secondary to cardiopulmonary resusci-
tation: one had adjacent anterior left-sided fourth and fifth 
rib fractures identified at post-mortem on specimen radiol-
ogy and the other had posterolateral fractures of the sixth, 
seventh, and eighth ribs following bimanual chest compres-
sions. CPR was accepted as explanation for the occurrence 
‘after exclusion of all other possible causal or contributory 
factors’.

Ondruschka et al. evaluated the findings in 97 full autop-
sies of children under the age of 4  years (6-year period) 
[121]. A total of 40 cases were excluded: children who died 
due to trauma, including non-accidental trauma (n  =  11), 
who died of natural causes, who were not resuscitated 
(n  = 29), with known birth injuries (n  = 1), with repeated 
CPR after initial return of spontaneous circulation (n  = 3) 
and with prolonged survival after initial successful resuscita-
tion of more than 24 hours (n = 2). The data of 57 children, 
who were resuscitated, were included in the study. The most 
common cause of cardiac arrest was SIDS. In 41.2% of the 
children, the resuscitation had started outside the hospital. 
Bystander CPR was performed in 43.1%. The mean duration 
of CPR was 50 min., ranging from 10 to 180 min. In no sin-
gle case death was declared without at least partly profes-
sional CPR. 14 children (27.5%) had at least one CPR-related 
injury without preference to an age group. The injuries were 
relatively mild: bruising or abrasions of the skin (21.5%), 
bleeding in the airway or lung (5.9%, respectively 2%), 
bleeding in the heart (11.8%) and capsule bleeding in liver 

and spleen (both 2%). None of the recorded CPR-associated 
injuries were considered significant or life-threatening. One 
child, which was excluded from the study because of repeated 
episodes of CPR, had bilateral anterior rib fractures. The 
duration of CPR or the presence of bystander CPR did not 
correlate with the presence of any detected injury. It is not 
clear from the description of the study methods which CPR-
technique had been used. The authors described, in general, 
that chest compressions in newborn and infants under the age 
of 1 (‘two thumbs encircling chest’) differ from chest com-
pressions in children over 1  year of age (‘heel of hand’). 
According to the authors in children with skeletal injuries 
and relevant injuries to the soft tissues and organs after CPR 
non-accidental trauma could be excluded.

In a large case study by Ruest et al. looking for rib frac-
tures at chest radiographs obtained for medical reasons (7530 
children, aged between 0 and 2 years, with a total of 9720 
radiographs of the thorax), no acute rib fractures were found 
on the 43 chest radiographs associated with CPR [68].

There are two publications describing posterior rib frac-
tures due to ‘two-thumbs’ CPR, the first is by Clouse and 
Lantz [122]. They presented this finding at a forensic annual 
meeting in 2008: ‘Presented here are the gross, radio-
graphic, and microscopic findings from four hospitalized 
neonates and infants, aged 1 day to 3 months, who died of 
natural causes but were noted to have posterior rib fractures 
at autopsy. Three cases showed evidence of acute fractures 
after terminal CPR attempts. In one case, remote fractures 
with callous formation were identified in an infant with mul-
tiple previous CPR episodes due to complications resulting 
from his premature birth. These infants and neonates spent 
the majority of their lives within the hospital. In all cases the 
infants had no history of abuse, no outward evidence of 
inflicted injury, and no additional internal injuries consistent 
with child abuse. It is imperative that the presence of poste-
rior rib fractures in an infant not be ascribed impulsively to 
child abuse until a thorough investigation is conducted 
including assessment of resuscitative techniques’. The 
description of the finding of posterior rib fractures in these 
four premature neonates and infants, who, according to the 
authors, died of natural causes and on whom ‘two-thumbs’ 
CPR was performed, can only be used as suggestive finding 
that in certain circumstances posterior rib fractures may 
occur due to ‘two-thumbs’ CPR. Unfortunately, the circum-
stances were not described by Clouse and Lantz. Before 
accepting the hypothesis of Clouse and Lantz, one would 
like to know why the children were born prematurely, which 
natural causes they died of, whether there was a bone disease 
with increased risk of the occurrence of fractures, e.g. meta-
bolic bone disease of prematurity or osteogenesis imperfecta 
type II. In other words, because of the lacking data, a causal 
relationship between ‘two-thumbs’ CPR and posterior rib 
fractures cannot be established on the basis of the description 
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of the findings in these four premature neonates and infants 
with an unknown cause of death, who spent most of their live 
in hospital, despite that the authors stated that ‘the infants 
had no history of abuse, no outward evidence of inflicted 
injury, and no additional internal injuries consistent with 
child abuse’.

The second case report series was presented by Love et al. 
and deals with four cases of deceased children who died of a 
non-traumatic cause of death and who showed posterior rib 
fractures due to 2-thumb CPR [123]. According to the 
authors all four cases ‘the child likely received or did receive 
2-thumb CPR’ and all showed multiple rib fractures at sev-
eral sites. It is noteworthy that in only one case radiography 
was performed and that the quality of the shown radiograph 
(almost constituting a babygram) is of sub-optimal quality. 
Based on the forensic autopsy report and relevant clinical 
findings the authors conclude that ‘The cause of the posterior 
rib fractures in the presented cases is unknown; however, the 
most parsimonious explanation given the facts of each case 
is that they are secondary to CPR’.

Rib Fractures, Due to Resuscitation: Concluding 
Remarks
CPR can be physically traumatic, irrespective of the tech-
nique that is used. Injuries are usually superficial, like bruises 
and abrasions, and never life threatening. Injuries to thoracic 
and abdominal structures are even much rarer than superfi-
cial injuries and are usually also not life-threatening. In most 
studies no association was found between the duration of 
CPR and the injuries that were found.

Concerning the occurrence of CPR-related rib fractures it 
is clear that two-finger CPR may, although very rare, lead to 
rib fractures. The rarity of rib fractures by using the two-
finger CPR (manual chest compressions), even in children 
with increased risk of fractures or even in children with a 
lethal underlying bone disease, is underlined by a case report 
of Sewell and Steinberg [124]. They described the findings in 
a newborn girl with osteogenesis imperfecta type II. Chest 
radiographs were taken before and after the chest compres-
sions. The radiographs were reviewed by several radiologists 
from 3 different hospitals and demonstrated no new radio-
graphically visible rib fractures.

It is also clear that the position of the hands/fingers and 
the actions in two-thumb encircling hands chest compression 
seems similar to the position of the hands/fingers and the 
actions in the way, in which the chest is compressed in non-
accidental squeezing. 

There are indications that the incidence of rib fractures in 
two-thumbs CPR possibly is higher than in two-finger 
CPR.  However, all rib fractures, due to two-thumbs CPR, 
that are reported in the medical literature, were located in the 
anterior and anterolateral segment, and only once in the pos-
terolateral segment, except those that were reported by 

Clouse and Love with rib fractures in the posterior segment 
[122, 123].

A possible explanation for the absence of rib fractures in 
the posterior and posterolateral segment in two-thumbs 
CPR is that the person, who performs this technique, exerts 
pressure on the central part of the chest/the sternum, and 
uses his second to fifth fingers as a simple brace. The per-
son, who violently squeezes the thorax compresses the tho-
rax from anterior to posterior by pushing the sternum 
inwards, and from posterior to anterior by pushing the ribs 
in the posterior segment inwards, creating leverage of the 
ribs on the vertebral processes [16, 118]. The force that is 
used while squeezing the chest is illustrated in a case report 
by Lauridson and Cromblin [102]. The authors described a 
4-month-old boy with multiple posterior rib fractures and 
without any external evidence of non-accidental trauma. 
The father admitted he hold the child between his arm and 
chest and repeatedly squeezed the child as hard as he could 
(so hard his arms got a little achy). The child turned purple 
and unconscious (probably due to cardiopulmonary effects 
of the squeezing: restriction of breathing and reduced car-
diac output). The father thought he might have killed the 
child and blew into the child’s mouth to get him to breathe. 
The child started breathing. Because of feeding difficulties 
the mother sought medical care. A chest radiograph revealed 
multiple healing rib fractures with callus formation. This 
case report endorses that violent squeezing concerns forces 
different from the force that is used in normally performed 
CPR.

There is one major caveat to the discussion on rib frac-
tures resulting from CPR, to date, almost all studies have 
used conventional radiography. In an autopsy-based paper 
Dolinak describes a series of 70 consecutive autopsies in 
infants ranging in age from 2 weeks to 8 months, [117]. Of 
these infants, subtle anterolateral rib fractures were diag-
nosed in 8 (11%). With the increasing use of CT, especially 
in the post-mortem setting these subtle buckle fractures are 
increasingly diagnosed after CPR has been applied 
(Figs. 7.32a, b and 7.13a, b A & B). As these buckle fractures 
will heal without noticeable callus formation they will not be 
visible on radiography.

Other Injuries, Due to Resuscitation
Most studies concerning CPR-related injuries in children 
focus on major physical injuries, such as thoraco-abdominal 
injuries, which are potentially life threatening. However, 
major resuscitation injuries are rare [105, 107, 114, 125]. It 
is generally accepted that minor soft-tissue injuries are com-
mon in both adults and children [115, 125]. These CPR-
related injuries, most commonly found in the orofacial 
region, often have no clinical relevance at all, but in the pres-
ence of rib fractures may be essential in a proper forensic 
evaluation in cases of suspected child abuse.
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a b

Fig. 7.32 Neonate who was found unresponsive in his bed, CPR was 
performed by caregivers and medical personnel. (a) Chest radiograph, 
as part of the skeletal survey, shows no sign of rib fractures. (b) Chest 

CT shows anterior buckling fractures of the fourth ribs (insets), thought 
to be resulting from CPR.  Autopsy showed no signs of non-natural 
death

Table 7.10 Non-skeletal injuries due to resuscitation [114, 115, 195]

Resuscitation 
method Findings
Airbag-valve 
ventilation (mask 
resuscitation)

Abrasions over the nasal bridge, undersurface 
of the nose, the lips, cheeks, and anterior chin 
surface

Mouth-to-mouth 
resuscitation

Tightly grouped fingernail imprints and 
abrasions around the nose, with loosely 
satellite fingernail imprints and abrasions on 
the cheeks, forehead, and chin.

Orotracheal 
intubation 
resuscitation

Contusion or laceration of the lips and 
compression of oral tissue against the teeth

Defibrillation Burns and abrasions
Chest compression Retroperitoneal haemorrhage, pneumothorax, 

pulmonary haemorrhage, epicardial 
hematoma, gastric perforation

Other, non-skeletal, injuries can consist of orotracheal 
lesions due to intubation, placement of a nasogastric tube, 
thoraco-abdominal organ trauma and skin lesions 
(Table 7.10) [108, 114, 126]. The skin lesions can consist of 
orofacial findings but there may be skin findings on the rest 
of the body, e.g. bruising of the anterior thoracic wall (or 
perhaps on both the anterior and posterior wall in vigorous 
‘two thumbs encircling hands chest compression’). The 
incidence of other injuries ranges, depending on the severity 
of findings and duration of resuscitation, from 7% to 62% 
[114, 115]. In a large retrospective post-mortem study in 
546 children by Matshes et  al. no relation between the 
development of CPR-related injuries and the level of train-
ing of the medical or non-medical resuscitators was found 
[107]. Matshes concluded that ‘Injuries secondary to resus-

citative efforts are infrequent or rare, pathophysiologically 
inconsequential and predominantly orofacial in  location’ 
and that ‘participation of nonmedical or untrained individu-
als in resuscitation did not increase the likelihood of injury’. 
It can be concluded that whenever serious traumatic injuries 
are found after CPR, non-accidental trauma should be 
considered.

7.3.4.2  Physiotherapy, Chiropractic Care, and Rib 
Fractures

Only a few articles have been published in the medical litera-
ture, in which rib fractures in children due to chest physio-
therapy or chiropractic care are reported.

Purohit et al. were the first to describe the occurrence of 
rib fractures in a male neonate, according to the authors, 
most probably due to chest physiotherapy, although they did 
not exclude the occurrence due to the stress of prolonged 
respiratory distress [127]. The boy, weighing 2.1  kg, was 
born at a gestational age of 32 weeks and was admitted to the 
neonatal intensive care unit, because of respiratory distress 
due to hyaline membrane disease. He received physiother-
apy, starting at 7 days of age (percussion by hand or vibration 
with electric toothbrush) was started because of atelectasis of 
the right upper and middle lobes as well as an infiltrate in the 
remaining lung fields. It was stopped after a while, but started 
again at the age of 53 days because of recurrence of the atel-
ectasis. At the age of 75 days, the chest radiograph showed 
healing fractures of the sixth and seventh rib on the right side 
and of the eighth rib on the left side. Radiographs of the rest 
of the skeleton showed no abnormalities. The fractures were 
seen during his stay at the hospital.
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Chalumeau et al. described five boys, aged 1 to 6 months 
(median age 3 months), over a period of 4 years (1996–1999) 
when they received chest physiotherapy and who appeared to 
have sustained a rib fracture due to chest physiotherapy for 
bronchiolitis (4 children) or pneumonia (1 child) [128]. The 
median number of fractures was 4, with a range of 1 to 5. All 
fractures were located between the third and the eighth rib, in 
4 children lateral and in 1 child posterior. In 4 children the 
fractures were unilateral and in 1 child bilateral. The authors 
estimated that the prevalence of rib fractures due to chest 
physiotherapy during the study period was 1:1000  in chil-
dren admitted for bronchiolitis or pneumonia. They consider 
chest physiotherapy to be a potential but rare cause of rib 
fractures.

Gorincour et  al. did a prospective study (May 2000 to 
May 2003) into rib fractures in children, treated for bronchi-
olitis [129]. They found in total six children, under the age of 
2 years old with lateral rib fractures and possible remnants of 
rib fractures. The authors believe that in these children no 
plausible grounds for a suspicion of non-accidental trauma 
were present. The only possibility left was chest physiother-
apy. Twelve of the 14 fractures were located in the lateral 
part of the chest from the fourth to the seventh rib. No frac-
tures were found at the costochondral junctions. In 12 out of 
14 lesions, only periosteal reactions were seen without a 
clearly visible fracture. According to the authors this was 
feasible since repeated chest physiotherapy causes subperi-
osteal haemorrhages rather than real fractures.

Chanelière et al. reported two children that had sustained 
lateral fractures of the third to sixth rib after physiotherapy 
for bronchiolitis [130]. The authors posed that, although rib 
fractures resulting from physiotherapy are rare, physicians 
should be aware of the possibility when confronted with rib 
fractures in a child that received chest physiotherapy.

Wilson et al. reported the presence of fractures of the left 
seventh and eighth ribs posteriorly in a 21-day-old infant 
who was treated by an chiropractor for colic 5 days before 
the fractures were diagnosed [131]. On day of presentation, 
the mother reported that she felt a crackling sensation when 
she touched the infant’s back, while the patient was lying 
against her chest. On evaluation by the paediatrician, the 
finding of crepitus was confirmed and a chest radiograph was 
obtained, which revealed acute fractures of the left seventh 
and eighth ribs posteriorly. CT of the head, skeletal surveys 
and laboratory tests did not show any abnormalities. During 
the evaluation of the suspicion of non-accidental trauma no 
concerns were found. During the evaluation, the mother 
described that ‘the chiropractor initially held the patient 
upside down by the hips, wrapping his hands around her hips 
and lower ribs. Next, he applied pressure along her spine 
with his fingertips. Finally he used a ‘spring-activated 
device’ on the patient’s back while she was lying down on her 
mother’s chest, in the same location the fractures were later 

found. The patient cried immediately after the procedure and 
then fell asleep. She continued to be fussy after the maneu-
ver’. The case was discussed with the chiropractor, who con-
firmed the mechanism of treatment that was described by the 
patient’s mother.

7.3.4.3  Surgical Interventions and Rib Fractures
The occurrence of rib fractures due to surgical procedures 
has only been described in medical literature a few times.

Feldman and Brewer probably were the first to evaluate 
the probability of the occurrence of rib fractures, due to 
CPR. They compared the findings in 113 children (41 chil-
dren with non-accidental trauma, 50 patients who had to be 
resuscitated, and 22 patients with rib fractures) (see also 
Sect. 7.3.4.1) [75]. In total 29 of the 113 children had rib 
fractures. In 5 of the 29 children the fractures were sustained 
in surgical interventions.

Cosway et  al. evaluated the circumstances under which 
61 children under the age of 2  years had sustained occult 
(defined by the authors as not clinically evident) rib fractures 
(see also Sect. 7.3.4.1) [120]. In 11 children it was deter-
mined that the occult rib fractures were due to surgical 
procedures.

7.3.5  Trauma after Birth: Medical Conditions

7.3.5.1  Rib Fractures in Preterm Children
Compared to term neonates, premature infants are at higher 
risk for fractures in day-to-day handling. Most often these 
are fractures of the long bones and ribs (Fig. 7.33). Rib frac-
tures  in premature infants usually will cause no clinical 
symptoms.

Helfer et al. described the findings in 4 infants (3 preterm 
and 1 term), who were presented to the physician with seri-
ous bony injury between the ages of 4 and 10 months [132]. 
In these children initially non-accidental trauma was sus-
pected, because of the presence of multiple bone injuries. 
Finally, it became clear that the fractures most probably were 
due to parent- or caretaker-administered passive exercises 
(‘home-administered physical therapy’). In 2 of the 4 chil-
dren rib fractures were found. The rib fractures seen in these 
infants (1 fracture in 1 infant and 9 fractures in the second 
child) were thought to be the result of vigorous pinning of 
the infant to the table or floor as the helper held the chest. 
According to the authors, the amount of force inflicted by the 
caretakers of the 4 infants, as they demonstrated their tech-
niques to the staff, was significantly greater than that which 
they were taught. In none of the infants rickets was present at 
the moment the fractures occurred. In two infants, however, 
rickets of prematurity occurred months earlier, but this was 
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Fig. 7.33 Neonate born at 26  weeks and 2  days gestational age. 
Clinical follow-up chest radiograph several weeks later shows healing 
lateral rib fractures of the seventh and eighth left lateral ribs. As the 
child had not left the neonatal ICU the fractures were diagnosed as the 
result of prematurity-induced osteopenia

already healed and played no role in the occurrence of the 
fractures.

Prematurely born children and critically ill neonates also 
have an increased risk for sustaining rib fractures during 
resuscitation. These are nearly always located in the anterior 
or anterolateral segment [12].

Premature children also run an increased risk for rickets, 
which may include rib fractures. Keipert described a preterm 
infant, born at 26 weeks’ gestation, who was found at the age 
of 14  weeks to have radiological changes consistent with 
rickets, and multiple healing fractures of the ribs [133]. 
Geggel et al. described the findings in 2 preterm infants with 
rickets in whom multiple rib fractures were found [134]. 
Dabezies and Warren evaluated the findings in 247 prema-
ture infants with a very low birth weight (weighing under 
1500 gr) [135]. Rickets was diagnosed in 96 (39%) infants 
(mean age 50  days) and fractures were diagnosed in 26 
(10.5%) infants (mean age 75 days). These 26 infants had a 
total of 98 fractures. Fractures of the ribs were found in 54 
infants, of the radius in 13, of the humerus in 10, of the ulna 
in 8, of the femur in 5, of the metacarpal in 4, of the clavicle 
in 3 and finally of the fibula in 1 infant. Risk factors included 
hepatobiliary disease, total parenteral nutrition, diuretic ther-
apy, physical therapy with passive motion and chest percus-
sion therapy.

Smurthwaite et  al. retrospectively reviewed the radio-
graphs of 72 extremely low birth weight infants (1000 g or 
less) with a gestation range of 22–33 weeks, and who had 

survived 4 or more weeks [136]. Five of the 72 infants (7%) 
had radiologically apparent rib fractures. None involved pos-
terior rib shafts. All infants with rib fractures died in the neo-
natal intensive care unit.

Lucas-Herald et al. evaluated the prevalence of rib frac-
tures in 3318 preterm infants, who were born at less than 
37  weeks of gestation [137]. One thousand four hundred 
forty-six infants had a total of 9386 chest radiographs. Less 
than 2% (n = 26) were identified as having a total of 62 rib 
fractures. The median gestational age at birth of these 26 
infants was 26 weeks with a range of 23 to 34 weeks. A full 
skeletal survey was performed in 8 of 26 (31%). Investigations 
for non-accidental injury occurred in 4 of 26 (15%) cases. 18 
infants were diagnosed with osteopathy of prematurity. In 5 
children the circumstances were unknown and in 3 infants 
the rib fractures were determined to be due to non-accidental 
trauma. 27 (36%) of the 62 fractures were sited posteriorly. 
15 infants with posterior rib fractures (53%) were diagnosed 
with osteopathy of prematurity. Risk factors, often more than 
1 (total parenteral nutrition, diuretics, conjugated hyperbili-
rubinemia, low calcium/phosphate levels, chronic lung dis-
ease, high alkaline phosphatase levels, cystic fibrosis, and 
low serum vitamin D levels) were present in 23 of 26 (88%) 
infants. According to the authors, the evaluation of these 
fractures in infancy requires a detailed neonatal history irre-
spective of the site of rib fracture.

Wei et al. evaluated the findings in all babies admitted to 
a neonatal intensive care unit, in whom during their stay one 
or more fracture(s) were diagnosed [138]. The findings of 27 
infants (median gestational age of 28 weeks and a range of 
23.6 to 40.4 weeks; median birthweight of 920 g and a range 
of 485 to 4875 gr) with a total of 71 fractures were included. 
Rib fractures were most common: 17 of the 71 concerned 
anterior or lateral rib fractures and 28 posterior rib fractures 
(5 humeral, 3 ulnar, 4 radial, 8 femoral, 1 tibial, 4 clavicular 
and 1 skull). Preterm infants were at risk of developing mul-
tiple fractures. In preterm infants the fractures were associ-
ated with a variety of contributing factors (e.g. more preterm, 
lower birth weight, more commonly osteopenic, total paren-
tal feeding). The authors specifically stated that posterior rib 
fractures that have been viewed as a hallmark of NAI are 
relatively common in sick preterm infants in the neonatal 
intensive care unit. Posterior rib fractures were more com-
monly found in infants who were born more preterm (25.1 
vs. 29.4 weeks) and  who were requiring diuretics.

7.3.5.2  Rib Fractures in Children with Bone 
Disease

When a rib fracture is found in a neonate, one should always 
be aware of diseases that affect bone mineralization and may 
contribute to the occurrence of fractures in young children. 
Most descriptions of rib fractures in children with bone dis-
ease concern single case reports.
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Osteogenesis Imperfecta and Rib Fractures
The most common bone disease in which an increased risk 
of rib fractures has been described, is osteogenesis imper-
fecta (OI) (see 14.3). OI-related rib fractures can occur 
before birth (Sect. 7.3.1), during birth (Sect. 7.3.2) and after 
birth, e.g. due to CPR (Sect.  7.3.4.1). Generally, this diagno-
sis will cause few problems in the most severe cases of OI, 
the foetus will die in utero, or (often) the infant will die 
shortly after birth (Sect. 14.3) [139].

Greeley et al. did a retrospective chart review of a series 
of 68 infants and children under 18 years of age who have the 
diagnosis of OI (any type) from a single institution [140]. 
Type 1 was diagnosed in 23 patients (34%), type 2 in 1 (2%), 
type 3  in 17 (25%), and type 4  in 24 (35%). In 3 patients 
(4%) the type was unknown. They found OI-related rib frac-
tures in 15 patients (22%). Thirteen of these 15 patients 
(87%) were diagnosed prenatally or immediately after birth, 
12 (80%) had blue sclera, 10 (67%) were noted to have 
osteopenia on radiograph and 5 (33%) had a family history 
of OI. The 2 (13%) paediatric patients with rib fractures who 
were not diagnosed prenatally or at birth were diagnosed at 
the ages of 14 and 43  months. Both were diagnosed with 
type 1, had a family history of OI and had blue sclera. In 
other words, no patients who were diagnosed with OI under 
the age of 1 year had rib fractures.

Pereira referred to the findings of Greeley et al. concern-
ing OI-related rib fractures, but made one reservation: ‘Rib 
fractures appearing in infancy would not be supported as 
being from OI, but at this point in time, much larger data col-
lection is needed before saying that OI could be excluded in 
clinical practice based on if they appear in infancy’ [141]. 
According to Pereira symmetric rib fractures, specifically if 
they are posterior, medial, and bilateral, are more likely due 
to non-accidental trauma in children under the age of 3 years 
and are rarely seen in children with OI.

Rickets and Rib Fractures
Rickets-related rib fractures have been described in the med-
ical literature (see also Sections 14.4 and 15.5.3). Chapman 
et al., e.g. found 3 lateral and 1 anterior-lateral rib fractures 
in 2 children of a total of 45 children, aged 2 to 24 months, 
with rickets, evident by radiograph [142]. Fracture types 
were transverse long bone shaft fractures and metaphyseal 
fractures. All infants and toddlers with fractures were mobile 
(two crawlings, four cruising, one walking). All fractures 
occurred exclusively in patients with severe, overtly evident 
rickets. In one of the children with rib fractures (11-month-
old infant) radiology showed anterior rib end widening 
(rachitic rosary), right anterior lateral rib fractures, bilateral 
proximal humeral severe irregularity and disruption judged 
to represent metaphyseal fractures. None of the fractures 
were seen in a child with normal bone or mild rickets on 
radiograph.

Menkes Disease and Rib Fractures
There is only one case report in which the occurrence of one 
rib fracture was described in an infant with Menkes disease 
and in which it is suggested that the rib fracture was related 
to Menkes disease (see also Sects. 14.5.7).

Wacks et al. and Droms et al. reported the findings in a 
5-month-old boy with bronchiolitis [59, 143]. The chest 
radiograph showed a healing posterior fracture of the right 
seventh rib, which led to a suspicion of non-accidental 
trauma. A complete skeletal survey was done, which showed 
bilateral irregularities to the distal radial and ulnar metaphy-
ses consistent with healing metaphyseal fractures, as well as 
healing metaphyseal corner fractures of the right and left dis-
tal femurs. The survey also showed more than 5 wormian 
bones of the skull and an unusual pelvis configuration. No 
acute intracranial abnormalities, except the aforementioned 
wormian bones were seen on a CT scan of the head. On fur-
ther examination, the boy had coarse hair with a pili torti 
appearance, diffuse pallor, hypotonia, pectus excavatum and 
an asymmetric sacral dimple. These findings, combined with 
the laboratory findings (low serum copper level and low 
serum ceruloplasmin level) led to Menkes disease as a diag-
nosis. Wacks et al. gave no definitive statement that all the 
skeletal findings, especially the healing rib fracture, were 
Menkes disease- or copper deficiency-related or that non-
accidental trauma was definitively excluded. They only 
stated that: ‘Even though a metabolic cause may be identified 
to explain injuries consistent with child abuse, it is important 
to consider child abuse in the differential until the full multi-
disciplinary workup has been completed’.

Droms et al. stated: ‘Although the effects of Menkes dis-
ease are pervasive, many of the initial clinical findings result 
from connective tissue abnormalities and can be misinter-
preted as child abuse. These include subdural hematomas, 
cervical spine defects, rib fractures, and metaphyseal spurs 
of the long bone metaphyses. Other radiologic findings such 
as multiple wormian bones are thought to be normal ana-
tomic variants or suggestive of bone dysplasias rather than 
child abuse’.

Droms et  al. further stated: ‘Copper deficiency leads to 
connective tissue abnormalities and may result in subdural 
hematomas, wormian bones, cervical spine defects, rib frac-
tures, and spurring of the long bone metaphyses. Several of 
these findings, including fractures and subdural hematomas, 
may be misinterpreted as child abuse’.

Although the statement about rib fractures in children 
with Menkes disease is referenced by Droms et al. with arti-
cles by Cronin et al. and Dongkyu et al., the occurrence of 
Menkes disease- or copper deficiency-related rib fractures or 
even rib fractures, in general is not mentioned in these arti-
cles [144, 145]. The metaphyseal lesions in the case report 
by Wacks et al. and Droms et al. were initially determined to 
be metaphyseal corner fractures, but eventually were deter-
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mined to be findings consistent with the metaphyseal find-
ings in Menkes disease/copper deficiency. Already in 1987 
Chapman stated: ‘The differentiation of metaphyseal abnor-
malities caused by copper deficiency from metaphyseal frac-
tures caused by child abuse and from normal developmental 
variants, such as cupping of the anterior ends of ribs and 
metaphyseal breaking, is not difficult for the experienced’ 
[146].

Drom et  al. excluded that the rib fracture was due to a 
non-accidental trauma by stating that rib fractures belong to 
the specific findings in Menkes disease/copper deficiency 
and by stating: ‘In any male infant in whom child abuse is 
suspected because of fractures or subdural hematomas, the 
hair should be examined for the coarseness and sparseness 
typically seen in Menkes disease’. However, there is no evi-
dence for that statement, concerning the rib fracture in this 
5-month-old boy.

Metabolic Disturbances and Rib Fractures
Rib fractures have been described as congenital and acquired 
medical conditions with metabolic disturbances.

Rib fractures have been reported in neonates suffering 
from hyperparathyroidism/ hypercalciuric hypercalcaemia, 
due to an inborn error of metabolism. Nyweide et al. reported 
a 2-week-old infant, who presented with bilateral rib frac-
tures, hypercalcemia and subperiosteal bone erosions [147]. 
Parathyroid hormone levels were elevated and urine calcium 
was low. Her parent’s laboratory test results were normal. 
Gene sequencing revealed a new mutation of the calcium-
sensing receptor gene, causing severe neonatal hyperpara-
thyroidism, a variant of hypocalciuric hypercalcemia. 
According to Nyweide et al. this is a rare cause of neonatal 
hyperparathyroidism and non-abusive fractures.

Maternal factors may also play a role in the origin of rib 
fractures of their often premature neonates. Kaplan et al. pre-
sented the presence of diffuse osteopenia of the long bones 
and probable rib fractures in 10 premature infants, who were 
exposed in utero to large doses of MgSO4, due to prolonged 
maternal treatment with MgSO4 administration for preterm 
labour [148]. According to Kaplan et al. these infants have an 
increased risk of developing hypocalcaemia, osteopenia and 
fractures. The effects were most pronounced in infants who 
were products of multiple pregnancies.

In rare cases, serious malnutrition may cause metabolic 
disturbances, and as such increase the risk for fractures. This 
may lead to a suspicion of non-accidental trauma. Bilo et al. 
described a 7-month-old hospitalized baby with severe mal-
nutrition, due to chronic malabsorption [149]. The malab-
sorption was caused by a ‘short-bowel’ syndrome, due to 
necrotizing enterocolitis. The infant had been hospitalized 
from birth on, and was totally dependent on parental feeding. 
Additional radiological examination showed an obvious case 
of rickets.

Robinson et  al. described the findings in an 8-month-
old boy with irritability and pain with movement [150]. He 
was unable to bear weight and had a poor head control. He 
had palpable clavicular bony lesions and point tenderness 
of the hips. Over the last 4 months the boy had lost several 
developmental milestones. He had decreased appetite and 
minimal weight gain. A skeletal survey showed multiple 
rib fractures, osteoporosis and rickets. Laboratory exami-
nation showed hypophosphatemia and an elevated serum 
aluminium level. Past medical history was positive for gas-
troesophageal reflux. He had been started on ranitidine and 
aluminium hydroxide at 2 months of age. The infant’s for-
mula contained elevated aluminium levels. Further investi-
gation showed that ½ tablespoonful instead of ½ 
teaspoonful of antacid had been added to each 6-ounce 
formula bottle for the prior 6 months, while only 1 month 
of antacid therapy had been recommended. An objective 
causality assessment revealed a probable adverse drug 
event. According to the authors phosphate-binding sub-
stances like aluminium-containing antacids can bind large 
amounts of phosphorus, causing hypophosphatemia and 
metabolic bone disease.

Osteopetrosis and Rib Fractures
Autosomal dominant osteopetrosis (aka Albers-Schonberg 
disease, marble bone disease, osteosclerosis fragilis general-
isata) is marked by increased bone density due to a defect in 
bone reabsorption by cells called osteoclasts. This leads to 
the accumulation of bone with defective architecture, mak-
ing them brittle and susceptible to fracture [151].

Lethal osteopetrosis with multiple fractures, including rib 
fractures, in utero has been described by el Khazen et al. and 
Malinger et al. (see also Sect. 7.3.1) [34, 35].

Bodamer et  al. described the presence of multiple frac-
tures of the long bones due to osteopetrosis in a 3-month-old 
infant, although the finding of multiple fractures, according 
to Bodamer et al., is highly unusual [152].

Rib fractures have been described only very rarely in pae-
diatric patients with osteopetrosis. Waguespack et al. retro-
spectively evaluated the data of 62 patients (all ages) with 
autosomal dominant osteopetrosis and fractures [153]. They 
found rib fractures in 8 patients (5%). Unfortunately, they 
did not differentiate between rib fractures in paediatric 
(under the age of 18 years) and adult patients. Only one case 
report concerning a young child with a possibly osteopetro-
sis-related rib fracture is found in the medical literature. 
Matrane et al. described the findings in a 2-year-old child, 
born after a consanguineous marriage, who was hospitalized 
because of mucocutaneous pallor, splenomegaly, failure to 
thrive and altered psychomotor development [154]. 
Radiological examination showed signs of osteopetrosis and 
a CT scan revealed a double fracture of the right coracoid 
process and the tenth right rib.
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7.3.5.3  Rib Fractures in Serious Coughing Fits
Rib fractures have been described in adult and paediatric 
patients and may result from the forces released during pro-
longed and forceful coughing and therefore can be labelled 
as ‘stress fractures’ [155]. According to Sano et al. cough-
ing-related rib fractures may occur in every age group 
regardless of the presence or absence of underlying disease 
[156]. Most commonly these are single rib fractures, which 
are subtle and non-displaced [156–158].

The first description of rib fractures due to coughing in 
adult patients, concerned the occurrence in pregnant women 
[159]. They may occur due to severe coughing or secondary 
to, e.g. airway infections, like tuberculosis, asthma, or irri-
tation of the airways [155, 157, 160–166]. In paediatric 
patients coughing-related rib fractures are described in case 
of bouts of violent coughing, as can be seen in whooping 
cough.

The American Academy of Pediatrics (AAP) and the 
Centers for Disease Control (CDC) describe complications 
of whooping cough in adolescents and adults: fainting, 
sleep disturbances, urine incontinence and pneumonia 
[167, 168]. Both also mention rib fractures in teens and 
adolescents. The most critical course of whooping cough 
is seen in infants under the age of 6 months, especially in 
premature and non-vaccinated infants. The complications 
seen in infants under the age of 1 year are pneumonia in 
22% of the infants, seizures in 2%, encephalopathy in less 
than 0.5%, and death. The incidence of fatal whooping 
cough is approximately 1% in infants under the age of 
2 months and under 0.5% in infants between the ages of 2 
and 11 months. The most prevalent complication and cause 
of whooping cough-related death is secondary bacterial 
pneumonia. Of the children that die, 85% is under the age 
of 3 months [168]. According to the CDC, the pressure in 
severe coughing fits in whooping cough can lead to pneu-
mothorax, nose bleeds, subdural haemorrhages, hernias, 
and rectum prolapse. Neither the AAP nor the CDC men-
tion rib fractures as a result of whooping cough in infants. 
The cases of rib fractures, due to coughing fits, that are 
reported in the medical literature, have only been described 
in adolescents and adults [169–172]. As in adult patients 
with cough-related fractures most commonly these are 
single rib fractures, although more fractures and symmet-
rical fractures have been reported. McNaughten et  al. 
described the occurrence of rib fractures at the angle of the 
left fifth rib and anteriorly on the right sixth rib in a 
13-year-old girl with a 3-day history of worsening parox-
ysmal cough and vomiting, due to pertussis [172]. The 
youngest child mentioned in the literature who had sus-
tained a rib fracture (it concerned the first rib) due to 
whooping cough was an 11-year-old boy, who presented 
with a sudden onset of severe right-sided pleuritic chest 

pain with a 6-week history of a coughing illness and con-
siderable weight loss [169]. 

Only very rarely other coughing disorders than whooping 
cough are reported in the medical literature. Allen and Aziz 
reported a 3-month-old girl with a ventricular septal defect 
who developed six unexplained posterior rib fractures while 
being in hospital because of paroxysmal coughing, due to 
H1N1 influenza [173]. As far as could be derived from the 
information given by the authors, they were of the opinion 
that the fractures could have been due to severe paroxysmal 
coughing. Chest physiotherapy was excluded because of the 
location of the fractures, which, according to the authors, 
mainly occur laterally in CPT (see also Sect.   7.3.4.2). 
Prematurity (Sect.  7.3.5.1), prolonged diuretic use, sub-opti-
mal nutrition and bone density were mentioned by the 
authors as possible other contributing factors to the occur-
rence of the posteriorly located rib fractures in the child. 
According to the authors, non-accidental trauma was fully 
investigated and thought to be unlikely. They do not mention 
on what grounds non-accidental trauma was excluded. 
Unfortunately, the authors did also not mention how they 
thought that the location of the fractures could be explained, 
although posteriorly located rib fractures have been described 
regularly in preterm infants (see Sect.  7.3.5.1).

7.3.5.4  Bone Disease: Concluding Remarks
In infants and children rib fractures may, as shown above, be 
the result of underlying diseases or disorders. This implies 
that when faced with an infant or child with a rib fracture 
without a clear trauma history the attending clinician needs 
to consider not only non-accidental injury and thus should 
obtain a complete clinical history, including the perinatal 
period and family history. Based on this the appropriate 
ancillary tests should be ordered to rule out an underlying 
disease.

7.4  Penetrating Chest Trauma

7.4.1  General Aspects of Penetrating  
Chest Trauma

Penetrating chest trauma constitutes 9.5 to 15% of chest 
injuries in children, with most caused by gunshots, knife 
wounds, and injury from other sharp objects [4, 174]. Nearly 
100% of the fatalities in children with penetrating chest 
trauma are due to the chest injury itself, while in fatalities in 
children with blunt force chest trauma approximately 15% of 
the deaths are due directly to intrathoracic injuries and 
almost half of the deaths to associated neurologic injury [4]. 
Rib fractures have been described in children as associated 
injuries in penetrating chest trauma.
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Paediatric chest injuries can be sustained, due to acciden-
tal and non-accidental circumstances. As already stated in 
Sect. 7.2, chest trauma due to penetrating trauma, is mainly 
reported in older children or in adolescents and only rarely 
reported in young paediatric patients [4, 174]. Sometimes 
(more or less) blunt penetrating trauma may occur in paedi-
atric patients, e.g. due to falls on railings or fence posts.

7.4.2  Penetrating Chest Trauma: Accidental 
Circumstances

Accidental penetrating chest trauma has been described in 
paediatric patients, of all ages up to the age of 18 years. In 
the medical literature several sharp objects, causing penetrat-
ing injuries, have been described. Examples are given in 
Table 7.11. The injuries in the case reports rarely were fatal, 
except for the case described by Murphy: a 12-year-old boy 
who was struck in his home in the left anterior chest by a 

single, sharp, slender fragment of glass blown from a win-
dow that shattered in a thunderstorm [175]. The boy immedi-
ately collapsed and was pronounced dead at the scene.

Boleken et  al. evaluated the findings in 84 paediatric 
patients (mean age 10.3 ± 3.79 years; male-to-female ratio 6 
to 1) with penetrating injuries to the thorax and abdomen 
(research period 2006 to 2012): 26 gunshot injuries and 58 
stabbing injuries [176]. Thoracic injuries were present in 31 
patients (mean age 9.77 ± 4.20 years), abdominal injuries in 
43 (mean age 10.38  ±  3.71  years), and both thoracic and 
abdominal injuries were found in 10 (mean age 
12 ± 2.26 years). According to the authors almost 70% of the 
patients were accidentally injured. In 11 of the 31 children 
with thoracic injuries, the injuries were caused by gunshots, 
while the injuries in the remaining 20 patients were caused 
by stabbing (11 knife injuries, 5 penetrating sharp device 
injuries, and 4 cases of falling on a sharp object). None of the 
children in the study had secondary complications or died 
due to the penetrating injury.

Table 7.11 Penetrating objects (accidental circumstances)

Author(s) Sex Age
Penetrating 
object History

Riggle et al. 
[196]

Girl 15 months Knitting 
needle

Sat unrestrained in car seat in the back of a car traveling approximately 5 miles per hour 
in a parking lot. Because of a sudden stop, she was thrown forward onto a bag of knitting 
supplies. A knitting needle was protruding from her right chest

Gettig et al. [197] Girl 4 years Knitting 
needle

Fell off the arm of a couch onto her mother’s knitting bag

Kulaylat et al. 
[198]

Girl 2½ years Nail from 
nail gun

The child reportedly picked up a lightweight nail gun and accidentally discharged the 
device against her body

O’Neill et al. 
[199]

Boy 4½ years Cactus spine Was playing in the yard when he accidentally fell, chest first, onto a ‘barrel cactus’ 
(echinopsis pasacana)

Papadopoulos 
et al. [200]

Boy 3 years Leaf pin Chest injury 1 week before. Fell while playing over a short palm tree (Yucca elephantipes)

Ramaswamy 
et al. [201]

Boy 12 years Pencil Involved in a rough tumble with his friends, suffered a penetrating injury to the posterior 
wall of his chest on the left side from a pencil in his coat pocket

Fisher et al. [202] ? ? Pencil/pen Fisher et al. described 14 children with injuries from ‘penetrating’ writing instruments: 
Head and neck (9), chest (1), bladder/perineum (2), and extremities (2)

Malla et al. [203] Boy 10 years Bamboo 
stake

Fall from an approximately 15-foot tall coconut tree, landing over an upright bamboo 
stake approximately 50 centimetre long, resulting in a trans-abdominal, trans-thoracic 
injury

Bawany et al. 
[204]

Girl 9 years Metal rod Was hit by a public transport bus and impaled by a metallic rod through the right axilla, 
and subsequently dragged for a distance

Linard et al. 
[205]

Boy 14 years Needle Sewing needle accidentally inserted through the chest wall and migrating spontaneously 
to the pericardium

McLaughlin et al. 
[206]

Boy 15 years Bullet Accidentally shot in the chest

DeCou et al. 
[207]

Boy 5 years Air gun 
pellet

Accidentally shot by his brother with a pellet gun

Boy 8 years Air gun 
pellet

Accidentally shot by his brother with a pellet gun

Boy 15 years Air gun 
pellet

Accidentally shot by his brother with a pellet gun

Greenlees et al. 
[208]

Boy 16 years Air gun 
pellet

Been shot in the chest with an air pellet gun while playing with a friend. Small entry 
wound in the right axilla

Murphy [175] Boy 12 years Shattered 
glass

Struck in his home in the left anterior chest by a single, sharp, slender fragment of glass 
blown from a window that shattered in a thunderstorm
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7.4.3  Penetrating Chest Trauma: Non-
accidental Circumstances

Non-accidental penetrating chest injuries may occur at home 
(often child abuse), outside the home (often physical assaults 
by peers) or in conflicts/wartime (often collateral damage). 
According to some authors, most of the non-accidental pae-
diatric chest injuries, due to penetrating trauma, occur in 
conflicts and wartime, but are rarely seen in peacetime [177]. 
However, according to Cotton and Nance a dramatic increase 
in the incidence of penetrating thoracic injuries and resulting 
fatalities in children, especially due to violence outside the 
home, e.g. gang-related violence, took place in the United 
States at the end of the twentieth century and beginning of 
the twenty-first century [178].

7.4.3.1  Non-accidental Trauma at Home
Penetrating chest injuries due to non-accidental trauma at 
home are very rare. Only a few case reports are found. These 
concerned penetrating injuries due to sewing needles in 
young children.

Sola et al. reported a 3-month-old girl, who was brought 
to the emergency department because of ear pain [179]. It 
was noted that she had a raised erythematous area just infe-
rior to the xyphoid process, which on palpation revealed a 
sharp metallic needle-like structure in the subcutaneous tis-
sue. Radiographic evaluation of the subxyphoid mass 
showed a needle traversing posteriorly into the lower chest 
at the level of the diaphragm with proximity to the cardiac 
silhouette. A CT scan showed the presence of the needle 
within the pericardial sac. The medical history showed that 
the girl had been hospitalized in another hospital because of 
a closed head injury and an occipital fracture, due to a fall. 
On a skeletal survey there were no other fractures seen, 
except for the skull fracture. The investigation by the Child 
Protection Service determined that both injuries were 
inflicted.

Choudhary described the findings in a 3-year-old child 
[180]. A foreign body was detected on his chest radiograph 
while being evaluated for cough. Eventually, 3 sewing nee-
dles were seen on chest radiograph in the chest cavity. 
According to the authors ‘In children, injuries caused by 
sewing needles usually occur accidentally except for some 
self-inflicted injuries caused by depressive behaviours or 
suicide attempts. Child abuse issues should be investigated 
in all such injury cases. In this case, the cause and timing of 
insertion of the needles into the chest cavity remain unknown. 
The possibility of child abuse or witchcraft rituals cannot be 
ruled out’.

Deng et al. reported 2 girls, aged 2 and 5 years, in whom 
as an incidental finding sewing needles were found in the 
chest/lung, probably due to non-accidental trauma [181]. A 

chest Radiograph of the 5-year-old girl showed 2 needle-like 
foreign bodies on the right side of the chest close to the spine 
and posterior chest wall. A CT scan showed that one needle 
was partly situated in the chest wall and partly in the lung. 
The other was completely embedded in lung tissue. The par-
ents and grandmother had no idea what had happened. There 
were no other signs or findings consistent with non-acciden-
tal trauma. A chest Radiograph of the 2-year-old girl showed 
a needle-like foreign body in the left upper part of the chest 
near the great arteries. The parents had no idea what had hap-
pened. There were no other signs or findings consistent with 
non-accidental trauma. Only a tiny little red dot-like papule 
was seen in the left armpit.

7.4.3.2  Non-accidental Trauma outside the Home
Inci et  al. evaluated the findings in 94 children (mean age 
11.51  ±  3.31  years; male-to-female ratio 5.25 to 1), who, 
during a 6-year period, were treated with penetrating chest 
injuries [182]. Stab wounds were found in 45 children, high-
velocity gunshot wounds in 27, low-velocity gunshot wounds 
in 13, bomb (shrapnel) injuries in 7, and a shotgun wound in 
1 child. One child had a penetrating chest injury with cervi-
cal trachea injury, due to a horse bite. This child died after 
surgery. According to the authors, the high rate of stab 
wounds might be related to a large number of children per 
family, the low educational level of the children and their 
parents, and the bad relations between parents and their chil-
dren in the region of Turkey, where the research was done.

Sometimes a penetrating trauma of the chest is not noticed 
by the patient. Massad et al. described a penetrating intracar-
diac injury in a 16-year-old boy who presented with a 
retained 14-cm segment of an ice pick that went unnoticed 
by the patient for 4 days [183]. The ice pick had lacerated the 
anterior papillary muscle of the left ventricle causing avul-
sion of its tip and prolapse of the anterior leaflet of the mitral 
valve resulting in severe mitral regurgitation. The boy 
reported that he was assaulted by members of a street gang in 
a street fight. He did not recall any weapons or sharp objects 
and went home after the incident. However, he continued to 
have back pain, worsening by movement and associated with 
feverishness. Finally, his mother brought him to the 
hospital.

7.4.3.3  Non-accidental Trauma in Conflicts 
and Wartime

Coley et  al. reported a 5-year-old Afghan girl with a life-
threatening penetrating chest trauma, caused by a 5 mm x 
3 mm metallic fragment from an explosive device [177]. The 
girl also had a rib fracture, due to the penetrating trauma.

Darwish et al. described the findings in 256 Syrian chil-
dren, aged 12.8 ± 5 years, with paediatric chest injuries over 
a period of 12 years [184]. In 97 children the chest injuries 
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were due to blunt force trauma in falls, road traffic accidents, 
and assaults. In 156 children the injuries were caused by a 
penetrating trauma, mainly due to shrapnel, bullets and stab 
wounds. The authors saw a significant increase in the inci-
dence of paediatric chest injuries, following the outbreak of 
the Syrian crisis, with a predominance of penetrating trauma. 
Rib fractures were found in 7 of the 159 children with pene-
trating trauma.

7.5  Differential Diagnosis

In this section normal variants and anatomical anomalies 
which may resemble acute or healing rib fractures will be 
discussed. These findings are only described in single case 
reports.

Knapp et al. reported the findings in a 4-month-old boy, 
who was brought to the hospital by his mother with tactile 
fever and coughing for 12 days [185]. The boy appeared to 
be well hydrated, well nourished, and in no distress. He had 
a respiratory rate of 21 breaths per minute, a heart rate of 100 
beats per minute, and a temperature of 37 °C rectally. The 
only positive finding on physical examination was copious 
rhinorrhoea. In the ED, the patient was found to have an oxy-
gen saturation of 100% on room air, and a chest radiograph 
was obtained. Initially, the chest radiograph was interpreted 
as being consistent with posterior fractures of the left fifth, 
sixth, seventh and eighth ribs. A social services consultation 
was requested, and a child abuse report was initiated. 
However,  subsequent second  reading of the film differed. 
The areas previously thought to represent rib fractures were 
noted to be views of the sternal ossification centres superim-
posed on the ribs because the film was not a true anteropos-
terior view. The repeat chest radiograph was normal.

McAloon and O’Neill described the findings in a 
10-month-old febrile boy who was discharged from the hos-
pital after initial assessment that included a chest radiograph 
[186]. Five days later, the A & E consultant received a radi-
ologist’s report describing possible healing rib fractures. A 
second radiology opinion agreed that appearances suggested 
old fractures of ribs 7, 8 and possibly 9 on the right and 
advised a skeletal survey. A child abuse report was initiated. 
The skeletal survey, however, was reported as normal. The 
suggestive findings noted 5 days earlier were not apparent on 
the second chest radiograph. Oblique views confirmed no rib 
fractures. It was then clarified to the parents and social ser-
vices that there was no child protection issue. The suggestive 
findings were sternum ossification centres projecting over 
the ribs (Fig. 7.34).

Pasquale-Styles et  al. described the findings in a 
2½-month-old girl, who was brought to the hospital because 
she was found unresponsive by her father [187]. A family 

member started CPR. A CT-scan of the head showed right 
tentorial subdural haematomas without associated mass 
effect and a small interhemispheric haematoma. She also 
had bilateral loss of grey-white differentiation in the cere-
bral hemispheres, which was interpreted as anoxic change. 
Fundoscopy showed multiple bilateral retinal haemor-
rhages. A skeletal survey on the second hospital day initially 
reported bilateral first rib fractures without associated scap-
ular or clavicular fractures. The father was interrogated by 
the police and he  admitted violently shaking his daughter 
out of frustration because of her crying, after which he had 
tossed her into a car seat. According to the father she was 
immediately unresponsive. The chest radiographs were 
repeated on day 14 and day 15. There was no change in the 
appearance of the apparent fracture sites seen at the antero-
lateral edges of the first ribs. There was no development of 
periosteal reaction or callus formation as would have been 
expected of a 2-week-old healing fracture. The girl died 
24  days after being admitted to  the hospital. Pre-autopsy 
full-body radiographs and autopsy examination revealed 
symmetric, bony nodules resembling calluses in the bilat-
eral, anterolateral first ribs. These  were consistent with 
pseudoarthrosis based on the lack of radiographic evidence 
of bone remodelling on the repeated radiographs 2 weeks 
later and again at the time of autopsy more than 3 weeks 
after injury, the lack of associated scapula and clavicle inju-
ries that would correlate with direct trauma, and histologic 

Fig. 7.34 Right oblique radiograph of the chest of a neonate, the case 
was referred for expert reading due to the presence of multiple rib frac-
tures (small arrows). Closer inspection shows a sternal ossification cen-
tre cranial to the first left rib (large arrow). The other ‘fractures’ are in 
line and all are sternal ossification centres
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findings of abundant mature cartilage and fibrovascular tis-
sue with minimal woven bone. 

Bayramoglu et al. described a rare anatomical variant of 
the chest wall in a 15-year-old boy with a history of lym-
phoma [188]. During a radiological examination (positron-
emission tomography/ computed tomography) bilateral 
multi-level posterior rib enlargements were found, which 
were initially identified as healing fractures. The authors, 
however, stated that the correct diagnosis would be multi-
level posterior rib synchondroses with consecutive bridging. 
The authors concluded that this type of rib variant should be 
excluded in case of possible malignancies, possibility of 
fracture and suspected non-accidental trauma.

And finally, a variety of syndromal and non-syndromal 
rib anomalies may simulate rib fractures or healed rib frac-
tures (Figs. 7.35, 7.36, 7.37, 7.38, and 7.39). Paediatric radi-
ology expertise is necessary to recognize these costal 
variants. If these anomalies are not recognized,  the subse-
quent skeletal survey will reveal clues for the proper 
diagnosis.

a b

Fig. 7.35 This child had spine radiographs for thoracolumbar kypho-
sis. Abnormal ribs were identified and a chest radiograph (a) was per-
formed showing irregular ribs with undulating contours suggestive of 

rib fractures (detail in b). A skeletal survey revealed skeletal abnormali-
ties typical for Melnick Needles syndrome

Fig. 7.36 Patient with infantile osteopetrosis simulating metaphyseal 
corner fractures of het humerus and extensive lateral and anterior rib 
fractures. All abnormalities are consistent with osteopetrosis
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a b

Fig. 7.37 Infant with thoracolumbar kyphosis and developmental 
delay. Radiographs reveal wide and slightly irregular ribs (a) and 
wedge-like deformities of the vertebral bodies of L1 and L2 (b). These 

findings resemble multiple healed rib fractures and impressed fractures 
of the lumbar spine but in fact are quite characteristic findings of dysos-
tosis multiplex congenita. In this case, it was mucolipidosis type II

a b

Fig. 7.38 (a) In a slightly lordotic view the subcostal grooves (housing the intercostal vessels) are visualized that might be interpreted as fractures 
(arrows). (b) A less lordotic view shows normal ribs
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Fig. 7.39 Child with polyostotic fibrous dysplasia. Fusiform widening 
of the right 11th rib and ground glass appearance resembles a healed 
fracture (arrow). To a lesser extent also the tenth rib shows similar 
changes

References

1. Kuo K, Kim AM (2020) Rib Fracture. https://www.ncbi.nlm.nih.
gov/books/NBK541020/. Accessed 02 Mar 2022

2. Love JC, Derrick SM, Wiersema JM, Pinto DC, Greeley C, 
Donaruma-Kwoh M, Bista B (2013) Novel classification system 
of rib fractures observed in infants. J Forensic Sci 58:330–335

3. Sinha CK, Lander A (2013) Trauma in children: abdomen and tho-
rax. Surgery (Oxford) 31:123–129

4. Sharma MS (2016) Pediatric thoracic trauma. https://emedicine.
medscape.com/article/905863-overview#showall. Accessed 02 
Mar 2022

5. Worn MJ, Jones MD (2007) Rib fractures in infancy: establish-
ing the mechanisms of cause from the injuries--a literature review. 
Med Sci Law 47:200–212

6. Bertelsen S, Howitz P (1972) Injuries of the trachea and bronchi. 
Thorax 27:188–194

7. Rasmussen OV, Brynitz S, Struve-Christensen E (1986) Thoracic 
injuries. A review of 93 cases. Scand J Thorac Cardiovasc Surg 
20:71–74

8. Merten DF, Carpenter BL (1990) Radiologic imaging of inflicted 
injury in the child abuse syndrome. Pediatr Clin N Am 37:815–837

9. Kleinman PK, Marks SC Jr, Nimkin K, Rayder SM, Kessler SC 
(1996) Rib fractures in 31 abused infants: postmortem radiologic-
histopathologic study. Radiology 200:807–810

10. Kleinman PK, Schlesinger AE (1997) Mechanical factors asso-
ciated with posterior rib fractures: laboratory and case studies. 
Pediatr Radiol 27:87–91

11. Merten DF, Cooperman DR, Thompson GH (1992) Skeletal mani-
festations of child abuse. In: Reece RM (ed) Child abuse – medi-
cal diagnosis and management. Lea & Febiger, pp 23–53

12. Chapman S (1993) Recent advances in the radiology of child 
abuse. In: Hobbs CJ, Wynne JM (eds) Child abuse. Clinical 
Pediatrics, pp 211–234

13. Kleinman PK, Marks SC, Adams VI, Blackbourne BD (1988) 
Factors affecting visualization of posterior rib fractures in abused 
infants. AJR Am J Roentgenol 150:635–638

14. Kleinman PK, Marks SC, Spevak MR, Richmond JM (1992) 
Fractures of the rib head in abused infants. Radiology 185:119–123

15. Cadzow SP, Armstrong KL (2000) Rib fractures in infants: red 
alert! The clinical features, investigations and child protection out-
comes. J Paediatr Child Health 36:322–326

16. Chapman S (2004) Non-accidental injury. Imaging 16:161–173
17. Kleinman PK (2015) Diagnostic imaging of child abuse. 

Cambridge, Cambridge
18. Cameron JM, Rae LJ (1975) The radiological diagnosis. 

Differential diagnosis. In: Cameron JM, Rae LJ (eds) Atlas of the 
battered child syndrome. Churchill Livingstone, pp 20–50

19. Smith FW, Gilday DL, Ash JM, Green MD (1980) Unsuspected 
costo-vertebral fractures demonstrated by bone scanning in the 
child abuse syndrome. Pediatr Radiol 10:103–106

20. Kleinman PK (2015) Bony thoracic trauma. In: Kleinman PK (ed) 
Diagnostic imaging of child abuse. Cambridge University Press, 
pp 164–207

21. Bixby SD, Abo A, Kleinman PK (2011) High-impact trauma caus-
ing multiple posteromedial rib fractures in a child. Pediatr Emerg 
Care 27:218–219

22. Bradley AL, Swain MV, Neil Waddell J, Das R, Athens J, Kieser 
JA (2014) A comparison between rib fracture patterns in peri- and 
post-mortem compressive injury in a piglet model. J Mech Behav 
Biomed Mater 33:67–75

23. Blackburne WB (2015) Rib fractures in infants: retrospective 
survey of fractures and biomechanical study. Dunedin School of 
Medicine. University of Otago

24. Brodeur AE, Monteleone JA (1994) Child maltreatment. A clini-
cal guide and reference. GW Medical:32

25. Van Mieghem T, Whittle WL, Farine D, Seaward G, D’Souza R 
(2013) Motor vehicle accidents in pregnancy: implications and 
management. J Obstet Gynaecol Can 35:303–304

26. Shapiro JR, Burn VE, Chipman SD, Jacobs JB, Schloo B, Reid L, 
Larsen N, Louis F (1989) Pulmonary hypoplasia and osteogenesis 
imperfecta type II with defective synthesis of alpha I(1) procol-
lagen. Bone 10:165–171

27. Lee SH, Cho JY, Song MJ, Min JY, Han BH, Lee YH, Cho BJ, 
Kim SH (2002) Fetal musculoskeletal malformations with a poor 
outcome: ultrasonographic, pathologic, and radiographic findings. 
Korean J Radiol 3:113–124

28. Solovyov O, Goncharova YA, Zukin V (2010) Osteogenesis 
imperfecta, type II. https://sonoworld.com/TheFetus/page.
aspx?id=2807. Accessed: 10 Aug 2021

29. Ayadi ID, Hamida EB, Rebeh RB, Chaouachi S, Marrakchi Z 
(2015) Perinatal lethal type II osteogenesis imperfecta: a case 
report. Pan Afr Med J 21:11

30. Buttiens A, Vanhoenacker FM, Van Hoywegen A, Y. Leroij (2017) 
Case 14505 Osteogenesis imperfecta type II. https://www.euro-
rad.org/case/14505. Accessed 02 Mar 2022

31. Doumit R, Tarabay H, Zafatayeff Hasbani S, El Helou N (2019) 
Imaging of prenatal fractures. https://epos.myesr.org/poster/esr/
ecr2019/C-1529. Accessed 02 Mar 2022

32. Lauder I, Ellis HA, Ashcroft T, Burridge A (1976) Achondrogenesis 
type I. a familial subvariant? Arch Dis Child 51:550–557

33. Borochowitz Z, Lachman R, Adomian GE, Spear G, Jones K, 
Rimoin DL (1988) Achondrogenesis type I: delineation of fur-
ther heterogeneity and identification of two distinct subgroups. J 
Pediatr 112:23–31

34. el Khazen N, Faverly D, Vamos E, Van Regemorter N, Flament-
Durand J, Carton B, Cremer-Perlmutter N (1986) Lethal osteo-
petrosis with multiple fractures in utero. Am J Med Genet 
23:811–819

35. Malinger G, Omoy A, El Shawwa R (1994) Osteopetrosis. https://
sonoworld.com/TheFetus/page.aspx?id=366. Accessed: 10 Aug 
2021

36. McClelland CQ, Heiple KG (1982) Fractures in the first year of 
life. A diagnostic dilemma. Am J Dis Child 136:26–29

37. Joseph PR, Rosenfeld W (1990) Clavicular fractures in neonates. 
Am J Dis Child 144:165–167

38. Hobbs CJ, Hanks HGI, Wynne JM (1993) Child abuse and 
neglect - a clinician’s handbook. Churchill Livingstone

H. C. Terlingen et al.

https://www.ncbi.nlm.nih.gov/books/NBK541020/
https://www.ncbi.nlm.nih.gov/books/NBK541020/
https://emedicine.medscape.com/article/905863-overview#showall
https://emedicine.medscape.com/article/905863-overview#showall
https://sonoworld.com/TheFetus/page.aspx?id=2807
https://sonoworld.com/TheFetus/page.aspx?id=2807
https://www.eurorad.org/case/14505
https://www.eurorad.org/case/14505
https://epos.myesr.org/poster/esr/ecr2019/C-1529
https://epos.myesr.org/poster/esr/ecr2019/C-1529
https://sonoworld.com/TheFetus/page.aspx?id=366
https://sonoworld.com/TheFetus/page.aspx?id=366


277

39. Bays J (2001) Conditions mistaken for child physical abuse. In: 
Reece RM, Ludwig S (eds) Child abuse, medical diagnosis and 
management. Lippincott Williams & Wilkins, pp 177–206

40. van Rijn RR, Bilo RA, Robben SG (2009) Birth-related mid-
posterior rib fractures in neonates: a report of three cases (and a 
possible fourth case) and a review of the literature. Pediatr Radiol 
39:30–34

41. Rubin A (1964) Birth injuries: incidence, mechanisms and end 
results. Obstet Gynecol 23:218–221

42. Camus M, Lefebvre G, Veron P, Darbois Y (1985) Traumatismes 
obstétricaux du nouveau-né. Enquête rétrospective à pro-
pos de 20409 naissances [Obstetrical injuries of the new-
born infant. Retrospective study apropos of 20,409 births]. J 
GynecolObstetBiolReprod(Paris) 14:1033–1043

43. Bhat BV, Kumar A, Oumachigui A (1994) Bone injuries during 
delivery. Indian J Pediatr 61:401–405

44. Rizzolo PJ, Coleman PR (1989) Neonatal rib fracture: birth 
trauma or child abuse? J FamPract 29:561–563

45. Cumming WA (1979) Neonatal skeletal fractures. Birth trauma or 
child abuse? J Can Assoc Radiol 30:30–33

46. Bulloch B, Schubert CJ, Brophy PD, Johnson N, Reed MH, 
Shapiro RA (2000) Cause and clinical characteristics of rib frac-
tures in infants. Pediatrics 105:E48

47. Durani Y, DePiero AD (2006) Images in emergency medicine. 
Fracture of left clavicle and left posterior rib due to birth trauma. 
Ann Emerg Med 47:210–215

48. Landman L, Homburg R, Sirota L, Dulizky F (1986) Ribfractures 
as a cause of immediate neonatal tachypnea. Eur J Pediatr 
144:487–488

49. Pressley CM, Fry WR, Philp AS, Berry SD, Smith RS (2012) 
Predicting outcome of patients with chest wall injury. Am J Surg 
204:910–913. discussion 913–914

50. Liebsch C, Seiffert T, Vlcek M, Beer M, Huber-Lang M, Wilke HJ 
(2019) Patterns of serial rib fractures after blunt chest trauma: an 
analysis of 380 cases. PLoS One 14:e0224105

51. Kessel B, Dagan J, Swaid F, Ashkenazi I, Olsha O, Peleg K, Givon 
A, Alfici R (2014) Rib fractures: comparison of associated injuries 
between pediatric and adult population. Am J Surg 208:831–834

52. Rosenberg G, Bryant AK, Davis KA, Schuster KM (2016) No 
breakpoint for mortality in pediatric rib fractures. J Trauma Acute 
Care Surg 80:427–432

53. Williams RL, Connolly PT (2004) In children undergoing chest 
radiography what is the specificity of rib fractures for non-acci-
dental injury? Arch Dis Child 89:490–492

54. Merten DF, Radlowski MA, Leonidas JC (1983) The abused child: 
a radiological reappraisal. Radiology 146:377–381

55. Ichikawa Y, Sato A, Sato K, Nakamura K, Kitagawa N, Tanoue K, 
Shiro H (2015) Chylothorax associated with child abuse. Pediatr 
Int 57:1202–1204

56. Shelmerdine SC, Langan D, Hutchinson JC, Hickson M, Pawley 
K, Suich J, Palm L, Sebire NJ, Wade A, Arthurs OJ (2018) Chest 
radiographs versus CT for the detection of rib fractures in children 
(DRIFT): a diagnostic accuracy observational study. Lancet Child 
Adolesc Health 2:802–811

57. Magid N, Glass T (1990) A “hole in a rib” as a sign of child abuse. 
Pediatr Radiol 20:334–336

58. Blair L, Clauss E, Meredith M (2011) Child abuse: discovering the 
horrifying truth. JEMS 36:62–67; quiz 68

59. Wacks NP, Schoppel K, Sell PJ, Guggina T (2016) Opening 
Pandora’s box: a chest radiograph in a 5-month-old with bronchi-
olitis. Hosp Pediatr 6:642–645

60. Worlock P, Stower M, Barbor P (1986) Patterns of fractures in 
accidental and non-accidental injury in children: a comparative 
study. BMJ 293:100–102

61. Garcia VF, Gotschall CS, Eichelberger MR, Bowman LM (1990) 
Rib fractures in children: a marker of severe trauma. J Trauma 
30:695–700

62. Hedström EM, Svensson O, Bergström U, Michno P (2010) 
Epidemiology of fractures in children and adolescents. Acta 
Orthop 81:148–153

63. Darling SE, Done SL, Friedman SD, Feldman KW (2014) 
Frequency of intrathoracic injuries in children younger than 3 
years with rib fractures. Pediatr Radiol 44:1230–1236

64. Skinner DL, den Hollander D, Laing GL, Rodseth RN, Muckart 
DJ (2015) Severe blunt thoracic trauma: differences between 
adults and children in a level I trauma Centre. South Afr Med J 
Suid-Afrikaanse tydskrif vir geneeskunde 105:47–51

65. Wegmann H, Orendi I, Singer G, Eberl R, Castellani C, Schalamon 
J, Till H (2016) The epidemiology of fractures in infants--Which 
accidents are preventable? Injury 47:188–191

66. Naqvi G, Johansson G, Yip G, Rehm A, Carrothers A, Stöhr K (2017) 
Mechanisms, patterns and outcomes of paediatric polytrauma in a 
UK major trauma Centre. Ann R Coll Surg Engl 99:39–45

67. Hagedorn KN, Johnston JH, Chinapuvvula NR, Beckmann NM, 
Cai C, Johnston SK (2019) Characterization of all-terrain vehicle-
related chest injury patterns in children. Emerg Radiol 26:373–379

68. Ruest S, Kanaan G, Moore JL, Goldberg AP (2019) The preva-
lence of rib fractures incidentally identified by chest radiograph 
among infants and toddlers. J Pediatr 204:208–213

69. Ruest S, Kanaan G, Moore JL, Goldberg AP (2021) Pediatric rib 
fractures identified by chest radiograph: a comparison between 
accidental and nonaccidental trauma. Pediatr Emerg Care 
37:e1409–e1415

70. Cooper A (1995) Thoracic injuries. Semin Pediatr Surg 4:109–115
71. Gutierrez IM, Ben-Ishay O, Mooney DP (2013) Pediatric thoracic 

and abdominal trauma. Minerva Chir 68:263–274
72. Schweich P, Fleisher G (1985) Rib fractures in children. Pediatr 

Emerg Care 1:187–189
73. Nakayama DK, Ramenofsky ML, Rowe MI (1989) Chest injuries 

in childhood. Ann Surg 210:770–775
74. Cohle SD, Hawley DA, Berg KK, Kiesel EL, Pless JE (1995) 

Homicidal cardiac lacerations in children. J Forensic Sci 
40:212–218

75. Feldman KW, Brewer DK (1984) Child abuse, cardiopulmonary 
resuscitation, and rib fractures. Pediatrics 73:339–342

76. Thomas PS (1977) Rib fractures in infancy. Ann Radiol (Paris) 
20:115–122

77. Paine CW, Fakeye O, Christian CW, Wood JN (2019) Prevalence 
of abuse among Young children with rib fractures: a systematic 
review. Pediatr Emerg Care 35:96–103

78. England SP, Sundberg S (1996) Management of common pediat-
ric fractures. Pediatr Clin N Am 43:991–1012

79. Wootton-Gorges SL, Soares BP, Alazraki AL, Anupindi SA, 
Blount JP, Booth TN, Dempsey ME, Falcone RA Jr, Hayes LL, 
Kulkarni AV, Partap S, Rigsby CK, Ryan ME, Safdar NM, Trout 
AT, Widmann RF, Karmazyn BK, Palasis S (2017) ACR appro-
priateness criteria - suspected physical abuse-child. J Am College 
Radiol JACR 14:S338–s349

80. Barsness KA, Cha ES, Bensard DD, Calkins CM, Partrick DA, 
Karrer FM, Strain JD (2003) The positive predictive value of rib 
fractures as an indicator of nonaccidental trauma in children. J 
Trauma 54:1107–1110

81. Ricci LR (2004) Positive predictive value of rib fractures as an 
indicator of nonaccidental trauma in children. J Trauma 56:721; 
author reply 721-722

82. Kogutt MS, Swischuk LE, Fagan CJ (1974) Patterns of injury and 
significance of uncommon fractures in the battered child syndrome. 
Am J Roentgenol Radium Therapy, Nucl Med 121:143–149

7 Ribs



278

83. Conway JJ, Collins M, Tanz RR (1993) The role of bone scintigra-
phy in detecting child abuse. Semin Nucl Med 23:321–333

84. Gipson CL, Tobias JD (2006) Flail chest in a neonate resulting 
from nonaccidental trauma. South Med J 99:536–538

85. Kriss S, Thompson A, Bertocci G, Currie M, Martich V (2020) 
Characteristics of rib fractures in young abused children. Pediatr 
Radiol 50:726–733

86. Mitchell IC, Norat BJ, Auerbach M, Bressler CJ, Como J, Escobar 
MA Jr, Flynn-O’Brien KT, Lindberg DM, Nickoles T, Rosado N, 
Weeks K, Maguire S (2020) Identifying maltreatment in infants 
and Young children presenting with fractures: does age matter? 
Acad Emerg Med 28(1):5–18

87. Levitt CJ, Smith WL, Alexander RC (1992) Abusive head trauma. 
In: Reece RM (ed) Child abuse – medical diagnosis and manage-
ment. Lea & Febiger, pp 1–23

88. Proisy M, Vivier PH, Morel B, Bruneau B, Sembely-Taveau C, 
Vacheresse S, Devillers A, Lecloirec J, Bodet-Milin C, Dubois 
M, Hamonic S, Bajeux E, Ganivet A, Adamsbaum C, Treguier 
C (2021) Whole-body MR imaging in suspected physical child 
abuse: comparison with skeletal survey and bone scintigraphy 
findings from the PEDIMA prospective multicentre study. Eur 
Radiol 31:8069

89. Strouse PJ, Owings CL (1995) Fractures of the first rib in child 
abuse. Radiology 197:763–765

90. Oestreich AE (1996) Cervical rib simulating fracture of the first 
rib in suspected child abuse. Radiology 199:582

91. Melville JD, Lukefahr JL, Clarke EA (2012) First rib fractures 
in abused infants: a report of three cases. Clin Pediatr (Phila) 
51:426–430

92. Hamilton NA, Bucher BT, Keller MS (2011) The significance of 
first rib fractures in children. J Pediatr Surg 46:169–172

93. Funakoshi T, Furushima K, Kusano H, Itoh Y, Miyamoto A, 
Horiuchi Y, Sugawara M, Itoh Y (2019) First-rib stress fracture in 
overhead throwing athletes. J Bone Joint Surg Am 101:896–903

94. Lee SJ, Yie K, Chon SB (2012) Juvenile first rib fracture caused 
by morning stretching. J Emerg Med 43:e119–e121

95. Maguire S, Mann M, John N, Ellaway B, Sibert JR, Kemp AM 
(2006) Does cardiopulmonary resuscitation cause rib fractures in 
children? A systematic review. Child Abuse Negl 30:739–751

96. Smeets AJ, Robben SG, Meradji M (1990) Sonographically 
detected costo-chondral dislocation in an abused child. A new 
sonographic sign to the radiological spectrum of child abuse. 
Pediatr Radiol 20:566–567

97. Ng CS, Hall CM (1998) Costochondral junction fractures and 
intra-abdominal trauma in non-accidental injury (child abuse). 
Pediatr Radiol 28:671–676

98. Nimkin K, Kleinman PK (1997) Imaging of child abuse. Pediatr 
Clin N Am 44:615–635

99. Weber MA, Risdon RA, Offiah AC, Malone M, Sebire NJ (2009) 
Rib fractures identified at post-mortem examination in sudden 
unexpected deaths in infancy (SUDI). Forensic Sci Int 189:75–81

100. Boos SC (2000) Constrictive asphyxia: a recognizable form of 
fatal child abuse. Child Abuse Negl 24:1503–1507

101. Gunther WM, Symes SA, Berryman HE (2000) Characteristics of 
child abuse by anteroposterior manual compression versus cardio-
pulmonary resuscitation: case reports. Am J Forensic Med Pathol 
21:5–10

102. Lauridson JR, Cromblin KL (2015) Prolonged abusive chest com-
pressions in an infant: an occult form of child abuse: review of 
hemodynamics. Am J Forensic Med Pathol 36:274–275

103. Vester MEM, Bilo RAC, Nijs HGT, van Rijn RR (2018) Pediatric 
constrictive asphyxia a rare form of child abuse: a report of two 
cases. Forensic Sci Int 285:e17–e20

104. Olds K, Byard RW, Langlois NE (2015) Injuries associated with 
resuscitation - an overview. J Forensic Legal Med 33:39–43

105. Price EA, Rush LR, Perper JA, Bell MD (2000) Cardiopulmonary 
resuscitation-related injuries and homicidal blunt abdominal 
trauma in children. Am J Forensic Med Pathol 21:307–310

106. Røed U, Lilleng RK, Mæhle BO, Morild I (2008) Rib fractures 
and cardiopulmonary resuscitation in small children. Scand J For 
Sci 14:17–20

107. Matshes EW, Lew EO (2010) Do resuscitation-related injuries kill 
infants and children? Am J Forensic Med Pathol 31:178–185

108. Kaplan JA, Fossum RM (1994) Patterns of facial resuscitation 
injury in infancy. Am J Forensic Med Pathol 15:187–191

109. Niermeyer S, Kattwinkel J, Van Reempts P, Nadkarni V, Phillips B, 
Zideman D, Azzopardi D, Berg R, Boyle D, Boyle R, Burchfield 
D, Carlo W, Chameides L, Denson S, Fallat M, Gerardi M, Gunn 
A, Hazinski MF, Keenan W, Knaebel S, Milner A, Perlman J, 
Saugstad OD, Schleien C, Solimano A, Speer M, Toce S, Wiswell 
T, Zaritsky A (2000) International guidelines for neonatal resusci-
tation: an excerpt from the guidelines 2000 for cardiopulmonary 
resuscitation and emergency cardiovascular care: international 
consensus on science. Contributors and reviewers for the neonatal 
resuscitation guidelines. Pediatrics 106:E29

110. International Liaison Committee on Resuscitation (2006) The 
international liaison committee on resuscitation (ILCOR) con-
sensus on science with treatment recommendations for pediatric 
and neonatal patients: pediatric basic and advanced life support. 
Pediatrics 117:e955–e977

111. Franke I, Pingen A, Schiffmann H, Vogel M, Vlajnic D, Ganschow 
R, Born M (2014) Cardiopulmonary resuscitation (CPR)-related 
posterior rib fractures in neonates and infants following rec-
ommended changes in CPR techniques. Child Abuse Negl 
38:1267–1274

112. Spevak MR, Kleinman PK, Belanger PL, Richmond JM (1994) 
Cardiopulmonary resuscitation and rib fractures in infants. A post-
mortem radiologic-pathologic study. JAMA 272:617–618

113. Betz P, Liebhardt E (1994) Rib fractures in children - resuscitation 
or child abuse? Int J Legal Med 106:215–218

114. Bush CM, Jones JS, Cohle SD, Johnson H (1996) Pediatric injuries 
from cardiopulmonary resuscitation. Ann Emerg Med 28:40–44

115. Ryan MP, Young SJ, Wells DL (2003) Do resuscitation attempts in 
children who die, cause injury? Emerg Med J 20:10–12

116. Hoke RS, Chamberlain D (2004) Skeletal chest injuries secondary 
to cardiopulmonary resuscitation. Resuscitation 63:327–338

117. Dolinak D (2007) Rib fractures in infants due to cardiopulmonary 
resuscitation efforts. Am J Forensic Med Pathol 28:107–110

118. Matshes EW, Lew EO (2010) Two-handed cardiopulmonary 
resuscitation can cause rib fractures in infants. Am J Forensic Med 
Pathol 31:303

119. Reyes JA, Somers GR, Taylor GP, Chiasson DA (2011) Increased 
incidence of CPR-related rib fractures in infants--is it related to 
changes in CPR technique? Resuscitation 82:545–548

120. Cosway B, Mathura N, Mott A, Bredow M, Fraser J, Rawlinson 
A, Wei C, Thyagarajan MS, Harrison S, Kemp A (2015) Occult rib 
fractures: defining the cause. Child Abuse Rev 24:6–15

121. Ondruschka B, Baier C, Siekmeyer M, Buschmann C, Dreßler 
J, Bernhard M (2017) Cardiopulmonary resuscitation-associated 
injuries in still−/newborns, infants and toddlers in a German 
forensic collective. Forensic Sci Int 279:235–240

122. Clouse JR, Lantz PE (2008) Posterior rib fractures in infants asso-
ciated with cardiopulmonary resuscitation. American Academy of 
forensic sciences, 60 th annual meeting

123. Love JC, Austin D, Giese KW, Roe SJ (2022) Cardiopulmonary 
resuscitation induced posterior rib fractures in nontraumatic pedi-
atric deaths. Am J Forensic Med Pathol 43:55–59

124. Sewell RD, Steinberg MA (2000) Chest compressions in an 
infant with osteogenesis imperfecta type II: no new rib fractures. 
Pediatrics 106:E71

H. C. Terlingen et al.



279

125. Plunkett J (2006) Resuscitation injuries complicating the inter-
pretation of premortem trauma and natural disease in children. J 
Forensic Sci 51:127–130

126. Shkrum MJ, Ramsay DA (2007) Asphyxia. Forensic pathology of 
trauma  - common problems for the pathologist. Humana Press, 
pp 65–180

127. Purohit DM, Caldwell C, Levkoff AH (1975) Letter: multiple rib 
fractures due to physiotherapy in a neonate with hyaline mem-
brane disease. Am J Dis Child 129:1103–1104

128. Chalumeau M, Foix-L’Helias L, Scheinmann P, Zuani P, Gendrel 
D, Ducou-le-Pointe H (2002) Rib fractures after chest physio-
therapy for bronchiolitis or pneumonia in infants. Pediatr Radiol 
32:644–647

129. Gorincour G, Dubus JC, Petit P, Bourliere-Najean B, Devred P 
(2004) Rib periosteal reaction: did you think about chest physical 
therapy? Arch Dis Child 89:1078–1079

130. Chanelière C, Moreux N, Pracros JP, Bellon G, Reix P (2006) 
Fractures costales au cours des bronchiolites aiguës virales: à pro-
pos de 2 cas [Rib fractures after chest physiotherapy: a report of 
2 cases]. Archives de pediatrie : organe officiel de la Societe fran-
caise de pediatrie 13:1410–1412

131. Wilson PM, Greiner MV, Duma EM (2012) Posterior rib frac-
tures in a young infant who received chiropractic care. Pediatrics 
130:e1359–e1362

132. Helfer RE, Scheurer SL, Alexander R, Reed J, Slovis TL (1984) 
Trauma to the bones of small infants from passive exercise: a fac-
tor in the etiology of child abuse. J Pediatr 104:47–50

133. Keipert JA (1970) Rickets with multiple fractures in a premature 
infant. Med J Aust 1:672–675

134. Geggel RL, Pereira GR, Spackman TJ (1978) Fractured ribs: 
unusual presentation of rickets in premature infants. J Pediatr 
93:680–682

135. Dabezies EJ, Warren PD (1997) Fractures in very low birth weight 
infants with rickets. Clin Orthop Relat Res 335:233–239

136. Smurthwaite D, Wright N, Russell S, Emmerson A, Mughal Z 
(2008) How common are rib fractures in extremely low birth 
weight preterm infants? Arch Dis Child Fetal Neonatal Ed Online 
first 6 August 2008

137. Lucas-Herald A, Butler S, Mactier H, McDevitt H, Young D, 
Ahmed SF (2012) Prevalence and characteristics of rib fractures 
in ex-preterm infants. Pediatrics 130:1116–1119

138. Wei C, Stevens J, Harrison S, Mott A, Warner J (2012) Fractures 
in a tertiary neonatal intensive care unit in Wales. Acta Paediatr 
(Oslo, Norway : 1992) 101:587–590

139. Cardenas N, Manrique TA, Catlin EA (1988) Flail chest in the 
newborn. A complication of osteogenesis imperfecta. Clin Pediatr 
(Phila) 27:161–162

140. Greeley CS, Donaruma-Kwoh M, Vettimattam M, Lobo C, 
Williard C, Mazur L (2013) Fractures at diagnosis in infants and 
children with osteogenesis imperfecta. J Pediatr Orthop 33:32–36

141. Pereira EM (2015) Clinical perspectives on osteogenesis imper-
fecta versus non-accidental injury. Am J Med Genet C Semin Med 
Genet 169:302–306

142. Chapman T, Sugar N, Done S, Marasigan J, Wambold N, Feldman 
K (2010) Fractures in infants and toddlers with rickets. Pediatr 
Radiol 40:1184–1189

143. Droms RJ, Rork JF, McLean R, Martin M, Belazarian L, Wiss K 
(2017) Menkes disease mimicking child abuse. Pediatr Dermatol 
34:e132–e134

144. Cronin H, Fussell JN, Pride H, Bellino P (2012) Menkes syn-
drome presenting as possible child abuse. Cutis 90:170–172

145. Kim D, Choi J, Han KM, Lee BH, Choi JH, Yoo HW, Han YM 
(2015) Impaired osteogenesis in Menkes disease-derived induced 
pluripotent stem cells. Stem Cell Res Ther 6:160

146. Chapman S (1987) Child abuse or copper deficiency? A radiologi-
cal view. Br Med J (Clinical research ed) 294:1370

147. Nyweide K, Feldman KW, Gunther DF, Done S, Lewis C, Van 
EC (2006) Hypocalciuric hypercalcemia presenting as neonatal 
rib fractures: a newly described mutation of the calcium-sensing 
receptor gene. Pediatr Emerg Care 22:722–724

148. Kaplan W, Haymond MW, McKay S, Karaviti LP (2006) 
Osteopenic effects of MgSO4 in multiple pregnancies. J Pediatr 
Endocrinol Metab 19:1225–1230

149. Bilo RAC, Robben SGF, van Rijn RR (2010) Rib fractures from 
other rare causes. In: Bilo RAC, Robben SGF, van Rijn RR (eds) 
Forensic aspects of paediatric fractures. Springer, pp 64–65

150. Robinson RF, Casavant MJ, Nahata MC, Mahan JD (2004) 
Metabolic bone disease after chronic antacid administration in an 
infant. Ann Pharmacother 38:265–268

151. National Organisation for Rare Disorders (NORD) (2018) 
Osteopetrosis. https://rarediseases.org/rare-diseases/osteopetro-
sis/. Accessed 02 Mar 2022

152. Bodamer OA, Bravermann RM, Craigen WJ (2001) Multiple frac-
tures in a 3-month-old infant with severe infantile osteopetrosis. J 
Paediatr Child Health 37:520–522

153. Waguespack SG, Hui SL, Dimeglio LA, Econs MJ (2007) 
Autosomal dominant osteopetrosis: clinical severity and natural 
history of 94 subjects with a chloride channel 7 gene mutation. J 
Clin Endocrinol Metab 92:771–778

154. Matrane A, El Issami S, Bsiss MA (2016) Maladie des os de mar-
bre : intérêt de l’imagerie hybride tomographie d’émission mono-
photonique/tomodensitométrie [Marble bone disease: The role of 
SPECT/CT hybrid imaging]. Archives de pediatrie : organe offi-
ciel de la Societe francaise de pediatrie 23:714–718

155. Connolly LP, Connolly SA (2004) Rib stress fractures. Clin Nucl 
Med 29:614–616

156. Sano A, Tashiro K, Fukuda T (2015) Cough-induced rib fractures. 
Asian Cardiovasc Thorac Ann 23:958–960

157. Mitchell JP (1951) Cough fracture. Br Med J 2:1492–1493
158. De Maeseneer M, De Mey J, Debaere C, Meysman M, Osteaux 

M (2000) Rib fractures induced by coughing: an unusual cause of 
acute chest pain. Am J Emerg Med 18:194–197

159. Baitner AC, Bernstein AD, Jazrawi AJ, Della Valle CJ, Jazrawi 
LM (2000) Spontaneous rib fracture during pregnancy. A case 
report and review of the literature. Bull Hosp Jt Dis 59:163–165

160. Cohen RC (1949) Cough fracture of ribs. Br Med J 1:133–135
161. Roberge RJ, Morgenstern MJ, Osborn H (1984) Cough fracture of 

the ribs. Am J Emerg Med 2:513–517
162. Oren V, Kozenitzky I, Babiacki A, Stern A (1988) Unusual cough 

related stress injuries. Eur J Nucl Med 14:108–111
163. Begley A, Wilson DS, Shaw J (1995) Cough fracture of the first 

rib. Injury 26:565–566
164. Kawahara H, Baba H, Wada M, Azuchi M, Ando M, Imura S 

(1997) Multiple rib fractures associated with severe coughing--a 
case report. Int Orthop 21:279–281

165. Litch JA, Tuggy M (1998) Cough induced stress fracture and 
arthropathy of the ribs at extreme altitude. Int J Sports Med 
19:220–222

166. Hanak V, Hartman TE, Ryu JH (2005) Cough-induced rib frac-
tures. Mayo Clinic Proc 80:879–882

167. American Academy of Pediatrics (AAP) (2018) AAP Red book 
online. Section 3. Summaries of infectious diseases: pertus-
sis (whooping cough). http://redbook.solutions.aap.org/chapter.
aspx?sectionid=189640156 & bookid=2205. Accessed 02 Mar 2022

168. Havers FP, Moro, P.L., Hariri S, Skoff T (2019) Chapter 16 
Pertussis. Pink Book – epidemiology and prevention of vaccine-
preventable diseases. https://www.cdc.gov/vaccines/pubs/pink-
book/pert.html. Accessed 23 Feb 2022

7 Ribs

https://rarediseases.org/rare-diseases/osteopetrosis/
https://rarediseases.org/rare-diseases/osteopetrosis/
http://redbook.solutions.aap.org/chapter.aspx?sectionid=189640156&bookid=2205
http://redbook.solutions.aap.org/chapter.aspx?sectionid=189640156&bookid=2205
https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html
https://www.cdc.gov/vaccines/pubs/pinkbook/pert.html


280

169. Prasad S, Baur LA (2001) Fracture of the first rib as a consequence 
of pertussis infection. J Paediatr Child Health 37:91–93

170. Rothstein E, Edwards K (2005) Health burden of pertussis in ado-
lescents and adults. Pediatr Infect Dis J 24:S44–S47

171. Cortese MM, Baughman AL, Brown K, Srivastava P (2007) A 
“new age” in pertussis prevention new opportunities through adult 
vaccination. Am J Prev Med 32:177–185

172. McNaughten B, Thompson A, O’Donoghue D (2018) An unusual 
cause of chest pain in a teenage girl. Arch Dis Child Educ Pract 
Ed 103:152–154

173. Allen M, Aziz M (2014) Unexplained multiple rib fractures in a 
hospitalised child. Lessons from a serious case. Arch Dis Child 
99:A175

174. van As AB, Manganyi R, Brooks A (2013) Treatment of thoracic 
trauma in children: literature review, red cross war memorial 
Children’s hospital data analysis, and guidelines for management. 
Eur J Pediatr Surg 23:434–443

175. Murphy GK (1985) A single fatal penetrating chest wound 
from shattered wind-blown glass. Am J Forensic Med Pathol 
6:332–335

176. Boleken ME, Cevik M, Yagiz B, Ter M, Dorterler ME, Aksoy 
TR (2013) The characteristics and outcomes of penetrating tho-
racic and abdominal trauma among children. Pediatr Surg Int 
29:795–800

177. Coley E, Roach P, Macmillan AI, West AT, Johnston AM (2011) 
Penetrating paediatric thoracic injury. J R Army Med Corps 
157:243–245

178. Cotton BA, Nance ML (2004) Penetrating trauma in children. 
Semin Pediatr Surg 13:87–97

179. Sola JE, Cateriano JH, Thompson WR, Neville HL (2008) 
Pediatric penetrating cardiac injury from abuse: a case report. 
Pediatr Surg Int 24:495–497

180. Choudhary S, Pujar Venkateshacharya S, Reddy C (2016) Sewing 
needle: a rare cause of intra-cardiac foreign body in a 3-year-old 
child. Cardiol Young 26:1425–1427

181. Deng X, Huang P, Wang J, Yi L, Liu J, Yang G (2019) Sewing 
needles in the lungs of children: two case reports. Medicine 
(Baltimore) 98:e15186

182. Inci I, Ozcelik C, Nizam O, Eren N, Ozgen G (1996) Penetrating 
chest injuries in children: a review of 94 cases. J Pediatr Surg 
31:673–676

183. Massad MG, Khoury F, Evans A, Sirois C, Chaer R, Thomas Y, 
Snow NJ, Briller J, Geha AS (2002) Late presentation of retained 
intracardiac ice pick with papillary muscle injury. Ann Thorac 
Surg 73:1623–1626

184. Darwish B, Mahfouz MZ, Al-Nosairat S, Izzat MB (2018) 
Changing pattern and outcome of pediatric chest injuries in urban 
Syria. Asian Cardiovasc Thorac Ann 26:367–370

185. Knapp JF, Seidel JS, Schremmer R (2002) A 4-month-old infant 
with fever and cough. Pediatr Emerg Care 18:314–315

186. McAloon J, O’Neill C (2011) Ossification centres, not rib frac-
tures. Arch Dis Child 96:284

187. Pasquale-Styles MA, Crowder CM, Fridie J, Milla SS (2014) 
Bilateral first rib anomalous articulations with pseudarthroses 
mimicking healing fractures in an infant with abusive head injury. 
J Forensic Sci 59:1668–1671

188. Bayramoglu Z, Yilmaz R, Caliskan E, Buyuksahin G, Bulut F, 
Aliyev S, Adaletli I (2018) A confounding rib variation: bilateral 
symmetric aberrant posterior rib articulations and bridgings. Surg 
Radiol Anat 40:63–65

189. Barry PW, Hocking MD (1993) Infant rib fracture--birth trauma or 
non-accidental injury. Arch Dis Child 68:250

190. Hartmann RW Jr (1997) Radiological case of the month. Rib 
fractures produced by birth trauma. Arch Pediatr AdolescMed 
151:947–948

191. Ibanez G, Mora ND, Gado Rioja MA, del Herrera RC (2003) 
Fracturas costales obstétricas aisladas [isolated obstetric costal 
fractures]. An Pediatr (Barc) 58:612

192. Jovanović N, Ristovska N, Bogdanović Z, Petronijević M, Opalić 
J, Plećaš D (2013) Diagnosis and treatment of rib fracture during 
spontaneous vaginal delivery. Srp Arh Celok Lek 141:528–531

193. Khan NA, Lam V, Rickett A, Dickinson F (2016) Unforeseen rib 
fracture findings in infant chest radiographs: evidence of non-acci-
dental injury or simply a case of birth trauma? BMJ case reports 
2016

194. Pandya NK, Baldwin K, Wolfgruber H, Christian CW, Drummond 
DS, Hosalkar HS (2009) Child abuse and orthopaedic injury pat-
terns: analysis at a level I pediatric trauma center. J Pediatr Orthop 
29:618–625

195. Caplan MJ, Catanese CA (2010) Pediatric forensic pathology. In: 
Catanese CA (ed) Color atlas of forensic medicine and pathology. 
CRC Press, pp 147–188

196. Riggle A, Bollins J, Konda S, Aggarwal R, Beiswenger A (2010) 
Penetrating pediatric trauma owing to improper child safety seat 
use. J Pediatr Surg 45:245–248

197. Gettig K, Lawson KA, Garcia NM, Fox KA (2015) Penetrating 
knitting needle through the mediastinum in a child. J Trauma Nurs 
22:132–135

198. Kulaylat AN, Chesnut CH 3rd, Patel S, Rocourt DV, Clark JB 
(2016) Penetrating cardiac nail gun injury in a child. Pediatr 
Emerg Care 32:536–537

199. O’Neill PJ, Sinha M, McArthur RA, Frechette A (2008) 
Penetrating cactus spine injury to the mediastinum of a child. J 
Pediatr Surg 43:e33–e35

200. Papadopoulos G, Kouerinis IA, Giannakopoulou A, Eleftherakis 
NG, Andreou N, Azariades MA (2010) Tropical plant needle caus-
ing recurrent cardiac tamponade in a pediatric patient. J Trauma 
69:E35

201. Ramaswamy R, Dow G, Bassi S (2006) Pencil is mightier than the 
sword! Pediatr Neurosurg 42:168–170

202. Fisher SB, Clifton MS, Bhatia AM (2011) Pencils and pens: an 
under-recognized source of penetrating injuries in children. Am 
Surg 77:1076–1080

203. Malla G, Basnet B, Vohra R, Herrforth C, Adhikari S, Bhandari 
A (2014) Thoraco- abdominal impalement injury: a case report. 
BMC Emerg Med 14:7

204. Bawany FI, Khan MS, Khan A, Dar M (2013) Successful surgery 
of massive thoracic injury in a girl following chest trauma. JPMA 
The Journal of the Pakistan Medical Association 63:1571–1573

205. Linard C, Marques P, Bezon E, Delaperriere N, Germouty I, 
Fenoll B, de Vries P (2010) Corps étranger péricardique: une 
cause inhabituelle de douleur thoracique chez l’enfant [Pericardial 
foreign body: an unusual cause of chest pain in children]. Archives 
de pediatrie : organe officiel de la Societe francaise de pediatrie 
17:1682–1684

206. McLaughlin RL, Analitis S, VanVleet S, Pederson R (2008) 
Right ventricular gunshot wound with retrograde embolization. J 
Trauma Nurs 15:123–125

207. DeCou JM, Abrams RS, Miller RS, Touloukian RJ, Gauderer MW 
(2000) Life-threatening air rifle injuries to the heart in three boys. 
J Pediatr Surg 35:785–787

208. Greenlees G, Govewalla P, Haqzad Y, Sharkey A, Cartwright N 
(2019) Penetration of the heart by an Airgun pellet: a case without 
significant effusion or Valvular injury. Ann Thorac Surg 108:e9–e10

H. C. Terlingen et al.



281

8Clavicle

Rob A. C. Bilo, Rick R. van Rijn,  
Ingrid M. B. Russel- Kampschoer, and Simon G. F. Robben

Contents
8.1    General Aspects of Clavicle Fractures   281

8.2    Cause of Clavicle Fractures   284
8.2.1 Direct Trauma with High Energy Transfer   284
8.2.2 Indirect Trauma   284

8.3    Manner of Clavicle Fractures   285
8.3.1 Trauma Before Birth   285
8.3.2 Trauma During Birth   285
8.3.3 Trauma After Birth: Accidental Circumstances   286
8.3.4 Trauma After Birth: Iatrogenic   286
8.3.5 Trauma After Birth: Non-accidental Circumstances   287

8.4    Differential Diagnosis of Clavicle Fractures   289

References   290

8.1  General Aspects of Clavicle Fractures

The clavicle is situated at the front- and upper side of the 
ribcage, between the shoulder girdle and the sternum. For the 
greater part its course is clearly visible, just underneath the 
skin, and easily palpable along its full length.

Fractures of the clavicle are among the most frequently 
diagnosed fractures, in children as well as in adults. In chil-
dren it is one of the most common fractures with an esti-
mated incidence of 5–15% of childhood fractures [1, 2].

Depending on their location, fractures of the clavicle are 
categorized as: fractures of the middle third (mid-shaft) 
(Allman Group 1 fractures), the lateral or distal third (Allman 
Group 2 fractures), and the proximal or sternal third (Allman 
Group 3 fractures) (Fig. 8.1) [3]. Of all clavicle fractures, in 
children and adults, 76–85% are located in the middle third 
(shaft), 10–21% in the distal, and 3–5% in the proximal part 
[4–8]. In order to guide treatment, clavicle fractures of the 
lateral third of the clavicle can be classified according to the 
Neer classification (Fig. 8.2) [9, 10].

Young, non-mobile children with a fracture of the clavi-
cle hardly ever show noticeable signs and symptoms. 
Sometimes the child moves the arm less on the affected 
side or cries during day-to-day care. More often it is found 
by chance because during day-to-day care the parents or 
during physical examination a physician notices a swelling 
on the clavicle due to new bone formation after 7–10 days 
(Figs. 8.3 and 8.4).
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a b c

Fig. 8.1 Graphic representation of fractures of the clavicle. (a) Proximal; (b) mid-shaft; (c) distal
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Fig. 8.2 Neer classification 
of clavicular fractures

It is easier to recognize signs and symptoms in older chil-
dren. Children complain of moderate to severe pain around 
the fracture. They will stop using the affected side to relieve 
the pain caused by the fracture (i.e. they stop moving the 
arm). Most children with this type of fracture are inclined to 
‘look’ towards the side of the fracture in order to relax the 
sternocleidomastoid muscle to avoid this muscle pulling at 
the broken bone [11].

Sometimes there is pain when pressure is exerted around 
the fracture. A haematoma or fluid collection may be visible 
near the fracture. There may be external evidence that the 
bone has lost its integrity, or one of the bony ends may pro-
trude through the skin (a so-called compound fracture). In 
rare cases, reported in literature in up to 0.1–2% of all cases, 
the fracture will not heal and a pseudoarthrosis will form 
(Fig. 8.5a, b) [12, 13].
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Fracture Fracture
callus

Clavicle

Fig. 8.3 Clavicle fracture in 
a young child, leading to 
callus formation after 
7–10 days. On physical 
examination a lump is visible 
over the clavicle

Fig. 8.4 Healing clavicle fracture in a 6-week-old  
neonate resulting from birth trauma

a b

Fig. 8.5 (a) Several months after trauma a palpable lump persisted, radiography showed a post-traumatic pseudoarthrosis. (b) Post-surgical radio-
graph shows a well-aligned clavicle
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8.2  Cause of Clavicle Fractures

All clavicle fractures result from trauma, either in normal 
bone or in weakened bone. The type of fracture depends on 
the cause (mechanism), the amount of energy that is trans-
ferred, and the bone strength. According to Stanley et  al., 
fracturing of the clavicle is more likely when the energy that 
is transferred during the impact is absorbed quickly, than 
when it is absorbed more slowly [14].

Clavicle fractures in normal bone are almost always 
caused by a blunt force trauma with a high energy transfer 
(high energy trauma—impact trauma or compression/crush-
ing trauma). Clavicle fractures may result from a direct or 
an indirect trauma [14]. Pathological fractures of the clavi-
cle due to weakened bone are only rarely described in pae-
diatric patients and will also be caused by direct and indirect 
trauma [15].

8.2.1  Direct Trauma with High Energy 
Transfer

Of all clavicle fractures 7% is caused by a direct impact or 
local compression on the clavicle, the point of the shoulder, 
or the sternum [16]. This may happen during sports activi-
ties, e.g. when the clavicle is hit, e.g. with a fist or a hockey 
stick or in contact sports when an opponent lands with his/

her weight on top of the victim. It may also happen in motor 
vehicle accidents, e.g. with the use of three-point restraining 
seatbelts [17].

8.2.2  Indirect Trauma

Eighty-seven percent of clavicle fractures are caused by a fall 
onto the lateral shoulder, in which energy is transferred indi-
rectly onto the clavicle and around 6% are caused by a fall on 
outstretched hand or arm (FOOSH), both causing a compressive 
force across the clavicle (Figs. 8.6a–c and 8.7) [14, 16]. The 
fracture occurs due to indirect transfer of energy via the scapula 
to the clavicle in both mechanisms. According to Stanley et al., 
it is not possible to deduce from the location of the fracture 
which of both mechanisms caused the fracture [14].

Stress fractures of the clavicle, although extremely rare, 
have been reported due to sporting activities [18–20]. Typical 
complaints of clavicle stress fractures are local pain over the 
clavicle sometimes associated with swelling and often with 
no definite history of trauma. Stress fractures of the clavicle 
may occur bilaterally [21].

Other rare causes of indirect trauma can be found in the 
medical literature. Kendrew et al. mentioned that very rarely, 
in adult patients the clavicle can fracture due to violent mus-
cle contractions in seizures [16]. It is not known whether this 
can occur in paediatric patients.

a b c

Fig. 8.6 Trauma mechanisms leading to clavicle fractures. (a) Direct impact on clavicle, (b) fall with impact on clavicle, and (c) fall on out-
stretched hand
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Fig. 8.7 Clavicle fracture (arrow) after fall on outstretched hand
Fig. 8.8 A newborn with osteogenesis imperfecta type 2b. Recent cla-
vicular fracture on the left (large arrow) and healed fracture on the right 
(small arrow)

Fig. 8.9 Radiograph obtained 16  h after birth demonstrated a mild 
deformity of the middle third of the right clavicle with bony promi-
nence and new bone formation (arrow) consistent with callus formation 
of healing clavicular fracture (courtesy of Dr. Veronica M Samedi, MD, 
University of Saskatchewan) [25]

Fig. 8.10 Neonatal clavicle fracture resulting from birth trauma

8.3  Manner of Clavicle Fractures

Clavicle fractures may occur intra-uterine, during birth or 
after birth. Clavicle fractures that occur after birth can be due 
to accidental circumstances (e.g. a fall or motor vehicle acci-
dent) or non-accidental circumstances (inflicted injuries). 
However, it is impossible to distinguish between fractures 
occurring during or after birth or between accidental and 
non-accidental fractures, based on clinical symptoms and/or 
radiological characteristics [22].

8.3.1  Trauma Before Birth

In the literature only a few case reports are found, in which 
the intra-uterine occurrence of a clavicle fracture has been 
described [23–25]. Most of these case reports are associated 
with skeletal dysplasia syndromes including osteogenesis 
imperfecta and congenital metabolic disorders (Fig.  8.8). 
Samedi et al. reported a case of an isolated clavicle fracture 
in a term infant with normally mineralized bone, diagnosed 
postnatally, presumably due to an episode of a physical 
assault by her partner several weeks prior to delivery which 
included a heavy blow to her abdomen (Fig. 8.9) [25].

8.3.2  Trauma During Birth

Clavicle fractures are the most prevalent fractures due to 
trauma during birth (Fig.  8.10). Frequently described risk 
factors are high birth weight, shoulder dystocia, above aver-
age gestational age and possibly vacuum extraction or use of 
forceps [26–29].

Nearly 90% of all fractures that occur during delivery are 
fractures of the clavicle [30–32]. In Fig. 8.11 the presumed 
mechanism for the occurrence of a clavicle fracture during 
birth is shown: the anterior shoulder is pressed against the 
mother’s symphysis pubis during labour.

Table 8.1 gives overview of the incidence of clavicle frac-
tures in newborns in several studies. In a large nationwide 
study, based on data from 1997 to 2017, by Kekki et al. a 
total of 13,460 clavicle fractures were found in 1,203,434 
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Fig. 8.11 The presumed mechanism for the occurrence of a clavicle 
fracture during birth

Table 8.1 Incidence of clavicle fractures in newborns

Author N births
N clavicle 
fractures

Estimated incidence 
(%)

Rubin [32] 15,435 43 0.28
Camus et al. [80] 20,409 105 0.51
Oppenheim et al. [28] 21,632 58 0.27
Bhat et al. [81] 34,946 16 0.05
McBride et al. [38] 9106 43 0.47
Ahn et al. [36] 77,543 319 0.41
Choi et al. [34] 36,286 392 1.08
Casellas-García et al. 
[37]

23,508 155 0.66

Rehm et al. [82] 87,461 46 0.05
Kekki et al. [33] 1,203,434 13,460 1.12

Table 8.2 First signs of healing in newborn clavicle fractures [42]

Signs of healing First seen (days) Peak period (days)
Periosteal reaction 7 11–42
Callus 11 12–61
Bridging 20 22–63
Remodelling 35 49–59

live births [33]. In their study a significant decrease of the 
incidence of clavicle fractures was found, from 17.4 to 5.0 
per 1000 live births. The risk of sustaining a clavicle fracture 
was much higher in a vaginal delivery than in a Caesarean 
section [34, 35]. Choi et al. found, in a sub-cohort study of 
89,367 neonates, a clavicle fracture in 19 children out of a 
total of 36,286 children born by Caesarean section (0.05%) 
[34]. The most important risk factor for the occurrence of a 
clavicle fracture during Caesarean section was a high birth-
weight. If a clavicle fracture is found in a neonate, a brachial 
plexus injury should always be ruled out [28, 36–39].

Various authors point out that the occurrence of a clavicle 
fracture during birth is usually not predictable or preventable 
and rarely or never has any clinical consequences [27, 29, 36, 
40]. According to Choi et al., this also applies to the occur-
rence during caesarean section [34].

The diagnosis of a birth trauma-related clavicle fracture 
can be delayed. Most neonates do not show any fracture- 
related symptoms. Almost half of the fractures were found 
only after meticulous and repeated examination and up to 

15% is only diagnosed after a couple of weeks, as a result of 
callus formation, detected as a palpable mass by the parents 
or during a physical examination (Figs. 8.3 and 8.4) [36, 41]. 
A ‘fresh’ fracture may, even in retrospect, not be visible on 
imaging [2].

Differentiating between birth-related fractures and frac-
tures due to a trauma after birth is possible to a certain extent, 
by analyzing the radiologically visible healing characteris-
tics of the fracture. The healing process of clavicle fractures 
shows a predictable pattern (Table 8.2) [42, 43].

Walters et al. rarely found subperiosteal new bone forma-
tion in clavicle fractures before the seventh day after birth 
[43]. Subperiosteal new bone formation was usually present 
on the tenth day. Callus formation was rarely seen in clavicle 
fractures under 9 days of age, but was usually present after 
15 days of age. Under normal circumstances, when a fracture 
is diagnosed later than 10 to 15 days after birth and in which 
there is no evidence of recovery, one can safely conclude that 
the fracture was not birth-related [4, 44].

8.3.3  Trauma After Birth: Accidental 
Circumstances

The incidence of clavicle fractures decreases with increas-
ing age [45]. In mobile children of preschool age, clavicle 
fractures are a common occurrence (between 8% and 15% 
of all fractures in this age category) [6, 46, 47]. It is unusual 
to find accidental fractures of the medial or distal end of the 
clavicle in children less than 3  years of age, if these are 
encountered inflicted trauma should be considered [48]. In 
mobile children a clavicle fracture usually occurs in acci-
dental circumstances (falls, sporting activities, motor vehi-
cle accidents). Generally, it will be a mid-shaft fracture, 
mostly due to a fall on the shoulder or on the outstretched 
arm/hand (Fig. 8.12a, b) [6, 14, 49].

8.3.4  Trauma After Birth: Iatrogenic

In the literature a number of case reports are found, in which 
the occurrence of iatrogenic clavicle fractures, due to medi-
cal procedures or massage, is described. Sperry and Pfalzgraf 
described the occurrence of fractures in both clavicles and a 
fracture of the left upper arm (medial epicondyle) in a 
9-month-old child [50]. The child was found unresponsive in 
the crib 5 h after the last feeding. The fractures were found 
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a b

Fig. 8.12 (a) Non-displaced oblique mid-shaft clavicular fracture in a child after a fall from a chair. (b) Radiograph after 17 days shows soft callus 
formation

Fig. 8.13 Chest radiograph shows an acute clavicular fracture on the 
left in an infant. However, note the presence of healing posterior rib 
fractures (open arrows) indicating repetitive inflicted trauma

by post-mortem radiology. No external or internal abnormal-
ities, consistent with injuries, were found during the autopsy. 
Some visceral and epicardial petechiae, as can be found in 
cot death, were found. The parents had no explanation for the 
occurrence of the fractures and an investigation by the police 
followed due to a suspicion of inflicted injury. During the 
investigation it appeared that the child had been treated by a 
non-licenced chiropractor 3 to 4 weeks before death because 
of alleged shoulder dislocations. According to the authors, 
this time interval corresponded to the histological dating of 
the fractures. The unusual location in both clavicles could 
also be explained in this way. The cause of death was deter-
mined to be a cot death.

Ibrahim described the occurrence of a fracture in the left 
clavicle of a 7-day-old newborn in the context of traditional 
treatment in Nigeria, whereby the hair is shaved and the 
uvula removed [51–53]. On day 10 after birth, the girl was 
seen in the Emergency Department of a hospital because of 
excessive crying, a swollen left shoulder and reduced move-
ments of the left upper arm. Radiological examination 
revealed a fracture in the distal part of the clavicle. The 
authors reasoned that in this case the fracture could be attrib-
utable to excessive restrain during the procedure.

Mboutol-Mandavo et  al. described the occurrence of 
fractures of the femur and clavicle in 2 children of 17 days 
and 1  month of age, respectively [54]. No evidence was 
found for an event in which the fractures could have 
occurred, or for osteogenesis imperfecta in the family. No 
other fractures were found that could indicate child abuse. 
The authors came to the conclusion that the injuries in both 
children were caused by a traditional form of African baby 
massage.

8.3.5  Trauma After Birth: Non-accidental 
Circumstances

In children most clavicle fractures, sustained after birth, are 
due to accidental circumstances. Inflicted clavicle fractures 

seem to be relatively rare in children (Fig.  8.13). Of all 
inflicted fractures in children, 2–7% are thought to be clavi-
cle fractures [4, 55, 56].

Leventhal et al. evaluated the circumstances under which 
clavicle fractures were sustained in hospitalized children 
with fractures under the age of 3 years [57]. They found that 
the incidence of inflicted clavicle fractures decreased with 
increasing age. They also found that in children under 1 year 
of age 28.1% of the clavicle fractures were inflicted, in chil-
dren between 1 and 2 years 16.7% and in children between 2 
and 3 years 6%.

Pandya et  al. found that clavicle fractures in children 
under the age of 48 months were more commonly sustained 
in non-accidental than in accidental circumstances, although 
clavicle fractures in children under the age of 18  months 
were sustained in non-accidental circumstances as often as in 
accidental circumstances [58].
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a bFig. 8.14 (a) Non-accidental 
distal clavicular fracture 
(arrow) in a 2-week-old girl 
with a complex skull fracture, 
rib fractures, and CMLs of 
both tibiae. (b) Second 
skeletal survey shows callus 
formation

Fig. 8.15 Non-accidental medial clavicular fracture (arrow) in a 
13-month-old infant who presented with a lump on the chest without a 
history trauma

Worlock et al. found that clavicle fractures were inflicted 
in 18% of the children with fractures under the age of 
18 months, compared to accidental fractures in 5% [59]. In 
the group of children between 18 and 60 months of age, clav-
icle fractures were found to be inflicted in 14% of the chil-
dren, compared to 12% with accidental cause.

Barber et al. found bilateral clavicle fractures in 4 of 24 
children, who sustained the clavicle fracture in non- 
accidental circumstances, and 10 of these 24 children had 
other fractures on the skeletal survey [60].

Inflicted clavicle fractures are caused by either a direct 
trauma (e.g. a direct blow on the clavicle or the shoulder) or 
by an indirect trauma (e.g. deliberate pushing or throwing of 
the child, leading to a fall on the shoulder or on an out-
stretched hand/arm or traction to the arm). A non-accidental 
blow on the clavicle or shoulder will usually cause a mid- 
shaft fracture, just as will happen in an accidental impact 
trauma, e.g. with an object.

Accidental fractures of the medial or distal end of the clavicle 
are rarely found in children less than 3 years old (Figs. 8.14a, b 
and 8.15) [48]. It is assumed that fracturing in these locations 
occurs through sudden traction to the arms, e.g. in violent shak-
ing [4, 48, 61]. This type of fracture often occurs combined with 
injuries to the proximal humerus [62, 63]. The causing mecha-

nism of these injuries can be compared to the mechanism that 
causes metaphyseal injuries of the long bones, which also can 
result from sudden traction to the arms and legs.

It is not possible to differentiate in children between 
inflicted and accidental clavicle fractures based on the pres-
ence or absence of bruises near the fracture. Peters et  al. 
evaluated the presence of bruising associated with fractures 
in children. They identified seven children with inflicted 
clavicle fractures, none of them had bruising near the frac-
ture [64].
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8.4  Differential Diagnosis of Clavicle 
Fractures

Congenital pseudoarthrosis of the clavicle (CPC) is, despite 
being a rare entity, often mentioned in the medical literature 
as a mimic of clavicle fractures [65–70]. It is more common 
in girls than in boys and most often the right clavicle is 
affected [70]. Although, it can be found bilaterally [68, 71]. 
The aetiology of CPC is debated with two potential explana-
tions, the first is based on the fact that the clavicle is derived 
from two ossification centres that fuse in the 45th day of ges-
tation. Failure to do so would lead to CPC [65]. The second 
explanation is that CPC is the result of pressure and pulsa-
tions of the bud of the subclavian artery on the developing 
clavicle, this would explain the higher prevalence on the 
right side [72]. It can be recognized, because of the presence 
of a painless swelling over the clavicle. Congenital pseudo-
arthrosis of the clavicle has been confused with a clavicle 

fracture, either due to birth trauma/accidental circumstances 
or non-accidental circumstances [70]. According to Walker 
et  al. two distinct sections, each with a smooth and intact 
cortex, of the clavicle are seen on radiography [70]. In CPC 
there will be no radiographic evidence of subperiosteal new 
bone formation or callus formation. Most commonly, the 
pseudoarthrosis occurs at the junction of the middle and dis-
tal third of the clavicle [70].

There are other, in infancy rare, diseases that can mimic 
a (healing) clavicular fracture such as bone tumours (espe-
cially Ewing’s sarcoma) and chronic recurrent multifocal 
osteomyelitis (CRMO) (Fig. 8.16a, b) [73–78]. These dis-
eases can present with lamellated periosteal reaction, mim-
icking a healing fracture, without a history of trauma. 
Constriction of the clavicle may simulate a fracture in 
restrictive dermatitis (Fig. 8.17) [79]. However, the typical 
clinical features will confirm the diagnosis of restrictive 
dermatitis.

a

b

Fig. 8.16 AP (a) and caudo-cranial view (b) of the right clavicle with 
thickening and subperiosteal new bone formation (arrows) in a 7 year- 
old child with chronic recurrent multifocal osteomyelitis, simulating a 
healing fracture

Fig. 8.17 A newborn with restrictive dermatitis. Severe stricture of 
distal clavicular (arrow) simulates a fracture
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9.1  General Aspects of Sternum Fractures

Sternum fractures in children are rare with an increasing 
incidence with age. Ozsoy and Tezcan reported on a series of 
225,000 trauma cases, <18 years of age, presented to a pae-
diatric trauma unit between January 2012 and January 2018 
[1]. In their series only 10 sternum fractures were seen, mean 
patient age 11.8 years (range 3 to 18), most cases were the 
result of falls (60%). Schmitt et  al. evaluated the data of 
47,893 patients with sternum fractures (all inpatients in 

Germany from 2005 to 2012) and found that only in 1.83% 
these fractures were found before the age of 16 years, fol-
lowed by a sudden increase in the frequency up to the age of 
20  years [2]. This sudden increase was explained by the 
authors as a result of the increase of traffic accidents of this 
age group, compared to the group of minors under 16 years 
of age. In a retrospective study over a 16-year period in a 
level I trauma centre, Ramgopal et  al. described an even 
lower incidence of 19 cases (0.07%) out of a total of 25,781 
paediatric patients [3]. All cases were the result of high 
velocity trauma mechanisms and had significant 
comorbidity.

Hechter et  al. identified 12 children with sternum frac-
tures at a large paediatric hospital over an 11-year period: 4 
children were younger than 3  years of age, 8 were above 
3 years of age [4].

Rosenfeld et al. identified 3860 patients of 18 years and 
younger with sternum fractures [5]. Ninety percent of these 
patients were between the age of 12 and 18 years.

Chalphin and Mooney reported on a series of 65 children 
with sternal fractures, 46 (71%) were boys and the median 
age of their population was 11  years [6]. The three most 
common causes were motor vehicle accidents (12/65, 18%), 
sports (12/65, 18%), and trampoline (8/65 12%).
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Table 9.1 Associated injuries (mainly described in adult patients) [7, 8]

Skeletal lesions • Sternoclavicular joint dislocation
• Rib fractures (isolated or serial)
• Clavicular fractures
• Scapula fractures
• Spinal injuries (cervical, thoracic, lumbar)
• Pelvic fracture

Intrathoracic 
lesions

•  Mediastinal haemorrhage, pneumothorax, 
haemothorax

• Pulmonary contusion
• Cardiac contusion, cardiac tamponade
• Rupture of the thoracic aorta

Other lesions • Abdominal injury
•  Traumatic brain injury (concussion, intracranial 

haemorrhage)

Sternum fractures fall into two distinct categories: iso-
lated sternum fractures without associated injury and 
 polytrauma sternum fractures with associated extrasternal 
injury (Table 9.1) [5, 9]. One of the associated injuries are 
vertebral fractures, which if present can lead to an unstable 
thoracic cage [10]. Isolated sternum fractures can be consid-
ered to be a relatively mild injury with a very good outcome 
with conservative management and a very low mortality rate 
(<1%) [9, 11–14].

Moënne Bühlmann et al. evaluated the data of 79 paediatric 
patients aged 18 years and younger diagnosed with sternum 
fractures after trauma [15]. They found that associated lesions 
in this group of patients were rare (only in 3 of the 79 patients). 
However, Rosenfeld et al. state that the presence of a sternum 
fracture in a patient ≤18 years should always lead to a careful 
medical evaluation, because of the risk of associated injuries 
(Table 9.1) and of complications [5, 16]. Almost 40% of the 
patients in this study had to be admitted to an intensive care unit 
and 8% of the patients that were admitted to a hospital died.

Although most fractures will be diagnosed on either con-
ventional radiography or nowadays more and more CT, a ster-
nal fracture can be an incidental finding on ultrasonography. 
With the increasing use of point-of-care ultrasonography, 
especially emergency medicine physicians should be aware 
of this finding and the potential consequences [17–20].

9.2  Cause of Sternum Fractures

A fracture of the sternum is always due to a trauma. In adults 
direct trauma is the most common cause, while in the paedi-
atric population indirect trauma is more common [21].

9.2.1  Direct Trauma

It is generally accepted in the medical literature that a 
considerable blunt force trauma on the sternum/anterior 

chest- wall (trauma due to high energy transfer and/or 
high velocity impact) or forceful compression of the ster-
num towards the vertebrae is needed to fracture the ster-
num [11, 22, 23]. A blunt force impact trauma may occur 
when a moving object hits the more or less stationary 
sternum or front of the chest (anterior chest-wall impact 
trauma) or when the moving body (sternum or front of 
the chest) hits a more or less stationary object 
(deceleration).

Ferguson et al. evaluated the data of 12 children (aged 5 
to 12  years old) and found, contrary to what generally is 
accepted in the medical literature, that the sternum in chil-
dren is commonly fractured by more minor blunt trauma 
than generally recognized in the literature [22]. This finding 
was largely confirmed by Moënne Bühlmann et  al., they 
found that over 90% of traumatic sternum fractures in a 
group of 79 paediatric patients of 18 years and younger were 
caused by trauma with a low-energy transfer (low-energy 
trauma) [15].

9.2.2  Indirect Trauma

9.2.2.1  Distortion
The sternum can fracture when the thorax suddenly vigor-
ously flexes, leading to distortion of the sternum due to 
severe hyperflexion-compression of the thoracic vertebrae, 
in the absence of any impact trauma or compression [22]. 
According to Ferguson et  al., all children with a sternum 
fracture after an indirect trauma with hyperflexion- 
compression should have a careful examination of the spine 
[22].

9.2.2.2  Fatigue Fractures in Normal Bone: Stress 
Fractures

Stress fractures of the sternum are extremely rare. This type 
of sternum fracture results from repetitive muscular action 
to the sternum and has been described in young gymnasts 
and in body builders [24–26]. Hassan et  al. hypothesized 
that the cause (mechanism) of this type of stress fracture in 
gymnasts is repeated distortion of the sternum due to sudden 
forward flexion of the thoracic spine and violent protrac-
tions of the shoulders during tumbles, repeatedly stressing 
the sternum via the clavicles and leading to an uneven distri-
bution of forces across the scalene muscles and pectoralis 
major [24]. These rare fractures may be underdiagnosed 
[25].

Stress fracture of the sternum is a rare injury and can 
occur in young athletes due to repeated stress. A case of a 
14-year-old boy is reported who sustained fracture of the 
sternum without any history of significant trauma when he 
simply tried to lift his whole body over his arms and felt pain 
in front of the chest.
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9.2.2.3  Fatigue Fractures in Weakened Bone: 
Insufficiency Fractures

Stress fractures due to insufficiency are also very rare and 
mainly described in patients, e.g. in eating disorders, patients on 
long-term steroid treatment, patients with underlying diseases, 
like osteoporosis, osteopenia, chronic obstructive pulmonary 
disease, rheumatoid arthritis, systemic lupus erythematosus or 
multiple myeloma, and postmenopausal women [27–30].

Only a few case reports on paediatric stress fractures due 
to insufficiency are found in the medical literature. Mitchell 
and Elliott described this type in an adolescent with cystic 
fibrosis due to osteoporotic changes [31]. Latzin et  al. 
described a sternum fracture in a 16-year-old girl with cystic 
fibrosis with severe pulmonary disease complicated by 
osteoporotic fractures of the sternum and the sixth and sev-
enth thoracic vertebral bodies [32]. Olmos et  al. described 
the occurrence of a sternum fracture due to osteoporotic 
changes in one patient with anorexia nervosa in addition to 
another case report in the medical literature on a sternum 
fracture in another patient with anorexia nervosa [33]. 
Korovessis et al. described what they described as a ‘sponta-
neous’ fracture of the sternum in a 2-year-old girl, as a com-
plication of treatment in a Boston brace for a progressive 
rigid thoracolumbar kyphoscoliosis [34]. Also patients with 
osteogenesis imperfecta are at a higher risk of sternal frac-
tures after a relatively mild trauma (Fig. 9.1).

9.3  Manner of Sternum Fractures

As stated in Sect. 9.2 fractures of the sternum are always the 
result of trauma. To the best of our knowledge the occurrence 
of intrauterine sternum fractures or sternum fractures due to 
birth is not mentioned in the medical literature.

9.3.1  Trauma After Birth: Accidental 
Circumstances

Sternal fractures in children are relatively rare, and isolated 
sternal fractures are even rarer. However, there have been 
multiple case reports describing such isolated fractures 
(Table 9.2). Rostan described an isolated sternum fracture in 
a 12-year-old soccer player [35]. Perez and Coddington 
described a sternum fracture in a 7-year-old boy who fell 
from monkey bars and striking his chest on the monkey bar 
[36]. Pérez-Martínez described, in a Spanish article, a case 
of a 6-year-old girl who fell on a trampoline [37]. DeFriend 
and Franklin reported two children who sustained a sternum 
fracture due to an indirect trauma; hyperflexion of the ster-
num due to a fall of a swing [38]. Ferguson et al. evaluated 
the data of 12 children (aged 5–12 years old), in 7 children 

Fig. 9.1 Eight-year-old boy with osteogenesis imperfecta after a rela-
tively mild hyperflexion injury resulting in a fracture of the manubrium 
(arrow)

Table 9.2 Isolated sternum fractures in children

Author Year Agea Sex Trauma mechanism
Rostan [35] 1981 12 Male Soccer trauma
Perez [36] 1983 7 Male Fall from monkey bar
Pérez-Martínez 
[37]

1996 6 Female Fall on trampoline

DeFriend [38] 2001 8 Female Fall from swing
7 Female Fall from swing

Ferguson [22] 2003 12 Female Fall from bike
11 Female Slipped on street
10 Female Fall from bike
10 Female Fall on bouncy castle
5 Female Fall from trampoline
10 Female Fall from bike
7 Male Fall from tree
11 Female Fall from trampoline
10 Male Fall from trampoline
11 Male Slipped in bath
11 Male Fall from bike
10 Female Fall from gym bar

Fichtel [39] 2016 8 Female Fall in merry-go-round
14 Female Slipped
5 Male Fall from swing or hit by 

swing
10 Male Fall from parallel bars

Korhonen [40] 2017 10 Male Fall from trampoline
11 Male Fall from trampoline

Fukuhara [18] 2018 5 Male Hit by door
Sesia [41] 2018 8 Male Fall from trampoline
Binder [42] 2020 10 Male Knee impact

aAge in years
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a b

Fig. 9.2 (a) Ten-year-old boy who was hit over the sternum resulting in a sternum fracture (arrow). (b) Detailed view of the fracture (red arrow) 
(Courtesy of Professor S. Banaschak, Institute of Legal Medicine/University Hospital of Cologne, Cologne, Germany)

the sternum fracture was caused by an accidental direct blow 
on the chest (4× falling of a bicycle, 2× falling forwards, 1× 
fall from trampoline) and in 5 children the fracture was 
caused by an accidental indirect trauma (fall on the upper 
back or head, causing hyperflexion of the thoracic spine) 
[22]. Fichtel et al. reported on four cases and stated that iso-
lated sternum fractures in children often are due to typical 
age-related traumatic incidents, like described in the article 
of Ferguson et al. [22, 39]. In a publication on trampoline- 
related injuries, Korhonen et al. describe two boys who sus-
tained isolated sternum fractures after a fall from a trampoline 
[40]. Fukuhara et al. describe a case of a 5-year-old boy who 
presented with precordial pain five days after he was hit by a 
door in the chest [18]. CT of the chest at the day of trauma 
showed no fracture, but on day 5 the authors diagnosed a 
fracture using point-of-care ultrasonography. The image pro-
vided in the article, the fact that is known that CT is superior 
in detecting fractures, and the presence of an abscess should 
raise the possibility of the presence of a self-limiting sternal 
tumour of childhood [14]. Sesia et al. describe a case of an 
8-year-old boy with a sternum fracture after a trampoline- 
related fall [41]. The fracture was slightly displaced and 
using a vacuum bell, which was applied for 6 weeks, stable 
reduction and consolidation was achieved. Binder et  al. 
describe a case of a 10-year-old boy who was presented with 
pain over the sternum and a radiograph showed a fracture of 

the sternum (Fig. 9.2a, b) [42]. A thorough clinical history 
revealed that the complaints have started after his 12-year- 
old cousin hit him with a knee against the chest. In older lit-
erature several other cases have been described, although 
details of these cases are limited [43–48]. Based on the lit-
erature Table 9.3 provides an overview of the cause (mecha-
nism) and manner of accidental isolated sternum fractures.

9.3.2  Trauma After Birth: Medical 
and Paramedical Procedures

Chest compression during resuscitation in adults is regularly 
mentioned in the medical literature as a cause of fractures of 
the sternum [53–55]. The incidence of CPR-related sternum 
fractures in adults seems to vary depending on the used 
method. Mechanical chest compressions seem to cause more 
CPR-related sternum fractures than manual compressions. 
Hoke and Chamberlain found an incidence varying from 1 to 
43% in manual compression and of 0–93% in mechanical 
compression [54]. Friberg et al. found sternum fractures in 
80% of the adult patients with mechanical chest compres-
sions, compared to 38% with mechanical compressions [53]. 
Koster et al. compared the AutoPulse, LUCAS, and manual 
resuscitation in a prospective randomized clinical trial in 
which they included 337 patients [56]. They found sternal 
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Table 9.3 Overview of cause and manner (accidental) of sternum fractures [2, 7, 22, 24–26, 38, 49–52]

Cause (mechanism) Manner: accidental, e.g. Often fractures of
Direct trauma Deceleration Motor vehicle collision with

•  Impact of chest on steering wheel, mostly 
in cars without airbags

• Use of seat belt

Body or manubrium

Blunt impact on the anterior chest Car vs. pedestrian collision with direct 
impact to the anterior chest
Contact sports with direct blow to the 
anterior chest
Direct blow to the anterior chest (not 
specified)

Body or manubrium

Indirect trauma Distortion of the sternum due to severe 
hyperflexion- compression of the thoracic 
vertebrae

Fall on the upper back with severe bending 
of the thoracic spine
Fall from swing, trampoline, gym bar

The upper and middle body of 
the sternum
Eventually resulting in a 
thoracic spine wedge fracture

Overuse stress Repetitive upper body building exercises 
without a clear trauma
Repetitive overstretching during gymnastics

Insufficiency stress Patients with severe thoracic kyphosis, 
osteoporosis, long-term steroid therapy
Postmenopausal women and elderly patients

fractures on CT scans in respectively 3 out of 103 (2.9%), 7 
out of 108 (6.5%), and 5 out of 126 (4.0%) patients. As far as 
could be derived from the medical literature, fractures of the 
sternum as a result of chest compressions during resuscita-
tion have never been reported in children [54, 57].

9.3.3  Trauma After Birth: Non-accidental 
Circumstances

According to the literature, a sternum fracture is considered 
to carry a high specificity for an inflicted injury/child abuse, 
especially when no accident is mentioned in the clinical his-
tory [58–62]. Hechter et al. however disagree with this state-
ment [4]. They are of the opinion that, although sternum 
fractures may be rare, they are not very specific for inflicted 
injuries (child abuse). They performed a retrospective study 

over a period of 11 years in which they found 12 children 
with sternum fractures (four children were 2  years or 
younger, the others 3 years or older). In two children, both 
below the age of 2, they suspected that the fracture was 
inflicted (child abuse). Ferguson et al. and Moënne Bühlmann 
et al. also found that sternum fractures could result from a 
trauma with a low-energy transfer (see Sect. 9.2.1) [15, 22].

A sternum fracture can be sustained in non-accidental cir-
cumstances due to a direct trauma (direct punch or blow to 
the anterior part of the chest, forceful compression of the 
chest) or by an indirect trauma with distortion of the sternum 
due to severe hyperflexion-compression of the thoracic ver-
tebrae (Fig. 9.3a, b).

In young patients that have a skeletal survey for suspicion 
of non-accidental injury, the small ossification centres of the 
sternum may simulate healing fractures on the oblique chest 
radiographs (Fig. 9.4a, b).
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a b

Fig. 9.4 Sternal ossification centres simulating healing rib fractures. 
(a) Seven-week-old boy who had a skeletal survey because his twin 
brother was suspected of non-accidental injury. The manubrium is well 
recognized (small arrow) but the second sternal ossification centre is 

simulating a healing fracture of the second rib (arrow). (b) Four-week- 
old girl suspect for non-accidental injury. The sternal ossification cen-
tres simulate multiple healing fractures on the oblique chest radiograph 
(arrow)

a bFig. 9.3 (a) Sternum fracture 
(arrow) in an abused child 
with multiple other fractures. 
(b) After 14 days the fracture 
shows healing of the fracture 
(arrow) (Courtesy of 
Professor A. Offiah, Sheffield 
University, United Kingdom)
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9.4  Differential Diagnosis of Sternum 
Fractures

9.4.1  Sternal Segment Dislocations

Sternal segment dislocations are extremely rare in the paedi-
atric population. There are only a few cases reported in the 
medical literature [63–66]. Sternal segment dislocation can 
be misdiagnosed as a sternum fracture [64]. The most com-
mon location of sternal segment dislocation is in the manu-
briosternal joint, but dislocations have also been described in 
other sternal segments (Fig. 9.5) [64, 67]. The clinical signs 
and symptoms of sternal segment dislocations are similar to 
those of a fracture.

Most dislocations are caused by direct trauma to the chest, 
but also indirect trauma and non-traumatic causes, e.g. due to 
osteomyelitis, have also been reported. Wada et al. presented 

3 children with sternal segment dislocations: a 4-year-old 
boy with a direct trauma (blow to the chest), a 3-year-old boy 
with an indirect trauma, and a 10-year-old boy with osteo-
myelitis [67]. Murray et al. described a 3-year-old girl with a 
traumatic sternal segment dislocation after a direct trauma 
due to a fall on a pole while playing in the park [63]. 
Nakagawa et al. described a 10-year-old boy who had a ster-
nal segment dislocation after bending backward, while play-
ing dodge ball [64]. He was initially misdiagnosed as having 
a sternum fracture. The authors were of the opinion that the 
forces that result in sternal segment dislocation are not strong 
enough to produce internal injuries. Pawar et al. described a 
case in a 19-month-old boy who suffered a sternal segment 
dislocation after a presumed fall from the bed [65].

There are two types of manubriosternal joint dislocation 
[68]:

• Type I: backward dislocation of the body caused by a 
direct force acting on it, for example by direct compres-
sion injury to the anterior chest.

• Type II (most common), due to severe hyperflexion- 
compression of the thoracic vertebrae: indirect forces trans-
mitted to the sternum through the clavicles, the chin, or the 
upper two ribs causing backward displacement of the 
manubrium. Norotte et al. described this type in a 14-year-
old boy, occurring during an exercise in parallel bars with-
out any fall [69]. Nijs and Broos described the same severe 
hyperflexion-compression in a 9-year-old gymnast who felt 
a sharp pain and a sudden click at the manubriosternal joint 
while stopping his backward swing and initiating his for-
ward movement on the parallel bars [70].

If inflicted, the most likely cause will be a direct punch or 
blow to the chest, although forceful compression of or an 
indirect trauma to the chest may also result in a non- 
accidental dislocation.

9.4.2  Self-limiting Sternal Tumour 
of Childhood

Sometimes an infant will present with a swelling of unknown 
origin on the sternum. Most often this will lead to a suspicion 
of a tumour, especially if it is growing, however to the 
untrained eye or if other findings suspected for child abuse 
are present it could also raise the question of the presence of 
a fracture.

A relatively rare, but easy to diagnose, cause for a sternal 
swelling is the self-limiting sternal tumour of childhood 
(SELSTOC) [14, 71–77]. A SELSTOC is a benign aseptic 
inflammatory process that is located at the level of the ster-
num. The imaging method of choice is ultrasound which in 
general will show a quite classic finding of a hypo-echoic 

Fig. 9.5 Ten-year-old boy who landed on his buttocks during trampo-
line jumping which caused high thoracic hyperflexion (i.e. chin on ster-
num) resulting in chondral fracture dislocation between the manubrium 
and the second ossification centre of the sternum (arrow). Also note the 
distraction between the distal ossification centre and the rest of the 
sternum
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Fig. 9.6 Self-limiting sternal tumour of childhood in a 10-month-old 
infant who presented with a painless swelling of the sternum. (a) 
Ultrasound shows a hypo-echoic mass (arrows). An outside MRI shows 
the typical finding of a dumbbell-shaped mass. (b) On T1 weighted 

imaging the mass has a low signal intensity (arrow), (c) on T2 weighted 
imaging it has a high signal intensity. (d) On sagittal T2 weighted imag-
ing the dumbbell shape is visible (arrows)

well-circumscribed lesion that extends into the cartilage 
between the sternal bone centres (Fig. 9.6a). The lesions are 
often dumbbell-shaped extending posteriorly to the sternum. 
Although the findings on ultrasound are diagnostic some-
times MRI will be performed, if this is done this will show a 
lesion with a high signal intensity on T2-weighted images 
and low/intermediate signal intensity on T1-weighted images 
(Fig 9.6b). CT is not indicated in these cases.

In the largest published series to date, Winkel et al. pre-
sented a series of 14 infants and children (10 boys, median 
age 16  months, range 7–50  months) [14]. In seven cases 
there was pain at presentation and a raised temperature in 
five cases. In eight cases, a succesful wait-and-see policy 
was initiated leading to full resolution of the mass. In the 
other cases surgical incision/excision was performed, often 

in the outside referring hospital. Based on their findings, and 
supported by other publications, a SELSTOC should be seen 
as a ‘do not touch’ lesion.
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10.1  General Aspects of Scapula Fractures

The shoulder joint is composed of the scapula, clavicle, and 
the head of the humerus. The scapula is part of three joints: 
the acromioclavicular joint (acromion and clavicula), the 
glenohumeral joint (glenoid and proximal humerus), and the 
scapulothoracic joint (anterior scapula and posterior thorax) 
(Fig. 10.1) [1]. In this constellation, the scapula provides a 
stable base for movements of the humerus [2].

According to the literature scapula fractures are rare, rep-
resenting a small percentage of all fractures in adult patients 

[3, 4]. Based on a 10-year data set, 2002–2012, obtained 
from the US national trauma data bank Tatro et al. calculated 
an incidence in a patient population of 1,091,391 patients to 
be 1.74% [5]. The incidence in children is not known, but is 
probably even lower than in adults [1]. The low incidence is 
due to the unique anatomy, the mobility on the chest wall, 
and the protective nestling in many layers of muscles (supra-
spinatus, infraspinatus, and subscapularis) and connective 
tissue [2, 6–9]. However, scapular fractures can also easily 
be missed on standard radiographs, which partly may be an 
explanation for the low estimated incidence. Computed 
tomographic scans, which allow for three-dimensional 
reconstructions, are considered the gold standard for the 
diagnosis of and pre-treatment assessment of scapular frac-
tures [10–13]. Because of the (real or supposed) low inci-
dence, only limited evidence-based data is known about 
paediatric scapula fractures. Most of the known data are 
derived from adult studies. For the assessment of associated 
soft-tissue trauma, MRI imaging is indicated [14].

Clinical signs and symptoms include numbness or weak-
ness of shoulder and arm, (severe) pain at rest and while mov-
ing, (severe) local swelling/bruising and local abrasions.

Scapula fractures can be classified as isolated scapula 
fractures without associated injury and hardly, if any, signifi-
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Fig. 10.1 Anatomy of the scapula. (Rendering by A.J. Loeve. Based on a figure by Matteo Mancuso, licenced under the Creative commons 3.0 
licence) [62]

Table 10.1 Glenoid cavity fractures [15]

Type
I Fractures of either the anterior (Ia) or posterior (Ib) glenoid 

rim
II–IV Transverse glenoid fractures with fracture line
II Exiting inferiorly through the lateral scapular border
III Superior through or near the notch
IV Medially through the medial scapular border
V More than one fracture line. Type V fractures are a 

combination of the other types
VI Fractures with severe comminution

Table 10.2 Associated injuries [1, 2, 20]

Skeletal injuries Spine fractures
Skull fractures
Rib fractures
(Ipsilateral) clavicle fracture
Upper extremity fractures

Thoracic injuries Pulmonary injury
Pulmonary contusion
Pneumothorax, haemothorax
Tracheobronchial rupture

Other injuries Intracranial haemorrhage
Brachial plexus injury
Spinal cord injuries
Subclavian vessel injury
Axillary vessel injury
Ruptured viscera

cant threat to life and polytrauma scapula fractures with 
associated injuries, which will determine the patient’s over-
all outcome. Fractures can occur in one part of several parts 
of the scapula [1]. The most common fracture in children 
(and in adults) is the scapular body (45% of all scapula frac-
tures), followed by the glenoid neck (25%), the glenoid cav-
ity (10%), the acromion process (8%), the coracoid process 
(7%), and finally the scapular spine (5%).

Glenoid neck fractures are classified according to the 
degree of displacement and angulation. In type I the dis-
placement is less than 1  cm and the angulation less than 
40°, in type II more than 1  cm and more than 40° [15]. 
Glenoid cavity fractures are classified depending on loca-
tion and degree of comminution (Ideberg classification) 
(Table 10.1) [15].

Acromion fractures are classified according to the amount 
of displacement. Type I fractures are non-displaced or mini-
mally displaced, type II fractures are displaced but do not 

reduce the subacromial space, and type III fractures are dis-
placed and do reduce the subacromial space [15].

The presence of a scapula fracture generally indicates a 
severe, high-energetic and not seldom life-threatening 
trauma, involving the upper posterior chest, in which adults 
as well as children often suffer damage to vital organs as well 
(Table 10.2) [8, 9, 16–18]. Therefore a complete head-to-toe 
examination is always indicated, if a scapula fracture is 
found in a child [1].

According to Weatherford there is a 2–5% associated 
mortality rate in adults, usually due to pulmonary or intracra-
nial injuries [19]. Shannon et al. found no higher mortality 
rates in their paediatric patient population with scapula frac-
tures due to high-energy motorized vehicle accidents, but 
they did find that in their population scapula fractures were 
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associated with significant morbidity (intracranial haemor-
rhage, skull fractures, thoracic injury, upper extremity frac-
tures, and spine fractures) compared to control patients [20].

Some extremely rare scapula fracture variants, with or 
without complications, have been described in paediatric 
case reports by:

• Blue et al.: fracture of the scapular body in a 13-year-old 
boy, after being struck by a dump truck, while riding a 
bicycle [21]. A fragment of the fracture penetrated the 
thoracic cavity, resulting in a pneumothorax.

• Bowen and Miller: angulated, greenstick fracture of the 
scapula mimicking scapular winging in a skeletally 
immature 12-year-old boy [22].

• Park et al.: acromial apophysiolysis in a 14-year-old boy 
[23].

• Shin et al.: greenstick fracture of the scapular body in a 
6-year-old boy, after being struck by a dump truck [24]. 
The fracture fragment impaled the parenchyma of the left 
lung, resulting in a pneumothorax.

• Alaia et al.: growth plate injury at the base of the coracoid 
process in seven males and one female (mean age 
15 years): five athletes, two patients with neuromuscular 
disorders, and 1 subject after a fall [25].

• Miller et al.: bowing type fracture of the scapular tip in a 
4-year-old boy [26].

In severe trauma, a scapulothoracic dissociation/trau-
matic disruption of the scapulothoracic articulation with 
complete separation of the scapula from the posterior chest 
wall can occur [1, 27]. This condition is uncommon in chil-
dren, but has been described in young children, always sec-
ondary to major accidental shoulder trauma, sometimes 
leading to complete upper extremity amputation [28–31].

10.2  Cause of Scapula Fractures

10.2.1  Direct Trauma with High-energy 
Transfer

Scapula fractures are usually caused by a blunt force trauma 
(direct blow) on the back or side with a high-energy transfer 
directly to the scapula during the impact. If the blunt force is 
spread over a large part of the scapula, crushing of the scap-
ula may happen [4]. A high-energy transfer during impact is 
considered to be necessary to cause a scapula fracture 
because only the dorsal aspect of the scapular spine and 
acromion are situated subcutaneously and the remainder of 
the scapula is lying deeper and is well protected against a 
trauma with low energy transfer during the impact [1]. 
Acromion fractures are usually due to a direct blow to the 
lateral shoulder [15].

10.2.2  Indirect Trauma

Indirect trauma with axial transmission of the load through 
the arm to the scapula through falling on the elbow or an 
outstretched hand, is also described as cause [2, 32]. In this 
indirect trauma, the humeral head will impact on the glenoid 
cavity and glenoid rim. Indirect trauma also includes stress 
fractures caused by overuse (repetitive use) and insufficiency 
[33–36].

According to Rush glenoid fractures are not only often 
caused by a direct blow to the lateral shoulder, but also occur 
due to an indirect trauma, caused by a fall onto a flexed 
elbow with the humeral head being driven into the glenoid 
[15]. Whether an anterior or posterior rim fracture occurs, 
depends on the position of the arm.

10.2.3  Traction Trauma

Traction trauma due to pulling by muscles or ligaments is 
also known to cause of scapula fractures. In adults scapula 
fractures due to traction have been described as a result of 
divergently orientated muscles simultaneously contracting in 
different directions during electrical shocks or seizures [4].

According to Rush, coracoid fractures are usually an 
avulsion injury resulting from pull of the acromioclavicular 
ligaments or the conjoint tendon. Scapulothoracic dissocia-
tion is often caused by severe traction [15].

In neonates, fractures of the acromion have been described 
due to agonist/antagonist contraction of muscles around the 
shoulder joint. Kalideen and Satyapal prospectively followed 
171 neonates with neonatal tetanus, a potentially fatal infec-
tion which most often occurs through cutting of the umbili-
cal cord using non-sterile techniques or applying non-sterile 
traditional remedies to the umbilical cord stump, and found 
avulsion fractures of the acromion (usually bilateral) in 10 
new-borns with severe neonatal tetanus [37, 38]. According 
to Kalideen and Satyapal, neonatal tetanus will lead to mus-
cle hypertonia and contractions of agonist/antagonist mus-
cles in the shoulder, sometimes resulting in avulsion fractures 
of the acromion [38].

Coote et  al. reported bilateral acromial fractures in an 
infant with malignant osteopetrosis [39]. The fractures were 
found one day after the infant had two witnessed seizures. 
Jacoby et al. described the occurrence of bilateral acromial 
fractures in a neonate with epileptic encephalopathy [40].

10.2.4  Cause of Scapula Fractures on Specific 
Locations

Forward and Wallace presented an overview of causes of 
scapula fractures on specific locations in adults [2]:
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• Body or spine fractures are typically caused by a direct 
blow with high-energy transfer.

• Acromion fractures are usually caused by a direct down-
ward impact to the point of the shoulder.

• Neck fractures are mostly caused by a force applied to the 
shoulder from the front or from the back.

• Glenoid rim fractures are mostly caused by a load trans-
mitted along the humerus after a fall onto the flexed elbow 
or the outstretched hand.

• Stellate glenoid fractures are usually caused by a direct 
blow to the lateral aspect of the shoulder.

• Coracoid process fractures are usually caused by a direct 
blow or an avulsion.

The data of Forward and Wallace can probably be used in 
older children and teenagers. There are no data known on the 
cause of scapula fractures on specific locations in younger 
children.

10.3  Manner of Scapula Fractures

The occurrence of intrauterine scapula fractures or scapula 
fractures due to birth is not mentioned in the medical 
literature.

10.3.1  Trauma After Birth: Accidental 
Circumstances

Accidental scapula fractures rarely occur in children under 
the age of 2 years old. In older children, these fractures usu-
ally result from a clearly identifiable severe blunt trauma 
with a high-energy transfer directly to the scapula.

Probably the most common accidental circumstances in 
adults and in children are traffic accidents, e.g. pedestrian or 
cyclist versus motor vehicle collisions or high-speed motor-
cycle of motor vehicle collisions (direct trauma).

Other known circumstances are accidental falls on the 
shoulder from a significant height or falls on the flexed elbow 
or an outstretched hand during daily activities (indirect 
trauma).

Scapula fractures can also occur during sports, due to:

• Direct trauma, e.g. a direct blow with a hockey stick or 
baseball bat or a body check against the scapula [41, 42]

• Direct and indirect trauma, e.g. a fall directly on the 
shoulder or on the flexed elbow/outstretched hand, while 
horseback riding, mountain biking, or skiing [43]

• Overuse (repetitive use) while playing softball/baseball

Crushing of the scapula results from spreading of the 
blunt force over a larger part of the scapula and can occur in, 

e.g. traffic accidents with overriding of the trunk, railroad 
accidents, or forestry accidents [4].

Moon et al. described a rare case of an 11-year-old girl 
with fractures of the acromion, clavicle, and first rib on the 
left and contralateral fractures of the first and second ribs. 
Initially the circumstances stayed unclear, until eventually it 
was discovered that these fractures were stress fractures 
caused by a nervous tic consisting of repetitive, vigorous 
shrugging and translation of the shoulders [36].

10.3.2  Trauma After Birth: Medical 
and Paramedical Procedures

Scapula fractures have been described as very rare complica-
tion of cardiopulmonary resuscitation in adults [44, 45]. As 
far as could be derived from the medical literature, scapula 
fractures have never been reported in children as a result of 
chest compressions during resuscitation.

10.3.3  Trauma After Birth: Non-accidental 
Circumstances

Several authors consider scapula fractures in a young child to 
be highly specific for non-accidental circumstances (inflicted 
injury) [46–52].

Because accidental scapula fractures in children are rare 
and result from severe direct trauma such as a motor vehicle 
accident or fall from a great height, any scapula fracture 
should raise a high suspicion for non-accidental circum-
stances, if a history of high-energy trauma is lacking 
(Fig. 10.2).

Inflicted scapula fractures may result from direct trauma 
or from traction/indirect trauma. A direct blow to the scapula 

Fig. 10.2 One-year-old boy with a clavicular fracture and a healing 
fracture of the scapular body. According to the parents he fell from the 
couch on outstretched hands 2 days ago
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may lead to a non-specific linear of ‘star burst’ fracture [51, 
53]. This may happen in a fight or in a physical assault. 
Fractures of the glenoid fossa or the corpus resulting from 
direct-impact violence are very rare inflicted injuries [54]. A 
fracture of the glenoid fossa is usually the result of an indi-
rect trauma due to a fall on the upper arm.

Non-accidental avulsion fractures of the acromion pro-
cess or, less commonly, fractures of the coracoid process are 
probably due to violent arm traction or shaking. The acro-
mion is the most prevalent location for inflicted injuries due 
to traction; either a fracture is found or there may be a dislo-
cation of the acromioclavicular joint (Fig.  10.3). 
Fragmentation of the acromion, avulsion fractures of the 
acromion and, less frequently, fractures of the coracoid pro-
cess or other parts of the scapula may be found after traction 
trauma. This happens, for example when a child is shaken, 
when the arms are pulled with a great deal of force, or when 
the arm is turned onto the back with brute force [51, 55]. 
When an inflicted acromion fracture is suspected in a child, 
one should always be aware of other associated fractures 
such as clavicle, glenoid fossa, coracoid, proximal humerus, 
or the upper ribs (Figs. 10.4 and 10.5).

Fig. 10.3 Bucket-handle fracture of the acromion (arrow) in a 
3-month-old infant who presented with multiple bruises. Skeletal sur-
vey detected over 20 traumatic skeletal lesions among which rib frac-
tures of different ages and metaphyseal corner fractures of tibia and 
femur. Also note the metaphyseal corner fracture of the proximal 
humerus

Fig. 10.4 One-month-old girl with a tibial shaft fracture without a his-
tory of trauma. Skeletal survey revealed multiple metaphyseal corner 
fractures of the arms and legs (including inferior angle of right scapula) 
and right-sided acromial fracture and distal clavicular fracture. No rib 
fractures were present

Fig. 10.5 Humerus fracture with extensive callus formation (arrow) 
and acromion fracture (open arrow) in abused child
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If there is a suspicion that the fracture was inflicted a 
complete age appropriate ‘non-accidental injury’ medical 
workup is indicated.

10.4  Differential Diagnosis of Scapula 
Fractures

In the differential diagnosis of scapular fractures in children 
(especially of the acromion), one should be aware of the pos-
sible presence of an accessory ossifying nuclei at the end of 
the acromion, the so-called os acromiale, since this may 
mimic a fracture (Fig. 10.6) [56–59]. The acromion is built 
up of three elements, from posterior to anterior: the metacro-
mion, the mesacromion, and the preacromion (Fig.  10.7). 
These elements fuse to become one acromial bone which 
subsequently fuses with the scapular spine. Fusion should in 
general be completed between the ages of 15–18  years, 
although fusion can be delayed to a later age or may even 
never occur [59, 60]. Kleinman and Spevak described the 
presence of an os acromiale in 10 out of 78 infants, who died 
of sudden infant death syndrome [58]. In six children the 
finding was bilaterally located and in four unilaterally. 
Currarino and Prescott described the finding in six children, 
2–19 months of age [56]. In four children the finding was 
diagnosed as a fracture and in two as an anatomical variant. 
The presence in adults has been reported to be around 3% 
equally distributed between sexes [61].

Compared to an os acromiale a genuine fracture will show 
a sharply defined edge compared to the regular bone. Also, 
when healing there are signs of callus formation in a fracture, 
which will not be seen in an accessory ossifying nucleus.

References

1. Schwartz BS, Pensy R, Eglseder A, Abzug JM (2014) AC disloca-
tions, SC dislocations, and scapula fractures. In: Abzug JM, Kozin 
SH, Zlotolow DA (eds) The pediatric upper extremity. Springer, 
pp 1277–1298

2. Forward DP, Wallace WA (2008) Scapula fractures: synopsis of 
causation. Accessed 10 Aug 2021

3. Voleti PB, Namdari S, Mehta S (2012) Fractures of the scapula. 
Adv Orthop 2012:903850

4. Wiedemann E, Euler E, Pfeifer K (2000) Scapular fractures. In: 
Wulker N, Mansat M, Fu FH (eds) Shoulder surgery, an illustrated 
textbook. Martin Dunitz, pp 504–510

5. Tatro JM, Schroder LK, Molitor BA, Parker ED, Cole PA (2019) 
Injury mechanism, epidemiology, and hospital trends of scapula 
fractures: a 10-year retrospective study of the National Trauma 
Data Bank. Injury 50:376–381

6. Ada JR, Miller ME (1991) Scapular fractures. Analysis of 113 
cases. Clin Orthop Relat Res:174–180

7. Imatani RJ (1975) Fractures of the scapula: a review of 53 fractures. 
J Trauma 15:473–478

8. McGinnis M, Denton JR (1989) Fractures of the scapula: a retro-
spective study of 40 fractured scapulae. J Trauma 29:1488–1493

9. Wilber MC, Evans EB (1977) Fractures of the scapula. An analysis 
of forty cases and a review of the literature. J Bone Joint Surg Am 
59:358–362

10. Berritto D, Pinto A, Russo A, Urraro F, Laporta A, Belfiore MP, 
Grassi R (2018) Scapular fractures: a common diagnostic pitfall. 
Acta Biomed 89:102–110

11. Ramponi D, White T (2015) Fractures of the scapula. Adv Emerg 
Nurs J 37:157–161

12. Haapamaki VV, Kiuru MJ, Koskinen SK (2004) Multidetector CT 
in shoulder fractures. Emerg Radiol 11:89–94

13. Ng GP, Cole WG (1994) Three-dimensional CT reconstruction of 
the scapula in the management of a child with a displaced intra- 
articular fracture of the glenoid. Injury 25:679–680Fig. 10.6 Os acromiale (arrow) as a normal variant in a healthy child

AC-joint
capsule

Clavicle

a

b

c

Fig. 10.7 The types of os acromiale: (a) the space between the os pre- 
acromiale and the acromion, (b) the space between the os meso- 
acromiale and the acromion, and (c) the space between the os 
meta-acromiale and the acromion

R. A. C. Bilo et al.



309

14. Roedl JB, Morrison WB, Ciccotti MG, Zoga AC (2015) Acromial 
apophysiolysis: superior shoulder pain and acromial nonfusion in 
the young throwing athlete. Radiology 274:201–209

15. Rush J Scapula fractures. https://posna.org/Physician- Education/
Study- Guide/Scapula- Fractures. Accessed 29 July 2020

16. Livingston DH, Hauser CJ (2003) Trauma to the chest wall and 
lung. In: Moore EE, Feliciano DV, Mattox KL (eds) Trauma. 
McGraw-Hill

17. McGahan JP, Rab GT, Dublin A (1980) Fractures of the scapula. J 
Trauma 20:880–883

18. Thompson DA, Flynn TC, Miller PW, Fischer RP (1985) The sig-
nificance of scapular fractures. J Trauma 25:974–977

19. Weatherford B (2016) Scapula fractures. https://www.orthobullets.
com/trauma/1013/scapula- fractures. Accessed 16 July 2020

20. Shannon SF, Hernandez NM, Sems SA, Larson AN, Milbrandt TA 
(2019) High-energy pediatric scapula fractures and their associated 
injuries. J Pediatr Orthop 39:377–381

21. Blue JM, Anglen JO, Helikson MA (1997) Fracture of the scapula 
with intrathoracic penetration. A case report. J Bone Joint Surg Am 
79:1076–1078

22. Bowen TR, Miller F (2006) Greenstick fracture of the scapula: a 
cause of scapular winging. J Orthop Trauma 20:147–149

23. Park KJ, Kim YM, Kim DS, Choi ES, Shon HC, Jeong JJ 
(2015) Avulsion fracture of the acromial physis in a 14-year-
old boy: a case report. Arch Orthop Trauma Surg 135: 
223–225

24. Shin SJ, Wang SI, Kim JR (2016) Lung injury caused by greenstick 
fracture of the scapular body in a 6-year-old boy. Skelet Radiol 
45:555–558

25. Alaia EF, Rosenberg ZS, Rossi I, Zember J, Roedl JB, Pinkney L, 
Steinbach LS (2017) Growth plate injury at the base of the cora-
coid: MRI features. Skelet Radiol 46:1507–1512

26. Miller C, Grainger AJ, Phillips RS, Sabouni MY, Kraft JK (2018) 
Bowing fracture of the inferior angle of the scapula, a difficult diag-
nosis. Pediatr Radiol 48:146–149

27. Morris CS, Lloyd T (1990) Case report 642: Traumatic scapulotho-
racic dissociation in a child. Skelet Radiol 19:607–608

28. An HS, Vonderbrink JP, Ebraheim NA, Shiple F, Jackson WT 
(1988) Open scapulothoracic dissociation with intact neurovascular 
status in a child. J Orthop Trauma 2:36–38

29. Lovejoy J, Ganey TM, Ogden JA (2009) Scapulothoracic disso-
ciation secondary to major shoulder trauma. J Pediatr Orthop B 
18:131–134

30. Nettrour LF, Krufky EL, Mueller RE, Raycroft JF (1972) Locked 
scapula: intrathoracic dislocation of the inferior angle. A case 
report. J Bone Joint Surg Am 54:413–416

31. Oreck SL, Burgess A, Levine AM (1984) Traumatic lateral dis-
placement of the scapula: a radiographic sign of neurovascular dis-
ruption. J Bone Joint Surg Am 66:758–763

32. Goss TP, Owens BD (2006) Fractures of the scapula: diagnosis 
and treatment. In: Iannotti JP, Williams GR (eds) Disorders of 
the shoulder: diagnosis and management. Lippincott Williams & 
Wilkins, pp 794–795

33. Donovan M, Attia MW (2018) An unusual cause of an isolated 
scapula fracture. JAAPA 31:26–28

34. Hart RA, Diamandakis V, El-Khoury G, Buckwalter JA (1995) 
A stress fracture of the scapular body in a child. Iowa Orthop J 
15:228–232

35. Marcano AI, Samitier G, Wright TW, Farmer KW (2014) Stress 
fracture of second rib and scapular spine in a female softball player. 
Curr Sports Med Rep 13:314–318

36. Moon BS, Price CT, Campbell JB (1998) Upper extremity and rib 
stress fractures in a child. Skelet Radiol 27:403–405

37. World Health Organisation (WHO) (2021) Vaccine- 
preventable diseases  – neonatal tetanus. https://www.who.int/
immunization/monitoring_surveillance/burden/vpd/WHO_

SurveillanceVaccinePreventable_14_NeonatalTetanus_R1.pdf. 
Accessed 10 Aug 2021

38. Kalideen JM, Satyapal KS (1994) Fractures of the acromion in teta-
nus neonatorum [corrected]. Clin Radiol 49:563–565

39. Coote JM, Steward CG, Grier DJ (2000) Bilateral acromial fractures 
in an infant with malignant osteopetrosis. Clin Radiol 55:70–72

40. Jacoby J, Nicholls AJ, Clarke NM, Fairhurst J (2011) Bilateral 
acromial fractures in a neonate with epileptic encephalopathy. 
Pediatr Radiol 41:788–789

41. Echlin PS, Plomaritis ST, Peck DM, Skopelja EN (2006) 
Subscapularis avulsion fractures in 2 pediatric ice hockey players. 
Am J Orthop (Belle Mead NJ) 35:281–284

42. Kaminsky SB, Pierce VD (2002) Nonunion of a scapula body frac-
ture in a high school football player. Am J Orthop (Belle Mead NJ) 
31:456–457

43. Banerjee AK, Field S (1985) An unusual scapular fracture caused 
by a water skiing accident. Br J Radiol 58:465–467

44. Abramowitz Y, Aviram G, Roth A (2010) Scapular facture follow-
ing cardiopulmonary resuscitation. Resuscitation 81:498–499

45. Kam AC, Kam PC (1994) Scapular and proximal humeral head 
fractures. An unusual complication of cardiopulmonary resuscita-
tion. Anaesthesia 49:1055–1057

46. Bullock DP, Koval KJ, Moen KY, Carney BT, Spratt KF (2009) 
Hospitalized cases of child abuse in America: who, what, when, and 
where. J Pediatr Orthop 29:231–237

47. Dwek JR (2011) The radiographic approach to child abuse. Clin 
Orthop Relat Res 469:776–789

48. Hobbs CJ, Hanks HGI, Wynne JM (1993) Child abuse and neglect – 
a clinician’s handbook. Churchill Livingstone

49. Jayakumar P, Barry M, Ramachandran M (2010) Orthopaedic 
aspects of paediatric non-accidental injury. J Bone Joint Surg Br 
92:189–195

50. Kleinman PK (1998) Skelet trauma: general considerations. In: 
Kleinman PK (ed) Diagnostic imaging of child abuse. Mosby, 
pp 8–25

51. Kogutt MS, Swischuk LE, Fagan CJ (1974) Patterns of injury and 
significance of uncommon fractures in the battered child syndrome. 
Am J Roentgenol Radium Therapy, Nucl Med 121:143–149

52. Love JC, Sanchez LA (2009) Recognition of skeletal fractures in 
infants: an autopsy technique. J Forensic Sci 54:1443–1446

53. Swischuk LE (1992) Radiographic signs of skeletal trauma. In: 
Ludwig S, Kornberg AE (eds) Child abuse – a medical reference. 
Churchill Livingstone, pp 151–174

54. Merten DF, Radlowski MA, Leonidas JC (1983) The abused child: 
a radiological reappraisal. Radiology 146:377–381

55. Kleinman PK (2015) Diagnostic imaging of child abuse. 
Cambridge, Cambridge

56. Currarino G, Prescott P (1994) Fractures of the acromion in young 
children and a description of a variant in acromial ossification 
which may mimic a fracture. Pediatr Radiol 24:251–255

57. Keats TE, Anderson MW (2012) Atlas of normal roentgen variants 
which may simulate disease. Saunders

58. Kleinman PK, Spevak MR (1991) Variations in acromial ossifica-
tion simulating infant abuse in victims of sudden infant death syn-
drome. Radiology 180:185–187

59. You T, Frostick S, Zhang WT, Yin Q (2019) Os acromiale: reviews 
and current perspectives. Orthop Surg 11:738–744

60. Barbier O, Block D, Dezaly C, Sirveaux F, Mole D (2013) Os 
acromiale, a cause of shoulder pain, not to be overlooked. Orthop 
Traumatol Surg Res 99:465–472

61. Rovesta C, Marongiu MC, Corradini A, Torricelli P, Ligabue 
G (2017) Os acromiale: frequency and a review of 726 shoulder 
MRI. Musculoskelet Surg 101:201–205

62. Mancuso M (2020) Evaluation and robotic simulation of the gle-
nohumeral joint. Faculté des sciences et techniques de l’ingénieur. 
École polytechnique fédérale de Lausanne, Lausanne

10 Scapula

https://posna.org/Physician-Education/Study-Guide/Scapula-Fractures
https://posna.org/Physician-Education/Study-Guide/Scapula-Fractures
https://www.orthobullets.com/trauma/1013/scapula-fractures
https://www.orthobullets.com/trauma/1013/scapula-fractures
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_14_NeonatalTetanus_R1.pdf
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_14_NeonatalTetanus_R1.pdf
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable_14_NeonatalTetanus_R1.pdf


311

11Pelvis

Rob A. C. Bilo, Simon G. F. Robben,  
Ingrid M. B. Russel- Kampschoer, and Rick R. van Rijn

Contents
11.1    General Aspects of Pelvic Fractures   311

11.2    Cause of Pelvic Fractures   313
11.2.1 Direct Trauma with High-Energy Transfer   313
11.2.2 Indirect Trauma with Low(er) Energy Transfer: Overuse Fractures   313

11.3    Manner of Pelvic Fractures   317
11.3.1 Trauma After Birth: Accidental Circumstances   317
11.3.2 Trauma After Birth: Sporting Activities   317

11.4    Paediatric Versus Adult Pelvic Fractures   319
11.4.1 High-energy Trauma: Pelvis Ring Fractures   319
11.4.2 High-energy Trauma: Acetabulum Fractures   320
11.4.3 Lower Energy Trauma: Apophyseal Avulsion Fractures   320

11.5    Differential Diagnosis of Pelvic Fractures   320

References   321

11.1  General Aspects of Pelvic Fractures

The pelvis consists of the two paired hip bones (pubic bone, 
ischial bone, and iliac bone), connected to each other anteri-
orly by the pubic symphysis and posteriorly by the os sacrum/
coccyx (Fig.  11.1). The pelvis supports the spine and the 

weight of the upper body, while sitting and standing, it also 
transfers the weight of the upper body to the lower limbs 
while standing, and it protects the organs in the pelvis [1].

Pelvic ring fractures in skeletally immature paediatric and 
adolescent patients are uncommon due to the relative malle-
ability of the pelvis and they account for about 0.3–4% of all 
fractures in children [2]. According to Nodzo et al., paediat-
ric pelvic fractures account for approximately 2.4–5.5% of 
annual admissions at large level I trauma centres [3]. Of all 
paediatric pelvic fractures acetabular fractures account for 
1–15% of cases [3–5].

Pelvic fractures can be classified according to Torode and 
Zieg [6] (Fig. 11.2a–d) or by using the more elaborate modi-
fied Tile AO Müller classification (AO stands for 
Arbeitsgemeinschaft für Osteosynthesefragen) (Table 11.1) 
[8]. Fractures of the acetabulum are not included in these 
classifications. Classification of fractures is mostly used to 
either guide protocol-based medical treatment or for research 
purposes, in a forensic setting a verbal description is more 
likely useful.

Although pelvic fractures are relatively rare in children, 
the finding of a pelvic fracture in a child may indicate serious 
other injuries. Simple ring fractures (in children mostly due 
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to high-energy transfer in pedestrian versus motor vehicle 
collisions) (Torode and Zieg type 3) are the most common 
fractures in children (almost 50% of all pelvis fractures in 
children) [9]. Leonard et al. (2011) found that in their cohort 
of cases 82% sustained one or more associated injuries (head 
injuries represented 25% and orthopaedic/skeletal injuries 
33% of all associated injuries) [9]. They are of the opinion 
that this type of fracture is a reliable marker for severe 
trauma. Sink and Flynn stated that 58–87% of children with 
pelvic ring fractures will have associated injuries due to the 
high-energy trauma that caused the pelvis fracture 
(Table 11.2) [11]. About 20% of paediatric polytrauma vic-
tims will have pelvic ring injuries.

Complications may occur (Table  11.3). Mortality is 
reported in paediatric and adolescent patients with pelvis frac-
tures in up to 25% with an average of 6.4% [12]. The mortality 
rate in children with pelvis fractures, however, is much lower 
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Fig. 11.1 Normal anatomy of the pelvis

a b

c d

Fig. 11.2 Torode and Zieg classification of pelvis fractures, (a) Type 1 avulsion fracture, (b) Type 2 iliac wing fracture, (c) Type 3 simple ring 
fracture (stable), and (d) Type 4 ring disruption fracture (unstable)
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Table 11.1 Modified Tile AO Müller classification [7]

Type Description
Type A: Stable—posterior arch 
is intact

A1: fracture does not involve the 
pelvic ring (avulsion fracture or 
fracture of the iliac wing)
A1.1: iliac spine
A1.2: iliac crest
A1.3: ischial tuberosity
A2: stable or minimally displaced 
fracture of the pelvic ring
- A2.1: iliac wing fractures
-  A2.2: unilateral fracture of 

anterior arch
-  A2.3: bifocal fracture of anterior 

arch
A3: transverse fracture of the 
sacrum
- A3.1: sacrococcygeal dislocation
- A3.2: sacrum undisplaced
- A3.3: sacrum displaced

Type B: Rotationally unstable, 
vertically stable—incomplete 
disruption of the posterior arch

B1: open book injury (external 
rotation)
B1.1: sacroiliac joint, anterior 
disruption
B1.2: sacral fracture

Table 11.2 Additional injuries, associated with high-energy transfer 
trauma [5, 9, 10]

CNS and visceral injuries •  In more than 50 percent of children 
with pelvic fractures

•  Probably due to the higher energy 
required to fracture the more elastic 
pelvis in children

Urogenital injuries (e.g. 
bladder or urethral 
rupture)

•  Especially in a fracture of the ring 
with segmental instability (Torode 
type IV)

Fractures and dislocations •  Femoral head fractures/dislocations, 
associated with acetabular fractures

Life-threatening 
haemorrhage

Rarely

Table 11.3 Potential complications of pelvic fractures [4, 5, 10]

Leg length discrepancy
Growth disturbance of the acetabulum due to injury of the triradiate 
cartilage, resulting in acetabular dysplasia, hip subluxation, or hip 
joint incongruity
Gait disturbance
Persistent low back pain
Osteonecrosis of the femoral head after acetabular fractures 
associated with hip dislocation
Myositis ossificans
Neurologic deficits secondary to sciatic, femoral, and/or lumbosacral 
plexus nerve injuries
Injuries to blood vessels inside the pelvis

than that in adults [13]. If a child with a pelvis fracture dies, 
this usually will be due to associated head or visceral injury in 
polytrauma and only rarely due to  exsanguination from dam-
aged blood vessels inside the pelvis [5, 10].

11.2  Cause of Pelvic Fractures

All pelvic fractures result from trauma, either in normal 
bone or in weakened bone. The type of fracture depends on 
the cause (mechanism), the amount of energy that is trans-
ferred, and the bone strength. Pelvic fractures in normal 
bone are almost always caused by a blunt force trauma with 
a high transfer of energy (high-energy trauma—impact 
trauma or compression/crushing trauma), although some 
types of pelvic fractures (apophyseal avulsion fractures, 
stress fractures, and insufficiency fractures) are caused by a 
trauma with a lower energy transfer (overload in normal or 
weakened bone) [5].

11.2.1  Direct Trauma with High-Energy 
Transfer

There is no literature available on paediatric direct trauma. 
All data available are based on adults and included here. 
According to the Young–Burgess classification of pelvic 
fractures in adults, there are four major types of blunt force 
trauma with possible high-energy transfer, resulting in spe-
cific fractures of the pelvis (Table 11.4 and Fig. 11.3) [14–
16]. Acetabulum fractures are not included in this 
classification.

11.2.2  Indirect Trauma with Low(er) Energy 
Transfer: Overuse Fractures

There are two types of overuse fractures of the pelvis: apoph-
yseal avulsion fractures, due to traction (a.k.a. apophyseal 
stress injuries), and fatigue fractures, due to overload either 
in normal (stress fractures) or in weakened (insufficiency 
fractures) bone [17]. This type of fractures is the result of a 
mismatch between on the one hand the burden of activity on 
growing bone and cartilage and on the other hand their 
intrinsic biomechanical properties and the intrinsic ability of 
the bone to repair itself [18, 19].

11.2.2.1  Apophyseal Avulsion Fractures
Apophyseal avulsion fractures are more common in skele-
tally immature children and adolescents and are commonly 
recognized overuse fractures of the pelvis in this group of 
patients [17]. According to Jaimes et al., the cartilage of the 
growth plate of the epiphyses and apophyses is the weakest 
structure of the developing skeleton [18]. According to 
Kjelling, the apophysis and growth plate are most vulnerable 
at times of growth acceleration [20]. McKinney and Roth 
found that these fractures are almost exclusively diagnosed 
in patients between 14 and 25 years of age [21]. Calderazzi 
et al. found a mean age of 14.5 years [22].
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Table 11.4 Young–Burgess classification of pelvic fractures [14–16]

Type Mechanism: a force that is Radiological findings/injuries
Anterior- posterior compression Directed from anterior to posterior ‘Open book’ fracture: diastasis of the pubic symphysis or 

vertical fracture of the pubic rami
    • Type I Diastasis of the symphysis under 2.5 cm

No significant posterior ring injury
    • Type II Diastasis of the symphysis over 2.5 cm

Diastasis of the anterior sacroiliac joint
Disruption of sacrospinous and sacrotuberous ligaments

    • Type III Disruption of anterior and posterior sacroiliac ligaments 
(sacroiliac dislocation)
Disruption of sacrospinous and sacrotuberous ligaments
Associated with vascular injury

Lateral compression Directed from lateral to medial Transverse fracture of the pubic rami
    • Type I Compression fractures of the pubic rami (superior pubic ramus 

and inferior pubic ramus) and ipsilateral anterior sacral ala
No ligament disruption

    • Type II Rami fracture and ipsilateral posterior ilium fracture 
dislocation (‘crescent’ fracture)
Rupture of the posterior sacroiliac ligament

    • Type III Ipsilateral lateral compression and contralateral anterior- 
posterior compression (‘windswept’ pelvis)

Vertical shear Directed in posterior and superior direction 
(significant axial loading, delivered over one 
hemipelvis or both hemipelves)

Vertical fracture of the pubic rami
Vertical/superior hemipelvis displacement, most often through 
sacroiliac joint, sometimes through iliac wing or os sacrum
A.k.a. Malgaigne fracture

Complex A combination of any of the three primary 
mechanisms, e.g.
• Lateral and anterior- posterior compression
• Lateral compression and vertical shear

Complex fracture pattern, often massive injuries

Avulsion fractures of the pelvis occur in a trauma with a 
lower energy transfer, compared to the energy transfer in 
the fractures [10, 17, 20, 23]. Because of the thick sur-
rounding periosteum the fractures will not become widely 
displaced [23].

According to Shah et al. and Calderazzi et al., apophy-
seal avulsion injuries most often occur due to forceful and 
repetitive either concentric or eccentric muscle contractions 
(Table  11.5), but may also result from excessive passive 
stretching/lengthening acting on not yet ossified growth 
plates, or from activities requiring running, kicking, or rapid 
directional change [22, 24]. They also found, based on a 
review, that avulsion fractures of the anterior inferior iliac 
spine were the most common injury (46%), followed by 
anterior superior iliac spine avulsion (32%), ischial tuberos-
ity avulsion (12%), and iliac crest avulsion (11%) 
(Fig. 11.4a, b).

11.2.2.2  Fatigue Fractures in Normal Bone: 
Stress Fractures

A stress fracture is a fracture that occurs in a bone after the 
bone has been subjected to repeated (often cyclic) tensile or 
compressive stresses, rather than one sudden impact trauma. 
None of these stresses would individually be large enough to 
cause a fracture in a person without an underlying disorder 
with increased bone fragility, but the intrinsic ability of the 

bone to repair itself is exceeded by the repetitive character of 
the loading [19, 26].

Stress fractures in a pelvic bone are rare, compared to 
more common stress fractures, e.g. of the lower extremities 
(tibia, metatarsal bones) and occur as a result of weight bear-
ing activities that put repetitive stress on the pelvic bones, 
usually due to sport, e.g. long-distance running, sprinting, 
jumping, or (ballet) dancing. In adults it often occurs when a 
person quickly increases the duration and intensity of a phys-
ical activity without gradually building up endurance or 
when a person changes training conditions [27, 28]. 
Occasionally they may occur due to repetitive kicking in 
sports such as football or soccer [28]. It may also occur in 
persons with a lack of physical activities, who suddenly start 
training.

Stress fractures of a pelvic bone in children are usually 
located in the sacrum and in the pubis, but can be found in 
other bones of the pelvis [18]. According to Portela and 
Santos, there usually is no history of a preceding trauma 
[29]. The clinical presentation is vague pain in the abdomen, 
low back pain, and buttock tenderness. Due to the weight 
bearing function of the sacrum, the pain intensifies with 
physical activities and reduces with rest [18, 29]. According 
to Jaimes et al., stress injuries of pelvis usually are seen in 
young runners and, less frequently, in adolescents, partici-
pating in volleyball, ballet, or gymnastics [18].
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Fig. 11.3 Young–Burgess classification of pelvis fractures (rendering by A.J. Loeve, adapted from the figure released into the public domain by 
Alton and Gee [14])

Table 11.5 Overview of mechanisms of the most common avulsion injuries of the pelvis [17, 18, 22, 24, 25]

Location Origin of muscles and avulsion mechanism
Anterior inferior iliac spine • Origin of the m. rectus femoris

• Eccentric contraction of the m. rectus femoris, most commonly due to forceful extension of the hip while 
the knee is flexed (often seen in sprinters and athletes involved in kicking)

Anterior superior iliac spine • Origin of the m. sartorius and tensor fascia lata
• Sudden forceful contraction of the m. sartorius with the hip in extension and the knee flexed (most common 
in running athletes, but may also occur with kicking)

Ischial tuberosity • Origin of the hamstrings
• Forceful flexion of the hip with the knee extended
• Eccentric overload of the hamstring muscles with forceful contraction against resistance, which places 
strain at the hamstring origins

Iliac crest • Very rare
• Origin of anterior abdominal wall muscles
• Usually a quick change of direction.

Corpus and pubic symphysis • Uncommon
• Origin of m. gracilis and other thigh adductors
• Usually from chronic overuse
• Acute avulsions are rare, but may occur in young athletes usually with forceful contraction against 
resistance. Usually seen within the spectrum of athletic pubalgia
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a b

Fig. 11.4 Acute and chronic avulsion lesions; (a) 15-year female gym-
nast experienced a sudden pain during execution of a split. An avulsion 
of the apophysis of the ischial tuberosity is seen on the left (large arrow) 
compared to the normal apophysis (small arrow). (b) 14-year-old soc-

cer player with chronic pain in both groins. The excessive bone forma-
tion at the anterior inferior iliac spine (arrows) are caused by chronic 
repetitive strain. The right side is more affected

Table 11.6 Overview of stress fractures of the pelvis in children and young adolescents under the age of 16 years

Author(s) Anatomical location Sex and age Manner
Devas [30] Ischiopubic junction 4 boys, 1 girl (5 to 8 years)
Grier et al. [31] Sacrum Girl (14 years) Runner, no history of trauma, insidious onset 

of pain
Boy (9 years) No history of trauma, gradual onset of pain

Lambert and Fligner [32] Iliac crest Boy (15 years) Swinging a baseball bat
Rajah et al. [33] Sacrum Girl (11 years) Aerobic exercise
Haasbeek and Green [34] Sacral ala 2 female teenagers Athletics
Martin et al. [35] Sacrum Girl (9 years)
Lam and Moulton [36] Sacrum Boy (10 years) School physical education
Pereira et al. [37] Iliac crest Girl (15 years)

Girl (14 years)
Gymnastics class
Dance class

Patterson et al. [38] Sacrum Adolescent (15 years) No history of athletic participation or trauma
Kenawey et al. [39] U-shaped sacral fracture with 

iliac crest apophyseal avulsion
Boy (8 years)

Mortati et al. [40] Iliac crest Girl (11 years) Running
Coursier et al. [41] Sacral ala Boy (11 years) No report of trauma/intensive physical 

exercise
Coulier [42] Boy (15 years) Soccer player
Casabianca et al. [43] Iliac crest Boy (16 years) Competitive sprinter
Portela and Santos [29] Sacrum Boy (10 years) Soccer player

Stress fractures of a pelvic bone are only rarely described 
in children and young adolescents under the age of 16 years 
(see Table 11.6).

11.2.2.3  Fatigue Fractures in Weakened Bone: 
Insufficiency Fractures

An insufficiency fracture is a fracture that occurs when the 
strength of a bone is reduced to a level that stresses, that 
normally would not fracture a healthy bone, will break the 
weakened bone. Medical conditions that cause reduced bone 
strength usually are generalized throughout the skeleton, but 
may be more localized, e.g. due to demineralization of one 
limb, resulting from disuse [26].

Insufficiency fractures of the pelvis are usually found in 
elderly patients with, e.g. osteoporosis or osteomalacia. 
Fractures in elderly patients may occur as a result of every-
day movements and routine activities as descending stairs or 
as a result of a more or less minor trauma like a fall from 
standing [44].

Insufficiency fractures, however, may also occur in paedi-
atric patients [45, 46]. Insufficiency fractures in paediatric 
patients due to medical conditions, e.g. osteogenesis imper-
fecta, are extensively described in Chap. 15.

Maugars and Prost described the occurrence of pelvic 
fractures in young women with anorexia nervosa, due to 
bone loss, both of cortical and trabecular bone [46]. They 

R. A. C. Bilo et al.



317

stated that the fractures are similar to those observed in post- 
menopausal osteoporosis, and the mechanism of bone loss in 
anorexia nervosa is similar to that in patients with post- 
menopausal osteoporosis, but may be favoured by other fac-
tors as alcohol intake or drug abuse [46]. According to them, 
fractures may occur in adolescents with long-standing 
anorexia nervosa, without weight loss. Some authors suggest 
a common mechanism relating the amenorrhoea observed in 
women training for high performance sports and that in 
anorexia nervosa.

Shelat and El-Khoury mentioned the higher incidence of 
sacral stress fractures in female athletes (especially in run-
ners) and stated that these stress fractures are due to the com-
bination of caloric imbalance, hormonal dysregulation, and 
impaired bone health [17]. Sacral stress fractures show char-
acteristics of both fatigue (due to overuse) and insufficiency 
(due to bone loss).

11.3  Manner of Pelvic Fractures

Injuring and fracturing of the pelvis are always due to a 
trauma. Birth is not mentioned in the medical literature as a 
risk for the development of a fracture of the pelvis of the 
neonate.

11.3.1  Trauma After Birth: Accidental 
Circumstances

The majority of pelvic fractures in adults and children occur 
in accidental circumstances and are typically due to high- 
energy trauma, such as impact trauma or compression/crush-
ing due to traffic accidents (e.g. pedestrian versus motor 
vehicle, motor vehicle versus motor vehicle, overrunning by 
motor vehicle) or falls from significant heights. Often serious 
associated injuries are found (Tables 11.2 and 11.3). Vertical 
shear fractures occur most commonly after a fall or jump 
from a height with impact onto the lower extremities [47].

According to Gänsslen et al. in children the organs in the 
pelvis are not well protected and often sustain injury in the 
absence of pelvic fractures [2]. In fact the pelvis in children 
is to a certain extent protected against fracturing by its 
 relative malleability. This is particularly the case in extreme 
compressive forces, as can occur when a child is run over by 
a vehicle. Not only intrapelvic organs are not well protected, 
but also the genitals and anus may get injured:

• Boos et al. reported the occurrence of anogenital injuries 
in four children, who were run over by a slow-moving 
motor vehicle, in which the wheel of the vehicle passed 
longitudinally over the child’s torso [48]. Two children 
had perianal lacerations and two had hymenal lacerations.

• Gabriel et al. reported the occurrence of isolated vaginal 
lacerations with genital bleeding in a 5-year-old girl after 
a vehicle rolled over her pelvis [49].

11.3.2  Trauma After Birth: Sporting Activities

11.3.2.1  Apophyseal Avulsion Fractures
Apophyseal avulsion injuries of the pelvis in paediatric and 
adolescent patients have been mainly described in adoles-
cents, due to sporting activities, and may account for 10 to 
24% of sporting injuries in children and adolescents 
(Fig. 11.4) [50]. The most common activities are soccer, run-
ning, and ballet dancing, although these injuries have also 
been described in football, baseball, lacrosse players, jump-
ing, and track [17, 23, 50, 51]. Murray described six football 
players aged between 12 and 15  years of age with pelvic 
avulsion injuries (mean age 13.8 years): 5× avulsion injury 
of the anterior inferior iliac spine (AIIS), 1× avulsion injury 
of the ischial tuberosity (IT) [52]. In five patients the avul-
sion occurred while kicking and in one patient while 
sprinting.

11.3.2.2  Fatigue Fractures in Normal Bone: 
Stress Fractures

Stress fractures in a pelvic bone usually occur as a result of 
sporting activities with excessive weight bearing, that put 
repetitive stress on the pelvic bones, e.g. long-distance run-
ning, sprinting, jumping, or (ballet) dancing. It often affects 
people who quickly increase the duration and intensity of a 
physical activity without gradually building up endurance. It 
may also occur after a change in training conditions (such as 
surface, footwear or technique changes, etc.) [27, 28, 53]. 
Occasionally this type of fracture may occur due to repetitive 
kicking in sports such as football or soccer.

11.3.2.3   Trauma After Birth: Non-accidental 
Circumstances

Pelvic fractures are extremely rare in case of non-accidental 
circumstances [54]. Inflicted fractures have been reported in 
all parts of the pelvis [55].

It takes a great deal of force to cause a pelvic fracture, and 
for that reason non-accidental circumstances should be con-
sidered when the clinical history does not mention an acci-
dental and severe high-energy trauma [56]. Moreover, if an 
inflicted pelvis fracture is found in a child, it is not rare to 
find other inflicted injuries, such as severe intracranial or vis-
ceral injuries or other fractures (Figs. 11.5a, b and 11.6). If a 
femur fracture is suspected to be inflicted, it is essential that 
the pelvis is meticulously examined for the presence of frac-
tures on the side of the femur fracture [57, 58]. However, 
sometimes the only sign of inflicted injuries may be a perios-
teal reaction.
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a b

Fig. 11.5 Four-month old infant. Post-mortem images after fatal child 
abuse. The child also had multiple healed rib fractures, a healing ulna 
fracture, healing epiphysiolysis distal right femur, subdural haemor-

rhages, and severe hypoxic-ischemic brain injury. (a) A healing fracture 
is seen in the right pubic bone (arrow). (b) Normal left side for 
comparison

Fig. 11.6 Subtle avulsion fracture (bucket handle-like) of the ischial 
tuberosity in a 4-month-old infant (arrows). He also had rib fractures, 
skull fractures, and several CMLs of both legs

Perez-Rosello et al. described, based on the medical lit-
erature, two different patterns of age-specific pelvis injuries 
in children [59]:

• In infants, injuries of the pelvis tend to be subtle and typi-
cally located at the superior pubic ramus (Fig. 11.5).

• In toddlers and older children, injuries tend to be gross 
and varied in location. The injuries do result from massive 
blunt trauma, in extremely rare cases from sexual abuse or 
both (Fig. 11.7).

As stated before, inflicted pelvic injuries are rare and con-
sequently rarely reported in the medical literature and if pub-
lished only as case reports:

• Nazer et al. reported on a 15-month-old girl admitted with 
a history of convulsions and loss of consciousness [58]. 
The child had previous head and limb injuries resulting in 
bilateral subdural hematomas and fractures at different 
stages of healing of femur and pelvis.

• Ablin et al. reported on three children with inflicted pelvic 
injuries [60]. Two children had pelvic fractures. One child 
had a heterotopic ossification (i.e. extra-skeletal bone that 
is identical biologically and histologically to normal cor-
tical and cancellous bone [61]) of the pelvis and thighs 
due to extensive bruising in the pubic, genital, buttock, 
and thigh areas, resulting from physical and sexual abuse.

• Tan and Gelfand reported on a 5-year-old boy multiple 
bruises with a lordotic posture and an abnormal gait, who 
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Fig. 11.7 Child after high-energy trauma. Diastasis of symphysis 
pubis (open arrow), fracture of left pubic bone and right femur

had inflicted rib and pelvic fractures [62]. These fractures 
were initially not seen on conventional radiology and CT- 
scans, but finally diagnosed on bone scintigraphy.

• Prendergast et  al. reported on an almost 4-year-old girl 
who arrived in the hospital in cardiorespiratory arrest 
[63]. CPR was performed without success. A skeletal sur-
vey showed multiple bilateral humeral fractures in vari-
ous stages of healing and a pelvic ring fracture (near the 
left superior pubic ramus and anterior part of the acetabu-
lum). During autopsy numerous abrasions and bruises 
were noticed. The child also had scars on the head, trunk, 
and extremities. There were lacerations and haemor-
rhages of the external genitalia and vagina. There was 
haemorrhage in the retroperitoneal space, in the right 
atrial wall, and in the muscles of buttocks and extremities. 
The cause of death was determined to be a laceration of 
the ileum with associated peritonitis.

• Starling et al. reported on two male infants with initially 
unexplained pelvic fractures, which turned out to be 
inflicted [56].

• Johnson et al. reported on two children that sustained pel-
vic fractures and one child with a fracture of the femoral 
shaft related to sexual abuse [64]. A 3-year-old girl had 
suffered extensive injuries to the soft tissue of the arms, 
legs, and perineum. Moreover, she had fractures of both 
pubic arches and the sacral side of the right sacroiliac 
joint. A 5-year-old girl had presented with acute abdomi-
nal complaints and pneumoperitoneum due to a rectum 
rupture from sexual abuse; she also had an old healed 
fracture of the pubic arch with damage to the pubic sym-
physis. The last girl, 5 months old, had sustained a tear of 

the hymen and a fracture of the femoral shaft without 
dislocation.

• Sawyer et al. described heterotopic ossification of the hip 
after an inflicted injury in a 3-year-old child [65]. They 
concluded that non-accidental circumstances should be 
considered in the differential diagnosis in children with 
heterotopic ossification.

• Bixby et al. found an ischial apophyseal fracture in a pre-
viously healthy 4-month-old infant next to a comminuted 
left femur fracture and four vertebral compression defor-
mities [54]. The fractures were determined to be inflicted.

11.4  Paediatric Versus Adult Pelvic 
Fractures

Paediatric pelvic fractures differ from pelvic fractures in 
adults, concerning aetiology, fracture type, and associated 
injuries, although the same types of trauma and circum-
stances have been described in paediatric and adolescent 
patients [2, 5, 9, 12, 66–68].

11.4.1  High-energy Trauma: Pelvis Ring 
Fractures

The pelvic ring in skeletally immature paediatric patients is 
more elastic and more resistant to fracturing than in skele-
tally mature paediatric and adult patients. Fractures in skel-
etally immature paediatric patients also tend to be more 
stable than in adults [2, 68].

The foregoing is due to the special anatomy of the imma-
ture paediatric pelvis [2, 5, 10]. The immature pelvis consists 
of more cartilage, which is able to absorb more energy than 
bone. The periosteum of the pelvis ring in the immature skel-
eton is thicker, which prevents to a certain extent bony dis-
placement within the pelvis ring during stress. It also creates 
a periosteal ‘splint’ around dislocations (symphyseal, sacro-
iliac). The symphysis pubis and the sacroiliac joint are wider, 
thicker, and more elastic, which also leads to a higher capac-
ity to absorb transferred energy.

According to Kruppa et al., skeletally mature children are 
more likely to sustain more complex injury patterns, to have 
a higher rate of associated injuries and to have higher injury 
severity scores than skeletally immature children [67]. They 
determined the skeleton of the pelvis to be mature when tri-
radiate cartilage (the ‘Y’-shaped synchondrosis between the 
ilium, ischium, and pubis which forms the acetabulum) was 
closed.

The vast majority of paediatric and adult pelvic fractures are 
the result of high-energy trauma, in which the patient has been 
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struck by a car or was injured as a passenger in a motor vehicle 
[2]. Demetriades et al. found that adults were twice as likely as 
children to suffer pelvic fractures in traffic accidents (motor 
vehicle collisions or motor vehicle-pedestrian collision) [66]. 
Adults were also seven times more likely to suffer pelvic frac-
tures as children in falls from heights above 4.5 m (15 ft.).

There seems to be a higher incidence of pelvis injuries 
due to lateral compression in paediatric patients than in 
adults, while in adults anterior-posterior compression inju-
ries seem to be more common [5, 10]. According to several 
authors, the majority of accidental paediatric pelvic fractures 
are the result of pedestrians struck by motor vehicles, in 
which the pedestrian is more likely to be struck on the side of 
the body, causing a lateral compression injury, while most 
adults and adolescents with pelvis fractures, due to motor 
vehicle accidents, are drivers or front-seat passengers who 
are susceptible to anterior-posterior pelvis injuries. Paediatric 
passengers however are also more likely to sustain lateral 
compression injuries during motor vehicle accidents [4, 66].

Saglam et al. stated that, due to the greater elasticity, heal-
ing capacity, and re-modelling in paediatric patients, the 
prognosis of pelvic fractures is better in these patients than in 
adult patients [68].

11.4.2  High-energy Trauma: Acetabulum 
Fractures

As stated before, Kruppa et al. determined the skeleton of the 
pelvis to be mature when the triradiate cartilage was closed 
[67]. Closure of the triradiate cartilage occurs at an approxi-
mate bone age of 12 years in girls and 14 years in boys [69]. 
According to Swensen and Otsuka, this closure marks the 
moment at which the pelvic bones become stronger than the 
pelvic ligaments [10]. In the immature pelvis with a still open 
triradiate cartilage fractures most commonly occur in the 
pubic rami and iliac wings. Acetabular fractures, diastasis of 
the pubic symphysis, and separation of the sacroiliac joints are 
most commonly seen in skeletally mature patients [10, 70].

According to Holden et al., fractures of the triradiate carti-
lage may lead to growth disturbance of the acetabulum, result-
ing in acetabular dysplasia, hip subluxation, or hip joint 
incongruity [4]. Other complications include osteonecrosis of 
the femoral head in acetabular fractures associated with hip dis-
location, myositis ossificans, and neurologic deficits secondary 
to sciatic, femoral, and/or lumbosacral plexus nerve injuries.

11.4.3  Lower Energy Trauma: Apophyseal 
Avulsion Fractures

Swensen and Otsuka state that the epiphyseal and apophy-
seal regions of the growing pelvis predispose skeletally 

immature children and adolescents to unique injuries and 
sequelae [10].

Apophyseal avulsion fractures are more common in skel-
etally immature children and adolescents. The tendons in the 
skeletally immature patients are stronger than the cartilagi-
nous growth centres in these patients and excessive traction 
on the muscle-tendon-bone unit (sudden, violent muscle 
contraction or excessive repetitive action) will result in 
apophyseal avulsion fractures (Fig. 11.8) [20, 23].

According to Swensen and Otsuka, fractures through the 
epiphyseal and apophyseal growth centres may result in 
growth arrest, leg length discrepancy, and deformity [10].

11.5  Differential Diagnosis of Pelvic 
Fractures

As stated before, pelvic fractures are extremely rare in chil-
dren, especially in infants. Therefore normal variants, sev-
eral medical conditions, e.g. Legg–Calvé–Perthes disease, 
slipped capital femoral epiphysis, soft-tissue injuries, 
tumours, infections, and inflammatory processes, and 
inflicted injuries should be part of the differential diagnosis:

• Rajah et al. pointed out that fatigue fractures of the sacrum 
may mimic primary bone tumours or infection [33].

• Perez-Rosello et al. analyzed the data of 14 infants (aged 
1.5–7 months of age) with findings, suspected to be pelvis 
fractures [59]. In four infants the findings were classified 
as normal variants, in three children as fractures and in 
seven children the findings were described as indetermi-
nate. In seven children it was concluded that, because of 
the presence of inflicted injuries (e.g. subdural haema-
toma, retinal haemorrhages, rib fractures, classic metaph-

Fig. 11.8 Avulsion of the inferior ramus of right pubic bone (arrow), 
this is the insertion of the thigh adductors and gracilis muscle
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a b c

Fig. 11.9 Normal ischiopubic synchondrosis simulating pathology in 
a 9-year-old child during staging for Ewing sarcoma of a rib. There 
were no pelvic complaints. (a) Bone scan showed a hot spot (arrow) in 
the right pelvis. A pelvic radiograph (b) and T2-weighted MR image 
with fat saturation (c) demonstrate an ischiopubic synchondrosis on the 

right side (arrow) with oedema but without signs of fracture or metasta-
sis. Asymmetric ischiopubic synchondroses are well-known normal 
variants and may show slight oedema and even enhancement after 
gadolinium

yseal lesions, long bone fractures), the child had been 
abused. In three of the children with inflicted injuries, the 
pelvic findings were determined to be normal variants, in 
three other children of this group as fractures, and in one 
child as indeterminate. They concluded that fractures of 
the superior pubic ramus and developmental variants can 
be difficult to differentiate radiographically.

• Ombregt stated that during the healing phase of an avul-
sion fracture the abundant reactive ossification in the soft 
tissues clinically and radiographically may be mistaken 
for a neoplasia [23].

• Portela and Santos stated that a stress fracture of the 
sacrum in a child should be differentiated of a wide range 
of pathologies like sacroiliitis, pars interarticularis frac-
ture, osteoid osteoma, bone infection, or a soft-tissue 
malignancy [29].

• According to Kiel and Kaiser, stress fractures of the pel-
vis do not have specific clinical symptoms and for that 
reason can mimic other causes of groin and hip pain, for 
example adductor strain, osteitis pubis, or sacroiliitis 
[71].

• Herneth et  al. reviewed pelvic MRIs of 28 children 
(4–16  years) who were scanned for reasons other than 
bone disorders in order to evaluate the MRI features of the 
ischiopubic synchondrosis [72]. They found signal altera-
tions (hyperintense on T2-fatsat) in 89%, fusiform swell-
ing in 68%, signal alteration of adjacent soft tissues in 
57%, and gadolinium enhancement in 83%. They state 
that these findings are nonspecific and may be due to 
mechanical stress at this temporary joint but may resem-
ble tumour, infection, or trauma (Fig. 11.9).
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12.1  General Aspects of Fractures 
of the Extremities

The bones of the extremities can be categorized according to 
their shape in long and short bones. Long bones are found in the 
arms (humerus, radius, ulna), fingers (metacarpals, phalanges), 
legs (femur, tibia, fibula), and toes (metatarsals, phalanges). The 
carpals of the wrists and the tarsals of the ankles are short bones 
(see Sect. 2.4.1.2). Irrespective of their anatomical location, 
long bones always consist of (Figs. 12.1 and 12.2a–c):

• Physis: Growth plate.
• Diaphysis: The shaft; the medulla-containing tubular 

middle part of a long bone.
• Epiphysis: The wider parts at both ends of a long bone.
• Metaphysis: A narrow area between the diaphysis and the 

epiphysis.

From an anatomical, physiological, and biomechanical 
perspective, the skeleton, especially of the extremities, of 
young children differs from the adult skeleton. Depending on 

Fig. 12.1 Schematic 
representation of the anatomy 
of the long bones

R. A. C. Bilo et al.



327

a b c

Fig. 12.2 (a) Histological section of the distal femur of a 3-month-old 
neonate, which shows ossification of the distal epiphysis of the femur 
(asterisk). (b) Corresponding specimen photo of the distal femur, show-

ing ossification of the epiphysis of the distal femur. (c) Corresponding 
radiograph of the distal femur, showing ossification of the epiphysis of 
the distal femur

the characteristics of the force of impact, specific fractures 
will occur in children in specific parts of the long and short 
bones of the extremities.

12.2  Fractures of the Diaphysis

12.2.1  Cause of Fractures of the Diaphysis

A number of aspects should be considered in the analysis of 
what long bones are exposed to in either daily life or under 
the impact of force. These concern:

• The force or combination of forces exerted on the bone in 
day-to-day use and when under the impact of force: the 
load bearing of the bone (‘load’).

• The force of the bone to resist this load (‘stress’).
• The changes in shape or size of tissue in reaction to this 

stress (‘stretch/strain’).

When a fracture is sustained, the three pure forms (load, 
stress, strain) seldom occur just by themselves, but nearly 
always a combination of the three is seen (Table 12.1). Three 
pure forms of strain can be distinguished: compression, ten-
sion, and shearing:

• Compression: Compression is defined as a perpendicular 
force that affects a surface in such a manner that it com-
presses the object. Bone has great resistance to this kind 
of force. When a fracture is caused by compression, it is 
usually because the compression is not quite along the 
central axis of the bone [1]. In such cases, compression 
will cause the bone to bow, which results in tension on 
one side, which ultimately determines the nature of the 
fracture.

• Tension: Tension is defined as a perpendicular force that 
affects a surface in such a manner that it pulls an object 
apart. Bone is less resistant to tension than to compres-
sion. In tension the bone is stretched out like a spring: it 
becomes longer and thinner. Tension exerted on a bone 
for a limited period of time does not necessarily lead to a 
fracture. In normal cases it will fully recover; however, as 
soon as the limit of the elasticity of the bone is exceeded, 
damage is inflicted. This damage is not necessarily visible 
on radiographs. Only in cases with prolonged or stronger 
tension, a fracture will become visible. The fracture line 
will follow the contours of the weakest areas of the bone, 
which sometimes causes the fracture to have a zigzag 
line.

• Shearing: Shearing is physically equal to compression 
and tension, but the force is exerted in such a manner that 
the tissue is distorted and deformed. Bone is not very 
resistant to shearing.

Furthermore, various combinations may be seen, such as 
bowing and torque:

• Bowing: Bowing is caused by a force that causes tension 
on one side (the convex side) and compression on the 
opposite side (the concave side). In bowing, the cortex on 
the tension side will usually be damaged first. When this 
happens, and the loading stops, it will result in a so-called 
‘greenstick fracture’ (Fig. 12.3). When the loading does 
not stop, the fracture will spread. The most classical 
expression of this type of loading is the transverse frac-
ture. Depending on the type of bone and the additional 
forces exerted, other types of fractures may occur. In 
immature bone, the bone may also yield on the compres-
sion side first, which may lead to a buckle fracture (torus 
fracture) of the compression side (Fig. 12.4).
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Table 12.1 Biomechanical aspects of shaft fractures

Force/
combination of 
forces Fracture type

 
Compression

 
Compression

• Oblique fracture

 
Compression and bowing

•  Transverse fracture, 
possibly with lose 
fragments on the 
compression side

• Greenstick fracture
• Torus fracture
• Bowing fracture

 
Tension

 
Tension/shearing

•  Transverse fracture, 
possibly with a 
zig-zag pattern

 
Shearing

•  Metaphyseal corner 
fracture

 
Bowing

 
Bowing

•  Transverse fracture, 
possibly with lose 
fragments on the 
compression side

• Greenstick fracture
• Torus fracture
• Bowing fracture

 
Bowing and compression

 
Torsion

 
Torsion

• Spiral fractures

Fig. 12.3 Sixteen-year-old boy who had a painful wrist after romping 
around with his brother. The lateral side of the distal ulna shows a 
greenstick fracture (open arrow)

• Torque: Torque is the result of forces rotating an object 
along the longitudinal axis, when the other side is station-
ary or turned in the opposite direction. When the torque 
forces are directed to the left, it will cause a spiral fracture 
that turns to the right, and the other way around (Fig. 12.5).

The growing bone in children reacts differently to sub-
jected forces than the fully developed bone in adults. The pres-
ence of larger and more extensive Haversian canals together 
with increased elasticity make the child’s bone more malleable 
than adult bone. Consequently, immature bone (in particular 
the diaphysis of the long bones) can deform more during 
bending than adult bone without breaking. Finally, the perios-
teum in children is thicker, stronger, and less firmly attached to 
the (diaphyseal) bone. It is less frequently torn after trauma 
and, likewise, can act as a stabilizing factor in case of a frac-
ture. This means that in children specific types of fracture of 
the shaft are found that are typical for growing bone. This con-
cerns in particular the so-called incomplete fractures:
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Fig. 12.4 Three-year-old boy with a torus fracture of metatarsal I of 
the right foot after taking a jump (open arrow)

Fig. 12.5 Spiral fracture of the tibia in an infant as a result of a spoke 
wheel injury

• ‘Buckle’ fracture or torus fracture (damage to the cortex 
at the compression side of the bend): In axial compression 
of a bone that has very limited ability to bow, a child can 
sustain a torus fracture at the shaft-metaphyseal transition 
(Fig. 12.6a, b). These fractures are stable by nature and 
when immobilized will heal within 2–3 weeks.

• ‘Greenstick’ fracture (damage to the cortex at the tension 
side of the bend): This type of fracture can occur when the 
bone is bowed past the fracture limit at the tension site. It 
concerns an incomplete fracture on the tension side of the 
bone and plastic deformation with an intact cortex and 
intact periosteum at the compression side. In these cases, 
the force that caused the damage to the cortex on the ten-
sion side is insufficient to cause a complete fracture 
(Fig. 12.7).

• ‘Bowing’ fractures: In very young children there can be 
such deformation of the bone that it bows beyond its yield 
point, the point beyond which deformation becomes per-
manent (plastic) and no longer spontaneously recoverable 

(elastic). In these cases, there is no radiologically visible 
damage in the cortex, neither to the tension nor to the 
compression side. The fracture will only be visible by the 
bowing of the diaphyseal segment (Fig. 12.8a, b). These 
fractures can be very subtle and sometimes comparison 
with the contralateral bone is helpful. Bowing fractures 
are common in the forearm.

12.2.2  Manner of Fractures of the Diaphysis

In their original publication from 1962 on ‘The battered 
child syndrome’, Kempe et al. stated that the child’s extremi-
ties are ‘the handles for rough handling’ [2]. This may lead 
to fractures, in particular of the long bones of the extremities. 
However, in mobile children fractures of arms and legs are 
also frequently sustained in accidental circumstances. 
Sometimes their location is an indicator of non-accidental 
trauma. In other cases, the clinical history and the level of 
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a b

Fig. 12.6 Two-year-old infant who presented with a painful arm after a fall from a chair. (a) AP radiograph shows an irregularity of the cortex of 
the distal radius (arrow). (b) on the lateral radiograph shows a clear torus fracture of the distal radius (arrow)

Fig. 12.7 Six-year-old child who sustained a fall onto an  
outstretched hand (FOOSH)

R. A. C. Bilo et al.
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a bFig. 12.8 Five-year-old child 
who sustained a fall onto an 
outstretched hand (FOOSH). 
(a) There is a transverse 
fracture of the ulna (arrow). 
(b) The lateral radiograph 
shows a bowing fracture of 
the radius

development of the child could help differentiate between 
accidental and inflicted extremity fractures. The reader is 
referred to Sects. 12.4–12.9, concerning the more specific 
aspects of fractures of certain long bones.

12.3  Fractures of the Metaphysis 
and Epiphysis

12.3.1  Introduction

The most important difference between the still developing 
skeleton of a child and the fully grown adult skeleton is the 
presence of growth plates (physeal plates) in the long bones. 
These growth plates are responsible for the longitudinal 
growth of a bone in the skeleton of young children by 
enchondral bone formation, whereas growth in width origi-
nates in the periosteum by membranous bone formation.

The epiphyses determine the size and form of the joint 
ends. Typical long bones, like the humerus, radius, ulna, 
femur, tibia, and fibula, have two epiphyses (one at both 

ends) whereas some of the smaller long bones only have one 
epiphysis.

Growth plates consist of cartilage. This cartilage is among 
the weakest parts of the child’s skeleton, especially of the long 
bones. Due to this weakness growth plates are less resistant to 
forces exerted to the extremities, compared to the joint cap-
sules, tendons, and ligaments [3]. The growth plates also are 
the most vulnerable places in the growing skeleton when the 
joint is subjected to force. This vulnerability will remain as 
long as ligaments and tendons are more resistant to forces than 
bone. The damage may consist of a fully or partially torn-off 
metaphysis (resulting in a metaphyseal corner fracture). When 
the fully grown skeleton is subjected to the same forces, it more 
likely results in damage to the ligaments around the joint.

Because growth plates are unique for children, all frac-
tures that have some relation to the growth plate are also 
unique for children. Amongst these fractures are Salter-
Harris fractures and the epiphyseal transitional fractures (tri-
plane fractures and Tillaux fractures). All growth plate-related 
fractures are at risk for premature focal closure of the growth 
plate.
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12.3.2  Metaphyseal Corner Fracture

12.3.2.1  Introduction
The Metaphyseal Corner Fracture (MCF, a.k.a. Classic 
Metaphyseal Lesion) is a planar fracture through the most 
immature portion of the metaphysis in the region of the 
trabecular transition zone (from primary to secondary 
spongiosa), disrupting the delicate trabeculae composed of 
central calcified cartilage cores covered by thin layers of 
newly formed bone [4]. The fracture line passes peripher-
ally to undercut the subperiosteal bone collar [5, 6]. The 
resultant fracture fragment is made up of subperiosteal 
bone collar, physis, and a layer of the primary spongiosa of 
the metaphysis [4, 5]. MCFs can be extensive diffuse 
(micro) fractures that extend over the entire metaphysis 
separating a complete rim-like fragment, or localized 
(incomplete) injuries separating only a portion of this disk 
[7, 8].

The term classic metaphyseal lesion in fact is a misnomer, 
because it is a genuine fracture and not only an unspecified 
lesion. Thompson et  al. stated that ‘A classic metaphyseal 
lesion is a unique type of fracture with specific morphologic 
characteristics. Therefore, we suggest using the term "classic 

metaphyseal fracture" in lieu of classic metaphyseal lesion to 
improve precision of terminology’ [9].

When these fractures are present over the full circumfer-
ence of the bone, the radiographs will show a detached 
metaphyseal rim that is smaller in the centre and wider at the 
edges (a so-called ‘bucket-handle fracture, Fig.  12.9a). 
Sometimes the radiographs only show the wider edge (the 
so-called ‘corner fracture’; Fig. 12.9b). The ‘corner fracture’ 
and ‘bucket-handle fracture’ are simply different radio-
graphic projections of the same fracture. For consistency we 
will speak of Metaphyseal Corner Fracture throughout this 
chapter.

Metaphyseal corner fractures are almost exclusively 
seen in children less than 2 years of age. The fracture may 
be seen in just one bone or around one joint. Hereby should 
be mentioned that in a MCF of the proximal tibial metaph-
ysis there is often an associated avulsion fracture of the 
femur (distal metaphysis). Metaphyseal corner fractures 
are found most frequently in the distal femur and the prox-
imal and distal tibia (Figs. 12.10a and 12.11a, b), making 
the tibial metaphysis the most prevalent location for MCFs 
in infants (Fig. 12.12) [5, 10, 11]. There seems to be a ten-
dency for MCFs in the distal tibia to favour the medial 

a b

Fig. 12.9 (a) Two-month-old girl who died when ‘co-sleeping’. 
Radiological examination within the scope of the Dutch cot-death pro-
tocol shows a bucket-handle fracture of the distal left tibia (open arrow). 

(b) Radiograph of the same tibia from a different angle shows a corner 
fracture (see inset)
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a

c

b

Fig. 12.10 (a) Severely abused 4-month-old girl. The skeletal survey 
shows healing metaphyseal corner fractures of the distal femurs and the 
proximal and distal tibias. Reactive sub-periosteal new-bone formation 
is visible along the greater part of the right tibia shaft. (b) Metaphyseal 

corner fracture of the right proximal humerus (see inset). (c) 
Metaphyseal corner fracture of the left distal radius (open arrow) and a 
distal metaphyseal humerus fracture (arrow)
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a b

Fig. 12.11 (a) Four-month-old infant, the skeletal survey showed an irregularity at the medial side of the distal femur metaphysis (arrow). (b) 
Follow-up radiograph after 14 days shows local sclerosis in keeping with a healing fracture

a b c

Fig. 12.12 Previously healthy two-week-old neonate who was admit-
ted because of convulsions. (a) AP radiograph of the ankle shows a 
metaphyseal corner fracture of the medial tibial metaphysis (arrow). (b) 

Lateral radiograph shows the MCF located on the anterior side (arrow). 
(c) CT of the head shows a subdural hematoma (arrows)
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margin of the metaphysis (Fig. 12.13) [12, 13]. After the 
lower extremity locations the proximal humerus is most 
affected location (Fig. 12.10b) Fractures to the elbow and 
wrist have been reported less frequently (Figs. 12.10c and 
12.14a, b) [7, 13–18]. The long-term consequences of 
MCFs appear to be minimal or even absent [19].

The rate of healing is variable. Therefore, it is not possible 
to give a precise timing of injury based on radiographic find-
ings [20–22]. Because the periosteum does not have to be dis-
rupted, commonly no healing features are seen at all 
(Fig. 12.15a, b) [21]. If there is significant displacement and 
periosteal stripping then sclerosis and subperiosteal new bone 
formation (SPNBF) may be present [23] (Fig.  12.16a, b). 
Another feature of healing MCFs is small cartilaginous pro-
trusions from the growth plate into the metaphysis (Fig. 12.17). 
Based on extensive experience with follow-up skeletal sur-
veys, Kleinman suggests that most healing MCFs become 
radiographically inconspicuous at 4 weeks and completely 
healed at 6 weeks [24]. Tsai et al. found subperiosteal new 
bone formation in an estimated prevalence of 34% on single 
point-in-time frontal radiographs of distal tibial MCFs [22]. 
When employing additional radiographs (both initial lateral 
view and follow-up skeletal survey) detection increased to 

Fig. 12.13 Medial metaphyseal corner fracture of the distal tibia 
metaphysis (arrow)

a bFig. 12.14 (a) Extended 
metaphyseal corner fracture 
of the distal humerus in a 
3-month-old infant (arrow). 
(b) After one month there is 
complete healing, note the 
presence of a healing fracture 
of the proximal ulna
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a bFig. 12.15 (a) Metaphyseal 
corner fracture or the distal 
femur (arrows). (b) 
Radiograph after 18 days 
shows a normalized distal 
femur without signs of a 
healing fracture

a bFig. 12.16 (a) Radiograph of 
the right leg shows 
metaphyseal corner fractures 
of the distal femur and 
proximal tibia. (b) Follow-up 
skeletal survey shows 
abundant subperiosteal new 
bone formation along the 
shaft of the femur and a fully 
healed proximal tibia
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a b

Fig. 12.17 (a) Radiograph of the distal tibia of a 2-week-old infant, who also had skull, rib, and clavicle fractures shows a metaphyseal corner 
fracture (arrow). (b) Radiograph after 3 weeks shows a cartilaginous protrusion from the growth plate into the metaphysis (arrow)

71%, but still 29% of distal tibial MCFs failed to demonstrate 
periosteal reaction. Karmazyn et  al. saw subperiosteal new 
bone formation in only 47% (16/34) of the cases, according to 
the authors probably due to a higher percentage of acute 
MCFs in their initial series [20]. In the retrospective cohort 
study by Barber et al. skeletal surveys and follow-up skeletal 
surveys of 567 infants and children showed 124 MCFs in 50 
cases [10]. On the initial skeletal survey 72 (58%) of the 
MCFs were healing, including 12 fractures evident only on 
follow-up survey. Unfortunately, the article did not describe 
which radiographic healing features were seen.

These studies underscore that, if non-accidental trauma is 
suspected, the follow-up skeletal survey has important addi-
tional value in the detection, confirmation, and dating of 
fractures. This applies in particular to the determination of 
MCFs, as others pointed out before [25–29].

Other radiological modalities such as whole-body MRI 
and PET images have not shown sufficiently successful in the 
detection of MCFs [30–32]. Proisy et al. compared the skel-
etal survey to whole-body MRI and bone scintigraphy [32]. 
In their study they found a total of 29 MCF in 13 children on 
the skeletal survey. Fifteen (51.7%) of these cases were 
detected by whole-body MRI and nine (31%) were detected 
by bone scintigraphy. It is suggested that ultrasound may help 
determine the presence of MCFs whenever radiographs are 
equivocal [33, 34]. A study on distal tibias of foetal piglets 
and a study on bone specimens from five fatally abused 

infants with MCFs both used 3D high-resolution micro-CT 
coupled with histopathology to depict the region of the chon-
dro-osseous junction (the region of the trabecular transition 
zone) [4, 35]. The authors concluded that ‘High- resolution 
CT coupled with histopathology provides elucidation of the 
morphology of the MCF’ for now the use of micro-CT should 
be considered for the research domain only. High quality-
thin-sliced volume CT scanning is required to make 3D- and 
multiplanar reconstructions diagnostic.

More research is necessary to determine the diagnostic 
value of ultrasound and 3D high-resolution computed tomog-
raphy in the diagnosis of MCF [33, 34].

12.3.2.2  Cause of Metaphyseal Corner 
Fractures

Metaphyseal corner fractures are thought to be caused by 
torsional and traction shear strains applied across the 
metaphysis, for example when an infant’s extremity is pulled 
or twisted or if the child is ‘shaken’ (Fig. 12.18) [24, 36]. 
Metaphyseal corner fractures were also experimentally pro-
duced in immature porcine pelvic limbs through application 
of controlled varus and valgus bending [9, 37].

Adamsbaum et  al. performed a 15-year retrospective 
study, based on more than 500 cases from French courts, 
where they selected all children with at least one MCF, this 
yielded a study population of 67 children with a median age 
of 3.4 months [11]. Of these children 44 (66%) had multiple 
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Fig. 12.18 (a) Graphic representation of a shaking incident. (b) Two- 
month- old boy with inflicted traumatic brain injury. The radiograph of 
the skeletal survey shows a metaphyseal corner fracture of the right 
distal femur (open arrow). (c) Four-month-old girl with inflicted trau-
matic brain injury. The skeletal survey shows a healing posterior frac-
ture of the 9th right rib (see inset) Furthermore, there is an already 
healed rib fracture visible of the 5th right rib (open arrow). (d) MRI (T2 

FLAIR) of this girl (c) shows a bilateral subdural haematoma (asterisk). 
(e) Cranial ultrasonography of this girl (c) shows the bilateral subdural 
haematoma (asterisk). Displacement of the arachnoid membrane (open 
arrow) is distinctly visible. (f) Normal view of the retina of a normal 
right eye at fundoscopy. (g) Diffuse retinal bleed in a left eye at fundos-
copy resulting from inflicted skull/brain injury
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MCFs. In 27 cases there was a confessing perpetrator and 
they described that their actions were abusive, violent, and 
intentional. With respect to the abuse they stated that they 
exerted ‘excessive stress on the joints defined as “indirect 
skeletal forces” with “torsion, traction, violent compression 
(or crushing), and forced movements (crossing the arms, 
folding the legs up over the abdomen, separating the thighs’. 
Diapering was the most common reported circumstance in 
which violent handling was described by male perpetrators 
only (44%), followed by dressing/undressing (30%).

12.3.2.3  Manner of Metaphyseal Corner 
Fractures

Metaphyseal corner fractures can be sustained due to birth 
trauma and due to trauma after birth. If sustained after birth 
the fracture may occur due to accidental and non-accidental 
trauma. Metaphyseal corner fractures may also occur due to 
medical procedures.

Despite the fact that the fracture may occur due to several 
circumstances, it is a highly specific fracture for non- 
accidental trauma in young children, characteristically seen 
in infants [8, 23, 38–41]. Caffey was the first to describe a 
‘metaphyseal fragment partially or completely separated 
from the end of the shaft’ [38].

Metaphyseal corner fractures are rarely, if ever, a reason 
for seeking medical consultation. They are usually found as 
occult findings on skeletal surveys. Metaphyseal corner frac-
tures can be found in approximately 30% of children under 
the age of 12 months of whom a skeletal survey was made 
because of suspected non-accidental trauma [41]. 
Metaphyseal corner fractures are commonly encountered in 
infants with high-risk factors for non-accidental trauma (sig-
nificant intracranial injury, retinal haemorrhages, and skele-

tal injuries) and are rare in infants with skull fractures 
associated with falls, but no other risk factors [42].

Kleinman et  al. evaluated 31 deceased infants for the 
presence and distribution of fractures [43]. They found a 
total of 165 fractures of which there were 72 (44%) long 
bone fractures, of these the most commonly encountered 
were metaphyseal corner fractures with 64 fractures (89% of 
all long bone fractures and 39% of the total amount of frac-
tures. In a large cohort of 2,890 infants evaluated for physical 
abuse there were 119 (4.1%) with MCFs and of them 84% 
had at least one non-MCF fractures identified [44].

Although the MCF is commonly seen in high-risk for 
non-accidental trauma cases, in some cases the occurrence 
due to medical procedures and accidental circumstances 
should be considered (Fig. 12.19a, b).

MCFs have been reported after vaginal breech delivery 
and Caesarean section both with or without attempted exter-
nal cephalic version (Fig. 12.20a, b): Sieswerda-Hoogendoorn 
et al. report a case of a term neonate who was born via vaginal 
breech delivery after an unsuccessful external cephalic version 
(ECV). After birth the baby was admitted to the neonatal inten-
sive care unit (NICU), where irritability was noted during dia-
per changing and a MCF of the right distal femur was diagnosed 
on day 6 of life [45].

There are two other case reports reporting a MCF after 
ECV. In the first case ECV was performed on a 36-year-old 
primipara woman [46]. The external version was followed by 
an emergency Caesarean section because of blood-stained 
cervical discharge. After birth a swollen right leg with dimin-
ished movement was seen. This was also recorded on photo-
graphs made in hospital. The parents returned one week after 
discharge and a radiograph then showed a MCF of the distal 
right femur.

a b

Fig. 12.19 Two-month-old infant who was attacked by a pit bull ter-
rier. (a) AP radiograph after two weeks shows a transverse proximal 
radius fracture with signs of healing (arrow) and a metaphyseal corner 
fracture of the distal humerus with callus formation and subperiosteal 

new bone formation (open arrow). (b) Lateral radiograph obtained at 
the same time also shows a mid-diaphyseal torus fracture of the ulna 
(arrow)
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a bFig. 12.20 (a) Term neonate, 
born at 39 weeks. Physical 
examination shows abnormal 
alignment of the left knee 
after uncomplicated delivery. 
A radiograph of the knee 
shows a metaphyseal corner 
fracture of the distal femur 
and the proximal tibia (see 
inset). (b) Term neonate after 
birth shows a swollen right 
knee after a complicated 
breech delivery. A radiograph 
of the knee shows a 
metaphyseal corner fracture 
of the proximal tibia (see 
inset) and a Salter–Harris type 
II fracture of the distal femur

In the second case, ECV was performed on a 29-year-old 
primipara, although successful an emergency caesarean sec-
tion had to be performed due to foetal stress [47]. After birth, 
the neonate was fussy and showed decreased movement of 
the left leg, a radiograph three hours after birth showed a 
corner fracture of the distal femur and a bucket-handle frac-
ture of the proximal tibia. However, in both cases it is ques-
tionable whether the MCF was caused by the version or by 
the emergency caesarean section.

In a retrospective analysis over a period of 22 years, O’ 
Connell and Donohue identified three neonates born by elec-
tive Caesarean section (two breech and one cephalic presen-
tation) with a MCF of a distal femur [48]. Lee et al. reported 
a MCF of distal tibia following a difficult footling breech 
delivery [49]. The authors state that the traction and torque 
placed on the legs during this difficult delivery were a poten-
tial mechanism for this injury. Finally, Buonuomo et  al. 
describe a neonate with multiple fractures, among which a 
metaphyseal fracture of the femur, ultimately resulting in the 
diagnosis infantile myofibromatosis [50].

MCFs have been described to occur due to medical 
procedures:

• Grayev et  al. reported the occurrence in serial casting 
treatment of clubfeet in 7 infants, who were considered 
not to be victims of child abuse. One child was abused, in 
this case the skeletal survey also showed 24 rib fractures 
[51].

• Burrell et al. reported a 20-day-old infant with a diagnosis 
of congenital vertical talus who sustained a metaphyseal 

corner fracture of the distal tibia during manipulation in 
preparation for intravenous line placement [52]. The 
event was independently witnessed, including an audible 
‘pop’ at the time of the fracture. Prior X-rays showed nor-
mal bones.

• Della Grotta et al. suggested physical therapy with mas-
sage, passive range of motion, and positioning techniques 
of the lower extremities as the circumstances under which 
a MCF of the right proximal tibia (in combination with a 
shaft fracture of the right femur) occurred in an infant 
with a myelomeningocele, hypertonic lower extremities 
that lacked sensation, as well as bilateral flexion contrac-
tures of the knees and club feet [53]. The child remained 
in the hospital at the time when these fractures occurred 
and a child abuse evaluation was negative which made the 
authors conclude that accidental trauma secondary to 
physical therapy was the likely aetiology of the MCF.

Two cases of motor vehicle collision-related extremity 
MCF are described by Culotta et al. although they acknowl-
edge that an alternative clinical consideration for each of the 
babies is that they had the misfortune to suffer both MVC 
and physical abuse while with their caregivers [54]. In both 
of the cases, the caregiver reported that the infant was 
restrained in a rear-facing car seat behind the driver’s seat at 
the moment of the car accident.

12.3.2.4  Differential Diagnosis
There are several radiological normal variants that may be 
mistaken for MCFs [55–57]:
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• Step-off, an almost 90 degrees angulation in the cortex 
(Fig. 12.21).

• Beak, seen in medial projection of the proximal humerus 
and proximal tibia (Fig. 12.22).

• Spur, a discrete longitudinal projection of bone that is 
continuous with the cortex and extends beyond the 
metaphyseal margin(Figs. 12.23, 12.24, and 12.25).

• Metaphyseal fragmentation occurs in children of 15 
months and older occasionally encountered in healthy 
children of 15 months and older with physiologic bowing 
(Fig. 12.26) [58].

Lesions that can have some similarity to the appearance 
of MCF can be found in diseases such as rickets, osteomyeli-
tis, congenital syphilis, and spondylometaphyseal dysplasia 
‘corner fracture type’ and Menke’s disease (see Chap. 14).

12.3.3  Salter–Harris Fractures

12.3.3.1  Introduction
Trauma during childhood may result in typical fractures with 
involvement of the growth plate, the so-called Salter–Harris 
fractures. Salter and Harris described five types of fractures 
(Table 12.2). These fractures are seen in approximately 18–30% 
of all trauma-related long bone fractures in children [59].

Fig. 12.21 The medial side of the distal femur metaphysis shows a 
physiological step-off (inset). Note that there is also physiological sub- 
periosteal new bone formation

a b

Fig. 12.22 (a) Pseudoavulsion fracture of the proximal humerus on native axial image (arrow). (b) Coronal reconstruction shows that the pseu-
doavulsion is caused by breaking of the humerus (arrow)
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Fig. 12.23 Radiograph of the wrist shows a spur on the lateral side of 
the distal ulna (arrow) and a step-off on the medial side of the distal 
radius (open arrow)

Fig. 12.24 Radiograph of the knee shows a spur on the lateral side of 
the distal femur (open arrow), a step-off of the medial side of the distal 
femur (arrow), and physiological sub-periosteal new bone formation 
along the diaphysis (arrowhead)

Fig. 12.25 More than one normal variant can be seen in a single child. 
The lateral distal femur metaphysis shows a step-off (arrow) and the 
lateral proximal tibia metaphysis shows a spur (open arrow)

Fig. 12.26 Metaphyseal fragmentation in a 1-year 9 months-old child 
with tibia vara
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Table 12.2 Classification of meta-epiphyseal fractures according to Salter–Harris

 

Type Mnemonic
I In type I the fracture line ‘follows’ the growth plate, separating 

epiphysis, and metaphysis. The growth plate is still attached to 
the epiphysis. Usually, there is no damage to the growth plate. 
Type I is seen in particular in young children. Relative incidence 
is 8.5%.
The mechanism involved is shearing. Dislocation is only seen 
when the periosteum has been damaged. The healing process is 
quick (usually within 2–3 weeks).

S Straight across

II

 

Type II runs through the metaphysis and (in part) the growth 
plate along the metaphyseal transition zone. It is the most 
common type (relative incidence 73% ), generally in children 
>10 years of age. Type II heals fast.
As in type I, the mechanism involved is a shearing force or 
avulsion due to an angular force. This type of fracture usually 
heals quickly.

A Above

III Type III runs through the epiphysis and (in part) the growth 
plate. Although the growth zone has been damaged, hardly any 
growth disturbance is seen after a type III fracture. is rarely seen, 
and then mostly to the lower legs.
Type III is quite rare (6.5%) and often seen at the lower legs in 
children in whom the growth plate is partially fused.

L Low or beLow

(continued)
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Type Mnemonic
IV

 

Type IV runs across the epiphysis, growth plate, and metaphysis. 
The relative incidence is 12%.
The risk for focal physeal arrest is substantial and treatment is 
typically surgical rather than conservative. Focal physeal arrest 
may lead to deformation of the joint as a result of the bony 
bridging of the growth plate which may impede local growth.

T Through

V Type V is a compression fracture of the growth plate due to axial 
loading. This type is commonly seen in the knee and ankle.
This type is rare (<1%) and usually occult on initial imaging. 
The risk for focal physeal arrest is high.

ER ERasure of 
growth plate

Table 12.2  (continued)

12.3.3.2  Cause of Salter–Harris Fractures
The Salter–Harris (SH) classification is based on the mecha-
nism of injury (cause) and the relationship of the fracture 
line to the growing cells of the growth plate and is correlated 
with the prognosis concerning growth disturbance [3, 
60–62].

According to Salter and Harris types I–IV are the 
result of shearing/avulsion forces while type V results 
from compression of the growth plate. Vertically oriented 
splitting compression force across the epiphysis, physis, 
and adjacent metaphysis can cause type IV SH fractures 
[62, 63].

Because of the lack of epiphyseal ossification in 
infants, Salter–Harris type II fractures may be missed on 
conventional radiographs or may appear as dislocations 

[64, 65]. MRI or ultrasonography may then be of help in 
diagnosing SH fractures in this age group (Fig. 12.27a, b) 
[66].

12.3.3.3  Manner of Salter–Harris Fractures
In childhood and adolescence, Salter–Harris fractures mostly 
are sustained due to accidental trauma. These fractures occur 
most frequently in young adolescents, aged 11–15 years, except 
for the humeral physeal fractures (occurring almost twice as 
often in the distal humerus) which also have peak incidences at 
ages 4–6 years [67]. The most common sites are the phalanges 
of the fingers and the distal radius [59, 67]. Salter–Harris type II 
fractures are the most prevalent (Fig. 12.28) [67]. Humeral and 
femoral Salter–Harris fractures are also found as birth injuries 
due to force of labour and obstetric manipulation [68–74].
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a b

Fig. 12.27 Term neonate born after a complicated breech delivery 
after premature rupture of membranes. After birth the child was noted 
to have a slightly swollen knee. (a) Ultrasonography of the knee showed 

a metaphyseal corner fracture (arrow) (b) AP radiograph confirms the 
presence of this metaphyseal corner fracture (arrow)

Fig. 12.28 Twelve-year-old girl (with unknown trauma) with a Salter–
Harris type II fracture of the distal tibia (open arrow). The fracture 
through the growth plate can be identified by the anterior diastasis 
(arrow)

Literature on physeal fractures in children with non- 
accidental trauma is scarce. A few case reports and case 
series mention physeal fractures in the proximal femur and 
the distal humerus with proven non-accidental circumstances 
[65, 75, 76].

Barber performed a large cohort study to define the yield 
of rigorously performed skeletal surveys in infants with sus-
pected physical abuse [10]. In this study 13 of the 313 (4%) 
infants diagnosed with a fracture had at least one Salter–
Harris fracture (all type II), most frequently of the distal 
humerus. All SH-fractures were evident on the initial survey 
and four of the children had other positive findings on the 
skeletal survey.

12.3.4  Epiphyseal Transitional Fractures

Epiphyseal transitional fractures typically occur in the distal 
tibia during the 18-month period of closure of the growth plate 
aged between 12 and 15 years. Closure of the distal tibial 
growth plate starts centrally and medially before progressing 
laterally. This partial closure leaves the ankle vulnerable to 
these types of fractures, especially during external rotation.

The triplane fracture configuration consists of:

 (1) A fracture line along the coronal plane through the pos-
terior metaphysis.
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 (2) A fracture line along the sagittal plane through the 
epiphysis.

 (3) A fracture line along the transverse plane through the 
growth plate.

The fracture may consist of 2–4 fragments. The triplane 
fracture appears as a Salter–Harris type II on lateral radio-
graphs and as a Salter-Harris type III on AP radiographs. CT 
has a definite impact on fracture classification, displacement, 
and treatment [77]. A gap of 2 mm or more is considered by 
some authors as the threshold between conservative and sur-
gical treatment. Triplane fractures account for 5–15% of all 
ankle fractures in adolescents [78]. Growth arrest, although 
usually insignificant, may occur in 7–21%.

The Tillaux fracture is a SH-type III involving the antero-
lateral aspect of the distal tibial epiphysis which is seen in 
adolescents in whom the medial section of the distal tibia 
metaphysis has started to close. As a result, only the antero-
lateral part of the growth plate is open and vulnerable to 
injury and consequently, the Tillaux fracture is seen in ado-
lescents aged between 12 and 15 years. Lateral triplane frac-
tures, just like Tillaux fractures, are caused by supination, 
combined with external rotation (twisting), while medial tri-
plane fractures are caused by adduction [78]. Epiphyseal 
transitional fractures have only been reported due to acciden-
tal trauma.

12.4  Humerus

12.4.1  General Aspects of Humerus Fractures

Humerus fractures are most frequently seen in children under 
the age of 3 years and above the age of 12 years [79]. This is 
irrespective of the circumstances under which the fractures 
were sustained.

Fractures of the humerus have been described to occur 
before (very rare), during, or after birth. If sustained after 
birth, one should differentiate between accidental and non- 
accidental circumstances. According to Caviglia et al., one 
should be aware that the circumstances, under which 
humerus fractures are sustained vary between age groups 
[79].

12.4.2  Fractures of the Proximal Humerus

12.4.2.1  General Aspects of Fractures 
of the Proximal Humerus

Fractures of the proximal humerus account for 2–5% of all 
fractures in paediatric patients [80–86]. Proximal humeral 
fractures are 3–4 times more likely to occur in boys than girls 
and are most common in adolescents with a peak age of 15 
years [87]. Chae et al. evaluated the findings in 41 children 
with proximal humerus fractures (aged 1 month to 15 years; 

mean age 8.6 years) and found that 56% of this type of frac-
ture occurred in girls and 44% in boys [88].

Proximal humerus fractures include fractures of the prox-
imal metaphysis or the proximal physis [84, 89].

Metaphyseal fractures account for about 70% of the frac-
tures of the proximal humerus in paediatric patients and can 
be described using the Neer-Horowitz classification based on 
the amount of angulation and displacement at the fracture 
site (Table 12.3) [89–91]. Fractures at this location typically 
occur in children aged 5–12 years [87].

Fractures of the physis account for around 30% of proxi-
mal humerus fractures and are categorized according to the 
Salter–Harris classification [91]. SH-type I is most com-
mon in children under the age of 5 years, while SH type II 
is most common in children above the age of 12 years. 
According to Popkin et al. SH types III and IV are rare in 
paediatric patients and are usually associated with high-
energy trauma [87].

12.4.2.2  Cause and Manner of Fractures 
of the Proximal Humerus

Fractures of the proximal humerus may occur during and 
after birth.

During Birth
Birth-related fractures can be found in all parts of the 
humerus with midshaft fractures being the most common 
[92, 93].

The risk of fractures of the proximal humerus is highest in 
large infants during vaginal delivery (although proximal 
humerus fractures have also been reported in smaller infants) 
or during breech delivery (irrespective of the size of the 
child) [94, 95]. Other known risk factors are labour dystocia 
and macrosomia (birth weight above 4.5 kg) [87].

Birth-related growth plate injuries have also been 
described. Varghese et  al. presented two neonates with 
humeral growth plate fractures (Salter–Harris type 1), one at 
the proximal humerus and one at the distal humerus [96]. 
Jones et al. described a premature neonate, delivered by cae-
sarean section due to malpresentation, with a Salter–Harris II 
fracture of the proximal humerus [97].

Popkin et al. stated that a proximal humerus fracture that 
is diagnosed in the first week of life is considered to be birth- 
related if no history of a trauma after birth is known: ‘During 
the descent down the birth canal, the infant’s arm can be 
placed in a variety of compromised positions that can result 
in a physeal fracture of the proximal humerus’. According to 
Popkin et al. birth-related fractures of the proximal humerus 
are classic physeal separations or SH-type I injuries [87].

Table 12.3 Neer-Horowitz classification [86].

Type I Minimally displaced (<5 mm)
Type II Displaced <1/3 of shaft width
Type III Displaced greater than 1/3 and less than 2/3 of shaft width
Type IV Displaced greater than 2/3 of shaft width
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After Birth: Accidental and Non-accidental 
Circumstances
After birth fractures of the proximal humerus can occur due 
to direct or indirect trauma in either accidental or non- 
accidental circumstances.

In children under the age of 3 years one should always 
consider non-accidental circumstances [87, 91]. There are no 
radiographic findings on imaging of the shoulder that are 
suggestive of non-accidental circumstances in case of a 
proximal fracture. The incidence of proximal humerus frac-
tures due to non-accidental circumstances is not known. 
Chae et al. evaluated the findings in 41 children with proxi-
mal humerus fractures (aged 1 month to 15 years). In only 1 
child (age not specified) the circumstances were determined 
to be non-accidental.

In older children proximal humerus fractures usually are 
sustained in accidental circumstances due to a moderate- 
energy trauma, associated with falls, motor vehicle crashes, 
or sports participation [87].

Fractures may be due to a direct trauma (blunt force 
trauma) to the shoulder/proximal arm, usually to the poste-
rior shoulder. This can be a direct blow/strike to the shoul-
der/proximal arm or a fall on the posterolateral part of the 
shoulder. They may also occur due to an indirect trauma, 
like a fall (backwards) on an outstretched hand, with the 
arm in abduction and external rotation, the hand in dorsi-
flexion, and the elbow in hyperextension. These fractures 
often occur during traffic accidents, sporting activities 
(contact sports, like hockey and soccer, horseback riding, 
gymnastics) and during play (Fig.  12.29) [81, 87, 98]. 
Popkin et  al. also mentioned the occurrence of overuse 
injuries due to repetitive throwing in baseball (little league 
shoulder, due to overthrowing, mainly in baseball players 
aged 11–14 years). Another example given by Popkin et al. 
is the occurrence of an avulsion fracture of the lesser tuber-
osity in throwing athletes aged 12–15 years and in fly fish-
ermen [87].

Fractures at this location may result from complications 
of underlying diseases such as tumours, metabolic diseases, 
and secondary neuropathies [81, 91, 99–101]. Proximal 
humerus fractures have also been described resulting from 
aneurysmal and unicameral bone cysts and can be associated 
with complications of radiation therapy [87].

12.4.3  Fractures of the Humerus Shaft

12.4.3.1  General Aspects of Humeral Shaft 
Fractures

The reported incidence of humeral shaft fractures in paediat-
ric patients under the age of 16 years varies greatly. According 
to Caviglia et al. humeral shaft fractures account for around 
0.75%, according to Marengo et  al. for around 2–5% and 
according to Shrader for up to 10% of all fractures in paedi-

atric patients [79, 84, 102]. Shaft fractures account for 
approximately 20% of all humerus fractures in children with 
an estimated incidence of 12–30 per 100.000 paediatric 
patients per year [103]. Shaft fractures seem to be more com-
mon in children under the age of 3 years and above the age 
of 12 years [79, 103]. Boys to girls ratio is around 2:1 [85].

Shaft fractures are described by [79, 104]:

• Anatomical location: proximal, middle, or distal third 
part of the shaft

• Fracture pattern: spiral, oblique, transverse, or 
comminuted

• Degree of displacement and angulation
• Presence of soft tissue damage: open or closed fracture

12.4.3.2  Cause and Manner of Humeral Shaft 
Fractures

Fractures of the humeral shaft have been described to occur 
before (very rare), during, or after birth. If sustained after 
birth, one should differentiate between accidental and non- 
accidental circumstances. According to Caviglia et al. one 
should be aware that the circumstances, under which 

Fig. 12.29 Subcapital humerus fracture in a 4-year-old girl who fell 
from a swing
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humeral shaft fractures are sustained vary between age 
groups [79]. In neonates, e.g. shaft fractures are seen mainly 
within the scope of birth trauma in macrosomic babies 
(Figs. 12.30 and 12.31a, b), while in children under the age 
of 3 years, non- accidental trauma should always be consid-
ered. In children above the age of 10 years, shaft fractures 
are often the result of direct or indirect blunt force acciden-
tal trauma (Fig. 12.29) [79].

Before Birth
Prenatally acquired shaft fractures are probably very rare and 
almost always found in children with severe congenital bone 
disease, e.g. osteogenesis imperfecta type II (see Chap. 14) 
[105]. One of the first reports on bilateral intrauterine humeral 
shaft fractures was by Barker in 1857 [106]. Barker described 
the findings in a newborn, who died within minutes after 
birth. The girl had numerous long bone fractures (humerus, 
radius, ulna, femur, tibia, fibula) and extensive skull abnor-
malities (absent frontal bone, absent parietal bone, abnormal 
occipital bone) (Fig. 12.32). Although no diagnosis was given 
in the article, one may suspect that the child today would 
probably be diagnosed with perinatal lethal type II osteogen-
esis imperfecta. Barker referred to several other case reports, 
in which numerous prenatally acquired fractures, including 
humerus fractures, had been described. In a follow-up article 
Barker stated: ‘P.S. It may be worthy of remark that the lady, 
Mrs. L., who in September, 1856, gave birth to the foetus, the 
subject of the foregoing remarks, was yesterday (September 
27th) delivered of a healthy and well formed female child at 
the full period’ [106].

Fig. 12.30 Birth-related humerus fracture after a complicated delivery 
due to shoulder dystocia

a b

Fig. 12.31 Neonate born at 40 weeks gestational age, birthweight 
4060 g (P89), vaginal delivery was complicated by a shoulder dystocia. 
During delivery the gynaecologist heard a ‘crack’. (a) Radiography 

showed a mid-diaphyseal humerus fracture (arrow). (b) Follow-up radi-
ography shows callus formation around the fracture
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Fig. 12.32 Drawing of the newborn, who died within minutes after 
birth, described by Barker [106]. The girl had numerous long bone 
fractures

Fig. 12.33 Humerus shaft fracture in a one-day-old neonate after an 
uncomplicated vaginal delivery

During Birth
Birth-related humeral fractures can be found in all parts of 
the humerus (shaft, proximal, and distal humerus) with mid-
shaft fractures being the most common [107, 108]. Shaft 
fractures may occur due to trauma during vaginal birth 
(Fig. 12.33), but also, although less common, in caesarean 
section (sometimes even bilaterally), due to limb extraction 
[92, 93, 108]. Shaft fractures are caused by hyperextension 
or rotation of the arm during passage through the birth canal 
[109–111]. Shaft fractures are often seen as birth trauma in 
infants due to obstetric manoeuvres during a breech delivery 
[112], but may also occur in vaginal delivery with shoulder 
dystocia [113–115].

The typical birth-related shaft fracture is a complete, 
transverse midshaft fracture (Fig. 12.34) [116].

Humeral (shaft) fractures are the second most common 
birth-related long bone fractures in the neonate after clavic-
ular fractures [116]. Their exact incidence is not known and 
is estimated to be up to 0.6/1000 live births (Table  12.4) 
[107, 117–121]. Von Heideken et al. found that the occur-
rence of a birth-related shaft fracture was associated with 

maternal obesity, labour dystocia, shoulder dystocia, vac-
uum-assisted delivery, male sex, multiple birth, breech, pre-
term, large-for- gestational age, birth weight over 4000 g, 
and injury of brachial plexus [117]. A bone fragility diagno-
sis was recorded in 1% of the neonates birth-related humerus 
shaft fractures.

After Birth: Accidental or Non-accidental 
Circumstances
Transverse shaft fractures are caused by a direct trauma, a 
blunt force trauma, directly impacting the shaft (e.g. a blow). 
The more energy is transferred during the impact (the harder 
the blow hits the upper arm), the more likely the fracture is to 
be comminuted [122]. Spiral/oblique fractures are caused by 
an indirect trauma from a fall or another incident with 
humeral rotation or twisting, as may happen in arm wrestling 
(Fig. 12.34) [116, 122].

Concerning the occurrence of humeral shaft fractures 
after birth, Von Heideken et al. found an incidence after birth 
of 0.073 per 1000 children under the age of 1 year (142 chil-
dren in a nationwide study in 1,855,267 infants under the age 
of 12 months). In 56% of these children falls were reported. 
In 14% of the shaft fractures were determined to have 
occurred in non-accidental circumstances. This concerned 
mainly children under the age of 6 months.
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Fig. 12.34 One-month-old infant girl who, according to the parents, 
had fallen from a bed. The spiral fracture of the humerus does not cor-
respond with the trauma description

Table 12.4 Incidence of birth-related humerus shaft fractures

Author N Incidence per 1000
Rubin [329] 15,435 0.45
Madsen [107] 105,119 0.36
Bhat [121] 34,946 0.20
Basha [120] 34,519 0.05
Suleiman [119] 5,030 0.60
Rehm [118] 87,461 0.15
Von Heideken [117] 1,855,267 0.10

Some authors state that humerus fractures (including 
fractures at locations other than the shaft) are the most com-
mon fractures in young children under the age of 3 years due 
to non-accidental trauma [96, 123]. Loder and Bookout 
found that shaft fractures were the second most common 
long bone fracture due to non-accidental trauma after tibial 
fractures [39]. Others report that most humerus fractures 
(46–81%, five different studies), especially in young chil-
dren outside the neonatal period and under the age of 3 years 
occur due to non-accidental trauma. In children under the 
age of 15 months, the reported percentage of non-accidental 

trauma ranges from 67% to 100% [40, 124–127]. The most 
common locations in non-accidental trauma are midshaft 
and metaphyseal [96, 123].

Williams and Hardcastle published a ‘best evidence topic 
report’ on the relation between humeral shaft fractures and 
non-accidental trauma in children [128]. Their study com-
prised 44 articles, of which two were able to provide an indi-
cation regarding the formulated query: ‘What is the specificity 
of an isolated proximal humerus fracture in children who are 
suspected of being abused’ [123, 129]. Their analysis pro-
vided the following clinical bottom line: ‘Although a 
humerus fracture cannot be seen as pathognomonic for child 
abuse, such a fracture in a young child should always be fol-
lowed up with a closer look into its origin’ (Fig.  12.35). 
Williams and Hardcastle maintain that both included studies 
tried to define the specificity of the various types of humerus 
fracture in relation to child abuse, but that in both studies 
there was no ‘golden standard’. Consequently, it is feasible 
that in both studies children have been overlooked or that it 
was falsely concluded that non-accidental trauma was 
involved. Yet, it appears that the incidence of non-accidental 
trauma in this type of fracture is high. In particular in chil-
dren under the age of 3 years, spiral and oblique fractures 
were more often the result of non-accidental trauma than of 
anything else.

Shaw et al. did a retrospective study on 34 children under 
the age of 3 years with a humeral shaft fracture [129]. The 
authors excluded children with a humerus fracture at a differ-
ent places (supracondylar, epicondylar, condylar, proximal 
epiphyseal, and metaphyseal). From a revision of the clinical 
data and data from the county child protective services the 
authors established whether or not the child had probably 
sustained the fracture in non-accidental circumstances 
(defined as probable child abuse). Cases were reviewed inde-
pendently by four physicians and were classified as probable 
abuse (non-accidental trauma), probable not abuse, and inde-
terminate. Shaw et al. concluded that most fractures of the 
humerus shaft were accidental. After evaluation, only 18% 
were classified as ‘probable abuse’. Neither age nor fracture 
pattern was conclusive in differentiating between accidental 
and non-accidental circumstances. The history and findings 
other than the fracture itself were critical in establishing the 
circumstances. Based on these findings, the authors con-
cluded that six factors can be essential in establishing 
whether non-accidental trauma should be suspected:

 1. The presence of simultaneous or older injuries 
(Fig. 12.36).

 2. Delay in seeking medical treatment.
 3. Differences in or contradicting stories regarding the 

incident.
 4. The child is accompanied by a person other than the one 

present at the incident.
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a bFig. 12.35 (a) Seven-month- 
old girl suspected of being 
abused. Slightly abnormal 
alignment of the upper arm is 
visible (open arrow). (b) 
Radiograph shows a distal 
oblique humerus fracture

Fig. 12.36 Right distal metaphyseal humerus fracture in a 3-month- 
old boy. The mid-axillar rib fractures on the right are clearly visible in 
this view (open arrows)

 5. The lack of metabolic or genetic bone diseases.
 6. The parent shows lack of involvement or unusual 

behaviour.

Pandya et al. performed a large retrospective study, in 
children under the age of 4 years, in an urban level I pae-

diatric trauma centre [130]. In the period 1998–2007, a 
total of 1485 children, 500 non-accidental (377 <18 
months), and 985 accidental (425 <18 months) cases, 
were included. In the non-accidental group there were 43 
(8.6%) humerus fractures and in the accidental group 102 
(10.3%, p=0.28). In the under 18 months group this was, 
respectively, 37 (9.8%) versus 19 (4.5%, p<0.001). Based 
on their findings the authors concluded that in the under 
18 months group ‘the odds of a humerus fracture (2.3 
times) were found to be significantly higher in the child 
abuse group than in the control group’. For the whole 
study population the odds ratio for abuse was 0.8 (95% 
CI: 0.6–1.2).

In another study from the same group the authors com-
pared 36 children (representing 39 humerus fractures) under 
the age of 4 years in whom the cause of the fracture was 
recorded as abuse with 95 children with an accidental 
humerus fracture [131]. Based on univariate logistic regres-
sion the authors showed that the odds of being a victim of 
non-accidental injury in children with an age below 18 
months was 31.54 times greater, in children with any addi-
tional fractures or injuries to another body system it was 65.1 
times greater, and in children with physical and/or radio-
graphic evidence of prior injuries it was 131.60 times greater.
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Fig. 12.37 Graphic representation of the mechanism as described by Hymel and Jenny

Fig. 12.38 Two-month-old infant, father turned the infant from prone 
to supine position holding the right arm. During this manoeuvre he 
heard a ‘crack’ and the infant started to cry. Radiography showed an 
oblique fracture of the left humerus. A skeletal survey, CT of the head, 
and a follow-up survey all were negative. The reported history is in 
keeping with the publication by Hymel and Jenny [135]

If non-accidental trauma cannot be ruled out in a child 
younger than 2 years with a humerus fracture a skeletal sur-
vey should be performed according to the guideline of the 
Royal College of Radiology and the Society and College of 
Radiographers (See Chap. 3) [29].

In older children shaft fractures usually occur in acciden-
tal circumstances, due to either indirect trauma, like a fall on 
an outstretched hand, or direct trauma, usually with a high 
transfer of energy, e.g. a direct blow to the upper arm, e.g. in 
traffic accidents, falls or sporting activities [116]. Accidental 
shaft fractures occur more frequently in children that have 
been victims of a serious accident [132]. In contact sports 
(martial arts), there is also a possibility of direct trauma, due 
to a direct blow (e.g. a karate blow) or indirect trauma, due to 
falling in a judo throw. Other circumstances are skateboard-
ing, mountain biking, downhill skiing, and trampoline jump-
ing [133, 134].

After Birth: The ‘Hymel manoeuvre’
A rare trauma mechanism that can lead to fractures in the 
humerus shaft in non-mobile infants is the so-called ‘Hymel 
manoeuvre’ (Figs. 12.37, 12.38, and 12.39) [135].

Hymel and Jenny presented two cases, one of which was 
videotaped, in which a parent unintentionally fractured the 
humerus of their infant by turning the infant from a prone to 
a supine position. In the second case, the father gave a simi-
lar clinical history and subsequent evaluation ruled out non- 
accidental injury.

In 2014, Somers et  al. published a paper describing 7 
infants (aged 4–7 months) who were presented with only a 
humerus shaft fracture [136]. In none of the cases, a video-
tape was available as a source of evidence, but the clinical 
histories were independently obtained as part of court hear-
ings. In three cases the parents stated that they witnessed that 
their child tried to roll from prone to supine, where he/she 
was initially obstructed from doing so by the dependent arm. 
After several attempts, the infant gained sufficient momen-
tum to roll over and as a result the dependent arm got over-
loaded and broke. In the other 4 cases, the infant was placed 
in a prone position and found in a supine position. The 

authors agree that, given the lack of an actual video of the 
event, they cannot state with certainty that this is a valid 
trauma mechanism. However, given the Hymel video, one 
should at least consider this as a potential trauma mechanism 
which of course can only be in the differential diagnosis if all 
other evaluations and examinations are negative.

In 2020, Altai et al. casted doubt on this proposed mecha-
nism by performing a CT-based finite element study [137]. 
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Fig. 12.39 Three-month-old infant who was positioned in a prone 
position on a duvet. He was found on his back, crying and upon inspec-
tion did not use his arm. Radiography showed a fracture of the right 
humerus (arrow). A skeletal survey, CT of the head, and a follow-up 
survey all were negative. After extensive evaluation it was concluded 
that the reported history was in keeping with the publication by Somers 
et al. [136]

Fig. 12.40 Ossification of the elbow follows a set sequence that is 
described in the acronym CRITOE (see Table 12.5)

According to their data, the highest predicted strain is around 
20% of the predicted elastic limit of humerus during an 
infant rolling over.

After Birth: Underlying Medical Conditions
Shaft fractures may also occur as a complication of underly-
ing medical conditions, e.g. unicameral benign bone cysts or 
other benign lesions (pathological fracture) [79, 116]. 
Pathological fractures may also occur in disorders with 
increased bone fragility, like osteogenesis imperfecta, fibrous 
dysplasia, scurvy, and osteopetrosis [134]. Von Heideken 
et al. found among infants with birth-related humerus shaft 
fractures, that 1% had a bone fragility diagnosis (n  =  2; 
osteogenesis imperfecta and rickets/vitamin D deficiency). 
Among children with a later humeral shaft fracture 6% had a 
bone fragility disorder (n  =  8; 7× osteogenesis imperfecta 
and 1× rickets/vitamin D deficiency).

One should consider a pathological shaft fracture if the frac-
ture occurs after a mild trauma. Pathological fractures occur 
most commonly in children aged between 3 and 12 years [104].

12.4.4  Fractures of the Distal Humerus

12.4.4.1  General Aspects of Fractures 
of the Distal Humerus

Fractures of the distal humerus account for over 10% of all 
paediatric fractures [138]. Several fracture patterns of the 
distal humerus can be found, which include [138, 139]:

• Supracondylar fractures
• Lateral condyle fractures
• Medial condyle fractures
• Medial epicondyle fractures
• Transphyseal fractures
• Capitellum fractures

When evaluating the distal humerus, the ossification cen-
tres of the epiphysis should be taken into account. These 
ossify according to a set order (Fig. 12.40 and Table 12.5) 
[140]. Although CRITOE (see Fig. 12.40 and Table 12.5) is 
generally applicable variation does occur, in a study by 
Goodwin et al. in 212 of 221 children (96%) the order was 
according to the general rule [141]. In seven cases, the inter-
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Table 12.5 Ossification sequence of the elbow [140, 466]

Age of appearance (year, mean (5th—90th 
percentile))

Structure Girls Boys
Capitelluma 1–11 months 2–26 months
Radius head 4.2 (1.6–6.8) 5.9 (3.3–8.5)
Internal epicondyle 4.2 (1.3–7.1) 6.8 (3.9–9.7)
Trochlea 8.4 (5.7–11.1) 9.7 (7.0–12.5)
Olecranon 8.3 (6.0–10.6 9.9 (7.6–12.2)
External epicondyle 9.4 (7.3–11.6) 11.2 (8.0–14.4)

a Based on UpToDate. Others based on Patel et al.

Fig. 12.41 Avulsion fracture of the medial epicondyle of the humerus 
(open arrow) in a 9-year-old girl who had fallen from a skateboard. 
There is considerable soft-tissue swelling present (asterisk)

Fig. 12.42 Ten-year-old girl with a supracondylar humerus fracture 
after a fall

nal epicondyle was visible before the radial head and in two 
cases the olecranon was visible before the trochlear centre.

Avulsion fractures of growth centres have been found 
after accidental trauma (Fig. 12.41).

With respect to metaphyseal corner fractures of the distal 
humerus the reader is referred to Sect. 12.3.2.

12.4.4.2  Supracondylar Fractures: 
Epidemiology, Cause, and Manner

Supracondylar fractures are common fractures in paediatric 
patients. In some studies, the incidence is estimated at 

10–16% of all paediatric fractures [138, 142]. Supracondylar 
fractures are the most common fractures of the distal 
humerus/elbow fractures and account for 60–75% of all dis-
tal humerus fractures/elbow fractures [138, 139]. This type 
of fracture is much more common in skeletally immature 
children aged between 3 and 7 years than in adults, with a 
peak age between 5 and 7 years [142–144]. Ninety percent 
of all subcondylar fractures are found in children under the 
age of 10 years and are more common in boys than in girls 
[145].

Over 95% of supracondylar fractures are of the extension 
type due to a fall on the outstretched hand, e.g. a fall from a 
moderate height, like from a bed or a monkey bar [145]. In 
the extension type the distal part is displaced posteriorly.

Flexion-type fractures are uncommon and account for 
less than 5% of all supracondylar fractures. Flexion-type 
fractures are much more common in older adult patients and 
are caused by direct impact on the flexed elbow, e.g. in a fall 
directly on the flexed elbow [139, 146]. In this type, the dis-
tal part of the fractures is displaced posteriorly.

In children over the age of 18 months, supracondylar frac-
tures and dislocations most commonly occur in accidental 
circumstances and are only rarely reported due to non- 
accidental circumstances (Fig. 12.42) [123, 130, 131, 147–
149]. In younger children and certainly in non-mobile/
non-ambulatory children non-accidental circumstances 
should always be excluded [123, 149].

R. A. C. Bilo et al.



355

Thomas et  al. evaluated the medical records and radio-
graphs of 39 children under the age of 3 years with either 
humeral or femoral fractures [125]. Fourteen of them had 
humeral fractures. In 11 children the circumstances were 
determined to be non-accidental. In 3 children, all 3 with 
supracondylar fractures the circumstances were determined 
to be accidental (fall from a tricycle, a rocking horse, or a fall 
downstairs). Humerus fractures other than supracondylar 
fractures were all found to be due to abuse. The clinical his-
tory usually shows that the (mobile) child fell on the extended 
arm (hand in dorsiflexion and elbow in hyperextension) or 
directly on the bent elbow [125, 147].

Strait et al. evaluated retrospectively the findings in 124 
children under the age of 3 years with humerus fractures, 
concerning the circumstances of the occurrence (inflicted, 
undetermined, not-inflicted) [123]. In 9 out of 25 children 
under the age of 15 months (36%) the fractures were deter-
mined to be inflicted and in only 1 of 99 children over the age 
of 15 months (73%). Non-accidental circumstances were 
excluded in 91 of 124 children (73%). In 23 of 124 children 
the circumstances were undetermined (18.5%). Ten children 
under the age of 15 months had supracondylar fractures. In 2 
of these 10 children the circumstances were determined to be 
non-accidental. In these children the clinical history and the 
moment that medical help was sought were conclusive [150]. 
Twelve children had spiral/oblique fractures. In 7 of them 
(58%) the circumstances were determined to be non- 
accidental. According to Strait et al. non-accidental circum-
stances should be considered in children under the age of 15 
months with humeral fractures, including children with 
supracondylar fractures.

Rosado et al. evaluated the findings in 97 children under 
the age of 18 months with a total of 100 humerus fractures 
[149]. The most common fracture location was the distal 
humerus (65%) and the most common fracture type was 
supracondylar (48%). Child Protection evaluated 44 children 
(45%) and determined that in 24 of these children, with a 
total of 25 humerus fractures, the fractures were sustained in 
non- accidental circumstances (25% of the total study popu-
lation). The most common fracture location, in children 
determined to have been sustained in non-accidental circum-
stances, was the distal humerus (50%) and the most common 
types were transverse and oblique (25% each). However, 
transverse and oblique fractures were also seen in patients 
whose injuries were determined to have been due to acciden-
tal circumstances. Children with non-accidental fractures 
were younger and non-ambulatory than children with acci-
dental fractures. Children with non-accidental fractures also 
had more often additional injuries, suspected to be inflicted.

Rinaldi and Hennrikus reviewed the findings in 75 chil-
dren with displaced supracondylar elbow fractures: 42 boys, 
33 girls with an average age of 6 years (range: 1 year 4 
months to 12 years 4 months; 70 children older than 3 years) 
[151]. Forty-seven percent of the fractures occurred at home. 
Only one child (the youngest child in the evaluated popula-

tion), aged 1 year and 4 months was reported because of sus-
pected non-accidental circumstances. The child supposedly 
was injured from a fall at home. The evaluation did not con-
firm the suspicion of non-accidental circumstances. Rinaldi 
and Hennrikus concluded that paediatric supracondylar 
elbow fractures in their study only occurred due to accidental 
falls while children were at play. The mechanisms involved 
were fall on the outstretched hand and hyperextension of the 
elbow.

12.4.4.3  Fractures of the Lateral Condyle: 
Epidemiology, Cause, and Manner

Fractures of the lateral condyle are the second most common 
fractures of the distal humerus and account for up to 20% of 
all paediatric elbow fractures [138, 139, 152]. This fracture 
is most commonly found in children aged between 4 and 10 
years with a peak at 6 years of age, these fractures are most 
commonly a Salter–Harris-type IV fracture [139, 152].

This fracture occurs after a fall on an outstretched hand 
(FOOSH) (Fig.  12.43). Two theories exist concerning the 
cause of the fracture (mechanism) [152–154]:

Fig. 12.43 Fourteen-month-old child who was seen in the emergency 
department after a fall onto an outstretched hand (FOOSH). AP radio-
graph of the left elbow shows an avulsion fracture of the lateral condyle 
(arrow)
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• A push-off mechanism: This theory postulates that the 
fracture is the result of a force directed upward and out-
ward along the radius. If the radial head impacts the distal 
humerus, this may cause the fracture of the lateral con-
dyle. This typically occurs due to a fall on an outstretched 
hand (axial loading).

• A pull-off mechanism: This theory postulates that the pull 
of the tendons of the extensor carpi radialis longus, exten-
sor carpi radialis brevis, and brachioradialis, that are 
attached to the lateral condyle, may result in an avulsion 
fracture of the lateral humeral condyle.

According to Tewjani et al., the most likely cause is a combi-
nation of push- and pull-off mechanisms [153]. Reports on frac-
tures of the lateral condyle only describe the occurrence due to 
accidental circumstances. No case reports (series or single) 
were found concerning the occurrence of fractures of the lateral 
condyle due to non-accidental circumstances, although 
Kleinman states that fractures of the lateral condyle may occur 
due to non-accidental circumstances and Offiah and Hall are of 
the opinion that a fracture at this location has a medium specific-
ity concerning non-accidental circumstances [155].

12.4.4.4  Fractures of the Medial Condyle: 
Epidemiology, Cause, and Manner

According to Walsh ‘medial condyle fractures involve a frac-
ture line that extends through and separates the medial 
metaphysis and epicondyle from the rest of the humerus; by 
definition, the fracture line must involve the trochlear articu-
lar surface. Medial condyle fractures must be distinguished 
from medial epicondyle fractures that involve the medial col-
umn but are extraarticular’ [156]. Isolated fractures of the 
medial condyle are very rare and probably account for less 
than 1–2% of all distal humerus fractures [156, 157]. This 
type of fracture is most common in children, aged 7–14 years 
[156]. Concerning the cause of a fracture of the medial con-
dyle (mechanism) 3 theories exist [156, 157]:

• A fall on the palm of an outstretched arm, with the elbow 
forced into valgus (axial loading).

• A fall on the point of the elbow (apex of the flexed elbow), 
with the olecranon driving the medial condyle proximally 
and medially (direct impact).

• An avulsion fracture, due to violent contraction of the 
flexor and pronator muscles that attach to the medial epi-
condyle, such as that which occurs in arm wrestling.

Because this type of fracture is so rare, hardly any (if any) 
epidemiological data concerning the circumstances of the 
occurrence in paediatric patients are known. Kleinman 
reports an unusual SH-type III medial condylar fracture of 
the distal humerus in a 23-month-old girl, which was deter-
mined to be inflicted [158].

12.4.4.5  Fractures of the Medial Epicondyle: 
Epidemiology, Cause, and Manner

As stated in Sect. 12.4.4.4 fractures of the medial epicondyle 
should be distinguished from fracture of the medial condyle. 
Fractures of the medial epicondyle are much more common 
than fractures of the medial condyle and account for 10–20% 
of all elbow fractures in children and adolescents [139]. In 
up to 60% of these fractures are associated with elbow dislo-
cation [159]. Bauer et al. described the simultaneous occur-
rence of bilateral elbow dislocation with bilateral medial 
epicondyle fractures in a 13-year-old female gymnast (tram-
poline gymnastics) with hyperlaxity [160].

Most occur in paediatric patients aged between 11 and 14 
years (peak ages 11 and 12 years) [156]. According to 
Smithuis 80% of these fractures occur in boys with a peak 
age in early adolescence [139].

Walsh mentions three theories concerning the cause of 
fractures of the medial epicondyle:

• A direct blow on the posterior medial aspect of the 
epicondyle.

• An avulsion mechanism, due to activity of the flexor mus-
cles of the forearm. This may occur when a child falls on 
the extended arm and hyperextends wrist and fingers, 
placing more stress on the forearm flexors. This avulsion 
mechanism may also in arm-wrestling and throwing a 
baseball (‘little league elbow’).

• An avulsion mechanism in which, due to dislocation of the 
elbow, the ulnar collateral ligament (UCL) provides an 
avulsion force that causes the medial epicondyle to fail.

Irrespective of the theory in a fracture of the medial epi-
condyle the apophyseal fragment is partially or completely 
separated from the rest of the humerus.

Most of the fractures of the medial epicondyle will occur 
in older children and adolescents, due to accidental circum-
stances or sporting activities [161]. No reports were found 
concerning the occurrence due to non-accidental circum-
stances. Sperry and Pfalzgraf described the occurrence of 
healing symmetrical clavicular fractures and a healing left 
medial humeral epicondyle fracture in a 9-month-old child 
[162]. The child was found unresponsive in his crib, five 
hours after his last feeding. During the autopsy no physical 
signs, suggesting non-accidental trauma, were found. Only a 
few visceral pleural and epicardial petechiae were found, 
which were determined to be consistent with the sudden 
infant death syndrome (SIDS). The healing fractures were 
found on post-mortem total body radiographs. The parents 
had no explanation for these injuries and denied causing any 
harm to the child. The case was reported to the police and the 
district attorney's office as suspected non-accidental trauma. 
During the investigation the parents stated that the child had 
undergone ‘chiropractic’ manipulations by an unlicensed 
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therapist, between three and four weeks prior to death, to 
correct supposed ‘shoulder dislocations’. This time interval 
correlated with the histologic age of the injuries, and the his-
tory explained their unusual bilateral location and 
appearance.

12.4.4.6  Transphyseal Fractures: Epidemiology, 
Cause, and Manner

Transphyseal fractures (a.k.a. transcondylar fractures or dis-
tal humerus physeal separation) are fractures through the dis-
tal humeral physis, in which the entire distal humeral 
epiphysis is separated from the metaphysis. According to 
Shore the physis is biomechanically the weakest location in 
distal humerus in skeletally immature children [163]. This 
type of fracture most commonly occurs in children under the 
age of 3 years [164, 165].

Transphyseal fractures can be classified according to the 
Salter–Harris classification (see Sect. 12.3.2) [165]:

• SH-type I (pure physeal injury) is seen most commonly in 
children under the age of 3 years.

• SH-type II (metaphyseal fragment attached to distal frag-
ment) is most common in children over the age of 3 years.

• SH-types III and IV (intra-articular extension) occur, but 
are rare.

Transphyseal fractures have been described to occur dur-
ing and after birth [64, 165, 166]:

• In vaginal delivery fractures may happen due to the force 
of labour or due to obstetric manoeuvres. Shoulder dysto-
cia and traumatic delivery are known risk factors. It may 
also occur during a caesarean section, due to excessive 
traction. Usually, birth-related transphyseal fractures are 
recognized before the age of 2 weeks.

• Transphyseal fractures have also been described to occur 
after birth, either in accidental or in non-accidental 
circumstances.

Gigante et  al. described 5 cases of birth-related distal 
humeral growth plate fractures [69]. During a 30-month fol-
low- up 4 cases showed an excellent clinical and radiological 
outcome with conservative treatment, in one case surgical 
intervention with stabilization using a K-wire was needed. 
On conventional radiographs the diagnosis may, due to the 
non-ossified epiphysis, be difficult (Fig. 12.44a, c). In sev-
eral case reports the use of ultrasound in the diagnosis is 
propagated as a problem-solving modality (Fig. 12.44b) [68, 
167, 168]. Although birth-related humerus fractures are usu-
ally diagnosed during the first day of life delayed presenta-
tion of several days is not uncommon and thus a delayed 
presentation should not rule out birth trauma [169].

Supakil et  al. reviewed the findings in 16 children with 
transphyseal fractures (distal humeral epiphyseal separation) 
under the age of 36 months (mean age 8.6 months; 10 boys, 
6 girls) [166]. In 10 (63%) children, one or more additional 
humeral fractures were found (bucket-handle fractures in 5 
and condylar avulsion fractures in 6 children). Six children 
(38%) were under the age of 2 weeks. In these children, the 
fracture was determined to be secondary to birth trauma. In 4 
children the fracture occurred in a vaginal delivery (breech 
delivery with footling presentation 1×, nuchal cord wrapped 
around right upper extremity 1×, shoulder dystocia 1× after 
uncomplicated). In two children the fractures occurred in an 
uncomplicated caesarean section. In 4 of the 10 children 
above the age of 14 days (3 boys, aged 3.3 months, 8.1 
months, 2.3 years; 1 girl; aged 3.3 months), the fracture was 
determined to have occurred in non-accidental circum-
stances. In the remaining 6 children the fracture occurred 
due to accidental circumstances (sibling jumping on child 

a b c

Fig. 12.44 Neonate born after an uneventful vaginal delivery. Two 
days after birth the nurse noted a lack of motion of the left arm. (a) 
Radiography showed an abnormal relation in the elbow, which was sus-
pect for a humerus epiphysiolysis. (b) Ultrasonography clearly shows 

the displaced epiphysis (asterisk). (c) Radiography on day 22 of life 
shows callus formation along the distal humerus metaphysis. Long- 
term follow-up showed a normal development of the elbow joint
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twice, falls downstairs twice, falls from chair twice). In the 
same publication the occurrence of a transphyseal fracture in 
a 1-month-old neonate was reported. Because a relevant 
obstetrical history of a history of a preceding trauma was 
lacking, it was suspected that the fracture occurred due to 
non-accidental circumstances.

The supposed mechanism in non-accidental trauma is a 
rotational force (twisting) and in accidental trauma a fall on 
outstretched hand with an extended elbow [165]. According 
to Shore in infants extension forces may more likely cause a 
transphyseal fracture, while in older children comparable 
forces may more likely cause a supracondylar fracture [163].

12.4.4.7  Capitellum Fracture: Epidemiology, 
Cause, and Manner

Capitellum fractures are very rare in children and adoles-
cents, accounting for less than 1% of all elbow fractures. 
Murthy et al. evaluated 32 paediatric patients with capitel-
lum fractures (22 boys, 10 girls) [170]. Although Ertl states 
that capitellum fractures do not occur in children under the 
age of 10 years, the mean age in the series of Murthy et al. 
was 11.8 years, with an age range of 6–16 years [170, 171]. 
Fractures at this location result from a low-energy fall on 
outstretched hand (axial compression with the elbow in a 
semi-flexed position) or a fall or blow directly onto the elbow 
(direct impact) [171, 172]. No data are found concerning the 
occurrence of capitellum fractures due to non-accidental 
circumstances.

12.5  Radius and Ulna

12.5.1  General Aspects of Fractures 
of the Radius and Ulna

In children, fractures of the forearm are probably the most 
common fractures of the long bones, with an estimation of 
up to 40% to 50% of all paediatric fractures [81, 147, 173–
175]. This is irrespective of type (complete, incomplete, or 
plastic deformation) or location (proximal, middle, or distal 
third) of the fractures. Forearm fractures are more common 
in boys than in girls [176].

Distal radius (and ulna) fractures are the most common 
forearm fractures in children under the age of 16 years and 
account for around 75% of all forearm fractures and 20–25% 
of all paediatric fractures (Fig. 12.45) [40, 81, 82, 174, 177–
179]. Distal forearm fractures may be incomplete fractures 
(buckle/torus fractures and greenstick fractures), complete 
fractures (metaphyseal corner fractures or Salter-Harris frac-
tures), or bowing fractures [61].

Fractures of the distal radial and ulnar growth plate are 
often Salter–Harris I or II fractures (Fig. 12.46a, b). Although 
distal forearm fractures (excluding MCF) may occur at any 

age, they are predominantly seen during the growth spurt in 
puberty with peak ages in girls between 10 and 12 years and in 
boys between 12 and 14 years [180, 181]. Distal forearm frac-
tures are 2–3 times more common in boys than in girls [181].

Fractures of the forearm shaft (transverse, oblique, or spi-
ral) are the third most common fracture in children, after dis-
tal radius and supracondylar humerus fractures, and may 
account for around 15% of all paediatric fractures [177]. In 
other studies, lower percentages are mentioned, namely 
3–6% of all paediatric fractures and around 20% of forearm 
fractures [82, 176]. Midshaft fractures are more frequently 
seen in young children [182].

Isolated fractures of the ulnar shaft are rare in children. A 
Parry or ‘nightstick’ fracture is a specific type of isolated 
fracture of the ulnar shaft which fulfils the following criteria: 
absence of radial involvement, transverse fracture line, distal 
from midshaft, and minimal displacement [183].

Olecranon fractures are uncommon in childhood and 
account for around 4% of paediatric elbow fractures 
(Fig. 12.47a, b). Olecranon fractures have been found in chil-
dren between 5 and 17 years of age with a boy to girl ratio of 
3.5:1 [176, 184, 185].

Radial head and neck fractures account for around 1% of 
all paediatric fractures and for 5–10% of all elbow fractures. 
The median age of children with these fractures is 9–10 years 
of age and the boys to girls ratio is 1:1 [186].

Fig. 12.45 Distal fracture of the radius and ulna in a 6-year-old girl 
after a fall
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a b

Fig. 12.46 Bilateral 
Salter–Harris type II fracture 
(a and b) of the distal radius 
in a 13-year-old boy after a 
fall while skating

a b

Fig. 12.47 Five-year-old child who presented with pain in the elbow and limited range of motion after a fall onto an outstretched hand (FOOSH). 
(a) AP radiograph shows a fracture of the proximal radius head (arrow). (b) Lateral radiograph shows a fracture of the olecranon
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Fig. 12.48 Monteggia fracture, with the characteristic midshaft frac-
ture of the ulna and dislocation of the head of the radius (open arrow), 
in a 2-year-old child after a fall from the couch (Courtesy of J. Davis, 
fellow Chadwick Center for Children and Families, San Diego, CA, 
USA)

Table 12.6 Cause of fractures of the forearm [61, 176, 181, 186, 188, 
190, 467]

Forearm Usually, fall on outstretched hand 
(FOOSH)—fall from a height, sporting 
event, or playground equipment injury

Distal radius (and ulna) 
fractures

Usually fall on an outstretched hand, 
extended at wrist, often during sports or 
play

Radius and ulnar shaft 
fractures

• Direct trauma (direct blow to the 
forearm)
• Indirect trauma
   – Motor vehicle accidents
   – Falls from height—axial loading to 

forearm through hand
Isolated ulnar shaft 
fracture—Parry 
fracture—‘nightstick’ 
fracture

• Direct trauma (direct blow to the 
forearm—a nightstick is a police baton)
• Indirect trauma (fall)

Olecranon fracture Indirect trauma (most common)—fall 
onto outstretched arm with:
• Elbow in flexion (most common): 
triceps and brachialis tensioning causes a 
transverse olecranon fracture
• Elbow in extension: varus/valgus 
bending forces through the olecranon 
causes longitudinal fracture lines.
   – Varus may lead to associated radial 

head dislocation
   – Valgus may lead to an associated 

fracture of the radial neck
Direct trauma (least common)—direct 
blow to the elbow:
• Shear force creates anterior tension 
failure with anterior displacement of the 
distal fracture and intact posterior 
periosteum

Radial head and neck 
fractures

• Usually associated with an extension 
and valgus loading injury of the elbow
• Elbow dislocation

Galeazzi fracture Axial loading in combination with 
extremes of forearm rotation (pronation 
or supination):
• Pronation produces an apex dorsal 
radial fracture with the distal ulna 
displaced dorsally
• Supination produces an apex volar 
radial fracture with the distal ulna 
displaced volarly

Monteggia fracture Fall on outstretched hand

Galeazzi fractures are distal radius fractures at the distal 
metaphyseal–diaphyseal junction with concomitant disrup-
tion of the distal radio-ulnar joint. This type is rare, com-
pared to other distal forearm fractures, ranging from 0.3% to 
3% of the distal radius fractures, with a peak incidence 
between 9 and 13 years [61, 187, 188].

A Monteggia’s fracture is a proximal ulna fracture or 
plastic deformation of the ulna with an associated radial head 
dislocation (Fig. 12.48). Just like the Galeazzi fracture, this 
type is rare and may account for 0.4% of all forearm frac-
tures. The peak incidence is between 4 and 10 years [187, 
189–191]. Combined Monteggia and Galeazzi fractures have 
been described to occur [192, 193].

Bowing fractures due to plastic deformation have been 
described to occur in all long bones (Sect. 12.2.1). The radius 
and ulna, followed by the fibula, are the most commonly 
affected bones [194].

The clinical signs of a forearm fracture, and in particular 
of a shaft fracture, are pain, pain at pressure, swelling, 
crunching (crepitus), restricted movement in wrist and hand, 
and possibly an aberrant alignment or the arm. This is seen 
mainly in complete fractures. In ‘bowing’ fractures and min-

imal greenstick fractures an aberrant position is seen (may be 
minimal), there is sensitivity when touched and restricted 
movement of the lower arm. Pain and swelling may be mini-
mal, while crepitus may not be present at all [195].

12.5.2  Cause of Fractures of the Radius 
and Ulna

In children fractures of the forearm most commonly are 
caused by an indirect trauma, usually in a fall on the out-
stretched hand (FOOSH) (Table  12.6). This may happen 

R. A. C. Bilo et al.



361

when a child tries to break his/her fall by outstretching the 
arm and hand. As soon as the child lands on the extended 
arm, the main deforming force is transferred to the radius. 
Consequently, a fracture in the forearm may occur first in the 
radius, and then in the ulna. Often these are incomplete frac-
tures, either greenstick or torus fractures. Fractures of the 
forearm are less commonly caused by a direct blow to the 
forearm, which is perpendicular to the forearm.

12.5.3  Manner of Fractures of the Radius 
and Ulna

Fractures of the forearm (radius and/or ulna), including 
MCF, have been described to occur before, during, or after 
birth. If sustained after birth, forearm fractures can occur due 
to accidental and non-accidental circumstances.

12.5.3.1  Before Birth
Fractures of the forearm, occurring in utero, have only very 
rarely been reported in the medical literature.

Onimus et al. reported the case of a patient (second preg-
nancy, first birth) who had been involved in a motor vehicle 
accident (frontal impact) when she was 7 months pregnant 
[196]. She was driving and wearing her seatbelt. Because of 
recurring metrorrhagia and uterine contractions in the period 
after the accident, a caesarean section was done. The neonate 
showed angulation of the left forearm. On X-ray a fracture 
line was seen with a callous already formed.

In 2 neonates the forearm fractures were related to the 
presence of an amniotic constriction band of the forearm:

• Ho et al. described increased swelling to the right forearm 
distal to a congenital fibrous band in a 1-day-old neonate 
who was born at 28 3/7 weeks of gestational age [197]. 
The band was associated with underlying mid-shaft frac-
tures of the right arm with pseudoarthrosis.

• Angelis et  al. described a 2-day-old preterm male, who 
was born at 31 weeks by caesarean section [198]. His left 
hand was swollen due to a constriction band with severe 
swelling and vascular compromise of the hand. 
Radiography showed a displaced fracture of the radius 
and ulna at the level of the band on the distal third of the 
forearm with pseudoarthrosis.

12.5.3.2  During Birth
In Sect. 2.6.2 and Table 2.9 an overview is given of fractures, 
that were sustained during birth. Only 1 dislocation of the 
elbow was reported by Bhat et al. [121]. No fractures of the 
forearm due to birth trauma are mentioned in the epidemio-
logical studies, shown in Sect. 2.6.2. Only one case report 
concerning a birth-related radius fracture was found. 

Thompson et al. described a spiral fracture of the radius in a 
neonate after a complicated delivery due to shoulder dysto-
cia. The child had a birth weight of 4,610 g [199]. The physi-
cal examination after the delivery showed bilateral 
cephalhaematomas, bruising of the face and forehead, a 
markedly oedematous left upper arm, and bruising of the 
right forearm. On X-ray, a spiral fracture of the right radius 
and a fracture of the left midhumeral shaft were seen.

12.5.3.3  After Birth: Accidental Circumstances
In mobile children, fractures of the radius and ulna are usu-
ally the result of accidental trauma, most commonly due to a 
fall on the outstretched hand (FOOSH) [81, 82]. Ryan et al. 
reviewed the findings in 929 paediatric patients, aged 0–17 
years (mean age 8.4 years; male to female ratio 2:1) with 
isolated forearm fractures (2003–2006) [200]. They classi-
fied the circumstances as major trauma (motor vehicle colli-
sion; pedestrian or bicyclist struck by a moving vehicle; fall 
greater than patient height), minor trauma (Fall less than 
patient height; fall equal to patient height; other mechanisms 
not meeting criteria for major trauma severity classification), 
and unknown (unable to determine severity of trauma from 
documentation). Most fractures were determined to have 
occurred due to a minor trauma (58%), followed by unknown 
trauma (36.2%) and major trauma (5.8%). In the group of 
children aged 0–4 years (n = 150; 16%) falls from furniture 
were most common, in the 5–9 years group (n = 410; 44%) 
falls from monkey bars and in the 10–17 years group 
(n = 369; 40%) injuries due to organized sporting activities. 
Most fractures were fall-related (83%), while only 10% of 
the forearm fractures were caused by a direct blow to the 
forearm.

Other circumstances of forearm fractures, described in 
the medical literature are falls from high chairs (Sect. 
13.3.5.5) [201] from shopping carts (Sect. 13.3.5.10) [202], 
and with baby-walkers (Sect. 13.3.5.8) [203].

12.5.3.4  After Birth: Non-accidental 
Circumstances

Fractures of the forearm occur frequently in non-accidental 
trauma. In several studies describing a series of children with 
non-accidental fractures, the radius and/or ulna belong to the 
most commonly affected bones:

• Worlock et al. compared the findings in 35 children (28 
children under the age of 18 months; 7 children between 
19 and 60 months; 0 children above the age of 60 months) 
with non-accidental fractures to the findings in 826 chil-
dren (19 children under the age of 18 months; 97 children 
between 19 and 60 months; 710 children above the age of 
60 months) with accidental fractures [40]. Worlock et al. 
found non-accidental forearm fractures only in children 
under the age of 5 years. They found metaphyseal corner 
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fractures of the forearm only in infants under the age of 
18 months. Other non-accidental fractures in this group 
were 4 fractures of the shaft: 2 greenstick fractures, 1 
transverse fracture, and 1 healing fracture (periosteal 
reaction). In the toddlers (19–60 months) 2 shaft fractures 
(1 oblique fracture and 1 healing fracture) and one distal 
fracture (greenstick fracture) were found.

• Leventhal et  al. evaluated the findings in 215 children 
under the age of 3 years with a total of 253 fractures 
[124]. The fractures were sustained in 24.2% in non- 
accidental circumstances and in 67.4% in accidental cir-
cumstances. In 8.4% the circumstances were not known. 
Concerning forearm fractures (n = 17) they found that 4 
(23%) were due to non-accidental trauma and 12 (71%) to 
accidental trauma. In one child the circumstances were 
unknown. According to the authors non-accidental trauma 
should be suspected in a child under the age of 1 year with 
a fracture of the radius and/or ulna.

• Loder et al. reviewed the findings in 1794 patients under 
the age of 20 years with injuries due to non-accidental 
trauma [204]. They found a total of 1053 fractures, of 
which 83 were fractures of radius and/or ulna. Of these 51 
were found in children under the age of 1 year, 17 between 
1 and 2 years, 13 between 3 and 12 years, and 2 between 
13 and 20 years.

• Van As et al. evaluated the physical findings in 1,037 chil-
dren between 1 month and 13 years (median age 16.5 
months, average age 44.8 months; male to female ratio 
2:1) with injuries due to non-accidental trauma [205]. Of 
these children 121 had a total of 149 fractures (21 had 
multiple fractures). 15 children had fractures of the radius 
and/or ulna.

• Pandya et al. did a large retrospective study, in children 
under the age of 4 years, in an urban level I paediatric 
trauma centre [130]. In the period 1998–2007 a total of 
1485 children, 500 non-accidental (377 <18 months) and 
985 accidental (425 <18 months) cases, were included. In 
the non-accidental group there were 23 (4.6%) radius 
and/or ulna fractures and in the accidental group 7 (0.7%) 
(p<0.001). In the under 18 months group this was, respec-
tively, 19 (5.0%) versus 3 (0.7%). In the over 18 months 
group this was, respectively, 4 (3.3%) versus 4 (0.7%). 
Based on their findings the authors concluded that radius 
and/or ulna fractures were more common in the non- 
accidental group than in the accidental group, irrespective 
of the age of the child (p<0.001).

• Ryznar et al. evaluated the findings in 135 children under 
the age of 18 months with a total of 216 forearm fractures. 
Most fractures were torus fractures (57%), followed by 
transverse fractures (26%), irrespective of the circum-
stances (accidental or non-accidental). Children whose 
only forearm fracture was a metaphyseal corner fracture 
were excluded from the study. Forty-seven (35%) chil-
dren were evaluated by child protection teams. In 11 chil-

dren (23%) it was concluded that the fractures were 
sustained in non-accidental circumstances. Children with 
non-accidental fractures were significantly younger than 
children with accidental fractures (7 months versus 12 
months; p < 0.0001). Next to age, additional injuries, and 
an absent or inconsistent explanation were found more 
often in the children with non-accidental forearm frac-
tures. The most common causing mechanism in acciden-
tal fractures was a fall (82%). Ryznar et al. also concluded 
that no particular type of forearm fracture was specific for 
non-accidental trauma.

• Hermans et  al analyzed the findings in 36 paediatric 
patients, between 2 and 16 years (mean age 8.9 years; 
range between 2.3 and 15.4 years) with isolated fractures 
of the ulna (a.k.a. ‘nightstick’ fracture) [183]. Only in 6 
patients the fracture was caused by a direct trauma (2× 
kicked by another kid; 1× kicked by pony; 1× other kid 
fell on arm; 2× other kid stepped on arm). No association 
between the occurrence of an isolated ulna fracture and 
non-accidental trauma could be established by the authors.

Based on the findings in the foregoing literature one can 
conclude the following concerning fractures of the forearm:

• The younger the child, the more likely a forearm fracture 
is sustained in non-accidental circumstances.

• Metaphyseal corner fractures of the forearm most com-
monly occur in infants under the age of 18 months and are 
highly suggestive of non-accidental circumstances.

• Except for metaphyseal corner fractures, differentiation 
between accidental and non-accidental circumstances is 
not possible, based on the type of forearm fracture.

• In children under the age of 5 years radius and/or ulna 
fractures seem to be more commonly sustained in non- 
accidental than in accidental circumstances.

• In forearm fractures one should always consider non- 
accidental trauma in non-mobile children/children who 
do not (yet) walk.

• One should also consider non-accidental circumstances if 
the explanation of how the fracture occurred does not 
match the known trauma mechanism(s) (inconsistent his-
tory) or when other physical findings are found, which are 
suggestive of non-accidental circumstances (concomitant 
injuries).

12.5.4  ‘Nursemaid’s Elbow’

12.5.4.1  General Aspects of the ‘Nursemaid’s 
elbow’

‘Nursemaid’s elbow’, or pulled elbow syndrome, is the pop-
ular name for what initially was known as radius head sub-
luxation (RHS), but at the moment as annular ligament 
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displacement (ALD) [206]. It is one of the most common 
paediatric joint injuries, which accounts for over 20% of 
upper extremity orthopaedic injuries in children [207]. The 
recurrence rate is about 25% [208]. Bilateral occurrence of 
the nursemaid’s elbow has been described but is very rare 
[209, 210]. A nursemaid’s elbow typically occurs in children 
between 1 and 4 years of age [211]. The youngest child, 
reported in the medical literature is an infant of 2 months, 
with several reports of children under the age of 6 months 
[208, 212, 213]. Nursemaid’s elbow is also seen in older 
children, although seldom in children over the age of 7 years 
[212]. In older children subluxation is prevented by a thicker 
and stronger distal attachment of the annular ligament [214].

Rudloe et  al. evaluated the findings in 3170 children 
(median age 2.1 years; 50% between 1.5 and 2.8 years) with 
a nursemaid’s elbow. Girls to boys ratio was 3:2 [215]. In 
almost 60% of the children the left arm was involved.

Vitello et al. reviewed the findings in 1,228 children under 
the age of 6 years (mean age 28.6 months; 44% between 18 
and 29 months), who visited an emergency department and 
were diagnosed with a nursemaid’s elbow [211]. 137 chil-
dren visited the ED more than 1 time (up to 7 times in one 
child) because of a nursemaid’s elbow. Girls to boys ratio 
was 3:2. Most of the included children were over the 75th 
percentile for weight and more than one quarter were over 
the 95th percentile in each gender. 60% of the subluxations 
were found in the left elbow.

The radiological examination, which is usually not 
required due to the obvious clinical history, generally shows 

no dislocation. When the radiograph is taken, positioning of 
the arm by the radiographer will usually reduce the nurse-
maid’s elbow.

12.5.4.2  Cause and Manner of the ‘Nursemaid’s 
elbow’

Nursemaid’s elbow is caused by traction along the longitu-
dinal axis of the arm or a sudden pull of the extended pronated 
arm. Initially, it was assumed that due to the traction/pulling 
the radial head moves out of the weak annular ligament and 
capitellum, resulting in slipping over and subluxation of the 
radial head into the supinator muscle and annular ligament 
[212, 217]. According to Browner, however, it is not a sublux-
ation of the radius head that is responsible for the nursemaid’s 
elbow, but a displacement of the annular ligament (Fig. 12.49) 

‘Imagine a parent innocently swinging around a tod-
dler ... a yank on an outstretched arm to keep a pre-
schooler from falling ... a caregiver attempting to move 
a reluctant child by dragging the child by the hand ... a 
helping hand to lift a young child up over the curb or a 
high step. None of these activities is ever intended to 
hurt a child, yet the result of these specific activities 
send many children with anxious parents and caregiv-
ers to emergency departments and unscheduled pedia-
trician appointments each year’ [216].

Annular
ligament

Fig. 12.49 Subluxation of 
the annular ligament due to a 
sudden longitudinal traction
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[206]. The traction/pulling causes the annular ligament to slip 
over the head of the radius and come to rest in the radial–
humeral joint between the radius and capitellum, where it 
becomes entrapped.

It is not clear how much force is needed to cause a nurse-
maid’s elbow. According to the Pediatric Society of North 
America (POSNA) only very little force is needed to pull the 
bones of the elbow partially out of place which explains why, 
according to POSNA, the nursemaid’s elbow is so common. 
Others, however, are of the opinion that it needs pulling the 
child’s arm with great force to cause a nursemaid’s elbow 
[212]. Concerning the causing mechanisms, it does not matter 
whether a nursemaid’s elbow is the result of a subluxation of 
the radius head or of a displacement of the annular ligament.

Rudloe et al. analyzed the causing mechanisms in 3,170 
children (median age 2.1 years, with 50% of the children 
between 1.5 and 2.8 years) [215]. They found that the nurse-
maid’s elbow in 63% was due to traction and in 17% due to 
non-traction. In 19% the causing mechanism was unknown 
or undocumented. In the traction group (n = 2011) several 
traction/pulling mechanisms were identified:

• Lifting the child by one arm or both arms (28.3%)
• ‘Wrestling’ or ‘roughhousing’ (12.3%)
• Swinging the child by one arm or both arms (9.2%)
• Placing the child into and out of a seat (4.3%)

Male caregivers were more likely to be involved when a 
child was swung by the arms, lifted or ‘wrestled’/’roughhousing’ 
with. Mechanisms more common for female caregivers 
included the child pulling away from the parent, tripping (the 
child tumbling while being held by the hand or wrist), and 
getting the child dressed (e.g. pulling a child’s arm through a 
coat sleeve with too much force).

In the non-traction group (n = 547) the majority occurred 
during a fall. In 30 children the nursemaid’s elbow occurred 
due to rolling over in the bed, while the arm was caught 
under the body. Most of these 30 children were under the age 
of 1 year and 22 of them were girls.

Li et al. analyzed the findings in 69 children (median age 
2.4 years; 50% between 1.5 and 3.6 years) with nursemaid’s 
elbow due to non-axial traction mechanisms [218]. The most 
commonly reported causing mechanisms were falls (57%), 
direct hits to the elbow (16%), and rolling over (7%).

The predominance of the nursemaid’s elbow in the left 
arm can most probably be explained by the fact that most 
adults are right-handed holding the child’s left hand or wrist 
[207].

‘Rolling over’ is probably the most common mechanism 
in infants under the age of 1 year. The ‘rolling over’ mecha-
nism was first described by Newman, who reported 4 infants 
under the age of 6 months with the ‘rolling over’ mechanism 
[213]. In 3 of these 4 infants it was not a spontaneous ‘rolling 

over’, but a forced ‘rolling over’, in which the child was 
rolled over by another (once an older sister and two times the 
mother). Newman also reported 1 infant under the age of 6 
months who had been lifted by the arm and another infant 
whose arm was pulled by a sibling.

Newman stated about the ‘rolling over’ mechanism in 
infants: ‘Although child abuse should always be kept in mind 
when there is unusual trauma in the young baby, none of the 
instances described was thought to represent abuse’. In other 
words, knowing the causing mechanism of a nursemaid’s 
elbow (e.g. traction/pulling or rolling over) does not imply 
knowing whether the nursemaid’s elbow was sustained due 
to accidental or non-accidental circumstances.

12.6  Fractures of the Hand

12.6.1  General Aspects of Fractures 
of the Hand

Approximately one-fifth of all hand injuries in children are 
fractures [219]. Fractures of the hand are common injuries in 
children and adolescents and account for 15% of all paediat-
ric fractures and for 2.3% of all paediatric ER visits [220, 
221]. Boys sustain hand fractures more often than girls in an 
almost 3:1 ratio [220]. The incidence of hand fractures is low 
in infants, but increases with age.

Vadivelu et al. found that hand fractures occurred in tod-
dlers in 34 per 100.000 per year, while hand fractures in chil-
dren aged 11–18 years increased up to 663 per 100.000 per 
year [222].

Kreutz-Rodrigues et al. did a review of frequency and pat-
tern of paediatric hand fractures in a 27-year period [223]. 
The data of 4356 hand fractures in patients under the age of 
18 years (mean age 12.2 years) (categorized in 3 age groups: 
0–5, 6–11, and 12–17 years) were evaluated. Most hand frac-
tures were found in the 12–17 years group (n = 2775, 64%), 
followed by the 6–11 years group (n  =  1347, 31%) and 
finally the group of children under the age of 5 years (n = 234, 
5%). Most hand fractures were found in the proximal/middle 
phalanx (48%), followed by metacarpal (33%), distal pha-
langeal (12%), and intra-articular metacarpophalangeal/
proximal interphalangeal/distal interphalangeal joints (7%). 
Proximal/middle phalangeal fractures were the most com-
mon in all age groups.

Chung and Spilson found that in children, aged 5–14 
years, the overall incidence of hand fractures was 546 per 
100,000 per year [224]. The incidence of carpal fractures 
was 131 per 100.000 per year, of metacarpal fractures 250 
per 100.000 per year, and of phalangeal fractures 165.6 per 
100.000 per year. According to Chung and Spilson the high-
est incidence of phalangeal fractures occurs in the 0–4 year 
age group (around 0.2% of children in that age group. 
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Metacarpal fractures and carpal fractures occur slightly more 
rarely, at a rate of approximately 0.1% of children overall.

12.6.2  Cause and Manner of Fractures 
of the Hand

Fractures of the hand are usually caused by a direct impact, 
either by being hit with an object or by punching, or by 
crushing with a heavy object. Fractures may also occur due 
to hyperextension or hyperflexion [225].

Fractures of the hand can be sustained in accidental and in 
non-accidental circumstances.

In young children accidental crush injuries to the digits 
are common, e.g. after getting stuck in the door (Fig. 12.50) 
[226]. In older children, hand fractures usually are sustained 
in accidental circumstances, e.g. in sports and play-related 
trauma (Figs. 12.51, 12.52a–c and 12.53) [220, 226]. In ado-
lescents fractures of the hands are often described to occur in 
non-accidental circumstances, e.g. in fights, and can be the 
result of self-defence and/or fighting back [220].

Although the hand is the second most frequently injured 
part of the body in older children and adolescents, the num-

ber of studies on fractures of the hands in children, especially 
in association with non-accidental trauma, is limited com-
pared to other bony injuries [224, 227–232].

According to Johnson et al. in the paediatric population the 
hands can be considered to be a target organ in case of non-
accidental trauma (child abuse) [233]. They evaluated the find-
ings in 944 reports of non-accidental trauma. Injuries involving 
the hands were found in 94 children. Of the 94 children 18 
(20%) were admitted to hospital, because of burn injuries (17), 
apnoea (2—once combined with a bite mark and once with 
bruising), fractures (2), bruising (2), crushing injury (1—fin-
gers slammed in a door). In 19 children (2%) the hands were 
the only location with inflicted injuries: burns (8), bruises (2), 
human bite marks (2), erythema (2), fractures (2), swelling 
(2), and laceration (1). The fractures were found in a 5-year-
old girl after being hit on the hand and in an 11-year-old girl 
with an unknown history. Despite the fact that the hand may be 
a target organ, hand fractures seem to be relatively rare com-
pared to other hand injuries (Table 12.7). Of the ‘hand only’ 
group 5 children were admitted to hospital.

Fig. 12.50 Four-year-old child whose finger got caught in the door 
opening. Radiography shows a crush fracture of the distal phalanx of 
the second digit (inset)

Fig. 12.51 Fracture of the proximal phalanx (open arrow) of a 4-year- 
old girl who had a television topple on her hand
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Fig. 12.52 (a) Two-year-old girl who had a drawer fall on her hand 
while playing. Radiological examination revealed a fracture of the capi-
tate bone (Reprinted with permission [465]) (b) Postero-anterior view 
of the hand shows the fracture of the capitate bone. (c) Coronal STIR- 

weighted MRI shows bone oedema at the location of earlier-mentioned 
capitate fracture (open arrow); however, also of the hamate bone 
(arrow)

Fig. 12.53 Five-year-old child who sustained a trauma, a heavy object 
fell on his hand, while playing in the schoolyard. Radiograph shows an 
intra-articular communitive fracture of the head of the proximal pha-
lanx of the 5th finger (inset)

Table 12.7 Inflicted injuries to the hand [233]

Hand 
only

Hand and other body 
areas Total %

Abrasions 0 11 11 12
Bruises 2 29 31 33
Burns 8 16 24 25
Other (incl. 
fractures)

9 (2) 19 28 30

Total 19 75 94 100

Unexplained or unexplainable fractures of the hands in 
children under the age of one year are thought to have a 
strong association with non-accidental trauma (Figs. 12.54a–
e, 12.55a, b and 12.56a, b) [10, 234–236].

Nimkin et  al. evaluated 11 infants under the age of 10 
months with fractures of hands and feet, due to non- 
accidental trauma [235]. A total of 22 fractures were noted. 
Six infants had a total of 15 fractures of the hands (6× meta-
carpal and 9× proximal phalangeal fractures). The authors 
found predominantly torus fractures, which according to the 
authors are consistent with forced hyperflexion. Seven 
infants had three or more additional fractures of long bones 
of the upper and lower extremities, and seven infants had 
additional fractures of the ipsilateral extremity. Only one 
child showed clinical symptoms.

Despite the supposed strong association with non- 
accidental trauma Pandya et  al. reported in a comparative 
study an OR of 0.3 to find these fractures due to accidental 
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Fig. 12.54 Four-month-old sibling of an abused index case. (a) 
Radiograph of the left hand shows slight irregularity and subperiosteal 
new bone formation at the base of MC-III (inset). (b) AP radiograph of 
the right knee shows a metaphyseal corner fracture of the proximal tibia 

(arrow). (c) Lateral radiograph shows the posterior location of the frac-
ture (arrow). Repeat skeletal survey shows (d) a healing fracture of the 
base of MC-III (inset) and (e) a healed metaphyseal corner fracture of 
the proximal tibia

circumstances compared to non-accidental circumstances in 
infants younger than 18 months old and an OR of 0.5 in chil-
dren older than 18 months [130]. The inclusion by the authors 
of children aged 0–18 months means the inclusion of both 
pre-mobile and mobile children in the same group. The find-
ings in pre-mobile and mobile children were not split. 
Because of this it is not possible to draw definitive conclu-
sions concerning the circumstances under which hand frac-
tures were sustained in the pre-mobile group.

Hand fractures have only rarely been reported in studies, 
concerning infants and children who underwent a skeletal 
survey for the evaluation of suspected non-accidental trauma 
[10, 236–238]. Barber et al. reported on a study on 567 chil-

dren, of whom 313 suffered a total of 1,029 fractures [10]. 
Seven (2.2%) children had fractures of the hand. In the study 
by Kleinman et al. 225 out of 365 children had one or more 
fractures on the skeletal survey. Five (2.2%) children had a 
total of 10 fractures of the hand [236]. Karmazyn et al. stud-
ied 930 children of whom 317 had a total of 899 fractures. 
One infant had 6 (0.7%) fractures of the hand [237]. In the, 
by far largest, the study of Lindberg et al. out of 2890 chil-
dren 1208 had one or more fractures. Fifteen of them (1.1%) 
had a total of 20 fractures of the hand [238]. In this study, 
there were 7 children with either a fracture to the hand or 
foot, but it was not possible to discriminate as the report 
spoke of, e.g. a digital fracture.
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Fig. 12.55 (a) One-and-a-half month old girl was found dead in her 
crib. Radiological examination of the hands revealed a torus fracture at 
the base of the proximal phalanx of the third finger of the right hand 

(see inset). (b) Radiograph of the finger, sampled at autopsy. The radio-
graph has been taken with a mammography system, because of its high 
resolution

a b

Fig. 12.56 Four-month-old infant suspected of being a victim of child abuse. (a) Radiograph of the right hand shows a buckle fracture of the base 
of MC-I (inset). (b) Radiograph after 2 weeks clearly shows callus formation (inset)
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12.7  Femur

12.7.1  General Aspects of Femur Fractures

The femur is the largest and strongest bone in the body. The 
proximal part of the femur (caput femoris—head of the 
femur) articulates with the acetabulum of the pelvis to form 
the hip joint and the collum femoris (neck of the femur) con-
nects the caput with the shaft. The distal end of the femur is 
characterized by the presence of the medial and lateral con-
dyles, which articulate with the tibia and patella to form the 
knee joint.

Fractures of the femur are relatively rare in paediatric 
patients and account for around 2% of all paediatric frac-
tures. Fractures of the shaft are much more common than 
fractures of the proximal or distal femur. The first peak of 
occurrence is found in the first 2–3 years of life and the sec-
ond peak is in adolescence [239].

Buess et al. analyzed the findings in 100 consecutive chil-
dren (0–18 years; mean age 7.3 months) with femoral frac-
tures [240]. Boys to girls ratio was 1.85:1. Only one patient 
was older than 16 years, a severely handicapped spastic child 
with cerebral palsy with a pathological fracture. Buess et al. 
found 3 peaks: 0–4 years, 6–10  years, and 13–15  years. 
Fractures in the youngest children most likely occurred due 
to accidental falls (usually low energy trauma). Traffic acci-
dents (high energy trauma) were seen mainly in the group of 
school children, whereas sports-related fractures were seen 
mainly in adolescents. Pathological fractures were found in 8 
children: spastic cerebral palsy in four children, achondro-
plasia, bone cyst, poliomyelitis, and posttraumatic osteopo-
rosis each in one child. In two children in the youngest group 
the femur was due to non-accidental trauma.

Brown and Fisher evaluated the occurrence of femur frac-
tures in 2753 children under the age of 6 years by using the 
‘1997 Kids’ Inpatient Database’ [241]. They did not differ-
entiate between fractures of the proximal femur, shaft, and 
distal femur. They found that the occurrence of femur frac-
tures was highest in the first year (especially during the 3rd 
month of life, slightly decreasing between the 4th and 11th 
months) and between the ages of 20–40 months. In the chil-
dren under 1  year of age the boys to girls ratio was 1:1, 
whereas in the older children more boys than girls sustained 
femur fractures. According to Brown and Fisher their find-
ings suggest that an infant has as great a chance of sustaining 
a femur fracture due to non-accidental trauma as an older 
child dominantly does due to accidental trauma because of 
their increasing motoric abilities, e.g. climbing, and their 
increasing mobility.

Loder et  al. evaluated the characteristics of femur frac-
tures in 9963 children and adolescents under the age of 
18 years: 1076 fractures between 0 and 2 years (11%), 2119 
between 2 and 5 years (21%), 3237 between 6 and 12 years 

(33%) and 3528 between 13 and 18 years (35%) [242]. Boy 
to girl ratio was almost 2.5:1. Of the 9963 fractures, 9458 
were closed. Of the closed fractures 70% were shaft frac-
tures, 12% were proximal and 18% were distal fractures. 
Shaft fractures occurred in 2493 (81%) of 3096 closed frac-
tures in children under the age of 6 years compared to 3940 
(65%) of 6080  in children aged 6–18 years (P< 0.001). 
Fractures of the proximal femur occurred twice as often in 
the 2 older age groups (aged 6–18 years) compared with 
younger children under the age of 6 years. The fewest frac-
tures of the distal femur were found in the 2–5 years old 
group. Open fractures were found in 505 cases. 70% of the 
open fractures occurred in the adolescent group. Fractures in 
younger children most likely occur due to accidental falls 
(usually low energy trauma), whereas those in older children 
most commonly occur as a result of motor vehicle accidents 
(high energy trauma). Approximately 2% of all children sus-
tained the fracture (location not further specified) due to non- 
accidental trauma. Nearly all of these children were under 
the age of 2 years. In these age group 15% of all femoral 
fractures were due to non-accidental trauma.

Petković et  al. evaluated the findings in 143 children 
(average age 8.6 years) with femur fractures [243]. Sixty- 
five percent were shaft fractures, 21% were fractures of the 
proximal fracture and 14% of the distal fracture. Boys to 
girls ratio was 3.2:1. The fractures occurred during play and 
sport activities in 67 children and in traffic accidents in 64 
children. Pathological fractures were found in 12 children.

Baldwin et al. compared the findings in 70 children with 
non-accidental femur fractures to 139 children with acciden-
tal femur fractures [244]. Children with accidental femur 
fractures more often had shaft fractures (46% versus 66%), 
children with non-accidental femur fractures more often had 
distal femur fractures (37% versus 20%). No difference was 
found between both groups concerning proximal femur frac-
tures. They identified 3 risk factors that could be helpful in 
differentiating non-accidental from accidental femur frac-
tures (Fig. 12.57):

• Age younger than 18 months.
• Physical and/or radiographic evidence of prior trauma.
• History suspicious for non-accidental trauma.

Volkman reviewed the findings in 228 children under 
2 years of age with a total of 235 femoral fractures (including 
6 bilateral fractures and 1 case with 2 fractures in the same 
limb). Volkman found that the overall percentage of non- 
accidental femur fractures was 10.9% (25 of 228 children). 
In children under the age of 6  months, 25.8% (15 of 58 
infants) of the fractures were the result of non-accidental 
trauma, under the age of 1 year, 16.4% (20 of 122 infants) 
and over 1 year, 4.7% (5 of 106 children). The percentage of 
suspicious or indeterminate cases was 25.8% (59 of 228 
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Patient presents to clinic or ED with femur fracture

Clinician assess number of risk factors

0 risk factors

4.2% 24.1%
OR: 7.2 (2.2–23.5)

87.2%
155.5 (41.6–581.0)

92.3%
273.0 (28.1–2649.0)

2 risk factors 3 risk factors1 risk factor

1. Age < 18 months

2. Physical or radiographic evidence of prior trauma

3. Suspicious history

Fig. 12.57 Algorithm for 
determining whether a femur 
fracture stems from abuse or 
accidental trauma as 
presented by Baldwin et al. 
[244]. Percentages refer to the 
risk of an abusive femur 
fracture, the Odds Ratio is the 
result of a multiple logistic 
regression model with a 
number of risk factors (risk 
factors: age younger than 18 
months, physical and/or 
radiologic evidence of prior 
trauma, and suspicious 
history)

cases) and of accidental cases 74.2% (169 of 228 cases). 
Proximal femur fractures were found in 36 children, mid-
shaft fractures in 134 children, distal femur fractures in 65 
children:

• Of the proximal fractures 6 were the result of non- 
accidental trauma, and 26 of accidental trauma. In four 
children the circumstances were not known.

• Of the midshaft fractures 15 were the result of non- 
accidental trauma, and 97 of accidental trauma. In 22 
children the circumstances were not known.

• Of the distal femur fractures 10 were the result of non- 
accidental trauma, and 46 of accidental trauma. In nine 
children the circumstances were not known.

Volkman concluded that several factors could help dif-
ferentiate between non-accidental and accidental femur 
fracture, namely age under 12 months, non-ambulatory sta-
tus, delayed presentation, concurrent injuries, bilateral frac-
tures, and unknown/inconsistent history of mechanism of 
injury.

Engström et al. evaluated the occurrence of femur frac-
tures in Swedish paediatric patients under the age of 16 years 
(n  =  709) [245]. Most fractures were located in the shaft 
(64%), followed by the distal femur (27%) and the proximal 
femur (9%). Boys to girls ratio was almost 2:1. Most frac-
tures were observed in boys aged 2–3 years and in adolescent 
boys, while in girls the fractures were evenly distributed. In 
younger children the fractures were most commonly sus-
tained in falls, whereas in adolescents traffic-related acci-
dents were the most common.

Rokaya et al. evaluated the findings in 104 children (mean 
age 5.5 years; boys to girls ratio 1.6:1) with femur fractures 
[246]. 65.3% were fractures of the shaft, 18.2% of the proxi-
mal femur and 16.3% of the distal femur. Most occurred due 
to accidental falls from varying heights (ladder, rooftop, 
cliff, horse, bicycle) or during sporting activities. In 4 chil-
dren the fracture occurred in non-accidental circumstances 
(physical assault).

Valaikaite et al. reviewed the findings in 348 children with 
a total of 353 femur fractures [247]. The mean age was 7.5 
years, ranging from 0 to 15 years. 37 children were under the 
age of 1 year, 112 between 1 and 5 years of age, 125 between 
6 and 11 years, and 74 between 12 and 15 years. Except for 
children under the age of 1 year, most fractures occurred in 
male patients (69%), with boys to girls ratio of 2.2:1. In the 
group of children under 1 year of age 68% were girls (girls to 
boys 2.2 to 1). Fractures of the shaft were most common in all 
ages (72.2%), followed by fractures of the distal femur 
(17.9%) and the proximal femur (8.2%). In 1.7% the location 
was not reported in the medical records. Femoral fractures 
were mainly due to low-energy trauma in neonates and 
infants, to road accidents and low-energy trauma in preschool 
children, to sports accidents (especially skiing) in school-age 
children, and to road traffic accidents in teenagers. 94.9% 
were closed fractures. Pathological fractures were found in 29 
cases (13× shaft, 6× distal femur, 10× proximal femur).

12.7.2  Fractures of the Proximal Femur

12.7.2.1  General Aspects of Fractures 
of the Proximal Femur

Fractures of the proximal femur are uncommon in children. 
They account for less than 1% of all paediatric fractures 
[239, 248–250]. Boy to girl ratio is 2.5:1 [251].

Fractures of the proximal femur and hip fractures are 
sometimes used as synonyms [252]. This can be confusing 
because hip fractures can also be defined as fractures in 1 or 
more of the bones, that form the hip joint (proximal femur 
and pelvis, especially the acetabulum—see also Chap. 11).

Proximal femur fractures are classified as transepiphy-
seal, transcervical, cervicotrochanteric, and intertrochanteric 
fractures (Fig. 12.58) [248, 250, 252, 253]:

• Transcervical fractures (Delbet type II) are fractures 
through the mid-portion of the femoral neck. This is the 
most common type in children and adolescents, account-
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Fig. 12.58 Femoral neck classification according to Delbet

ing for 40–50% of fractures of the proximal femur in pae-
diatric patients. Miller identified three peak ages for type 
II fractures: 2–4 years of age, 8 and 9 years of age, and 12 
and 13 years of age [248, 254].

• Cervicotrochanteric fractures (Delbet type III) are frac-
tures through the base of the femoral neck and are found 
in 25–35%.

• Intertrochanteric fractures (Delbet type IV) are fractures 
between the greater and the lesser trochanters and account 
for 6–15%.

• Transepiphyseal fractures (Delbet type I) are fractures 
through the proximal femoral physis, representing a 
Salter–Harris type I of the proximal femur. This type may 
occur with or without dislocation of the femoral head. 
This is the least common type (less than 10%). However, 
in infants and young children under the age of 2 years and 
in children aged 5–10 years this type is more common 
than in children between 2 and 5 years and above 10 years.

Due to the vascular anatomy and the active growth plate, 
specifically in skeletally immature young children, fractures 
of the proximal femur can be associated with severe compli-
cations such as premature physeal closure, coxa vara or 
valga, avascular osteonecrosis, mal- or non-union, limb 
shortening, and arthritic changes [253, 255–259].

12.7.2.2  Cause of Fractures of the Proximal 
Femur in Normal Bone

Because of the high bone mineral density the proximal femur 
in children is very strong (except for the physis). A severe 
high-energy trauma will be necessary to fracture the proxi-

mal femur [259, 260]. Up to 90% of all fractures of the prox-
imal femur are caused by a high-energy trauma [248, 250]. 
In children 30–85% of the proximal femur fractures are asso-
ciated with other often major injuries, reflecting the severity 
of the trauma [248]. Associated injuries are head and/or 
facial injuries, abdominal injuries (splenic lacerations, retro-
peritoneal haemorrhage), intra-pelvic visceral injuries, peri-
neal injury, and other skeletal injuries, e.g. pelvic ring or 
acetabular fractures, hip dislocation, or other femur fractures 
[248, 251, 256, 261, 262].

Several mechanisms, resulting in a high-energy trauma to 
the proximal femur, can be deduced from the literature. 
These may result from direct trauma, e.g. due to a direct 
blow to the hip, or from indirect trauma, e.g. due to axial 
loading, hyperabduction, or torsion (see Sect. 12.7.2.3). 
According to Ogden et al. birth-related fractures of the prox-
imal femur in neonates most probably are due to a combina-
tion of hyperextension, abduction, and rotation during 
forceful traction [70].

If it is suspected that a fracture of the proximal femur 
resulted from a low-energy trauma, (e.g. a fall from standing 
height or a twisting mechanism) one must consider the pres-
ence of an underlying disorder with weakened bone, e.g. 
metabolic bone diseases, benign and malignant bone 
tumours, or non-accidental trauma (see also Sect. 12.7.3.3.4) 
[250, 251, 263].

12.7.2.3  Manner of Fractures of the Proximal 
Femur

Before Birth
No reports concerning proximal femur fractures, sustained 
before birth, were found.

During Birth
Birth-related injuries of the proximal femur are probably 
rare, and have only been described in single case reports or 
small series of cases.

The majority of these studies focus on proximal femoral 
epiphysiolysis of the femur (= Delbet I, transepiphyseal frac-
ture) [264–271] [70, 248, 252]. This most commonly occurs 
due to a difficult and traumatic breech delivery and is caused 
by a combination of hyperextension, abduction, and rotation 
during forceful traction of the leg [70]. ‘Large for date’ neo-
nate probably are more at risk [272]. Clinically it is usually 
diagnosed soon after birth as the neonate tends to keep the 
extremity limp in a position of flexion, abduction, and exter-
nal rotation. Clinically passive motion is painful and swell-
ing can be present.

After Birth: Accidental or Non-accidental Trauma
After birth fractures of the proximal femur may occur in 
accidental and in non-accidental circumstances. There are 
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two peaks of occurrence: children under the age of 2–3 years, 
and older children above the age of 11 years and in adoles-
cents [251, 253].

Non-accidental fractures of the proximal femur are less 
common than non-accidental fractures of the shaft and the 
distal femur. According to Baldwin et al. diaphyseal femur 
fractures are found more often in children with accidental 
trauma than in children with non-accidental trauma, while 
distal femur fractures were more common in children with 
non-accidental trauma than in children with accidental 
trauma [244]. They found no difference in the occurrence of 
proximal femur fractures between both groups.

In children under the age of 2–3 years non-accidental cir-
cumstances should always be considered in case of fractures 
of the proximal femur, especially if a history of a plausible 
accident is lacking or if the described accident can be consid-
ered to be a minor trauma with insufficient force to explain 
the fracture [75, 244, 252, 273–275].

• Jones et al. reported two girls with hip problems [76]. The 
first girl was seen at the age of 9 months at a well-child 
check-up and the mother stated that she was not rolling 
over or bearing weight on her legs, which she did before. 
A radiograph showed that the femoral head was seated in 
a normal acetabulum, but that the neck was displaced cra-
nially and laterally. A skeletal survey showed healing 
metaphyseal corner fractures of the proximal humerus 
bilaterally, a healing metaphyseal corner fracture of the 
right distal humerus and a metaphyseal corner fracture of 
the left proximal tibia. Several rib fractures were also 
found. Her mother’s boyfriend eventually admitted that 
he forcefully pulled the arms backward in anger and that 
he caused the hip injury during a frustrated diapering 
attempt by abducting the child’s thigh and then pushing 
the shaft towards her acetabulum. The second girl was 
seen at the age of 2 months. It was suspected that she had 
a displaced hip. On X-ray, it was seen that her left proxi-
mal femur was displaced cranially and laterally. There 
were signs of early callus. At the age of 4 months proxi-
mal and distal parts of both femurs had periosteal layer-
ing. There were also healing rib fractures visible and 
healing fractures of the distal right radius and healing 
metaphyseal corner fractures of the distal right and left 
femur, both proximal tibias and possibly the distal tibias. 
No indication was found for a primary skeletal abnormal-
ity. Jones et al. noted that this type of injury can look iden-
tical to epiphyseal separations due to birth trauma.

• According to Beaty non-accidental trauma should always 
be excluded if a Delbet type 1 fracture is found in an 
infant [248].

• Gholve et al. described a 3-year-old girl with a femoral 
neck fracture, which occurred due to non-accidental cir-
cumstances [275]. The authors stated that femoral neck 

fractures usually are sustained in a high-energy trauma or, 
less common due to pathological conditions (Sect. 
12.7.3.3.4). However, the possibility of non-accidental 
circumstances should be considered if there is no indica-
tion of one of these.

• Pastor et  al. presented a 5-month-old boy with a 4-day 
history of diagnosed upper respiratory illness and a new 
2-day history of decreased left hip motion and pain [274]. 
The decreased movement and pain were caused by a frac-
ture of the femoral neck. A full skeletal survey indicated a 
metaphyseal corner fracture of the right distal femur and 
a periosteal reaction of the right fibula shaft. The boy also 
had evidence of fractures of the left distal femur and the 
left proximal fibula in various stages of healing. Externally 
visible injuries were not described.

• Kembhavi and James described the findings in a 4-year- 
old girl with bilateral intertrochanteric fractures [273]. 
Initially, it was thought that the fractures were due to a fall 
from height. However, the child had multiple fractures in 
different stages of healing: relatively minimal vertebral 
wedge compression fractures, combined with older frac-
tures (right-sided supracondylar humerus fracture, left 
proximal ulna fracture, and right-sided proximal tibial 
metaphyseal fracture with physeal injury). It was con-
cluded that the fractures were sustained due to non- 
accidental circumstances. The child had no externally 
visible injuries.

• Shalaby-Rana et al. reported eight children, aged 2.5–26 
months (mean age 10 months) with a total of 10 fractures 
of the proximal femur physis [75]. All children showed 
lateral displacement of the proximal femur. Two children, 
aged 3 and 8 months, had bilateral fractures of the proxi-
mal femur. In seven of the eight children non-accidental 
trauma was confirmed. Six of them, aged 2.5–10 months, 
had other fractures, most commonly rib fractures or 
metaphyseal corner fractures. In two children no other 
fractures were found. One child, aged 13 months, was dis-
ciplined by his father by slapping his thigh. Eighteen days 
before presentation the father had punched the child’s left 
thigh, after which the child stopped bearing weight. In 
one child, aged 26 months, it was concluded that the child 
was medically neglected, because the parents did not seek 
medical care until 2 weeks after the child stopped bearing 
weight.

In children above the age of 11 years and in adolescents 
up to 90% of all proximal femur fractures occur in accidental 
circumstances, usually a high energy trauma with a high- 
energy transfer, like motor vehicle accidents, falls from great 
heights, or high-impact sports trauma [250, 259, 260]. 
Transcervical fractures (Delbet type II fractures) most com-
monly occur due to severe trauma with a high-energy trans-
fer/high-velocity accidents involving a direct impact, such as 
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motor vehicle accidents, or pedestrian-vehicle accidents. 
Delbet type II fractures may also occur due to falls from 
height [248, 253]. Three peak ages can be identified for type 
II fractures: 2–4 years of age, 8 and 9 years of age, and 12 
and 13 years of age [248].

Cervicotrochanteric fractures (Delbet type III) and inter-
trochanteric fractures (Delbet type IV) also demand trauma 
with a high energy transfer [248].

According to Beaty, a severe trauma is needed to sustain 
a trans(epi)physeal fractures (Delbet type I fracture). This 
may occur during birth (see Sect. 12.7.2.3.2) and after birth 
due to an accidental trauma with a high-energy trauma or in 
seizures [248, 276]. Two peak ages have been described: 
infants and young children under the age of 2 years and chil-
dren between 5 and 10 years of age.

In healthy, mobile children, usually young athletic adoles-
cents, stress fractures of the proximal femur due to repetitive 
activity such as running, jumping, and during sports have 
been described. These children typically present with ongo-
ing pain, increasing with physical activity. Because they are 
so rare, a broad differential diagnosis has to be considered, 
and it can be hard to diagnose these stress fractures 
[277–290].

Rinat et al. described the occurrence of fractures of the 
proximal femur (Delbet type II and III) in two girls aged 10 
and 12 years, due to a trauma caused by (suspected) hyper-
abduction while sliding on a water slide [291].

The occurrence of Delbet-type I fractures has been 
described to occur during attempted closed reduction of a 
traumatic hip dislocation with a nondisplaced physeal frac-
ture in adolescents [292–294].

After Birth: Diseases with an Increased Risk 
of Fractures of the Proximal Femur
Pathological fractures of the proximal femur are very rare in 
paediatric patients but may occur in malignant and in benign 
medical conditions [263]. Physicians should consider a path-
ological fracture in a child in case of a (confirmed) history of 
a minor or insignificant trauma (a trauma with a low transfer 
of energy), or in case of the suspected presence of abnormal 
findings on radiological imaging.

Pathological fractures of the proximal femur in children, 
caused by a minor trauma can be found due to generalized 
changes in mineral density of the bone (e.g. osteogenesis 
imperfecta) or due to localized changes in density (e.g. in 
infections, bone cysts, bone tumours, and tumour-like 
lesions) [263, 295–300]. The proximal femur is one of the 
most common locations for benign bone tumours in 
children.

Shrader et  al. identified pathologic femoral neck frac-
tures, including two basicervical fractures, in 15 children (9 
boys, 6 girls) ranging in age from 18 months to 15 years 
(mean age, 9 years) between 1960 and 2000: fibrous dyspla-

sia (n  =  5 children), unicameral bone cyst (n=2), Ewing's 
sarcoma (n = 2), osteomyelitis (n = 2), leukaemia (n = 1), 
rhabdomyosarcoma (n = 1), osteogenesis imperfecta (n = 1), 
and osteopetrosis (n = 1) [263]. According to authors paedi-
atric patients with pathologic fractures of the proximal femur 
are at significant risk for complications.

Femoral neck fractures may also occur in children with 
osteopenia secondary to other conditions, e.g. cerebral palsy 
or muscular dystrophy.

12.7.3  Fractures of the Femoral Shaft

12.7.3.1  General Aspects of Fractures 
of the Femoral Shaft

Shaft fractures are the most common femur fractures in chil-
dren, especially midshaft fractures, accounting for over 60% 
of all paediatric femur fractures [301]. They account for 
almost 2% of the fractures in children [242, 245, 302–306]. 
This includes subtrochanteric and supracondylar fractures 
(fractures of the upper and lower third of the shaft) [302].

Femoral shaft fractures are more common in boys com-
pared to girls with a ratio of approximately 2.6:1 [307]. Two 
peak ages can be distinguished, especially in boys: toddlers 
aged 2–4 years and adolescents above the age of 12 years 
[242, 245, 304, 308, 309].

The incidence of femoral shaft fractures in children is 
estimated to be between 11 and 20 per 100.000 children 
worldwide. In 1999 Hinton et  al. reported an annual inci-
dence of 19.15 per 100,000 children [304]. The incidence of 
femoral shaft fractures seems to have decreased in the last 
decades. Based on data from the Swedish National Hospital 
Discharge Registry (SNHDR) von Heideken et al. reported 
that from 1987 to 2005 a total of 4984 children, aged 
0–14 years, had a diagnosis of a femur shaft fracture [303]. 
They found an overall annual incidence of 16.4 cases (95% 
CI, 15.9–16.8) per 100,000 children, where during the 
observed period, the annual incidence of femur shaft frac-
tures declined on average with 3% per year with a total 
decrease of 42%. The authors do not give an explanation for 
this decrease but similar findings have been reported in the 
United Kingdom by Bridgman and in the United States by 
Wilson and Mooney and Forbes [306, 310]. The authors do 
suggest that it might be related to the fact that children tend 
to be less physically active, the increased role of injury pre-
vention research, and safety education campaigns.

In the United Kingdom, Talbot et al. identified in 2018 a 
total of 1852 isolated, closed fractures of the femoral shaft in 
children from birth to 15 years of age, indicating a mean 
annual incidence was 5.82 per 100 000 children (95% confi-
dence interval (CI) 5.20–6.44). The age of peak incidence 
was two years for both boys and girls; this decreased with 
increasing age [311].
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12.7.3.2  Cause of Fractures of the Femoral 
Shaft

As stated before, the femur is the largest and strongest bone 
in the body. Above that, the femoral shaft is protected against 
blunt force trauma by the surrounding muscles. If a fracture 
of the shaft is found in a paediatric patient with normal bone, 
the fracture must have been caused by a trauma with a high 
energy transfer, either a direct blow to the shaft or an indirect 
trauma, transmitted at the knee. The protective muscles, 
however, also are responsible for the displacement, which is 
often seen in fractures of the femur shaft [312, 313].

The high-energy transfer, which is needed to fracture the 
femur, can be illustrated by the fact that especially in acci-
dental circumstances (see Sect. 12.7.3.3.3) the fracture often 
is associated with other injuries, due to a high-energy trans-
fer, e.g. intracranial or intra-abdominal injuries. These inju-
ries regularly result in life-threatening circumstances [313].

Fractures of the femur may also occur in children with 
bone diseases with an increased risk of fractures (pathologi-
cal fractures) due to a lesser amount of force (see Sect. 
12.7.3.3.5).

12.7.3.3  Manner of Fractures of the Femoral 
Shaft

Fractures of the femoral shaft can occur before, during, or 
after birth. If a fracture is sustained after birth, this may have 
occurred in accidental or in non-accidental circumstances.

Before Birth
In the literature, several case reports are found concerning 
intrauterine fractures of the shaft. Multiple intrauterine frac-
tures of long bones, including fractures of the shaft, can be 
found due to medical conditions with increased fragility of 
bone-like skeletal dysplasias or due to severe maternal 
(abdominal) trauma [314, 315]. Maternal trauma may occur 
in accidental and in non-accidental circumstances. Domestic 
violence (intimate partner violence) may occur in 3–9% of 
all pregnancies. Studies in selected populations (low-income, 
predominantly single women) sometimes even show per-
centages of up to 50% [316].

According to Christensen and Dietz trauma is the most 
common cause of non-obstetrical maternal deaths [317]. The 
fact that pregnant patients frequently are injured in accidents 
means that unborn children also are risk of being injured in 
utero. Foetal fractures of almost every bone in the body have 
been described [317].

Isolated intrauterine fractures of the shaft seem to be 
extremely rare and are hardly ever diagnosed before birth 
[314, 318].

Wilkinson (1898) was one of the first to describe the 
occurrence of an isolated intrauterine fracture of the femur 
[319]. Concerning the circumstances he stated:

• ‘Professor Gurlt, who has discussed the subject of intra- 
uterine fractures in an exhaustive paper fortified by cases, 
published in Berlin in 1857, and later in his classic 
"Treatise on Fractures," believes that many intra-uterine 
fractures result from external violence received by the 
mother during the advanced period of pregnancy’.

Concerning the occurrence of a femur fracture in his case 
he stated:

• ‘I am unable to assign a positive cause for this fracture. 
There is a history of an epileptic seizure of the mother in 
the fourth of fifth month of pregnancy, in which seizure 
she fell violently over a stove, but aside from the fall no 
pain followed the accident. Another theory is that the hus-
band, who afterward deserted his wife, owing to a con-
tinuance of domestic infidelity, may have abused her, 
either by striking her or by some other violent means 
causing the fracture.

• My other theory, and the one I wish to call your attention 
to especially is, that during an epileptic seizure, a com-
pression of great severity produced by an abnormal 
increase of muscular power of the abdominal muscles 
would be sufficient to squeeze, as in a vise, the pent-up 
fetus, which would at that time most likely, be raised up 
against the abdominal walls, consequently being more 
exposed to the spasmodic contractions of the muscles or 
walls of the abdomen’.

Bucholz and Moulden reported the occurrence of a frac-
ture of the left midshaft in a male foetus due to, what eventu-
ally turned out to be after 5 days a fatal car accident of the 
mother [318]. The boy was born after an emergency caesar-
ean section, but developed multiple medical problems, 
including seizures, probably caused by neonatal asphyxia. 
Christensen and Dietz reported the same case and stated that 
this case report probably was the first that documented radio-
graphically a fracture prior to delivery [317].

Sometimes an intrauterine fracture of the shaft is reported 
in single case reports without any indication of a skeletal 
dysplasia or an evident maternal trauma. These fractures 
often are labelled as spontaneous fractures [315, 320–322]. 
Forensically seen, the use of the term ‘spontaneous’ is not 
correct, better terms would be ‘unknown’ or ‘unexplained’.

Despite the fact that usually it is assumed that a severe 
maternal trauma is needed, a shaft fracture may probably 
occur in what is considered to be a less severe or even mild 
maternal trauma. Alonso et al. described the occurrence in a 
low-speed frontal collision, while the mother was driving 
(less than 30 mph) [323]. She was wearing a seat belt, but 
despite that there was a direct impact onto her abdomen with 
the steering wheel. She attended the Emergency Department. 
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a b

Fig. 12.59 (a) One-day-old neonate (birth weight 2215 g) with a femur fracture after a complicated delivery with transverse presentation. (b) 
After 4 months the fracture has healed practically seamless

Fig. 12.60 Oblique left femur after a caesarean section

She had no external injuries. The baby was born 4 weeks 
later after a normal vaginal delivery. The baby had a hard 
mass on the right femur. The right femur showed on X-ray an 
almost united fracture with abundant callus formation with 
no indication of a skeletal dysplasia.

During Birth
Birth trauma-related fractures of the femur are very rare and 
may occur both in vaginal deliveries as in caesarean sections 
[324–326]. (Figs.  12.59a, b and 12.60). Most of these are 
fractures of the shaft, mainly midshaft. Kancherla et  al. 
 evaluated 10 neonates with birth-related shaft fractures, of 
which 8 were midshaft fractures and 2 subtrochanteric frac-
tures [326]. Frik described four neonates with birth trauma-
related femoral subtrochanteric fractures, of which three 
occurred during a caesarean section [327]. Birth trauma-
related femoral shaft fractures may occur bilaterally [328].

Four large epidemiological studies, concerning birth- 
related fractures in over almost 160,000 neonates showed 
only 11 fractures of the femur, of which 8 were fractures of 
the shaft [94, 118, 121, 329]. This would mean an incidence 
of 0.05 femoral shaft fractures in 1,000 live births. Smaller 
series show comparable low figures (Table 12.8).

Birth trauma-related fractures of the femoral shaft are 
associated with shoulder dystocia, caesarean section, twin 
pregnancies, multiple births, breech presentation, preterm 

and small for age neonates, osteopenia of prematurity, and 
osteoporosis (e.g. secondary to copper deficiency) [117, 326, 
327, 330]. However, these fractures may also occur in 
 neonates with normal weights, uncomplicated pregnancies, 
and healthy mothers [330].

Not all birth trauma-related fractures are immediately 
identified after birth. A delay in diagnosis up to a few days 
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Table 12.8 Incidence of birth-related femur fractures

Author N Incidence per 1000
Bhat [121] 34,946 0.14
Morris [324] 55,296 0.14
Toker—vaginal delivery [325] 184.949 0.03
Toker—caesarean section [325] 38,990 0.31
Basha [120] 34,519 0.17
Kanat Pektaş [468] 31,058 0.32a

Rehm [118] 87,461 0.01b

Von Heideken [117] 1,855,267 0.024
a All caesarean sections
b All emergency caesarean section

after birth has been described, even when children are hospi-
talized [324–326]. Kancherla et al. found a mean delay time 
of 4 days, before the fracture was diagnosed. Kanai et  al. 
reported a delay in the diagnosis of 9 days in a female neo-
nate with a left spiral femur fracture with associated oedema 
and hypoaesthesia [331]. The delay was caused by a lack of 
symptoms and she had a normal physical exam on day 1. On 
day 1 a whole body X-ray was made which showed on revi-
sion a non-displaced fracture of the left femoral shaft. Such 
a delay may, in theory, lead to a suspicion of non-accidental 
trauma.

Up to a certain extent, it is possible to differentiate 
between birth trauma-related femoral shaft fractures and 
fractures due to trauma after birth (accidental or non- 
accidental) by evaluating the formation of callus.

Subperiosteal new bone formation and calcification can 
be found as early as 7 days after birth [332–334]. The absence 
of subperiosteal new bone formation or callus after 11 days 
should prompt a physician to consider non-accidental injury 
[332].

Hosokawa et al. evaluated the findings concerning femo-
ral shaft fractures in 7 neonates without underlying disease. 
Subperiosteal new bone formation (SPNBF) and callus for-
mation were not detected by day 6 on radiographs. SPNBF 
was first observed on day 14 (14.29 ± 5.35 days; range 9–23 
days), soft callus on day 15 (15.85 ± 4.49 days; rage 10–23 
days), and hard callus on day 21 (21.43 ± 5.41 days; range 
16–32 days). The 7 neonates without an underlying disease 
showed SPNBF and soft callus formation by day 23. 
According to Hosokawa et  al., an underlying disease (e.g. 
osteogenesis imperfecta) may be considered, if SPNBF or 
callus formation is detected within 6 days after birth. The 
authors also stated that trauma after birth or an underlying 
diseases may be considered if SPNBF or callus formation is 
not detected by day 23.

Based on the data presented above reserve is recom-
mended in excluding birth-related trauma if a femoral shaft 
fracture is found in a neonate, because of the range in days in 
first radiologically visible SPNBF, soft and hard callus. 
Above that, Crompton et  al. showed that the subperiosteal 
new bone formation and callus stages of femoral fracture 

healing in children under the age of 3 years are slower com-
pared to birth-related clavicular fractures [334]. More 
research (with larger sample sizes) on this topic is needed.

After Birth: Accidental and Non-accidental 
Circumstances
The femoral shaft is the most common location in case of 
femoral fractures. Fractures of the shaft may occur in acci-
dental and in non-accidental circumstances.

In normal bone, a fracture of the shaft usually is caused by 
a trauma with a high-energy transfer (Sect. 12.7.3.2). After 
birth this may occur due to a direct blow to the shaft, e.g. in 
motor vehicle accidents of high-impact sport injuries, or due 
to an indirect trauma, transmitted at the knee, like in falls 
from heights and landing on feet [245, 303, 304, 335].

Fractures have also been described to occur due to tradi-
tional massage, physiotherapy, or medical procedures, 
although the occurrence of this type of circumstance is prob-
ably extremely rare in paediatric patients (Sect. 12.7.3.3.5). 
They may also occur due to low-energy trauma, e.g. in dis-
eases with an increased risk of fractures (see Sect. 12.7.3.3.6).

Hinton et  al. evaluated the findings of 1,485 paediatric 
patients under the age of 18 years with acute fractures of the 
femoral shaft and found that the most common accidental 
circumstances are age dependent [304]. In children under the 
age of 6 years falls were the most common accident, in chil-
dren between 6 to 9 years this was motor vehicle-pedestrian 
accidents, and in teenagers motor-vehicle accidents. They 
also found that Firearm- related injuries accounted for 15% 
of the fractures among black adolescents.

According to Edgington et  al. non-accidental trauma 
should always be considered in young children under the age 
of 3  years and especially in pre-mobile children [307]. 
Several large studies describe high rates of non-accidental 
injury in children under the age of 1 year with a femoral shaft 
fracture [40, 124, 130, 244, 303, 336–338].

In children of 3 years and older shaft fractures are rarely 
sustained in non-accidental circumstances since bone at this 
age is significantly stronger in resisting both torque forces 
and direct blows [339]. In children of 5 years and older and 
in adolescents, a shaft fracture is hardly ever the result of 
non-accidental trauma. The most probable circumstances are 
a high-energy trauma-related, such as sports trauma or motor 
vehicle accidents [340–342]. In the United States, shaft frac-
tures increasingly are sustained due to shot wounds [302].

Most studies concerning shaft fractures in paediatric 
patients compare the findings in children, who sustained the 
fracture in accidental circumstances, to children, who sus-
tained the fracture in non-accidental circumstances:

• Worlock et al. described data from a retrospective study 
(inclusion period 1976–1982) on 151 children under the 
age of 5 years [40]. In their study 116 (76.8%) children 

R. A. C. Bilo et al.



377

had an accident as the cause of the fracture and 35 (23.2%) 
a non-accidental cause. The authors do not provide data 
on the difference between age groups of mobile versus 
non-mobile infants and children.

• Leventhal et al. described a retrospective study (inclusion 
period 1979–1983) in children under the age of 3 years 
who were treated for fractures at the Yale-New Haven 
Hospital [124]. They found that out of 228 children 26 
(11.4%) had a femur fracture. Of these 13 (50%) were 
sustained in accidental circumstances, in 9 (35%) in non- 
accidental circumstances, and in 4 (15%) the circum-
stances were unknown. In children under the age of 12 
months, 6 of 10 fractures occurred due to non-accidental 
trauma and children above the age of 23 months none of 
10 fractures were the result of non-accidental trauma.

• Blakemore et al. evaluated data on 42 children aged 1–5 
years (mean age 3.1 years) who presented with a femoral 
fracture between 1979 and 1993 [336]. In this group 16 
children were reported to child welfare of which 4 cases 
went to court. In only 1 case intentional injury was deter-
mined to be proven.

• Schwend et al. performed a retrospective analysis in 139 
children, under the age of 4 years, with a femoral shaft 
fracture [337]. In 126 (91%) children the fracture was 
sustained in accidental circumstances, and in 13 (9%) the 
circumstances were determined to be non-accidental. The 
children in the accidental group were slightly older com-
pared to the non-accidental group: 2.4  ±  1.0 versus 
1.1 ± 1.0 years. The strongest predictor for non-accidental 
trauma was the ability to walk, with 10 (42%) out of 24 
non-walking children in the non-accidental group versus 
3 (2.6%) out of 116 children in the accidental group.

• In a large nationwide study based on the 2000 Healthcare 
Cost and Utilization Project of Kids’ Inpatient Database 
Loder et al. collected data on 9963 femur fractures [242]. 
In the vast majority the shaft fracture was sustained either 
in a fall (35%) (3481 cases, of which 1691 related to sport 
injuries) or in a motor vehicle accident (33%) (3245 
cases). Although the authors not specifically mention the 
number of fractures, that occurred in non-accidental cir-
cumstances, they stated that 15% of all femur fractures 
under the age of 2 years were inflicted.

• Hui et al. performed a retrospective study in which they 
included 127 children under the age of 3  years with a 
femur fracture [338]. Of the 127 femur fractures 14 (11%) 
were determined to have occurred in non-accidental cir-
cumstances. In children under the age of 1 year this was 
the case in 10 (17%) out of 60 children. According to Hui 
et al. non-accidental trauma should be excluded in chil-
dren with a femur fracture under the age of 12 months, 
non-ambulatory status, delayed presentation, mechanism 
of injury unwitnessed or inconsistent, and other associ-
ated injuries.

• Pandya et  al. performed a large retrospective study, in 
children under the age of 4 years, in an urban level I pae-
diatric trauma centre [130]. In the period 1998–2007, a 
total of 1485 children, 500 non-accidental (377 <18 
months), and 985 accidental (425 <18 months) cases, 
were included. In the non-accidental group there were 73 
(14.6%) femur fractures and in the accidental group 140 
(14.2%, p = 0.85). In the under 18 months group this was, 
respectively, 66/377 (17.5%) versus 45/425 (10.6%, 
p = 0.057). Based on their findings the authors concluded 
that in the under 18 months group ‘the odds of femur frac-
ture (1.8 times) were found to be significantly higher in 
the child abuse group than in the control group’. For the 
whole study population the odds ratio for abuse was 1.0 
(95% CI: 08–1.4).

• In a retrospective study in children under the age of 
4 years with femur fracture Baldwin et al. compared 139 
control patients (mean age 26.2 months. IQR 34.8, with 
44 infants under the age of 18 months) with 70 cases of 
non-accidental injury (mean age 4.0 months. IQR 8.3, 
with 63 infants under the age of 18 months, both age and 
proportion <18 months p < 0.001) [244]. In this study the 
authors looked at seven risk factors of which three patient 
characteristics were significant: current polytrauma, 
physical and/or radiologic evidence of prior trauma, and 
the history suspicious for abuse. For all three categories 
there was a significant difference between both groups. 
Using a multiple logistic regression model the authors 
calculated odds ratios for the presence of 1, 2, and 3 risk 
factors these were, respectively, 7.2 (95% CI: 2.2–23.5), 
155.5 (95% CI: 41.6–581.0), and 273.0 (95% CI: 28.1–
2649.0). Based on a logistic regression equation for each 
number of risk factors a prediction tool was developed 
(Fig. 12.57).

• Shrader et al. evaluated the findings in 137 children under 
the age of 5 years with a femoral shaft fracture (5-year 
period) (mean age at the time of injury 2.2 years; range 1 
month to 4 years [343]. Forty-three children (mean age 
1.8 years) (31%) were determined to have injuries suspi-
cious of non-accidental trauma and were referred to Child 
Protective Services. Shaft fractures in children under the 
age of 1 year were a highly significant risk factor for sus-
pected non-accidental trauma. Of the 20 children under 
the age of 1 year, 18 (90%) were referred to Child 
Protective Services, comprising 42% of those children 
suspicious of non-accidental trauma.

• Mughal et  al. evaluated the findings in 759 paediatric 
patients, aged from 1 day to 12 years (mean age 4.9 years; 
median age 3.6 years) with a total of 770 femoral shaft 
fractures [344]. Eleven patients had bilateral fractures. 
The most common circumstances were falls (39%) (peak 
age 2–3 years), followed by motor vehicle accidents 
(33.7%), of which in 88% pedestrians (peak age 4–5 years) 
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a b

Fig. 12.61 (a) Five-month-old girl who had sustained a greenstick fracture of the distal femur (open arrow, A-P view). (b) Lateral view of the 
femur shows a cortical defect (open arrow)

were involved. In children under the age of 1 year, 59.3% 
were due to non-accidental circumstances. Pathological 
fractures occurred in 39 patients (5.1%) (Sect. 12.7.3.3.6).

• In a nationwide study of 1,855,267 infants under the age 
of 12  months, born between 1 January 1997 and 1 
December 2004 in Sweden, von Heikeden et al. studied 
the incidence of femur fractures [117]. From this popula-
tion 287 infants with a non-birth-related femur fracture 
were included in the study. Of these fractures 27 (9%) 
were related to non-accidental trauma, in children under 
the age of 6 months there were 21 (20%) cases.

Based on the data presented above it is clear that it is 
imperative that a skeletal survey is performed in non-mobile 
infants with a shaft fracture without a clear clinical history. 
This is supported by a study by Cornell et al. which showed 
that in a series of 19 infants under the age of 12 months who 
were presented with a femoral fracture 8 (42%) showed 
occult fractures on the skeletal survey [345].

In young pre-mobile children, an unusual accidental frac-
ture of the distal part of the shaft may occur when a parent 

falls on the child while the child is carried on the hip of the 
parent. This can cause a greenstick fracture of the medial 
distal metaphysis of the femur (Fig. 12.61a, b) due to bowing 
of the thigh bone, which leads to compression damage to the 
medial cortex [302].

Ali et al. reported the occurrence of femoral shaft frac-
tures in two boys, aged 4 and 6 years, who were playing in a 
graveyard, due to a tumbling tombstone [346].

Stress fractures of the femoral shaft (and neck) are uncom-
mon, but are increasingly diagnosed in adolescent athletes 
participating in sporting activities like soccer, basketball, or 
athletics. These fractures account for 4% of all stress frac-
tures in paediatric patients [339].

In a few studies femoral fractures in sexually abused chil-
dren are reported. Hobbs and Wynne found fractures in 5% 
of a group of 130 sexually abused children, as a sign of phys-
ical child abuse [347]. According to this study, however, 
these fractures are seldom or never the result of sexual acts. 
In three children they did find fractures resulting from sexual 
acts. A 5-month-old girl sustained a femoral fracture without 
dislocation as the result of abuse [348]. Johnson et al report 
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on a case of a 4-month-old girl who was thought to have been 
sexually abused and the follow-up skeletal survey revealed a 
shaft fracture due to sexual abuse [348].

After Birth: Differentiating Accidental from Non- 
accidental Circumstances
Currently, no association has been found between the mor-
phology of the fracture and distinguishing between acciden-
tal or non-accidental injury. The systematic review of Kemp 
et  al. showed that the distribution of transverse, spiral, or 
oblique fractures do not differ significantly between acciden-
tal and non-accidental cases [148]. However, high-quality 
studies with large sample sizes are lacking.

It is often maintained that a spiral fracture of the shaft of 
one of the long bones, and in particular the femur, is evi-
dence of child abuse. This is incorrect, it is only possible to 
evaluate such a fracture when the context of the origin of the 
fracture is also considered [124, 335, 349, 350]. The only 
conclusion that can be made with certainty when a spiral 
fracture of the femur is found in a child is that the fracture is 
the result or applied torque (rotation along the longitudinal 
axis of the bone). Torque may occur in non-accidental cir-
cumstances (Figs.  12.62 and 12.63). In mobile children 
torque can occur in accidental circumstances, in which the 
foot takes a more or less stationary position [124, 125, 147, 
337, 351]. The fracture may also occur in a fall in which the 
knee and hip are more or less stationary, and the child turns 
the lower leg in relation to the stationary joints. This happens 

regularly, not just to the femur but also to, e.g. the tibia, as in 
the ‘toddlers’ fracture’ (Sect. 12.8.3.3).

In a transverse fracture, the fracture line is more or less 
perpendicular to the long axis of the bone. In an oblique frac-
ture, the fracture line is at an angle of 30–40 degrees to the 
long axis of the bone. Transverse and oblique fractures may 
occur due to compression, tension, shearing and bowing, or 
a combination of these mechanisms (Table 12.1).

Transverse and oblique fractures are frequently seen in 
accidental and non-accidental circumstances [335]. These 
fractures may occur as a result of direct blunt force trauma 
(impact) on the bone (mostly resulting in bowing or shear-
ing, Fig. 12.64), or by indirect trauma, e.g. when a child falls 
from a significant height and lands on a knee (usually result-
ing in compression and/or bowing). It may also happen when 
a parent falls down the stairs while holding the child on an 
arm and the child lands on the femur (Fig. 12.65) [36]. This 
is often a trauma with a high-energy transfer.

Oblique fractures are usually the result of a combination 
of various forms of loading, such as compression with some 
torque, or compression with bowing [36].

Fig. 12.62 Healing spiral fracture of the left femur (open arrow) in a 
3-week-old infant who, according to the parents, had fallen from the 
couch. The fracture does not correspond with the described 
biomechanics

Fig. 12.63 Graphic representation of the possible origin of a non- 
accidental femur fracture
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Fig. 12.64 Oblique femur fracture (open arrow) in a 3-year-old boy 
who had toppled a television (witnessed trauma)

Fig. 12.65 Four-week-old girl who had sustained a proximal femur 
fracture after a fall from the arm of her mother who tripped over the 
family dog

While evaluating a shaft fracture, one should realize 
that it can sometimes be difficult to distinguish radiologi-
cally different morphologies, for example a spiral and an 
oblique fracture, which can look quite similar on different 
views.

In non-accidental trauma, particularly bowing and shear-
ing are involved. A child may have received a blow or a kick 
to the upper leg, and the bone bows past the point at which 
recovery is still possible without a fracture. In younger chil-
dren, indirectly applied forces may also be involved; for 
example when a person violently grabs and manipulates the 
leg, swings the child to and fro, or hits or throws the child 
against some object [349].

Loos et al. showed that, regardless of working experience, 
health care professionals in the Netherlands were biased by 
contextual information towards accidental or non-accidental 
trauma when assessing images of femur fractures in young 
children [352]. Context such as low income, single-parent 
family households, and migrant status may inappropriately 
influence professionals.

After Birth: Traditional Massage, Physiotherapy, 
and Medical Procedures
Mboutol-Mandavo et  al. reported two neonates with 
massage- related fractures: a 17-day-old neonate with a mid-
shaft fracture of the right femur and a 1-month-old infant 
with a fracture of the right clavicle [353]. In the 17-day-old 
neonate a crack was heard during the massage, after which 
the child started crying. The massaging was done at home by 
a grandmother.

Siddiqui et al. described femoral midshaft fractures in 3 
neonates, aged 2–3 weeks, following oil massage, which is 
common practice in India [354]. The massages took place at 
home 2–3 times a day and were done by a grandmother. All 
three grandmothers noted that they felt a crack at the time of 
the oil massage, after which the babies refused to move the 
affected lower extremity.

Della Grotto et al. reported an 11-day-old neonate, who 
was admitted to the hospital at day 1 of life [53]. On day 11, 
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while still in hospital, a swelling of the right leg was noted 
and on ultrasonography a fracture of the right femoral shaft 
was diagnosed. Additional radiographs showed an oblique 
fracture of the right femoral shaft and a metaphyseal corner 
fracture of the proximal tibia of the same leg. Chart review 
showed that physiotherapy was provided in the NICU and 
this was ruled the cause of the fractures.

The medical literature does not report any cases in which 
a fracture was sustained in a physical examination. However, 
the authors of this book have been confronted with a 3-day- 
old neonate with a midshaft femur fracture (Fig. 13.33). 
According to the mother the child showed pain when she 
changed the diaper. Patient history and follow-up examina-
tion did not show any signs of non-accidental trauma. Post- 
partum there were no indications for a fracture. On day 3, the 
paediatric resident performed an examination according to 
Ortolani. The resident wrote in the dossier that a little snap 
was heard and that the Ortolani was positive. After this 
examination the infant showed pain when the diaper was 
changed. A radiograph of the leg showed a midshaft oblique 
femur fracture. The successively made skeletal survey did 
not show any other fractures. The combined facts led to the 
conclusion that the femur fracture had to be the result of the 
examination according to Ortolani.

After Birth: Diseases with an Increased Risk 
of Femoral Shaft Fractures
Pathological fractures of the femoral shaft are relatively rare 
in children and account for around 4–5% of all paediatric 
shaft fractures [239, 344]. A pathological fracture is defined 
as a fracture that occurs without a significant trauma or with 
a trauma with a seemingly low-energy transfer, usually in 
pre-existent pathological bone. Fractures of the shaft in a 
child should alert physicians to a possible underlying disor-
der, if there is no history of a significant trauma or if there is 
a history and/or other findings suggestive of non-accidental 
trauma.

Bone may be ‘pathological’ due to generalized bone dis-
orders or in disorders with focal manifestations, resulting in 
an increased fracture risk.

Pathological femoral shaft fractures, due to generalized 
bone disorders can be seen in children with generalized 
osteopenia, such as osteogenesis imperfecta (OI) [124, 355]. 
Other causes of generalized osteopenia in which a fracture of 
the femoral shaft may occur due to a minor trauma are neu-
rological/neuromuscular disorders, such as cerebral palsy or 
meningomyocele [239, 356–358]. Ju et  al. reported the 
occurrence of shaft fractures in a 14-year-old boy with undi-
agnosed cystic fibrosis [359]. While playing baseball he sus-
tained a left midshaft femoral fracture while running. Eight 
months later, he sustained a right midshaft femoral fracture 
under similar conditions. After the second fracture, further 

evaluation revealed low bone mineral density and confirmed 
the diagnosis of cystic fibrosis.

Osteogenesis imperfecta and cerebral palsy are probably 
the most common underlying disorders. Children with these 
disorders sustain femoral shaft fractures most commonly 
between the age of 6 and 12 years, because, according to 
Murugappan, they start walking late.

Pathological fractures, due to focal lesions, can be seen in 
paediatric patients with neoplasms. Usually, these are benign 
lesions such as non-ossifying fibroma, eosinophilic granu-
loma (unifocal Langerhans cell histiocytosis), fibrous dys-
plasia, and bone cysts [360–362]. Pathological femur 
fractures are seldom seen in paediatric patients with malig-
nant neoplasms, e.g. osteosarcoma or Ewing sarcoma (see 
Chap. 14) [302, 363].

Pathological fractures, due to focal lesions, can also be 
seen in paediatric patients with chronic osteomyelitis of the 
femoral shaft [364, 365].

12.7.4  Fractures of the Distal Femur

12.7.4.1  General Aspects of Fractures 
of the Distal Femur

Fractures of the distal femur are rare, accounting for only 7% 
of all fractures of the lower extremity in children. There is a 
peak incidence between 10 and 12 years. Boy to girl ratio is 
estimated around 6:1 [366–368]. Distal femur fractures 
account for approximately 12–19% of all femur fractures in 
children [242, 301, 369].

Distal femur fractures can be classified as metaphyseal 
corner fractures, metaphyseal fractures, or physeal fractures 
[370]:

• Metaphyseal corner fractures (classical metaphyseal 
lesions, buckle handle fractures) are almost exclusively 
seen in children under the age of 2 years of age (Sect. 
12.3.2).

• Metaphyseal fractures of the distal femur (transverse dis-
tal metaphyseal fractures, supracondylar femoral frac-
tures) are the most common type of distal femur fracture 
(excluding MCF) in infants and young children 
(Fig.  12.66a, b) [370, 371]. These can be complete or 
incomplete (greenstick or torus) fractures.

• Physeal fractures of the distal femur are more common in 
older children and adolescents (Fig.  12.67a, b). These 
fractures account for around 7% of fractures of the lower 
extremity and under 1% of all paediatric fractures [372]. 
Physeal fractures are classified according to the Salter–
Harris classification (Sect. 12.3.3) [370]. SH-type II frac-
ture is most common [373, 374]. The epiphysis of the 
distal femur is particularly prone to growth disturbance 
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a b

Fig. 12.66 Three-year-old child who fell from a climbing frame. (a) 
AP radiograph shows a supracondylar fracture. (b) Lateral radiograph 
shows posterior displacement of the distal fracture segment. The ante-

rior humeral line (in white) drawn on a lateral view along the anterior 
surface of the humerus should pass through the middle third of the capi-
tellum. This is clearly not the case in this child

due to a fracture, as this is responsible for approximately 
70% of the total growth of the femur [375].

12.7.4.2  Cause of Fractures of the Distal Femur

As long as the growth plates of the distal femur in chil-
dren and adolescents are open, the distal femoral epiphysis 
will be less resistant to trauma and therefore more prone to 
sustain injuries than the knee ligaments. This vulnerability is 

further increased because of the undulating shape of the dis-
tal femur [373].

Fractures of the distal femur are the result of a significant 
trauma with a high transfer of energy, as may occur in motor 
vehicle accidents, falls from height, or contact sports. Two 
mechanisms are most common [368, 374, 377, 378]:

• A direct blow to the knee joint either from the lateral or 
the medial side (side impact), causes a valgus or varus 
bending effect across the joint and on the collateral liga-
ments. Due to this effect disruption of the ligaments may 
occur on one side, while compression of bone may occur 
on the other side. In children with open growth plates, 
the tensioning of the ligaments at the attachment to the 
distal femoral epiphysis may result in failure of the 
bone, eventually leading to fractures of the distal femur. 
In adolescents, this trauma mechanism can result in the 
so-called ‘unhappy triad’ consisting of a rupture of the 
anterior cruciate ligament (ACL), a medial meniscus 
tear, and a rupture of the tibial (medial) collateral 
ligament.

• An indirect trauma due to lateral or medial distortion of 
the joint, causing a valgus or varus bending effect across 

‘Older practioners will remember that this injury com-
monly happened to some young person who was 
attempting to ‘hook a ride’ by scrambling over the rear 
dashboard of a high-wheeled horse-drawn vehicle. In 
swinging his leg over the dashboard, the victim caught 
his foot in the slowly turning spokes of the wheel. His 
pelvis being fixed on the dashboard and the foot being 
fixed in the turning wheel, there resulted a twist with 
hyperextension of the knee; these factors caused the 
injury under discussion’ [376].
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a bFig. 12.67 Nine-year-old 
paraplegic child with a 
swollen leg. (a) Radiography 
shows an osteopenic femur 
with florid subperiosteal new 
bone formation along the 
diaphysis and distal 
metaphysis. (b) Lateral 
radiograph shows a SH-I 
fracture of the distal femur 
(inset). Most likely the 
fracture resulted from 
physical therapy

the joint and on the collateral ligaments, with comparable 
consequences as in a direct blow. Indirect trauma may 
occur in landing on the feet after a fall from height.

Often the bending effect is increased by some degree of 
rotation/torsion due to twisting the knee on the stable 
foot.

12.7.4.3  Manner of Fractures of the Distal 
Femur

Before Birth
Gowda et al. described the occurrence of a MCF of the distal 
femur. According to the authors this MCF was sustained in 
utero due to external cephalic version for a breech presenta-
tion with the hips flexed and knees extended [46]. The foetus 
was successfully manoeuvred into a cephalic presentation, 

but because of a blood-stained discharge from the cervix, an 
emergency caesarean section was done.

During Birth
Injuries related to the femur as a consequence of birth-related 
trauma are usually found in the shaft and the proximal phy-
sis. Few studies have been published on birth-related injuries 
of the distal femur [71, 72, 109, 379–383]. As for other birth- 
related long bone fractures, often a complicated vaginal 
delivery (often in high-birth weight neonates or in breech 
presentation) or a caesarean section (often secondary to 
breech presentation) is reported [384].

Eliahou et al. reported a premature neonate with a SH-type 
1 fracture of the left distal femur following caesarean section 
[72]. According to Eliahou et al., the presumed mechanism 
in caesarean sections is forced traction of the leg with acute 
angulation or twisting during birth.
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Alexander et al. reported the occurrence of metaphyseal 
fractures in 2 female neonates [385]. The first was born at 
term after caesarean section because of an extended breech 
delivery without any progress. She weighed 3.3 kg at birth 
and was diagnosed on day 6 with metaphyseal fracture of the 
left distal femur and of the left upper tibia. Skeletal survey 
otherwise was normal. The second girl was born after caesar-
ean section because of a flexed breech presentation in a 
 primigravida. She weighed 4.14  kg. On day 2 a distal 
metaphyseal fracture of the right femur was diagnosed.

Bilateral birth-related distal femoral epiphyseal fractures 
have been reported [386].

Birth-related metaphyseal corner fractures of the distal 
femur are only very rarely reported. Sieswerda et al. reported 
the occurrence of an MCF in the distal right femur in a male 
neonate, born after attempted external version (ECV) and 
vaginal breech birth [45].

After Birth: Accidental or Non-accidental Trauma
Fractures of the distal femur can occur in accidental and in 
non-accidental circumstances [40, 244, 387–389].

Metaphyseal and physeal fractures of the distal femur 
have been described to occur in accidental and in non- 
accidental circumstances. Metaphyseal fractures (excluding 
MCF) are the most common type of distal femur fracture in 
infants and young children, whereas physeal fractures are 
more common in older children and adolescents.

Fractures of the distal femur usually are sustained due to 
high-energy trauma, e.g. falls, motor vehicle accidents, or 
sports-related activities [368]. This especially accounts for 
children aged 2–11 years [372].

Rex and Kay evaluated the findings, concerning age, site, 
and fracture patterns, in 14 children with non-accidental 
femur fractures and compared these with the findings in 33 
children with accidental femur fractures. Thirteen of the 
children with non-accidental fractures of the femur were 
under the age of 12 months [388]. The authors could not find 
any specific site or fracture pattern that could allow differen-
tiation between accidental and non-accidental fractures of 
the femur.

Rewers et al. evaluated epidemiological data concerning 
femur fractures in 1139 paediatric patients, aged 0–17 years 
(795 boys and 344 girls) [301]. The most frequent location of 
femoral fractures was the shaft in 62.5%, followed by the 
proximal (12.5%) and the distal (11.7%) femur. Almost 1 in 
8 fractures involved the shaft in combination with a proximal 
or distal fracture. Fractures of the shaft, due to non- accidental 
trauma, were relatively less common, whereas distal frac-
tures and combinations of shaft and distal fractures were 
more common, compared to fractures due to accidental 
trauma. Associated injuries were found in 28.6% of the chil-
dren, more often in older children. Children who sustained 
femur fractures due to non-accidental trauma, motor vehicle 
accidents, or car versus pedestrian accidents were 16–20 

times more likely to have associated injuries than those with 
femur fractures as a result of a fall.

Baldwin et  al. evaluated the findings in 70 paediatric 
patients with non-accidental femur fractures and compared 
these with the findings in 139 paediatric patients with acci-
dental femur fractures [244]. Patients from the accidental 
group more often had shaft fractures and patients from the 
non-accidental group more often had fractures of the distal 
femur. No difference was found between both groups con-
cerning fractures of the proximal femur. The risk of femur 
fractures due to non-accidental trauma was highest in chil-
dren under the age of 18 months, in girls (girls to boys ratio 
2:1), in polytrauma patients, physical, and/or radiographic 
evidence of prior trauma and in case of a suspicious 
history.

In children under the age of 1 year non-accidental trauma 
should always be considered in case of a fracture of the distal 
femur. Arkader et  al. evaluated the findings in 29 children 
with complete metaphyseal fractures of the distal femur (two 
level 1 paediatric trauma centres; 10-year period) [389]. 20 
fractures occurred in non-ambulatory infants under the age 
of 1 year (14 boys, 6 girls; average age 6 months 10 days, 
with a range of 5 days to 1 year). Non-accidental circum-
stances were considered confirmed in 10 children and highly 
suspicious in 5 children. The authors’ advice that in all non- 
ambulatory infants non-accidental circumstances should 
always be considered.

Nevertheless, a careful analysis of the medical history, 
concerning accidental circumstances, is always indicated, in 
children with distal femur fractures. This also accounts for 
non-ambulatory infants:

• Grant et al. described the finding of identical oblique dis-
tal femoral metaphyseal fractures extending through the 
growth plate in two non-ambulatory infants [390]. The 
fractures supposedly occurred while playing in an infant 
stationary activity centre (Exersaucer, Sect. 13.3.5.7). 
According to the authors, the twisting motion provided by 
the Exersaucer might have generated enough force to 
cause the fractures.

• Haney et  al. evaluated the findings in 18 children with 
transverse fractures of the distal femoral metadiaphysis 
[387]. In 13 children (11 under the age of 1 year; mean 
age 12 months; median age 8 months) the circumstances 
were determined to be accidental and in five children (all 
5 under the age of 1 year; mean age 8 months; median age 
8  months) non-accidental. The authors concluded that 
impacted transverse fractures of the distal femoral meta-
diaphysis may occur as a result of accidental short falls of 
young children. They also were of the opinion that a ‘tra-
ditional abuse evaluation’ should be done in all cases, but 
that in the absence of additional skeletal findings, and a 
history of a fall, accidental circumstance likely accounts 
for the occurrence of the fracture.
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Fractures of the distal femur may occur due to physio-
therapy. Pickett et al. described an ex-premature infant (preg-
nancy 33 weeks; birth weight 2077  g) in whom multiple 
defects to both legs were found at age 4 weeks: extensive 
periosteal reactions around the knees combined with ‘bucket- 
handle’ fractures of both proximal tibiae [391]. Diaphyseal 
periosteal new bone formation and metaphyseal fragmenta-
tion of both tibiae were present. Diametaphyseal periosteal 
new bone of the distal end of the left femur was present. The 
proximal medial femoral metaphyses had corner fractures. 
The osseous lesions appeared to be limited to joints receiv-
ing physical therapy for contractures.

After Birth: Diseases with an Increased Risk 
of Fractures of the Distal Femur
Underlying disorders may predispose children to fractures of 
the distal femur [378]. This has been described in children 
with spastic cerebral palsy, neonatal osteomyelitis and septic 
arthritis, and spina bifida (Fig.  12.68) [392–394]. In these 

children fractures may occur due to low-energy trauma, e.g. 
in ‘twisting’ the leg during physical therapy or while chang-
ing diapers or changing the child’s position in bed. Because 
of disuse osteopenia non-ambulatory children, e.g. with 
cerebral palsy or spina bifida, are susceptible to fractures due 
to low-energy trauma. Ambulatory children with spina bifida 
may develop epiphysiolysis, or a chronic separation of the 
distal femoral physis, and be unaware of it because of altered 
sensation.

Vander Have et  al. described three patients who devel-
oped knee stiffness after operative treatment for displaced 
tibial eminence fractures. The stiffness was treated with 
manipulation of the knee under anaesthesia [395]. Due to the 
manipulation the patients sustained distal femoral fractures 
with subsequent growth arrest.

12.8  Tibia and Fibula

12.8.1  General Aspects of Fractures 
of the Tibia and Fibula

Tibial fractures are the third most common fractures in child-
hood, after fractures of the forearm (distal radius and shaft) 
and the humerus [396]. These fractures occur most fre-
quently in early mobile and older children and in adoles-
cents. In infants fractures of the lower leg are rare. Fractures 
of the tibia consist of approximately 15% of all paediatric 
fractures [308], with a yearly incidence of 11 per 1000 chil-
dren [397]. The average age of occurrence is 8 years. They 
are more common in boys than in girls [398, 399].

Almost 40% of all tibia fractures are midshaft fractures. 
Most of these shaft fractures are oblique or transverse and 
located in the middle or lower third of the shaft, although 
spiral fractures are regularly found in toddlers (Childhood 
Accidental Spiral Tibia fractures, Sect. 12.7.3.2). Paediatric 
patients under the age of 4  years with lower leg fractures 
most often showed simple oblique fractures of the tibia 
[400].

About 30% of the tibia shaft fractures are associated with 
fibular fractures [398]. Isolated tibial fractures with an intact 
fibula have a lower risk for shortening, but may pose a risk 
for varus deformity [401, 402]. Isolated fibula fractures are 
rare [403].

12.8.2  Cause of Fractures of the Tibia 
and Fibula

The cause of fractures of the lower leg can be divided into 
low- and high-energy trauma. According to Chapman and 
Cohen the cause of lower leg fractures varies depending on 
the age of the patient. In younger children low energy trauma, 
e.g. a rotational force due to twisting of the lower leg or falls 

Fig. 12.68 Ten-year-old paraplegic child with spina bifida. After a 
puppy jumped on her knee she had a slightly swollen left upper leg. 
Radiography showed a fracture through a severely osteopenic distal 
femur
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from standing height, will be the more common cause. In 
older children and in adolescents high-energy trauma will be 
more common, e.g. due to a direct blow to the lower leg that 
is perpendicular to the bone shaft (pedestrian versus car acci-
dents) or a long-distance fall (Table 12.9) [397].

12.8.3  Manner of Fractures of the Tibia 
and Fibula

Fractures of the lower leg (tibia and fibula), including MCF, 
have been described to occur before, during, or after birth. If 
sustained after birth, lower leg fractures can occur due to 
accidental and non-accidental circumstances.

12.8.3.1  Before Birth
Lysack et al. described the occurrence of a MCF in an other-
wise healthy newborn in the proximal tibia. The MCF was 
thought to have occurred due to an external cephalic version 
for a frank breech presentation, followed by an emergency 
caesarean section [47].

12.8.3.2  During Birth
Tibial fractures have only sporadically been found as a con-
sequence of birth-related trauma in epidemiological studies 
[47, 118, 404]:

• Basha et al. evaluated the findings in a total of 34 519 live 
births [120]. Long-bone fractures were found in 8 neo-
nates. In one neonate, born after an emergency caesarean 
delivery due to breech presentation, a transverse non- 
displaced right tibial shaft fracture was found. The child 
also had a midshaft spiral fracture of the right femur and 

Table 12.9 Cause of fractures of the lower leg [78, 469–474]

Cause
Tibia fractures
• Tibial plateau 
fracture

Axial loading with valgus or varus forces (e.g. 
fall from a height or collision with the bumper 
of a car)

• Tibial spine 
(intercondylar 
eminence) fracture

Most often in children aged 8–14 years but 
may occur in a skeletally mature patients.
• Rapid deceleration or hyperextension and/or 
rotation of the flexed knee, as in sports, often 
combined with trauma to the distal femur (e.g. 
falling off a bicycle or during sports)

• Tibial tubercle 
fracture

Usually following an active quadriceps 
extension with knee flexed during jumping or 
sprinting activities such as basketball, diving, 
football, and gymnastics
More common in adolescents than in adults

• Proximal tibial 
metaphyseal fracture 
(Cozen’s fracture)

Low energy trauma in children, aged 3–6 
years:
• Valgus force across the knee creating 
incomplete fracture of proximal tibia and/or 
torsional force (e.g. a child going down a slide 
in the lap of an adult with leg extended and 
the leg caught on the way down)
• Often resulting in greenstick fractures with 
an intact lateral cortex, or in complete 
fractures

• Tibial shaft 
fracture

Low energy trauma in younger often 
pre-school children (‘Toddler’s fracture’):
• Indirect trauma (e.g. falls from standing 
height) and/or a torsional trauma (twisting) 
(e.g. when the child’s body rotates around a 
fixed foot, often resulting in a spiral or 
oblique fracture)
High-energy trauma in older children and 
adolescents (may involve tibia and fibula):
• Direct trauma: direct blow to the lower leg 
that is perpendicular to the bone shaft, usually 
resulting in a transverse fracture (e.g. 
pedestrian vs car)
• Indirect trauma: long-distance falls

• Tibial plafond 
fracture

Most common:
• High-energy trauma with axial loading (e.g. 
in falls from height or motor vehicle 
accidents)
Less common:
• Low-energy trauma due to rotational forces 
(e.g. twisting the ankle during skiing)

• Tibial stress 
fracture

Repetitive submaximal stress, e.g. during 
athletics

• Open tibia fracture Usually a high-energy trauma
Epiphyseal transitional fractures around the ankle (Sect. 12.3.3)
• Tillaux fracture In adolescents within 1 year prior to physeal 

closure:
• Supination, combined with external rotation 
force around the ankle

(continued)

Table 12.9 (continued)

Cause
• Triplanar fracture In slightly younger adolescents than in the 

Tillaux fracture:
• Lateral triplanar fracture: supination, 
combined with external rotation around the 
ankle (twisting)
• Medial triplanar fracture: adduction, 
combined with external rotation (twisting)

Fibula fractures
• Fibula shaft 
fractures

Usually high-energy trauma, usually midshaft 
fractures:
• Direct trauma: direct blow to the outer 
aspect of the lower leg
• Indirect trauma: landing on heels after a 
high-distance fall/jump
Sometimes low-energy trauma:
• Rolling or spraining of the ankle, which 
stresses the fibula.

• Fibula stress 
fractures

Repetitive submaximal stress, e.g. during 
athletics

• Fracture of the 
lateral malleolus

Twisting or bending of the ankle. The inner 
side of the ankle is unaffected

• Bimalleolar ankle 
fracture

The ligaments connecting the ankle and fibula 
are injured and the resulting stress on the 
fibula causes a fracture

Combined tibia-fibula fractures
Usually high-energy trauma:
• Direct trauma: direct blow to the lower leg 
that is perpendicular to the bone shaft
• Indirect trauma: long-distance falls
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an old fracture of the left femur. A diagnosis of osteogen-
esis imperfecta was made.

• Dolivet et al. reviewed the findings in 6840 neonates, born 
after caesarean section (after exclusion of findings in mul-
tiple pregnancies and in caesarean sections before 32 
weeks) [405]. They found 10 neonates with at least one 
fracture. One newborn had a fracture of tibia and fibula. 
The infant was born after a scheduled section because of 
breech presentation and macrosomia (birth weight of 
3510 g).

• Rehm et al. reviewed the findings in 87,461 consecutive 
live births. In 66 newborns a fracture was found, of which 
only one newborn had a tibia fracture [118].

Some descriptions of tibial fractures, sustained during 
birth, are case based:

• Kaplan et al. described a term female neonate, delivered 
by caesarean section [404]. At the age of 1 week, while 
the girl was still hospitalized, a swelling was noted over 
the lower third of the infant's left tibia with local tender-
ness and erythema. Radiographs showed an oblique frac-
ture of the midshaft of the left tibia, and a greenstick 
fracture at the distal end of the right radius, adjacent to the 
epiphyseal plate. The authors stated that fractures most 
likely occurred during the caesarean section.

• Mileto et  al. described the occurrence of a proximal 
epiphyseal fracture of the right tibia in a newborn follow-
ing caesarean section [406]. The birth was complicated by 
a failure to progress after the membranes had been rup-
tured for 24 h. Four attempts at vacuum assistance were 
made prior to performing an emergency caesarean sec-
tion. The newborn showed swelling and bruising of the 
right lower leg

The occurrence of MCF due to birth trauma probably is 
extremely rare, only one case report was found. [49]. Lee 
et al. describe a MCF of the distal tibia that occurred after an 
urgent and difficult footling breech delivery [49]. According 
to the authors, their case shows that the traction and torque 
placed on the distal extremities during this difficult delivery 
could be a potential mechanism for the occurrence of a MCF.

12.8.3.3  After Birth: Accidental Circumstances
Accidental fractures of the tibia and fibula are very rare in 
pre-mobile children and have only been reported as case 
reports:

• Moineau and Plint described a case of a 9-month-old boy 
who presented with bilateral buckle fractures of the proxi-
mal tibia [407]. Although the authors concluded that in 
their case the circumstances, under which the fractures 
were sustained, remained unknown they stated in the dis-

cussion of the case ‘the parents could not think of, and the 
babysitter did not admit to, any potential traumatic event 
while in their care. When reviewing any possible repeti-
tive stresses occurring on his lower limbs, the parents 
admitted that he was often in his baby stationary activity 
center, and the sitter had mentioned that he had been in it 
for a few hours the day he seemed more irritable’. It thus 
seems plausible that there is a relation between the use of 
the exersaucer and the occurrence of fractures.

• Paddock et al. reported the finding of accidental bilateral 
fibular fractures in a pre-mobile boy, aged 6 months 
[408]. The parents reported that the infant repeatedly 
banged his legs against the metal frame of his playpen. 
The parents videotaped the ‘banging’, which showed that 
(according to the instructed radiology expert) the point of 
impact of the infant's legs against the metal frame was at 
a similar level to the radiographic abnormalities. The 
videotaped mechanism was therefore believed to be con-
sistent with the injuries, resulting in a diagnosis of ‘self-
inflicted’ bilateral fibular fractures and not of inflicted 
injury.

Accidental tibial fractures are very commonly reported in 
mobile children. Probably the most common accidental tibial 
fractures in mobile children, usually under the age of 8 years, 
are isolated spiral fractures of the tibia. These fractures are 
usually the result of a (minor) accident such as a fall while 
walking/running or a fall in which the child’s body rotates 
around a fixed foot, often resulting in a spiral or oblique frac-
ture [409–412]. Often these minor accidents are unwitnessed, 
which can cause concern for non-accidental injury. In most 
cases the fracture is a non- or minimally dislocated fracture 
of the lower two-third of the tibia. These fractures were pre-
viously referred to as a toddler’s fracture, however, the term 
Childhood Accidental Spiral Tibia fractures (CAST) is now 
preferred because this type of fracture not only occurs in tod-
dlers (Fig. 12.69) [409].

In mobile children and in adolescents simultaneous frac-
tures of the tibia and fibula are usually seen in accidents 
(Fig.  12.70). Fractures of tibia and fibula may also occur 
when the child is seated on the backseat of a bike (usually a 
bike of one of the parents) and the foot gets caught between 
the frame and the spokes of the wheel (Figs. 12.71 and 12.72) 
[413–415]. These easily avoidable injuries are known as 
‘spokes’ injuries and unfortunately, at least in the Netherlands 
with many cycling parents, these are seen on a regular basis.

Other ‘accidental’ circumstances, resulting in tibial frac-
tures, which are not often reported in the literature, are (see 
Chap. 13 for additional information):

• Tibia fracture due to a fall out of bed, crib/cot, or chair, 
while in hospital (falling distance 30–100  cm) (Sect. 
13.3.2).
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Fig. 12.69 Childhood accidental spiral tibia fracture in a 22-month- 
old boy

Fig. 12.70 Distal fracture of tibia and fibula in a 4-year-old boy after 
high-energy trauma, car vs pedestrian (radiograph was taken in a vac-
uum splint)
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Fig. 12.71 Graphic representation of a spoke injury

Fig. 12.72 Spoke injury in a 4-month-old girl who was seated at the 
back of her mother’s bike. The trauma resulted in an oblique fracture of 
the tibia (open arrow) and a Salter–Harris type II fracture of the fibula 
(arrow)
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Fig. 12.73 Two-year old who fell on a trampoline. Radiography shows 
transverse fractures of the distal tibia and fibula

• Trampoline related tibial fractures (Fig.  12.73) (Sect. 
13.3.5.11).

• Iatrogenic tibial fractures after the use of an intra-osseous 
vascular access needle (Sect. 13.4.2.2).

• MCF of the tibia, during IV line placement [52].
• Iatrogenic distal tibia/fibula fractures, including metaphy-

seal corner fractures, due to orthopaedic surgery in club-
foot (Sect. 13.4.2.3).

• Physiotherapy-related tibial fractures (Sect. 13.4.2.4) 
[391].

• Stress injuries (Sect. 13.5.2.2).

12.8.3.4  After Birth: Non-accidental 
Circumstances

Tibia fractures occur frequently in non-accidental trauma. In 
several studies describing a series of children with non- 
accidental fractures, the tibia is one of the most commonly 
affected bones:

• Worlock et al. compared the findings in 35 children (28 
children under the age of 18 months; 7 children between 
19 and 60 months; 0 children above the age of 60 months) 
with non-accidental fractures to the findings in 826 chil-

dren (19 children under the age of 18 months; 97 children 
between 19 and 60 months; 710 children above the age of 
60 months) with accidental fractures [40]. Worlock et al. 
found non-accidental lower leg fractures only in children 
under the age of 18 months, including 7 tibial metaphy-
seal corner fractures (5 proximal, 2 distal) and 5 tibial 
shaft fractures (1 spiral fracture of the tibia, 2 tibial peri-
osteal reactions, and 2 tibial greenstick fractures).

• King et  al. evaluated the findings in 750 children of 
whom 189 children (age range 1 month to 13 years; 
median age 7 months) with a total of 429 fractures were 
considered to have sustained these fractures in non-acci-
dental trauma [96]. They found that fractures of humerus, 
femur, and tibia were the most common non-accidental 
fractures and that 26% of the children with non-acciden-
tal fractures had non-accidental tibial fractures. Avulsion 
or metaphyseal corner fractures involving the proximal 
third of the tibia were most common tibial fractures. 
Twenty-eight percent of the children had a history of pre-
vious fractures.

• Mellick et al. reviewed 31 tibial fractures in 30 children 
under the age of 5 years (23 boys, 7 girls; age range from 
2 months to 4 years and 10 months; 50% were younger 
than 36 months) [416]. Non-accidental trauma was sus-
pected in 13 children. The suspicion was confirmed in 7 
children. 3 out of 7 children had no other fractures. In 
only 1 out of 13 children with isolated spiral fractures the 
fracture occurred in non-accidental circumstances.

• In 1990, Mellick and Reesor published findings in prob-
ably the same 13 children with isolated spiral tibial frac-
tures, as published by Mellick et  al. in 1988 [410]. Of 
these 13 children, 9 were classified as accidental fractures 
and 4 were classified as non-accidental fractures. The cir-
cumstances in the 4 children with, according to Mellick 
and Reesor, non-accidental fractures were described as:
 – Leg twisted by caretaker in a 9-month-old boy: The 

parents initially had no explanation for the injury, 
which they first noticed after the infant was picked up 
from the babysitter. Shortly afterwards, the babysitter 
admitted to grabbing and twisting the extremity after 
becoming angry with the child.

 – ‘Slipped of lap’ in a 2-month-old girl: The slipping 
allegedly occurred while a parent was placing the child 
into a sitting position on the floor. A subsequent hospi-
tal visit, examination, and admission demonstrated rib 
fractures and bruises on the infant’s back.

 – Fell from bed while playing with a 4-year-old brother 
in a 19-month-old boy: The boy fell a distance of 3 feet 
from the bed to the floor. When interviewed alone the 
older brother gave the same explanation for the injury 
as was presented by the parents. Although no addi-
tional evidence for non-accidental trauma was 
obtained, it was concluded by a child abuse evaluation 
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that ‘the suspicion of child abuse cannot be ruled out 
due to the nature of the fracture’.

 – ‘Tripped over dog chain’ in a 17-month-old boy: The 
actual fall was reportedly not observed by either par-
ent. The boy was presented for medical care, 3 days 
after the reported fall. Because of the delay in seeking 
medical care and inconsistencies in the history, the 
fracture was designated to be consistent with non- 
accidental trauma.
In 3 of these 4 children non-accidental trauma either 

was confirmed or could not be excluded on plausible 
grounds. In the 19-month-old boy it is dubious whether 
non- accidental trauma was maintained as most plausible 
manner.

• In a third study, Mellick et al. reviewed the data concern-
ing isolated spiral tibial fractures in 55 children under the 
age of 8 years (age range 12–94 months; mean age 50.7 
months; 69% male, 31% female) [409]. In 10 children 
non-accidental trauma was suspected. In none of these 
children the suspicion was confirmed after an evaluation 
by the child protection service.

• Kowal-Vern et al. evaluated the findings in 124 children 
with fractures under the age of 3 years to determine the 
frequency of accidental (motor vehicle accidents, pedes-
trian accidents, other accidents) versus non-accidental 
trauma [126]. Fractures due to non-accidental trauma 
were found in 24 children. The authors found that in only 
1 of 8 children with lower leg fractures the fractures were 
sustained due to non-accidental trauma.

• Leventhal et  al. evaluated the findings in 215 children 
under the age of 3 years with a total of 253 fractures 
[124]. The fractures were sustained in 24.2% in non- 
accidental circumstances and in 67.4% in accidental cir-
cumstances. In 8.4% the circumstances were not known. 
Concerning lower leg fractures (n = 35) they found that 14 
(40%) were due to non-accidental trauma and 21 (60%) to 
accidental trauma. According to the author’s non- 
accidental trauma should be suspected in a child under the 
age of 1 year with a fracture of the lower leg.

• Banaszkiewicz et al. reviewed the medical records of all 
children, under the age of 1 year of age presenting to an 
Emergency Department over a 5-year period (1995–1999) 
with a fracture [417]. Seventy-four children presented 
with fractures (age range 2  weeks to 1  year; mean age 
5 months). 5 children had a tibial fracture. The authors 
stated that in 1 child the fracture was definitely sustained 
in non-accidental circumstances and in 1 child likely. In 1 
child it was suspected but not confirmed.

• Coffey et al. found 55 fractures of the lower extremities in 
555 children under the age of 18 months [418]. Of these 
55 cases 41 were linked to non-accidental trauma. Femur 
fractures were most common (22 unilateral and 6 bilat-
eral, followed by tibia fractures (14 unilateral and 9 bilat-

eral). Fourteen cases were not linked to non-accidental 
trauma, 13 femur fractures (12 unilateral and 1 bilateral), 
and 1 tibia fracture. In other words, Coffey et al. found 
that 96% (23/24) of all tibial fractures in children under 
the age of 18 months were due to non-accidental trauma.

• Loder et al. reviewed the findings in 1794 patients under 
the age of 20  years with injuries due to non-accidental 
trauma [204]. They found a total of 1053 fractures, of 
which 119 were fractures of tibia and/or fibula, and/or 
ankle. Of these 98 were found in children under the age of 
1  year, 15 between 1 and 2  years, 3 between 3 and 
12 years, and 3 between 13 and 20 years.

• Van As et al. evaluated the physical findings in 1037 chil-
dren between 1  month and 13 years (median age 16.5 
months, average age 44.8 months; male to female ratio 
2:1) with injuries due to non-accidental trauma [205]. Of 
these children 121 had a total of 149 fractures (21 had 
multiple fractures). Eleven children had fractures of the 
tibia/fibula.

• Pandya et al. did a large retrospective study, in children 
under the age of 4 years, in an urban level I paediatric 
trauma centre [130]. In the period 1998–2007 a total of 
1485 children, 500 non-accidental (377 <18 months), and 
985 accidental (425 <18 months) cases, were included. In 
the non-accidental group there were 55 (11.0%) tibia/fib-
ula fractures and in the accidental group 16 (1.6%, 
p < 0.001). In the under 18 months group this was, respec-
tively, 50 (13.3%) versus 5 (1.2%, p < 0.001). Based on 
their findings the authors concluded that in the under 18 
months group ‘the odds of a humerus fracture (7.5 times) 
were found to be significantly higher in the child abuse 
group than in the control group’. For the whole study 
population the odds ratio for abuse was 7.5 (95% CI: 
4.2–13.2).

• Eren et al. described 16 non-accidental fractures in a pre- 
mobile 7-month-old girl [419]. Of these 16 fractures 3 
were tibial fractures (distal and proximal fractures of right 
tibia and shaft fracture of the left tibia) and one was a 
fibular fracture (distal fracture of the right fibula).

Based on the findings in the foregoing literature one can 
conclude the following concerning fractures of the lower leg:

• Non-accidental tibial shaft fractures probably are less 
common than tibial metaphyseal corner fractures or frac-
tures of the apophysis of the proximal tibia (apophyseal 
ring fractures) [40, 96]. Concerning the meaning of tibial 
metaphyseal corner fractures the reader is referred to 
Sect. 12.3.2.

• Despite the rarity of non-accidental tibial shaft fractures 
one should always consider non-accidental trauma in 
non-mobile children/children who do not (yet) walk 
[409, 418].
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• One should also consider non-accidental circumstances if 
the explanation of how the fracture occurred does not 
match the known trauma mechanism(s) (inconsistent his-
tory) or when other physical findings are found, which are 
suggestive of non-accidental circumstances (concomitant 
injuries) [398, 420].

• Literature on the association between the type of fracture 
in the shaft of the tibia (spiral, oblique, or transverse) in 
association with non-accidental trauma is currently 
lacking.

• Literature on fibula fractures in association with non- 
accidental trauma is very scarce [124, 421, 422]. 
Compared to tibia fractures, fractures of the fibula are 
only rarely reported [124, 130]. Usually, a simultaneous 
fracture of the tibia is seen.

12.9  Fractures of the Foot

12.9.1  General Aspects of Fractures 
of the Foot

Fractures of the foot account for 5–13% of all paediatric 
fractures [423]. These fractures are rare in infants and tod-
dlers, but the incidence increases with age [424]. In children 
fractures of the foot are more common in boys than in girls.

Between 70% and 90% of all foot fractures in children 
involve the metatarsals and phalanges [425]:

• Metatarsal fractures are common in older children and 
adolescents and may account for around 50–70% of all 
paediatric foot fractures (Fig.  12.74) [424, 426, 427]. 
The most frequently fractured metatarsal in children 
under the age of 5 years is the 1st metatarsal and in chil-
dren above the age of 5 years the 5th metatarsal [426]. 
Fractures of the 1st and 5th metatarsal can occur iso-
lated, while fractures of the 2nd, 3rd, and 4th metatarsal 
often occur combined with another metatarsal fracture 
[426].

• Phalangeal fractures may account for around 20–30% of 
all paediatric foot fractures [424, 426, 428–431]. These 
fractures usually are Salter–Harris type I or type II frac-
tures [424].

• Tarsal fractures (fractures of the talus, calcaneus, and of 
the cuboid, navicular and cuneiform bones) are rare and 
together account for less than 5–15% of all paediatric 
foot fractures [427]. Fractures of the calcaneus account 
for a third of all tarsal fractures. In children the most 
common talus fracture is a fracture of the neck of the 
talus [427].

12.9.2  Cause and Manner of Fractures 
of the Foot

In Table 12.10, an overview is given of the cause and acci-
dental circumstances of fractures of the different bones of 
the foot.

Fractures of the foot can be sustained in accidental and in 
non-accidental circumstances. In mobile and increasingly 
more active children fractures of the foot mostly occur due to 
accidental circumstances such as direct impact, crush injury, 
or falls from height. Singer et al. evaluated the findings con-
cerning metatarsal fractures in 125 children (75 boys, 50 
girls; average age 8.6 years; range 1–17 years) [426]. Most 
fractures were sustained outdoors, including backyard and 
playground (30%). Other sites were indoors (25%), sports 
facilities (25%), and school and child-care facilities (12%). 

Fig. 12.74 Radiograph of the foot of a 4-year-old child, he was play-
ing in the house when a door (which was removed from the hinges) fell 
over and landed on his foot. There are transverse fractures of the 2nd 
and 3rd metatarsal (inset)
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In 8% the fractures were sustained in traffic accidents. They 
found that in children under the age of 5 years (n=40) most 
fractures (>50%) occurred due to a fall from height. Most 
fractures in these children were sustained either inside the 
house (43%) or outside the house in the backyard (40%) dur-
ing leisure activities. In children above that age (n = 85) most 
fractures (35%) were sustained during sports activities. In 
these children most fractures occurred due to a fall from 
standing height on a level surface (including twisting).

Fractures of the feet in children under the age of one year 
seem to be associated with non-accidental injury (Fig. 12.75). 
However, they are only rarely reported. Studies on feet frac-
tures in association with non-accidental trauma in children 
are very limited:

• In 1977, Jaffe and Lasser reported an infant with multiple 
metatarsal fractures due to non-accidental trauma [432]. 
They were the first to make a plea to routinely include 
imaging of the hands and feet in evaluating suspicions of 
non-accidental circumstances.

• Nimkin et al. evaluated 11 infants under the age of 10 months 
with fractures of hands and feet due to non- accidental 
trauma [235]. A total of 22 fractures were noted. Five infants 
had a total of 7 fractures of the feet (6× metatarsal fractures 
and 1× proximal phalangeal fracture). The authors found 
predominantly torus fractures. According to the authors 
torus fractures are consistent with forced hyperflexion.

• Pandya et al. compared 500 child abuse trauma patients 
with 985 control (accidental) trauma patients [130]. They 
found 6-foot fractures in each group, with an OR, adjusted 
for age and sex, of 3.6 (1.1–12.2) for abuse.

The presence of feet fractures in infants and children who 
received a skeletal survey for evaluation of suspected non- 
accidental trauma is low and has been reported in only a few 
studies (Fig. 12.76) [10, 236–238]:

• Barber et al. reported on a study in 567 children, of whom 
313 suffered a total of 1,029 fractures [10]. Eleven 
 children (3.5%) had fractures of the foot. In the study by 
Kleinman et al. 225 out of 365 children had one or more 
fractures on the skeletal survey. Six children (2.7%) had a 
total of 9 fractures of the foot [236].

• Karmazyn et al. studied 930 children of whom 317 had a 
total of 899 fractures. Two infants had a total of 4 (0.4%) 
fractures of the hand [237].

• In the, by far largest, study of Lindberg et al. out of 2890 
children 1208 had one or more fractures. Of these  children 
21 (1.7%) had a total of 20 fractures of the hand [238]. In 
this study, there were 7 children with either a fracture to 
the hand or foot, but it was not possible to discriminate as 
the report spoke of, e.g. a digit fracture.

Table 12.10 Overview of cause and manner of fractures of the differ-
ent bones of the foot [423–427, 475, 476]

Causing mechanism
Metatarsal fractures Direct force:

• Direct blow: shaft fracture
Indirect force:
• Torsional forces applied to the forefoot: 
metatarsal neck fracture
Repetitive stress:
• Overuse fractures, e.g. during sporting 
activities

• Avulsion fracture of 
the base of the 5th 
metatarsal

Inversion or adduction force

Phalangeal fractures Direct blow:
• Objects falling on toe
• Stubbing toe

• Hallux Direct blow:
• Commonly during sporting activities, 
especially soccer

Tarsal fractures
• Talus Forced dorsiflexion of the foot, when the 

neck impinges against the anterior lip of the 
tibia, e.g. in:
• Falls from height
• Motor vehicle accidents

• Calcaneus Combination of axial loading 
(compression) with the talus being driven 
into the calcaneus:
• Usually, fall from height
• Traffic accidents
Stress fracture at the beginning of walking 
(sometimes described as ‘toddler’s 
fracture’)

• Cuboid bone Direct and indirect force:
• Shear force across the midfoot and/or 
twisting injury a.k.a. as nutcracker 
mechanism in which the cuboid is 
compressed between the bases of the 4th 
and 5th metatarsal in the anterior process of 
the calcaneus by force abduction on a fixed 
plantar flexed foot
• Load to the heel: fall from height when 
the foot hits the ground in plantar-flexed 
position, transmitting axial and rotatory 
forces up along the lateral column

• Navicular bone Direct and indirect force, e.g. in a motor 
vehicle accident

• Cuneiform bones No mechanism is known in children
Tarsometatarsal 
injuries (Lisfranc 
injuries)

Direct forces:
• Crushing: object falling on the foot, 
resulting in rupture of the plantar ligaments
Indirect forces (more common than direct 
forces):
• Violent plantar flexion or abduction force 
alone or in combination. May result from 
vertical loading in plantar flexion as in 
falling from a height or trying to break 
speed with the foot while riding a bicycle
• With forced abduction the metatarsals 
are impacted laterally, fracturing the base 
of the 2nd metatarsal and crushing the 
cuboid
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Fig. 12.75 Three-month-old 
infant who was suspected to 
be a victim of child abuse. As 
part of the skeletal survey 
radiographs of the feet were 
made, these showed bilateral 
torus fractures of the base of 
MT-I (open arrow) and a 
sub-capital torus fracture of 
MT-II of the left foot (arrow)

Fig. 12.76 Two-month-old 
infant who was suspected to 
be a victim of child abuse. As 
part of the skeletal survey 
radiographs of the feet were 
made, these showed a torus 
fracture of the base of MT-I of 
the right foot (arrow) and a 
SH-III fracture of the base of 
the proximal phalanx of the 
5th toe (inset)

12.10  Subperiosteal Haemorrhage 
and Periosteal Reaction

12.10.1  Traumatic Sub-periosteal 
Haemorrhage

The periosteum of the young growing bone differs from 
adult bones on two important points which increase the risk 

of subperiosteal haemorrhage. First of all, the periosteum of 
the young growing bone is loosely attached to the underlying 
cortical bone with much less anchoring collagen fibres than 
in older children and adults. Secondly, during growth the 
number of periosteal blood vessels is tremendous and with a 
strong circulation through them [38].

Traumatic subperiosteal haemorrhage can occur as a 
result of direct or indirect physical forces acting on the bone. 
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a bFig. 12.77 Physiological 
sub-periosteal new bone 
formation along the diaphysis 
of the (a) femur and (b) the 
tibia (arrow)

Torsional, tractional, frictional, and blunt impact forces have 
been described to cause subperiosteal bleeding. Traumatic 
subperiosteal haemorrhage may be present with or without a 
visible underlying bone fracture. Extensive subperiosteal 
hematomas have been described in neurofibromatosis case 
reports as a rare cause of limb hypertrophy after minor (or 
no) trauma [433–436].

Whatever cause it has, a subperiosteal haemorrhage will 
lift the periosteum from the cortex. The presence of the sub-
periosteal hematoma causes a periosteal reaction consisting 
of stimulation of the cells in the cambium layer of the perios-
teum to form subperiosteal new bone. In children, the cam-
bium is thicker than in adults and it has considerable 
osteoblastic potential. The process from subperiosteal hema-
toma to periosteal reaction to subperiosteal new bone 
 formation cannot be detected radiographically until calcifi-
cation has occurred [437]. From fracture dating studies, it is 
known that SPNBF in long bone fractures is seen as early as 
day 5–7 after trauma [438–441].

Periosteal reaction with subperiosteal new bone forma-
tion can be provoked by any condition that irritates or ele-
vates the periosteum.

Subperiosteal haemorrhage and periosteal reaction due to 
trauma must be distinguished from periosteal reaction seen 
in medical conditions such as vitamin C deficiency, vitamin 
A intoxication, infantile cortical hyperostosis (Caffey’s dis-
ease), osteomyelitis, malignancies (such as leukaemia), and 
congenital syphilis [442].

In infants between 1 and 6 months subperiosteal new 
bone formation of the long bones (tibia, femur, humerus, 
radius) may represent a normal physiological phenomenon 
(Fig.  12.77) [443, 444]. Physiological subperiosteal new 
bone formation tends to be bilateral and with a thickness sel-
dom exceeding 2 millimetres.

12.10.2  Periosteum, Periosteal Reaction, 
and the Healing of Fractures

After a fracture, the periosteum stays intact in children more 
often than in adults, because in children the periosteum is 
relatively thicker, stronger, and more biologically active. 
When the periosteum stays intact, the presence of the sub-
periosteal hematoma causes a periosteal reaction resulting in 
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subperiosteal new bone (Sect. 12.10.1), leading to a continu-
ity of bony tissue will grow over the location of the fracture. 
This results in a more stable fracture and reduces the chance 
of dislocation. Essentially, here the periosteum functions as a 
natural splint.

Moreover, a child’s periosteum has greater potential to 
form bone than that of an adult. This adds extra stimulus to 
the healing process, resulting in faster remodelling of frac-
tures in children than in adults. Low-grade deviations in 
alignment will be corrected faster, and even in gross devia-
tions in alignment excellent remodelling can occur.

12.11  Growth Arrest Lines

12.11.1  General Aspects of Growth Arrest 
Lines

Growth arrest lines (a.k.a. Harris lines, Park lines, growth 
retardation lines, growth recovery lines, and Zebra lines) are 
symmetrical transverse sclerotic lines, perpendicular to the 
long axis of long bones. These lines are evidence of a distur-
bance in longitudinal growth, which takes place in the 
metaphyses. The lines are formed in periods when longitudi-
nal growth has temporarily been delayed or even ceased. 
When growing of the bone is resumed, the arrest lines will 
‘follow’ the longitudinal growth and ‘migrate’ from the 
metaphysis towards the diaphysis. They may remain visible 
for months and may eventually disappear [158, 445].

Radiologically these lines can be recognized by the pres-
ence of symmetrical thin white lines in long bones. According 

to Herring, the lines do not become visible until after normal 
growth has resumed. The lines are most prominent in rapidly 
growing ends of bones, e.g. the distal femur and the proximal 
tibia [445]. Often multiple symmetrical thin white lines are 
visible, indicating alternating cycles of osseous growth arrest 
and growth resumption, caused by the occurrence of repeti-
tive pathologic levels of stress during bone development 
[445, 446].

Growth arrest lines were first described by Harris in 
1926/1927 [447, 448]. Park described the influence of nutri-
tional disturbances on the growing bone and on the develop-
ment of these lines [449].

12.11.2  Growth Arrest Lines 
Due to Childhood Medical Conditions

Growth arrest lines have been reported in a multitude of 
childhood medical conditions in which a disturbance (a 
delay or even a temporary cessation) in growth is seen 
(causes of ‘organic failure to thrive’).

Growth arrest lines are reported to occur due to malnu-
trition in children, due to poor diet or starvation [449]. 
They may also occur in every disease with a severe and/or 
chronic course of systemic illnesses, e.g. infections, 
including septicaemia [449, 450], hypothyroidism [451], 
parahypothyroidism [452], Cushing’s syndrome [453], 
chronic juvenile arthritis [454], and chemotherapy in chil-
dren with malignancies and the use of other medication, 
e.g. bisphosphonates (Figs.  12.78a–c, 12.79, and 12.80) 
[455–458].

a b c

Fig. 12.78 Ten-year-old infant treated for osteomyelitis of the distal 
femur. (a) Radiograph shows a mixed permeative sclerotic aspect of the 
distal femur. (b) Radiograph after 2 months shows a growth retardation 

line in the proximal tibia (arrow). (c) Radiograph after 8 months shows 
growth of the tibia resulting in the growth retardation line (arrow) mov-
ing away from the growth plate

R. A. C. Bilo et al.



397

Fig. 12.79 Child with fibrous dysplasia treated with intravenous 
bisphosphonates. Each growth retardation line corresponds with a 
course of treatment

Fig. 12.80 Growth retardation lines in a 5-year-old girl after treatment 
with intravenous bisphosphates, due to fibrous dysplasia in the left 
maxillary sinus

The lines are also found in children that had been immo-
bilized after orthopaedic surgery [459]. Kennedy et  al. 
reported the occurrence in three girls after a localized trauma. 
In 2 girls a surgical intervention was needed, in 1 girl no 
surgical intervention was done [450]:

• Eight-year girl, following a right-sided tibial spine frac-
ture, which required a surgical intervention (open reduc-
tion and internal fixation), resulting in growth arrest lines 
in the right proximal tibia and fibula and in an intra- 
epiphyseal distal femoral arrest silhouette.

• Nine-year-old girl, following a hyperflexion injury of the 
left knee, resulting in avulsions of her anterior and poste-
rior cruciate ligaments, which required a surgical 
 intervention, resulting in left-sided femoral, fibular and 
tibial growth arrest lines and in an intra-epiphyseal distal 
femoral epiphyseal ‘arrest silhouette’.

• Ten-year-old girl, following a comminuted distal tibial 
fracture after falling from a height, which required an 
anatomical reduction.

12.11.3  Growth Arrest Lines Due to Non-
organic Failure to Thrive

Growth disturbances are not just caused by medical condi-
tions, resulting in a temporary disturbance of longitudinal 
growth (Sect. 12.11.2). In the Western world, the most com-
mon cause of growth and development retardation—in other 
words, the most common cause of ‘failure to thrive’—is not 
‘organic failure to thrive’, but ‘mixed organic and non- 
organic failure to thrive’, due to neglect and under stimula-
tion. In neglect, the child is offered insufficient calories 
(malnourishment—organic failure to thrive) and/or insuffi-
cient affective stimulation (non-organic failure to thrive).

As early as 1967, Patton and Gardner mentioned growth 
arrest lines (metaphyseal growth-retardation lines) in their 
book on maternal deprivation [460]. Maternal deprivation 
stands for a serious disturbance in the relation between par-
ent (mother) and child, and a lack of bonding between parent 
(mother) and child. The deprivation consists of neglect, 
rejection and isolation of the child. Maternal deprivation 
syndrome leads to serious growth retardation, delayed skel-
etal maturation, and retarded motor and intellectual develop-
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ment [461]. This multitude of physical symptoms is 
nowadays summarized in the term ‘non-organic failure to 
thrive’. Khadilkar et al. confirmed the observation of Patton 
and Gardner that the origin of these lines may involve psy-
chological factors [462].

Based on a study concerning 241 tibiae from a medieval 
Swiss skeletal material Papageorgopoulou et  al. concluded 
that the development of these lines is a result of normal 
growth and growth spurts, rather than a pure outcome of 
nutritional or pathologic stress. Animal tests, however, sug-
gest that the lines are formed after an initial retardation or 
cessation in growth, followed by resumed growth [449, 459]. 
According to Khadilkar et al., in children they seem to occur 
in similar circumstances [462]. In case the process is cyclic 
(repeated periods of delayed growth interspersed with peri-
ods of resumed growth) a large number of lines may be 
found. These lines will always remain visible, up to and 
including puberty.

When multiple growth arrest lines are found in a child, 
mixed organic and non-organic failure to thrive will be, after 
exclusion of other merely organic causes, the most probable 
cause [462].

Thus far, only two studies have evaluated whether growth 
arrest lines can be an indicator of non-accidental trauma:

• Zapala et al. reported that growth arrest lines occur more 
frequently in infants with a high risk of non-accidental 
trauma (n = 21) compared to infants with a low risk of 
non-accidental trauma (n = 52) [463]. Infants at high risk 
had a significant intracranial injury, retinal haemorrhages, 
other skeletal injuries, and clinical determination of high 
risk (child protection team/social work assessment). 
Infants at low risk had a skull fracture without significant 
intracranial injury, history of a fall and clinical determina-
tion of low risk. The authors concluded that growth arrest 
lines are significantly more present in children with high 
risk of abuse (71%) compared to the low-risk group (38%) 
(p < 0.001; odds ratio 4.0, 95% CI: 1.7–9.5). However, 
this is equal to a likelihood ratio of 1.9, in other words: 
growth arrest lines are 1.9 times more likely in infants in 
the high-risk group than in infants in the low-risk group.

• Spiller et  al. describe 135 children, 58  in the low-risk 
abuse group, 26 in the neglect group, and 51 in the physi-
cal abuse group [464]. Children in the neglect group and 
physical abuse group had 1.73 (p  =  0.007) and 1.84 
(p < 0.001) times more growth arrest lines respectively, 
compared to the low-risk group. The most common loca-
tions for growth arrest lines in their population were distal 
radius, proximal tibia, and distal tibia. In the study of 
Spiller et al., the specificity for maltreatment (child abuse 
and neglect) in children with at least 10 growth arrest 
lines in the long bones was greater than 84%, while sensi-
tivity was less than 35%. This means a LR+ of 2.2, in 

other words the finding of at least 10 growth arrest lines in 
the long bones is 2.2 times more likely in children in the 
high-risk group than in the low-risk group.
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13.1  Introduction

As discussed in previous chapters fractures in children occur 
regularly and in most cases the circumstances will be acci-
dental. If a physician finds a fracture in a child, an extensive 
differential diagnosis is possible. In this chapter, the different 
accidental trauma scenarios are discussed and illustrated 
with examples.

13.2  Birth Trauma

13.2.1  Introduction

In older children, pain is often an indication for the presence 
of a fracture. However, in neonates it is difficult to establish 
pain. Often the presence of a fracture can only be established 
by behaviour, muscle tone, heartbeat, and symptoms such as 
nausea and vomiting or limited use of a body part [1]. 
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Fractures resulting from birth are not always diagnosed 
immediately post-partum, unless there are obvious symp-
toms, such as a clearly visible swelling and/or abnormal 
position. It is quite likely that physicians will completely 
overlook some fractures due to the lack of obvious symp-
toms. Research by Morris et  al. showed that there was a 
delay in diagnosis in the majority of children that had sus-
tained a birth-related femur fracture [2]. When there are no 
clinical symptoms, skull fractures may also be overlooked, 
even after a vacuum-assisted vaginal delivery. Simonson 
et al. showed in a study in 913 successful vacuum-assisted, 
full-term deliveries that of the 235 neonates admitted to the 
neonatal intensive care skull fracture were present in 5.0% of 
cases [3]. Clavicle fractures too are often diagnosed as late as 
several weeks after birth, due to the then-present callus for-
mation [4]. Birth trauma as a cause of fractures is also dis-
cussed in several other chapters in this book.

13.2.2  Incidence and Prevalence of Fractures 
Resulting from Birth

Birth-related fractures occur infrequently. In the medical 
literature, a great number of studies on the incidence of 
birth- related fractures can be found (Table  13.1) [5–14]. 
Based on these publications it can be established that the 
clavicle fracture is most prevalent (Fig. 13.1), followed by 
fractures of the humerus (Fig. 13.2), femur (Fig. 13.3), and 
skull. Rib fractures are only reported in exceptional situa-
tions [15].

Many of the fractures that have been described to occur in 
non-accidental trauma, have also been reported, usually in 
case reports, as a birth trauma (Fig. 13.4a, b). Hence, it is 
essential that in the post-partum period, a thorough obstetric 
history is taken. In their research population, Bhat et  al. 
found a higher incidence of fractures reported in cases with-

Table 13.1 Incidence of birth-related fractures

Authors Year Babies (n) Delivery
Fractures (n 
(%)) Location (n, % of total fractures))

Rubin [5] 1964 15,435 51 (0.33) • Clavicle (43, 0.28)
• Humerus (7, 0.05)
• Skull (1, 0.01)

Camus et al. [6] 1985 20,409 123 (0.6) • Clavicle (105, 0.51)
• Humerus (7, 0.03)
• Skull (7, 0.03)
• Femoral shaft (2, 0.01)
• Epiphysis (2, 0.01)

Bhat et al. [7] 1994 34,946 35 (0.1) • Clavicle (16, 0.05)
• Humerus (7, 0.02)
• Femur (5, 0.01)
• Skull (4, 0.01)
• Orbit (1, 0.003)
• Epiphysis distal femur (1, 0.003)
• Dislocation elbow (1, 0.003)

Groenendaal & Hukkelhoven [9] 2007 158,035 Vaginal and caesarean 1174 (0.74) • Claviclea

• Humerus
• Femur
• No other fractures were mentioned

Basha t al [209]. 2013 34,519 10 (0.03) • Femur (7, 0.02)
• Tibia (1, 0.003)
• Humerus (2, 0.006)

Ahn et al. [12] b 2015 77,543 Vaginal and caesarean 319 (0.41) • Clavicle (319, 0.41)
Suleiman et al. [210] 2016 5030 Vaginal, instrumented, and 

caesarean
27 (0.54) • Clavicle (20, 0.40)

• Humerus (3, 0.06)
• Acromion (1, 0.02)
• Not reported (3, 0.06)

36,286 Caesarean 19 (0.05) • Clavicle (19, 0.05)
Vitner et al. [10] 2019 4534 Vacuum-assisted 163 (3.6) • Clavicle (86, 1.9)

• Humerus (50, 1.1)
• Skull (27, 0.6)

von Heideker et al. [211]c 2020 1,855,267 233 (0.012) • Humerus (188, 0.01)
• Femur (45, 0.002)

a Number of fractures not available
b Focus on clavicle fractures only
c Focus on humerus and femur fracture only
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Fig. 13.1 One-day-old infant (birth weight 3400  g) after uncompli-
cated delivery. On physical examination, a swelling was seen at the site 
of the right clavicle. Radiograph showed a mid-clavicular fracture

Fig. 13.2 One-day-old neonate (birth weight 3350  g) after vacuum 
extraction with shoulder dystocia. Radiograph showed a mid-shaft 
humerus fracture

Fig. 13.3 One-day-old neonate (birth weight 2125  g) after primary 
Caesarean section for transverse presentation. At physical examination 
a swelling on the left femur was seen. Radiograph showed an oblique 
fracture of the proximal femur

out prenatal care, after a complicated delivery, after a 
Caesarean section, or in cases of maternal diabetes [7]. Vitner 
et al. assessed the difference in outcome in vacuum-assisted 

vaginal delivery in women with (N  =  251) and without 
(N = 4534) gestational diabetes mellitus and found that in the 
first group significantly more neonates had a broken humerus 
(p = 0.003) but no difference in clavicle and skull fractures 
[10]. Krispin et  al. evaluated the difference in vacuum- 
assisted vaginal delivery in which cup detachment occurred 
(N = 146) or not (N = 1633), there was no difference in the 
incidence of fractures between the two groups [11]. Wen 
et al. studied 732,818 vaginal deliveries and showed a sig-
nificant temporal decline in the rates of fractures from 2.35 
to per 1000 live births in 2004 to 1.97 per 1000 live births in 
2013 (P < 0.001) [16]. This might reflect the overall improve-
ment of obstetric care.

One specific fracture that can easily be overlooked is an 
epiphyseal separation fracture [17–26]. These are most com-
monly encountered in the distal humerus, but have been 
reported in other anatomic locations as well, and may mimic 
a metaphyseal corner fracture. For these separation fractures 
ultrasonography is a method of choice in the differential 
diagnosis whereas in more complex cases MRI can be 
advised (Fig. 13.5a–c) [26–28].

13 Accidental Trauma
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a bFig. 13.4 A painful knee was 
observed in a 2-day-old 
newborn after a complicated 
breech delivery. (a) AP and 
(b) lateral radiographs show 
metaphyseal corner fractures

a b c

Fig. 13.5 A 2-day-old newborn presents with a swollen and painful 
knee after a caesarean section. (a) Lateral radiograph of the knee shows 
a subtle metaphyseal avulsion (arrow). (b) Ultrasonography revealed an 

accompanying slipped epiphysis. (c) Normal contralateral knee for 
comparison

13.2.3  Conclusion

Clinicians should be aware that when they are confronted 
with a neonate with a fracture in the first weeks after 
birth that birth trauma, even if this was not reported or 
clinical findings were not present after birth, it might be 
very difficult to differentiate between birth trauma and 
non-accidental injury [29]. Fracture healing shows mar-
gins making dating at this young age unreliable (see 
Chap. 4) [30].

13.3  Accidental Fractures

13.3.1  General Considerations

Accidental injuries in children are common with approxi-
mately one-third of children sustaining a fracture before the 
age of 17  years [31]. In a Canadian longitudinal study of 
96,359 children up to the age of 10 years there were 12,811 
fractures of an upper limb, 4237 fractures of a lower limb, 
1620 fractures of the skull, and 217 fractures of the neck or 
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trunk [32]. In light of these figures, accidental trauma should 
be in any differential diagnosis when a child presents with a 
fracture. Physicians are expected to be able to distinguish 
between accidental and non-accidental injuries. However, 
this is not always easy. After regular diagnostic methods 
have established the nature and extent of the injury, physi-
cians have four important aids at their disposal:

• Clinical history, i.e. the statement given by the parents/
carers regarding the origin of the injury.

• Developmental level of the child.
• Theoretical data concerning the cause of fractures and the 

circumstances under which fractures can be sustained.

In order to explain the presence of a specific injury, parents 
may mention an accident, whereas the physician is able to 
establish based on the level of development of the child and 
the scientific data that the injury is consistent with the circum-
stances mentioned, or it is highly unlikely or even impossible 
for the sustained injury to result from the reported accident.

In an accidental injury, the clinical history often provides 
a more or less conclusive explanation for the cause of the 
injury and the circumstances under which the injury occurred. 
The patient history is regularly supported by statements from 
witnesses.

Based on a number of key ages, Table 13.2 provides a global 
overview of motor development in children up to 5 years of 
age. Key ages are a selection from many age levels and the 
most suitable frame of reference for diagnostic purposes. Every 
age mentioned in these fields of development is ‘p50 aged’. 
This means that 50% of all children have reached that specific 
level of functioning at that age, and master these functions at a 
more or less adult level. The table does not claim to be com-
plete and only provides an indication of the general level of 
motor development of a child at a given age [33]. In non-mobile 
or partly mobile children it regularly occurs that the clinical 
history states that the child was responsible for the sustained 
fracture; for example, when the child fell from the dressing 
table or out of bed. The question the physician should answer 
in these cases is whether at the moment of the reported inci-
dent, the infant had the motor skills to fall in the manner 
described. This calls for careful assessment of the level of 
development of the child. This can take place based on the one 
hand on data in the clinical history, and on the other hand on 
data from the child welfare centre. Only when these data are 
not available, then a theoretical assessment of the motor skills 
can be made, based on scientific data. An important element is 
the moment at which a child can turn and crawl, since this cre-
ates the movement potential that makes falling feasible. Tables 
13.3, 13.4, 13.5 and 13.6 provide an overview of reference val-
ues regarding the age at which such skills are present [34].

Table 13.2 Overview of key ages and their general motor develop-
ment [33]

Age Skill
General motor 
development

4 weeks • Control muscles of the eye • Positive head lag
16 weeks • Balance head • Stabile head balance

• Symmetric posture
28 weeks •  Grip and manual 

manipulation
•  Sits and leans forward 

supported on the hands
•  Stable stance when 

supported
•  Asymmetric neck reflex 

disappears 
(22–26 weeks)

40 weeks •  Control trunk and fingers: 
Sitting, crawling, and 
picking

• Sits without support
• Crawls
• Pulls up to a stance
•  Grip reflex at the feet 

disappears 
(40 weeks–18 months)

52 weeks •  Control of legs and feet: 
The child stands erect and 
starts exploring

•  Walks holding on to one 
hand

•  Walks along an object 
(such as coffee table or 
settee)

18 months •  Control of larynx function: 
Words and word 
combinations

• Walks independently
•  Able to sit up 

independently
24 months •  Control of bladder and 

bowel functions
• Is capable of running
• Can play football

36 months • Speaks in sentences • Can stand on one leg
•  Jumps from the bottom 

step of the stairs
48 months •  Understands numbers and 

shapes
• Hops well on one leg
•  Jumps forward on both 

legs
60 months •  Child ready for school and 

prepared to play with other 
children

•  Hops equally well on 
either leg

Table 13.3 Overview of the reference values for supine-prone rotation 
[34]

Author P value Age (weeks)
Bayley 50

95
28
43

BOS 2–30 5 19
50 28
95 41

D.O.S. 50 19
90 38

Gesell 50 24
Helbrügge – 30
Illingworth – 28
Schlesinger 10 17

50 24
90 32
99 39
100 41
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Table 13.4 Overview of the reference values of turning prone-supine 
[34]

Author P value Age (weeks)
Illingworth – 24
Schlesinger 10 14

50 23
90 32

Table 13.5 Overview reference values for supine-prone and prone- 
supine rotation [34]

Author P value Age (weeks)
Schlesinger 10 22

50 28
90 36

Sheridan – 26
Touwen 80 29–32

Table 13.6 Overview of reference values for crawling along (abdo-
men touching the surface) [34]

Author Similar characteristic
P 
value

Age 
(weeks)

Bayley Pre-walking locomotion 50
95

31
47

Gesell Pulling self along on abdomen 50 <40
Helbrügge Prone crawl position – 39
Illingworth Prone crawl position

Crawls by pulling self forward 
with hands

– 40

Schlesinger Crawls forwards, stomach 
touching the floor

10
50
90
95
98
100

28
36
46
51
53
55

Sheridan Attempts to crawl; sometimes 
succeeds

– 39

Touwen Moves forward on stomach by 
using arms and legs

80 45–48

The reader is referred to Chaps. 2 and 5–12, in which 
extensive data are given concerning the cause of specific 
fractures and the circumstances under which these fractures 
can occur.

In evaluating the presence of a fracture in a child, based 
on scientific data, the following questions can be answered:

• Which skeletal injuries can be sustained in an accident/
fall?

• Which injuries are less or not plausible in an accident/
fall?

In retrospective studies, the following injuries were found 
after an accident/fall:

• Haematomas, contusions, excoriations, and lacerations 
on the head and the rest of the body.

• Fractures of the skull, clavicles, and long bones.
• Brain damage, such as concussion, contusion, and intra-

cranial haemorrhages.

Studies showed that severe brain damage and death after 
a short-distance fall are improbable. When brain damage was 
found after such a fall it generally was focal instead of dif-
fuse. Furthermore, none of the children died as a conse-
quence of a fall from cot or crib. Due to complicating factors 
in falls from a bunk bed or shopping trolley, the risk for more 
serious injuries and death increased slightly.

Based on earlier-mentioned studies, the following vari-
ables that affect the occurrence of serious injuries, including 
fractures and/or death could be indicated:

• The distance of the fall.
• The velocity of the fall or (rather) the initial velocity at the 

start of the fall.
• Free or complicated fall (for instance on an object).
• Properties of the landing surface (for instance a concrete 

surface as opposed to a surface covered in foam-supported 
carpet).

• The manner in which the energy is spread when landing 
(percentage of body surface, possible fractures).

13.3.2  Short-Distance Fall, Serious Injuries, 
Hospital Admissions, and Death

13.3.2.1  Introduction
One of the most prevalent explanations for the occurrence in 
young children of serious injuries (including fractures) and 
eventually visits to emergency department, hospital admis-
sions, or even death is that a child allegedly fell over a rela-
tively short distance (under 1.5 m) (Figs. 13.6a, b and 13.7).

In the literature one may come across case reports on rela-
tively serious accidental injuries in such a fall. Often there 
are complicating factors involved in the fall. Wheeler and 
Shope described the occurrence of a depression fracture of 
the calvarium in a 7-month-old child after falling on a toy car 
[35], although fractures of the calvarium may occur due to an 
uncomplicated short-distance fall [36]. Most epidemiologi-
cal studies, however, show that serious injuries are rare in 
accidental short-distance falls, compared to the number of 
falling children.

In the first years of life, approximately 50% of children 
will experience a short-distance fall, defined as a fall over a 
distance under 1.5 to 2 metres (Fig. 13.8a, b) [36–38]. This 
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a bFig. 13.6 Five-year-old child 
who fell out of a play rack 
from a height of 
approximately 1.5 metre. (a) 
AP radiograph shows a 
fracture of the neck of the 
radius (open arrow) and an 
oblique proximal ulnar 
fracture (arrow). (b) Lateral 
radiograph shows an anterior 
fat pad sign (arrow)

Fig. 13.7 Spiral tibia fracture in a 5-year-old child who fell off a play 
rack from a height of approximately 2 metre

type of fall often necessitates a visit to the emergency depart-
ment (approximately 1  in 100 children under the age of 
1 year) [39]. Approximately 1 in 1000 children will be hos-
pitalized for such a fall [40, 41].

In 1993, Rivara concluded that approximately 1  in 
250,000 children under the age of 1 year will die from such 
a fall [40]. In 2008, Chadwick et al. found a much lower esti-
mated mortality rate from short-distance falls (falls under 
1.5  m in vertical height) in infants and young children 
between birth and their fifth birthday [41]. They reviewed 
published materials, including 5 book chapters, 2 medical 
society statements, 7 major literature reviews, 3 public injury 
databases, and 177 peer-reviewed, published articles indexed 
in the National Library of Medicine. Based on this review, 
the best estimate (at the moment of the review) of the mortal-
ity rate for short-distance falls is under 0.48 deaths per 
one million young children per year.

13.3.2.2  Data from Literature
From 1977 onwards, various articles have been published in 
which the authors investigated whether children will sustain 
injuries in a fall and, if so, what type of injury.

Helfer et al. reported injuries in 246 children <5 years old 
[42]. The study population consisted of two groups, the first 
one hundred and sixty-one children whose parents had filled 
out a questionnaire when they visited their physician because 
their child had fallen over a distance of <100  cm (bed or 
couch) outside the hospital. Due to the fall, 3 children sus-
tained a clavicle fracture (age ranged between 6 months and 
5 years), two children a skull fracture (age < 6 months), and 
one child a humerus fracture (age < 6 months). According to 
the parents, 80% of children did not sustain any injuries, irre-
spective of the distance of the fall. The second group con-
sisted of 85 children who had fallen from cots or examination 
tables while hospitalized (the so-called hospital incident 
reports). In 57 children no injuries were found, in 17 children 
there was superficial damage to the skin such as abrasions, 
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a bFig. 13.8 Five-year-old girl 
who fell out of a play rack 
from a height of 
approximately 1.5 metre. (a) 
There is an obvious fracture 
of the left lower arm (Photo 
printed with permission). (b) 
Lateral radiograph shows 
transverse fractures of the 
radius and ulna

20 children suffered bruises and one child sustained a skull 
fracture. The authors concluded that in this group there were 
no serious head injuries after a short-distance fall, but that it 
was possible to sustain fractures.

Chadwick et al. looked at 283 children of all ages who 
were presented at the emergency department of a paediatric 
hospital in San Diego between August 1984 and March 
1988 [43]. In their study, there were 7 deaths after a fall 
from a distance of less than 4 feet (approximately 1.2 metre) 
and in all cases there were factors in the clinical history that 
made it unrealistic that indeed there had been a short-dis-
tance fall.

Kravitz et  al. reported on a questionnaire study on 536 
infants under the age of 1 year [38]. In this study, the parents/
caregivers reported that a total of 255 infants (47.6%) at least 
sustained a single fall in the first year of life. In 34 cases 
6.3% of more than one fall was reported. In the whole study 
population three (1.2% of all falls) skull fractures and no 
other fractures were reported.

Nimityongskul and Anderson looked into the occurrence 
of injuries in 76 children (age range: from neonate to 
16 years old) who had fallen out of their bed, crib/cot, or 
chair while hospitalized [44]. Fifty-seven children 
were < 5 years old, 23 children <1-year-old and falling dis-
tance was 30–100 cm. Most children sustained superficial 
injuries (haematomas of the scalp and lacerations of the 
face). One child (12 months old) sustained an occipital skull 
fracture, another child (with osteogenesis imperfecta) a 
fracture of the tibia. No rib fractures were found. Fourteen 
children had sustained facial bruising or bruising on the 
scalp. Nimityongskul and Anderson did not find any serious 
injuries to the head, neck, spine, and extremities. Based on 
their findings they consider the statement of the parents that 
their child had fallen over a short distance only suspect of 

non-accidental circumstances when serious injuries were 
found.

Lyons and Oates report on 207 children <6 years of age 
who had fallen from crib/cot (n = 124) or bed (n = 83) while 
hospitalized [45]. The distance of the fall ranged from 65 cm 
(bed rail down) to 110 cm (bed rail up) in a fall from crib or 
cot, and from 50 to 85 cm (including bed rail) in a fall from 
a bed. In 31 children injuries were found.

• Twenty-nine children suffered contusions of little conse-
quence and small lacerations.

• One child suffered a linear skull fracture (age 10 months, 
fall from cot).

• One child sustained a clavicle fracture (age 21 months, 
fall from cot, bed rail up).

In 26 of 31 children the injury was located on the head. 
None of the children had serious, multiple, or life- threatening 
injuries. Lyons and Oates concluded that serious head inju-
ries are unlikely in a short-distance fall.

Tarantino et al. report on 167 children less than 10 months 
old (average age 5.2  months, 56% boys) that had experi-
enced a fall of less than 1.25 m and consequently presented 
at the emergency department [46]. Tarantino et al. excluded 
children that had experienced a complicated fall, such as a 
fall from a baby walker, a fall down the stairs, or a fall on an 
object. They also excluded situations in which the carer fell 
on the child during the fall. Of the included children, 55% 
fell out of bed, 20% from the arms of a carer, 16% fell from 
a bed/couch and 10% fell from other objects. Of the 167 
included children 10% was hospitalized. However, the 
majority of children had few or no injuries. Twenty-five chil-
dren sustained serious head injuries: 16 closed skull trauma 
(of whom 12 had a skull fracture), two an intracranial haem-
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orrhage, and seven fracture of one of the long bones 
(Figs. 13.9 and 13.10). Additional examination showed that 
the two children with an intracranial haemorrhage sustained 
these due to non-accidental trauma. After these two children 
were excluded, it appeared that the risk for serious injury 
was only present in a fall from the arms of the carer. Tarantino 
et al. advise, based on their findings, always to consider non- 
accidental trauma in children with intracranial injury and/or 
multiple injuries, when the parents mention a short-distance 
fall. Bechtel et al. draw attention to the risks of a fall from the 
arms of a carer [47, 48]. They also point out that such a fall 
may lead to intracranial haemorrhages.

Haney et al. evaluated the findings in 307 children under 
the age of 5 years, regarding any short-distance fall before 
the age of 2 years [37]. A total of 209 falls were reported in 
122 children. Only 24% of the children sustained any injury 
due to falling. Most children (85%) had bruises or bumps. 
Forty children were brought for medical care, while only 13 
of these 40 children were in need of medical care. Two chil-
dren sustained concussions and four children had a perma-
nent injury (cutaneous scars) due to the fall. No fractures due 
to short-distance falls were reported in this study. Children 
who fell on a hard surface were 6 times more likely to have 
an injury compared with children who fell on a soft surface 
(P = 0.001). They also found that fall height was a significant 
predictor of injury risk (proportional relation: the higher the 
fall, the higher the risk). Based on their findings they con-
cluded that:

Fig. 13.9 Two-year-old infant who had fallen out of bed. Radiograph 
showed a supracondylar humerus fracture (arrow)

a b

Fig. 13.10 Six-month-old infant who fell from a baby changing table. (a) Conventional radiograph shows a linear skull fracture (arrow). (b) 
3D-CT provides a better overview of the extent of the fracture
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• Short-distance falls rarely caused injuries.
• A history of a short fall in a seriously injured child should 

raise the suspicion of non-accidental circumstances.

As part of the Avon Longitudinal Study of Parents and 
Children (ALSPAC), Warrington and Wright researched the 
prevalence of accidents in non-mobile children around the 
home [49]. ALSPAC included 13,822 mothers/sets of par-
ents. Via written questionnaires, Warrington and Wright 
asked the parents of 6-month-old children to describe every 
accident since birth. They asked them to describe: type of 
fall, distance, injuries sustained, and the medical help pro-
vided (if sought). 11,466 forms were returned. The parents 
reported 3357 fall accidents in 2554 children. Fifty-three 
percent of children fell out of a bed or from the couch. 
Twelve percent either fell from an arm while being carried or 
the person that carried the child fell holding the child. In less 
than 1% of cases the cause of the accident was omitted. In 
the other 34% there was great diversity in types of fall, e.g. a 
fall from a table, chair, or changing table or from a baby 
bouncer. Of all children, 76% of children experienced one 
fall, 5% had three falls or more. The number of falls increased 
with the age of the child. Less than 25% took place before 
the age of 4 months. In only 14% of children there were vis-
ible injuries, of which 56% were haematomas. In 97% there 
was a visible injury to the head. In less than 1% (21 children) 
concussion or a fracture was found. One hundred and sixty- 
two children were taken to hospital after the fall, 18 were 
hospitalized. In three children the hospital physicians found 
a skull fracture; however, this was no reason for hospitaliza-
tion. No skull fractures were seen after a fall from a bed or 
couch. One child sustained a clavicle fracture after a fall 
from a bed. Warrington et  al. concluded that children 
<6 months old regularly take a fall, but that this seldom leads 
to injuries. Serious injuries (here defined as concussion or a 
fracture) are very rare: it occurs in less than 1% of children. 
None of the children had intracranial injuries such as subdu-
ral or epidural haematomas.

Hennrikus et al. evaluated 115 young patients with ortho-
paedic injuries, according to the parents sustained at home 
after a fall from a piece of furniture [50]. One hundred and 
thirteen children sustained fractures or dislocations. Two 
children suffered penetrating injuries (pen, needle). In six 
children the physicians reported non-accidental circum-
stances: two (out of four) children were < 1 year old, four (of 
83 children) were 1–5 years old. Hennrikus et al. concluded 
that orthopaedic injuries sustained around the home are usu-
ally the result of a fall (from bed or couch), unless the child 
is less than 1 year old.

Mulligan et al. reported on 916 infants under the age of 
1 year who were presented following a fall at a paediatric 
trauma centre in Sydney Australia [51]. Of these infants 110 
(11.6%) were admitted, of whom 20 were reported to child 
protection services due to concerns of non-accidental trauma. 
The most common reason for admission was head injuries 

(90 infants, 85%), of these skull fractures (80 infants, 75.5%) 
were the most common head injury. There was one fatal 
case, a 5-month-old infant who fell from a cot on a hard floor 
and who sustained a skull fracture and extradural haemor-
rhage. This study shows a higher incidence of severe trauma, 
but as the study was done in a tertiary referral centre this may 
well be the result of a referral bias.

Johnson et  al. evaluated the type and nature of the head 
injuries in 72 children <5 years old (4 months to 4 years and 
9 months) of whom it had been irrevocably established that 
they had fallen as the result of an accident [52]. The distance 
of the fall ranged from <50 cm to >3 m; most children fell over 
a distance of less than 1 m. Forty-nine children fell on a hard 
surface and 23 on a soft surface. Fifty-two children sustained 
visible injuries: 35 of them fell on a hard surface and 17 on a 
soft surface. The surface area of the fall did not seem to lead to 
significant differences in the injuries that were found; how-
ever, the distance of the fall did make a difference. All children 
who fell over a distance of >1.5 m had sustained visible inju-
ries to the head. This was also true for 95% of children that fell 
over a distance of >1 m. In 32 children a radiograph of the 
skull was made. Four children had sustained a skull fracture: 
three linear fractures (twice from a fall of >1 m and once by a 
fall of 80–90 cm against the stone surround of a fireplace). The 
fourth child sustained a basilar fracture after a fall over 3 m 
from a window on the first floor. Johnson et al. concluded that 
in the majority of children the most common accidents in and 
around the home do not cause noticeable injuries in the major-
ity of children. Skull fractures occur probably in less than 5% 
of children. It requires a fall of at least 1 m, or a fall on an 
object that results in a ‘small-area impact’.

Ibrahim et al. reported on 285 children, aged 0-48 months, 
hospitalized with accidental head injuries after falls from dif-
ferent heights [53]. 98 children (67 infants and 31 toddlers) 
did fall from a height under 3 feet (approximately 1 m). Skull 
fractures and scalp/facial soft tissue injuries were seen more 
often in infants (0-12 months) than in toddlers (12-48 months): 
soft tissue injuries in 84% of infants versus 42% of toddlers 
and skull fractures in 73% versus 23%. Skull fractures without 
soft tissue injuries and multiple skull fractures were only 
found in infants in resp. 5% and 8%. No evidence of impact 
(soft tissue injury and/or skull fracture) was found in 12% of 
infants and 58% of toddlers. Low height falls resulted in pri-
mary intracranial injury (subdural haematoma, epidural hae-
matoma, subarachnoid haematoma, parenchymal contusion/
laceration, intraparenchymal haemorrhage and/or diffuse axo-
nal injury) in 55% of infants and in 42% of toddlers. Primary 
intracranial injury without soft tissue or skull fracture was 
found in infants (6%) and toddlers (16%). Retinal haemor-
rhages (scattered white centered intraretinal haemorrhages in 
the left eye) were found in one infant after a fall from a care-
giver’s lap. The infant had a large ipsilateral epidural haemor-
rhage. In toddlers retinal haemorrhages were only found after 
falls from over 3 feet. There were no long bone fractures after 
heights under 3 feet, neither in infants, nor in toddlers.
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Monson et al. describe 14 neonates (in a total number of 
88.774 births over a period of 3 years) who had fallen shortly 
after birth while hospitalized [54]. Seven children fell to the 
floor when the parent was lying on the bed or seated in a chair 
and fell asleep holding the infant. In four children the fall 
took place in the delivery room, two children fell out of their 
bassinette when wheeled down the hall and one child fell 
from an infant swing. Thirteen infants had a normal external 
examination when discharged from hospital. One child had a 
large haematoma on the forehead, which was still visible at 
discharge. Another child had to be transferred to the regional 
hospital due to a depressed skull fracture. The fracture, sus-
tained after a fall of 50–70  cm that occurred immediately 
after the child was delivered, did not cause any notable clini-
cal symptoms. There was no indication of neurosurgical 
intervention. After 2 days the child could be safely discharged 
from hospital. Only in one child a CT was performed, which 
did not show any intracranial lesions. If one of the other chil-
dren incurred intracranial lesions as a result from the fall, they 
did not result in any noticeable clinical symptoms.

In a small study of 11 newborns with in-hospital falls by 
Ruddick et al. only three newborns showed clinical findings 
after a fall [55]. In a subgroup of six newborns where, at the 
discretion of the clinician, a skull radiograph was per-
formed there were three new-borns with skull fractures. In 
two of these three cases there was no soft-tissue swelling.

13.3.2.3  Conclusions
Based on the literature it is evident that short-distance falls 
are common events in the first years of life and that they will 
rarely cause injury and rarely, if ever, result in serious or life- 
threatening injuries. Fractures of the skull, clavicle, or long 
bones are reported, although less often than one would 
expect (Figs. 13.11a, b and 13.12a, b). Serious multiple non- 
life- threatening injuries of the head, neck, spine, and extrem-
ities are not reported. More serious injuries can be sustained, 
such as a depression fracture of the skull, if there are compli-

cating factors (e.g. falling on an object). A history of a short 
fall in a seriously injured child should raise the suspicion of 
non-accidental circumstances. It is important to note that in 
daily routine in many, if not most, cases of short-distance 
falls no radiological examinations will be done. As, e.g. skull 
fractures can be clinically silent we do not know the exact 
incidence of these kinds of fractures. From a forensic medi-
cal point of view, more research into the exact incidence of 
fractures after a short-distance fall would be welcome.

13.3.3  Fall from a Considerable Height

13.3.3.1  Introduction
Most children that fall from a considerable height are under 
the age of 6 years. They fall over a distance of 3–7 m (one to 
two floors), in or in the vicinity of their home, more often 
during the warm seasons [56–60].

13.3.3.2  Data from Literature
As described earlier in this book, a child who falls from a 
considerable height will in particular sustain injuries to the 
head and neck area [57, 59, 61]. The most prevalent injuries 
are (in order of occurrence):

• External and visible injuries [56–59, 62–64].
• Skull fractures, of the cranium as well as the base of the 

skull, possibly with intracranial abnormalities [56, 59, 62, 
63, 65].

• Fractures of the extremities [56, 57, 59].
• Fractures of the spine [56, 66].

Only occasionally more than one body part is injured 
[56, 59].

A remarkable discovery in the study of Wang et al. is that 
orthopaedic and thoracic injuries (fractures of the extremities, 
lung contusion, and pneumothorax) are more frequently seen 

a b

Fig. 13.11 Three-week-old infant who fell out of the arms of her mother. (a) Axial CT shows a linear fracture of the right parietal bone (arrow) 
and bilateral soft tissue swelling. (b) Cinematic rendering of the skull shows a linear fracture
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a bFig. 13.12 Eight-month-old 
infant who fell out of the arm 
of a parent. (a) AP radiograph 
of the left femur shows a 
fracture of the distal 
metaphysis. (b) Lateral 
radiograph shows buckling of 
the posterior cortex

in falls over a distance of more than 4–5 m, and that abdomi-
nal injuries (liver lacerations, visceral, and spleen injuries) 
are more frequently seen in a fall of less than 4–5 m [64].

13.3.3.3  Conclusions
Although this type of fall carries a high morbidity, it seldom 
leads to lasting defects or death [56, 59]. Morbidity increases 
with fall distance, although a fall distance of less than 5 m 
can also be lethal [56, 62]. In these cases intracranial injuries 
are the main cause of death (Fig. 13.13a, b) [62]. As in most 
cases the clinical history and circumstances are clear falls 
from a considerable height most often will not present as a 
diagnostic problem.

13.3.4  Fall with Caretaker

13.3.4.1  Introduction
Every parent’s fear is tripping while carrying a young child and 
unfortunately this is something that does happen. Interestingly 
the incidence of these falls is unknown. However, when 
Googling ‘tripping with baby in arm’ numerous statements 
from parents are found in which they reported to have tripped 

while holding a baby. The commonly reported trauma mecha-
nism is losing footing on the stairs (either up or down) and 
tripping over pets or objects. In many cases, the parent/care-
giver holds on to the child but some report to have lost their grip 
and dropped the child while falling. Although Google certainly 
is not a scientific database, going over these statements two 
points arise, first in nearly all cases the child did well and in 
many cases no medical attention was sought and second nearly 
all parents report to be ashamed about the incident.

In our experience both locally and within the Dutch 
Expertise Centre for Child Abuse [67], we have encountered a 
group of cases in which a femoral fracture reportedly occurred 
due to a tripping accident of the parent. The clinical informa-
tion in these cases was that the parent/caregiver was carrying 
the child on his/her lower arm placed in the knee cavity facing 
towards the person carrying the child. When this person fell/
tripped he/she pressed her lower arm against the body and used 
the other arm to break the fall. As a result, the child fell back-
ward but did not fall to the ground. In several cases with this 
reported trauma mechanism we found distal femoral fractures 
at the level of the distal metaphysis/diaphysis (Fig. 13.14a, b). 
Further work-up in these cases was negative and we believe 
that this is a true accidental trauma mechanism.
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a b

Fig. 13.13 (a) Twenty-two-month-old infant who had fallen from a 4-m high window. The skull CT shows a fracture of the parietal bone (arrow). 
(b) CT at soft-tissue setting shows a small, probably epidural, haematoma (open arrow) and a soft-tissue haematoma (asterisk)

a bFig. 13.14 Eight-month-old 
infant who was, facing 
towards the mother, carried by 
mother on her arm. When she 
fell, she tried to break her fall 
with her arm, at the same time 
the infant fell backwards over 
her lower arm (with the arm 
acting as a lever). (a) AP 
radiograph shows a distal 
femur fracture. (b) Lateral 
radiograph shows buckling of 
the posterior cortex
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13.3.4.2  Conclusion
Although it seems that falls of parents/caregivers while car-
rying a child occur regularly, there is no dedicated literature 
on this specific trauma mechanism.

13.3.5  Falls Involving Objects

Injuries in young children are often explained as resulting 
from a fall from or on an object. In this section specific 
objects which most often are mentioned will be discussed, 
our aim is to give an overview of the evidence behind injuries 
resulting from a fall from or with an object. By no means this 
is intended to provide a definitive all-inclusive overview of 
the literature available and inevitably there also will be some 
overlap with other parts of this book.

13.3.5.1  Bed or Couch

Introduction
As presented in paragraph 13.3.2 falls from low heights are a 
relatively common experience in childhood. Subsequently, it 
is often stated in the medical history of young children with 
a fracture (Fig. 13.15) or a head trauma, that the child sus-
tained the injuries due to a fall off a bed or couch.

Data from Literature
Already in 1977 Helfer et al. studied the incidence of inju-
ries as a result from a fall in young children [42]. For this 
they interviewed parents and performed a retrospective 
review of their hospital emergency data. A total of 256 
children (161 questionnaire and 85 hospital admission), 
aged <6 years, with a total of 254 (169 questionnaire and 
85 hospital admission) falls from a bed or sofa were 
included in the study resulting in a total of 43 injuries. Of 
these injuries 75 were minor and in 7 cases fractures were 
found (3 clavicle fractures, 3 skull fractures, and 1 humerus 
fracture). In the questionnaire group, the skull fractures 
and humerus fractures occurred in children <6 months of 
age and the clavicle fractures in older children. In the hos-
pital admission group 1 skull fracture was found, however, 

the age was not reported. It is of interest to note that the 
authors state that in the 85 hospital cases a total of 40 
radiographs were taken, i.e. this rules out that skeletal sur-
veys were done and thus inflicted injury could certainly 
have been misdiagnosed.

Nimityongskul and Anderson described 76 children 
under the age of 16 years who fell out of bed in the period 
1980–1985 [44]. Of these 23 were 1  year and 16 were 
2 years of age and despite the title of the paper ‘The likeli-
hood of injuries when children fall out of bed’ only 36 
children fell out of bed, stretcher or crib. In the whole 
study, only one occipital skull fracture was reported, 
although it is unknown what the trauma mechanism was in 
this case.

Lyons et al. looked at children <6 years of age, who fell 
out of a bed while admitted to their hospital [45]. In a 9.5- 
year period this happened to 235 children, in all cases the 
children were evaluated after the fall and an incident report 
was made. This data was used for study purposes. There 
were 124 falls from cribs, which are used for children up to 
36 months of age, leading to 29 trivial injuries and 2 frac-
tures, i.e. 1 skull fracture and 1 clavicle fracture. In the older 
age group 13 minor injuries were found.

Tarantino et al. looked at 167 children, aged ≤10 months 
of age, who sustained a short vertical fall [46]. Of these chil-
dren 91 rolled or fell off a bed, 26 rolled or fell off a couch, 
and 16 fell off another object (e.g. chair or changing table). 
In this group, 119 (71.3%) suffered a minor injury and 14 
(8.4%) significant injury (i.e. intracranial injury, fractures). 
In the total study group in 10% of children with a minor 
injury and 48% of children with a significant injury a skeletal 
survey was made. Unfortunately, the authors do not specify 
the injuries by trauma modality so more detail cannot be 
given here.

Macgregor reported on 85 children, 66 < 6 years of age, 
who were presented to an accident and emergency depart-
ment with injuries related to a fall off a bed [68]. In this 
study, the majority of children 72 (85%) fell while sleeping 
and only a minority while playing or getting in or out of a 
bunk bed. Although a total of 25 fractures were reported, 
18 in children <6 years of which 8 were from a top bunk, it 
is not specified how the other 10 fractures in this younger age 
group occurred.

Hennrikus et  al. reported on 115 children who were 
referred to a department of orthopaedic surgery after they 
sustained injuries after a fall; 36 from a bed, 36 from a couch, 
and 25 from a different piece of furniture lower than 1.2 metre 
[50]. In their study population the average age was 4 years 
(range, 8 months–12 years), with only 1 < 1 year of age and 
83 between 1 and 5 years. Not surprisingly a high number of 
children, 113 (98.3%), suffered a fracture or dislocation. In 6 
(5%) cases, including the patient <1 year of age, suspected 
child abuse was reported.

Fig. 13.15 Three-year-old child who fell off the backrest of the bench. 
Radiograph shows a fracture of the radius and a fracture line in the ulna
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Conclusions
The literature shows that there is a relatively low number of 
injuries after a fall from a bed or couch in children. However, 
one should keep in mind that the true prevalence of these 
injuries after a fall from the bed or couch is not known as 
there will be many more children who fall while sleeping or 
playing on a bed or couch, and may or may have not a minor 
injury, than there are presented to a hospital. In keeping with 
most publications it is recommended to rule out non- 
accidental trauma in children under the age of 1 year (or pre- 
mobile children) when they are presented with a fracture that 
reportedly occurred after a fall from a bed or couch.

13.3.5.2  Bunk Bed

Introduction
At face value one may be inclined to think that a fall from a 
bunk bed, barring the greater distance of the fall, can be com-
pared with a fall from a low bed. However, data from the 
literature show that the risk for serious injury is considerably 
higher in a fall from a bunk bed (Fig. 13.16a, b).

Data from Literature
Mack et  al. studied the US National Electronic Injury 
Surveillance System (NEISS) in the period 2001–2004 and 

found that a total of 23,000 children aged 0–9 years (14,600 
children <6  years) were treated annually in emergency 
departments for bunk bed fall-related injuries [69]. D’Souza 
et  al. evaluated data of children and adolescents treated in 
emergency departments for a 16-year period (1990–2005) in 
the United States, a total of 572,580 children and adolescents 
aged ≤21 years, on average 35,790 cases annually, i.e. aver-
age of 42 per 100,000 population (ages ≤21  years), were 
treated during that time frame [70]. The incidence of injuries 
was the highest in the 3- to 5-year-old age group (190,200 
cases [95% CI: 161390–219,010]). As D’Souza and Mack 
used the same database there is an overlap in data, but in this 
study also children over the age of 6 years were included. In 
this large study population, a total of 3431 fractures were 
reported. Based on the Canadian Hospitals Injury Reporting 
and Prevention Program McFaull et  al. reported 6002 pre-
sentations in Canadian emergency departments in a 20-year 
period for injuries related to bunk beds [71]. Over the study 
period the incidence remained stable. Based on data from the 
EU Injury Database it is estimated that in the European 
Union annually 19,000 injuries occur in children 0–14 years 
of age that are severe enough to require presentation at an 
emergency department [72].

Selbst et al. compared a group of children with injuries 
resulting from a fall from a bunk bed (n = 68) with a control 

a b

Fig. 13.16 (a) Thirteen-year-old child who had fallen out of a bunk 
bed on top of a drum set. Endoscopic retrograde pancreaticography 
(ERCP) shows extravasation of contrast (arrow) from an intrahepatic 
bile duct from a liver laceration. (b) Abdominal radiograph after ERCP 

shows a stent in the common bile duct (open arrow), contrast in the liver 
laceration (arrow) and gallbladder (asterisk). Because of ascites, pig- 
tail catheters were positioned (arrow point)
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group of children that had presented at the emergency depart-
ment for other reasons, but did sleep in a bunk bed (n = 54) 
[73]. The average age in the injury group was 5.1  years 
against 6.2 years in the control group. Seventy percent of the 
injury group and 48% of the control group was under the age 
of 6  years. The injuries were sustained by a fall from the 
upper bed (58%), a fall from the ladder (11%), or a fall from 
the lower bed (12%). The moment that the injury was sus-
tained varied. In 29% it happened while sleeping (n = 19; 12 
children <6 years), in 20% while climbing in or out of the 
upper bed, and in 43% during play in and around the bed. 
Fifty-two percent of the children showed head injuries, 12% 
facial injuries, 13% injuries of the lower extremities, and 
10% of the upper extremities (Figs.  13.17a, b and 13.18). 
Lacerations (40%) and contusions (19%) were seen most fre-
quently. Twelve percent of the children had a concussion and 
10% suffered fractures. Six children (9%) had to be hospital-
ized: four with a concussion, one with a skull fracture with 
subdural haemorrhage, and one with a laceration close to the 
eye. The authors concluded that injuries are frequently sus-
tained in a fall from a bunk bed and may be serious. In a fall 
from the upper bed, injuries to the head and face were most 
likely. Also, the more severe injuries were sustained by a fall 
from the upper bed.

MacGregor carried out a prospective study into the sever-
ity of injuries resulting from falling from bunk beds (upper 
and lower bed) and cribs [68]. The study comprised 85 chil-

dren in the age of 5 months or more (43 boys and 42 girls). 
Fifty-seven children fell from a crib or the lower bed, 28 
children fell from the upper bed. Seventy-eight percent of 
children (n  =  72) was <6  years old (lower bed and crib, 
n = 52; upper bed, n = 20). The article is not very specific on 
which injury occurred in which fall (upper or lower bed, 
crib). However, MacGregor described head trauma in 27 
children, of which seven showed noticeable neurological 
symptoms such as unconsciousness, lethargy, or vomiting. It 
was remarkable to see that there were no skull fractures or 
intracranial haemorrhages found in any of the children. This 
was not even the case in complicated falls when the child 
while falling hit, for example, other pieces of furniture before 
hitting the floor. The remaining 20 children who had sus-

a b

Fig. 13.17 (a) AP and (b) lateral radiographs of the elbow of a 6-year-old child who fell out of a bunk bed

Fig. 13.18 Five-year-old infant who fell off the top bunk bed. 
Radiograph shows a mid-clavicular fracture
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tained head injuries did not show any neurological problems. 
Twelve children had a laceration of the scalp or face. Since 
MacGregor did not clearly distinguish between a fall from 
the upper and lower bed and a crib, only limited interpreta-
tion of the data is possible. Only intracranial injuries and 
skull fractures can be compared to other studies. Also, the 
author did not indicate how he eliminated non-accidental 
trauma to explain the injuries in a child.

A retrospective study by Mayr et al. confirmed the data 
from earlier studies on this subject [68]. They analyzed 218 
bunk bed accidents in children. Of the children in the study, 
23.8% was <3 years old. The main causes of injury were a 
fall from the upper bed while asleep (31.5%) or during play 
(34.4%) or a fall down the ladder (23.2%). Serious injury 
was found in 91 children (41.7%): multiple injuries (n = 3), 
skull fractures (n = 7), concussion (n = 44), fractures of the 
long bones (n = 33), Lisfranc’s tarsometatarsal dislocations 
(n = 2), and lacerations of the spleen (n = 2) (Figs. 13.19 and 
13.20). Sixty percent of children had less severe injuries, 
such as fractures in other locations than the skull or long 
bones (n = 18), contusions and sprains (n = 89), lacerations 
of the skin (n = 18), and dental fractures (n = 2). The authors 
concluded: ‘there is only one recommendation: no bunk 
beds’. Remarkable in this study is that again there are no 
serious intracranial injuries. In none of the children in this 
study intracranial haemorrhages were found, in spite of the 

large number and diversity of injuries after a fall from a bunk 
bed. Anyway, Johnson is of the opinion that Lisfranc’s meta-
tarsal dislocations should be considered typical ‘bunk-bed’ 
fractures [74].

Belechri et al. compared the injuries sustained by children 
up to 14 years of age from a fall from a bunk bed (n = 197) 
and a normal bed (n = 1684) [75]. In 8% of the 197 falls from 
a bunk bed, the child fell off the ladder. A fall from a bunk 
bed occurs mainly during sleep. In these cases, there were 
usually more serious injuries than in a fall from a regular 
bed: concussions, fractures, multiple injuries, and other inju-
ries that resulted in hospitalization.

Conclusions
In spite of the large number, severity, and diversity of the 
injuries that are sustained by children that fall from a bunk 
bed, intracranial injuries are almost totally absent. Only the 
article by Selbst et  al. mentioned a child that sustained a 
skull fracture and subdural haemorrhage. It is also remark-

Fig. 13.19 Two-year-old infant who fell from a bunk bed refusing to 
bear weight on her leg. Radiograph shows a distal tibia and fibula frac-
ture (arrow)

Fig. 13.20 A 4-year-old child who fell from a bunk bed indicated pain 
in her hand. Radiograph shows an intra-articular fracture of the middle 
phalanx of the fifth finger
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able that the studies did not report even one child that died 
after a fall from a bunk bed [73].

The US Consumer Product Safety Commission and the 
American Academy of Pediatrics have advised that children 
under the age of 6 years should not sleep in the upper bunk 
and that children should be discouraged from playing on 
bunk beds [76].

13.3.5.3  Pram

Introduction
From an early age onwards, children have been carried in 
prams/strollers. Especially the more mobile children regu-
larly fall from prams, and in such cases there is very likely 
that the child will fall on its head.

Data from Literature
Watson and Ozanne evaluated the relation between accidents 
related to children’s furniture and prams and the prevention 
of injuries [77]. Just over 6% of the injuries in children up to 
3 years old and 19% of children up to 1-year old resulted 
from such an accident. The majority of injuries related to 
prams and high chairs appeared to be due to a fall (respec-
tively, 75% and 83%). Watson and Ozanne consider the risk 
of sustaining serious injuries as high, since 96% of children 
who had fallen from a pram and 75% of children that had 
fallen from a high chair landed on their head. From 1985 to 
1988, in Victoria (Australia), 1 child died from a fall from a 
pram and 1 from a fall from a high chair.

Couper et  al. performed a retrospective study into acci-
dents with prams (n = 149) [78]. Seventy percent of children 
were between 9 and 15 months old. Sixty percent suffered 
injuries to the head, face and/or teeth and/or had a concus-
sion. Eleven children (7.4%) had to be hospitalized. The arti-
cle did not mention any children that had died from the fall.

Lee and Fong describe a 10-month-old girl that suffered 
an epidural haemorrhage after a fall from a pram [79]. She 
did not sustain a skull fracture and post-operative made a full 
recovery. Moreover, Lee and Fong report that a review of the 
literature on similar situations showed that a fall from a pram 
seldom results in serious and/or life-threatening injuries, but 
does cause head injuries. Three children died after a fall from 
a pram that had been reported by the parents. In the end, it 
was found that in two children the injuries were due to non- 
accidental circumstances (child abuse).

Powell et al. executed the most comprehensive (retrospec-
tive) study into pram-related injuries in children up to 3 years 
old (n = 64.373, over a period of 5 years) [80]. The average 
age of the children was 11 months. The purpose of the study 
was a report on the incidence of this type of accident, the 
circumstances and the types of injury. Seventy-six percent of 
the injuries resulted from a fall from the pram, particularly on 
the head (44%) or to the face (43%). The injuries were: contu-

sions and abrasions (38%), lacerations (24%), intracranial 
injuries (22%), and fractures of the extremities (3%). Two 
percent of children were hospitalized; 70% of the hospitaliza-
tions were for head injuries. The article did not mention any 
children that died from the fall. Several years later, also based 
on data from the National Electronic Injury Surveillance 
System (1990–2010) Fowler et al. evaluated stroller or car-
rier-related injuries in children ≤5 years of age [81]. In the 
study period, there were an estimated 261,879 (95% CI, 
204,095–319,664) stroller-related injuries, of these children 
42.0% were < 1 year of age. Like in other studies the most 
common location for injuries was the head and face (86.5%).

Arnholz et  al. describe bilateral skull fractures in a 
6-week-old infant who fell from a distance of about 90 cm 
from a pram and landed with the top of the head on concrete 
stairs (Fig. 13.21) [82]. Two symmetrically located haemor-
rhages on the scalp were found as associated injuries.

Tripathi et  al. reported on 248 pram- (N  =  136) and 
stroller-related (N = 111) injuries collected in young children 
(median age 12.5 months) over a 3-year period in 1 an emer-
gency department of a paediatric hospital in Singapore [83]. 
In all children most injuries (90.7%) were to the head and/or 
face and only a few of these required medical care. There 
were 17 (6.9%) fractures/dislocations, however, the authors, 
except for one depressed skull fracture in an 8-month-old 
child, did not describe the actual fracture locations. In gen-
eral, the injuries were the result of blunt force trauma 
(97.6%), were under supervision of an adult (79.4%), and 
happened in and around the house (46.8%).

Fig. 13.21 Ten-year-old child who fell out of his travel bassinet down 
the stairs (14 steps). After the fall he was drowsy, a radiograph of the 
skull showed soft-tissue swelling (arrow) and a linear biparietal fracture 
(open arrow)
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Conclusions
A fall from a pram, in particular in children under the age of 
1 year, is not an unusual occurrence. Often children will fall 
on their head. Serious intracranial injuries (a typical impact 
injury: epidural haemorrhages) are only reported in case 
reports. Lasting damage is rare, as is death.

13.3.5.4  Infant Seating Device

Introduction
Infant seating devices are widely used and may well be one 
of the most sold infant consumer products [84]. These prod-
ucts are sold under a wide variety of names which sometimes 
overlap, making evaluation of the literature at times difficult. 
For this section, the seating devices have been into two 
groups: bounce chairs (Fig.  13.22) and variations on that 
theme and car seats used outside a vehicle as a seating device.

Bounce Chair Data from Literature
In their article, Farmakakis et al. report on 181 children that 
sustained injuries by a fall with a bounce chair [85]. 
Beaudin et al. reported on the risk of injuries with the inap-
propriate use of seating devices based on data from the 
Cincinnati Children’s Hospital [86]. In their study there 
were, among others, 22 children with injuries related to a 
bouncy seat and 2 related to a Bumbo seat (these were actu-

ally recalled in 2007 due to safety issues and should only be 
used if a restraint belt is fitted). All children were admitted 
to the hospital, one of them to the paediatric intensive care 
unit. The authors did not specify the injuries sustained as a 
result of these incidents. Wickham and Abrahamson 
reported children <1 year with head injury, who, in an one-
year period presented at their accident and emergency 
department [87]. In this study period 131 children were 
seen with head injuries of these 17 (13%) were related to 
bounce chair or car seat, and in all cases of bounce chair 
injuries the cause was a fall of the bounce chair from an 
elevated surface.

Car Seat Data from Literature
Infant car seats are essential in preventing injuries in babies 
and infants when they are involved in a car crash and as such 
they are an indispensable tool in preventing serious injuries 
or even death. It has been reported that due to the use of car 
seats in the United States there has been a decrease in fatal 
injuries by 71% [88]. However, these seats are also used out-
side the vehicle as an infant seating device and if used incor-
rectly then they can pose a threat to the welfare of the child. 
Incorrect use may result in injuries.

Parikh and Wilson looked, based on NEISS data, at car 
seat accidents in the United States when used outside a car in 
the period 2003–2007 [89]. They estimated that in this period 
a total of 43,562 children were seen in emergency depart-
ments due to such accidents. In the majority of cases (at least 
49%) the accident occurred at home and in all cases the 
majority of accidents (64.8%) were caused by infants falling 
out of their car seats. In these cases the infants either fell 
when carried or when the car seat was placed on an elevation 
(e.g. a table or car). In all of these cases the authors assumed 
that the infants were unrestrained in their seat, although data 
to support this statement was available for only 16.8% of 
cases. In 14.6% the accident was caused by the car seat itself 
falling from a height. The head and neck were most often 
(84.3%) injured and internal organ injuries, soft-tissue inju-
ries, and fractures occurred in, respectively, 45.3%, 33.4%, 
and 6.6%. In most of the infants, the injuries were minor and 
they could be treated as out-patients (89.9%) with only a 
minority admitted (8.4%) and a very small percentage of 
fatal injuries (0.1%). In a Canadian study, based on BC 
Children’s Hospital data from the Canadian Hospital Injury 
Reporting and Prevention Program, by Desapriya et al. simi-
lar results were found [90]. Although the study only included 
87 children falls from elevated surfaces (43%) were the most 
common reported trauma mechanism. In a study by Pollack- 
Nelson attention was brought to the risk of car seats toppling 
when placed on a soft surface, e.g. bed or couch [91]. 
Although rare in the study period from 1990 to 1997, a total 
of 16 cases of suffocation after the seat overturned were 
reported.Fig. 13.22 Bouncy chair
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Another trauma mechanism reported by Greenberg et al. 
is a fall out of a car seat when it is used as a carrier [92]. They 
reported on 62 children <18 months who fell out or with a 
car seat of them a subset of 9 children fell while being car-
ried, four of these children sustained intracranial injury. In 
the whole study group a staggering 87% of children were not 
buckled into the car seat when the incident occurred.

Conclusions
Although infant seating devices are generally safe, improper 
use can lead to serious injuries. Under all circumstances it is 
advised to follow the instructions and have the child 
restrained/buckled up when seated. Based on the reported 
injuries and trauma mechanisms in the literature placement 
of infants in seating devices on an elevated surface should 
under all circumstances be discouraged. In 2017, the US 
Consumer Product Safety Commission introduced a federal 
mandatory standard to improve the safety of infant bouncer 
seats, in this standard manufacturers must make fall hazard 
warnings more visible to parents/caregivers [93]. Among 
others they also advise parents/caregivers to always use the 
bouncer on the floor, and never on an elevated surface, to 
never place the bouncer on a soft surface, and to always use 
restraints and adjust restraints to fit snugly.

Although slightly off-topic the following is also of interest, 
Liaw et al. reported, based on 2004–2014 data from the US 
National Center for Fatality Review and Prevention that in that 
period out of a total of 11,779 infant sleep-related deaths, 348 
(3.0%) occurred in infant seating devices [94]. Of these cases 
in 62.9% a car seat was involved and in the majority of cases 

the guidelines for use were not followed. In the discussion, the 
authors state that infants should never sleep unsupervised in car 
seats and that, although their data did not provide detail regard-
ing buckling, they agree that infants should also always be 
buckled with the 5-strap harness, even when asleep. Batra et al. 
reported, based on between 2004 and 2008 US Consumer 
Product Safety Commission data, on 47 fatalities involving 
among other seating devices (31 car seats and 4 bouncers) [95]. 
In all cases the cause of death was either positional asphyxia or 
strangulation (resulting from improper use of the straps). 
Barber et al. reported on a series of coronial autopsies, between 
January 1996 and December 2011, performed in Great Ormond 
Street Children’s Hospital, London [96]. Out of a total of 1465 
infant deaths 14 were related to a car seat (0.96%) incident. In 
9 cases (64%) the car seat was used as either a cot or a seat. 
None of the deaths were the result of a fall.

13.3.5.5  High Chair

Introduction
From the moment that children are well able to sit up and eat 
solid food, parents/carers will usually place them in a high 
chair at the dining-room table. In spite of the straps in these 
chairs, children regularly fall out of them.

Data from the Literature
In Europe, it is estimated that within the European Union 
approximately 7700 injuries to children 0–4  years of age 
occur which are severe enough that medical attention is 
sought (Fig. 13.23a, b) [72].

a b

Fig. 13.23 Two-year-old child who fell out of a high chair. (a) AP radiograph of the elbow shows a lateral condyle fracture (arrow). (b) On the 
lateral radiograph the fracture cannot be seen, but there clearly is a posterior fat-pad sign (arrow)
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Watson and Ozanne evaluated the relation between acci-
dents resulting from children’s furniture and prams and the 
occurrence of injuries [77]. In this study 20 cases of falls 
involving a high chair could be included, the most common 
injury was to the head (75%) other injuries were a fractured 
clavicle and 2 cases of a fractured ulna and radius.

By means of a questionnaire directed to the parents, Mayr 
et al. evaluated 103 children that had fallen from a high chair 
and presented at the emergency department [97]. Fifty per-
cent of children wanted to stand up in the chair before they 
fell down, and 14% of accidents occurred because the high 
chair toppled over. Most children had suffered head injuries: 
contusions or haematomas on the head or lacerations of the 
scalp or face (68.9%), skull fractures (15.5%), and concus-
sions (13.6%). The article does not mention any children that 
died as a result of the fall or ended up in a life-threatening 
situation.

Powell et al. carried out the most comprehensive (retro-
spective) study into injuries in children up to the age of 
3 years old, related to a fall from a high chair (n = 40,650, 
average age 10 months, over a period of 5 years) [98]. The 
purpose of the study was to compile a report on the incidence 
of this type of accident, the circumstances, and the types of 
injury. Over 5000 children (13%) fell from a booster seat and 
over 4000 children fell from a youth chair. Predominantly 
head (44%) and facial (39%) injuries were found: contusions 
and abrasions (36%), lacerations (25%), intracranial injuries 
(21%), and fractures (8%). Two percent of the children were 
hospitalized. The article does not mention any children that 
died as a result of the fall.

Kurinski et al. described data from the NEISS from 2003 
to 2010 [99]. They found that annually there were on average 
9421 high chair-related injuries in children aged up to 3 years 
of age in the United States and that in the study period there 
was a significant increase of 8926 injuries in 2003 to 10,930 
injuries in 2010. A fall was the most reported trauma mecha-
nism (92.8%). During the study period closed head injury 
occurred in 26,649 children (95% CI: 18,753–34,545) and 
fractures in 6169 (95% CI: 4578–7760).

Although most injuries are a result of a fall out of the 
chair, backward falls have also been described. Mayr et al. 
reported that in 9 (mean age of 16  months, range: 
9–30  months) of their 103 cases a backward fall occurred 
when their highchair tipped over [97]. Atkinson et  al. 
described 8 cases of backward falls with occipital impact, in 
one of these cases a fall occurred when a high chair tipped 
over [100]. In this case of a 10-month-old boy a subdural 
haematoma and unilateral retinal haemorrhages were found. 
A full workup disclosed no other injuries or cause to doubt 
this consistent clinical history.

A rare fatal injury mechanism was described by Souheil 
et al. who described a case of a 2-year-old girl who died as 

a result of accidental asphyxiation [101]. In this case the 
child herself had climbed in the chair and fastened the 
waist strap and not the crotch strap, this allowed her to slip 
out of the chair and accidentally hang herself on the 
waiststrap.

Conclusions
Children, in particular those <1 year old, regularly fall from 
or with high chairs. The literature mentions serious or even 
life-threatening injuries only in a very small proportion of 
children. A fatality from a fall is only mentioned in the arti-
cle of Watson, this child was not included in their study sam-
ple [77].

A common finding in all studies was the lack of use of 
restraints, even if they were present, this would therefore be 
an easy method to prevent falls from highchairs.

13.3.5.6  Baby Jumpers

Introduction
The baby jumper, also known as a suspended baby exercisers 
or bouncers, is a recreational device for children who are 
well able to keep their head upright, but cannot walk yet. The 
baby is seated in a chair made of soft cloth that is hung from 
the ceiling, the door opening, or a frame by a spring. By 
pressing his/her toes against the floor, the infant can push up 
him-/herself up, and in this manner can move up and down. 
A baby bouncer is not made for swinging. According to the 
Consumers and Safety Council its use is not without risks. 
When incorrectly hung or attached, the jumper may come 
loose. Also, the baby may jump too hard or fall out of the 
jumper.

Data from Literature
Although warnings are mentioned by several organizations 
and newspaper articles mention injuries, actual data on the 
incidence and case reports are extremely rare [102–105]. In 
a study on nursery product-related injuries, based on 
21 years of NEISS data, the group of baby walkers/jumpers/
exercisers related injuries accounted for 16.2% of all causes. 
Claydon presents a case of a fatal fall from a baby jumper by 
a child <1-year old (Fig. 13.24) [106]. The author mentions 
with good reason that to sustain life-threatening head 
trauma, it is not necessary for the child to fall from any great 
height. The head of the child in question was no more than 
60 cm from the floor. The child landed on its head on thick 
carpet.

Conclusions
Although injuries can certainly occur in the use of baby 
jumpers there is insufficient literature to specify which inju-
ries can specifically be found.
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Fig. 13.24 Baby jumper

13.3.5.7  Exersaucer

Introduction
An exersaucer is a stationary device in which a non-mobile 
infant can sit in an upright position. By pushing his feet 
against the floor or base the infant can rotate and play with 
the toys on the exersaucer. It is a predecessor to the infant 
walker (see Sect. 13.3.5.8). The exersaucer is reported to 
have a beneficial influence on the infant’s motor develop-
ment and is therefore used by parents [107].

Data from Literature
In 2001, Grant et  al. presented two cases in which young 
children (respectively 7 and 4.5  months of age) presented 
with a distal femoral fracture [108]. In both cases, the par-
ents reported the use of an exersaucer for their child, although 
in neither case the fracture was reported directly after use. 
The parents of the 7-month-old child brought the exersaucer 
to the hospital and stated that they did not adjust the height 
of the seat and as a result the child could plant her feet on the 
base and twist. In both cases imaging revealed no other frac-
tures, and after a full workup both cases were ruled as acci-
dental related to the exersaucer.

Moineau and Plint described a case of a 9-month-old boy 
who presented with bilateral buckle fractures of the proximal 

tibia [109]. Although the authors conclude that in their case 
the circumstances, under which the fractures were sustained, 
remain unknown they state in the discussion of the case ‘the 
parents could not think of, and the babysitter did not admit 
to, any potential traumatic event while in their care. When 
reviewing any possible repetitive stresses occurring on his 
lower limbs, the parents admitted that he was often in his 
baby stationary activity center, and the sitter had mentioned 
that he had been in it for a few hours the day he seemed more 
irritable’. It thus seems plausible that there is a relation 
between the use of the exersaucer and the occurrence of 
fractures.

Conclusions
Although rare, there have been reports of lower extremity 
fractures related to the use of an exersaucer. In all reported 
cases the fracture was not identified directly after the use of 
the exersaucer but the full clinical workup led to the conclu-
sion that this could have been the only explanation.

The same exersaucer as reported in the publication by 
Grant et al. can, once a child can walk, also be used as an 
activity table. However, it has been shown that the cap on 
one end of the product can loosen and fall off, posing a fall 
hazard to a young child [110]. After receiving reports of dis-
lodged end caps which resulted in minor injuries, including 
bumps and bruises and in one case a broken collarbone, this 
toy has been withdrawn from the market.

13.3.5.8  Baby Walker

Introduction
Many parents use baby walkers for their infants either 
because they believe its use will accelerate gait (for which 
there is no evidence), it will increase the leg strength of the 
baby, or just because it is deemed to be entertaining [111–
113]. The literature shows that baby walker-related injuries 
happen regularly. In the United States, the number of reported 
accidents has increased since the eighties [114, 115]. In a 
study based on the data from the NEISS data from 1990 to 
2014 Sims et al. reported that in that period 230,676 children 
under the age of 15 months were presented at an emergency 
department for baby walker-related injuries [116]. Based on 
an evaluation of nearly 28,000 children up to 4 years of age 
who presented at the emergency department due to accidents 
with baby walkers, Trinkoff and Parks concluded that the 
majority of these accidents could have been avoided 
(Fig. 13.25) [114].

Data from Literature
In 1982, Fazen and Felizberto performed a study into the use 
of baby walkers and the frequency and severity of the inju-
ries that resulted from accidents with baby walkers [117]. 
For this purpose they approached the parents of 49 children 
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a bFig. 13.25 Eight-month-old 
infant who fell, while being 
unrestrained, out of an 
stroller. (a) AP radiograph of 
the left femur shows a distal 
metaphyseal fracture. (b) 
Lateral radiograph shows 
buckling of the posterior 
cortex

8–14 months of age. Most parents (86%; n = 42) appeared to 
have baby walkers. Their children were put in the baby 
walker for the first time when they were 4  months old. 
Approximately 50% of the children had experienced an acci-
dent with the baby walkers at some time: a tip over, a fall 
down the stairs or entrapment of fingers. In two children 
medical assistance was required. Both sustained head and 
neck injuries after a fall down the stairs in their baby walker. 
Fazen and Felizberto concluded that injuries from accidents 
with baby walker are a regular occurrence, but were not as 
severe as had been reported up to then. Their study revealed 
that particularly children <7 months old fell down the stairs, 
whereas tipping over happened more often in children 
>8 months.

Kavanagh and Banco evaluated the data of 195 children 
of 5–15 months of age [118]. One hundred and fifty children 
(77%) had been put in a baby walker by their parents. In 47 
children (31%) the accident caused visible injuries: bruises/
contusions and abrasions in 38 children, head trauma (includ-
ing skull fractures) in five children, lip lacerations in two 
children, perforation of the palate in one child and a dental 
avulsion, also in one child. Thirty-eight children tipped over, 
15 children fell down the stairs, and two children had been 
pushed over by their sibling. A 7-month-old child had a large 
haematoma fronto-parietal and multiple skull fractures (two 
left frontal, of which one impression fracture and one frac-
ture to the left parietal bone) after a fall down the stairs. The 
child remained conscious and the neurological examination 
showed no defects.

Wellmann and Paulson studied children that presented at 
a large emergency department over a period of 23 months for 

baby walker-related accidents [119]. They reported that 97% 
of the children had sustained head and facial injuries. Sixty- 
eight percent of the children had fallen down the stairs. In 
22% of injuries, it was necessary to get a surgical or dental 
evaluation in addition to the paediatric examination.

Stoffman et  al. investigated the relation between head 
injuries and the use of baby walkers in 52 children of 
<24  months old [120]. In children of <1  year old, it was 
shown that 42% of head injuries were caused by accidents 
with baby walkers. In children aged 12–24  months, baby 
walkers were not at all involved in sustaining head injuries. 
In all baby walker-related head injuries the child had fallen 
down the stairs. Three children sustained a skull fracture.

Rieder et al. carried out a prospective study into the mech-
anisms and patterns of baby walker-related injuries [121]. 
The study was initiated by the death of a 6-month-old infant 
who had fallen down a 14-step staircase onto a concrete floor 
and had received fatal injuries. Over a period of 1  year, 
Rieder et al. saw 139 children of 4–15 months old that had 
sustained injuries. Twenty-nine of them had sustained a frac-
ture, and 123 children had fallen down the stairs (89%). Ten 
children had fallen from a baby walker. Three children had 
sustained burns and 3 others had pulled an object on top of 
themselves. Ninety-three children sustained a skull fracture, 
of whom two had a depression fracture. Furthermore, in 
three children a fracture of the lower arm was found, and in 
two children a clavicle fracture. One child suffered a fracture 
of the nasal septum. There also were lacerations (n  =  6), 
abrasions (n = 3), and burns (=3). In six children dental inju-
ries were found. The most serious injuries were seen in falls 
down the stairs; all fractures but one resulted from falls down 
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the stairs. Approximately 90% of children that had sustained 
a closed head injury had also fallen down the stairs.

Partington et al. studied the relation between the origin of 
head injuries (except for facial injuries) and the use of baby 
walkers in children <24  months [122]. Over a period of 
3 years, they saw 129 that had suffered a head injury. In 19 of 
the children (14.7%) the injuries were caused by an accident 
with a baby walker. The average age of these children was 
8.7 months. Eighteen children fell down the stairs, of which 
nine had sustained a skull fracture (six linear, two multiple 
linear, and one complex). None of the children required sur-
gical intervention.

Al-Nouri and Al-Isami interviewed a random selection of 
100 mothers, who visited the emergency department with 
their child <4 years old, and of those 83 stated that they used 
a baby walker for their babies [123]. Of these children 78 
(94%) sustained an accident leading to a total of 148 injuries. 
The majority of these injuries were minor and involved head 
trauma (82% of injuries), in one child a skull fracture was 
reported.

Coats and Allen carried out a retrospective study on chil-
dren <24 months that presented at the emergency department 
because of an accident with a baby walker [124]; in a total of 
1049 visits, 22 children. The most serious injuries seen in 
these children were skull fractures (n = 3). The majority of 
injuries were caused by a fall down the stairs.

Chiavielo et al. carried out a 44-month prospective study 
into the incidence and severity of baby walker-related inju-
ries in children of 3–17 months old (n = 65) [125]. Of these 
children 95% was <1 year old. The researchers excluded all 
children suspected of having sustained in non-accidental cir-
cumstances. The injuries were sustained by a fall down the 
stairs (71%, n = 46), tipping over (21%, n = 14), a fall from 
the porch (3%, n = 2), and burns (5%, n = 3). Most injuries 
were found on the head and in the face (97%). Furthermore, 
injuries were found on the extremities (6%) and the trunk 
(3%). Most of the injuries were light, although 19 children 
had suffered severe injuries: skull fracture (15%, n  =  10), 
concussion (12%, n  =  8), intracranial haemorrhages (8%, 
n = 5), third-degree burns (3%, n = 2) and a fracture of the 
cervical spine (2%, n = 1). One child in the study died, after 
sustaining a skull fracture, a subdural haemorrhage, and a 
fracture of a cervical vertebra. When the burn patients were 
excluded, severe injuries were only seen in children that fell 
down the stairs.

Mayr et al. studied retrospectively the data of 172 chil-
dren of 7–14 months of age that had sustained baby walker- 
related injuries over a period of 3.5 years [126]. They found 
the following injuries: skull fracture (n  =  19), concussion 
(n = 23), contusions and lacerations to the head (n = 125), 
including dental luxation), and fractures or distortions of the 
upper extremities (n = 3).

The study of Petridou et  al. on 49 children with baby 
walker-related injuries confirms the earlier-mentioned data 

[127]. The majority of injuries were sustained around the age 
of 9–10 months. The most prevalent cause of injury was a 
fall down the stairs, in particular in the younger children. The 
majority of injuries were light. Three children sustained 
fractures.

Smith et  al. investigated baby walker-related injuries in 
271 children that presented at the emergency department 
over a period of 3 years [128]. Their age ranged from 4 to 
36 months (average age 9.2 months, 62% boys). Sixty-nine 
percent of children had sustained the injury from a fall down 
the stairs. The risk for skull fractures and the necessity of 
being hospitalized increased with the number of steps the 
child had fallen down. One hundred and fifty-nine children 
(58.6%) sustained skin injuries (contusion, haematoma, 
abrasion), 35 (12.9%) had a concussion and/or head injuries 
and 33 (12.2%) had lacerations. Twenty-six children (9.6%) 
sustained a skull fracture (17 parietal, 8 frontal, and 1 occipi-
tal) and 4 (1.5%) showed other fractures (three clavicle and 
one radius and ulna). Nine children (3.3%) had sustained a 
nose bleed, four (1.5%) a dental avulsion, and one (0.4%) a 
burn. In three children a depression fracture of the skull was 
found, two of those also had a second skull fracture without 
depression. Three children that had suffered a skull fracture 
also had intracranial haemorrhages, of which twice a subdu-
ral haemorrhage. The skull fractures occurred only in the 
group that had fallen down the stairs. Ten children (3.7%) 
were hospitalized; they all had a skull fracture. Smith con-
cluded that fractures of the extremities are rare in baby 
walker-related falls.

In the study by Sims et al. 7–10 months old accounted for 
68.3% of all cases [116]. Based on their study data the 
authors calculated that in the period 1990–2014 in the United 
States a total of 115,897 (95% CI 94,575–137,220) sustained 
a closed head injury and 11,798 (95% CI 8435–15,160) a 
fracture. In the majority of cases (74.1%) a fall down the 
stairs was the trauma mechanism, the second cause (14.7%) 
was a fall from the baby walker itself.

In 2001, the American Academy of Pediatrics (AAP) 
issued an advice on baby walkers [115]. According to the 
AAP, in 1999 approximately 8800 children <15 months were 
treated in emergency departments for baby walker-related 
injuries. The majority of injuries were caused by falls down 
the stairs and head injuries were seen frequently. Between 
1973 and 1998, physicians reported that 34 children had died 
as a result of a fall with a baby walker. The AAP discourages 
the use of baby walkers due to the considerable risk for light 
to very severe injuries and death. Since there are no positive 
indications for its use, their advice is to prohibit the produc-
tion and sale of baby walkers.

Conclusions
After a fall with a baby walker, in which falls down the stairs 
are the major trauma mechanism, the majority of injuries 
seen are to the head or the face and are relatively harmless. 
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Skull fractures occur very regularly, whereas fractures of the 
extremities are rarely seen. In 2–3% of the reported children, 
intracranial haemorrhages are seen. Unfortunately fatalities 
are also reported regularly [115].

13.3.5.9  Stair

Introduction
Almost all parents have experienced that a child fell down 
the stairs signifying that it is a relatively common event. 
According to the NEISS data in the period 1990 through 
2012 a total of 3,667,512 patients under the age of 10 years 
were treated at emergency departments for injuries related to 
fall from stairs [129]. Zielenski et al. evaluated data, from the 
same database, from 1999 to 2008 focussing on children 
aged <5 years [130]. They found that in this study period a 
total of 931,886 (95% CI: 799,283-1,064,490) children, i.e. 
on average 255 children per day or 46.5 injuries per 10,000 
children annually in the United States, were treated for 
injuries.

Falls from a stair are also reported in cases in which, after 
a thorough work-up, it was concluded that injuries were due 
to non-accidental trauma (Fig.  13.26a, b). In an article by 
Pierce et al. the authors refer to a case review of 100 children 
with non-accidental injuries in the Children’s Hospital of 

Pittsburgh. In 11 cases a fall downstairs was reported in the 
clinical history [131]. There were severe injuries; 9 children 
had fractures, 4 had permanent sequelae, and 3 died. 
According to the authors the perpetrator in most cases con-
fessed to fabricating the stair fall history.

Data from Literature
The study by Zielenski et al. also provides data on the trauma 
mechanism and injuries sustained by children (Table 13.7) 
[130]. During the study period there was a significant 
decrease in stair-related injuries, a large part (but not exclu-
sively) of this decrease could be attributed to a decrease in 
baby walker-related injuries.

In a prospective study, Joffe and Ludwig described 363 
children from 1 month to nearly 19 years old with injuries 
resulting from a fall down the stairs (average age: 55 months) 
[132]. Fifty-four children were  <  1  year old. Ten children 
were being carried by their parent/carer. Twenty-four were in 
a baby walker when they fell down the stairs. Children sus-
pected to have non-accidental injuries were excluded from 
the study. The majority of children had superficial injuries, 
73% sustained injuries to head and neck. Head injuries were 
more frequently seen in children <4 years of age. In 28%, 
injuries of the extremities were found, in particular distally. 
Only in 2% of children injuries to the trunk were seen. Six 

a bFig. 13.26 Six-year-old 
child who was pushed down 
the stairs. (a) AP radiograph 
of the wrist shows a 
greenstick fracture of the 
distal ulna (arrow) and a 
cortical irregularity of the 
distal radius (open arrow). (b) 
lateral radiograph shows a 
torus fracture of the distal 
radius
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Table 13.7 Stair-related trauma mechanism and injuries (children <5 years) based on National Electronic Injury Surveillance System data 1999–
2008 [130]

<1 1 2 3 4
National 
incidence %

National 
incidence %

National 
incidence %

National 
incidence %

National 
incidence %

Injury mechanism
Carried 33,531 24.5 12,171 4.0 4999 2.2 1392 0.9 1054 0.9
Fell in baby walker 22,226 16.2 3145 1.0 # # #
Jumped # 1506 0.5 4519 2.0 3687 2.5 4355 3.7
Fell from stroller 6860 5.0 2704 0.9 381 0.2 # #
Rode toy # 2370 0.8 3791 1.7 2223 1.5 1561 1.3
Tripped on object # 547 0.2 346 0.2 # #
Fell without object/
action

74,037 54.0 279,519 92.6 212,778 93.7 141,220 94.5 109,129 93.6

Injury type
Soft tissue 54,487 43.3 115,215 38.4 72,239 31.9 41,362 27.8 32,838 28.2
Laceration 8797 6.5 61,836 20.6 68,890 30.4 56,269 37.8 47,191 40.5
Closed head 43,644 32.3 71,166 23.7 39,299 17.4 21,916 14.7 13,277 11.4
Fracture 10,047 7.4 24,948 8.3 26,410 11.7 19,483 13.1 16,421 14.1
Dislocation # 6557 2.2 5003 2.2 1527 1.0 571 0.5
Miscellaneous 13,707 10.2 20,115 6.7 14.411 6.4 8417 5.6 6107 5.2

# N < 20

percent of the children (n = 22) had sustained fractures due 
to falling downstairs. Sixteen children had suffered a fracture 
of one of the extremities (15 of them were > 4 years old). Six 
children had suffered a skull fracture (all <3 years old). Four 
of the six skull fractures were sustained in ten children who 
fell on the stairways from the hands of their parents/carers. 
None of the children showed rib, spinal, pelvic, or hip frac-
tures. The group of children of 6–12 months old counted 40 
injuries in total. Twenty-four of those injuries were seen in 
the 24 children that had fallen in their baby walker (see para-
graph 13.3.5.6). Only 2.7% of children had sustained injuries 
to more than one body part. Children who had fallen more 
than four steps down the stairs did not sustain more injuries 
than children who had fallen less than four steps down the 
stairs, irrespective of their age. Also, the injuries were of 
similar severity. Three percent was admitted to the hospital. 
None of the children experienced a life-threatening situation. 
Also, none of the children was admitted to the intensive care 
unit, no intracranial haemorrhages or brain contusions were 
found, and none of the children died. Joffe and Ludwig con-
cluded that there was no relation between the number of 
steps a child falls down and the severity of the injury, and 
that a fall from a staircase is less serious than a free fall from 
the same height. When a child presents with multiple and 
severe injuries to the trunk or extremities, and according to 
the clinical history he/she has fallen down the stairs, then 
non-accidental circumstances should be considered.

Chiaviello et al. also studied the effects of a fall down the 
stairs in 69 children of <5 years of age (average age 2 years), 
including three children who had fallen together with their 
parent/carer [133]. Unlike Joffe, they excluded accidents 
with baby walkers. They also excluded children suspected to 

have non-accidental injuries. The majority of the injuries 
were not serious. Fifteen children had sustained serious inju-
ries, such as concussion (11 children, 16%), skull fracture 
(five children, 7%), brain contusion (two children, 3%), sub-
dural haemorrhages (one child, 1%), and a fracture of the 
second cervical vertebra (one child, 1%). The three children 
that had been carried by their parent/carer who fell on the 
child against the staircase sustained the most serious injuries: 
two children suffered a skull fracture, and one of the children 
showed a small subdural haemorrhage and contusion. This 
was also the child who had sustained fracture of the second 
cervical vertebra. Chaviello et  al. concluded that in the 
majority of falls there were no serious injuries. Injuries of 
head and neck prevailed and serious head injury can occur 
after an accidental fall. However, if a child has injuries to 
multiple body regions or serious truncal or extremity injuries 
then alternative mechanisms, including non-accidental 
injury, should be considered.

Docherty et  al. studied stair falls in Sheffield, United 
Kingdom, in the fiscal years 2005/6 and 2006/7 and found 
239 paediatric cases median age of 1 year (range 0–15 years) 
[134]. Of these children 82/239 (34%) fell a full flight of 
stairs, i.e. more than 11 steps, of these children 68 (83%) 
sustained injuries. Overall 216/239 (90%) children suffered 
some form of injuries after a fall from a stair, the majority 
had a minor head and facial injury (165/239, 69%). There 
were a total of 28 fractures, it is of interest to note that all 5 
skull fractures in this study population were found in chil-
dren who were dropped by carers on the stairs.

Pierce et al. developed an injury plausibility model for 
children with femur fractures after a fall from the stair 
(Fig. 13.27) [131]. This model is based on four categories 
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Fig. 13.27 Thirteen-month-old child who suffered a witnessed fall 
from the fourth step of the stairs. Radiograph shows a transverse mid- 
diaphyseal femur fracture

Fig. 13.28 Five-and-a-half-year-old child who sustained a spiral frac-
ture after a fall down the stairs. The clinical history showed that he had 
climbed over the stair barrier holding a toy in his hand, caught his leg in 
the spindles and lost his balance. A police investigation at the site of the 
accident confirmed the clinical history

(1) history details; (2) biomechanical compatibility of the 
fracture morphologic features; (3) time to seeking care; 
and (4) other injuries. Applying the model to their study 
population showed a difference between falls in accidental 
and non- accidental circumstances. Although this is a very 
interesting approach the authors state that ‘Additional 
research is needed to develop and test this model and simi-
lar models that provide more objective injury assessment 
and differentiation between abusive and noninflicted 
trauma’.

One of the most widely advised interventions to prevent 
falls from stairs is the use of ‘baby gates’. These, however, 
can also give rise to accidents [135]. These injuries can be 
the result of, e.g. contact injuries, including cuts/lacerations 
from sharp parts, open gates, gates collapsing, or children 
climbing over the gate (Fig. 13.28). In the latter group the 
injuries were more severe leading to more hospitalizations.

Conclusions
Based on the literature, and experience of most parents, chil-
dren regularly fall down the stairs. Usually there are few or 
no injuries. However, when injuries are sustained, they are 
usually seen in the head, neck, and distal extremities 
(Figs. 13.29 and 13.30a, b). When a child presents with mul-
tiple and severe injuries to the trunk or extremities, and it is 

stated that the injuries were sustained due to falling down the 
stairs, then non-accidental circumstances should be 
 considered/excluded.

13.3.5.10  Shopping Cart

Introduction
Children are often placed in shopping carts; in the designated 
seats as well as in the cart itself. A fall from a shopping cart 
is a regular occurrence, possibly due to diminished attention 
of the parents while shopping.

Data from Literature
Shopping cart-related injuries are a major source of injuries 
in children [136]. In the United States, from 1990 to 2011, 
530,494 children younger than 15  years were treated in 
emergency departments [137]. This means that on average 
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24,113 children annually, or 66 children daily are seen with 
shopping cart-related injuries. The majority of cases (84.5%) 
were children aged 0–4 years. Wright et al. performed a sim-
ilar study in a shorter time frame and also found that children 
<5 years were most commonly injured [138].

Smith et  al. evaluated retrospectively the emergency 
department data of over 75,000 shopping cart-related inju-
ries in children of 15 years old and younger (84% <5 years 
old) [139]. The most common trauma mechanism was a fall 
out of the shopping cart. Head and neck injuries were the 
most prevalent (74%). Of the children that had sustained 
injuries, 2.7% had to be hospitalized (93% <4  years old), 
mostly due to fractures (45%), followed by internal injuries 
(22%), and concussion (17%). The body location that was 
most often injured was the head (78.1%) followed by the 
upper extremities (13.8%). Again the majority of head inju-
ries (90.7%) were sustained by children under the age of 
5 years. In the whole study population a total of 1326 frac-
tures were reported. Unfortunately, the fractures were not 
specified.

In another prospective study, Smith et  al. evaluated 62 
children from 4  months to 10  years old (average age 
2.8 years), who had presented at the emergency department 
due to shopping cart-related injuries over a period of 
15 months [140]. Twelve children were presented by ambu-
lance. Forty-nine children (79%) were found to have sus-
tained a head injury. Fractures were found in 11 children 
(18%: 5 skull fractures, 2 femur fractures, 1 metatarsal frac-
ture, 1 clavicle fracture, and 1 radius and ulna fracture). Nine 
children (14%) had sustained lacerations and 30 children 
(48%) had suffered superficial injuries. Most children sus-

Fig. 13.29 Fourteen-month-old infant after witnessed fall down the 
stairs. The proximal tibia shows a torus fracture (arrow)

a b

Fig. 13.30 Five-year-old child who was brought to the emergency 
department after a fall down a flight of stairs, on physical examination 
anisocoria was seen. (a) Axial CT shows a fracture of the inner and 

external table of the temporal bone (inset). (b) 3D-CT shows a linear 
fracture of the temporal bone (arrow)
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tained the injuries by falling from the cart (58%), followed 
by toppling over the cart (26%). Injuries resulting from a fall 
out of the cart occurred in all age groups, toppling over of the 
cart was mostly seen in children <1-year old. Smith et  al. 
concluded that accidents with shopping carts may lead to 
serious and potentially life-threatening injuries, although 
there were no cases of serious (intra)cranial injury—even in 
spite of a fall on a solid (often concrete) surface. No intracra-
nial haemorrhages were found.

Parry et al. evaluated retrospectively 282 hospitalizations 
of children up to 15 years of age over a period of 10 years as 
the result of shopping cart-related injuries [141]. Of the hos-
pitalized children, 92% was less than 5 years old, 65% was 
less than 2 years old. Ninety percent of the injuries resulted 
from a fall out of the cart. Eighty-four percent of the injuries 
were seen to the head or face. The physicians considered 
22% of the injuries to be serious. None of the children died 
from the fall.

Jensen et  al. described an extremely rare fatal case of 
asphyxiation of a 19-month-old girl who, while playing in 
the backyard, got caught with her head between the bottom 
of the basket and the horizontal base frame [142].

Conclusions
Although the literature shows that a fall from a shopping cart 
may lead to life-threatening injuries, there are up to the pres-
ent day no reports on children that died as a consequence of 
such a fall. In the (albeit very limited) literature, there are 
also no reports on intracranial haemorrhages. The American 
Academy of Pediatrics advises parents among others to place 
the child in a safety belt or harness at all times when in a 
shopping cart and to never put a child in the basket. Also, 
have another adult present to supervise the child during 
shopping.

13.3.5.11  Trampoline

Introduction
Trampolines are, besides as source of fun and pleasure, 
increasingly a source of trauma. In the United States, an 
annual increase of 3.85% (95% confidence interval [CI]: 
0.51–7.30) between 2008 and 2017  in trampoline-related 
fractures was seen [143]. The incidence increased from 35.3 
per 100,000 person-years in 2008 to 53.0 per 100,000 person- 
years in 2017.

Most children who sustain injuries during trampoline 
jumping are older than the children that belong to the most 
vulnerable group for non-accidental injuries. However, there 
is an overlap between the youngest group of children with 
trampoline-related injuries (<5 years old) and the oldest vic-
tims with severe non-accidental injuries (2–5 years).

Although many injuries occur in a household situation 
there is also an increase in trampoline park injuries. Using 

data of the NEISS from 2010 to 2014 Kasmire showed that 
trampoline park injuries more often led to lower extremity 
injuries, serious open injuries, and spinal cord injuries lead-
ing to more hospital admissions [144]. Although technically 
not a trampoline, inflatable bouncers lead to similar trauma 
mechanisms and injuries [145–147].

Data from Literature
Woodward et al. report on 114 children with injuries due to 
trampoline accidents [148]. The average age was 8  years. 
The youngest children ran the highest risk for injuries. In 
55% of children injuries of the extremities were found 
(Fig.  13.31). Head and neck injuries were seen in 37% of 
children. Seventy-five percent underwent radiography, 23% 
was hospitalized and 17% had to have an operation. Meyerber 
et  al. compared children with trampoline-related injuries 
(N = 107) to other children with injuries, due to other (non- 
trampoline related) circumstances (N  =  999) [149]. There 
was an equal distribution in fracture rate between the two 
groups: 34 in the trampoline group (31.8%) versus 309 in the 
control group (31.0%). However, surgery was required more 
often in the trampoline group (3.7% versus 1.8%—not sig-
nificant). Also, treatment in the operating room under gen-

Fig. 13.31 Nearly 7-year-old child who has fallen from the trampoline 
at the day-care centre. A radiograph of the right wrist shows a torus 
fracture (see inset)
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eral anaesthesia was more often required in the trampoline 
group (6.5% versus 4.7%).

Chalmers et al. evaluated 2098 hospitalizations and two 
deaths related to the use of trampolines over a period of 
10 years [150]. Eighty percent of children fell from the tram-
poline on the ground. Fractures were the most prevalent inju-
ries (68%). The arms were the most commonly involved 
body part. The study did not show that serious head and neck 
injuries were seen on a regular basis.

Larson and Davis reported on 217 children and adults that 
had sustained trampoline injuries [151]. Their ages ranged 
from 18 months to 45 years of age (average age 10 years). 
Forty-three percent was between 5 and 9 years old. The fol-
lowing injuries were found: fractures (39%), sprains and 
strains (25%), lacerations (21%), and contusions (16%). The 
patients had sustained injuries to: elbow or lower arm (26%), 
head and neck (21%), ankle or foot (18%), knee or leg (15%), 
trunk or back (9%), shoulder or arm (6%) and wrist or hand 
(4%). None of the patients sustained lasting neurological 
damage.

McDermott et al. described retrospectively 88 children 
(33 boys and 55 girls, average age 8.6 years) who had pre-
sented over a period of 6  months at their local hospital 
with a fracture due to a trampoline accident [152]. Most 
fractures were located in the upper extremities (69%). 
Thirty-six children (41%) had to have a surgical interven-
tion; the others could be treated conservatively. In 40% of 
cases, playing on the trampoline was supervised by a par-
ent/carer.

The earlier-mentioned data were more or less confirmed 
by Hume et al. [153]. In the 114 cases they examined (95%, 
age < 20 years) sprains and strains (40%) were the most fre-
quently seen injuries. The legs were the most common place 
of injury.

Smith carried out a retrospective analysis of approxi-
mately 249,000 children ≤18 years old who had been treated 
between 1990 and 1995 for a trampoline accident [154]. 
Well over 70% of injuries were found in the extremities. 
Smith found several age-specific injury patterns:

• There is an inversely proportional relation between the 
age of the child and the relative frequency of injuries to 
the upper extremities, fractures, and dislocations.

• There is a proportional relation between the age of the 
child and the occurrence of skin lesions (haematomas, 
contusions) and injuries to the lower extremities.

• There is an inversely proportional relation between the 
age of the child and face, head and neck injuries, and 
lacerations.

Hospitalizations were indicated in 3.3% of children. Main 
reasons for hospitalization were fractures and dislocations 
(83%). Children who could go home after their visit to the 

emergency department had sustained predominantly skin 
lesions (53%), fractures and dislocations (30%), and lacera-
tions (14%). Smith concludes that trampoline injuries are an 
important cause of (lethal) injuries.

Smith and Shield carried out a prospective study into 
trampoline accidents in 214 children from 1 to16 years of 
age (average age: 9.4 years) [155]. Most injuries were found 
in the lower extremities (36%), followed by the upper 
extremities (31.8%), the head (14.5%), the trunk (9.8%), and 
the neck (7.9%). Most frequently seen were skin lesions 
(haematomas and contusions) (51.9%), followed by frac-
tures (34.6%) and lacerations (11.7%). Fractures of the 
extremities were most often seen in the upper extremities. 
Skin lesions were seen predominantly in the lower extremi-
ties. Lacerations were most prevalent to the head and the 
face, especially in children <6 years of age. This was also the 
group with the largest number of skin lesions. Other studies 
show a wide diversity of injuries related to trampoline acci-
dents ranging from head/neck trauma to nerve injuries [156–
162]. Lee et  al., using the South Korea’s Emergency 
Department-based Injury In-depth Surveillance registry, per-
formed a retrospective study into children with trampoline- 
related injuries between January 2011 and December 2016 
[163]. During the study period, there was a significant 
increase in the incidence of trampoline-related injuries. The 
most common injury site was the lower extremity (45%) 
with fractures being most frequently diagnosed overall 
(34.3%).

Boyer et al. were the first to focus on fractures of the proxi-
mal tibia in trampoline-related injuries [164]. They described 
cases in which children, 2–5 years (mean age 3.9), jumped on 
the trampoline with another person and sustained a fracture of 
the proximal tibia metaphysis. This was explained by the fact 
that a trampoline will recoil if the larger child jumps up, if the 
smaller child lands both the downward force of the child as 
well as the upward force of the trampoline will impact the 
child leading to a fracture. Later on, other authors have also 
reported this specific finding which has come to be known as 
a ‘trampoline fracture’ (Fig. 13.32a–c) [165–168]. Jääskelä 
et al. performed a retrospective study of children with proxi-
mal tibia fractures as a result of trampoline trauma in the 
period 2006 to 2017 [169]. They found, based on population 
data from Statistics Finland an incidence of 9.5 per 100,000 
children (2006 to 2009) increasing to 22.0 per 100,000 (2014 
to 2017) in the region of Oulu Arc and Oulu. Based on their 
findings the authors conclude that ‘Probably many of these 
specific injuries could have been prevented by avoiding situ-
ations where more than one child jumps on the trampoline at 
the same time’.

Conclusions
Most trampoline accidents do not result in life-threatening 
injuries, however, there is an increasing number of injuries 
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a b c

Fig. 13.32 3.5-year-old child who was on a trampoline with an adult. 
(a) AP radiograph of the knee shows a linear fracture of the proximal 
tibia (arrow). (b) Lateral radiograph shows buckling of the anterior cor-
tex of the tibial tuberosity (arrow). (c) Graphic representation of a 

trampoline- induced tibia fracture. When the heavier person jumps, the 
trampoline mat recoils striking the descending smaller person (child). 
This causes sufficient forces to cause fracture of the proximal tibia

Fig. 13.33 Femur fracture in a neonate after incorrectly preformed 
Ortolani

which can be severe. On average the age of children with 
trampoline injuries is higher than the age of children who 
have serious non-accidental injuries.

13.4  Medical Procedures

13.4.1  Introduction

In normal circumstances a child will not sustain injuries dur-
ing daily care or due to medical treatments. However, as 
there always are exceptions to the rule we present a number 
of cases in which this took place.

13.4.2  Medical Procedures

Medical procedures have long been known to have negative 
side effects for children and can result in iatrogenic trauma 
[170]. In this section, we will discuss several iatrogenic 
causes of fractures the clinicians should be aware of.

13.4.2.1  Physical Examination
The medical literature does not report any cases in which a 
fracture was sustained in a physical examination. However, 
the authors of this book have been confronted with a 3-day- 
old neonate that had sustained a mid-shaft femur fracture 
(Fig. 13.33). According to the mother the child showed pain 
when she changed the diaper. Patient history and follow-up 
examination did not show any signs of non-accidental 
trauma. Post-partum there were no indications for a fracture. 

On day 3, the paediatric resident performed an examination 
according to Ortolani. The resident wrote in the dossier that 
a little snap was heard and that the Ortolani was positive. 
After this examination the infant showed pain when the dia-
per was changed. A radiograph of the leg showed a mid-shaft 
oblique femur fracture. The successively made skeletal sur-
vey did not show any other fractures. The combined facts led 
to the conclusion that the femur fracture had to be the result 
of the examination according to Ortolani.

13.4.2.2  Lines and Punctures
In daily clinical work physicians and nurses hold children 
and manipulate them in order to insert lines and perform 
punctures. In rare cases this can lead to iatrogenic fractures 
in, especially the young child.
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Burell et al. described the case of a 20-day-old neonate 
where the nursing staff manipulated the left foot, involving, 
involved simultaneous torque and tension/distraction of the 
left ankle, in order to insert an IV line [171]. During this 
manipulation, a ‘pop’ was heard and the child started to cry, 
a radiograph on day 30 revealed the presence of a metaphy-
seal corner fracture. Given the clear clinical history this was 
attributed to the manipulation on day 20 of life.

Harty and Kao describe two children that presented at the 
emergency department for bone abnormalities [172]. 
According to the physicians, the abnormalities had possibly 
been caused by ‘child abuse’. In both children cortical bone 
defects were found in the proximal tibiae, which were 
thought to be healing fractures. In the end it appeared that in 
both children intra-osseous vascular access needles had been 
used. Bowley describes a case of a 2-year-old child that had 
sustained an iatrogenic tibia fracture after the use of an intra- 
osseous vascular access needle [173]. In the discussion of 
their case they mention two more children that had sustained 
an iatrogenic fracture after a bone needle had been placed. 
La Fleche et al. reported on a 3-month-old girl who was pre-
sented at the emergency department where i.v. access was 
impossible and a intra-osseous needles in both tibias were 
placed [174]. On outpatient check-up, three days after dis-
charge and 14 days after presentation, bilateral healing tibial 
shaft fractures were diagnosed.

Another intervention in which children have to be held in 
a position is a lumbar puncture, in these positions the spine 
is flexed to obtain access to the spinal canal. Habert and 
Haller describe a case of a 7-week-old girl who underwent a 
lumbar puncture [175]. Because of suspected necrotising 
enterocolitis the child had AP and lateral abdominal radio-
graphs before and after the procedure and this showed a post- 
intervention compression fracture of L3. In the discussion 
the authors mention the existence of a second similar case.

13.4.2.3  Orthopaedic Surgery in Clubfeet
There are several papers that describe iatrogenic distal tibia/
fibula fractures, including metaphyseal corner fractures 
[176–179].

Wesely et al. were among the first to point out the compli-
cations of clubfoot treatment [178]. In a series of more than 
300 cases of congenital club feet they reported four anterior 
compression fractures of the distal tibia and fibula metaphy-
ses in non-surgical cases. They also mention torus fractures 
of the tibia and fractures of the distal fibula, for these they, 
however, do not provide the number of cases they encoun-
tered. Ranjan et al. reported on 196 patients (302 feet) and 
found 10 cases (14 feet) of nonoperative treatment, accord-
ing to the Ponseti method, related distal tibial/fibula fractures 
[177]. Grayev et  al. reported on 8 children, age range 
1–4 months, who underwent casting for clubfeet [176]. In 
these children, who underwent surgery by five different 
orthopaedic surgeons in three centres, fractures of the distal 

tibia and/or fibula were seen on radiography. In one child the 
skeletal survey showed multiple rib fractures, diagnosed as 
resulting from non-accidental trauma. In four children 
metaphyseal lesions mimicking metaphyseal corner frac-
tures were found. Volz et al. reported on four children who 
following nonoperative treatment with a cast developed dis-
tal tibial fractures [179]. Although this is not directly related 
to the intervention, but a result of disuse osteopenia, it is 
worthwhile considering this aetiology when confronted with 
such a case.

13.4.2.4  Physiotherapy
A number of articles refer to fractures sustained during phys-
iotherapy. There can only be confusion with non-accidental 
fractures when the physiotherapy takes place outside the 
hospital and/or by the parents [180, 181].

Pickett et al. describe an ex-premature infant (pregnancy 
33 weeks; birth weight 2077 gram) in whom multiple defects 
to both legs were found at age 4 weeks: extensive periosteal 
reactions around the knees combined with ‘bucket-handle’ 
fractures of both proximal tibiae [182]. Diaphyseal perios-
teal new bone formation and metaphyseal fragmentation of 
both tibiae were present. Diametaphyseal periosteal new 
bone of the distal end of the left femur was present. The 
proximal medial femoral metaphyses had corner fractures. 
The osseous lesions appeared to be limited to joints receiv-
ing physical therapy for contractures.

Helfer et al. describe four children of <1-year old (three 
ex-premature babies and one term infant) who, in their opin-
ion, sustained serious bone damage due to passive exercises 
[180]. In the three ex-premature infants, the parents/carers 
executed the exercises advised by the hospital. In the fourth 
child the exercises were started on the initiative of the baby-
sitter. Due to the results of the radiological examination, the 
physicians suspected the injuries in these children to be 
inflicted. Helfer et al. draw attention to the risk of this type of 
exercise for infants. It appeared that in all cases the parents 
executed the exercises far more strenuously than was 
intended. The context, as described by Helfer et al., does not 
always completely exclude non-accidental trauma. In one 
case, the father abused alcohol while in charge of the child. 
Only in one case the authors state specifically that after 
extensive investigation non-accidental circumstances were 
excluded. In a letter, as a reaction to this article London et al. 
emphasize the danger of including potentially maltreating 
families in (what is more or less) medical treatment such as 
passive exercises or physiotherapy in already vulnerable 
children [181].

Simonian and Staheli draw attention to fractures inflicted 
around the knee joint in passive exercising for contractures 
around the knee joint [183]. They reported two children, who 
sustained two separate peri-articular fractures from overzeal-
ous manipulation for knee contracture. The male neonate 
had no underlying disorder and sustained asynchronous ipsi-
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lateral distal femoral and proximal tibial fractures and the 
11-year-old boy who was diagnosed with amyoplasia sus-
tained bilateral proximal tibial fractures.

Della Grotto et al. report on an 11-day-old neonate, who 
was admitted to the hospital on day 1 of life [184]. On day 
11, while still in hospital, swelling of the right leg was noted 
and on ultrasonography a fracture of the right femoral shaft 
was diagnosed. Additional radiographs showed an oblique 
fracture of the right femoral shaft and a metaphyseal corner 
fracture of the proximal tibia of the same leg. Chart review 
showed that physiotherapy was provided in the NICU and 
this was ruled the cause of the fractures.

The occurrence of rib fractures resulting from physio-
therapy has also been reported. Chalumeau et al. describe 
five boy infants (average age 3 months) within a period of 
4  years who were shown to have sustained a rib fracture 
after physiotherapy [185]. In a prospective study by 
Gorincour et al., there were six children of less than 2 years 
old that had sustained either lateral rib fractures or possibly 
had remains of rib fractures as a result of physiotherapy 
[186]. The authors stated that in all children non-accidental 
trauma could be ruled out based on plausible grounds. 
Chanelière et  al. described two children with lateral rib 
fractures after they had received physiotherapy for bronchi-
olitis [187].

Osteopathic manipulative treatment is increasingly used 
in the Western world in this treatment direct force, using an 
activating force to move tissue through range-of-motion bar-
riers, and/or indirect force, disengaging dysfunctional body 
parts away from restrictive barriers is applied to the patient. 
Hayes and Bezilla performed a retrospective analysis in 346 
children, under the age of 19 years, who underwent osteo-
pathic manipulative treatment in Pennsylvania and Virginia, 
USA [188]. In their study the authors found no iatrogenic 
injuries. However, there is a Dutch case report of a rare fatal-
ity after ‘cranio-sacral manipulation’ in a 3-month-old girl 
[189]. The therapist positioned the child on her side and bent 
the spine, with the chin touching the chest, this was repeated 
and the child developed a loud breathing which was explained 
as deep sleep. After approximately 10 minutes the child was 
returned on her back and at that time she was pale and unre-
sponsive. CPR was started and the child was transported to a 
paediatric hospital, although she was still alive at arrival she 
suffered dramatic hypoxic brain damage and 12  h after 
admission she died.

Although strictly speaking not physiotherapy, several 
case reports can be found describing fractures after tradi-
tional baby massage. The first report concerned two young 
infants, aged respectively 17 days and 1 month old who suf-
fered respectively a femur and clavicle fracture [190]. The 
authors describe that the parents heard the fracture of the 
femur during the massage session. Siddiqui et al. described 
3 children, 2–3  weeks of age, who suffered a mid-shaft 
femur fracture after forceful oil massage by caring grand-
mothers [191].

13.5  Sports

13.5.1  Introduction

Over the last few decennia, the number of children who are 
engaged in sports has increased. In the last years the physi-
cal, sexual and verbal maltreatment of young sporters, espe-
cially in elite sports, has gained more attention [192]. In 
most cases, this does not lead to physical injuries and is in 
older children and therefore outside the scope of this book. 
The incidence of sports-related injuries in children of school 
age has been estimated to be 3–11%, in which the majority 
of sports injuries (such as distortions and contusions) is not 
serious and will heal quickly. Serious sports injuries most 
commonly are overuse injuries, fractures, and ruptures and 
occur in all sports [193–206]. In most cases the reported 
trauma is in keeping with the injuries found, however, in rare 
cases questions can arise.

13.5.2  Data from Literature

13.5.2.1  Acute Fractures
Fractures sustained while playing sports are of the same 
nature and severity as ‘normal’ accidental fractures, such as 
Salter–Harris fractures and shaft fractures, since the biome-
chanics are often the same. Possibly Salter–Harris fractures 
of the distal femur and fractures of the patella are more fre-
quently seen in sports-related trauma.

Fractures sustained while playing sports are seldom sus-
pect for non-accidental injuries, due to an adequate clinical 
history and age (Fig. 13.34a, b). Moreover, often the trauma 
has been witnessed by a number of people. Questions can 
however arise if a reported trauma is considered to be insuf-
ficient to have caused the diagnosed fracture, e.g. a wrist frac-
ture in young soccer keeper who pertinently denied having 
fallen on his hand. We have experienced such a case where 
the child said the fracture must have occurred while stopping 
a ball (Fig. 13.35). Initially, this raised questions but a litera-
ture study revealed that this indeed is a known trauma mecha-
nism and that it has been reported before [207, 208].

13.5.2.2  Chronic Osseous Injuries (Stress Injuries)
The radiological image of stress injuries may suggest non- 
accidental injury, especially when the clinical history does 
not immediately point in the direction of overuse. One will 
find stress fractures and chronic avulsion fractures that are 
accompanied by ample callus formation, sclerosis, and 
sometimes bone resorption.

Stress fractures are often seen in the feet (metatarsals 2 
and 3), tibia, and fibula (Figs.  13.36 and 13.37); chronic 
avulsion fractures are seen in epiphysis, e.g. the wrist 
(Fig. 13.38a, b), and apophyses, e.g. in the pelvis at the level 
where the muscles are attached to the anterior inferior and 
superior iliac spinous process and the ischial tuberosity.
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a b

Fig. 13.34 Fifteen-year-old soccer player with acute pain in the hip. (a) Radiograph of the pelvis shows a cortical irregularity at the level of the 
anterior inferior iliac spine (AIIS). (b) Axial hip shows an avulsion fracture of the AIIS (arrow)

Fig. 13.35 AP radiograph of the right wrist of a 6-year-old child who 
stopped a soccer ball with his hand. There is a transverse fracture of the 
distal radius and a torus fracture of the distal ulna (arrow) Fig. 13.36 Multiple fracture lines, cortical widening, and sclerosis in 

the tibia shaft of a young kick-boxer, corresponding to stress fractures 
(see insert). After plaster immobilization the abnormalities 
disappeared
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Fig. 13.37 Stress fracture of metatarsal 4 (March fracture). Extensive 
callus formation (see inset). Situation after stapled talo-calcaneal 
arthrodesis (arrow)

a b

Fig. 13.38 Fifteen-year-old high-level competitive gymnast with wrist pain. (a) Radiograph shows widening of the physis of the distal radius and 
slight irregularity of the metaphysis. (b) T2-weighted MRI shows periphyseal bone marrow oedema (arrow)

13 Accidental Trauma



446

References

1. Jaarsma AS (2007) Botbreuken bij pasgeborenen [Fractures in 
neonates]. Patient Care 34:9–12

2. Morris S, Cassidy N, Stephens M, McCormack D, McManus F 
(2002) Birth-associated femoral fractures: incidence and outcome. 
J Pediatr Orthop 22:27–30

3. Simonson C, Barlow P, Dehennin N, Sphel M, Toppet V, Murillo 
D, Rozenberg S (2007) Neonatal complications of vacuum- 
assisted delivery. Obstet Gynecol 109:626–633

4. Joseph PR, Rosenfeld W (1990) Clavicular fractures in neonates. 
Am J Dis Child 144:165–167

5. Rubin A (1964) Birth injuries: incidence, mechanisms and end 
results. Obstet Gynecol 23:218–221

6. Camus M, Lefebvre G, Veron P, Darbois Y (1985) Traumatismes 
obstétricaux du nouveau-né. Enquête rétrospective à propos de 
20409 naissances [Obstetrical injuries of the newborn infant. 
Retrospective study apropos of 20,409 births]. J Gynecol Obstet 
Biol Reprod (Paris) 14:1033–1043

7. Bhat BV, Kumar A, Oumachigui A (1994) Bone injuries during 
delivery. Indian J Pediatr 61:401–405

8. Choi HA, Lee YK, Ko SY, Shin SM (2017) Neonatal clavicle 
fracture in cesarean delivery: incidence and risk factors. J Matern 
Fetal Neonatal Med 30:1689–1692

9. Groenendaal F, Hukkelhoven C (2007) Botbreuken bij voldra-
gen pasgeborenen [Fractures in full-term neonates]. Ned Tijdschr 
Geneeskd 151:424

10. Vitner D, Hiersch L, Ashwal E, Nassie D, Yogev Y, Aviram A 
(2019) Outcomes of vacuum-assisted vaginal deliveries of moth-
ers with gestational diabetes mellitus. J Matern Fetal Neonatal 
Med 32:3595–3599

11. Krispin E, Aviram A, Salman L, Chen R, Wiznitzer A, Gabbay- 
Benziv R (2017) Cup detachment during vacuum-assisted 
vaginal delivery and birth outcome. Arch Gynecol Obstet 
296:877–883

12. Ahn ES, Jung MS, Lee YK, Ko SY, Shin SM, Hahn MH (2015) 
Neonatal clavicular fracture: recent 10 year study. Pediatr Int 
57:60–63

13. Loeser JD, Kilburn HL, Jolley T (1976) Management of depressed 
skull fracture in the newborn. J Neurosurg 44:62–64

14. Biber MP (1976) Iatrogenic skull fracture depression by use of a 
head clamp. JAMA 235:414–415

15. van Rijn RR, Bilo RA, Robben SG (2009) Birth-related mid- 
posterior rib fractures in neonates: a report of three cases (and a 
possible fourth case) and a review of the literature. Pediatr Radiol 
39:30–34

16. Wen Q, Muraca GM, Ting J, Coad S, Lim KI, Lisonkova S (2018) 
Temporal trends in severe maternal and neonatal trauma during 
childbirth: a population-based observational study. BMJ Open 
8:e020578

17. Mane PP, Challawar NS, Shah H (2016) Late presented case of 
distal humerus epiphyseal separation in a newborn. BMJ Case 
Rep 2016

18. El-Adl WA, Elgohary HS, Elshennawy MM (2014) Epiphyseal 
separation of the proximal humerus after birth trauma. Eur J 
Orthop Surg Traumatol Orthop Traumatol 24:863–867

19. Franco A, Chaturvedi A (2018) Neonatal distal femoral physeal 
injury secondary to mechanical trauma of birth: a case report. Clin 
Imaging 51:65–67

20. Gigante C, Kini SG, Origo C, Volpin A (2017) Transphyseal sep-
aration of the distal humerus in newborns. Chin J Traumatol = 
Zhonghua chuang shang za zhi 20:183–186

21. Jacobsen S, Hansson G, Nathorst-Westfelt J (2009) Traumatic 
separation of the distal epiphysis of the humerus sustained at birth. 
J Bone Joint Surg Br 91:797–802

22. Malik S, Khopkar SR, Korday CS, Jadhav SS, Bhaskar AR (2015) 
Transphyseal injury of distal humerus: a commonly missed diag-
nosis in neonates. J Clin Diagn Res 9:Sd01-02

23. Patil MN, Palled E (2015) Epihyseal separation of lower end 
humerus in a neonate-diagnostic and management difficulty. J 
Orthop Case Rep 5:7–9

24. Tharakan SJ, Lee RJ, White AM, Lawrence JT (2016) Distal 
humeral epiphyseal separation in a newborn. Orthopedics 
39:e764-767

25. Varghese J, Teng M, Huang M, Balsam D (2017) Birth injuries 
to growth plates: a sheep in wolves' clothing. J Clin Ultrasound 
45:511–514

26. Kay M, Simpkins C, Shipman P, Whitewood C (2017) Diagnosing 
neonatal transphyseal fractures of the distal humerus. J Med 
Imaging Radiat Oncol 61:494–499

27. Fette A, Mayr J (2012) Slipped distal humerus epiphysis in tiny 
infants easily detected and followed-up by ultrasound. Ultraschall 
Med. (Stuttgart, Germany : 1980) 33:e361–e363

28. Supakul N, Hicks RA, Caltoum CB, Karmazyn B (2015) Distal 
humeral epiphyseal separation in young children: an often-missed 
fracture-radiographic signs and ultrasound confirmatory diagno-
sis. AJR Am J Roentgenol 204:W192-198

29. Pfeifer CM, Henry MK, Caré MM, Christian CW, Servaes S, 
Milla SS, Strouse PJ (2021) Debunking fringe beliefs in child 
abuse imaging: AJR expert panel narrative review. AJR Am J 
Roentgenol

30. Warner C, Maguire S, Trefan L, Miller A, Weinman J, Fadell M 
(2017) A study of radiological features of healing in long bone 
fractures among infants less than a year. Skelet Radiol 46:333–341

31. Cooper C, Dennison EM, Leufkens HG, Bishop N, van Staa TP 
(2004) Epidemiology of childhood fractures in Britain: a study 
using the general practice research database. J Bone Miner Res 
19:1976–1981

32. Spady DW, Saunders DL, Schopflocher DP, Svenson LW (2004) 
Patterns of injury in children: a population-based approach. 
Pediatrics 113:522–529

33. Bilo RAC, Voorhoeve HWA, Koot JM (2008) Kind in ontwik-
keling—een handreiking bij de observatie van jonge kinderen. 
Elsevier, Tijdstroom

34. Brouwers-de Jong EA, Burgmeijer RJF, Laurent de Angulo MS 
(1996) Ontwikkelingsonderzoek op het consultatiebureau—hand-
boek bij het vernieuwde Van Wiechenonderzoek

35. Wheeler DS, Shope TR (1997) Depressed skull fracture in a 
7-month-old who fell from bed. Pediatrics 100:1033–1034

36. Hajiaghamemar M, Lan IS, Christian CW, Coats B, Margulies SS 
(2019) Infant skull fracture risk for low height falls. Int J Legal 
Med 133:847–862

37. Haney SB, Starling SP, Heisler KW, Okwara L (2010) 
Characteristics of falls and risk of injury in children younger than 
2 years. Pediatr Emerg Care 26:914–918

38. Kravitz H, Driessen G, Gomberg R, Korach A (1969) Accidental 
falls from elevated surfaces in infants from birth to one year of 
age. Pediatrics 44(Suppl):869–876

39. Gallagher SS, Finison K, Guyer B, Goodenough S (1984) The 
incidence of injuries among 87,000 Massachusetts children and 
adolescents: results of the 1980-81 statewide childhood injury 
prevention program surveillance system. Am J Public Health 
74:1340–1347

40. Rivara FP, Alexander B, Johnston B, Soderberg R (1993) 
Population-based study of fall injuries in children and adolescents 
resulting in hospitalization or death. Pediatrics 92:61–63

41. Chadwick DL, Bertocci G, Castillo E, Frasier L, Guenther E, 
Hansen K, Herman B, Krous HF (2008) Annual risk of death 
resulting from short falls among young children: less than 1 in 1 
million. Pediatrics 121:1213–1224

R. R. van Rijn et al.



447

42. Helfer RE, Slovis TL, Black M (1977) Injuries resulting when 
small children fall out of bed. Pediatrics 60:533–535

43. Chadwick DL, Chin S, Salerno C, Landsverk J, Kitchen L 
(1991) Deaths from falls in children: how far is fatal? J Trauma 
31:1353–1355

44. Nimityongskul P, Anderson LD (1987) The likelihood of injuries 
when children fall out of bed. J Pediatr Orthop 7:184–186

45. Lyons TJ, Oates RK (1993) Falling out of bed: a relatively benign 
occurrence. Pediatrics 92:125–127

46. Tarantino CA, Dowd MD, Murdock TC (1999) Short vertical falls 
in infants. Pediatr Emerg Care 15:5–8

47. Bechtel K, Stoessel K, Leventhal JM, Ogle E, Teague B, Lavietes 
S, Banyas B, Allen K, Dziura J, Duncan C (2004) Characteristics 
that distinguish accidental from abusive injury in hospitalized 
young children with head trauma. Pediatrics 114:165–168

48. Lueder GT (2005) Retinal hemorrhages in accidental and nonac-
cidental injury. Pediatrics 115:192; author reply 192

49. Warrington SA, Wright CM (2001) Accidents and resulting inju-
ries in premobile infants: data from the ALSPAC study. Arch Dis 
Child 85:104–107

50. Hennrikus WL, Shaw BA, Gerardi JA (2003) Injuries when 
children reportedly fall from a bed or couch. Clin Orthop Relat 
Res:148–151

51. Mulligan CS, Adams S, Tzioumi D, Brown J (2017) Injury from 
falls in infants under one year. J Paediatr Child Health 53:754–760

52. Johnson K, Fischer T, Chapman S, Wilson B (2005) Accidental 
head injuries in children under 5 years of age. Clin Radiol 
60:464–468

53. Ibrahim NG, Wood J, Margulies SS, Christian CW (2012) 
Influence of age and fall type on head injuries in infants and tod-
dlers. Int J Dev Neurosci 30:201–206

54. Monson SA, Henry E, Lambert DK, Schmutz N, Christensen RD 
(2008) In-hospital falls of newborn infants: data from a multihos-
pital health care system. Pediatrics 122:e277-280

55. Ruddick C, Platt MW, Lazaro C (2010) Head trauma outcomes of 
verifiable falls in newborn babies. Arch Dis Child Fetal Neonatal 
Ed 95:f144–f145

56. Lallier M, Bouchard S, St-Vil D, Dupont J, Tucci M (1999) Falls 
from heights among children: a retrospective review. J Pediatr 
Surg 34:1060–1063

57. Vish NL, Powell EC, Wiltsek D, Sheehan KM (2005) Pediatric 
window falls: not just a problem for children in high rises. Inj 
Prev 11:300–303

58. Mayer L, Meuli M, Lips U, Frey B (2006) The silent epidemic 
of falls from buildings: analysis of risk factors. Pediatr Surg Int 
22:743–748

59. Musemeche CA, Barthel M, Cosentino C, Reynolds M (1991) 
Pediatric falls from heights. J Trauma 31:1347–1349

60. Randazzo C, Stolz U, Hodges NL, McKenzie LB (2009) Pediatric 
tree house-related injuries treated in emergency departments in 
the United States: 1990-2006. Acad Emerg Med Off J Soc Acad 
Emerg Med 16:235–242

61. Reiber GD (1993) Fatal falls in childhood. How far must children 
fall to sustain fatal head injury? Report of cases and review of the 
literature. Am J Forensic Med Pathol 14:201–207

62. Kim KA, Wang MY, Griffith PM, Summers S, Levy ML (2000) 
Analysis of pediatric head injury from falls. Neurosurg Focus 8:e3

63. Murray JA, Chen D, Velmahos GC, Alo K, Belzberg H, Asensio 
JA, Demetriades D, Berne TV (2000) Pediatric falls: is height a 
predictor of injury and outcome? Am Surg 66:863–865

64. Wang MY, Kim KA, Griffith PM, Summers S, McComb JG, Levy 
ML, Mahour GH (2001) Injuries from falls in the pediatric popu-
lation: an analysis of 729 cases. J Pediatr Surg 36:1528–1534

65. Shields BJ, Burkett E, Smith GA (2011) Epidemiology of balcony 
fall-related injuries, United States, 1990-2006. Am J Emerg Med 
29:174–180

66. Babu RA, Arimappamagan A, Pruthi N, Bhat DI, Arvinda HR, 
Devi BI, Somanna S (2017) Pediatric thoracolumbar spinal inju-
ries: the etiology and clinical spectrum of an uncommon entity in 
childhood. Neurol India 65:546–550

67. van Rijn RR, Affourtit MJ, Karst WA, Kamphuis M, de Bock 
LC, van de Putte E (2019) Implementation of the Dutch expertise 
Centre for child abuse: descriptive data from the first 4 years. BMJ 
Open 9:e031008

68. Macgregor DM (2000) Injuries associated with falls from beds. 
Inj Prev 6:291–292

69. Mack KA, Gilchrist J, Ballesteros MF (2007) Bunk bed-
related injuries sustained by young children treated in emer-
gency departments in the United States, 2001-2004, National 
Electronic Injury Surveillance System—all Injury Program. Inj 
Prev 13:137–140

70. D'Souza AL, Smith GA, McKenzie LB (2008) Bunk bed- 
related injuries among children and adolescents treated in emer-
gency departments in the United States, 1990-2005. Pediatrics 
121:e1696-1702

71. McFaull SR, Fréchette M, Skinner R (2012) Emergency depart-
ment surveillance of injuries associated with bunk beds: the 
Canadian Hospitals Injury Reporting and Prevention Program 
(CHIRPP), 1990-2009. Chronic Dis Inj Can 33:38–46

72. Sengölge M, Vincenten J (2013) Child product safety guide; 
potentially dangerous products. European Child Safety Alliance, 
EuroSafe, Birmingham, UK

73. Selbst SM, Baker MD, Shames M (1990) Bunk bed injuries. Am 
J Dis Child 144:721–723

74. Johnson GF (1981) Pediatric Lisfranc injury: "bunk bed" fracture. 
AJR Am J Roentgenol 137:1041–1044

75. Belechri M, Petridou E, Trichopoulos D (2002) Bunk versus con-
ventional beds: a comparative assessment of fall injury risk. J 
Epidemiol Community Health 56:413–417

76. Rasch H (2012) Rest easy with these bunk bed safety tips. https://
www.aappublications.org/content/33/7/22.6 Date accessed: 
14-08-2021

77. Watson WL, Ozanne-Smith J (1993) The use of child safety 
restraints with nursery furniture. J Paediatr Child Health 
29:228–232

78. Couper RT, Monkhouse W, Busutil M, Thompson P (1994) 
Stroller safety. Med J Aust 160:335–338

79. Lee AC, Fong D (1997) Epidural haematoma and stroller- 
associated injury. J Paediatr Child Health 33:446–447

80. Powell EC, Jovtis E, Tanz RR (2002) Incidence and description of 
stroller-related injuries to children. Pediatrics 110:e62

81. Fowler E, Kobe C, Roberts KJ, Collins CL, McKenzie LB (2016) 
Injuries associated with strollers and carriers among children in 
the United States, 1990 to 2010. Acad Pediatr 16:726–733

82. Arnholz D, Hymel KP, Hay TC, Jenny C (1998) Bilateral pediatric 
skull fractures: accident or abuse? J Trauma 45:172–174

83. Tripathi M, Tyebally A, Feng JX, Chong SL (2017) A review of 
stroller-related and pram-related injuries to children in Singapore. 
Inj Prev 23:60–63

84. Callahan CW, Sisler C (1997) Use of seating devices in infants too 
young to sit. Arch Pediatr Adolesc Med 151:233–235

85. Farmakakis T, Alexe DM, Nicolaidou P, Dessypris N, Petridou E 
(2004) Baby-bouncer-related injuries: an under-appreciated risk. 
Eur J Pediatr 163:42–43

86. Beaudin M, Maugans T, St-Vil D, Falcone RA Jr (2013) 
Inappropriate use of infant seating devices increases risks of 
injury. J Pediatr Surg 48:1071–1076

87. Wickham T, Abrahamson E (2002) Head injuries in infants: the 
risks of bouncy chairs and car seats. Arch Dis Child 86:168–169

88. The National Highway Traffic Safety Administration  — 
U.S.  Department of Transportation (2004) The status of occu-
pant protection in America. https://one.nhtsa.gov/people/injury/

13 Accidental Trauma

https://www.aappublications.org/content/33/7/22.6
https://www.aappublications.org/content/33/7/22.6
https://one.nhtsa.gov/people/injury/research/6thAnnualBUAReport/pages/Status.htm


448

research/6thAnnualBUAReport/pages/Status.htm Date accessed: 
14-08-2021

89. Parikh SN, Wilson L (2010) Hazardous use of car seats outside 
the car in the United States, 2003-2007. Pediatrics 126:352–357

90. Desapriya EB, Joshi P, Subzwari S, Nolan M (2008) Infant inju-
ries from child restraint safety seat misuse at British Columbia 
Children's hospital. Pediatr Int 50:674–678

91. Pollack-Nelson C (2000) Fall and suffocation injuries associated 
with in-home use of car seats and baby carriers. Pediatr Emerg 
Care 16:77–79

92. Greenberg RA, Bolte RG, Schunk JE (2009) Infant carrier-related 
falls: an unrecognized danger. Pediatr Emerg Care 25:66–68

93. U.S. Consumer Product Safety Commission (CPSC) (2017) CPSC 
approves new federal standard for infant bouncers. https://www.
cpsc.gov/content/cpsc- approves- new- federal- standard- for- infant- 
bouncers Date accessed: 14-08-2021

94. Liaw P, Moon RY, Han A, Colvin JD (2019) Infant deaths in sit-
ting devices. Pediatrics 144

95. Batra EK, Midgett JD, Moon RY (2015) Hazards associated with 
sitting and carrying devices for children two years and younger. J 
Pediatr 167:183–187

96. Bamber AR, Pryce J, Ashworth MT, Sebire NJ (2014) Sudden 
unexpected infant deaths associated with car seats. Forensic Sci 
Med Pathol 10:187–192

97. Mayr JM, Seebacher U, Schimpl G, Fiala F (1999) Highchair 
accidents. Acta Paediatrica (Oslo, Norway : 1992) 88:319–322

98. Powell EC, Jovtis E, Tanz RR (2002) Incidence and descrip-
tion of high chair-related injuries to children. Ambul Pediatr 
2:276–278

99. Kurinsky RM, Rochette LM, Smith GA (2014) Pediatric injuries 
associated with high chairs and chairs in the United States, 2003- 
2010. Clin Pediatr (Phila) 53:372–379

100. Atkinson N, van Rijn RR, Starling SP (2018) Childhood falls with 
occipital impacts. Pediatr Emerg Care 34:837–841

101. Souheil M, Audrey F, Anny G, Sebastien RJ, Bertrand L (2011) 
Fatal accidental hanging by a high-chair waist strap in a 2-year-old 
girl. J Forensic Sci 56:534–536

102. Government of Canada (2018) Suspended baby jumpers. https://
www.canada.ca/en/health- canada/services/infant- care/suspended- 
baby- jumpers.html Date accessed: 14-08-2021

103. U.S.  Consumer Product Safety Commission (CPSC) (2005) 
CPSC, Kids II Inc. Announce Recall of Doorway Baby Jumpers. 
https://www.cpsc.gov/Recalls/2005/cpsc- kids- ii- inc- announce- 
recall- of- doorway- baby- jumpers Date accessed: 14-08-2021

104. Tanner J (2013) Baby Einstein recall after children suffer skull 
fractures, bruises. Pix11com

105. Glanfield E (2015) Three-month-old girl died after being left in a 
baby bouncer for several hours while her mother slept on the sofa. 
Mailonline

106. Claydon SM (1996) Fatal extradural hemorrhage following a fall 
from a baby bouncer. Pediatr Emerg Care 12:432–434

107. Abbott AL, Bartlett DJ (2001) Infant motor development and 
equipment use in the home. Child Care Health Dev 27:295–306

108. Grant P, Mata MB, Tidwell M (2001) Femur fracture in infants: a 
possible accidental etiology. Pediatrics 108:1009–1011

109. Moineau G, Plint A (2005) Tibial fractures possibly linked 
to use of a baby stationary activity center. Pediatr Emerg Care 
21:181–183

110. U.S. consumer product safety commission (CPSC) (2009) 
Evenflo® Recalls Children's Activity Centers Due to Fall Hazard. 
https://www.cpsc.gov/Recalls/2009/evenflo- recalls- childrens- 
activity- centers- due- to- fall- hazard Date accessed: 14-08-2021

111. Chagas PSC, Fonseca ST, Santos TRT, Souza TR, Megale L, 
Silva PL, Mancini MC (2020) Effects of baby walker use on the 
development of gait by typically developing toddlers. Gait Posture 
76:231–237

112. Yaghini O, Goodarzi M, Khoei S, Shirani M (2020) Effect of baby 
Walker use on developmental status based on ages and stages 
questionnaire score (ASQ). Iran J Child Neurol 14:105–111

113. Burrows P, Griffiths P (2002) Do baby walkers delay onset of 
walking in young children? Br J Community Nurs 7:581–586

114. Trinkoff A, Parks PL (1993) Prevention strategies for infant 
walker-related injuries. Public Health Rep. (Washington, DC : 
1974) 108:784–788

115. American Academy of Pediatrics (AAP) (2001) Injuries associ-
ated with infant walkers. Pediatrics 108:790–792

116. Sims A, Chounthirath T, Yang J, Hodges NL, Smith GA (2018) 
Infant Walker-related injuries in the United States. Pediatrics 142

117. Fazen LE 3rd, Felizberto PI (1982) Baby walker injuries. 
Pediatrics 70:106–109

118. Kavanagh CA, Banco L (1982) The infant walker. A previously 
unrecognized health hazard. Am J Dis Child 136:205–206

119. Wellman S, Paulson JA (1984) Baby walker-related injuries. Clin 
Pediatr (Phila) 23:98–99

120. Stoffman JM, Bass MJ, Fox AM (1984) Head injuries related to 
the use of baby walkers. Can Med Assoc J 131:573–575

121. Rieder MJ, Schwartz C, Newman J (1986) Patterns of walker use 
and walker injury. Pediatrics 78:488–493

122. Partington MD, Swanson JA, Meyer FB (1991) Head injury and 
the use of baby walkers: a continuing problem. Ann Emerg Med 
20:652–654

123. Al-Nouri L, Al-Isami S (2006) Baby walker injuries. Ann Trop 
Paediatr 26:67–71

124. Coats TJ, Allen M (1991) Baby walker related injuries—a con-
tinuing problem. Arch Emerg Med 8:52–55

125. Chiaviello CT, Christoph RA, Bond GR (1994) Infant walker- 
related injuries: a prospective study of severity and incidence. 
Pediatrics 93:974–976

126. Mayr JM, Gaisl M, Purtscher K, Noeres H, Schimpl G, Fasching 
G (1994) Baby walkers—an underestimated hazard for our chil-
dren? Eur J Pediatr 153:531–534

127. Petridou E, Simou E, Skondras C, Pistevos G, Lagos P, Papoutsakis 
G (1996) Hazards of baby walkers in a European context. Inj Prev 
2:118–120

128. Smith GA, Bowman MJ, Luria JW, Shields BJ (1997) Babywalker- 
related injuries continue despite warning labels and public educa-
tion. Pediatrics 100:E1

129. Blazewick DH, Chounthirath T, Hodges NL, Collins CL, Smith 
GA (2018) Stair-related injuries treated in United States emer-
gency departments. Am J Emerg Med 36:608–614

130. Zielinski AE, Rochette LM, Smith GA (2012) Stair-related inju-
ries to young children treated in US emergency departments, 
1999-2008. Pediatrics 129:721–727

131. Pierce MC, Bertocci GE, Janosky JE, Aguel F, Deemer E, 
Moreland M, Boal DK, Garcia S, Herr S, Zuckerbraun N, 
Vogeley E (2005) Femur fractures resulting from stair falls 
among children: an injury plausibility model. Pediatrics 
115:1712–1722

132. Joffe M, Ludwig S (1988) Stairway injuries in children. Pediatrics 
82:457–461

133. Chiaviello CT, Christoph RA, Bond GR (1994) Stairway-related 
injuries in children. Pediatrics 94:679–681

134. Docherty E, Hassan A, Burke D (2010) Things that go bump ... 
bump ... bump: an analysis of injuries from falling down stairs 
in children based at Sheffield Children's Hospital. Emerg Med J 
27:207–208

135. Cheng YW, Fletcher EN, Roberts KJ, McKenzie LB (2014) Baby 
gate-related injuries among children in the United States, 1990- 
2010. Acad Pediatr 14:256–261

136. Committee on Injury Violence and Poison Prevention; American 
Academy of Pediatrics (2006) Shopping-cart-related injuries to 
children. Pediatrics 118:825–827

R. R. van Rijn et al.

https://one.nhtsa.gov/people/injury/research/6thAnnualBUAReport/pages/Status.htm
https://www.cpsc.gov/content/cpsc-approves-new-federal-standard-for-infant-bouncers
https://www.cpsc.gov/content/cpsc-approves-new-federal-standard-for-infant-bouncers
https://www.cpsc.gov/content/cpsc-approves-new-federal-standard-for-infant-bouncers
https://www.canada.ca/en/health-canada/services/infant-care/suspended-baby-jumpers.html
https://www.canada.ca/en/health-canada/services/infant-care/suspended-baby-jumpers.html
https://www.canada.ca/en/health-canada/services/infant-care/suspended-baby-jumpers.html
https://www.cpsc.gov/Recalls/2005/cpsc-kids-ii-inc-announce-recall-of-doorway-baby-jumpers
https://www.cpsc.gov/Recalls/2005/cpsc-kids-ii-inc-announce-recall-of-doorway-baby-jumpers
https://www.cpsc.gov/Recalls/2009/evenflo-recalls-childrens-activity-centers-due-to-fall-hazard
https://www.cpsc.gov/Recalls/2009/evenflo-recalls-childrens-activity-centers-due-to-fall-hazard


449

137. Martin KJ, Chounthirath T, Xiang H, Smith GA (2014) Pediatric 
shopping-cart-related injuries treated in US emergency depart-
ments, 1990-2011. Clin Pediatr (Phila) 53:277–285

138. Wright JW, Griffin R, MacLennan PA, Rue LW 3rd, McGwin G 
Jr (2008) The incidence of shopping cart-related injuries in the 
United States, 2002–2006. Accid Anal Prev 40:1253–1256

139. Smith GA, Dietrich AM, Garcia CT, Shields BJ (1995) 
Epidemiology of shopping cart-related injuries to children. An 
analysis of national data for 1990 to 1992. Arch Pediatr Adolesc 
Med 149:1207–1210

140. Smith GA, Dietrich AM, Garcia CT, Shields BJ (1996) Injuries to 
children related to shopping carts. Pediatrics 97:161–165

141. Parry ML, Morrison LG, Chalmers DJ, Wright CS (2002) 
Shopping trolley-related injuries to children in New Zealand, 
1988-97. J Paediatr Child Health 38:51–54

142. Jensen L, Charlwood C, Byard RW (2008) Shopping cart injuries, 
entrapment, and childhood fatality. J Forensic Sci 53:1178–1180

143. Hadley-Miller N, Carry PM, Brazell CJ, Holmes KS, Georgopoulos 
G (2020) Trends in trampoline fractures: 2008-2017. Pediatrics 
145:e20190889

144. Kasmire KE, Rogers SC, Sturm JJ (2016) Trampoline Park and 
home trampoline injuries. Pediatrics 138

145. Avoian T, Choi PD, Manjra N, Weiss J (2008) Inflatable bouncer- 
related fractures in children. J Pediatr Orthop 28:656–659

146. Ferro V, D'Alfonso Y, Vanacore N, Rossi R, Deidda A, Giglioni 
E, Reale A, Raucci U (2016) Inflatable bouncer-related injuries to 
children: increasing phenomenon in pediatric emergency depart-
ment, 2002-2013. Eur J Pediatr 175:499–507

147. Kirketerp-Møller K, Balslev N, Lohmann M (1996) Ulykker med 
hoppepuder hos 0-19-årige i Danmark i 1993 [accidents caused by 
inflatable bouncers in 0-19 year-olds in Denmark in 1993]. Ugeskr 
Laeger 158:2251–2253

148. Woodward GA, Furnival R, Schunk JE (1992) Trampolines revis-
ited: a review of 114 pediatric recreational trampoline injuries. 
Pediatrics 89:849–854

149. Meyerber M, Fraisse B, Dhalluin T, Ryckewaert A, Violas P 
(2019) Trampoline injuries compared with other child activities. 
Archives de pediatrie : organe officiel de la Societe francaise de 
pediatrie 26:282–284

150. Chalmers DJ, Hume PA, Wilson BD (1994) Trampolines in New 
Zealand: a decade of injuries. Br J Sports Med 28:234–238

151. Larson BJ, Davis JW (1995) Trampoline-related injuries. J Bone 
Joint Surg Am 77:1174–1178

152. McDermott C, Quinlan JF, Kelly IP (2006) Trampoline injuries in 
children. J Bone Joint Surg Br 88:796–798

153. Hume PA, Chalmers DJ, Wilson BD (1996) Trampoline injury in 
New Zealand: emergency care. Br J Sports Med 30:327–330

154. Smith GA (1998) Injuries to children in the United States related 
to trampolines, 1990-1995: a national epidemic. Pediatrics 
101:406–412

155. Smith GA, Shields BJ (1998) Trampoline-related injuries to chil-
dren. Arch Pediatr Adolesc Med 152:694–699

156. Brown PG, Lee M (2000) Trampoline injuries of the cervical 
spine. Pediatr Neurosurg 32:170–175

157. Cools MJ, Carneiro KA (2018) Facial nerve palsy following mild 
mastoid trauma on trampoline. Am J Emerg Med 36:1522.e1521–
1522.e1523

158. Maclin MM 2nd, Novak CB, Mackinnon SE (2004) Ulnar 
nerve injury associated with trampoline injuries. South Med J 
97:720–723

159. Menting T, Staal E (2012) Een meisje met een pijnlijke heup 
na spagaat [a girl with a painful hip after a splits]. Ned Tijdschr 
Geneeskd 156:A3320

160. Ono H, Sase T, Takasuna H, Tanaka Y (2019) Playground 
equipment- related head injuries requiring hospitalization in chil-
dren. Pediatr Int 61:293–297

161. Ranneries TN, Balle J, Homøe P (2018) Larynxtraumer hos børn 
efter fald på trampolin [Laryngeal traumas in children caused by 
trampoline accidents]. Ugeskrift for laeger 180

162. Korhonen L, Salokorpi N, Suo-Palosaari M, Pesälä J, Serlo W, 
Sinikumpu JJ (2018) Severe trampoline injuries: incidence 
and risk factors in children and adolescents. Eur J Pediatr Surg 
28:529–533

163. Lee G, Kim DK, Park JW, Kwak YH, Jung JY (2020) Trampoline- 
related injuries in children: a nationwide cross-sectional study in 
South Korea. Clin Exp Emerg Med 7:190–196

164. Boyer RS, Jaffe RB, Nixon GW, Condon VR (1986) Trampoline 
fracture of the proximal tibia in children. AJR Am J Roentgenol 
146:83–85

165. Bruyeer E, Geusens E, Catry F, Vanstraelen L, Vanhoenacker F 
(2012) 'Trampoline fracture' of the proximal tibia in children: 
report of 3 cases and review of literature. JBR-BTR 95:10–12

166. Kakel R (2012) Trampoline fracture of the proximal tibial metaph-
ysis in children may not progress into valgus: a report of seven 
cases and a brief review. Orthop Traumatol Surg Res 98:446–449

167. Stranzinger E, Leidolt L, Eich G, Klimek PM (2014) The anterior 
tilt angle of the proximal tibia epiphyseal plate: a significant radio-
logical finding in young children with trampoline fractures. Eur J 
Radiol 83:1433–1436

168. Choi ES, Hong JH, Sim JA (2018) Distinct features of trampoline- 
related orthopedic injuries in children aged under 6 years. Injury 
49:443–446

169. Jääskelä M, Kuivalainen L, Victorzon S, Serlo W, Lempainen L, 
Sinikumpu JJ (2020) Trampoline-related proximal tibia impaction 
fractures in children: a population-based approach to epidemiol-
ogy and radiographic findings between 2006 and 2017. J Child 
Orthop 14:125–131

170. Spackman TJ (1973) Pediatric trauma: medical abuse of infants. 
Radiol Clin N Am 11:633–656

171. Burrell T, Opfer E, Berglund L, Lowe LH, Anderst J (2015) A 
witnessed case of a classic metaphyseal fracture caused during 
IV line placement in a child: insight into mechanism of injury. J 
Forensic Legal Med 35:51–53

172. Harty MP, Kao SC (2002) Intraosseous vascular access defect: 
fracture mimic in the skeletal survey for child abuse. Pediatr 
Radiol 32:188–190

173. Bowley DM, Loveland J, Pitcher GJ (2003) Tibial fracture as a 
complication of intraosseous infusion during pediatric resuscita-
tion. J Trauma 55:786–787

174. La Fleche FR, Slepin MJ, Vargas J, Milzman DP (1989) Iatrogenic 
bilateral tibial fractures after intraosseous infusion attempts in a 
3-month-old infant. Ann Emerg Med 18:1099–1101

175. Habert J, Haller JO (2000) Iatrogenic vertebral body compression 
fracture in a premature infant caused by extreme flexion during 
positioning for a lumbar puncture. Pediatr Radiol 30:410–411

176. Grayev AM, Boal DK, Wallach DM, Segal LS (2001) Metaphyseal 
fractures mimicking abuse during treatment for clubfoot. Pediatr 
Radiol 31:559–563

177. Ranjan R, Sud A, Adhikary D, Sinha A, Chand S (2019) Incidence 
and risk factors for iatrogenic distal tibia/fibula fracture dur-
ing Ponseti technique of clubfoot treatment. J Pediatr Orthop B 
28:572–578

178. Weseley MS, Barenfeld PA, Barrett N (1972) Complications of 
the treatment of clubfoot. Clin Orthop Relat Res 84:93–96

179. Volz R, Paulsen M, Morcuende J (2009) Distal tibia/fibula frac-
tures following clubfoot casting—report of four cases. Iowa 
Orthop J 29:117–120

180. Helfer RE, Scheurer SL, Alexander R, Reed J, Slovis TL (1984) 
Trauma to the bones of small infants from passive exercise: a fac-
tor in the etiology of child abuse. J Pediatr 104:47–50

181. Landon R, Noronha PA, Levy HB (1984) Bone trauma caused by 
passive exercise. J Pediatr 105:172–173

13 Accidental Trauma



450

182. Pickett WJ 3rd, Johnson JF, Enzenauer RW (1982) Case report 
192. Neonatal fractures mimicking abuse secondary to physical 
therapy. Skelet Radiol 8:85–86

183. Simonian PT, Staheli LT (1995) Periarticular fractures after 
manipulation for knee contractures in children. J Pediatr Orthop 
15:288–291

184. Della Grotta LM, Marine MB, Harris TL, Karmazyn B (2019) 
Classic metaphyseal lesion acquired during physical therapy. Clin 
Imaging 54:100–102

185. Chalumeau M, Foix-L'Helias L, Scheinmann P, Zuani P, Gendrel 
D, Ducou-le-Pointe H (2002) Rib fractures after chest physio-
therapy for bronchiolitis or pneumonia in infants. Pediatr Radiol 
32:644–647

186. Gorincour G, Dubus JC, Petit P, Bourliere-Najean B, Devred P 
(2004) Rib periosteal reaction: did you think about chest physical 
therapy? Arch Dis Child 89:1078–1079

187. Chanelière C, Moreux N, Pracros JP, Bellon G, Reix P (2006) 
Fractures costales au cours des bronchiolites aiguës virales: à pro-
pos de 2 cas [rib fractures after chest physiotherapy: a report of 2 
cases]. Arch Pediatr 13:1410–1412

188. Hayes NM, Bezilla TA (2006) Incidence of iatrogenesis associ-
ated with osteopathic manipulative treatment of pediatric patients. 
J Am Osteopath Assoc 106:605–608

189. Holla M, Ijland MM, van der Vliet AM, Edwards M, Verlaat CW 
(2009) Overleden zuigeling na 'craniosacrale' manipulatie van 
hals en wervelkolom [death of an infant following 'craniosacral' 
manipulation of the neck and spine]. Ned Tijdschr Geneeskd 
153:828–831

190. Mboutol-Mandavo C, N'Dour O, Ouedraogo SF, Missengue- 
Bosseba R, Ndiaye D, Ngom G (2016) Fractures du nouveau-né et 
du nourrisson secondaires au massage traditionnel [Newborn and 
infant fractures secondary to traditional massage]. Arch Pediatr 
23:963–965

191. Siddiqui SA, Singh MV, Shrivastava A, Maurya M, Gaur 
VK, Kumar D (2020) Femoral shaft fracture following oil 
massage in neonates: a single-centre experience. Tropical 
doctor:49475520940480

192. Ohlert J, Vertommen T, Rulofs B, Rau T, Allroggen M (2020) Elite 
athletes' experiences of interpersonal violence in organized sport 
in Germany, The Netherlands, and Belgium. Eur J Sport Sci:1–10

193. Adams AL, Schiff MA (2006) Childhood soccer injuries treated 
in U.S. emergency departments. Acad Emerg Med Off J Soc Acad 
Emerg Med 13:571–574

194. Hostetler SG, Xiang H, Smith GA (2004) Characteristics of ice 
hockey-related injuries treated in US emergency departments, 
2001-2002. Pediatrics 114:e661-666

195. Kerr ZY, Collins CL, Comstock RD (2011) Epidemiology of 
bowling-related injuries presenting to US emergency departments, 
1990-2008. Clin Pediatr (Phila) 50:738–746

196. Nation AD, Nelson NG, Yard EE, Comstock RD, McKenzie LB 
(2011) Football-related injuries among 6- to 17-year-olds treated 

in US emergency departments, 1990-2007. Clin Pediatr (Phila) 
50:200–207

197. Pollard KA, Gottesman BL, Rochette LM, Smith GA (2013) 
Swimming injuries treated in US EDs: 1990 to 2008. Am J Emerg 
Med 31:803–809

198. Pollard KA, Shields BJ, Smith GA (2011) Pediatric volleyball- 
related injuries treated in US emergency departments, 1990-2009. 
Clin Pediatr (Phila) 50:844–852

199. Randazzo C, Nelson NG, McKenzie LB (2010) Basketball-related 
injuries in school-aged children and adolescents in 1997-2007. 
Pediatrics 126:727–733

200. Reid JP, Nelson NG, Roberts KJ, McKenzie LB (2012) Track- 
related injuries in children and adolescents treated in US emer-
gency departments from 1991 through 2008. Phys Sportsmed 
40:56–63

201. Shields BJ, Smith GA (2006) Cheerleading-related injuries to 
children 5 to 18 years of age: United States, 1990-2002. Pediatrics 
117:122–129

202. Singh S, Smith GA, Fields SK, McKenzie LB (2008) Gymnastics- 
related injuries to children treated in emergency departments in 
the United States, 1990-2005. Pediatrics 121:e954-960

203. Gram MCD, Clarsen B, Bø K (2021) Injuries and illnesses among 
competitive Norwegian rhythmic gymnasts during preseason: a 
prospective cohort study of prevalence, incidence and risk factors. 
Br J Sports Med 55:231–236

204. Kox LS, Kraan RBJ, Mazzoli V, Mens MA, Kerkhoffs G, 
Nederveen AJ, Maas M (2020) It's a thin line: development and 
validation of Dixon MRI-based semi-quantitative assessment of 
stress-related bone marrow edema in the wrists of young gymnasts 
and non-gymnasts. Eur Radiol 30:1534–1543

205. Kraan RBJ, Kox LS, Oostra RJ, Kuijer P, Maas M (2020) The 
distal radial physis: exploring normal anatomy on MRI enables 
interpretation of stress related changes in young gymnasts. Eur J 
Sport Sci 20:1197–1205

206. Rui P, Ashman JJ, Akinseye A (2019) Emergency department vis-
its for injuries sustained during sports and recreational activities by 
patients aged 5-24 years, 2010-2016. Natl Health Stat Rep:1–15

207. Boyd KT, Brownson P, Hunter JB (2001) Distal radial fractures in 
young goalkeepers: a case for an appropriately sized soccer ball. 
Br J Sports Med 35:409–411

208. Macgregor DM (2003) Don't save the ball! Br J Sports Med 
37:351–353

209. Basha A, Amarin Z, Abu-Hassan F (2013) Birth-associated long- 
bone fractures. Int J Gynaecol Obstet 123:127–130

210. Suleiman FA, Almaaitah AA, Aqrabawi HE (2016) Upper limb 
birth trauma in a Jordanian population: a prospective study at 
King Hussein Medical Centre, Amman, Jordan. JPMA J Pak Med 
Assoc 66:1422–1426

211. von Heideken J, Thiblin I, Högberg U (2020) The epidemiology 
of infant shaft fractures of femur or humerus by incidence, birth, 
accidents, and other causes. BMC Musculoskelet Disord 21:840

R. R. van Rijn et al.



451

14Normal Variants, Congenital,  
and Acquired Disorders

Rick R. van Rijn, Jopje M. Ruskamp, Nicole L van 
Woerden,  
Rutger A. J. Nievelstein, Simon G. F. Robben, 
and Rob A. C. Bilo

Contents
14.1     Introduction   452

14.2     Normal Variants   453
14.2.1  Subperiosteal New-Bone Formation   453
14.2.2  Metaphyseal Variants   454
14.2.3  Variants of the Cortex   454
14.2.4  Accessory Growth Centres and Sutures   456

14.3     Osteogenesis Imperfecta   458
14.3.1  Introduction   458
14.3.2  Clinical Presentation   459
14.3.3  Additional Examinations   460
14.3.4  Osteogenesis Imperfecta and Non-accidental Trauma   461

14.4     Rickets   462
14.4.1  Introduction   462
14.4.2  Clinical History—Clinical Manifestations   464
14.4.3  Physical Examination   464
14.4.4  Biochemical Testing   464
14.4.5  Radiological Examination   466
14.4.6  Rickets and Non-accidental Trauma   467

14.5     Syndromes and Congenital Disorders   468
14.5.1  Introduction   468
14.5.2  Sickle Cell Anaemia   468
14.5.3  Alagille Syndrome   469
14.5.4  Duchenne Muscular Dystrophy   469
14.5.5  Congenital Pseudarthrosis   470
14.5.6  Caffey’s Disease   470
14.5.7  Menkes Disease   472
14.5.8  Pain Insensitivity in Spina Bifida   474
14.5.9  Congenital Pain Insensitivity   474

R. R. van Rijn 
Department of Radiology and Nuclear Medicine, Amsterdam 
UMC, University of Amsterdam, Amsterdam, The Netherlands 

Department of Forensic Medicine, Netherlands Forensic Institute, 
The Hague, The Netherlands 

J. M. Ruskamp 
Department of Paediatrics, University Medical Center Utrecht, 
Utrecht, The Netherlands 

N. L. van Woerden 
Department of Forensic Medicine, Netherlands Forensic Institute, 
The Hague, The Netherlands 

R. A. J.  Nievelstein 
Department of Radiology, University Medical Center Utrecht, 
Utrecht, The Netherlands 

S. G. F. Robben (*) 
Department of Radiology, Maastricht University Medical Center, 
Maastricht, The Netherlands
e-mail: s.robben@mumc.nl 

R. A. C. Bilo 
Veilig Thuis Rotterdam Rijnmond (Center for the Reporting of 
Child Abuse, Domestic Violence and Elder Abuse),  
Rotterdam, The Netherlands

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
R. A. C. Bilo et al. (eds.), Forensic Aspects of Paediatric Fractures, https://doi.org/10.1007/978-3-031-12041-1_14

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12041-1_14&domain=pdf
mailto:s.robben@mumc.nl
https://doi.org/10.1007/978-3-031-12041-1_14


452

14.6         Skeletal Dysplasias   475
14.6.1    Introduction   475
14.6.2    Metaphyseal Chondroplasia Type Schmid   475
14.6.3    Spondylometaphyseal Dysplasia ‘Corner Fracture Type’   475
14.6.4    X-Linked Hypophosphatemia   475

14.7         Metabolic Disorders   477
14.7.1    Introduction   477
14.7.2    Osteopetrosis   477
14.7.3    Osteoporosis   479
14.7.4    Dysostosis Multiplex Congenita   479
14.7.5    Hypophosphatasia   480

14.8         Infectious Diseases   481
14.8.1    Introduction   481
14.8.2    Osteomyelitis   481
14.8.3    Chronic Relapsing Multifocal Osteomyelitis   483
14.8.4    Congenital Syphilis   484

14.9         Oncological Diseases   485
14.9.1    Introduction   485
14.9.2    Malignancies   485
14.9.3    Benign Diseases   486

14.10     Medication-Related Abnormalities   488
14.10.1  Introduction   488
14.10.2  Corticosteroids   488
14.10.3  Methotrexate   489
14.10.4  Hypervitaminosis A   489
14.10.5  Prostaglandins   489
14.10.6  Bisphosphonates   490

14.11     Other Disorders   491
14.11.1  Blount’s Disease   491
14.11.2  Epilepsy   491
14.11.3  Vitamin C Deficiency   492
14.11.4  Copper Deficiency   496

 References   497

14.1  Introduction

Although in the differential diagnosis of fractures in child-
hood one should particularly be aware of accidental trauma 
(Chap. 13), it is not uncommon that normal variants, con-
genital and/or acquired defects lead to the incorrect conclu-
sion that these ‘fractures’ were sustained in non-accidental 
circumstances (Table 14.1) [1–5]. In this chapter, we discuss 
the most important differential diagnoses of which the radio-
logical findings might be misinterpreted as fractures due to 
non-accidental trauma.

A suspicion may occur due to a true mimic, which is a 
normal variant or a disorder, simulating on imaging a fresh 
or a healing/healed fracture, e.g. Caffey’s disease or Alagille 
syndrome. Suspicion can also occur if a child sustains a frac-
ture in a (previously unknown) medical condition with an 
increased risk of fractures due to weakening of the bone, e.g. 
osteogenesis imperfecta. A fracture in such a disorder should 
not be considered to be a true mimic. After all, it is a real 
fracture and a fracture is always caused by trauma, in which 
the loading of the bone exceeded the maximum load-bearing 

capacity. Finding a fracture in a child with such a condition 
does not automatically indicate under which circumstances 
the fracture was sustained. Fractures due to weakening of 
bone can be considered to be a mimic of inflicted fractures in 
non-accidental trauma, because an adequate clinical history 
may be lacking.

Some disorders can be considered to be true mimics, but 
also show an increased risk of fractures. Menkes syndrome 
(OMIM #309400) and copper deficiency, for example are true 
mimics, because of the presence of metaphyseal spurs, sug-
gesting metaphyseal corner fractures, and periosteal reactions, 
suggesting healing fractures. In both disorders, however, there 
is also an increased risk of fracturing, because of weakening of 
the bone (osteoporosis) due to disturbances in bone metabo-
lism and for that reason may mimic inflicted fractures.

In a multidisciplinary team effort based on a combination 
of the patient’s clinical history, laboratory tests, and radiologi-
cal examination, it is usually possible to reach the correct diag-
nosis [6]. In this chapter, we discuss the most important 
differential diagnoses of which the radiological findings might 
be misinterpreted as fractures due to non-accidental trauma.
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14.2  Normal Variants

When evaluating radiographs of children, there are a number 
of normal variants that may cause confusion, and even lead 
to a false accusation of parents or caregivers. When in doubt 
it is advised to contact an experienced paediatric radiologist 
and/or to use Keat’s reference standard work ‘Atlas Of 
Normal Roentgen Variants That May Simulate Disease’ [7].

14.2.1  Subperiosteal New-Bone Formation

At a very young age, subperiosteal new bone formation 
around the shaft of the femur, tibia, and humerus may be 
seen in normal, healthy infants (Fig.  14.1). This newly 
formed bone, which may radiologically be mistaken for a 
healing fracture, is most prominently present in children 
from 1 to 4 months old. Kwon et al. studied 101 neonates and 

Table 14.1 Differential diagnosis in disease-related fractures in 
infancy and childhood [1–4]

Fractures
Disorders related to 
collagen production

Osteogenesis imperfecta
Copper deficiency
Menkes syndrome
Bruck syndrome

Congenital 
mineralization 
disorders

Prematurity: Metabolic bone disease of 
prematurity
Neuromuscular disorders
Vitamin D-resistant rickets (or 
hypophosphatemic rickets)
X-linked hypophosphatemia
Liver abnormalities, such as Alagille 
syndrome
Malabsorption
Familiar osteoporosis
Osteopetrosis
Cole Carpenter syndrome
Congenital CMV infection

Acquired 
mineralization 
disorders

Vitamin D deficiency based on 
malnutrition: Rickets
Use of diuretics, glucocorticoids, and 
methotrexate
Intoxications, such as lead
Cerebral paresis and spasticity

Other increased risk 
disorders

Congenital pain insensitivity disorders:
Spina bifida
Congenital pain insensitivity
Muscular dystrophy

Periosteal reactions
Radiological 
differential diagnosis 
in the absence of 
fractures

Normal variants:
Such as: Physiological thickening of the 
long bones (femur, tibia, humerus) in 
neonates and infants
Congenital syphilis
Osteomyelitis
Septic arthritis
Osteoid osteoma and other tumours
Leukaemia
Vitamin C deficiency: Scurvy
Caffey’s disease: Infantile cortical 
hyperostosis
Hurler disease: Mucopolysaccharidosis 
type I
Sickle cell anaemia
Vitamin use-related disorders
Hypervitaminosis A
Vitamin E therapy
Prostaglandin E treatment
Metastases of a neuroblastoma
The use of intra-osseous vascular access 
needles

Normal variants 
(examples)

Subperiosteal new bone formation (shaft of 
femur, tibia, and humerus, usually bilateral) 
in normal, healthy neonates, and infants
Normal metaphyseal variants
Accessory growth centres
Unfused growth plate of the shoulder
Unfused apophysis of the fifth metatarsal
Accessory skull sutures
Accessory ossicles
Vascular/nutrient lines Fig. 14.1 Femur of a young infant, showing physiological subperios-

teal new bone formation (arrow) and metaphyseal spur (open arrow)
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a b c

Fig. 14.2 (a) Physiological metaphyseal collar in the distal radius (open arrow). (b) Physiological metaphyseal collar (open arrow) and metaphy-
seal spur (arrow) in the distal femur metaphysis. (c) Physiological metaphyseal collar (open arrow) at the medial side of the distal fibula

Fig. 14.3 Metaphyseal spur on the base of metacarpal 1 of the right 
hand (open arrow)

infants who had died from sudden infant death syndrome 
(age range, 2  weeks–8  months). They found subperiosteal 
new bone formation in 35 infants (35%), all of whom were 
between 1 and 4  months of age [8]. Subperiosteal newly 
formed bone is usually seen bilaterally; however, it may be 
more prominently present unilaterally [3, 9]. In physiologi-
cal, subperiosteal newly formed bone, there is no obvious 
uptake of isotopes on a bone scan [10].

14.2.2  Metaphyseal Variants

Normal metaphyseal variants should not be mistaken for 
metaphyseal corner fractures due to non-accidental trauma. 
This category comprises thickened edges of the metaphyses 
(collar, step off) exactly where the epiphyseal plate is 
attached (Fig. 14.2a–c) [11, 12]. This collar is usually pres-
ent in the proximal tibia, proximal fibula, distal femur, distal 
radius and distal ulna, and is regularly seen bilaterally [13]. 
In young children pointed metaphyseal ‘spurs’ can also be 
found, which to the untrained eye of a radiologist may look 
very similar to metaphyseal corner fractures. This spur is 
made of cortical bone that grows under the perichondrial 
ring of the epiphyseal plate. Spurs may be seen in the distal 
femur (Figs. 14.1 and 14.2b), the lateral aspect of the distal 
radius, the medial aspect of the distal ulna and the metacar-
pals (Fig. 14.3), and metatarsals. In 25% of cases this image 
is seen bilaterally. Finally, the metaphysis may show medial 
widening, especially in the proximal tibia and humerus 
(Fig. 14.4).

14.2.3  Variants of the Cortex

In 4% of children, a cortical irregularity is seen on the medial 
side of the proximal tibia. In 25% of these children this is 
present in both legs (Figs.  14.5 and 14.6a, b) [13]. This 
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Fig. 14.4 Medial extension of the proximal metaphysis of the humerus 
(open arrow)

Fig. 14.5 Cortical irregularity is seen on the medial side of the proxi-
mal tibia on a conventional radiograph (arrow)

a bFig. 14.6 (a) Cortical 
irregularity in another patient 
seen on the medial side of the 
proximal tibia on CT (arrow). 
(b) 3D reconstruction of the 
proximal tibia
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 irregularity may look like a healing fracture and conse-
quently lead to an incorrect diagnosis.

14.2.4  Accessory Growth Centres and Sutures

One of the most important properties of the childhood skel-
eton is growth. Besides the normal growth centres, accessory 
growth centres may be seen (Fig. 14.7a, b) [7], which may be 
interpreted erroneously as fractures, and as such lead to 
confusion.

The presence of normal variants of sutures of the skull, 
may also lead to an erroneous diagnosis of a skull fracture 
(Figs.  14.8 and 14.9), (Sects. 5.3.4.7 and 5.5.4) [14–24]. 
With respect to accessory sutures the occipital bone requires 
specific attention. Embryonically this bone is derived from 
four segments: the basilar, squamous, and two condylar seg-
ments [25, 26]. The basilar segment, also known as the basi-
occiput, is formed from four segments. The squamous 

segment, also known as the supraoccipital, is formed from 
three segments. During embryogenesis this can lead to a 
wide variety of accessory sutures that both radiologists and 
clinicians should be aware of. Variance in the development 
of the occipital bone can also lead to the development of a 
so-called Inca bone, a larger solitary bone island at the level 
of the posterior fontanelle [27, 28].

Besides variants in sutures also accessory bones 
within the sutures, the so-called ‘Wormian bones’ can be 
found [29–31]. In a normal population, one or more 
Wormian bones are reported to be present in up to 50% 
of children [31]. With the increased use of CT, they are 
more likely to be reported by radiologists. Although the 
presence of a higher than a usual number of Wormian 
bones is a well-known radiographic sign of osteogenesis 
imperfecta, there are certainly more diseases that can 
also have this imaging finding (Table 14.2). This finding 
is therefore by no means diagnostic of osteogenesis 
imperfecta.

a bFig. 14.7 (a) Accessory 
ossicle at the base of 
metatarsal 5 (open arrow). 
When one is not familiar with 
this phenomenon, it may be 
mistaken for an avulsion 
fracture. (b) Accessory ossicle 
at the base of metatarsal 5 
(arrow). There is also a ‘Jones 
fracture’ visible at the base of 
metatarsal 5 (open arrow)
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Fig. 14.8 Three-dimensional cinematic rendering showing bilateral  
mendosal sutures and a bifid Inca bone

a

c d

b

Fig. 14.9 (a) Post-mortem CT of an 18-day-old neonate found in a 
bag, 3D cinematic rendering shows an Obelian suture, i.e. a suture con-
necting the two parietal foramina, and two ‘fracture lines’ or accessory 
sutures in the occipital bone. The ‘fracture lines’ however, are in keep-
ing with the borders between the ossification centres that form the cra-

nial segment of the occipital bone. (b) Specimen photo showing the 
Obelian suture. (c) Specimen photo showing the ‘fracture lines’ in the 
occipital bone. (d) Histological slide clearly shows connective tissue 
between the bone segments proving the presence of accessory sutures
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14.3  Osteogenesis Imperfecta

14.3.1  Introduction

Osteogenesis imperfecta (OI) is a heterogeneous group of 
diseases, which classically demonstrates fragility of the 
skeletal system and susceptibility to fractures of the long 
bones or vertebral compressions from mild or inconsequen-
tial trauma. The spectrum of OI is extremely broad, ranging 
from a form that is lethal in the perinatal period to a mild 
form in which the diagnosis may be equivocal in an adult 
[32]. Structural or quantitative defects in type 1 collagen 
cause the full spectrum of OI (Fig. 14.10). Together with 

a bFig. 14.10 (a) Specimen, 
dating from approximately 
1850, from the Vrolik 
collection of the Academic 
Medical Centre Amsterdam. 
Gerardus Vrolik (1775–1859) 
described this specimen, 
which is considered to be one 
of the first reported cases of 
OI. A very wide sagittal 
suture can be seen, the ribs 
are fragile but intact. Both 
tibiae show signs of healing 
fractures (Courtesy of 
R.J. Oostra, conservator of the 
Vrolik museum). (b) Lateral 
view of the specimen shows 
multiple wormian bones in 
the skull

Table 14.2 Diseases that may present with ‘wormian bones’

Consistently present Inconsistently present
Cretinism Pyknodysostosis
Metaphyseal dysplasia, type 
Jansen

Sclerosteosis

Menkes syndromea Hydrocephalus
Acro-osteolysis Osteopetrosis
Prader-Willi syndrome Down syndrome
Cleido-cranial dysostosis Ricketsa

Hypophosphatasia
Progeria

aThese diseases should also be included in the radiological differential 
diagnosis of non-accidental trauma
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a b

Fig. 14.11 (a) One-year-old 
boy who presented with a 
femur fracture after falling off 
the counter, in the presence of 
multiple witnesses. The chest 
radiograph shows old rib 
fractures (open arrows) and 
multiple collapsed vertebrae 
(arrow). (b) Skull view of the 
same patient shows multiple 
wormian bones (see inset). 
Osteogenesis imperfecta was 
genetically confirmed

a b c

Fig. 14.12 (a) One-week-old girl with swollen painful left arm. 
Radiograph shows a fresh mid-shaft oblique humerus fracture (open 
arrow). An additional skeletal survey was made. (b) The right arm also 
shows a mid-shaft fracture of the humerus (open arrow), which is dif-

ficult to date. (c) Pelvic view shows bilateral bowing of the femurs and 
sclerosis, an image corresponding with healing fractures. Osteogenesis 
imperfecta was genetically confirmed

non-accidental trauma OI is the most common cause for the 
presence of multiple fractures, often at various stages of 
healing, without a plausible explanation (Fig.  14.11a, b). 
This makes it an important differential diagnosis but it must 
be borne in mind that OI is considerably less prevalent 
compared to non-accidental trauma in children [33, 34].

14.3.2  Clinical Presentation

In OI there is a defect in the synthesis of type I collagen pro-
duction, predominantly (in up to 85% of cases) caused by 
mutations in the collagen I genes (COL1A1 and COL1A2) 
[35–37]. Type I collagen is an important protein in the extracel-

lular matrix of many tissues. The disease is equally distributed 
between boys and girls, and is often seen in other family mem-
bers. It is an autosomal dominant disorder, although spontane-
ous mutations do occur. In the skeleton, a defect in the synthesis 
of type I collagen will lead to osteoporosis, which makes it 
possible for minimal trauma to cause multiple fractures 
(Fig. 14.12a–c). The protein is also present in ligaments, skin, 
teeth, sclera, and blood vessels. Consequently, symptoms can 
occur to a higher or lesser degree in all these systems. Besides 
the defect in the synthesis of collagen type I, two more muta-
tions have been reported; a mutation of the CRTAP gene, which 
causes a mild to severe recessive rhizomal form of OI [38]. 
Furthermore, mutations have been reported in CRTAP together 
with LEPRE1, which leads to an autosomal recessive form of 
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Table 14.3 Classification of osteogenesis imperfect as proposed by 
van Dijk et al. [35]

Type Gene
I Col1A1/2
II-Aa Col1A1/2

CRTAP
LEPRE-1b

PPIB

II-Bc

II-Cd

III
IV
V Unknown
VIe

a No individuals with OI due to LEPRE1, CRTAP or PPIB mutations 
were diagnosed with OI type IIA
b No LEPRE1 mutations causing OI type IV have been reported
c OI type II-B with longer survival and OI type III with early death show 
considerable clinical and radiological overlap
d OI Type II-C is extremely rare and its existence is even doubted
e OI type VI main distinguishing feature from type V is histological

Fig. 14.13 Stillborn neonate whose skeleton shows innumerable heal-
ing fractures of nearly every bone. Osteogenesis imperfecta type IIA 
was genetically confirmed

OI [39–41]. This genetic basis makes the input and expertise of 
clinical geneticists invaluable [42–44].

Sillence et  al. provide a classification in four subtypes 
[45], based on the mode of inheritance, radiological presen-
tation (including age of presentation) and scleral blueness. 
The incidence figures provided are based on research on 
Australian children. In 2004, Rauch and Glorieux published 
an overview in the Lancet in which they widened the Sillence 
classification to seven subtypes [46]. In later years more 
types have been described leading to a total of 20 types of 
OI, many of which are extremely rare and only described in 
a few patients. In 2010, van Dijk et al. proposed a revised 
classification of the Sillence criteria I, II-A, II-B, II-C, III, 
and IV, in which they mentioned the causative gene and the 
clinical picture (Table 14.3) [35].

In 85% of children with OI, fractures will heal at the same 
speed and in the same manner as in children without OI [47]. 
Children with OI types I and II (80% of all patients) usually 
present no diagnostic problem (Fig. 14.13).

Young children without OI may also have blue sclerae. 
Consequently, in children with inflicted fractures there may 
be the erroneous impression that they have pathological bone 
fragility that fits OI. The presence of aberrant teeth (dento-
genesis imperfecta) may either support or confirm the sus-
pected OI. Rib fractures are frequently seen in all types, as is 
bowing of the lower extremities. Metaphyseal corner frac-
tures may also be seen in children with OI [47, 48]. Astley 
described metaphyseal corner fractures in seven children of 
a group of 41 children with OI [48]. He deems it impossible 
that one could erroneously suspect non-accidental trauma in 
these children, because of the other noticeable signs fitting 
OI.  On the other hand, Albin et  al. are convinced that the 
presence of metaphyseal defects is pathognomic for non- 
accidental trauma, and that for this reason it is possible to 
differentiate between osteogenesis imperfecta and non- 
accidental trauma [49].

14.3.3  Additional Examinations

To experienced radiologists, the diagnosis OI will generally, 
in view of its characteristic lesions, not present many prob-
lems. When OI is suspected, radiological examination is 
essential. In prenatal ultrasound it is also possible to find 
characteristic defects, in those cases it often concerns type II.

In atypical cases, the biochemical analysis of the synthe-
sis and structure of collagen may be used [50]. In order to 
differentiate with non-accidental trauma, a skin biopsy for 
the purpose of a fibroblast culture is not indicated. Steiner 
et al. concluded that based on clinical and radiological data, 
OI can be diagnosed in nearly all children. According to 
Steiner et  al., biochemical collagen analysis should be 
restricted to the very rare situation in which there is contin-
ued diagnostic doubt regarding non-accidental trauma [51]. 
Lachman evaluated a large series of OI cases from the 
International Skeletal Dysplasia Registry and based on his 
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a

d e

b c

Fig. 14.14 Wormian bones and vertebral fractures in a 1-year-old 
infant who presented with pain in the left hip. (a) radiograph shows a 
fracture of the proximal femur. (b) follow-up radiography, as part of the 
skeletal survey, 15 days later shows sclerosis around the fracture line as 

a sign of healing. (c) Chest CT shows a healing posterior rib fracture 
(inset), (d) CT of the spine shows a fracture of the 12th thoracic vertebra, 
and (e) 3D cinematic rendering of the skull shows multiple Wormian 
bones. After thorough assessment the fractures were all ascribed to OI

findings suggested a diagnostic algorithm [52]. If the clinical 
evaluation and radiographs show clear diagnostic signs of 
OI, the diagnosis should be made. If there is a normal bone 
density but there remains doubt about the diagnosis of OI 
genetic testing should be performed. If genetic testing is 
negative then the diagnosis of OI can be rejected.

14.3.4  Osteogenesis Imperfecta and Non-
accidental Trauma

In most cases, the differential diagnosis between OI and 
inflicted fractures due to non-accidental trauma is based on 
the clinical history (including a family history), physical 

examination, and radiological imaging. In most cases, it con-
cerns children with type I. The blue sclerae, the skull defects 
(‘wormian’ bones), and the family history will soon clarify 
matters (Fig.  14.14a, b). Wormian bones and occasionally 
blue sclerae are also present in children with type III. In type 
IV no blue sclerae or skull lesions are seen. Theoretically, it 
complicates the differentiation; however, this type occurs so 
rarely that only in exceptional cases it may lead to mistakes. 
The chance that a child less than 1 year old will be diagnosed 
with type IV (without a positive clinical history, a normal 
skull radiograph, and normal teeth) is estimated to be 
3:1,000,000 [53].

One should be aware that non-accidental trauma most 
certainly also happens in children with OI. Even if this disor-
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der provides a plausible explanation for the fractures and 
bruises that correspond with the minimal trauma recorded in 
the clinical history, one should still exclude non-accidental 
trauma. Knight and Bennett describe a child with OI in 
whom non-accidental trauma could only be confirmed after 
the attending physicians had found facial abnormalities that 
proved that the child had been beaten [54].

14.4  Rickets

14.4.1  Introduction

‘We affirm therefore, that this disease doth very rarely invade 
children presently after their birth, or before they are six moneths 
old; (yea, perhaps before the ninth moneth) but after that time it 
beginneth by little and little daily to rage more and more to the 
period of eighteen moneths, then is attaineth its pitch and exalta-
tion, and as it were resteth in it, till the child be two years and six 
months old: so that the time of the thickest invasion is that whole 
year, which bears date from the eighteenth month, two years and 
a half being expired, the disease falleth into its declination, and 
seldom invadeth the child, for the reasons already alledged.’
Francis Glisson, 1597–1677 [55]

Rickets, or in the history known as the ‘English disease’ was 
thought to be a disease of the past but in recent years it is on 
the rise again making it a relevant differential diagnosis, if it 
is suspected that fractures were sustained in non-accidental 
circumstances [56–64]. Rickets can be classified as calciope-
nic or phosphopenic. Calciopenic rickets most commonly is 

caused by a nutritional deficiency of vitamin D and/or cal-
cium. This type of rickets is the most common type of rickets 
in children and is also known as nutritional rickets. 
Phosphopenic rickets usually is caused by renal phosphate 
wasting. Another rare type is vitamin D-resistant rickets. As 
a result of the disturbance, the ossification of the cartilagi-
nous tissue is too slow which leads to irregularities in the 
metaphyses (Fig. 14.15a, b).

The onset and presentation of rickets depend on the cause 
and the severity of the deficiency, e.g. nutritional rickets may 
usually become evident only after several months of a vita-
min D-deficient diet [65–67]. Vitamin D deficiency is mostly 
found in infants and toddlers/preschool children, with a peak 
age of 3–18 months [68, 69]. However, rickets can also be 
found in neonates, if the mother had a vitamin D deficiency 
during pregnancy, and in older children, as long as the growth 
plates have not closed [68, 70]. In post-pubertal adolescents 
and adults with closed growth plates and completed skeletal 
maturation, vitamin D deficiency will lead to osteomalacia 
[66, 70]. There are numerous causes of rickets, amongst oth-
ers malabsorption of fat, diseases of the liver or kidney, the 
use of medication (e.g. phenobarbital or phenytoin), defi-
cient diets (e.g. lactovegetarians), and insufficient exposure 
to sunlight, e.g. dark-skinned children (Table 14.4) [71–73].

From a medical point of view, there is an increased inter-
est in vitamin D-deficient rickets. The British Paediatric and 
Adolescent Bone Group states that deficiency should be 
defined as a plasma concentration of 25 hydroxyvitamin D of 
less than 25  nmol/L (10  ng/mL), insufficiency being 

a bFig. 14.15 (a) Two-year-old 
girl with rickets. The distal 
radius shows metaphyseal 
widening (splaying), 
concavity (cupping), and 
irregularities (fraying). (b) 
Two months after the therapy 
was initiated, the image has 
nearly been normalized and 
only a small amount of 
sclerosis of the distal 
metaphysis of the radius 
remains
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25–50 nmol/L and sufficiency a concentration greater than 
50 nmol/L [74]. In 2002, Chesney spoke of a ‘third wave’ of 
rickets because the disease seemed to have reappeared in the 
last decade of the twentieth century for the third time in the 
past 100 years [75]. The first wave of rickets occurred during 
the industrial revolution in the Western world, when the 
smog in large cities blocked the sun’s ultraviolet rays, result-
ing in a blockage of the formation of vitamin D3 (cholecal-
ciferol) in the skin. In fact, rickets was the first paediatric 
disorder due to environmental pollution [56, 76]. The discov-
ery of cod-liver oil was an effective remedy for this problem. 
The second wave of rickets was the result of breast-feeding 
by women who did not get enough exposure to sunlight 
because their religious beliefs prescribed nearly full body 
coverage [75]. Chesney saw the third wave in the United 
States mainly in dark-skinned infants, particularly among 
African American children, whose mothers were breast- 
feeding. These mothers seldom took their children outside 
and they were exclusively breastfed. The reasons for avoid-
ing the outside varied from concerns over sunshine, fear of 
violence, and degeneration of the neighbourhood. Some 
mothers worked at home on the telephone or with a personal 
computer. This third wave was also seen in the Middle East 
and Europe, particularly in infants born of mothers with full 
body coverage and wearing veils [77–80].

Ladhani et al. stated that vitamin D deficiency had clearly 
reappeared as a problem in the United Kingdom, especially 
in ‘at risk’ ethnic minority groups [81]. Ladhani et al. evalu-
ated the data of 65 children with rickets, of whom 39 were 
of Asian origin, 24 Afro-Caribbean, and 2 Eastern European. 
The occurrence of the third wave in England probably is 
best illustrated by the number of hospitalizations due to 
rickets, being the highest in England in five decades in the 
period 2007–2011 [82]. According to Goldacre et al. hospi-
talization rates for rickets in paediatric patients under the 
age of 15  years were low in the 1960s and 1970s and 
decreased further in the 1980s and 1990s, but increased in 
the 2000s. Most hospitalized children were under the age of 
5 years.

Concerning this third wave Moon et al. stated ‘... despite 
the suggestion of a secular increase in the incidence of rick-
ets, this observation may be driven more by changes in popu-
lation demographics than a true alteration to age, sex and 
ethnicity-specific incidence rates; indeed rickets remains 
uncommon overall and is rarely documented in fair-skinned 
children’ [83].

According to Roberts and Gaillard rickets is more preva-
lent in a number of distinct populations:

• Premature infants (especially if on parenteral nutrition).
• Infants with unbalanced nutrition (protracted exclusive 

breast-feeding; non-vitamin D supplemented formula-fed 
infants; vegetarian diets).

Table 14.4 Causes of rickets

Vitamin D deficiency
Deficient diet
Deficient endogenous synthesis
Metabolic vitamin D disorders
Pseudovitamin D deficiency
Use of anticonvulsives
Chronic kidney failure
Disorders of the gastrointestinal tract
Gastrointestinal malabsorption disorders
Partial or total gastrectomy
Hepatobiliary diseases
Chronic pancreatic insufficiency
Acidosis
Distal tubular acidosis (classic or type I)
Secondary forms of renal acidosis
Ureterosigmoidostomy
Medication-induced
Chronic acetazolamide use
Chronic salmiac use
Chronic kidney failure
Phosphate deficiency
Inherited:
   X-linked hypophosphatemic rickets
Acquired:
   Low dietary phosphate contents
   Sporadic hypophosphatemic osteomalacia (phosphate diabetes)
   Tumour-associated rickets
   Osteomalacia
   Neurofibromatosis
   Fibrous dysplasia
Renal tubular disorders
Primary renal tubular disorders
   Renal tubular disorders associated with systemic metabolic 

abnormalities cystinosis
   Glycogenosis
   Lowe syndrome
Systemic disorders with associated renal abnormalities
   Congenital
    Wilson’s disease
    Tyrosinemia
    Neurofibromatosis
   Acquired
    Multiple myeloma
    Nephrotic syndrome
    Kidney transplantation
Primary mineralization defects
Inherited
Acquired
   Fluor treatment
   Bisphosphonate treatment
Rapid bone formation, with or without relative defects in bone 
resorption
Postoperative hyperparathyroidism with osteitis fibrosa cystica
Osteopetrosis
Defective matrix synthesis
Fibrogenesis imperfecta ossium
Others
Magnesium-dependent conditions
Axial osteomalacia
Parenteral nutrition
Aluminium intoxication
Isophosphamide treatment
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Table 14.5 Risk factors for nutritional rickets [90]

Maternal factors
Vitamin D deficiency
Dark skin pigmentation
Full body clothing cover
High latitude during winter/spring season
Other causes of restricted sun (UVB) exposure, e.g.: Predominant 
indoor living, disability, pollution, cloud cover
Low vitamin D diet
Low calcium diet
Poverty, malnutrition, special diets

Infant/childhood factors
Neonatal vitamin D deficiency secondary to maternal deficiency/
vitamin D deficiency
Lack of infant supplementation with vitamin D
Prolonged breast-feeding without appropriate complementary 
feeding from 6 months
High latitude during winter/spring season
Dark skin pigmentation and/or restricted sun (UVB) exposure, e.g. 
Predominant indoor living, disability, pollution, and cloud cover
Low vitamin D diet
Low calcium diet
Poverty, malnutrition, special diets

Risk factors are prevented by:
Sun exposure (UVB content of sunlight depends on latitude and 
season)
Vitamin D supplementation
Strategic fortification of the habitual food supply
Normal calcium intake

Table 14.6 Clinical manifestations in rickets

Pain or sensitive bones
Skeletal deformation
   Bowing of the long bones of the legs
   Pectus carinatum
   Ricketsian rosary
   Asymmetrical or deformed skull
   Pelvic and spinal deformities, including scoliosis and kyphosis
Increased risk for sustaining fractures
Dental abnormalities
Muscular spasms
Growth disturbances, possibly resulting in stunted height

• Maternal vitamin D deficiency (lack of sun exposure/dark 
skin in sun-poor countries; lack of outdoor time; clothing 
that eliminates sun exposure).

Munns et al. formulated, based on a systematic review, an 
overview of risk factors for nutritional rickets and osteoma-
lacia in their ‘Global Consensus Recommendations on 
Prevention and Management of Nutritional Rickets’ 
(Table 14.5). According to the authors the risk of vitamin D 
deficiency could be reduced by sun exposure (UVB content 
of sunlight depends on latitude and season), vitamin D sup-
plementation, strategic fortification of the habitual food sup-
ply, and normal calcium intake.

14.4.2  Clinical History—Clinical Manifestations

In case of a suspicion of vitamin D deficiency in a child, the 
medical history should contain extensive information about 
the risk factors as described in Table 14.5. In case of a new-
born with suspected vitamin D deficiency or a breast-fed 
child one should also take an extensive medical history of the 
mother.

Complaints suggesting a vitamin D deficiency are, 
amongst others, restlessness, sleeping problems, muscular 
pain, impaired growth, possibly resulting in stunted height, 

and developmental delay (Table  14.6) [68, 84]. Sleeping 
problems can be due to tenderness and pain, especially in the 
long bones of the lower extremity, which may wake the child 
at night [84]. The developmental delay may concern a delay 
in crawling, sitting, or walking. Peridontitis, abnormal devel-
opment of teeth, and dental decay have also been described 
as vitamin D deficiency.

In severe cases of hypocalciaemia, due to vitamin D defi-
ciency, tetany (muscle twitching and sharp bending of the 
wrist and ankle joints), and hypocalcaemic seizures can 
occur [85]. Also, intellectual disability has been described to 
occur due to hypocalciaemia in children with vitamin D defi-
ciency [68, 84]. Some children may develop cardiomyopathy 
with cardiac failure, which may result in death [68].

14.4.3  Physical Examination

If rickets is suspected, a complete physical examination, 
including a dental examination, should take place. Because 
deformation of parts of the skeleton and tenderness and pain 
of the ‘bones’ are characteristic findings in children with 
rickets, the whole skeleton should be carefully inspected and 
palpated. While examining the head, one may notice cranio-
tabes (soft skull bones), frontal bossing (prominent fore-
head), and a delay in closing of skull sutures. Also, an 
asymmetric or deformed skull can be seen.

Inspection of the thorax may show the presence of a 
rachitic rosary (bead-like nodules) at the costochondral junc-
tion. Pectus excavatum and carinatum can occur in children 
with rickets (Fig. 14.16).

Swelling of the joints, e.g. of the wrists and ankles can 
also be seen [68]. Bowing of the lower leg and knock knees 
can be present [70, 86].

14.4.4  Biochemical Testing

In case of rickets biochemical testing will show low serum 
levels of 25(OH)D (25 hydroxyvitamin D), calcium, phos-
phorus, and of urinary calcium), combined with high levels 
of serum parathyroid hormone (PTH), alkaline phosphatase 
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(ALP), and of urinary phosphorus [68, 87]. If both serum 
inorganic phosphorus and PTH levels are normal, the diag-
nosis of rickets is unlikely [87]. One should realize that 
serum alkaline phosphatase is not only elevated in rickets but 
also in healing fractures [88]. Based on biochemical testing 
it is possible to differentiate vitamin D-deficient rickets from 
X-linked hypophosphatemic rickets (see Sect. 14.6.4) and 
hypophosphatasia (see Sect. 14.7.5) (Table 14.7).

There is no worldwide consensus concerning normal (suf-
ficient), insufficient, and deficient serum levels of 25 (OH)
D. Normal 25 (OH)D values vary from over 10 to 12 ng/ml 
(25–30  nmol/l, e.g. the Netherlands) to over 30  ng/ml 
(75 nmol/l, e.g. Canada, Japan), while deficiency is defined 
by some organizations as vitamin D levels under 20 ng/ml 
(50 nmol/l, e.g. United States, Japan) [89]. Based on a sys-
tematic review, Munns et  al. recommended that deficiency 
should be defined as a plasma concentration of 25 (OH)D 
(25 hydroxyvitamin D) of less than 12 ng/mL (30 nmol/L), 
insufficiency being 12–15 ng/ml (30–50 nmol/l) and suffi-
ciency a concentration above 15  ng/ml (50  nmol/l) [90]. 
According to Munns et al., the incidence of nutritional rick-
ets increases with 25(OH)D levels under 12  ng/ml 
(30  nmol/l). Munns et  al. added: ‘It should be noted that 
nutritional rickets has been reported in children with 25(OH)
D concentrations above 30 nmol/l and that it may not occur 
with very low 25(OH)D concentrations but is more likely to 
occur with deficiency sustained over time, i.e. chronic defi-
ciency’. They further remarked that ‘Most children with vita-
min D deficiency are asymptomatic’. The British Paediatric 
and Adolescent Bone Group states that deficiency should be 
defined as a plasma concentration of 25 (OH)D of less than 
10 ng/ml (25 nmol/l), insufficiency being 10–15 ng/ml (25–
50 nmol/l) and sufficiency a concentration above 15 ng/ml 
(50 nmol/l) [74].

Fig. 14.16 Graphic representation of the anomalies that can be found 
in rickets

Table 14.7 Laboratory findings differentiating nutritional rickets, X-linked hypophosphatemic rickets, and hypophosphatasia

Parameter Nutritional rickets X-linked hypophosphatemic rickets Hypophosphatasia
Alkaline phosphatase � � � 
Pyridoxal 5′-phosphate – � � 
Calcium � 

Normal �  or normal
Phosphate � � �  or normal
Parathyroid hormone � �  or normal �  or normal
Vitamin D � �  or normal

Normal
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14.4.5  Radiological Examination

As stated before, the diagnosis of nutritional rickets is made 
on the basis of history, physical examination, and biochemi-
cal testing, but should always be confirmed by appropriate 
radiographs [90].

Plain radiography of the metaphyseal sites (wrists and 
ankles) is usually performed to confirm the diagnosis 
[89]. In classic cases this shows widening and fraying of 
the metaphyses and a ricketsian rosary (Figs.  14.15 and 
14.17). Since the radiographical lesions are symmetri-
cally present  throughout the whole body, even in the pres-
ence of fractures, it will be no problem to differentiate 
with fractures sustained in non-accidental circumstances 
(Fig. 14.18). In milder cases, the metaphyseal abnormal-
ity may strongly resemble metaphyseal corner fractures 
(Fig.  14.19). In these cases, comprehensive laboratory 
tests and repeating the tests at a 2-week follow-up will 
provide valuable information. When the disease is more 
protracted bowing of the long bones, in particular of the 
legs, may occur (Fig. 14.20).

According to Roberts and Gaillard, the deficient/insuffi-
cient mineralization due to vitamin D deficiency is most evi-
dent in the growing skeleton at the metaphyseal zones of 
provisional calcification, where there is an excess of non- 
mineralized osteoid. This will result in widening of the 
growth plate and abnormal configuration of the metaphysis 
[65, 91]:

Fig. 14.17 Seventeen-month-old boy with rickets. The chest radio-
graph shows irregularities of the costochondral junctions (inset), result-
ing in the image known as ricketsian rosary

Fig. 14.18 Eight-month-old boy with a transverse mid-shaft femur frac-
ture (open arrow) without evident trauma in the patient history. The distal 
femur metaphysis shows severe splaying, cupping and fraying, corre-
sponding with rickets. Laboratory tests showed a vitamin D deficiency

Fig. 14.19 Premature infant, born at 27  weeks pregnancy. A radio-
graph on day 56 shows an irregular aspect of the proximal metaphysis 
of the tibia (open arrow). Laboratory tests confirmed the diagnosis of 
rickets. This anomaly could be interpreted as a metaphyseal corner 
fracture
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• Fraying: Indistinct margins of the metaphysis.
• Splaying: Widening of metaphyseal ends.
• Cupping: Concavity of metaphysis.

These features are most prominent in bones where growth 
is greatest:

• Knee: Distal femur, proximal tibia.
• Wrist: Especially the ulna.
• Anterior rib ends: Rachitic rosary.

In rickets even bones that appear sufficiently mineralized 
are weak. This can result in the bowing of long bones, most 
commonly seen in the lower extremities once the child is 
walking. The legs bow outward with variable deformity of 
the hips (coxa vara and coxa valga) (Fig. 14.20).

Other bone deformities are also noted such as genu valga 
(knock-knees) and vara as well as protrusio acetabuli/impres-
sion of the sacrum and femora into the pelvis, leading to a 
triradiate configuration of the pelvis. The lower ribs may also 

be drawn inwards inferiorly, due to inwards pulling by the 
diaphragm (Harrison’s sulcus) [65, 70]. Some children may 
develop scoliosis/kyphosis due to the deficiency. Sometimes 
pseudo-fractures are present. As a rule, periosteal reactions 
and new bone formation are abundantly present. Fractures 
may occur in children with rickets (see Sect. 15.3.2).

In the early stages of rickets, radiographs may depict no 
pathology. Chemical changes in blood serum, however, can 
already be found at this time. The distal radius and ulna typi-
cally demonstrate rachitic lesions early on radiographs. In 
preterm neonates and young infants, radiographs of the knee 
may be more reliable than those of the wrist [92]. In more 
advanced stages of rickets, radiographic changes are pathog-
nomonic; however, the underlying cause needs to be estab-
lished using clinical and biochemical assessments. 
False-negative findings can occur in the early phase of dis-
ease. In healing rickets, the zones of provisional calcification 
become denser than the diaphysis. In addition, cupping of 
the metaphysis may become more apparent [65].

14.4.6  Rickets and Non-accidental Trauma

Although fractures resulting from rickets can give rise to the 
incorrect conclusion that these fractures were sustained in 
non-accidental circumstances, it does not mean that the pres-
ence of a vitamin D-related disorder combined with fractures 
excludes non-accidental trauma [93]. Duncan and Chandry 
describe a little girl who presented at the age of 3 months 
with multiple fractures [94]. The infant was also diagnosed 
with rickets. When she suddenly died at the age of 5 months, 
unnatural death was suspected. However, this could not be 
confirmed. Three years onwards, non-accidental trauma was 
confirmed in another child of that family. However, this does 
not prove in any way that the first child also died in non- 
accidental circumstances.

Vitamin D deficiency can also be the result of neglecting 
a child; for example when parents/carers fail or refuse to give 
vitamin D supplements. Children with a nutrition-based vita-
min D deficiency are also at risk for osteopenia (reduced 
bone density). Severe osteopenia (osteoporosis, see Sect. 
14.7.3) may lead to an increased risk for fractures. Often it is 
difficult to differentiate between fractures sustained by phys-
ical violence and fractures sustained by minimal force on a 
weakened bone structure. Comprehensive damage to non- 
weight bearing parts of the skeleton, such as clavicles, ribs, 
lower arms, and hands, are also suspect in children with rick-
ets. This is certainly true when radiological examination 
reveals signs of healing fractures. In recent years this differ-
ential diagnosis has become an issue of debate in courtrooms 
(see Sect. 15.3.2).

Kepron and Polanen looked at the histology of rickets 
versus fractures sustained in non-accidental circumstances Fig. 14.20 Bow legs in a child treated for rickets
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Table 14.8 Histologic and radiologic features of fractures, metaphyseal fractures, and rickets (from Kepron and Polanen, reprinted with permis-
sion) [95]

Radiology Histopathology
General fractures Fracture line Fracture line with physical disruption of 

cortex and trabeculae
Periosteal new bone formation Haemorrhage, fibrin clot, inflammatory 

infiltrate, marrow necrosis
Loss of fracture line demarcation (with healing) Chronic inflammation, granulation tissue
Soft callus formation Osteoid and woven bone formation
Hard callus formation Increased activity of osteoclasts and 

osteoblasts
Remodeling of callus

Metaphyseal fractures Lucency within the subphyseal region of the metaphysis Physical disruption of the trabeculae of the 
primary spongiosa

With complete fracture across the metaphysis, the fracture 
fragment may appear as a linear density (‘bucket handle lesion’) 
or triangular fragments at the edges of the metaphyses (‘corner 
fractures’), depending on the angle of projection

Undermining of the subperiosteal bone 
collar ± haemorrhage and fibrin (acutely)

Sclerosis along the fracture margins (with healing) ± periosteal 
new bone formation (many heal without)

Decrease in cellularity and trabecular 
density within the metaphysis
Osteoclast activation, granulation tissue, 
and fibrosis (with healing)

Rickets Osteopenia Widening of the growth plate; architectural 
disarray

Decreased mineralization of the zone of provisional calcification Extension of cartilage into the primary 
spongiosa

Irregularity of the metaphyseal margin Irregular border between growth plate and 
primary spongiosa with the maintenance of 
physical continuity between zones

Transverse widening of the metaphysis and metaphyseal cupping Blood vessels penetrate the growth plate
Periosteal new bone formation Abnormal trabeculae within the diaphysis
Bowing of the diaphyses of long bones Necrosis and inflammatory infiltrates are 

not features

[95]. In their publication, they present a good overview of 
both the histologic as well as the radiologic differences 
between fractures in general, metaphyseal corner fractures 
and rickets (Table 14.8).

14.5  Syndromes and Congenital Disorders

14.5.1  Introduction

In the medical literature one can find case reports on sus-
pected inflicted fractures (e.g. unexplained fresh or healing/
healed fractures) in children with skeletal abnormalities 
belonging to certain syndromes and congenital disorders. In 
this paragraph a short overview is given; be aware the over-
view does not claim to be complete.

14.5.2  Sickle Cell Anaemia

Sickle cell anaemia (OMIM # 603903) is an autosomal 
recessive inherited disease in which a mutation in the 
β-globin gene leads to binding between β1 and β2 chains of 

two haemoglobin molecules HbS [96]. As a result, a polymer 
nucleus grows and subsequently fills the erythrocyte which 
leads to disruption of its architecture and shape, causing 
sickle-shaped erythrocytes [97]. It is one of the most com-
mon monogenic diseases in the world with millions of peo-
ple suffering from this disease. It is seen in particular in 
people (themselves or their ancestors) that hail from Africa, 
the Mediterranean countries and the Arabic peninsula, India, 
and parts of South and Central America. Generally, the diag-
nosis can easily be made with a microscopic test.

The symptoms of sickle cell anaemia are due to abnormal 
erythrocytes that take on a sickle shape resulting in early 
breakdown, which leads to anaemia. When the sickle-shaped 
cells occlude small vessels, it may cause pain and infection. 
These symptoms come in episodes of acute illness, e.g. 
 vaso- occlusive pain, acute chest, and cholelithiasis and pro-
gressive organ damage, e.g. stroke, autosplenectomy, pulmo-
nary hypertension, and haemolytic anaemia. In young infants 
septicaemia is an important cause of death.

On a conventional radiograph, periostitis (Fig. 14.21) and 
radiolucencies with blurred margins are visible. These are 
present in bone infarcts as well as in osteomyelitis (which is 
more prevalent in patients with sickle cell anaemia). After a 
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Fig. 14.21 Child with confirmed patient history of sickle cell anaemia 
presented at the emergency department with pain in the right upper arm. 
The radiograph shows extensive periosteal reaction (open arrow). 
Furthermore, there is an extensive anomaly in the medullary cavity, cor-
responding with a bone infarction (arrow)

Fig. 14.22 Eleven-year-old boy with a confirmed history of sickle cell 
anaemia. Routine radiograph shows the characteristic H-shaped col-
lapsed vertebra (see inset)

period of time, the bone will start to show sclerosis. Since 
this image may resemble a healing fracture, it may cause 
confusion in the differential diagnosis [98]. Quite distin-
guishing for sickle cell anaemia are the centrally located 
depression fractures of the vertebral corpora, which result in 
the signature H-shaped vertebrae (Fig. 14.22).

14.5.3  Alagille Syndrome

Alagille syndrome (arteriohepatic dysplasia, OMIM 
#118450) is an autosomal dominant disease with variable 
expression [99]. In this syndrome, various organs (liver, 
heart, kidneys, eyes, and skeleton) may be affected. 
Furthermore, often typical facial features are seen (promi-
nent forehead, hypertelorism, small chin, and saddle nose). 
Mental retardation may also be present (mostly mild to mod-
erate). In the United States, the incidence is approximately 
1:100,000 live-born children.

Most children with Alagilles syndrome are seen for the 
first time before the age of 6 months for neonatal jaundice 

based on cholestasis (70%) or cardiac symptoms (17%). 
Sometimes there is a deficiency of fat-soluble vitamins (A, 
D, E, and K).

The reported skeletal defects refer to the vertebrae, the 
so-called ‘butterfly vertebrae’ (Fig. 14.23), and to the ribs 
and arms/hands (shortened radius, ulna, and digital pha-
langes) [100]. It is also possible that post-fracture bone 
deformation will not spontaneously correct itself [101].

The diagnosis is made based on the earlier-mentioned 
complaints, complemented with genetic and (if so required) 
pathological examinations (liver biopsy).

14.5.4  Duchenne Muscular Dystrophy

Duchenne muscular dystrophy (OMIM #310200) is a reces-
sive X-linked inherited progressive proximal muscular dys-
trophy with pseudohypertrophy of the calf muscles. It is the 
most prevalent form of muscular dystrophy seen in child-
hood and has an incidence of 1:3500 boys. Usually, onset is 
before the age of 3 years, and after a period of being wheel-
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Fig. 14.23 One-year-old infant with pulmonary arterial hypertension 
and renal cysts. The chest radiograph shows a mid-thoracic butterfly 
vertebra (open arrow)

chair dependent, the patient generally dies before the age of 
21 years from respiratory failure [102].

In children weight-bearing physical activities are critical 
for bone health. In children with Duchenne muscular dystro-
phy mobility and weight-bearing physical activities are 
reduced, which may result in fractures, due to decreasing 
bone health and increasing fragility [103]. This most com-
monly concerns fractures of vertebral bodies and/or long 
bones (Fig. 14.24a–c) [104].

McDonald et al. reported on a population of 378 patients 
(average age 12 years; range 1–25 years). Of this group, 79 
(20.9%) had experienced a fracture [105]. In this population, 
no rib fractures were reported. Since it is generally possible 
to make a firm diagnosis, the differential diagnosis should 
present no problem in these children.

Children with Duchenne muscular dystrophy often show 
the development of a progressive (kypho)scoliosis of the 

spine, due to fractures of the vertebral bodies [104, 106]. 
This is most commonly seen in young adolescents (mean age 
of onset 13.29 years; progression rate 11.48° per year) [107].

14.5.5  Congenital Pseudarthrosis

Congenital pseudarthrosis of the tibia is a relatively rare 
defect, associated with neurofibromatosis type 1 (NF1). 
Fifty-five percent of patients with congenital pseudarthrosis 
also have NF1 [108]. Congenital pseudarthrosis is the result 
of segmental mesodermal dysplastic bone development. 
Although the defect is linked to neurofibromatosis, no neuro-
fibromas are visible near the pseudarthrosis. In 99% of cases 
the defect is unilateral [108]. Because of segmental bone 
weakness, there is progressive anterolateral bowing of the 
tibia (often also fibula), which may finally break. Congenital 
pseudarthrosis of other bones is found to a lesser degree. In 
case there is a fracture, it will happen in the first 2 years of 
life. After the fracture has been sustained, no spontaneous 
healing takes place, which results in a real pseudarthrosis. 
Treatment of the fracture is protracted, difficult, and some-
times even without success, which will lead to amputation.

Crawford distinguishes four radiological types [109]. 
Typical anterolateral bowing is always present:

• Type I: Normal medullary cavity.
• Type II: Narrowed medullary cavity with concomitant 

cortical thickening.
• Type III: Presence of cysts, sometimes with a fracture.
• Type IV: Actual pseudarthrosis. After the fracture, a 

pseudarthrotic image develops in which the fracture ends 
may assume an osteolytic-like configuration.

Type II can simulate non-accidental trauma when the 
patients have not sought medical help, because the image can 
be interpreted as a healing fracture that has been badly 
reduced (Fig.  14.25a, b). Type IV may be interpreted as 
pseudarthrosis due to non-immobilization of the fracture in a 
neglected child (Fig. 14.25c).

14.5.6  Caffey’s Disease

Caffey’s disease (OMIM #114000), also known as infantile 
cortical hyperostosis, is a little understood autosomal domi-
nant disorder that manifests itself by a gross periosteal reac-
tion during infancy [110]. It mainly involves the long bones 
(often asymmetrically). However, the disease may also man-
ifest itself in different locations, such as the mandible, ribs, 
scapula, and clavicle [111, 112]. Spine, phalanges, and pel-
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a b c

Fig. 14.24 Sixteen-year-old adolescent boy with Duchenne muscular dystrophy. Radiography shows insufficiency fractures of the (a) ankle, (b) 
multiple vertebral bodies, most pronounced at level thoracic 12, and (c) the distal femur

a b c

Fig. 14.25 (a) Congenital pseudarthrosis of the tibia, Crawford type 
II. Antero-posterior view of the lower leg. Anterolateral bowing with 
thickening of the cortical bone and narrowing of the medullary cavity. 

(b) Lateral view of the lower leg. (c) Crawford type IV with typical 
pseudarthrosis of the tibia (open arrow) and osteolytic-like pseudarthro-
sis of the fibula (arrow)
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a bFig. 14.26 (a) Two-month- 
old girl with Caffey’s disease. 
Clinical presentation showed 
painful, slightly swollen 
limbs. Radiographs showed 
extreme periosteal reaction of 
the distal humerus without 
fractures. (b) Extreme 
periosteal reaction along the 
complete length of the radius 
and ulna without fractures. 
After a year the girl was 
symptom-free and the bone 
anomalies had all disappeared

vis are hardly ever affected. Its autosomal dominant inheri-
tance is reported to have variable expression [113]. Caffey’s 
disease is self-limiting, appears in the first 5  months after 
birth and by the age of 3 years the clinical and radiological 
abnormalities have disappeared. It is sometimes present at 
birth and has in rare cases been identified in utero 
[114–118].

The patients have swollen and painful extremities, are 
irritable and show a (sub)febrile temperature. ESR and alka-
line phosphatase are often elevated. Conventional radio-
graphs show extensive subperiosteal new bone formation in 
the affected bones. In the extremities, the epiphyses and 
metaphyses are usually spared (Fig. 14.26a, b). As a result of 
subperiosteal haemorrhages, extensive subperiosteal new 
bone formation can also be found in non-accidental injuries. 
Consequently, Caffey’s disease can simulate non-accidental 
trauma and vice versa [119, 120]. However, in contrast to 
Caffey’s disease, in non-accidental trauma fractures are a 
regular feature and the periosteal reaction is predominantly 
metaphyseal.

Other disorders associated with pronounced periosteal 
reactions, and as such may cause differential diagnostic 
problems, are hypervitaminosis A, prostaglandin-E1 medi-
cation in children with duct-dependent cardiac defects, leu-
kaemia, syphilis, some storage diseases (I-cell disease, 
mucolipidosis type II, GM gangliosidosis type I), vitamin C 
deficiency and hypertrophic osteoarthropathy. These dis-
eases can be differentiated from Caffey’s disease on the basis 
of clinical, clinical-chemical, and radiological results.

14.5.7  Menkes Disease

Menkes disease (OMIM #309400) is a progressive neurode-
generative disease based on a congenital, X-linked recessive 

defect in copper metabolism [121]. Copper is required for 
enzymes essential to the formation of bone, nerve tissue, and 
other structures.

The disease is seen nearly exclusively in boys. Yet, there 
are a few case reports on girls with Menkes [122, 123]. The 
incidence is not well known. In Australia, Danks estimates it 
at 1:40,000 live births [124]. Over the period 1976–1987, 
Tonnesen et al. estimated the incidence in Denmark, France, 
The Netherlands, the United Kingdom, and Germany to be 
1:298,000 live births [125]. On the other hand, Gu et  al. 
found a much lower incidence in Japan, 1:4.9 million boys 
[125].

Birth-related skull fractures have been reported as the first 
diagnostic clue to the diagnosis [126, 127]. But in most 
cases, the onset of the disease occurs in the first weeks to 
months after birth. Initially, development progresses nor-
mally, after which there is a delay with loss of the earlier 
acquired skills. Hypotonia and convulsions may also be pres-
ent, as is ‘failure to thrive’. The prognosis is poor: generally, 
the children will die before the age of 4 years, although spo-
radically there has been the odd child that survived longer, 
even past the age of 21 years [128].

A striking feature is the hair anomaly, and not just on the 
scalp, but also of the lashes and eyebrows. In light-skinned 
people, the hair is often without colour and sometimes silver 
or steel-grey in colour. In black-haired ethnical groups, the 
hair may be blonde or brown in colour. It is sparsely present 
and fuzzy or stubbly to the touch. It is crinkly and breaks 
easily. It resembles glass wool. Consequently, Menkes dis-
ease is also known as ‘kinky hair disease’ or ‘steely hair 
disease’.

Besides the hair anomaly, the children often have growth 
problems, anterior rib defects (flaring), and ‘wormian bones’ 
on radiographs (Fig. 14.27a, b). Due to the disturbances in 
bone metabolism, which causes osteoporosis, there is a risk 
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a b

Fig. 14.27 Six-month-old infant diagnosed with Menkes disease. (a) Lateral radiograph of the skull shows multiple wormian bones (arrow). (b) 
AP chest radiograph shows cupping/flaring of the ribs

of fractures. Moreover, metaphyseal defects and periosteal 
reactions may be found. On radiographs, this set of anoma-
lies is indistinguishable from fractures resulting from non- 
accidental trauma. However, the clinical history, combined 
with the above-mentioned symptoms should make it possible 
to differentiate between disease and non-accidental trauma.

In the medical literature, there are multiple case reports 
that describe cases of Menkes disease that initially were mis-
taken for non-accidental trauma. Most of them focus on neu-
roradiological findings however, some focus on the skeletal 
findings:

• In 1974 Adam et al. were the first to include Menkes syn-
drome in the differential diagnosis of inflicted injuries, 
due to non-accidental trauma (child abuse) [129]. They 
described the findings in two boys: a 10-week-old boy 
and a 6-month-old boy. The findings were studied by 
serial radiologic examination of the extremities and by 
selected studies of the central nervous system. This was 
before the standardized use of CT scans for the evaluation 
of the brain. A suspicion of non-accidental trauma arose 
in the 10-week-old boy because of the finding of ‘multiple 
bilateral metaphyseal fractures with striking periosteal 
new bone formation involving both humeri, femurs, tibiae 
and fibulae’ and a negative history. The authors concluded 
that the finding of flared and fragmented metaphyses and 
the evidence of brain damage in children with Menkes 
syndrome could be mistaken for signs of trauma, because 
of the similarity of these findings to the findings in, what 
they called, the ‘infant abuse syndrome’ (non-accidental 
trauma).

• Seay et al. described the clinical courses and the findings 
in serial computerized tomography (CT) scans of four 
patients with Menkes disease [130]. The authors con-
cluded that Menkes disease should be suspected in male 

infants with psychomotor deterioration and seizures, or 
when trauma is suspected from subdural hematoma and 
multiple fractures.

• Grünebaum et  al. described four children with copper 
deficiency who did not have Menkes disease [131]. All 
four showed ‘sickle-shaped metaphyseal spurs’, two chil-
dren showed fractures of these spurs. This case report 
seems to indicate that the metaphyseal defects in Menkes’ 
syndrome may be the result of copper deficiency.

• Wendler and Mutz described an 10-week-old infant with 
multiple fractures [132]. The child developed ‘marked 
cortical thickening of many bones, which raised the suspi-
cion of a battered child syndrome. Unusual progression of 
bone thickening and hitherto undescribed excessive bone 
remodeling led to the diagnosis of Menkes ‘kinky hair dis-
ease, …’.

• Jankov et al. described a neonate with a rapidly progress-
ing fatal syndrome. The boy died on day 27. He had been 
seen because of an acute presentation with severe intra- 
abdominal bleeding, haemorrhagic shock, and multiple 
fractures. The physicians made the diagnosis at autopsy, 
which was confirmed by copper accumulation in the 
fibroblast culture [133].

• Cronin et al. described the findings in a 6-month-old boy 
with Menkes syndrome whose symptoms, including bone 
and connective tissue disturbances, originally were 
thought to be from non-accidental trauma [134].

• Hill et  al. evaluated the findings in 35 children with 
Menkes disease and found 4 children with apparent C2 
posterior arch defects consistent with spondylolysis or 
incomplete/delayed ossification [135]. According to the 
authors these findings may simulate cervical spine frac-
tures, due to non-accidental trauma.

• Wacks et al. described a 5-month-old boy in whom, on a 
chest radiograph obtained for a cough and shortness of 
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breath, a healing right posterior seventh rib fracture was 
seen [136]. A skeletal survey showed irregularity of the 
bilateral distal radial, ulnar, and femur metaphyses, indic-
ative of healing fractures, and wormian bones along the 
lambdoid sutures. The metaphyseal irregularities, how-
ever, are those normally seen in Menkes disease and not 
metaphyseal corner fractures. Droms et  al. reported the 
same case a year later [137].

• Akinsey et al. described a case of a 12-week-old boy with 
a 2-day history of fussiness and vomiting [138]. Because 
of dehydration an intra-osseous needle was placed and on 
follow-up radiography, to confirm proper placement, 
healing metaphyseal fractures were reported. On further 
work-up CT of the head showed Wormian bones and CTA 
showed tortuous vessels, and based on these findings in 
combination with the physical exam and laboratory find-
ings the correct diagnosis of Menkes disease could be 
made.

14.5.8  Pain Insensitivity in Spina Bifida

In spina bifida there may be insensitivity to pain in the lower 
extremities. When there is incomplete paralysis, an effort 
will be made to have children with this disorder walk with 
devices such as splints. As a result, abnormal stress on the 
joints may lead to damage to the epiphyseal plate and the 
metaphysis, possibly resulting in a fracture. Moreover, 
patients with a severe form of spina bifida will develop 
immobilization-related osteoporosis. The combination of 
osteoporosis and pain insensitivity may lead to fractures that 
are only noticed at a later stage (Fig. 14.28).

14.5.9  Congenital Pain Insensitivity

Congenital pain insensitivity (OMIM # 243000) is an auto-
somal recessive disease. Children with this disease have nor-
mal intelligence. The only aberrant neurological finding is 
their insensitivity to pain, which may lead to a plethora of 
unaccounted-for injuries. A similar congenital disorder is 

congenital insensitivity to pain with anhidrosis (OMIM # 
256800), also known as hereditary sensory and autonomic 
neuropathy (Fig.  14.29). Especially in young children, 
repeated damage to the growing skeleton will not be noticed. 
This may cause defects to metaphyses and epiphyses. A 
meticulous neurological examination and careful clinical 
history will make it possible to differentiate from non- 
accidental trauma [139, 140].

Fig. 14.28 Six-and-a-half-year-old girl with spina bifida showed bilat-
eral swollen knees at physical examination. Radiographs revealed bilat-
eral distal metaphyseal femur fractures (open arrows) with extensive 
new bone formation. Based on the clinical history, non-accidental 
trauma was excluded
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Fig. 14.29 Six-year-old girl with hereditary sensory and autonomic 
neuropathy type IID (HSAN2D) (a serious defect in pain sensitivity) 
with a swollen left foot. A radiograph of the foot showed a torus frac-
ture of metatarsal I (open arrow)

14.6  Skeletal Dysplasias

14.6.1  Introduction

Skeletal dysplasias are a heterogeneous group of disorders 
characterized by anomalies in bone and cartilage develop-
ment and growth. Although the prevalence of skeletal dys-
plasias (350:1,000,000) is many times higher than that of 
bone tumours (20:1,000,000), trainee radiologists generally 
pay little attention to these disorders [141]. The resulting 
lack of knowledge may result in the unjust allocation of a 
radiological finding such as a metaphyseal spur in Jeune’s 
‘asphyxiating thoracic dysplasia’ (Fig.  14.30a, b, OMIM 

%208,500) to non-accidental trauma. Collaboration with 
clinical geneticists is essential in these cases [43].

14.6.2  Metaphyseal Chondroplasia Type 
Schmid

Metaphyseal chondroplasia type Schmid (OMIM #156500) is 
a rare autosomal dominant inherited skeletal dysplasia, char-
acterized by irregular margins of the metaphyses (Fig. 14.31) 
[142–145]. The metaphyseal defects cause bowing and short-
ening of the extremities during growth. The metaphyseal 
defects are very similar to rickets (see Sect. 14.4) and may be 
confused with metaphyseal corner fractures.

14.6.3  Spondylometaphyseal Dysplasia 
‘Corner Fracture Type’

Spondylometaphyseal dysplasia ‘corner fracture type’ 
(Sutcliffe type) (OMIM %184,255) is a rare skeletal dyspla-
sia characterized by short stature and an aberrant, waddling 
gait [142, 145, 146]. Often the diagnosis is not made until the 
age of 2–3 years when an increasingly abnormal gait pattern 
is noticed.

From a radiological point of view, the most important 
anomalies are, as already indicated by its name, vertebral 
and metaphyseal anomalies, the latter having irregular mar-
gins. The metaphyses show triangular fragments, which may 
lead to the incorrect diagnosis of ‘metaphyseal corner frac-
tures’ when one is not familiar with this dysplasia 
(Fig. 14.32a–c).

14.6.4  X-Linked Hypophosphatemia

X-linked hypophosphatemia (OMIM #307800) is an 
X-linked dominant disease that is the most common genetic 
form of rickets and osteomalacia. Due to the rarity of the 
disease the diagnosis is often delayed [147]. Younger chil-
dren can present with varus deformity of the legs, which in 
itself can be physiological and thus lead to a delay in diagno-
sis (Fig. 14.33) [148]. Other presenting symptoms consist of 
delayed growth speed, joint enlargement, and dental 
infection.

The metaphyseal radiological findings of rickets can, as 
discussed before, look like metaphyseal corner fractures to 
the untrained eye and subsequently lead to the erroneous 
diagnosis of non-accidental trauma.
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a bFig. 14.30 (a) Neonate with 
a narrow chest. Radiographs 
of the knee showed a 
metaphyseal spur which may 
be confused with a 
metaphyseal corner fracture 
(open arrow). (b) Image of 
another patient with the same 
clinical presentation. 
Radiographs of spine and 
pelvis show a narrow chest 
and relatively short ribs. The 
pelvis shows spurs of the 
ilium (see inset). Based on, 
among other things, the 
radiological examination, the 
diagnosis Jeune’s 
asphyxiating thoracic 
dysplasia could be made

Fig. 14.31 Two-year-old child with metaphyseal chondrodysplasia 
type Schmid. The irregularities of the proximal metaphysis of the tibia 
have a strong resemblance to metaphyseal corner fractures (open 
arrow)
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Fig. 14.32 (a) Two-year-old child with spondylometaphyseal dyspla-
sia, corner fracture type. The distal femur metaphysis as well as the 
proximal tibia metaphysis show anomalies that strongly resemble 
metaphyseal corner fractures (open arrows). (b) Hip radiograph of the 
same patient shows an anomalous aspect of the proximal metaphysis of 

the femur (open arrow). (c) Radiological image of the left hip at 
13 years of age shows an irregular metaphysis (open arrow) with strong 
developmental retardation and also deformation of the femoral head 
(asterisk)

Fig. 14.33 Three-year-old boy with X-linked hypophosphatemia. 
Lower limb radiographs show ricketsian bowing of the legs

14.7  Metabolic Disorders

14.7.1  Introduction

Metabolic bone disorders are a heterogeneous group of dis-
eases with a wide variety of abnormal skeletal findings. 
Children with a metabolic bone disorder can form a diagnos-
tic dilemma [149]. In the medical literature case reports can 
be found regarding fractures suspected to be due to non- 
accidental trauma in skeletal abnormalities compatible with 
metabolic disorders. In this paragraph an overview is pre-
sented. The overview does not claim to be complete.

14.7.2  Osteopetrosis

The term osteopetrosis (OMIM #166600) relates to a group 
of anomalies in which osteoclastic activity is suppressed, 
resulting in increased bone density (sclerosis) and ultimately 
in abnormal bone modelling [142].

In the context of  a differential diagnosis in suspected 
non-accidental fractures, it is important that infantile osteo-
petrosis is mentioned. In this disorder, the metaphyses may 
show a translucent area and have an irregular aspect 
(Figs.  14.34 and 14.35a, b). The presence of generalized 
skeletal sclerosis and metaphyseal undertubulation makes it 
possible to come to the correct diagnosis. There are multiple 
case reports of fractures in infants with osteopetrosis, how-
ever, the dense skeleton on conventional radiography should 
lead to a straightforward diagnosis [150–154].
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Fig. 14.34 Neonate with osteopetrosis. The distal femur and 
proximal tibia show irregular metaphyses (open arrow). In particular, 
in the proximal metaphysis, the image could be confused with a 
bucket-handle fracture (metaphyseal corner fracture). The proximal 
fibula also shows an anomalous aspect

a bFig. 14.35 (a) Ten-year-old 
child who presented with pain 
after a fall. Radiograph shows 
a transverse fracture in dense 
sclerotic bone. (b) Radiograph 
after 10 weeks shows a 
healing fracture. There was a 
strong familial history of 
osteopetrosis but parents did 
not pursue genetic testing
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Paradoxically rickets is a well-known complication in 
children with osteopetrosis, this combination is also known 
as ‘Osteopetrorickets’ [152, 155–160]. In children with 
osteopetrorickets it is hypothesized that, despite a positive 
body calcium balance, the osteoclasts are unable to maintain 
the calcium-phosphorus product in the extracellular fluid 
[152]. On radiology, the long bones show a diffuse increase 
in bone density in combination with growth plate widening, 
metaphyseal splaying, and cupping.

14.7.3  Osteoporosis

The World Health Organisation defines osteoporosis as a 
systemic disease characterized by low bone mass and micro- 
architectural regression of bone tissue, resulting in increased 
fragility of the skeleton and risk for fractures. Paediatric 
osteoporosis may result from, e.g. chronic disease, malnutri-
tion, immobilization, and genetic defects (Table 14.9) [161, 
162]. The diagnosis of paediatric osteoporosis is, according 
to the International Society for Clinical Densitometry, based 
on 2 diagnostic criteria [163, 164]. First the presence of one 
or more vertebral compression fractures without a history of 
trauma. Second, the presence of a low bone mineral content 

or bone mineral density, which is corrected for age, sex, and 
body size and expressed as a Z score, should be less than 
−2.0 and the presence of a clinically significant fracture his-
tory as being abnormal. The latter is defined as one or more 
of the following: A) two or more long bone fractures by age 
10 years and B) three or more long bone fractures at any age 
up to age 19 years.

A specific form of childhood osteoporosis is idiopathic 
juvenile osteoporosis, a self-limiting primary osteoporosis of 
unknown origin, seen mainly in children in their second 
decade of life (Fig. 14.36a, b) [165, 166]. The diagnosis of 
childhood osteoporosis is not always straightforward, since 
the commonly used techniques are validated for adults [167]. 
In osteoporosis, the most frequently seen fractures are verte-
bral and metaphyseal. In children with multiple fractures 
osteoporosis should be excluded.

14.7.4  Dysostosis Multiplex Congenita

Dysostosis multiplex congenita is a group of storage diseases 
of complex proteins that have a large number of aspects in 
common. These include mucopolysaccharidosis (such as 
Hurler disease (OMIM #607014) and Hunter disease (OMIM 
#309900)), gangliosidosis, and mucolipidosis.

Clinical manifestation depends on the degree of storage 
and the organs in which the metabolite is stored. When stor-
age occurs in the brain, progressive mental retardation will 
be the primary symptom. Other clinical symptoms are: typi-
cally coarse facial features, opaque corneas, and organomeg-
aly. Radiological lesions are: incomplete modelling of the 
long bones, epiphyseal dysplasia, broad ribs, abnormal con-
figuration of the corpora vertebrae, in particular, at the thora-
columbar transition (so-called ‘vertebral beaking’ or 
‘hook-shaped vertebra’; Fig. 14.37). Periosteal reaction may 
be very pronounced in GM1 gangliosidosis and mucolipido-
sis II (I-cell disease) [142].

Suspected dysostosis multiplex congenita is usually 
based on clinical and radiological anomalies and is con-
firmed by biochemical analysis of urine and blood for 
abnormal metabolites. However, the younger the child, 
the more difficult it is to make the diagnosis, since at a 
young age the clinical presentation has not yet fully devel-
oped, and consequently the radiographs may appear to be 
normal.

In patients with dysostosis multiplex, an injury may 
unjustly be suspected based on the periosteal reaction in 
GM1 gangliosidosis and mucolipidosis II (I-cell disease) 
[119]. Also, when observed cursory, the spinal anomalies 
may be considered spinal fractures after non-incidental inju-
ries. The clinical presentation and the radiological anomalies 
in the remaining skeleton are usually sufficient to reach the 
correct diagnosis.

Table 14.9 Causes of osteoporosis in childhood

Chronic diseases Immobilization
Anorexia nervosa
Asthma
Coeliac disease
Neuromuscular diseases
Chronic kidney failure
Cystic fibrosis
Diabetes mellitus
Epilepsy
Human immunodeficiency virus infection
Inflammatory bowel disease
Malignancies
Organ transplantation
Rheumatic diseases
Sickle cell disease
Thalassemia
Turner syndrome

Endocrinopathies Cushing’s syndrome (hypercortisolemia)
Growth hormone deficiency
Hyperthyroidism
Hyperparathyroidism
Hyperprolactinemia
Hypopituitarism
Hypothyroidism
Gonadal steroids deficiency/hypogonadism

Medication use Anticonvulsive drugs
Corticosteroids
Cyclosporine A
Heparin
Lithium
Methotrexate
Various chemotherapeutics
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Fig. 14.36 (a) Twelve-year-old boy with idiopathic osteoporosis. The MRI of the spine shows collapsed vertebrae at levels Th7–9 (arrow) and 
Th12 (open arrow). (b) DXA scan of this patient, presenting the values of 12–20 years of age, shows normalization of bone mineral density

Fig. 14.37 Seven-month-old boy with mucopolysaccharidosis Hurler 
type. At several levels the lumbar spine shows considerably increased 
kyphosis and anterior beaking of the vertebral corpora

14.7.5  Hypophosphatasia

Hypophosphatasia (OMIM #241500) is a rare disorder 
caused by a mutation of the gene coding for the enzyme 
alkaline phosphatase [168, 169]. The prevalence is esti-
mated to be 1:100,000. There are six categories, depend-
ing on age: the perinatal (fatal), benign perinatal, 
infantile, child and adult forms, and odontohypophospha-
tasia [168]. In the latter category only dental anomalies 
are present.

In young children decreased mineralization of the cra-
nium is seen with wide sutures, which later progresses to 
craniosynostosis, a noticeable bowing of the long bones, 
sometimes even angular (kyphomelia), fractures and pseudo- 
fractures and irregular metaphyseal ossification defects 
(Fig. 14.38a, b) [142, 170]. Due to its heterogenic presenta-
tion, it may initially be difficult to diagnose, and the frac-
tures, bowing and metaphyseal irregularities may even be 
reminiscent of non-accidental injury.

Moulin et  al. describe a 9-year-old girl and her sister 
who frequently sustained fractures after trivial injuries. 
They had normal growth, normal sclerae, no rickets and 
only minor dental abnormalities. In the end, hypophospha-
tasia appeared to be the cause [171]. A clinical presentation 
of this kind may also look like non-accidental injuries 
within the home.

Ultimately, the diagnosis is made by DNA sequencing, 
measuring serum alkaline phosphatase activity, and proving 
an increased concentration of phosphoethanolamine and 
 calcium in urine and pyridoxal 5′-phosphate and calcium in 
blood. By DNA sequencing, approximately 95% of muta-
tions in severe hypophosphatasia (perinatal and infantile 
forms) can be found [168]. It is important to make the correct 
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Fig. 14.38 (a) Neonate with hypophosphatasia, lethal perinatal variant. Bilateral angular bowing ‘kyphomelia’ of radius and ulna, and to a lesser 
extent of both humeri with (pseudo) fractures (open arrow). (b) Detail view of the chest shows a healing mid-posterior rib fracture (open arrow)

Fig. 14.39 Neonatal osteomyelitis of the distal femur. There is a peri-
osteal metaphyseal reaction visible (arrow). Furthermore, there may be 
a metaphyseal corner fracture (open arrow)

diagnosis as treatment with high-dose vitamin D, calcium 
supplements, or bisphosphonates can lead to an exacerbation 
of the symptoms of hypophosphatasia.

14.8  Infectious Diseases

14.8.1  Introduction

In the medical literature case reports can be found regarding 
suspected non-accidental trauma in skeletal anomalies com-
patible with infectious diseases. In this paragraph an over-
view is presented of the disorders. The overview does not 
claim to be complete.

14.8.2  Osteomyelitis

Osteomyelitis in childhood is a relatively rare diagnosis, 
with an estimated prevalence of 1:10,000 children under 
12 years of age [172]. Since the course of the illness is often 
slow, it is often not diagnosed until it reaches a well-advanced 
stage.

In osteomyelitis, metaphyseal abnormalities and perios-
teal reactions may be found, which can resemble metaphy-
seal and other fractures, and as such result in an incorrect 
diagnosis of non-accidental trauma (Figs. 14.39, 14.40a–d, 
and 14.41a, b). Taylor et al. described a 7-month-old infant 
that had sustained a fracture of the left proximal humerus, 
without a clear explanation. Initially, non-accidental trauma 
was suspected [173]. However, follow-up examination 
showed that the radiological anomalies looked more like a 
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a

c d

bFig. 14.40 Thirteen-month- 
old infant with since 4 weeks 
reduced use and motion of the 
right arm. (a) Radiograph of 
the shoulder shows a lytic 
ill-defined area in the 
proximal humerus metaphysis 
(arrow). (b) Coronal T1 MRI 
shows a lesion extending into 
the epiphysis. Coronal T2 (c) 
and coronal T1 after 
Gadolineum (d) show 
epi- metaphyseal osteomyelitis 
with concomitant synovial 
enhancement of the shoulder 
joint
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a bFig. 14.41 Three-month-old 
infant with a painful lower 
leg, warm to the touch, 
clinically in keeping with 
osteomyelitis. (a) Lateral 
radiograph of the ankle shows 
a cortical irregularity 
described by a non-paediatric 
radiologist as a metaphyseal 
corner fracture (inset). (b) 
Sagittal T1 weighted MRI 
post-Gadolineum shows 
diffuse enhancement of the 
soft tissue and distal tibia 
(arrow). Follow-up imaging 
was consistent with evolving 
osteomyelitis

Fig. 14.42 Eight-year-old boy, who suffered meningococcal septicae-
mia at the age of 18 months. This resulted in premature partial closing 
of the epiphyseal plate (open arrow), resulting in joint deformation

pathological fracture. Biopsy showed an S. aureus 
infection.

In meningococcal septicaemia, the epiphyseal plate may 
be affected. Initially, this will not show up in the radiological 
examination. The possible results will not be visible until a 
few years later: the epiphyseal plate will show central prema-
ture closure, which leads to a characteristic deformation 
(Fig.  14.42). However, this deformation may also be the 
result of an experienced trauma. In these cases, the clinical 
history is conclusive. Especially the slow progression of the 
clinical presentation may present the clinician with a diag-
nostic dilemma.

14.8.3  Chronic Relapsing Multifocal 
Osteomyelitis

Chronic relapsing multifocal osteomyelitis is a disease that 
affects the metaphyses of the long bones, in particular in 
older children [174, 175]. Spine, pelvis, and shoulder girdle 
are also involved, but to a lesser degree (Fig. 14.43a, b).

The presentation of the patient will depend on the loca-
tion of the inflammation, where despite the name also single 
bones (often the pelvis or long bones, especially of the lower 
extremity) can be affected. Systemic symptoms such as 
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Fig. 14.43 (a) Eight-year-old girl with swelling of the proximal clavi-
cle (open arrow). Later, a sacral focus was found in keeping with the 
diagnosis of chronic recurrent multifocal osteomyelitis. (b) CT of the 

clavicle (coronal reconstruction) clearly shows the sclerotic abnormal-
ity in the proximal clavicle

Fig. 14.44 Neonate with congenital syphilis. A radiograph of the knee 
shows a metaphyseal periosteal reaction in the distal femoral metaphy-
sis (arrow). In the proximal tibia metaphysis a cortical radiolucency is 
visible, known as Wimberger sign (open arrow)

weight loss and fever are seldom seen [176]. Because of the 
lack of systemic symptoms, the periosteal reaction seen dur-
ing the healing process may present a source of diagnostic 
dilemmas. The clinical history has a pivotal role in the 
diagnosis.

14.8.4  Congenital Syphilis

Over the past few years, and particularly in the United States, 
physicians have seen an increase in the incidence of syphilis 
in women of reproductive age. This may lead to an increase 
in congenital syphilis [139, 177]. In the differential diagnosis 
serological tests are often conclusive. Primary skeletal 
involvement is rare, but when present the findings tend to be 
bilateral polyostotic affecting primarily the long bones [178].

Solomon and Rosen described a series of 112 children 
with serologically confirmed congenital syphilis [179]. In 
these children, the bones most frequently affected were: 
tibia, femur, and ulna (Fig. 14.44). The most prevalent abnor-
malities on the radiographs are metaphyseal osteomyelitis 
and periosteal reactions. Pathological fractures of the 
metaphysis and periosteal new bone formation may mimic 
skeletal lesions seen in non-accidental trauma, and the image 
may even resemble lesions at various stages of healing. In 
the patient group of Solomon and Rosen, 31% of children 
had bone lesions corresponding with trauma, as described by 
Caffey [180]. Rasool and Govender described a series of 302 
clinically suspected cases of congenital syphilis in whom 
bone changes were found in 192 children [181]. Of these 192 
children periostitis was seen in 102 cases, osteitis in 20 and 
metaphyseal changes in 71 children. Sixty-one children 
showed a combination of two or more of these radiological 
abnormalities. Two children were lost to follow-up in the 
remaining 59 cases all radiological abnormalities normalized 
over time.

There have been several reports in literature of infants 
who presented with fractures initially thought to be the result 

of non-accidental trauma. Jacobs et al. presented a case of an 
infant admitted twice at 3 and 4  months of age with long 
bone fractures and suspected non-accidental trauma [182]. 
Idrissi et  al. presented a similar case of a 2-month-old 
adopted girl, of whom maternal information was unknown, 
who presented with a humerus fracture and diffuse osteolysis 
of the humeri and femora [183]. Lim et al. described a case 
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of an 8-week-old infant with congenital syphilis, who pre-
sented with numerous fractures which were initially thought 
to be inflicted [177]. The common finding in these cases was 
that the skeleton showed moderate to severe osteopenia.

14.9  Oncological Diseases

14.9.1  Introduction

Oncological diseases in childhood are relatively rare (168 in 
1,000,000 children aged 0 to 14 years in the United States 
over the period 2013–2017) [184]. It is often forgotten that 
they occur significantly less frequently than skeletal dyspla-
sias. Because they are so rare, they may present a diagnostic 
problem. Due to centralized treatment, which has an advan-
tageous effect on the therapeutic result [185], radiologists 
not specialized in paediatric oncology will generally have 
limited knowledge of this topic, which may lead to problems 
when interpreting examinations.

14.9.2  Malignancies

14.9.2.1  Leukaemia
Leukaemia is the most prevalent oncological disease in 
childhood, with an estimated incidence of 50:1,000,000  in 
the Western world. In over 75% of cases it is acute lymphatic 
leukaemia (ALL). The clinical symptoms are generally due 
to decreased blood production: anorexia, pallor, fever, joint 
pain, haematomas and lymphadenopathy [186]. Generally, 
complaints will have been present for some weeks before the 
diagnosis is made.

Due to joint complaints, patients are regularly first 
referred to an orthopaedic surgeon, which is often fol-
lowed by a radiological examination. The latter may show 
osteopenia, metaphyseal radiolucencies, periosteal reac-
tions, osteosclerosis and pathological fractures or a combi-
nation of the above (Figs.  14.45 and 14.46) [119, 187]. 
When adequate clinical information is absent, the radio-
logical manifestations may be hard to interpret. On the 
whole, when ALL is suspected, the diagnosis will be sim-
ple and fast.

14.9.2.2  Ewing Sarcoma
Ewing sarcomas are predominantly seen in the second decade 
of life, and at that age will not present any diagnostic dilem-
mas. However, they may also present at a younger age and 
then, due to their radiological manifestation, they may cause 
confusion. Radiologically, Ewing sarcoma is an aggressive 
tumour that may show an erosive aspect as well as an abun-
dant periosteal reaction (onion skin aspect) (Fig. 14.47) [188, 
189]. The periosteal reaction in particular may cause confu-
sion when incorrectly interpreted as an old fracture.

Fig. 14.45 Nearly 2-year-old boy with B-cell leukaemia. At the edge 
of the chest radiograph a periosteal reaction of the proximal humerus is 
visible (see inset)

Fig. 14.46 Five-year-old boy with collapse of the spinal corpora in 
leukaemia
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14.9.3  Benign Diseases

14.9.3.1  Osteoid Osteoma
An osteoid osteoma is a small benign neoplasm, which 
is predominantly seen in the cortical bone of the long 
bones [190, 191]. The disorder is usually seen in boys 
and 50% of patients with this disorder are between 10 
and 20 years old.

Over 50% of osteoid osteomas are located in the femur or 
tibia, mainly diaphyseal or diametaphyseal. The classical 
presentation is pain, mainly at night, which reacts well to 
acetylsalicylic acid. Pain complaints are related to hypervas-
cularization of the osteoid osteoma, and prostaglandins prob-
ably have an important role, which would explain the 
adequate reaction to acetylsalicylic acid (prostaglandin syn-
thetase inhibitor).

On radiographs, a cortical osteoid osteoma is visible as a 
small radiolucent focus (nidus) in a considerably widened 
sclerotic cortex, which is the result of a protracted periosteal 
reaction, often with a multi-layered aspect. This may mimic 
a healing fracture (Fig.  14.48a, b). However, it is seldom 
confused with non-accidental injuries, since the pattern of 
complaints is fairly typical and the age of the average patient 
usually leads to a reliable clinical history.

A small percentage of osteoid osteomas is not found in 
cortical bone, but in trabecular bone or subperiosteum, pre-
dominantly periarticularly. In this manifestation of osteoid 
osteoma, the sclerotic reaction is far less pronounced and 
confusion with non-accidental injury is possible.Fig. 14.47 ‘Onion peeling’ in an Ewing sarcoma (open arrow). 

Especially when this is the only visible aspect of the tumour, there may 
be confusion with a healing fracture

a bFig. 14.48 (a) Ten-month- 
old boy with pain in the left 
leg. A radiograph of the femur 
shows cortical sclerosis (open 
arrow). Centrally a 
radiolucency can be seen. (b) 
A CT of the femur during 
radiofrequency ablation (see 
markers on the skin—open 
arrow) shows a cortical 
radiolucency with a central 
nidus (see inset)
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14.9.3.2  Bone Cysts
Although rare in infancy, cystic bone lesions, either simple 
bone cysts (SBC) or aneurysmal bone cysts (ABC), do occur. 
Both entities have a predilection for the proximal metaphysis 
of the humerus and femur [192, 193]. Due to their location 
and expansive growth these tumours can lead to pathologic 
fractures.

Simple bone cysts are cystic, fluid-filled lesions, which in 
general are unicameral but may show septation [192]. The 
most common presentation is a pathologic fracture. The 
imaging findings, a lytic expansile lesion on conventional 
imaging with, if a fracture is present, a ‘fallen fragment’ and 
a cystic lesion on MRI are pathognomic for this entity 
(Fig. 14.49).

Aneurysmal bone cysts are benign blood-filled bone 
tumours which show growth, and consequently expansion of 
bone, over time [192, 194]. In a large US study of 238 
patients the youngest patient was 18  months (mean, 
16.1 years) [195]. Although pain and swelling are the most 
common complaints, pathologic fractures are not uncom-
monly a presenting symptom. The imaging findings, a lytic 
expansile lesion on conventional imaging and on MRI a mul-
ticystic tumour with multiple fluid-fluid levels, are almost 
pathognomonic for this diagnosis (Fig. 14.50a–d). Both in 
SBC as well as in ABC the diagnosis of a pathologic fracture 
should be relatively straightforward.

Fig. 14.49 Seven-year-old child with a pathologic fracture of the left 
proximal humerus. The humerus shows a fracture through a lytic lesion 
in the proximal metaphysis and diaphysis, there is a fallen fragment 
within the cyst (arrow). This finding is pathognomonic for a solitary 
bone cyst (SBC)
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a b
Fig. 14.50 Six-year-old 
child who sustained a right 
tibia and fibula fracture while 
playing in a playground. (a) 
conventional radiography 
shows a linear fracture 
through the distal tibia and a 
pathologic fracture through an 
expansive lytic lesion in the 
distal fibula. (b) Coronal 
T1-weighted MRI shows an 
expansile multicystic lesion in 
the distal fibula. (c) Axial 
T2-weighted MRI shows 
multiple fluid-fluid levels 
(arrow) after administration of 
Gadolineum (d) septal 
enhancement is seen. The 
imaging findings, in the 
absence of a solid component 
are pathognomonic for an 
aneurysmal bone cyst (ABC)

14.10  Medication-Related Abnormalities

14.10.1  Introduction

When evaluating the radiological examination of children, 
the clinical history is generally known. However, the radiolo-
gist should also take the use of medication into consider-
ation. Several medications may influence bone development 
and growth. These medications have not always been pre-
scribed by physicians, and accordingly some cannot be 
recorded in the medical dossier.

14.10.2  Corticosteroids

In childhood there are a number of indications for the use 
of corticosteroids, such as asthma, juvenile rheumatoid 
arthritis, inflammatory bowel disease (IBD) and organ 
transplantations. Corticosteroid use may lead to distur-
bances in bone mineralization. Protracted use may cause 
osteoporosis [196, 197]. The primary mechanism of corti-
costeroid-induced osteoporosis is decreased bone forma-
tion. Even in childhood this may result in insufficiency 
fractures (Fig. 14.51).
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Fig. 14.51 Ten-year-old girl with IBD, for which she was treated with 
prednisone. As a consequence of the therapy corticosteroid-induced 
osteoporosis developed, which resulted in multiple vertebral fractures 
(open arrows)

Fig. 14.52 Two-month-old infant was treated with an interrupted aor-
tic arch, for which prostaglandin treatment was initiated. The chest 
radiograph shows periosteal reaction of the clavicle (arrow) and the 
humerus (open arrow)

14.10.3  Methotrexate

Methotrexate-induced lesions are characterized by osteope-
nia (in particular in the lower extremities), dense metaphy-
seal banding, growth retardation, and metaphyseal fractures 
that may strongly resemble metaphyseal corner fractures 
[198, 199]. However, these lesions only occur after pro-
tracted use in relatively high doses [200].

14.10.4  Hypervitaminosis A

Children with hypervitaminosis A may present with a great 
variety of clinical complaints such as anorexia, pruritis, lip 
fissures, stiff joints and bone pain, multiple nodular soft tis-
sue swelling, alopecia, and hepatosplenomegaly [201]. From 
a radiological point of view it manifests as the result of 
hypercalcaemia, in particular by periostitis, in which the ulna 
is most frequently affected [201]. This periostitis, which in 
severe cases is palpable, may suggest an experienced trauma. 

In these cases the clinical history should provide the answer. 
Hereby one should be aware that vitamin A, and products in 
which it is present in a relatively high dose, is generally 
freely obtainable. Consequently, parents/carers may inadver-
tently give their child an overdose [202–204]. But also 
administered in a medical setting, for example as adjuvant 
therapy in children with neuroblastoma or vitamin A defi-
ciency, hypervitaminosis A has been reported in exceptional 
cases [205, 206]. In the literature, there is one case that 
reports on an iatrogenic overdose in an autistic child. His 
parents put him on a special ‘autism diet’ that contained 
extremely high doses of vitamin A: 100,000  IU/day for 
3 months, followed by 3 months of 150,000 IU/day (the rec-
ommended dose of vitamin A is 1200–1600  IU/day) [207, 
208]. When these cases present, determining blood values 
may clarify matters, although this may also provide a false- 
negative result [209].

14.10.5  Prostaglandins

Prostaglandins are used in neonates with duct-dependent 
congenital heart disease to bridge the time to operation 
[210]. Treatment with prostaglandins may cause periosteal 
reactions in the long bones (Fig. 14.52) [211]. Generally, it 
takes 30–40 days for these changes to present, although it 
has been reported as early as 9 days after treatment was 
initiated [212]. The periosteal changes may be sufficiently 
pronounced to resemble Caffey’s disease (see Sect. 14.5.6); 
however, in prostaglandin treatment the mandible is 
spared.
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14.10.6  Bisphosphonates

Bisphosphonates are derivatives of pyrophosphate and bind 
to the bone surface. In bone resorption the osteoclasts absorb 
the bisphosphonates. Depending on the presence of nitrogen 
atoms, the osteoclasts are inhibited. When no nitrogen atoms 
are present (clodronate and etidronate), there will be interfer-
ence with the energy supply of the osteoclast, leading to 
apoptosis [213]. In the more potent nitrogen-containing 
bisphosphonates (alendronate, ibandronate, and residronate) 
inhibition of the essential proteins in the osteoclasts is seen, 
which will also result in apoptosis [214].

Bisphosphonates have been developed for therapeutic 
use in postmenopausal women. Due to their optimal effect 

in ideal circumstances (efficacy) and their minimal side 
effects, they are at the moment the medication of choice 
[215]. However, paediatric medicine can also accommo-
date treatment with bisphosphonates, such as in osteogen-
esis imperfecta, fibrous dysplasia, idiopathic osteoporosis, 
juvenile idiopathic arthritis and in some children with 
tumours [216–219]. In children these medications are 
often administered intravenously, resulting in the charac-
teristic image of successive growth lines corresponding 
with the number of treatments (Figs.  14.53, 14.54a, b, 
and 14.55a, b) [220]. When a radiologist is not familiar 
with this image, he/she may consider failure to thrive as 
a diagnosis. However, in day-to-day practice this should 
not be a problem (see Sect. 12.11).

Fig. 14.53 Patient from Fig. 14.11 a year after treatment with intrave-
nous pamidronate (a bisphosphonate). The pelvic film shows sclerotic 
bands in both proximal femurs (open arrow) and near the iliac crest 
(arrow). Every sclerotic band equals an intravenous treatment. Healing 
retardation of the left femoral fracture is also visible (arrow point)

a b

Fig. 14.54 Thirteen-year-old child on bisphosphonate treatment 
because of OI type I. (a) Radiograph of the lumbar spine shows a bone 
in bone configuration. (b) Leg length radiographs show multiple growth 
lines
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Fig. 14.55 Five-year-old child on bisphosphonate treatment because 
of OI. (a) Lateral radiograph of the spine shows multiple vertebral frac-
tures and sclerotic vertebral end plates. (b) Leg length radiographs 
show bowing of the proximal femora and dense sclerotic metaphyses of 
the distal femora and proximal tibiae

Fig. 14.56 Four-year-old girl with genu vara. Radiological examina-
tion shows a strong deviant aspect of the proximal metaphysis of the 
tibia (open arrow). Since this girl is well over 2 years old, this should 
not cause a diagnostic dilemma

14.11  Other Disorders

14.11.1  Blount’s Disease

Blount’s disease (OMIM 188700) is a deformity on the 
medial side of the proximal metaphysis of the tibia leading to 
genu vara [221, 222]. In the more serious cases the metaphy-
sis of the distal femur is also affected, but to a lesser degree. 
Generally, it is assumed that this is a subclinical compression 
injury. It is more frequently seen in young children with pre- 
existing tibia vara, in which case the medial side is already 
overloaded [223]. The compression leads to growth defects 
at the medial side of the tibia, increasing the tibia vara. A 
variant at adolescent age has also been reported, and was 
associated with obesity [224, 225]. The disease may present 
at both ages bilateral as well as unilateral.

The radiological image shows a deformity of the medial 
metaphysis of the tibia with irregular margins; the metaphy-
sis has been displaced downwards; the pointed end of the 
metaphysis is directed downwards (Fig.  14.56). This may 

cause fragmentation of the metaphysis. This image could be 
interpreted incorrectly as a metaphyseal avulsion fracture in 
a non-accidental injury; however, the fact that these children 
are much older and have been known to have bow legs for 
some time should be sufficient to reject this erroneous 
diagnosis.

14.11.2  Epilepsy

Patients that are affected by epilepsy and/or spasticity are 
at increased risk for fractures. The literature provides sev-
eral reasons: accidental trauma during epileptic seizure 
(e.g. as result of a fall), non-epilepsy-related accidental 
trauma, the seizure itself, decreased bone density due to 
inactivity and anticonvulsant drugs, increased muscular 
tone with contractures, and decreased muscle mass. Prasad 
et al. calculated that the relative risk of sustaining any frac-
ture in children and young adults (1–21  years) with epi-
lepsy (person years at risk = 143,336) compared to those 
without (person years at risk = 56,310) was 14.4 (95% CI: 
13.8–15.0) [226].
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In children, epilepsy is one of the most prevalent neuro-
logical anomalies [227]. It may occur isolated but is often 
seen combined with spasticity. The fracture rate in epileptic 
patients is three times that of the general population [228, 
229]. The fractures are mostly fall-related and associated 
with an epileptic seizure. This risk increases in the presence 
of more risk-increasing factors such as spasticity and 
decreased bone density.

Sheth et al. report four mechanisms that apply to epilepsy- 
related fractures: the seizure itself or a fall related to the sei-
zure, accidental trauma not related to the seizure, and a 
pathological fracture resulting from decreased bone density 
[228]. In newly diagnosed patients, the incidence of seizure- 
related fractures was very low, 5% [230].

Fractures caused by the seizure itself are rare, but can 
occur and have mainly been described in adult patients [231–
237]. However, there are also paediatric cases to be found in 
literature. Paris et al. describe a case of a boy who developed 
epilepsy at the age of 2 months [238]. At the age of 9 months 
he was admitted for adjustment of his medication and during 
admission he suffered four major generalized seizures. After 
these seizures his left hip was less mobile and on radiogra-
phy a slipped capital epiphysis was seen. One month later a 
similar episode led to a right-sided slipped capital epiphysis. 
Aoudi et al. described a case of a 5-month-old boy with a 
history of epilepsy, who after a tonic/clonic convulsive insult 
developed a painful left hip [239]. Radiography showed a 
slipped capital epiphysis, the diagnosis was confirmed using 
MRI. Atmaca et al. described the case of an 11-month-old 
boy who has a history of convulsive episodes as a result of 
hypoxic postnatal encephalopathy [240]. After a seizure, he 
developed pain in his right hip and after having been treated 
by the general practitioner for septic arthritis, he was referred 
after 1.5 months. On physical examination, he held his right 
leg in abduction and external rotation and on radiography a 
diagnosis of missed slipped capital epiphysis was made. 
Based on the clinical history it was decided that this was 
caused by the epileptic seizure. Ballal et  al. describe two 
cases of epileptic seizure-induced fractures of the proximal 
femora [241]. The first was a girl of 22 months who after a 
tonic-clonic seizure remained restless and had an abnormal 
position of her right hip, radiography showed a slipped capi-
tal epiphysis. The second case was a 9-year-old boy, with a 
history of grand mal seizures and a previous right-sided 
proximal femoral fracture, who after a tonic-clonic insult 
developed a deformation of the right hip. On radiography, a 
transepiphyseal fracture of the left proximal femur was seen 
as well as a subtrochanteric fracture of the right femur distal 
to a plate, which had been inserted 3 years previously. Jacoby 
et al. describe a case of a preterm male neonate who a few 
hours after delivery developed a tonic-clonic insult [242]. 
Chest radiographs on days 1 and 3 of life showed no signs of 
birth-related trauma, but a chest radiograph on day 18 of life 

revealed bilateral acromial fractures with callus formation. 
The authors postulate that these fractures were the result of 
the tonic-clonic insult.

Schnadower et al. describe bilateral femur fractures in an 
adolescent with primary vitamin-D deficiency due to a hypo-
calcaemic seizure [243]. Presedo et al. pose that 2% of all 
fractures in spastic children may be the result of a seizure, 
but refrain from reporting whether it concerns a fracture by 
the seizure itself or a fracture due to seizure-related trauma 
(fall) [244].

In children with normal bone density (no anti-epileptica 
or inactivity osteopenia), no fractures of the extremities due 
to notably increased muscle tone during a seizure are known.

The prevalence of fractures in spastic children with an 
average age of 10 years is 6%, of which 45% has no identifi-
able cause, 32% is due to trauma, and 11% is caused by 
medical proceedings or physiotherapy [244]. It usually con-
cerns the lower extremities (82%). The main risk factors are 
immobility, osteoporosis, and the use of anti-epileptica. 
Lingam et al. described 5 spastic patients (10–19 years old) 
with five femur fractures and one cruris fracture without 
identifiable causal incident [245]. In this case, the authors 
maintain it was a combination of inactivity osteoporosis, 
increased muscle tone with contractures and decreased mus-
cle mass. Anti-epileptica, such as phenobarbital, phenytoin, 
primidone, valproate, carbamazepine, and oxacarbazepine 
cause decreased bone density [227, 246, 247]. Babayigit 
demonstrated this in 68 children who had been on anti- 
epileptica for over a year [247]. Sheth et al. found a patho-
logical fracture due to reduced bone density in 15% of 
fractures in epileptic children [228].

There are no comprehensive studies known on fractures 
in spasticity and/or epilepsy in the age group up to 2 years 
old.

In conclusion, one may pose that patients with epilepsy 
and/or spasticity are at higher risk of fractures, especially of 
the lower extremities, in relatively minor trauma and some-
times even without identifiable cause. Of course, this does 
not imply that there are no non-accidental injuries in this 
patient group. In each patient that presents with a fracture, 
this subject must be open for discussion. After all, intentional 
or unintentional negligence in the medical treatment or care 
in these often institutionalized, fragile patients can also be 
considered non-accidental injuries. Therefore, when frac-
tures are present in epileptic children of less than 2 years old 
without comorbidity, also non-accidental trauma should be 
considered.

14.11.3  Vitamin C Deficiency

Infants are protected from congenital vitamin C deficiency 
by vitamin C storage in utero. As vitamin C is not stored in 
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the body dietary intake is essential. Neonates deplete this 
storage when after birth they receive vitamin C-deficient 
artificial nutrition [248, 249]. When post-partum there is 
total vitamin C deprivation, it will still take at least 5 months 
before the supply has been depleted. The first signs of scurvy 
will occur after 1–3 months of insufficient intake of vitamin 
C [250]. Since a severe vitamin C deficiency in pregnant 
women results in early abortion, congenital vitamin C defi-
ciency is unknown [251].

Scurvy nowadays is hardly ever seen in children, espe-
cially in the Western industrialized world [251, 252]. In the 
last decades only a few cases have been reported, with cases 
related to dietary regimens or underlying diseases [253–268]. 
In non-Western and non- or less industrialized countries, 
case reports and announcements on epidemics still surface 
regularly [269–277].

Vitamin C has a catalyzing role in the formation of colla-
gen and many symptoms of vitamin C deficiency result from 
a disturbance in collagen formation: impaired wound heal-
ing, increased fragility of capillary walls, and osteoporosis. 
If a child already has incisors (at 7 months usually the inci-
sors of the mandible), haemorrhagic areas will be found at 
their base. The gums are swollen. In adults, teeth may fall out 
when the deficiency has been present for a protracted period, 
which will reduce the state of the gums even further.

Even in the early stages, the radiological images are rather 
characteristic: a dense widened zone of provisional calcifica-
tion (Frankel line), an adjacent hyperlucent line (Trümmerfeld 
zone), the Frankel line can show a spur (Pelkin spur) which 
can also resemble a metaphyseal corner fracture, and ‘ringed’ 
epiphyses (Wimberger rings) and slight osteoporosis 
(Fig. 14.57). At a later stage, examination may show swell-
ing of the ends of the long bones, in particular the distal ends 
of the femur. These swellings are due to subperiosteal haem-
orrhages that will only in time be visible on radiographs. 
Externally, a shiny, livid (blue-black) skin will be visible at 
the location of the swelling. Gulko et al. described the find-
ings of scurvy on MRI in four children [261]. On T1-weighted 
imaging the metaphyseal bone marrow showed a low signal 
intensity and on T2-weighted imaging a high signal inten-
sity. After administration of Gadolineum bone marrow 
enhancement can be seen. Periosteal elevation along the 
metaphyseal cortex is also seen. Other authors also have 
described MRI findings of scurvy with cases where imaging 
findings even resemble osteomyelitis [257, 267, 268]. The 
elevation of the periosteum can not only be seen on MRI but 
also on ultrasonography [264]. Bone involvement in scurvy 
typically is symmetrical, just like in rickets [278]. For an 
overview of the clinical manifestations, the reader is referred 
to Table  14.10. The development of the clinical spectrum 
over time is shown in Fig. 14.58.

In 2014, the American Academy of Pediatrics issued a 
clinical report concerning the evaluation of children with 

fractures [279]. According to this report, vitamin C defi-
ciency can result in metaphyseal lesions, resembling metaph-
yseal corner fractures. However, according to this report, 
‘other characteristic bone changes, including osteopenia, 
increased sclerosis of the zones of provisional calcification, 
dense epiphyseal rings, and extensive calcification of sub-
periosteal and soft tissue hemorrhages, will point to the 
diagnosis of scurvy’.

The clinical symptoms of vitamin C deficiency can be 
severe and the clinical course can be dramatic. Sometimes 
the clinical symptoms are limited without even showing clas-
sical scurvy symptoms.

Vitoria et al. reported a child with scurvy, who was fed 
exclusively with almond beverages and almond flour between 
the age 2.5 and 11 months [280]. The child was admitted to 
the hospital with a fracture of the distal left femur and peri-
osteal reaction on the right femur, irritability, and failure to 
thrive. He had typical radiologic signs of scurvy (osteopenia, 

Fig. 14.57 Vitamin C deficiency (scurvy). The radiograph shows an 
evident osteopenia with the characteristic hyperdense zone of provi-
sional calcification (Frankel line) and the relative dense outer edge of 
the epiphysis (Wimberger ring—open arrow)
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Table 14.10 Summary of clinical manifestations of scurvy [281]

Organ system Signs and symptoms Differential diagnoses
Skin Hyperkeratosis

Perifollicular haemorrhages
Ecchymoses
Purpura/pseudovasculitis
Splinter haemorrhages
Poor wound healing
Nail changes
Corkscrew hair
Alopecia

Cutaneous vasculitis
Bleeding disorders
Zinc deficiency
Systemic connective tissue diseases

Ocular Conjunctival haemorrhage
Retinal haemorrhages

Bleeding disorders
Accidental trauma/injuries
Non-accidental trauma
Retinal vein occlusion

Oral Bleeding gums
Gingivitis
Gingival hypertrophy
Necrotic gums
Loosening of teeth

Bleeding disorders
Haematologic malignancy
Granulomatous diseases
Periodontal disease

Musculoskeletal Myalgia and arthralgia
Limb pain
Weakness
Extremity swelling
Subperiosteal haemorrhage
Hemarthrosis
Intramuscular hematoma
Osteopenia/osteoporosis

Juvenile rheumatoid arthritis
Connective tissue diseases
Multifocal osteomyelitis
Hematologic malignancy
Neuroblastoma
Bone tumours
Bleeding disorders
Non-accidental trauma
Rickets
Neuromuscular diseases

Haematology Anaemia
Bleeding tendency

Bleeding disorders
Haematologic malignancy

Neuropsychiatric Apathy and irritability
Intracerebral bleeding
Subdural haematoma

Bleeding disorders
Accidental trauma/injuries
Non-accidental trauma

Constitutional Fatigue
Failure to gain weight
Loss of appetite

Endocrine/metabolic diseases
Haematologic/oncologic diseases
Immune deficiency
Chronic infections (HIV, tuberculosis etc.)

Early Gingival Bone Advanced
•  Irritability •  Swelling •  Limb swelling •  Psychological

   changes

•  Poor wound
   healing

•  Death

•  Limping
•  Joint swelling
•  Arthralgia
•  Myalgia

•  Ecchymosis
•  Haemorrhage
•  Dental loosening

•  Loss of appetite
•  Fever
•  Petechiae
•  Purpuric rash

Fig. 14.58 The development 
of the clinical spectrum of 
scurvy in time (adapted from 
[278])

cortical thinning, Wimberger ring, Frankel line, fracture, and 
periosteal reaction). His plasma vitamin C level was very 
low. Vitamin C suppletion was started and over the following 
3 months, his general condition, the pain in the legs, and the 
radiologic features improved, the plasmatic vitamin C level 
was normalized and the child started walking.

Kitcharoensakkul et al. reported 3 children, aged 5 years 
(one girl and 2 boys) with lower extremity pain and refusal to 

walk [281]. Only one child had gingival lesions on the initial 
presentation. They were finally diagnosed with scurvy/vita-
min C deficiency, due to extremely limited intake of fruits 
and vegetables. Vitamin C suppletion was started and all 
children recovered completely and started walking again.

Ceglie et  al. described the findings in three previously 
healthy children, who were referred for leg pain and refusal to 
walk, due to scurvy [282]. The complaints had started months 
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before and subtly advanced. Two children had gingival hyper-
plasia and petechiae, one child reported night sweats and gin-
gival bleeding in the past few weeks. A nutritional screening 
revealed low or undetectable levels of ascorbic acid.

Lund et al. reported a previously healthy 3-year-old girl, 
who presented at a rheumatology department for abnormal 
gait [283]. She had also developed lower extremity weakness 
and was admitted to the hospital. The laboratory evaluation 
showed that her vitamin C level was undetectable. Analysis 
of her diet showed that she refused to eat fruits and vegeta-
bles. She had no other characteristic physical findings of 
scurvy. Vitamin C suppletion was started and the girl had an 
immediate and complete recovery.

Liebling et al. reported a 12-year-old boy with anorexia 
nervosa, who presented with asymmetric painful swelling of 
multiple fingers of both hands [284]. Imaging demonstrated 
soft tissue and bone marrow oedema of several phalanges, 
without arthritis, concerning an inflammatory process. 
Laboratory evaluation showed an extremely low vitamin C 
level and a moderately low vitamin D level. Vitamin C 
 suppletion was started and within 3 weeks digital abnormali-
ties resolved on physical exam.

In 1932 Gilman and Tanzer stated ‘The hemorrhagic dia-
thesis of scurvy has been recognized since the time of 
Hippocrates. Hemorrhage occurs most commonly beneath 
the periosteum of the long bones and into joint spaces but 
frequently involves the skin, mucous membranes, orbits and 
serous cavities. Reports of hemorrhage associated with the 
meninges during the active scorbutic state are sufficiently 
rare to deserve note’ [285]. They found 13 cases of intracra-
nial haemorrhages, due to scurvy, since the first description 
in 1668: ‘Seven being subdural, three extradural and three 
unclassifiable. Five of the seven cases of subdural bleeding 
were found in infants or young children’.

Miura et al. reported a 5-month-old girl, who was admit-
ted to the hospital with ‘bleeding tendencies such as  purpura, 
vomiting and bulging of the anterior fontanelle. On admis-
sion coagulation studies including bleeding time, PT, APTT, 
platelet aggregation (ADP, collagen, epinephrine and risto-
cetin) and so on, revealed no abnormal findings except posi-
tive Rumpel-Leede test. Roentgenograms of the lower 
extremities showed subperiosteal hemorrhage, thinning of 
cortex and a scurvy line. Subdural hematoma was found in 
CT-scanning and she was diagnosed as scurvy with subdural 
hematoma. We performed an operation of a subdural- 
peritoneal shunt and prescribed vitamin C.  The prognosis 
was good. Since it was found that the formula milk for this 
baby had been prepared with boiling water, the level of vita-
min C was assayed. The result revealed that the level of vita-
min C in the formula with boiling water was decreased to 
42.6% of the original source’ [286].

Verma et  al. reported a 3-year-old boy, who presented 
with proptosis of the left eye with ulceration for 15  days 

[287]. He was not able to walk anymore for the last 2 months, 
due to painful swelling of the right thigh. He was fed with 
diluted cow’s milk and rice since late infancy and lacked 
fruit and vegetables. He was extremely irritable and under-
nourished with weight, height, and head circumference well 
below the third percentile. Costochondral junctions were 
sharply angulationed. Radiological examination of the right 
femur showed a thin cortical outline of the epiphysis, splayed 
metaphysis with evidence of a Pelkan spur, submetaphyseal 
lucencies in the distal femur and subperiosteal haemorrhage. 
MRI of the brain showed bilateral extradural haematomas 
compressing the frontal lobes. There was a subperiosteal 
haematoma in the left orbit along with subretinal haemor-
rhage and retinal detachment. He was treated with vitamin C 
and on follow-up 8 weeks later had recovered with no evi-
dence of the orbital mass on clinical or radiological study.

Aziz et al. described the findings in an 11-month-old child 
who presented with a 2-week history of spontaneous supe-
rior left lid oedema associated with alteration of the general 
condition [288]. Ophthalmologic examination found limita-
tions to movement in all fields of gaze in the left eye. The left 
eye fundus showed signs of extrinsic compression with vas-
cular tortuosity, moderate papillary oedema, retinal folds 
between papilla and macula, and loss of foveal reflex. A skel-
etal survey showed metaphyseal fractures of both thigh 
bones associated with a bilateral calcified subperiosteal 
hematoma, and Pond’s fracture. Stomatological examination 
revealed parodontopathy and dermatological assessment 
found numerous bruises of different ages. Initially, non- 
accidental trauma was suspected, but the child’s diet revealed 
a very low vitamin C intake. The laboratory evaluation 
revealed a severe vitamin C deficit. Vitamin C was supple-
mented and the child’s condition improved within a few 
days.

Retinal haemorrhages, due to vitamin C deficiency, have 
been described in adults, but as far as we know, have never 
been reported in children [289–291].

14.11.3.1  Vitamin C Deficiency and Suspected 
Non-accidental Trauma

In children with vitamin C deficiency the symptoms and 
physical findings, especially bruising and skeletal findings, 
initially may be mistaken for inflicted injuries, due to non- 
accidental trauma.

In 1966 Berant and Jacobs described the findings in a boy, 
aged 2 years and 8 months [292]. He was admitted to the 
hospital because of tender swelling of both legs, left shoul-
der, and left arm, which had started a few days before the 
admission. The boy had been ill for about 3 months before 
the admission with unexplained high fevers (initially inter-
mittent, later continuous) and increasing lethargy and pallor. 
At the same time, he began to limit his activities and became 
more irritable. He started crying, when being handled. On 
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admission he looked neglected and was pale. During physi-
cal examination it was noticed that the costochondral junc-
tions were prominent as in a rachitic rosary. The left shoulder 
and left arm were swollen and very tender. While manipulat-
ing the arms crepitations were felt, which gave the clinical 
impression that a fracture was present. The thighs were swol-
len and very tender along their entire length. Pitting oedema 
was present on both legs and feet. The neurologic examina-
tion was normal except for the lack of spontaneous move-
ment, the peculiar resting position, and his limited vocabulary. 
The differential diagnosis consisted of sepsis, battered child, 
leukaemia, syphilitic pseudoparalysis, Still’s disease (sys-
temic onset juvenile rheumatoid arthritis), and nutritional 
deficiency disease. According to the authors his posture, the 
extreme tenderness, the oedema, and the crepitus were pos-
sibly due to an epiphyseal fracture but could also be due to 
scurvy. The radiological examination showed an increased 
density of the epiphyseal lines and cortical thinning in the 
vicinity of the epiphysis, and calcifying periosteum over a 
subperiosteal haematoma around the left humerus. It was 
concluded that the child had multiple nutritional deficien-
cies, of which vitamin C deficiency was the most dominant. 
The boy initially was breast-fed, but after 6  months the 
breast-feeding was stopped. After that the boy would only 
eat milk and porridge. Vitamin C suppletion was started 
together with oral iron, multivitamin preparations, and a 
blood transfusion. The boy’s health gradually improved. If a 
vitamin C deficiency is diagnosed in a child, one should 
always analyze the circumstances under which the deficiency 
occurred. In some children the deficiency is the result of 
severe neglect.

Mimasaka (2000) reported death due to vitamin C defi-
ciency in a 6-year-old girl [293]. Because the girl had exten-
sive bruises, initially death was suspected to be due to 
non-accidental trauma. During the forensic autopsy, many 
bruises were seen on the face, on the torso, and lower extrem-
ities. The gums were swollen and some teeth were missing. 
Subperiosteal haemorrhaging was found on the humerus, 
tibia, and femur. Ultimately, the findings on autopsy could be 
explained as the result of a serious and long-term vitamin C 
deficiency. Mimasaka concluded that the death was not due 
to non-accidental trauma but to serious neglect. The parents 
locked up the child, whenever they left the home, the parents 
did not seek medical attention, when the child got ill, and the 
child was not fed properly. No intracranial haemorrhages 
were found in this child.

According to Greeley (2011) subdural and retinal haem-
orrhages have been described to occur due to vitamin C 
deficiency, but whenever these haemorrhages were vitamin 
C related, other clinical features characteristic of scurvy 
were always apparent [294]. Greeley did not find any 
reports in the medical literature of infants whose only man-
ifestations of scurvy were subdural and retinal haemor-

rhages, without cutaneous bruising, gingival changes, or 
bone and joint findings on examination or radiograph. He is 
of the opinion that a diagnosis of scurvy in children with 
subdural and retinal haemorrhages is purely speculative if 
other findings, belonging to the clinical spectrum of symp-
toms are absent.

Although the clinical symptoms of scurvy can be severe 
and scurvy is a potentially fatal disease, it is easily curable 
with ascorbic acid (vitamin C) and the response to suppletion 
of vitamin C usually is rapid and dramatic [265, 295, 296].

14.11.4  Copper Deficiency

Due to the skeletal findings, copper deficiency can be consid-
ered as a true mimic of inflicted injuries (a disorder, which 
simulates on imaging a fresh or a healing/healed fracture). 
Metaphyseal spurs, suggesting metaphyseal corner fractures, 
and periosteal reactions, suggesting healing fractures have 
been described in children with copper deficiency. However, 
in children with copper deficiency there is also a real 
increased risk of fractures, because of weakening of the bone 
(osteoporosis) due to disturbances in the bone metabolism 
and fractures may occur due to trauma. For that reason cop-
per deficiency may mimic inflicted fractures (Sect. 2.3). 
Marquardt et  al. reported two extremely low birth weight 
preterm infants with complicated medical courses requiring 
prolonged parenteral nutrition for short-gut syndrome. This 
led to the development of cholestasis [297]. Both children 
never left the hospital after birth. Between 5 and 6 months of 
age, they developed signs of copper deficiency, which ini-
tially led to a suspicion of non-accidental trauma. 
Radiographic findings (osteoporosis, metaphyseal changes, 
and physeal disruptions), however, indicated metabolic bone 
disease. Copper levels were low.

Copper deficiency in children was first described in the fif-
ties of the twentieth century [298, 299]. It is a rare disorder and 
it was initially only reported in infants with malnutrition and 
after prolonged parental nutrition [300–302]. In the 1970s, 
pure copper deficiency (copper deficiency without malnutri-
tion or prolonged parental nutrition) was described for the first 
time [302, 303]. According to Carty up to 1988 copper defi-
ciency had never been described in infants who were fed 
exclusively breast milk or in full-term infants who were fed a 
formula known to contain adequate amounts of copper [304]. 
Carty also mentioned that since 1983 most, though not all, 
formula milk freely available in the United Kingdom con-
tained enough copper to prevent dietary copper deficiency.

Cordano et al. were probably the first to describe skeletal 
findings (‘scurvy-like bone changes’) in four severely mal-
nourished infants [305]. Ashkenazi et al. described the skel-
etal findings in a 6-month-old prematurely born infant with 
primary copper deficiency: ‘long-bone changes on radiolog-
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ical examination, particularly osteoporosis with blurring 
and cupping of the metaphyses’ [302]. Grünebaum et  al. 
reported four children with copper deficiency [131]. All four 
showed symmetrical ‘sickle-shaped metaphyseal spurs’. 
Two children showed fractures of these spurs. Allen et  al. 
described the presence of ‘osteoporosis, metaphyseal cup-
ping, widening of the zone of provisional calcification, mul-
tiple undisplaced fractures, and periosteal elevation with 
subperiosteal calcification’ [306]. Schmidt et al. described 
the findings in five preterm infants (25th to 30th week of 
gestation) suffering from alimentary copper deficiency 
[307]. They found (starting in the third to 12th week of life) 
general skeletal osteoporosis and retardation of the skeletal 
age, metaphyseal radiodense lines, irregular metaphyses, 
cupping, and spurring of the metaphyses, followed by mul-
tiple fractures and subperiosteal new-bone formation and 
enlarged costochondral junctions.
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15.1  Introduction

The suspicion that a child sustained injuries in non- accidental 
circumstances (inflicted injuries, child abuse) does not only 
have a medical and social but also a potentially legal impact. 
This sets it apart from all other medical pediatric signs, 
symptoms, and physical findings in need of a proper differ-
ential diagnosis. Probably the most important difference is 
that when these cases go to court the suspicion can, and in 
most cases will, be debated by forensic medical experts/

expert witnesses who act for the court, the public prosecutor, 
or for the defense.

It is the duty of an expert witness to explain the reasons 
for the suspicion and to explain the differential diagnoses of 
the physical findings to laypersons (e.g., child protection and 
the police) or to the participants in court procedures (judge, 
public prosecutor, and defense lawyer). The explanation has 
to be done in understandable lay language and in a neutral 
and preferably evidence-based way.

If the debate between medical experts is conducted in 
accordance with the current state of medical science, it cre-
ates an equal playing field between all participants, which 
are involved in the criminal court procedures.

The fact that a defense lawyer is allowed to question the 
conclusions of a medical expert on which the prosecution by 
the public prosecutor and the evidence of the prosecutor at 
least partially is based, is not only right but essential, as this 
forms the basis of proper and well-balanced legal proceed-
ings. It is in the interest of the defendant and it offers him/her 
maximum protection. The defense lawyer should ensure that 
the rights of the defendant are respected and that he/she gets 
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a fair trial. In the case of Powell versus Alabama, the court 
stated “Even the intelligent and educated layman has small 
and sometimes no skill in the science of law. If charged with 
crime, he is incapable, generally, of determining for himself 
whether the indictment is good or bad. He is unfamiliar with 
the rules of evidence. Left without the aid of counsel he may 
be put on trial without a proper charge, and convicted upon 
incompetent evidence, or evidence irrelevant to the issue or 
otherwise inadmissible. He lacks both the skill and knowl-
edge adequately to prepare his defence, even though he have 
a perfect one. He requires the guiding hand of counsel at 
every step in the proceedings against him. Without it, though 
he be not guilty, he faces the danger of conviction because he 
does not know how to establish his innocence. If that be true 
of men of intelligence, how much more true is it of the igno-
rant and illiterate, or those of feeble intellect” [1].

The debate, if done according to the rules of expert testi-
mony, also gives the judges the opportunity to arrive at a 
well-balanced judgement.

15.2  Expert Witness

15.2.1  Duties and Responsibilities 
of the Expert Witness

Already in 1897 Brouardel1 made a statement about the 
duties and responsibilities of medical expert witnesses in 
court, which still is valid today: “If the law has made you a 
witness, remain a man of science. You have no victim to 
avenge, no guilty or innocent person to convict or save – you 
must bear testimony within the limits of science.”

In a court case in the UK concerning a suspicion of child 
abuse, the judge quoted an overview of duties and responsi-
bilities of experts, which came from a verdict by judge 
Cresswell, concerning a claim on a policy of marine insur-
ance [3, 4]. This shows that duties and responsibilities of 
experts are always the same, irrespective of their field of 
expertise, whether this is marine engineering or forensic 
medicine:

1 Forensic pathologist, chair of the Department of Forensic Medicine, 
Faculty of Medicine, Sorbonne University, Paris, France (1837–1906).

• Witnesses of Fact who may give evidence of fact but 
may not normally give opinions.

The primary function of an expert witness is to express 
his independent expert opinion based on the informa-
tion that is provided. An expert can be employed in dif-
ferent capacities, for example, at arbitrations, 
tribunals, and litigation. A witness is a person giving 
sworn evidence to a tribunal or court of law. There are 
basically two types of witnesses:

• Expert Witnesses who may give opinion evidence 
within their expertise and in addition evidence of facts.

An Expert Witness can be anyone with knowledge or 
experience in a particular field or discipline beyond 
that to be expected of a layman. The Expert Witness’s 
duty is to give to the Court or tribunal an impartial 
opinion on particular aspects of matters within his 
expertise which are in dispute.

In England & Wales and many other jurisdictions the 
Court must give permission for an Expert Witness to 
give evidence.

An Expert Witness is not an expert adviser who is nor-
mally appointed by a party to assist in the formulation 
and preparation of a party’s claim or defense. An 
expert adviser does not have an overriding duty to the 
court but to the party instructing him.

The Academy of Experts [2]
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• Expert evidence presented to the court should be and 
should be seen to be the independent product of the expert 
uninfluenced as to form or content by the exigencies of 
litigation.

• An expert witness should provide independent assistance 
to the court by way of objective unbiased opinion in rela-
tion to matters within his expertise. An expert witness in 
the High Court should never assume the role of 
advocate.

• An expert witness should state the facts or assumptions on 
which his opinion is based. He should not omit to con-
sider material facts that detract from his concluded 
opinion.

• An expert witness should make it clear when a particular 
question or issue falls outside his expertise.

• If an expert’s opinion is not properly researched because 
he considers that insufficient data is available then this 
must be stated with an indication that the opinion is no 
more than a provisional one.

• If after exchange of reports, an expert witness changes his 
view on a material matter, such change of view should be 
communicated … to the other side without delay and 
when appropriate to the court.

• Where expert evidence refers to photographs, plans, cal-
culations … survey reports or other similar documents, 
these must be provided to the opposite party at the same 
time as the exchange of reports.

In 2002 Butler-Sloss and Hall wrote an article on the 
interaction between medical expert witnesses, the courts, 
and the law [5]. They made the following statements about 
the serving and mandatory neutral role of medical experts in 
court and about the complicated interaction between law and 
medicine, in which in fact the message of Brouardel is 
repeated:

• “Most judges have no more medical expertise than the 
average intelligent lay person. … are best assisted by 
experts who provide opinions based firmly on clinical 
findings and recognized medical knowledge. ....

• Medical opinions given should always be well researched 
and thorough. Expert witnesses must resist any urge to 
present without appropriate warning an opinion that is 
controversial in the profession. ….

• Of course, genuine disagreements will arise; but where 
an expert advances a hypothesis to explain an injury, he 
or she owes a very heavy duty to explain to the court 
that what is being advanced is a hypothesis, to say 
whether the hypothesis is widely accepted, and to place 
before the court all the material contradicting that 
hypothesis. ….

• Without them (the medical experts), we could not do 
our job.”

In 2010 the judges in a UK appellate court (R v Butler, 
2010) formulated the most important criterion about the 
medical differential diagnosis of physical findings in inflicted 
head injury in children, namely: “…. a realistic possibility of 
an unknown cause must not be overlooked…” [6]. Their 
opinion about the medical differential diagnosis of inflicted 
head injury is valid for all cases in which physical findings 
and medical experts play a role. In determining what consti-
tutes a plausible medical differential diagnosis, one should 
always keep in mind that a differential diagnosis does not 
merely exist of a list of possibilities, but also is closely con-
nected with the probability of certain possibilities. This was 
formulated by the judges in the UK appellate court in 2010 
as “a realistic possibility.” A good example of the difference 
between certain possibilities and the probability of these 
possibilities, although not primarily concerning fractures, 
was given in the 2008 article on the evidence in non- 
accidental head injury, which was written by David for 
Pediatric Radiology [7]. In this review he gave two tables, 
one of causes of subdural bleeding and one of causes of reti-
nal hemorrhages. Although David stated that he did also 
include causes in adults and that these were not relevant in 
children (possibilities without probability), the tables are 
sometimes used as starting point in the differential diagnosis 
(“diagnosis by exclusion”) in suspected inflicted head injury 
in children. This leads to a confusion of tongues, in which 
possibilities and probabilities are used as synonyms. One 
might wonder how realistic (how probable) breakdancing, 
head banging, weight lifting, or boxing are as a cause of sub-
dural bleeding in a young child under the age of 1  year, 
although it has been described in the medical literature as 
causes of subdural bleeding in adolescents and adults. The 
same accounts for retinal hemorrhages. How realistic (how 
probable) are bungee jumping, altitude, crushing injury to 
chest, or chest compression from a safety belt as causes of 
retinal hemorrhage in an infant or a young child, despite their 
description in the adolescent and adult medical literature? 
Even if one looks at causes that were quoted by David and 
that could be relevant in infants, one should always ask how 
realistic (how probable), e.g., extra corporeal membrane 
oxygenation, diabetes, and sickle cell anemia are as possi-
bilities in infants, given the findings and circumstances in a 
specific child.

As an expert witness, whether this is for the prosecution 
or for the defense, one should always keep in mind what the 
duties of an expert witness are in legal procedures or in court 
and what the court demands from the expert witness [8, 9]:

• Experts should provide a straightforward, not a mislead-
ing opinion. This implies that they must present argu-
ments in a fashion that they truly believe to be as near as 
possible to the objective truth, not as a partisan biased in 
favor of one side or the other.
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• Experts should be objective and not omit factors/facts 
which do not support their opinion. This selectivity of 
material in an expert’s report may lead to what would 
appear to be an unbiased report becoming a misleading 
one.

• The expert’s opinions and conclusions should be properly 
researched. This implies that the expert should be up to 
date with the relevant current medical literature.

In the USA the Daubert standard applies, this rule of evi-
dence is used to assess the admissibility of expert witness 
testimony [10]. This standard states that: A witness who is 
qualified as an expert by knowledge, skill, experience, train-
ing, or education may testify in the form of an opinion or 
otherwise if:

• The expert’s scientific, technical, or other specialized 
knowledge will help the trier of fact to understand the evi-
dence or to determine a fact in issue.

• The testimony is based on sufficient facts or data.
• The testimony is the product of reliable principles and 

methods.
• The expert has reliably applied the principles and meth-

ods to the facts of the case.

15.2.2  The Radiology Report in Court

Much has been written on how to write a radiology report, 
whether it should be free prose or a structured/template 
report, and how to get your message across [11–19]. 
However, most of this is not based on evidence supported 
guidelines but on personal or institutional preferences. In 
general, a radiology report has to contain the following 
information:

• Patient data: In most cases this information will be auto-
matically retrieved from the electronic medical record 
(EMR). But it is advised to check these details, especially 
in twins.

• Clinical history and study question: In most cases this 
information will also be retrieved from the study request 
as found in the EMR.  However, in many cases this, 
depending on the referring specialty, will only contain a 
limited amount of information and it is therefore advised 
to check the EMR for more relevant information.

• Name, date, and time of the study: Especially when mul-
tiple similar studies are performed on 1 day the time of 
the study should be mentioned. Be aware that the reported 
time may differ from system to system, some will use the 

timestamp from the EMR, i.e., the time the study was 
ended by the technician, but others will use the time data 
as provided by the radiology hardware itself (e.g., the CT 
scanner or MRI scanner).

• Technique: It is important to state which imaging tech-
nique was used, the technical quality of the examination, 
and if national or international guidelines were followed 
[20, 21]. If the reported study has been obtained from a 
different hospital, this should specifically be mentioned.

• Comparison: State with which other examinations the 
current examination is being compared.

• Findings: A clear and concise description of all relevant 
imaging findings. Findings that are relevant to the clinical 
request or suspected pathology should be mentioned first 
[18]. Besides positive findings, relevant negative and inci-
dental findings should also be described. The use of 
ambiguous terms and abbreviations should be avoided.

• Conclusion: This is the most important part of the radiol-
ogy report, here all the items come together in a short 
conclusion stating the most likely or definite diagnosis. If 
it is not possible to come to a diagnosis or in case of an 
unknown imaging finding, the radiologist should honestly 
state this and not hide this in verbose prose. The conclu-
sion is also the place to recommend follow-up imaging, 
according to national or international guidelines, or addi-
tional imaging necessary to clarify unclear imaging 
findings.

Although the radiology report is the most important way 
for radiologists to communicate their findings, it is good to 
put some emphasis on the use of the radiology report in 
court. In a normal clinical setting, the report is primarily 
used to convey the radiology findings to another clinician of 
whom the radiologist can expect a proper level of clinical 
knowledge. This is in contrast to radiology reports that might 
or will be used in a court of law, and that will be read by lay-
men such as police, prosecution, and lawyers [22, 23]. 
Although every radiology report could in theory become a 
document in legal proceedings, the likelihood of that hap-
pening in case of suspected child abuse is significantly 
higher. The reporting radiologist should be aware of that. 
The findings reported or missed can have far-reaching conse-
quences in legal proceedings. This is especially the case 
when reporting for court as an expert witness. Besides the 
issues addressed in the next section, there are some items 
that the radiologist should keep in mind when writing these 
expert reports.

• Know your readership: In most cases legal reports will be 
read by non-medical trained readers. Although most of us 
will consider it obvious to replace humerus with upper 
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arm, there are numerous routine words, e.g., posterior and 
proximal, that can also lead to confusion. It is good to 
communicate with non-physicians to see if they under-
stand what you intend to express.

• Keep it organized: Although most radiologists will prefer 
the use of prose in their reports, the use of a structured 
report has been shown to decrease the risk of missing 
findings or failing to report these findings [19, 24]. We 
advise radiologists to use structured or standardized 
reports whenever possible. A potential structure for a 
forensic radiology expert report could be:

 1. Qualifications as an expert.
 2. Materials available for review.
 3. Clinical and forensic information available at time of 

review.
 4. Radiological findings; per study in a structured way.
 5. Interpretation of the radiology findings from a forensic 

perspective.
 6. Conclusion; preferably using a Bayesian approach 

(Chap. 17).
 7. Expert statement; stating that the findings are based on 

the experts’ own opinion and that this opinion is unbi-
ased [25].

• Take your time: In contrast to daily routine where timely 
reporting is of importance to patient care, it is important 
to plan time to write a forensic radiology expert report. 
Under normal conditions proofreading is advised but in 
forensic reporting this is of the utmost importance. Many 
radiologists will make use of some form of voice recogni-
tion and although this has the advantage of significantly 
improving turnaround times it comes at a price being rec-
ognition errors. Overall voice recognition errors in reports 
have been shown to range from 4.8% to 89%, with 
reported word errors up to 38.7% [26, 27]. Several studies 
have shown that this percentage is significantly higher 
compared to professional transcribed reports. Although 
voice recognition errors can be a source of amusement, it 
can lead to serious errors as well, e.g., one versus none. 
Beside recognition errors care has to be taken in other 
aspects such as to count correctly (e.g., rib level) and cor-
rectly use left and right.

• Use evidence: In contrast to clinical work where experi-
ence is, in general, sufficient to come to a diagnosis in 
court experience only is not sufficient. Preferably every 
conclusion, e.g., accidental versus non-accidental, timing 
of injuries/fractures, should be accompanied with relevant 
literature references.

• Keep an open mind: Consider a relevant differential diag-
nosis and if the findings are more in keeping with a dis-
ease report it like that and do not overstate or understate 
radiological findings. It is not the radiologist’s role to pro-

vide evidence in favor of child abuse but to objectively 
report his/her findings and place them in an evidence- 
based perspective.

15.2.3  Guidelines

There are several radiological professional societies that 
have issued guidelines for expert witness in court [25, 28, 
29]. These guidelines echo what has been mentioned and 
what is discussed in Sect. 15.2.1 and also advises on how to 
approach expert witness casework. Besides these dedicated 
guidelines, most countries will have general guidelines 
explaining the duties of expert witnesses in criminal or civil 
court (e.g., [30]).

A broader guideline was presented by the Ray E. Helfer 
Society in 2020. After a consensus-building process involv-
ing all members of the society presented new guidelines 
detailing standards for testifying in cases of suspected child 
maltreatment were published [31]. For this guideline, the 
authors used the 2017 guidelines on “Expert Witness 
Participation in Civil and Criminal Proceedings” of the 
American Academy of Pediatrics as a foundation [32]. 
Most of the points addressed in this guideline have been 
discussed above, but certain points of interest will be high-
lighted here:

• Unless retired from clinical practice, expert witnesses 
should be actively engaged in clinical practice in the 
medical specialty or area of medicine about which they 
testify. If retired from clinical practice, they should dem-
onstrate active engagement in the field (e.g., CME or con-
ferences on child maltreatment).

• Compensation for expert witness work must not be con-
tingent on the outcome of the case.

• The testimony presented should reflect generally accepted 
standards within the expert’s specialty or area of prac-
tice. Physician experts who know that their opinions are 
held by a minority of their community should state that 
transparently.

• When raising a differential diagnosis to explain findings 
that may be the result of abuse, physician experts should 
include only disease entities that are generally accepted 
in clinical medicine, and which could reasonably be rel-
evant to the case at hand.

• A series of patients assembled from an individual’s work 
as an expert has a high risk of selection bias, which limits 
generalizability. If a case or series of cases is identified or 
assembled from a physician’s work as an expert, this 
should be clearly stated in the methods section of the 
related manuscript.
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• Individuals who seek to publish data from cases in which 
they served as expert witnesses should clearly report their 
role and whether they received remuneration to the jour-
nal and within the published manuscript.

In this guideline the authors, on behalf of the Ray E. Helfer 
Society, clearly state that the society has a policy in place in 
order to ensure that members can be held accountable for 
violations of these standards. They also make a strong state-
ment toward hospital administrations to hold its faculty 
accountable for unethical testimony in court proceedings. 
Unfortunately this currently often is not the case and defense 
witnesses who regularly cross the lines of acceptable behav-
ior are permitted to continue to work and use their affilia-
tions in court testimonies.

Finally, based on our own experience, we advise every 
radiologist who is asked to appear in court to:

• Ask advice from colleagues who have appeared in court 
before. This will take away some of the anxiety when 
appearing in court.

• Familiarize him/herself with the local legal guidelines 
and practices. And to understand the role that each profes-
sional plays in court. Knowing and understanding this 
will avoid discussions, misunderstandings, and disillu-
sion in the legal system.

• To use a standardized expert report, for this several stan-
dard forms can be found online.

• Stay within his/her own field of expertise and not answer 
any questions outside that field.

• Every expert report should end with a statement similar to 
the one proposed by the Royal Australian and New 
Zealand College of Radiologists “[the Expert Witness] 
has made all the inquiries which [the Expert Witness] 
believes are desirable and appropriate and that no mat-
ters of significance which [the Expert Witness] regards as 
relevant have, to [the Expert Witness’s] knowledge, been 
withheld from the Court” [25].

15.2.4  The Expert Witness in Court: 
The Differential Diagnosis

In theory there is no difference between theory and practice, 
while in practice there is.
– Benjamin Brewster [33]

All duties and responsibilities, as mentioned in Sect. 
15.2.1, will be agreed upon by all medical experts involved 
in court cases. However, litigation all over the world (espe-
cially in the USA) has led to the emergence of differential 
diagnoses (alternative explanations) by medical “experts” 
that lack merits. This phenomenon is seen occasionally in 
medical literature but also in the courtroom where it can lead 

to erroneous or delayed court rulings [34–37]. It is interest-
ing to note that many alternative explanations are already 
used for decades in court cases. It may concern existing med-
ical condition, in which physical findings are wrongly inter-
preted, manipulated, and/or over-interpreted. Examples are 
osteogenesis imperfecta, rickets, vitamin C deficiency, and 
Ehlers–Danlos syndrome [38]. However, it may even con-
cern non-existing medical conditions, like temporary brittle 
bone disease [39, 40]. Despite the fact that these existing and 
non-existing alternative explanations over and over have 
been rejected by solid medical evidence, these explanations 
still pop up in court, either unchanged or slightly adapted.

In 1991 Taitz, a pediatrician from Sheffield, evaluated a 
series of court cases (1981 to 1990) in which he was asked to 
provide evidence [41]. The reason for this evaluation was a 
claim (among others) by Paterson and McAllion in 1989 that 
“children with fractures (usually multiple) attributed to child 
abuse may in fact have metabolic bone diseases, such as 
osteogenesis imperfecta” [42]. The evaluation of Taitz con-
cerned 22 infants and children with fractures (mean age 
6 months), in whom non-accidental trauma was suspected. 
The alternative explanations he encountered in these court 
cases were osteogenesis imperfecta in 9 children, copper 
deficiency in 2, metabolic disease of prematurity in 2, and in 
eight osteogenesis imperfecta, copper deficiency, and “tem-
porary brittle bone disease” were all offered as alternative 
diagnoses. Fourteen children had at least one rib fracture, 
associated with limb fractures in 10 children and with limb 
and skull fractures in one child. Sixteen children had rib frac-
tures or metaphyseal fractures, or both. In two patients, who 
were siblings, type I osteogenesis imperfecta had been diag-
nosed. Apart from the fractures, the bones were radiologi-
cally normal in all except the two children with type I 
osteogenesis imperfecta. No evidence of copper deficiency, 
such as deficient copper intake associated with extreme pre-
maturity or malnutrition, or of osteopenia, delayed bone age, 
refractory hypochromic anemia, or neutropenia was found in 
any of the 10 children in whom it had been suggested. 
Temporary brittle bone disease was proposed as a diagnosis 
for seven children. The fractures ceased immediately after 
the children were placed in foster care. All children had addi-
tional evidence of abuse (Table 15.1). In 20 cases the courts 

Table 15.1 Evidence of child abuse in children and infants with unex-
plained fractures [41]

Brain damage 1
Multiple evidence of abuse and neglect 2
Subdural hemorrhage 2
Facial bruises and torn frenulum 2
Multiple bruises and oral injury 1
Multiple bruises 5
Previous bruising suggestive of non-accidental trauma 1
Neglect 2
Confession by perpetrator 1
Fractures only 5
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decided that the fractures were inflicted. In the remaining 
two with proven osteogenesis imperfecta type I, there was 
other evidence of abuse. The children were placed in foster 
care and only one further fracture occurred, 4 years after 
placement, when the child fell off a wall. In their 1989 article 
Paterson and McAllion stated about bruising in children with 
fractures due to osteogenesis imperfecta: “Though bruising 
with little or no obvious trauma is a well-recognised feature 
of osteogenesis imperfecta, it is a paradoxical but frequent 
finding that fractures may not be accompanied by the super-
ficial evidence of trauma that might be expected” [42]. Taitz 
found that in the evaluated cases it was claimed in 10 chil-
dren that absence of bruising at the site of the fracture was 
evidence of metabolic bone disease. However, according to 
Taitz, 9 of these 10 children had clear additional evidence of 
non-accidental trauma.

An example of introducing a new alternative explanation 
is found in a 2010 case report by Barnes et al., concerning a 
4-month-old child. The child collapsed unexpectedly and was 
diagnosed with subdural, subarachnoid, and retinal hemor-
rhages and eventually fatal cerebral edema [43]. According to 
the authors, the occurrence of the hemorrhages and fatal 
edema could be explained by dysphagic choking and the fol-
lowing efforts to resuscitate the child. The report was severely 
criticized. Greeley (2014) used this case report to illustrate 
that: ‘Theories appear to have been created not with a clini-
cal gap to fill, but explicitly to be used in court—to be “back-
wards compatible” from the courtroom into clinical relevance. 
An example of an attempt at a “backwards compatible” the-
ory was published as a case report in 2010 (by Barnes et al.) 
[44].’ Concerning the case-report Greeley also mentioned 
also that ‘each of the authors served as expert witnesses for 
the defence in the trial which convicted the infant’s father’ 
and that ‘the authors excluded important information, such as 
a healing rib fracture, from their report.’ According to 
Greeley, the report was also not peer reviewed. Edwards 
(2015) also stated that the authors had omitted important 
information (cited from the article by Edwards [45]):

• Although the authors did not disclose their source of 
information or their role as expert witnesses for the 
defense in the criminal trial that arose from the child’s 
death, there is unequivocal evidence that the report was 
based on the Zavion Thomas, Jr. case from Austin, Texas. 
Both the child in the case report and the patient in Austin 
died at 4 months of age. When admitted to the hospital, 
both had identical initial laboratory data. Identical 
images to those included in the case report can be found 
in the imaging findings of the child from Austin….

• Clearly the case report was based on the child who died 
in Austin, Texas. Nevertheless, the report contained omis-
sions and misrepresentations of the facts of the case.

• Four month-old Zavion Thomas, Jr., for whom this author 
provided consultation, died as a result of abusive head 

trauma in May 2006 in Austin, Texas. He had rib fractures 
in different stages of healing, diffuse brain swelling, bilat-
eral subdural hemorrhages, subarachnoid hemorrhages, 
cerebellar herniation, diffuse swelling of the cervical spi-
nal cord, and extensive bilateral retinal hemorrhages 
with bilateral retinoschisis and detachments as well as 
hemorrhage into the posterior third of both orbits. The 
child’s biological father was convicted of serious bodily 
injury to a child and sentenced to 55 years in prison. His 
conviction was upheld on appeal....

• The case report also omitted the fact that the child had a 
healing rib fracture. In fact, the child had a healing rib frac-
ture with callus formation of the right lateral seventh rib, in 
addition to three recent rib fractures. …. Therefore, there is 
reason to believe that rib fractures after C- sections are very 
unlikely. This child had been delivered by C-section.

• The case report misrepresented the pediatric ophthalmol-
ogist’s findings. Although there were bilateral retinoschi-
sis and retinal detachments, the authors mentioned only 
“extensive bilateral RH [retinal hemorrhage] and retinal 
elevation.” They omitted the retinoschisis.

• The case report misrepresented the child’s bleeding. It 
stated, “Clinically the patient was having bleeding from 
IV sites and his ears.” In fact, he never had any clinically 
significant bleeding, although he had IV lines, an arterial 
line, and numerous venipunctures, including femoral and 
external jugular punctures.

• The case report suggested that a venous thrombosis 
played a role in the child’s problems. However, the pedi-
atric radiologists and neuroradiologists who reviewed the 
child’s imaging studies saw no evidence of venous throm-
bosis, and the autopsy found no evidence of venous throm-
bosis. Furthermore, it is doubtful that any causal 
relationship exists between intracranial venous thrombo-
sis and subdural hemorrhage in young children.

• The case report misrepresented the autopsy findings. It 
described the autopsy stating, “Although NAI [nonacci-
dental injury] could not be ruled out, the autopsy findings 
provided further evidence that the child’s injury could 
result from a dysphagic choking type of acute life threat-
ening event (ALTE) as consistently described by the care-
giver.” In fact, the autopsy showed a well-healed fracture 
of the right seventh rib; three recent fractures of the right 
fifth, sixth, and seventh ribs; marked swelling of the brain; 
bilateral subdural hemorrhages; subarachnoid hemor-
rhages; and herniation of the cerebellar tonsils. The 
Medical Examiner stated, “It is my opinion, based on the 
investigation of the circumstances and the autopsy find-
ings that the decedent … came to his death as a result of 
severe closed head injury (shaken baby syndrome).” He 
concluded that the manner of death was homicide.

• The case report omitted the legal outcome. The authors 
stated, “The injuries in this case were attributed to shaken 
baby syndrome before the brain injuries were completely 
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evaluated. The father was charged with fatally shaking 
the child.” In fact, the father was charged with causing 
serious bodily injury to a child by shaking, impact, and/or 
both. He was also charged with capital murder. The jury 
found him guilty of causing serious bodily injury to a 
child and sentenced him to 55 years in prison. The jury 
deadlocked on capital murder, and a mistrial was declared 
on that charge. His subsequent appeal was unsuccessful.

• In addition to the omissions and misrepresentations, the 
case report is not consistent with the authors’ sworn testi-
mony regarding the cause of the child’s death. When the 
authors testified at the father’s trial, they expressed the 
opinion that the child’s death occurred as a result of 
choking that resulted in hypoxia. They argued that the 
hypoxia then caused brain damage, disseminated intra-
vascular coagulopathy (DIC), intracranial bleeding, and 
retinal hemorrhage. They never made reference to 
increased intrathoracic or vascular pressure from chok-
ing. None of the authors used the phrase “dysphagic 
choking” in their testimony. They explained that hypoxia 
from choking caused the brain damage and that hypoxia 
and DIC caused the intracranial and ocular bleeding. In 
contrast, their assessment in the case report was that dys-
phagic choking caused increased intrathoracic pressure 
that resulted in increased vascular pressure in the head. 
They indicated that the increased vascular pressure would 
cause rupture of blood vessels with resulting subdural, 
subarachnoid, and retinal hemorrhaging.

Edwards concluded: “The use of scientifically unsup-
ported alternative explanations for abusive head trauma 
based on inaccurate and biased information constitutes 
 further victimization of the abused child and represents a 
travesty of justice” [45].

With the previous data in mind, several alternative expla-
nations/differential diagnoses which have been presented in 
the past in court and are still regularly presented will be dis-
cussed in the following sections. These alternative explana-
tions were either found in verdicts of court cases or in the 
medical literature. We also included explanations we encoun-
tered during our own expertise work in court procedures.

The court is not an appropriate forum for the presentation of new 
or unsubstantiated theories of causation of disease. Rather, the 
court must ensure the accuracy of legal decisions.
–Servaes et al. [46]

15.3  Abuse of Existing Diseases 
in the Differential Diagnosis

The differential diagnoses discussed in this part of the chap-
ter are all related to diseases which indeed are real and can 
have a place in the differential diagnosis of fractures in 
infants and children. For the clinically relevant information 

the reader is referred to Chap. 14 of this book. In this part of 
the chapter, we will only discuss the abuse of these differen-
tial diagnoses in court.

15.3.1  Fractures, Bruises, and Non-Accidental 
Trauma

Taitz already showed in 1991 that one cannot draw any con-
clusion from the absence of bruises in children with frac-
tures, concerning the amount of energy required to cause the 
fractures or concerning the presence of a skeletal disease 
with an increase of fractures (e.g., osteogenesis imperfecta) 
[41]. He also showed that one cannot draw any conclusions 
concerning the circumstances under which the fractures 
were sustained (accidental or non-accidental trauma) from 
the absence of bruising near the location of fractures. Despite 
the evidence given by Taitz (Sect. 15.2.4), some medical 
experts/authors wrongly and without any evidence still main-
tain that the force necessary to fracture a normal bone should 
lead to externally visible evidence of trauma (bruising), 
mainly based on the suggestion of Paterson and others [ref]. 
Furthermore the absence of bruising would proof that only 
very little force is needed to break a bone and, as such, that 
the fracture results from a skeletal disease, e.g., metabolic 
bone disease of infancy, osteogenesis imperfecta, or copper 
deficiency [42, 47, 48]. In 1994 Paterson stated in a court 
case, concerning suspected child abuse in a 10-week-old boy 
with several fractures, that: “Had these fractures been sus-
tained as a result of a series of deliberate injuries inflicted on 
a child with normal bones, it would be almost inconceivable 
that evidence of such injuries would not be obvious” [3]. 
Since then a lot of research has been published confirming 
the initial 1991 conclusions of Taitz and contradicting the 
opinion of Paterson:

Mathew et al. performed a prospective study into the pres-
ence of bruising around the location of the fracture in 88 
children (with a total 93 fractures) that showed no signs of 
bone pathology with in total 93 fractures (49 boys, 39 girls; 
age 12 months to 13 years and 11 months) [48]. All children 
were seen within 24 h after the fracture had been sustained. 
There were 17 undisplaced, 46 displaced, and 30 angulated 
fractures. Seventy fractures were sustained in simple falls 
and 23 fractures in falls from heights. Only in eight (9%) 
fractures, either displaced or superficially located, bruising 
was found in the initial phase. No bruising was found in frac-
tures that showed no dislocation or in fractures that were 
well covered by soft tissue. In 13 other fractures, bruising 
appeared within 24  h after hospitalization. Ultimately, 25 
(28%) fractures were accompanied by bruising 1 week after 
the fracture was sustained. According to Mathew et al. it is 
impossible to distinguish between fractures that are the result 
of bone disease and fractures, sustained in non-accidental 
circumstances based on the presence or absence of bruising 
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near the location of the fracture. It appears that in acutely 
sustained fractures in children, local bruising is less common 
than one would expect. Based on the absence of bruising, 
non-accidental trauma should never be excluded.

Starling et al. analyzed the relationship of perpetrators to 
their victims in case of inflicted skeletal trauma [49]. They 
evaluated a total of 630 fractures in 194 patients (median 
number of fractures per patient 2). The maximum number of 
fractures in a single patient was 31. Of the 630 fractures, the 
sites most commonly fractured were the ribs (50.2%), legs 
(21.8%), and arms (12.9%). They did not find any relation 
between fractures and the presence of bruising. Although 
bruising was the most commonly associated injury, only 
20.8% of the children had a bruise overlying a fracture. After 
scalp bruises and subgaleal hematomas associated with skull 
fractures were excluded, less than 10% of children had 
fracture- related bruising.

Peters et al. evaluated the findings in 192 children with 
inflicted fractures [50]. In 111 children no bruising was 
found (57.8%). Forty patients (20.8%) had bruising near the 
site of at least 1 fracture. Of these, bruising or subgaleal 
hematoma near the site of a skull fracture was seen most 
often (43.3% of children with calvarium fractures). Bruising 
associated with extremity fractures was seen much less com-
monly, ranging from 3.8% (n = 2) of children with tibia frac-
ture to 16.7% (n = 1) of children with fibula fracture. Rib 
fractures also were associated uncommonly with bruising. 
When skull fractures are excluded, 45 (8.1%) of 555 frac-
tures had bruising near the fracture site, in 13 (6.8%) patients.

Valvano et al. did a retrospective study into the value of 
presence or absence of bruising in the differentiation between 
abusive and non-abusive fractures in 150 children with acute 
fractures [51]. A bruise and fracture were considered by the 
authors associated if both occurred on the same body site. 
Ninety-three children had fractures due to non-accidental 
trauma and 57 to accidental trauma. Bruising associated with 
a fracture was found for 26% of abused and 25% of non- 
abused children. Most children (61%) had no bruises any-
where on the body, and this did not differ significantly by 
cause of injury. The authors concluded that the presence or 
absence of bruising was not useful to differentiate between 
abusive and non-abusive fractures.

15.3.2  Vitamin D Deficiency: Rickets

As already discussed in Sect. 14.4 to the untrained eye the 
radiological findings in a child with rickets can lead to a sus-
picion or even an incorrect conclusion that the fractures in a 
child were inflicted. Rickets due to vitamin D deficiency 
acquired a status as courtroom diagnosis in the first decade 
of the twenty-first century [52].

However, on the other side, in court the suggestion or 
even the incorrect ascertainment of rickets as alternative 

explanation for the occurrence of fractures in a young child 
can lead to incorrectly motivated judicial rejection of the sus-
picion of child abuse, and the risk of continued, because not 
legally proven, child abuse [53, 54].

15.3.2.1  Vitamin D Levels
In Sect. 14.4.4, biochemical testing in rickets is presented. 
However, there are experts with an outlying view on normal 
vitamin D levels. In a review article, Holick defined a 25 
(OH)D level above 30  ng/mL (75  nmol/L) as normal, 
21–29 ng/mL (52 to 72 nmol/L) as indicative of insufficient, 
and under 20 ng/mL (50 nmol/L) as deficient. By using these 
values Holick established that, based on data derived from 
two articles, vitamin D deficiency is present in 52% of Latin- 
American and African-American adolescents in Boston and 
in 48% of pre-adolescent white girls from Maine [55–58]. 
However, Holick’s definition of normal 25 (OH)D values, 
insufficiency, and deficiency was refuted in letters submitted 
to the New England Journal of Medicine and the authors of 
the submitted letters state that these values were not medi-
cally supported [59, 60]. There is also a discrepancy between 
the recommendations of Holick and the guidelines of the 
American Academy of Pediatrics, who in 2017 adopted the 
recommendations, as described by Munns et al. [61, 62]. It is 
of importance to note that Holick is one of the strongest 
propagators for the use of vitamin D supplements and that as 
such he reportedly has received significant support from the 
vitamin D industry [63, 64].

15.3.2.2  The Keller and Barnes Commentary 
on Rickets Versus Child Abuse

In 2008, a commentary by Keller and Barnes on the topic of 
rickets versus (child) abuse was published in Pediatric 
Radiology [53]. This commentary can be considered to be a 
hallmark publication concerning the use of rickets as a court-
room diagnosis. A large part of the text is dedicated to the 
epidemiology of rickets in children and mothers. 
Subsequently, Keller and Barnes presented four cases of 
infants, aged 2–4 months, with multiple fractures. According 
to the authors, all mothers presented with a decreased vita-
min D level. However, none of the children had been checked 
for their 25(OH)D levels at the time when the fractures were 
diagnosed. According to the authors, none of the cases was 
suspect of child abuse. Furthermore, they literally posed the 
question: “Would children with so many inflicted fractures 
not be in serious pain or be restless?.” The remaining part of 
the publication discussed the similarities between rickets and 
child abuse.

Because of the, in the meantime acquired, status of the 
commentary in court and the impact on jurisprudence, due to 
the use of the commentary by certain expert witnesses, it 
warrants a careful evaluation.

At the time the article was published, it was accompanied 
by four comments in the same issue of Pediatric Radiology 
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[65–68]. The main point of criticism was that it was abso-
lutely not clear how the children that were described had 
been selected for the commentary of Keller and Barnes.

Jenny, at the time head of the American Academy of 
Pediatrics Section on Child Abuse, suspected that the cases 
had been provided by lawyers [68]. Jenny stated that the 
authors presented several cases of infants with multiple bony 
lesions and that they in the case presentations implied that 
these children were suffering from vitamin D deficiency 
rickets, despite the fact that the diagnosis of rickets appar-
ently was not made in any of the children. She also men-
tioned that it was not stated in the commentary whether only 
a suspicion arose because of the finding of multiple fractures 
in the reported children or that the suspicion in the reported 
children led to a diagnosis of child abuse. Jenny also stated: 
“In my practice, a child protection program in a northern 
climate that evaluates over 1800 children per year for 
alleged abuse or neglect, we have been checking every child 
with multiple fractures for metabolic bone diseases for sev-
eral years and have not yet identified a single child with vita-
min D deficiency. One of my colleagues, however, did find 
one child, a solely breast-fed 9-month-old with obviously 
demineralized bones.”

Slovis and Chapman also criticized the obscure way in 
which the patients had been selected: “The authors do not 
give us their selection criteria for the patients presented, i.e. 
exclusion criteria and total pool from which they were 
selected. It appears that the patients were selected from 
among those involved in litigation concerning whether child 
abuse was present” [66]. The authors also remarked that only 
one of the children had vitamin D levels or calcium phos-
phate, alkaline phosphatase, or parathyroid hormone values 
reported at the time they were supposed to have rickets. They 
continued that all children, that were presented in the com-
mentary, were under the age of 4 months and consequently 
must have suffered from congenital rickets. In all four cases, 
laboratory tests that could have confirmed this fact, were 
absent. Indeed, in the medical literature one can find descrip-
tions of children with congenital rickets, but in a critical 
review of the literature cited by Keller and Barnes, the chil-
dren that had been described (six of the seven children were 
radiologically examined) were shown to have metaphyseal 
lesion that corresponded with rickets [68–73]. Anyway, these 
peer-reviewed publications were a selection from the medi-
cal literature and cannot be considered to be a systemic 
review of the available literature at the time of the publica-
tion of Keller and Barnes. With regard to the fractures, purely 
on a radiological basis all one could conclude, according to 
Slovis and Chapman, was that they were present. It was 
remarkable that one child showed a spinal fracture which 
Keller and Barnes contributed to rickets, although in the lit-
erature there are no cases found, in which spinal fractures 
were attributed to rickets. This does not exclude the possibil-
ity, but it does not make it very probable either.

In 2009 Feldman wrote a letter to the editor of Pediatric 
Radiology, in which he explained his involvement in 3 of the 
4 cases (cases 1, 2, and 4) that were presented by Keller and 
Barnes in their commentary [74]. At the end of the letter, 
Feldman stated: “Neither Dr. Keller nor Dr. Barnes provided 
clinical care to these children. All the cases came to them as 
defense witnesses in the legal system. It is a serious breach of 
research bias for them to not disclose the source of their case 
material in their article. Likewise, both physicians are active 
as defense witnesses in child abuse cases. It is a serious 
breach of conflict of interest to not disclose in their article 
that they profit personally from promoting the existence of 
congenital rickets as legitimate disease and as an explana-
tion for multiple fractures in young infants.”

Feldman also mentioned the verdicts in the cases: “In case 
2 the dependency judge ruled that the child had been abused 
and opined that there was sufficient evidence for a criminal 
conviction. In case 4 the child was ruled in dependency court 
to have suffered abuse and in criminal court the child’s father 
was convicted of the abuse. Case 3 was placed in a relative’s 
care under court-ordered dependency. In case 1 the depen-
dency judge ruled in favor of the parents, largely on the basis 
of Dr. Keller’s testimony and quirks of how the trial pro-
ceeded. A different judge heard the defense’s case about a 
half-year after the state’s case was presented. There was no 
opportunity to present rebuttal of Dr. Keller’s testimony.”

Feldman concluded, concerning the lack of information 
given by the authors about the court procedures: “In any 
case, it is a serious breech of ethical disclosure, even if Keller 
and Barnes disagreed with those outcomes, to assert in their 
article that these cases prove the existence of congenital 
rickets as a cause of infant fractures, without disclosing that 
bodies as significant as the trial courts deemed their opin-
ions to be incorrect.”

The suspicion of Jenny and of Slovis and Chapman, that 
the Keller and Barnes cases were provided by lawyers and/or 
came from civil and criminal court procedures, turned out to 
be correct, as shown by Feldman and, in response to the let-
ter of Feldman, admitted by Keller and Barnes: “The four 
cases in our rickets vs. abuse commentary indeed represent 
alleged child abuse cases that we reviewed on behalf of the 
defense” [74, 75].

In court procedures, concerning suspicion of non- 
accidental trauma in children, fact finding is of the utmost 
importance. In case of court procedures judicial evidence to 
the benefit or detriment of the accused, which is based on the 
findings in a (forensic) medical evaluation (medicine-based 
evidence), should be scientifically sound and preferably evi-
dence based. If partially or completely based on case reports 
the information in the case reports should be undisputed and 
easy to evaluate by a medically trained outsider on the basis 
of the information described in the case report. No informa-
tion, vital to a proposed diagnosis (in this situation rickets), 
should be missing.
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The discussion between Keller and Barnes on the one 
hand and Feldman on the other, concerning the findings in 
the cases, the interpretation of the findings and the outcome 
of the court procedures, does not offer enough information to 
reliably and objectively interpret the findings in the cases as 
described by them (initially and in response), without choos-
ing sides in the discussion.

In other words, it is not possible, based on the information 
in the case reports, to establish all (forensic) medical facts in 
the cases, described by Keller and Barnes, except that these 
cases came from court procedures, that all cases concerned 
children with fractures, and that Keller and Barnes (as expert 
witnesses for the defense) disagreed with Feldman (as expert 
witness for the prosecution) about the circumstances under 
which the fractures were sustained. This way of selecting 
cases to proof an alternative explanation greatly increases the 
risk of selection bias and makes correct interpretation of the 
data impossible.

Because of this, Greeley’s statement in response to a 2010 
case report by Barnes et al. seems already to be valid in 2008 
concerning this commentary by Keller and Barnes: “Theories 
appear to have been created not with a clinical gap to fill, but 
explicitly to be used in court—to be “backwards compati-
ble” from the courtroom into clinical relevance” [43, 44].

In 2009 Strouse stated in an editorial in Pediatric 
Radiology, concerning the discussion, that arose in response 
to the commentary by Keller and Barnes: “With the letters to 
the editor from Feldman and Keller and Barnes, we hereby 
conclude this foray into the abyss of vitamin D deficiency, 
rickets and child abuse. Further debate is welcomed in your 
local coffee house, conference room, an online chat room or 
other chosen arena” [74–76]. After this statement Strouse 
returned to the only facts, that can be used in a forensic pedi-
atric evaluation and were, at the time of publication of the 
editorial, evidence based and not hypothetical:

• “There is a pandemic of vitamin D deficiency in the world. 
Evidence of widespread vitamin D deficiency in women of 
childbearing age is irrefutable. The significance of the 
maternal deficiencies to their infants is not fully 
determined.”

• “There is no concrete evidence in the literature that vita-
min D deficiency in infants younger than 6 months of age 
renders them susceptible to the same types of fractures as 
have been accepted to bear high specificity for child 
abuse.”

He concluded the editorial with:

• “Agree or disagree, Keller and Barnes have set forth a 
hypothesis in their commentary and the following letter. It 
is an unproven hypothesis.”

In 2012, Slovis et al. wrote in an editorial about inflicted 
head injury in children the following [77]:

• “... There is no scientific evidence to connect vitamin D 
levels to fractures in the fetus or neonate.”

• “The vitamin D level is being used by some to obscure the 
difference between vitamin D insufficiency/deficiency and 
rickets—a bone disease defined by biochemical and 
radiographic features. The National Institute of Medicine 
has declared that >20 ng/ml of the 25-OH form of vitamin 
D is adequate for bone health; in other words, children 
with greater than this level do not suffer fractures due to 
vitamin D deficiency [78]. There is no scientific evidence 
to establish fractures as being secondary to rickets with-
out the concomitant biochemical profile and radiographic 
or histological bone changes of rickets.”

In 2013, 5 years after the original commentary, Strouse 
stated in Pediatric Radiology [79]:

• “So what has happened in the 5 years since “Keller & 
Barnes” was published?

• Since 2008, neither Keller nor Barnes has published an 
academic work on rickets, vitamin D deficiency, or radi-
ography of child abuse. Nothing.

• Looking broadly beyond Keller and Barnes, since 2008 
no study in the literature has shown that fractures consid-
ered to be highly specific for child abuse are caused by 
vitamin D insufficiency or deficiency.”

• “To the contrary, since 2008 there have been studies that 
serve to refute the hypotheses of “Keller & Barnes” 
[80–82].

• “The hypotheses set forth in “Keller & Barnes” thus 
remain hypothetical and unsubstantiated.”

• “Perhaps better stated, the hypotheses of “Keller & 
Barnes” have been disproved. Whether in legal proceed-
ings or in medical literature, it is inexcusable and inap-
propriate to cite “Keller & Barnes,” particularly without 
simultaneously citing the accompanying commentary by 
Slovis and Chapman [2] and the subsequent commentary 
by Feldman [5]. To do so is deceptive. Moreover it is 
deceptive to cite “Keller & Barnes” without the context 
provided by the subsequent studies noted in the previous 
paragraph.”

• “Our understanding of metabolic bone disease in infants 
continues to improve. The commentary by Keller and 
Barnes made us pause to learn more. Otherwise, it 
changed nothing.”

As earlier mentioned in this book, the ascertainment of 
non-accidental trauma in children is team work, and not a 
result that by itself is pathognomonic for the ascertainment. In 
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the cases that were presented by Keller and Barnes, relevant 
data enabling adequate evaluation are absent. Missing relevant 
data included the presence of other signs of trauma, indicative 
dating of fractures or indications for accidental trauma.

Finally, it is important to realize that, even if one assumes 
that the children, that were reported by Keller and Barnes, 
were indeed suffering from congenital rickets, this in itself 
does not exclude child abuse.

15.3.2.3  Other Publications Concerning Rickets 
Versus Child Abuse

Although the commentary of Keller and Barnes cannot with-
stand the critical test with regard to the description of the 
four cases and the link between rickets and non-accidental 
trauma, it still is cited in court cases. In the meantime several 
new articles have been published in which the hypothesis of 
Keller and Barnes is more or less repeated, again without 
sound scientific evidence and/or acceptance by the medical 
scientific community. Consequently, any person involved in 
child protection or in forensic pediatrics should be familiar 
with these articles and the related comments.

In 2020 Strouse stated in an editorial concerning inflicted 
head injury in children [83]: “Others have put forth rickets 
and vitamin D deficiency as an explanation for the skeletal 
findings of child abuse even though such findings are clearly 
not caused by rickets. Such claims are pure fabrication” [53, 
84, 85].

In the article by Ayoub et al., to which Strouse referred, 
the (what Ayoub et al. called) hypothesis was reviewed that 
metaphyseal lesions would represent traumatic changes in 
abused infants by evaluating nine classic metaphyseal lesion 
(CML) studies, which were performed by the same principal 
investigator. They also compared these lesions with the find-
ings in healing rickets [84]. They concluded that the hypoth-
esis that classic metaphyseal lesions are secondary to child 
abuse was/is poorly supported by the findings in the evalu-
ated studies. According to Ayoub et  al., the histologic and 
radiographic features of CML are similar to healing infantile 
rickets and until classic metaphyseal lesions are experimen-
tally replicated and independently validated, their traumatic 
origin remains unsubstantiated. Miller, one of the authors of 
the original 2014 Ayoub et al. article, and Mirkin repeated 
the message, formulated in the 2014 article in an article in 
Medical Hypotheses [86]. Miller also was the first author of 
a 2019 article: “Findings of metabolic bone disease in infants 
with unexplained fractures in contested child abuse investi-
gations: a case series of 75 infants” [87].

The before mentioned publications and other publications 
concerning “rickets/metabolic bone disease versus child 
abuse” were and still are heavily criticized in the medical 
literature, just like the 2008 Keller and Barnes commentary 
[54, 88]. The reader is referred to the relevant literature, 
because it is impossible to summarize all criticism, concern-
ing, e.g., the misrepresentation of the professional back-

ground of participating scientists in the literature, that is 
evaluated by Ayoub et  al., and the omission of relevant 
evidence- based medical literature in their evaluation [89–
94]. However, the article and conclusions of Ayoub et  al. 
were not only criticized in the medical literature. The views, 
concerning rickets, as described by Keller and Barnes or 
later by Ayoub et al. have also been tested for their scientific 
value and their reliability as “judicial” evidence in a number 
of court cases. Especially the judiciary way of reasoning is 
well exemplified in the following two court cases:

Court Case 1
In 2018 Ayoub and Miller testified as expert witnesses for the 
defense before M.F. Andrews, Circuit Judge, in the Circuit 
Court of the sixth judicial circuit of the State of Florida in 
and for Pinellas County criminal division [95]. This case 
dealt with a motion by the defendant for post-conviction 
relief.

According to the verdict by judge Andrews, the defendant 
“raised a single claim of newly discovered evidence based on 
a scientific article published in a medical journal in january 
2014 by doctors Ayoub et al. [84] and an opinion rendered by 
dr. Miller on February 10, 2015, based on the 2014 article 
and a review of K.D.’s medical history. Defendant alleged 
that he is entitled to a new trial because the 2014 article and 
dr. Miller’s report establish that the victim’s injuries in this 
case were the result of an undiagnosed medical condition, 
such as a metabolic bone disease, scurvy, rickets, copper 
deficiency, or maternal use of drugs, rather than child 
abuse.” … “Defendant alleges that if the jury had the benefit 
of this ‘unequivocal diagnosis’, the trial would have resulted 
in an acquittal.”

On page 4 of the verdict Miller is cited: “Particularly, dr. 
Miller indicated that the lack of bruising on K.D. is inconsis-
tent with the allegation of violent handling of the baby; stat-
ing that violent handling of a baby is often expected to 
compromise the integrity of the skin, leading to a bruise, 
when a bone is broken by severe trauma. Dr. Miller opined 
that the lack of bruising in combination with the large num-
ber of fractures is the result of bone fragility rather than 
trauma. Dr. Miller opined that the lack of internal lung injury 
in light of the multiple rib fractures suggests that the physi-
cal forces that caused the rib fractures were not excessive 
and that some of the healing rib fractures could have been 
from the birthing process. Dr. Miller indicated that based on 
his own study, CML’s are not really fractures, but rather 
findings of metabolic bone disease.”

On page 6 of the verdict Ayoub is cited: “He indicated 
that he is an expert in diagnostic radiology and had testified 
as an expert in rickets twice. he testified that he has testified 
for the defense around 80 times. He testified that he sees 
metabolic bone disease nearly every day in his regular prac-
tice. He testified that he has reviewed around 1,500 known 
cases of rickets in his career. He further testified that he 
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reviews between 70 and 250 x-rays per day. In preparation 
for this case, dr. Ayoub testified that he reviewed digitized 
versions of K.D.’s x-rays, taken between April 5, 1993 and 
May 1994.”

Page 9: “Dr. Ayoub testified that he compared K.D.’s 
x-rays to known metabolic bone disease x-rays, and he saw 
signs of metabolic bone disease in K.D.’s x-rays. More spe-
cifically, he indicated that he saw signs of healing fractures 
in K.D.’s x-rays. He testified that a feature of bone fragility 
disorders is that normal handling could cause bone frac-
tures. He testified that K.D. had healing infantile rickets, as 
well as possibly a copper deficiency.”

‘Dr. Ayoub testified that it is possible for a child with 
infantile rickets to also be abused. He believes that there are 
true fractures and signs of metabolic bone disease. .... He 
testified that the pattern of injuries is consistent with meta-
bolic bone disease.’

On page 10 Miller is cited again: “He conceded that he 
has testified around 100 times as an expert and has only tes-
tified for the defense. He testified that in each of those cases, 
there was another explanation for the injuries other than 
child abuse.”

On page 19 and 20 of the verdict the judge examined the 
credibility of expert witnesses. The judge stated: “.... The 
court was presented with two defense witnesses, drs. Ayoub 
and Miller, who this court cannot believe were objective in 
their testimony. Between the two of them, they have testified 
in nearly two hundred cases where there was alleged child 
abuse. Collectively they have reviewed thousands of x-rays. 
And yet, not once, in nearly two hundred cases, has either 
defense expert found a case where child abuse was the cause 
of the child’s injuries. In the years each has served as expert 
witnesses there has not been one case of broken arms, ribs, 
clavicle, legs or fractures of the skulls, which either doctor 
has found to be the result of child abuse. The revelations 
exceed the limits of credulity. Dr. Ayoub admits that of the 
thousands of cases he has reviewed, the only cases of child 
abuse he has seen in his practice are accompanied by an 
admission from the abuser or observation by a witness. In 
other words, he is predisposed to find that no matter how 
severe the injury, unless there is a witness to the abuse or an 
admission by the abuser, there must be some other cause of 
the child’s injuries. The revelations explain why both doctors 
are frequent defense witnesses. It also explains why neither 
has ever testified for the prosecution. This court is chal-
lenged to believe that any jury, presented with these revela-
tions, would believe that either doctor’s opinion are credible. 
‘(S)cientific recognition requires the testimony of impartial 
experts or scientists.…”

Page 20: “.... It is clear from the testimony of various 
experts participating in the evidentiary hearing, that meta-
bolic bone disorder is not selective or regional. Throughout 
the hearing testimony of rickets and a possible copper defi-
ciency, the Court was never advised of any studies that iso-

late such disorders to one side or one region of the body. Yet, 
K.D.’s injuries were exclusively confined to his left side. It 
again stretches the limits of credulity that possible bone dis-
eases drs. Ayoub and Miller ascribe to K.D. were unlike bone 
diseases that afflict any other person especially any other 
infant in that they were confined to one side of K.D.’s body. 
.... Even if rickets, copper deficiency, or some other meta-
bolic bone disorder could have afflicted K.D. at the time of 
various injuries, none of the various explanations account 
for the injuries being on one side of K.D.’s body.”

Page 21: “.... In fact, there was no evidence presented 
either at trial or at the evidentiary hearing that K.D. suffered 
any nutritional deficiencies. After K.D. was removed from 
the care of the defendant, the child suffered no further inju-
ries further undermining the theory of K.D. having brittle 
bones or vitamin D deficiency.”

Page 23: “.... The alleged newly discovered evidence 
authored by drs. Ayoub and Miller has been published since 
2014, and both admit that their theory had not generally 
accepted in the scientific community.”

“The evidence presented at hearing and already discussed 
herein establishes that both drs. Ayoub and Miller testify 
exclusively for the defense. The evidence also shows that nei-
ther is objective in their analysis of the evidence finding no 
case of actual child abuse where there is not a confession or 
witness to the abuse. Because both drs. Ayoub and Miller 
testify exclusively for the defense it is clear that there are 
other incentives for the testimony they offer. .... This Court 
can not say that either dr. Ayoub or dr. Miller is an impartial 
expert. ….”

On page 24 and 25 of the verdict Circuit Judge Andrews 
concluded: “Both drs. Ayoub and Miller concluded that it is 
possible for a child with a metabolic bone disease to also be 
abused. Dr. Ayoub specifically testified that he could not 
exclude child abuse from this case. .... Both drs. Ayoub and 
Miller conceded that their opinion as stated in the 2014 arti-
cle is not generally accepted in the medical community. They 
both testified that the medical community still relies on dr. 
Kleinman’s textbook and the opinion that CML’s are highly 
specific to child abuse. Thus, the opinion of drs. Ayoub and 
Miller is clearly a fringe opinion and would be inadmissable 
or, if admitted, likely unpersuasive when compared to the 
generally accepted opinions and evidence presented at the 
original trial. Both doctors would have to concede that their 
opinion is essentially rejected by the rest of the scientific 
community. Additionally, a differential diagnosis alone is 
insufficient to prove causation….”

Court Case 2
Ayoub also testified in 2018 in the United Kingdom in the 
family court before Lord Justice Jackson, sitting as a Judge 
of the Family Court at the Royal Courts of Justice [96]. In 
this court applications were made to discharge a care order 
and to reopen settled findings of non-accidental injuries. 
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Ayoub, as expert witness for the defendant, stated (section 23 
of the judgement): “That C suffered from metabolic bone dis-
ease is beyond certain.” The judge raised a number of con-
cerns about the evidence given by Ayoub. In his judgement, 
the judge motivated these concerns in sections 33–45 of the 
judgement as follows:

‘33. Dr Ayoub is a general radiologist practising in 
Springfield, Illinois. ....

34. Dr Ayoub accepted the proposition that his clinical prac-
tice concerns adults and his legal work concerns babies. 
He has never trained in pediatric radiology and his clini-
cal work does not include infants (children under 1 year 
old). He has seen just one case of severe rickets in his 
clinical practice. By contrast, his legal work, stretching 
back over 10 years, is entirely focussed on infants. This 
involves him in writing reports and giving evidence, 
always for the defense, in cases where adults have been 
accused of causing fractures in infants. 70% of these 
cases are civil, the remainder criminal. This is unpaid 
work that he performs out of an avowed conviction that 
many cases of alleged child abuse are misdiagnosed and 
are in fact cases of metabolic bone disorder, particularly 
rickets, which he described as “vastly underdiagnosed”. 
He considers that he has an ethical duty to correct this 
situation. When I asked him where he considered his 
views would be considered controversial, he said that they 
would to those who are unaware or ignorant of the pub-
lished support for them.

35. Dr Ayoub stated that he is sent 3–5 legal cases every 
week to consider, has been consulted in about 500 cases, 
has written approximately 200 court reports and has 
appeared approximately 80 times as a witness in proceed-
ings in the United States. He has been engaged in two 
other cases in this country and one in Sweden. In every 
case in which he has written a report, he has expressed 
the opinion that the child in question suffered from a met-
abolic bone disorder. In a television interview given in 
about 2010, he said this: “I’ve not seen any high-risk 
family. I don’t believe any case of fractures I’ve seen has 
been as a result of real physical child abuse, that it’s 
metabolic.”

36. ... (list of letters and articles by Ayoub).
37. Those working in the field will recognise the references to 

Dr Colin Paterson, proponent of the theory of temporary 
brittle bone disease, who was criticised by Singer J in Re 
X (Non-accidental Injury: Expert Evidence) [2001] 2 
FLR 90 and who was struck off the medical register in 
2004, and to Dr Charles Hyman, the California paedia-
trician, whose approach as an expert witness was the sub-
ject of criticism by Cobb J in Re AD and AM (above). Dr 
Ayoub said that he knows and sympathises with Dr 

Paterson and also with Dr Andrew Wakefield, whose views 
on the effects of childhood vaccination led to him being 
struck off the medical register in 2010.

38. Dr Ayoub’s forensic work has not surprisingly attracted 
public attention in the United States, and he regularly 
speaks publicly on how in his view metabolic bone condi-
tions, such as rickets, mimic child abuse.

39.-41. ...
41. Dr Ayoub’s involvement arose from an approach by the 

parents themselves ahead of their criminal trial. He 
knows that there are rules governing the terms on which 
experts give evidence in our courts, but he did not profess 
to know what they contain.

42. It is not seriously disputed between the parties that if the 
Family Court had been asked to approve the prior instruc-
tion of Dr Ayoub as an expert witness, it would have been 
unable to do so. There are two fundamental reasons. 
Firstly, he does not have the necessary expertise to offer 
an opinion to a court on the origin of radiological appear-
ances in infants, particularly pre-term infants, as they are 
a patient cohort of which he has no clinical experience. 
Secondly, his approach is shot through with the dogma 
that child abuse is over-diagnosed. It does not matter for 
this purpose whether he is right or wrong. The expert with 
a scientific prejudice may perform a service to science by 
asking questions that challenge orthodoxy, but be unsuited 
to be an expert witness, a role that requires objectivity 
when giving answers.

43. Nothing in Dr Ayoub’s evidence in the present case led 
me to a different view. He made himself available at an 
early hour at personal inconvenience and gave his evi-
dence in a serious manner. However, his evidence was 
characteristic of his general approach. Having taken up a 
position, he advanced it with the tenacity of an advocate 
and was dismissive of alternative possibilities. He enter-
tained no doubts about the correctness of his opinion, a 
dangerous mindset for any expert witness.

44. I therefore conclude that the family or criminal courts in 
England and Wales are unlikely to find that Dr Ayoub 
meets the requirement that an expert witness must be 
objective and unbiased. At all events, if it is proposed that 
he should give evidence in any future case concerning 
fractures in infants or young children in this jurisdiction, 
the relevant court should be made aware of the matters 
contained in this judgment.

45. Here however, his evidence has been heard and I will 
refer to it as appropriate.’

Concerning the possibility of alternative explanations for 
the findings, the judge stated in section 123–125 of his 
judgement:
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“Rickets:
• 123. The possibility that C suffered from healing rickets 

was fully considered in 2014/2015. Now, Dr Ayoub alone 
argues that the diagnosis should be made, along perhaps 
with copper and vitamin C deficiency. I do not accept this 
view. It is contradicted by all the other witnesses and has 
no sound radiological or biochemical foundation.

Scurvy:
• 124. I remain satisfied that C did not suffer from scurvy. 

There is no biochemical or radiological support for this 
theory, and such assay results as there are speak against 
it. Given the vitamin C that was being administered to C, 
it is extremely improbable that he was deficient.

Copper Deficiency:
• 125. Based on the normal copper level result and the lack 

of clinical signs of this rare haematological condition, 
there is no support for Dr Ayoub’s opinion that this may 
be a feature of C’s condition.”

15.3.2.4  The Scientific Evidence Concerning 
Rickets Versus Child Abuse

Publications like these and defense expert witness presenta-
tions in court have led to studies into the relationship between 
vitamin D levels and fracture risk, the radiological findings in 
children with low vitamin D levels, and the difference between 
metaphyseal corner fractures and ricketsian metaphyseal fray-
ing. In Sect. 15.3.2.1, the relationship between vitamin D lev-
els and fracture risk has been dealt with extensively.

The second question to answer could be if a lower vitamin 
D serum level leads to radiological findings consistent with 
rickets (Fig. 15.1a–c). Servaes et al. studied 79 infants with 
fractures with subsequent skeletal survey, median age 
4 months, with a vitamin D level ranging 11.6–88.9 ng/mL 
and which was low (<30 ng/mL) in 27 infants [97]. On radio-
graphic imaging questionable demineralization was seen in 
seven infants and mild to moderate demineralization in four. 
In seven infants widening of the sutures, claimed by the pro-
tagonists of D deficiency as an alternative to skeletal abuse 
most easily recognized feature of rickets, was present. 
However, in four children intracranial hemorrhage was pres-
ent which can also lead to widening of the sutures. There 
were no cases with metaphyseal changes. The authors con-
cluded that although in their population of infants subopti-
mal vitamin D levels were frequently found but that 
radiographic evidence of rickets is uncommon.

Perez-Rosello et al. studied radiographs of the wrists and 
knees of 40 infants, aged 8 to 24 months, with a vitamin D 
level under 20  ng/mL [81]. All radiographs were scored 
using the Thatcher scale by experienced pediatric radiolo-
gists [98]. The radiologists found radiological findings in 
keeping with rickets in 2 infants (5%, interrater agreement 
65%, k = 0.33) and signs of demineralization in 2 infants 
(5%, interrater agreement 70%, k = 0.37). The authors con-
clude that “When an otherwise healthy infant or toddler 
presents with unexplained fractures and vitamin D defi-
ciency and radiographic and biochemical markers are 
absent, rickets is an unlikely explanation for the osseous 
injuries.”

a b c

Fig. 15.1 Radiological finding in rickets of the knee compared to nor-
mal and CML. (a) Rickets in a 6-week-old premature infant. The metaph-
yseal margins are irregular and unsharp defined, osteopenia with 

coarsening of the medullary trabeculae and undermining of cortical bone. 
(b) Normal infant for comparison. (c) Infant after non-accidental injury 
with CMLs: corner fractures (femur and tibia) and bucket-handle (tibia)
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The final question is whether rickets indeed radiologically 
mimic fractures as seen in child abuse, e.g., metaphyseal cor-
ner fractures, or should radiologists be able to tell the 
difference.

In a commentary in Pediatric Radiology, Oestreich pre-
sented the clear differences between the two radiological 
findings and summarized his commentary as follows: “If 
there is suspicion of rickets at the end of a tubular bone one 
must carefully evaluate all of the imaged bones. If the 
metaphyseal collars of Laval-Jeantet are intact and if the 
zones of provisional calcification are calcified, then the child 
does not have rickets. Rickets is systemic and symmetrical; 
classic metaphyseal fractures are not. Patterns of fracture 
considered to be of high specificity for child abuse are dis-
tinctly different from healing rickets and this should not be 
denied” [99].

Perez-Rosello et al. studied post-mortem radiologic and 
histopathologic data from 9 infants, mean age, 3.9 months 
(age range, 1–9 months), who died of possible non- accidental 
trauma and who met the following inclusion criteria: (a) The 
medical examiner determined that the infant had sustained a 
head injury and that the manner of death was a homicide, (b) 
at least one CML was evident at skeletal survey, (c) CMLs 
were confirmed at autopsy, and (d) non-CML fractures were 
also present [100]. In this population a total of 72 fractures 
were found and there were no cases with radiological find-
ings consistent with rickets.

Another approach was taken by Chapman et  al., who 
studied a group of 45 infants, age range of 2–24 months, with 
nutritional (N = 32), congenital (N = 4), or secondary (N = 4) 
rickets [82]. In 7 children, all with nutritional rickets, frac-
tures were diagnosed on radiography in all cases overt radio-
graphic evidence of rickets was present. The fractures all 
were structural insufficiency fractures and in none of the 
infants fractures with a high sensitivity for child abuse, i.e., 
metaphyseal corner fractures, posterior medial rib fractures, 
skull fractures, or vertebral fractures, were seen.

Kepron and Polanen looked at the histology of rickets 
versus child abuse related fractures [101]. In their publica-
tion they present a good overview of both the histologic and 
the radiologic differences between fractures in general, 
metaphyseal corner fractures and rickets. Based on their 
study they concluded that “The maturation disturbance in 
the growth plate that occurs in rickets is a distinctive entity 
that cannot be confused histologically with healing frac-
tures, including the classical metaphyseal lesion.”

Finally, with respect to the publication by Keller and 
Barnes we would like to quote Strouse, editor-in-chief of 
Pediatric Radiology, who in an editorial, published 5 years 
after the publication by Keller and Barnes stated “Perhaps 
better stated, the hypotheses of “Keller & Barnes” have 
been disproved. Whether in legal proceedings or in medical 
literature, it is inexcusable and inappropriate to cite “Keller 

& Barnes,” particularly without simultaneously citing the 
accompanying commentary by Slovis and Chapman and the 
subsequent commentary by Feldman [66, 74]. To do so is 
deceptive” [79].

15.3.3  Vitamin C Deficiency, Vaccinations, 
and Fractures

Despite the overwhelming scientific evidence that congenital 
or acquired vitamin C deficiency in the Western industrial-
ized world can be considered to be a virtually non-existing 
medical condition, some “expert witnesses” still maintain 
that vitamin C deficiency in infants can result in clinical find-
ings resembling either the findings in inflicted head injury 
(often referred to by these authors as “shaken baby syn-
drome”) or resembling fractures due to non-accidental 
trauma without the presence of other signs or symptoms of 
vitamin C deficiency. According to these “expert witnesses” 
the deficiency often is congenital or vaccine induced.

As already stated, congenital vitamin C deficiency in neo-
nates, due to vitamin C deficiency in pregnant women, does 
not exist. Vitamin C deficiency, whether or not vaccine 
induced, was introduced in the courtroom around the turn of 
the century as an alternative explanation for the occurrence 
in children of subdural and retinal hemorrhages, and (often) 
multiple fractures.

In 2002 Clemetson published an article in “Medical 
Hypothesis” with the title: “Barlow’s disease” [102]. The 
summary of the article was as follows: “The classical form of 
Barlow’s disease or infantile scurvy, with bruises, broken 
bones and sores that will not heal, is rarely seen today, but it 
seems to be reappearing under a different guise, when infants 
with borderline vitamin C depletion are assaulted with too 
many inoculations at one time. Moreover, it is now some-
times mistakenly diagnosed as child abuse.” According to 
Clemetson: “Subdural hemorrhages, multiple bone fractures 
and subperiosteal hemorrhages do occur in infantile scurvy, 
but all too often now the subperiosteal hemorrhages lifting 
the growing sheath right off the bone, are thought to be the 
result of fractures, instead of being recognized as revealing 
their cause. Even this X-ray finding, formerly known as being 
characteristic of the healing phase of infantile scurvy, is now 
often said to be indicative of child abuse.” As a reference for 
this statement he used an article by Barlow, published in 
1883, and a book by Hart & Lessing, published in 1913 [103, 
104].

In this article Clemetson related to a court case, in which, 
according to Clemetson, the findings in a child (bruises in the 
orofacial region and on the scalp, cerebral edema, subdural 
hemorrhages, healing fractures at costochondral junctions of 
the fifth, sixth, and seventh ribs on the left side and a fracture 
of the tenth rib which may have occurred as a result of han-
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dling during the autopsy—cited from Clemetson, 2002) and 
the resulting death could be explained as “concatenation of 
unfortunate circumstances causing vitamin C deficiency and 
capillary fragility” in a premature child after inoculations.

Clemetson added a critical addendum to his article: 
“While it is readily appreciated that histaminemia due to 
inoculations, when added to the histaminemia of borderline 
ascorbic acid depletion, could cause endothelial damage 
leading to bleeding into the tissues, one would not expect 
bone fragility until and unless there were an almost complete 
deficiency of this vitamin. The explanation most likely is that 
the escape of blood into the tissues soon causes hemolysis 
and hemolysis rapidly destroys ascorbic acid, leading to 
frank scurvy.”

In fact, Clemetson did not give any proof, only hypothe-
ses, for the statements in his 2002 article and admitted in this 
addendum, that there was no scientific evidence, concerning 
the statements.

As already mentioned before, in 2014 Greeley stated, 
concerning courtroom diagnoses like the vitamin C defi-
ciency hypothesis of Clemetson: “Theories appear to have 
been created not with a clinical gap to fill, but explicitly to be 
used in court—to be “backwards compatible” from the 
courtroom into clinical relevance.” This is what already hap-
pened in the 2002 Clemetson article. Clemetson stated, con-
cerning the conviction of the father of the deceased child, as 
follows: “If there is any justice in this world .. (the father) 
should be released from prison and so should all others 
falsely accused of child abuse.”

In 2004 the father was released after an evidentiary hear-
ing, in which the judge overturned the conviction of the 
father, partially because of the acceptance by the court of the 
still unproven hypotheses concerning possibly vaccine- 
induced vitamin C deficiency. Other alternative explanations 
for the occurrence of the findings in the deceased child, that 
were not proven in 2004 and still are not proven in 2014, 
used in the hearing were [105, 106]:

• An adult male cannot generate the needed force by shak-
ing alone, without impact.

• Six vaccines at once, while ill, 13 days prior to the fatal 
event.

• Vomiting with aspiration.
• Shaking cannot produce unilateral retinal hemorrhages, 

as observed in the deceased baby, for biomechanical 
reasons.

• Late hemorrhagic disease of the new-born.
• Four “probable” healing rib fractures of various ages with-

out any bruising or damage to the lung. According to one 
of the expert witnesses in the hearing each traumatic frac-
ture has a 75% probability of damaging the lung, he stated. 
Thus, the probability that four independent traumatic frac-
tures will not damage the lung is [0.25]4 or 0.4%).

• The improbability of breaking just one rib in each of four 
presumed episodes of violent squeezing.

• Temporary brittle bone disease and vitamin C deficiency 
as explanation for the rib fractures.

The 2002 article of Clemetson was published in Medical 
Hypothesis. “Medical Hypotheses” is a journal, that was 
founded in 1975 and is published by Elsevier. In the begin-
ning it was intended as a forum for unconventional ideas in 
medicine and in related biomedical sciences without the tra-
ditional filter of “peer review” being applied to these ideas. 
This means that a check of the scientific basis and thus the 
scientific value of the hypotheses in the articles was not 
tested by other scientists. The only condition for placement 
was that the ideas had to be coherently and clearly expressed. 
In this way, the magazine wanted to provide a platform to 
discuss controversial topics off the beaten path. A striking 
example of, according to the editor, a coherently and clearly 
expressed unconventional idea is found in an article by 
Flensmark, who presented a hypothesis that an association 
does exist between the use of heeled footwear and the occur-
rence of schizophrenia [107]. Medical Hypothesis was 
Elsevier’s only magazine that was not subject to peer review 
prior to publication. The editor was of the opinion that full 
responsibility for the content and the integrity of the content 
rested with the authors. This policy was only amended in 
2010, due to a scandal concerning AIDS denialism, and the 
journal now uses, forced by Elsevier, review by the editor 
and by external reviewers since 2010. This is called by the 
journal a “Medical Hypotheses custom-made review sys-
tem” [108]. Despite the fact that Clemetson kept repeating 
his ideas about vitamin C deficiency, he never gave any sci-
entifically sound proof for his hypothesis [109–114]. In 2006 
Clemetson even stated: “The hypothesis that subdural hem-
orrhages, retinal petechiae, and spontaneous fractures of the 
ribs and long bones can occur as an early variant of scurvy 
at about 8 to 10 weeks of age has not been adequately stud-
ied, and, therefore, has not been disproven” [115]. This state-
ment is a typical example of a reversal of the burden of proof, 
which, according to accepted scientific standards, rests on 
the person who formulates a hypothesis and not on the per-
son who contradicts the hypothesis: “I do not have to proof 
my hypothesis. If you cannot proof that my hypothesis is 
incorrect, it must be right.”

Several other authors used and still use Clemetson’s 
unproven hypotheses to explain the occurrence of certain 
physical findings, like hemorrhages (intracranial and reti-
nal), fractures and bruises in children, suspected to be sus-
tained due to non-accidental trauma [116–122]. Just like 
Clemetson, these authors did not provide scientific evidence, 
but just shared their personal beliefs about vitamin C.

Nevertheless, one of these articles (Innis 2006) was used 
in the 2016 SBU report about “shaking” as scientific evi-
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dence that subdural hematoma or brain edema could occur 
due to vaccine-induced vitamin C deficiency [116]. The 
authors of the SBU report did not mention or perhaps even 
did not notice that vaccine-induced vitamin C deficiency not 
only was (and still is) an unproven hypothesis, but like tem-
porary brittle bone disease, in fact a non-existing medical 
condition, despite the fact that subdural hematoma, retinal 
hemorrhages, and fractures have been described to occur due 
to vitamin C deficiency (but never without the presence of 
more classical symptoms of vitamin C deficiency).

15.3.4  Ehlers–Danlos Syndrome

In recent years there has been a debate, not in the medical 
literature, but almost exclusively in the media (lay press, 
blogs and non-medical websites) and in court where experts 
for the defense proposed Ehlers–Danlos syndrome (EDS) as 
an alternative explanation in cases in whom it was suspected 
that a child sustained fractures due to non-accidental trauma 
[35, 123–125]. Ehlers–Danlos syndrome (EDS) is not a sin-
gle connective tissue disorder, but consists of a group of rela-
tively rare genetic disorders, caused by a defect in collagen 
synthesis and characterized by, among other, hyperelasticity 
of the skin, joint hypermobility, and tissue fragility [126, 
127]. This group of connective tissue disorders is currently 
classified in a system of 13 subtypes (Table 15.2) [128]. The 
exact prevalence of EDS is not known. The overall preva-
lence of Ehlers–Danlos syndromes is estimated to be 1  in 
2500 to 1 in 5000 people, of which hypermobile EDS prob-
ably is the most common genetic connective tissue disorder, 
followed by vascular EDS and classical EDS [128].

In this group of disorders, not only the integrity of the 
connective tissue collagen is affected, but also of the vessels 
[130, 131]. Due to this vascular fragility, minimal trauma can 
cause faster and more extensive bleeding, due to damage of 
the vessels (especially the capillaries) in the subcutaneous 
connective tissue than in children without EDS. Symptoms 
of EDS can already be present in infancy but will usually be 
more prominent at a toddler’s age. Referral to a specialized 
(pediatric) dermatologist is advocated in suspected cases.

15.3.4.1  Ehlers–Danlos Syndrome 
and Suspected Non-Accidental Trauma

Unexplained bruising, soft tissue injuries, and dislocations 
can be due to non-accidental trauma, but can also be occurred 
to varying degrees in the different types of EDS, and to dif-
fering degrees between individuals with the same form of 
EDS [132]. The increased risk of damage to the vessel wall 
in minor trauma and the resulting often extensive bleeding in 
the subcutaneous connective tissue may lead to suspicions of 
non-accidental trauma, especially in undiagnosed children. 
Suspicions of inflicted cutaneous injuries due to the presence 
of extensive bruises and striking scars (“cigarette paper tis-
sue scars”) have been described regularly in children with 
EDS, most commonly in children with classical EDS, but 
also in vascular EDS [133–140]. In neonates and infants, 
intracranial hemorrhages have been described as case reports 
in certain types of EDS (vascular, kyphoscoliotic, dermato-
sparaxis) [141–145].

In 2015 Castori pointed out that extensive or severe muco-
cutaneous injuries after only a minor trauma in children in 
EDS could be confused with inflicted injuries [125]. He also 
draw attention to the possible association of Ehlers–Danlos 
syndrome and bone fragility, as was posed by lay people in 
the period before 2015. He stated that:

• “The existence of a true increased risk of fracture in 
Ehlers-Danlos syndrome is still a matter of debate in chil-
dren and adults with little and conflicting evidence.”

• “The hypothesis of Ehlers-Danlos syndrome as an alter-
native explanation for infantile fractures remains 
speculative.”

Based on his own experience and data derived from the 
medical literature Castori concluded: “... EDS should be con-
sidered in the differential diagnosis of children with a suspi-
cion of non-accidental injury. There is no evidence in the 
medical literature to indicate a predisposition to fractures in 
infants at risk for many EDS subtypes, especially classic, 
vascular and hypermobility types. The Beighton score is a 
simple screening tool, but suffers of low specificity especially 
in children and is uncommonly applied to infants. Hence, 
before a formal diagnosis of EDS in the case of a previous 
diagnosis of non-accidental injury, extensive personal and 

Table 15.2 International classification and prevalence of Ehlers–
Danlos syndromes [128, 129]

Old Prevalence
All subtypes 1 in 2500 to 1 in 5000
EDS subtype
Classical cEDS I, II 1 in 20,000 to 1 in 40,000
Classical-like clEDS Unknown
Cardiovascular cvEDS 1 in 1,000,000
Vascular vEDS IV 1 in 10,000
Hypermobile hEDS III 1 in 5000 to 1 in 20,000
Arthrochalasia aEDS VIIa Under 1 in 1,000,000 

(around 30 patients reported)
Dermatosparaxis dEDS VII Under 1 in 1,000,000 

(around 12 patients reported)
Kyphoscoliotic kEDS VI 1 in 100.000 (around 60 

patients reported)
Brittle cornea 
syndrome

BCS Under 1 in 1,000,000

Spondylodysplastic spEDS Under 1 in 1,000,000
Musculocontractural mcEDS Under 1 in 1,000,000
Myopathic mEDS Unknown
Periodontal pEDS Unknown
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family assessment is needed, preferably in the setting of a 
highly specialized center. Finally, it is also important to 
emphasize that a diagnosis of EDS does not exclude the pos-
sibility of concomitant abuse.”

Holick et al. described 72 infants under the age of 1 year 
with multiple fractures diagnosed to be caused by non- 
accidental trauma. According to the authors, 67 infants 
(93%) had clinical evidence of Ehlers–Danlos/hypermobility 
syndrome and/or a family history with a confirmed clinical 
diagnosis of at least one parent having this syndrome and 5 
infants (7%) had vitamin D deficiency/infantile rickets with-
out evidence of EDS.  Three infants with EDS were diag-
nosed as osteogenesis imperfecta (OI)/EDS overlap 
syndrome. The most common fractures noted at diagnosis 
were ribs and extremity fractures (including classic metaph-
yseal lesions). The authors were of the opinion that EDS, OI/
EDS and vitamin D deficiency/infantile rickets are associ-
ated in infants with fractures due to fragility and that these 
fractures can wrongfully be interpreted as sustained in by 
non-accidental trauma.

The publication of Holick et al. was heavily criticized. On 
behalf of the Ehlers-Danlos Society an open letter was writ-
ten by Tinkle as a response to the publication of Holick et al. 
[146]. Tinkle stated: “..., it has been argued that (hypermo-
bile) EDS, not abuse, is a reason for unexplained bone frac-
tures in infants. Many such cases have been described, 
mostly in the lay press, publicized worldwide, and propa-
gated by a few individuals with little scientific merit.” 
According to Tinkle, the clinical criteria for diagnosing 
(hypermobile) EDS, as used by Holick et al., were not clear. 
Above that, Holick et al. did not examine approximately one- 
third of the infants. Despite that, they diagnosed EDS in 
these children. Holick et al. used joint laxity in the parents to 
diagnose EDS in the parents and, therefore, the infants. 
According to Tinkle, joint laxity alone does not define 
EDS. Although most forms of EDS, including the hypermo-
bile type of EDS, are thought to be autosomal dominant con-
ditions, diagnosis in a parent does not equal diagnosis in the 
child. The diagnosis in a parent simply defines a risk. The 
children, diagnosed with vitamin D deficiency, had no blood 
values, suggestive of a vitamin D deficiency. Neither did 
these children show signs of rickets on X-rays. According to 
Tinkle, the publication of Holick et al. did not scientifically 
support the hypothesis that either or both factors are a cause 
of unexplained fractures in infancy and “therefore should not 
be used in defence arguments.”

Rolfes et  al. did a retrospective, population-based, case- 
controlled study, concerning children, diagnosed with EDS 
from 1976 to 2015, with complete records for at least their 
first year of life [147]. The validity of the diagnosis was ascer-
tained using the 2017 International Classification of the 
Ehlers–Danlos. Rolfes et  al. identified 219 potential cases. 
Twenty-one children had complete records for the first year of 

life and sufficient evidence in the medical record to support 
the EDS diagnosis (14 hypermobile, 2 classical, 4 vascular, 
and 1 arthrochalasia). The EDS children were compared to 63 
controls. None of the children had fractures in the first year of 
life; however, once children became mobile 11 of 21 EDS 
cases (52.4%) and 15 of 63 controls (23.8%) had one or more 
fractures during childhood, odds ratio of 3.4 (95% CI: 1.20–
9.66). Despite the fact that EDS had been proposed by Holick 
et al. as a reasonable alternative explanation of multiple and 
unexplained fractures in young children that may mimic non-
accidental injury, Rolfes et  al. found little evidence in the 
medical literature to support this proposition. The authors 
also found no evidence in the medical literature that infants 
with common forms of EDS (hypermobile, classic, and vas-
cular type) are predisposed to more frequent fractures and 
also identified a higher incidence of fractures in older, ambu-
latory children with these EDS types.

Hakim and Tinkle formulated the following key questions 
in differentiating between non-accidental trauma and EDS 
[132]:

• Is there a confirmed diagnosis of EDS and how has this 
presented over time, as an individual? It is important to 
have a clear picture of the “natural history”—e.g., how 
the condition has affected the child to date. Not every 
child with EDS has the same set of concerns or severity of 
concerns. Is what has happened normal or abnormal for 
the child? If it is abnormal, why might this have hap-
pened? Are there explanations other than non-accidental 
trauma for the change in the pattern or type of injury or 
behavior?

• Has one biological parent or have both biological parents 
been diagnosed with EDS or a similar condition? If so, 
this may help to guide opinion but ultimately it is impor-
tant to know whether the child or adolescent has the 
condition.

• Have those raising the concern consulted a professional 
who has experience in diagnosing and treating EDS, if 
they do not have that expertise themselves?

• (with regard to fractures) Have other medical causes 
known to be associated with fractures been considered, 
and is the type of fracture a recognized or reasonably a 
potential complication of that condition?

They further advise to consult child protection/a legal rep-
resentative familiar with local policy and law and to work, 
whenever possible, with the health, welfare, and law enforce-
ment staff. It is inevitable in complex cases that multi- 
disciplinary input is needed, but in the presence or possible 
presence of EDS this should include expert opinion in EDS 
and the heritable disorders of connective tissue.

It is interesting to notice that Holick et  al. started the 
introduction of their publication in 2017 with: “Child Abuse 
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and Neglect (CAN) is a serious public health crisis that has 
major implications for the welfare of the child involved. 
Inflicted non-accidental skeletal injuries are the second most 
common manifestation of child abuse after soft tissue inju-
ries.” Up to September 2018 Holick never concluded in a 
single case in which he testified or was consulted that the 
injuries in a child were inflicted (Armstrong [148]):

• In the past 7 years, Holick said, he has consulted or testi-
fied as an expert witness in more than 300 child-abuse 
cases throughout the USA as well as the United Kingdom, 
New Zealand, Australia, Germany, and Canada. In almost 
every case, he has made the same finding: instead of 
blaming any injuries on abuse, he has diagnosed the child 
with a rare genetic disorder, Hypermobile Ehlers-Danlos 
syndrome, a condition that affects the connective tissues 
of the skin, bones, and joints. A handful of studies on 
adults have linked EDS to bone fragility, and Holick 
argues that children with the disorder have weaker bones, 
which can fracture from normal handling. So far, his the-
ory is not supported by the scientific literature, but Holick 
is convinced that “thousands, if not tens of thousands” of 
parents worldwide have been falsely accused of fractur-
ing their children’s bones. “It’s just terrible,” he told me. 
“I feel so sorry for these parents.”

• In all the cases he has worked on, Holick has never con-
cluded that a child was being abused. On the rare occa-
sions when he didn’t diagnose EDS, he attributed the 
bone fractures to rickets or vitamin D deficiency. Many 
geneticists and bone specialists find it troubling that he 
diagnoses EDS in nearly 100 percent of the cases he 
examines. According to the National Institutes of Health, 
EDS affects, at the most, 0.02 percent of people world-
wide. The rate at which Holick diagnoses the disorder 
“doesn’t fall into the mathematical probability of chance,” 
Brad Tinkle, a clinical geneticist at Peyton Manning 
Children’s Hospital, in Indianapolis, said. Holick retorts 
that his clients don’t come to him by chance; parents con-
tact him after doing their own research and realizing that 
they or their children have symptoms of EDS.  He adds 
that he hasn’t seen a single actual abuser pretending to 
have EDS and contacting him in search of a “get out of 
jail free” card.

• Holick regularly diagnoses children with EDS without 
seeing them in person. “I already know on the phone they 
have EDS,” he said, adding that he questions the parents 
about potential symptoms. “I almost don’t have to ask. I 
know the answer.”

• In 2017, he co-published an article about his EDS work in 
the little-known journal Dermato-Endocrinology, where 
he is an associate editor. (He was unable to get more pres-
tigious medical journals to publish the study.) In the 
study, Holick examined the cases of 72 children who the 

authorities believed had been abused. He diagnosed 67 of 
them with EDS. In a third of the cases, he based his diag-
nosis on physical exams of relatives of the children, not 
the children themselves.

In July 2019, Armstrong reported that [149]:

• Boston Medical Center had notified the Massachusetts 
medical board that it has restricted the work of a world- 
renowned endocrinologist (Holick) criticized for espous-
ing controversial theories as an expert witness for people 
accused of child abuse. ….

• Last September, ProPublica and The New Yorker reported 
that Holick had testified in hundreds of child abuse cases 
worldwide and almost always blamed broken bones and 
other injuries on a rare genetic disorder. At the time, 
Boston Medical Center said that it had barred Holick 
from treating or evaluating children under age 13 begin-
ning in May 2017. But Holick continued evaluating chil-
dren in suspected abuse cases as part of an approved 
research project, and it now turns out that the discipline 
was not reported to the board until this past February.

15.3.5  Copper Deficiency

Copper deficiency entered the courtrooms in the United 
Kingdom as an alternative explanation for the occurrence of 
fractures, due to non-accidental trauma, somewhere in the 
eighties, both in criminal and in civil court procedures 
(Regina versus Lees and Lees, Lord Justice Lane 1987 & 
Judgement of the Honorable Mr. Justice Hollis in Wardship 
Proceedings, Middlesbrough 1987 both cited from Taitz and 
Taylor 1988) [150, 151].

In 1987 Chapman, a pediatric radiologist, stated about 
copper deficiency and suspicions of child abuse:“It also 
causes skeletal abnormalities and fractures, and recently 
copper deficiency has been offered to the courts (and given 
wide publicity) as an explanation of the radiological findings 
in children whose parents have been charged with abuse. The 
case of one such child with multiple rib, long bone, and 
metaphysical fractures was recently heard by the Court of 
Appeal. In dismissing the appeal the Lord Chief Justice 
rejected the defence’s evidence on copper deficiency and 
suggested that it actually strengthened the prosecution case.” 
Chapman further stated that: “Copper deficiency is rare—
only about 100 cases have been reported—and fractures 
caused by copper deficiency are even rarer: there have been 
16 documented cases, and only five in term infants (up to 
1987)” (Regina versus Lees and Lees, Lord Justice Lane 
1987 cited from Chapman 1987) [151]. According to 
Chapman: “The differentiation of metaphyseal abnormalities 
caused by copper deficiency from metaphyseal fractures 
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caused by child abuse and from normal developmental vari-
ants, such as cupping of the anterior ends of ribs and 
metaphyseal breaking, is not difficult for the experienced.”

In 1987 Paterson stated in response to Chapman that over 
a period of 10 years he had seen, both in England and abroad, 
35 infants who seemed to have had a temporary, severe 
osteogenesis imperfecta-like disorder [151]. According to 
Paterson “the combination of reduced bone strength and 
maintained mineral content makes it likely that the disorder, 
like osteogenesis imperfecta and experimental lathyrism, 
represents a collagen defect.” He was of the opinion that “the 
most probable cause of such a temporary collagen defect is 
copper deficiency, which may be transient but leaves behind 
bone of abnormal strength for some months.”

Chapman replied: “I am glad to see that Dr Paterson wel-
comes the beginnings of a debate in the medical press, as up 
to this time the possible role of copper deficiency as a cause 
of fractures in cases of suspected child abuse has been raised 
by him only in the courts. Dr Paterson now believes that he 
has personally seen 35 cases with fractures. This is a remark-
able number in view of the fact that the total number of 
reported cases (of copper deficiency with fractures) in the 
world is only about 15” [152].

According to Carty clinical experience and knowledge of 
the existing literature should enable the differentiation 
between the findings in copper deficiency (and osteogenesis 
imperfecta) and fractures due to non-accidental trauma and 
that diagnostic confusion should not arise [153]. Carty 
stated: “The presence of normal bone and in particular the 
presence of normal wrists and knees renders the diagnosis of 
copper deficiency of sufficient severity to cause fractures 
unlikely and this can be stated even in the absence of a serum 
copper concentration. The absence of anaemia and neutro-
penia and the physical stigmata further make the diagnosis 
virtually untenable.”

Shaw stated: “If the patient is a full term infant, under 5 
months of age, who has been breast fed, or has received a 
milk with a copper concentration of 40 microgram/dl or 
more then the diagnosis is unlikely. Such a case has never 
been described (up to 1988).” According to Shaw, skull frac-
tures and cerebral hemorrhage had never been described in 
infants with copper deficiency, rib fractures had never been 
described in full-term infants with copper deficiency, and the 
demonstration of normal bones, and in particular wrists and 
knees, makes the diagnosis very unlikely [154].

Although copper deficiency since the eighties has not 
regularly been used as an alternative explanation in court, 
copper deficiency keeps popping up as alternative explana-
tion (Sect. 15.3.5) or as part of other alternative explanations, 
e.g., temporary brittle bone disease (Sect. 15.4.1).

15.4  Non-Existing Disease 
in the Differential Diagnosis

The differential diagnosis discussed in this part of the chap-
ter is a fictitious disease which has been discredited as a true 
clinical diagnosis. In this part of the chapter we will discuss 
the abuse of this fictitious differential diagnosis in court.

15.4.1  Temporary Brittle Bone Disease

In 1993, Paterson et al. described 39 children who presented 
with a set of symptoms that they considered to be a variant of 
osteogenesis imperfecta [39]. They called it “temporary brit-
tle bone disease” (TBBD). As the name already implies, it 
supposedly was a temporary disease in which the presence of 
fractures is limited to the first year of life. The affected chil-
dren would be susceptible to sustaining fractures after minor 
trauma for just a short period of time. The disorder heals 
spontaneously, without any visible pathology. Paterson et al. 
suspected that these symptoms were due to a temporary, self- 
limiting period of copper deficiency; although no evident 
proof was found in the limited study into serum copper 
contents.

Usually, the disorder starts with a period of vomiting, fol-
lowed by diarrhea, anemia, hepatomegaly, incidences of 
respiratory arrest, neutropenia, and edema. The most com-
mon radiological findings were metaphyseal corner frac-
tures, rib fractures, diaphyseal fractures and periosteal 
reactions along the long bones, anomalies at the costochon-
dral junction and retarded bone age. Only 31% of children 
had a radiologically visible osteopenia.

It did not take long before doubt arose regarding the exis-
tence of TBBD, since children with confirmed copper defi-
ciency hardly ever show fractures [155–157]. Not just the 
medical world criticized Paterson, also representatives from 
the legal world issued their comments [158, 159]. One of the 
children in the series that Paterson described had sustained 
injuries as a result of child abuse. The authors did not report 
this in their article. This led to concern that a full investiga-
tion into injuries in children would (no longer) take place, 
since the medical world could assume that one single disease 
could completely explain the anomalies.

In 2001, it was proclaimed in a court case in the United 
Kingdom that the testimony of an expert witness in the field 
of TBBD was not only inadmissible, but also that the scien-
tific foundation was found to be inadequate. According to the 
judge, the study of the expert witness in question, doctor 
Paterson, was subjective, unreliable, unscientific, and 
unproven [160]. In 2004, the General Medical Council 
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(GMC) retracted the qualifications of Paterson as patholo-
gist. According to the GMC, he had failed as expert witness 
in two court cases in which the parents were accused of child 
abuse [161]. According to the GMC Paterson suggested that 
children could suffer from temporary brittle bones, resulting 
in multiple fractures. He also omitted relevant facts from his 
evidence, which did not support his conclusion. His actions 
were seen by the GMC as “an unacceptable risk to the safety 
of children.” The chairwoman of the GMC stated: “you 
risked misleading the court and undermining the confidence 
which the judiciary is entitled to place in expert medical wit-
nesses” [162].

In 2005, the Society for Pediatric Radiology and the 
European Society for Paediatric Radiology jointly published 
an article [40]. Both societies maintain there is no scientific 
basis at all on which TBBD can be accepted a disease entity. 
Only a limited number of medical professionals believe, 
based on speculations that TBBD exists. Moreover, they use 
conflicting ideas regarding the disorder and its origin. A few 
of the causes they put forward are:

• Bone or collagen pathology [39].
• Copper deficiency [39].
• Decreased in utero activity in children with reduced bone 

density [163, 164].

In his article, Mendelson concludes that there is no scien-
tific foundation at all for any of the above-mentioned hypoth-
eses as cause of TBBD. Consequently, this diagnosis should 
no longer be made [40]. Later on other authors have shared 
their concerns and pointed to the invalidity of the evidence 
behind this diagnosis [165–167]. This has not stopped 
Paterson to publish subsequent papers on “temporary brittle 
bone disease” [168–173]. Unfortunately, the paper by 
Paterson et al. is still cited and included in, e.g., systematic 
reviews [174, 175].

The SBU (Swedish Agency for Health Technology 
Assessment and Assessment of Social Services) included 
osteogenesis imperfecta and brittle bone disease as two sepa-
rate medical conditions in their list of alternative explana-
tions for the physical findings in “Shaken Baby Syndrome” 
[172, 176, 177]. Both conditions were included as examples 
of skeletal diseases, in which subdural and retinal hemor-
rhages could occur. The inclusion of the 2004 Ganesh paper, 
which describes retinal hemorrhages after minor trauma in 
three children with type 1 osteogenesis imperfecta, was com-
pletely justified. The SBU included the second paper not as 
an example of osteogenesis imperfecta, but as an example of 
brittle bone disease. The SBU probably forgot that brittle 
bone disease is an alternative name of osteogenesis imper-
fecta. Above that, they used an article by Paterson and Monk 
as reason for the inclusion of brittle bone disease [172]. The 
article however did not describe the findings in “brittle bone 

disease,” but the findings in “temporary brittle bone disease,” 
which is, as shown before, a non-existing disease. The SBU 
did not mention that the General Medical Council (GMC) 
retracted in 2004 the qualifications of Paterson as 
pathologist.
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16.1  Introduction

Academic publishing has, for centuries, been the gatekeeper 
of new knowledge. This has been typically in the format of 
monthly, bound, journals with a finite number of articles 
published, resulting in a filtering and stifling of information 
exchange. This difficulty has made access to information a 
precious commodity and had put extraordinary power and 
influence in the hands of the few who could publish or get 
published. The rise of the internet over the past 20 years has 

led to a ‘democratization of knowledge’ and increased flow 
of information worldwide [1]. Additionally, as more and 
more information portals and publications have utilized 
online formats, the costs for publishing and promoting infor-
mation have dropped dramatically. This lowered cost for 
publishing and promoting of generated work has added fuel 
to the fire of academic productivity, providing a positive 
feedback loop to increase the demand for more avenues to 
publish and promote scholarly work. And so the cycle is self- 
perpetuating. The medical literature is not immune to this 
increased information flow. This increased information flow 
has made it more and more difficult for practitioners to stay 
up on the knowledge explosion [2]. In reality most busy 
practitioners read only the abstract of an article and do not 
routinely read much else. If the paper is actually read, most 
professionals tend to read it as they would a novel, with little 
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appreciation of some of the intentional structures of a 
 well- crafted manuscript. The published literature is a living 
body with its own strengths and its weaknesses. Knowledge 
grows and uncertainty narrows. The published medical liter-
ature is the recorded history of this fluid process. If we are to 
be skilled and adept end-users of the medical literature, we 
have to be active readers. We have to appreciate not only 
each paper, its nuance and flaws, but the environment and 
history into which it is placed. The purpose of this article is 
to provide a framework for critically evaluating articles and 
note some pitfalls that sophisticated readers should be aware 
of. I will be focusing on the published literature as it applies 
to Abusive Head Trauma (AHT) as the content area to pro-
vide examples of how to read, in context, the medical 
literature.

16.2  Evidence-Based Medicine

Critical literature appraisal is one of the central components 
of the Evidence-Based Medicine (EBM) framework. 
Evidence-based medicine is widely credited to have origi-
nated in McMaster University (Ontario, Canada) in the 
1990s. The Evidence-Based Working Group framed a ‘new 
paradigm’ of patient care and medical scholarship [3, 4]. 
This paradigm shift entreated the scholarly practitioner to 
develop systematic literature appraisal skills, and to appreci-
ate evidence quality rating and the evaluation of the rigour 
and quality of the research reviewed. Per the Working Group, 
EBM is ‘the conscientious, explicit, and judicious use of cur-
rent best evidence in making decisions about the care of indi-
vidual patients’.

As there are excellent resources available for a deeper 
exploration of EBM [5–7], the following are some of the pri-
mary principles. The framework of EBM has five underlying 
components as outlined by Dr. Sackett [4, 8] and constitutes 
the Critical Appraisal Exercise [3, 8]:

• Convert these information needs into answerable 
questions.

• Track down, with maximum efficiency, the best evidence 
with which to answer them (and making increasing use of 
secondary sources of the best evidence).

• Critically appraise that evidence for its validity (closeness 
to the truth) and usefulness (clinical applicability).

• Integrate the appraisal with clinical expertise and apply 
the results in clinical practice.

• Evaluate one’s own performance.

It is apparent that a critical component of the EBM frame-
work is an exacting appraisal of the literature to provide the 
guidance for the clinician. To practice EBM, a reader needs 
to actively engage the manuscript, and not simply read the 

abstract conclusion. The following discussion will highlight 
the importance of active reading, and also provide some tips 
on how to avoid pitfalls.

16.3  Journals

16.3.1  Introduction

A modern problem confronting contemporary scholars is the 
sheer volume of what is being published. This was best high-
lighted by Fraser and Dunstan [2]. They reported that a new 
entrant into cardiology (in 2010) who wanted to read ‘every-
thing’ about echocardiography would have to read 156,661 
articles. If this new entrant read five papers per hour for 8 h 
per day, for 5 days a week, for 50 weeks per year, it would 
take them over 11 years to complete this task. During this 
11 years, an additional 82,142 papers would be published, 
requiring an additional 8 years to read. This dramatic increase 
in published literature, on top of the literature that was 
already published, would be insurmountable without a clear 
strategy on how to efficiently, and effectively, sift through 
the wheat from the chaff. In the face of this explosion of 
published material, unfortunately there has a decrease in the 
quality of publications, as denoted by an increase in the 
retraction rate for articles [9]. So readers are confronted with 
an increasing volume of material, of worsening quality.

Contributing to the challenges reading medical literature 
is the modern day hazard: the rise of ‘predatory publishing’. 
Predatory Publishing is dubious journals seek submissions 
of manuscripts with the goal being to solicit ‘journal pro-
cessing fees’ from the author [9–13]. This is the biomedical 
publishing equivalent of an online scam. Many in academia 
receive steady stream of emails requesting submissions to 
unheard of journals with the promise of a rapid review and 
publication, usually within 1–2  weeks. This phenomenon 
has taken on the moniker of Academic Spam [14]. This first 
becomes apparent early in an academic publishing career. 
After the first few publications, a young academic will begin 
receiving legitimate appearing solicitations professing awe 
at a recent publication they have and pleading for future sub-
missions be directed to a journal that is unfamiliar to them. 
The young scholar may feel prideful that they are now being 
pursued to submit their ‘groundbreaking work’, for a dis-
counted ‘processing fee’ [15]. It is these processing fees that 
is what the predatory journal is truly seeking [1, 16]. The 
offer of a rapid turnaround and a ‘special discount’ may be 
an attractive proposition for a young academic to pay a small 
sum to ‘get that paper off my desk’. This is particularly true 
when in academics, publication count is often a metric used 
for promotion and tenure.

An investigation by the science writer John Bohannon for 
Science reported on the scope and global reach of predatory 
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publishers [17]. Bohannon performed a journalistic sting, 
creating 304 spoof manuscripts which appeared to come out 
of an African University, claiming to cure various forms of 
cancer. He then sent the faux-manuscript to journals for con-
sideration of publication. Despite being fictitious, not scien-
tifically sound and containing fabricated data, 157 journals 
accepted the manuscript for publication. Only 36 journals 
generated any peer review comments with 16 of those pub-
lishing the manuscript despite the reviewer’s recommenda-
tions for rejection. The 157 journals offered to publish the 
spoof manuscript, after the author paid a processing fee to 
the journal. While the preeminent biomedical journals, with 
long provenances of high-quality scholarship would not pub-
lish the sham submission, predatory journals see any submis-
sion as a potential source of money.

A first step is avoiding predatory publications, readers 
could search in more established sources of medical publica-
tions. As noted in the EBM Clinical Appraisal Exercise, a 
critical component is the searching of high-quality data. 
While there exist a number of reliable publishing databases 
and clearinghouses, one of the most well-known is PubMed 
[18]. This is the online portal for the U.S. National Library of 
Medicine (NLM) within the U.S.  National Institutes of 
Health. For a journal to be indexed on PubMed it undergoes 
a quality review by NLM staff. Publication in PubMed does 
not ‘certify’ that the journal or article is of high-quality, but 
the odds are higher than what would be identified without 
this filter [12]. Another helpful strategy is the ‘Think. Check. 
Submit’ checklist that was developed by a coalition of pub-
lishing organizations [19]. This process provides a frame-
work for authors (and readers) to question the legitimacy of 
a journal that they are unfamiliar with.

16.3.2  Editorial Boards and Editors

An offshoot of the rise of academic spam is the rise of solici-
tations to join editorial boards [20]. The invitation often 
requires simply the submission of a CV and the promise to 
submit a minimum number of articles per year to the journal 
(usually 1). An unscrupulous journal may find benefit in 
attracting submissions if the ‘editorial board’ is filled with 
accomplished and meritorious researchers and scholars. 
Again, there may be merit to a junior academic to have edito-
rial board membership for promotion or tenure. The journal 
Nature reported a sting operation where a fictitious scientist 
was created with the expressed goal to get on as many edito-
rial boards as possible [20]. Similar to the sting by Bohannon, 
Katarzyna Pisanski and colleagues created an online profile 
with fake degrees and unpublished book chapters with an 
online CV. This avatar of a scientist, with no published aca-
demic articles, was submitted to 360 journals. While most 

journal either did not respond, or out-rightly rejected the fic-
titious, unpublished persona, at least a dozen journals 
appointed (her) to the editorial board; many dependent upon 
payment of US$50–750.

A critical feature for understanding the medical literature 
is understanding that journals are not simply platforms to 
publish scholarly work. Journals and their editors may have 
a particular perspective that they wish to be promoted. 
Editors have a tremendous amount of decision power, even 
to override legitimate peer reviewers, to promote pet theories 
or thwart competitors. There may be unspoken pressure on 
potential authors to adjust a manuscript in order to increase 
the chances of publication. Or, as Alan Sokal, a professor of 
Mathematics at New York University said after publishing a 
fanciful, nonsensical paper [21], [he wanted to] ‘publish an 
article liberally salted with nonsense if it (a) sounded good 
and (b) flattered the editors’ ideological preconceptions’ 
[22].

16.3.3  Journal Quality

It is important to be aware that journals themselves can 
contain both high-quality and low-quality papers. Each 
paper needs to be considered on its own merits. Often peo-
ple seek a metric to assess an overall quality of a journal, as 
a barometer for whether to trust papers that are contained 
within. While no perfect scoring system exists, a journal’s 
Impact Factor (IF) is often cited as a measure of the quality 
of the articles it publishes. While this would be attractive, 
and many journals tout their IF, the IF has some significant 
flaws which limit its utility [23, 24]. A journal’s IF is sim-
ply the rate at which the ‘average citable’ research paper 
the journal publishes are cited within 2 years after publica-
tion [24]. Thus a journal with an IF of 2.0 means that the 
‘average citable’ paper the journal publishes is cited an 
average of 2 times in the subsequent 2 years after it is pub-
lished. Clearly, the IF is in no way a reflection of the quality 
of the journal or the papers it published, and does not help 
a reader about any specific paper they are reading [25]. 
High-quality papers may not get cited, or are cited after 
2 years from publication, and low-quality papers may get 
cited regularly as other scholars criticize it. For example, 
after the publication of the Wakefield et  al. paper in The 
Lancet in 1998 promoting a relationship between the MMR 
vaccine and autism, it was cited over 140 times. It currently 
has been cited more than 3750 times [26, 27]. It being 
widely cited in no way is a reflection of its quality, nor the 
quality of The Lancet…but it contributed to The Lancet’s 
IF.  By comparison, the 1953 paper by Watson and Crick 
describing the structure of DNA has only been cited 1664 
times [28].
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16.4  Peer Review

Peer Review is often cited as a strong defence against flawed 
publications. Peer review is a mechanism by which a sub-
mitted manuscript is reviewed by a series of qualified 
reviewers prior to publication. These reviewers are to have 
expertise in the subject of the submitted manuscript and are 
to review the manuscript for scientific and methodologic 
rigour. The goal is to have experts in the field provide a gate-
keeping function, ensuring only high-quality science gets 
published. By convention, peer review is voluntary and 
uncompensated. As there is no ‘Gold Standard’ in peer 
review process, there is great variability in the journal 
expectations for the reviewers. In reality, peer review being 
voluntary and uncompensated places it last on a long list of 
things to do by busy professionals. As the volume of publi-
cations has exploded, rigorous peer review has been an 
unfortunate victim. Sometimes the peer review process 
itself can be bypassed or even corrupted [29]. It is important 
to see peer review as a minimum threshold and not as a 
stamp of ‘Truth’.

An example of the potential flaws of peer review was 
most clearly described by Godlee et  al. in 1998 [30]. The 
researchers took a paper which had already been accepted to 
the British Medical Journal (a high-quality journal which has 
been in publication since 1840) and introduced 8 weaknesses 
into the design, analysis, or interpretation. The edited manu-
script was then sent out to 420 reviewers. Of the 221 review-
ers who returned a review, the mean number of weaknesses 
identified was 2. Ninety percent identified 3 or fewer weak-
nesses. Thus, it is apparent that even in high-quality journals, 
peer review may not provide the safety net that many think it 
does.

While peer review can be a challenge for journals wishing 
to publish high-quality science, for many journals peer 
review is simply absent. This is nicely described in a report 
by Ray [31]. The author submitted four manuscripts in 
response to email solicitations from 10 suspect predatory 
publications. In reality, the four manuscripts were written by 
either the author’s 13-year-old daughter or her 15-year-old 
friend. For example, one manuscript was titled ‘Only Girls 
Should Bake Gender Roles’ which was a psychology paper 
that was submitted in an eighth-grade science class. The 
unedited papers were submitted to the journals. Nine jour-
nals responded to the submission, with eight accepting it for 
publication. Six of the eight accepted the manuscript unal-
tered. The reason provided by the one journal which rejected 
the manuscript was that the word count was too low. The 
editor indicated that if the paper were lengthened they would 
reconsider it.

16.5  Literature Appraisal

As noted in the EBM framework, being able to rigorously 
evaluate medical literature is the link between understanding 
a clinical (or research) question and an answer to that ques-
tion. Literature appraisal requires active reading and inter-
pretation of the published literature. Most professionals 
simply read the abstracts (and sometimes just the conclu-
sion) of each paper, taking the authors interpretation as the 
correct one. Such a superficial reading runs a great risk of 
being misled. There are a number of pitfalls that lead to read-
ers being misled. The most common reasons for being mis-
led are: the conclusion in the abstract may not be supported 
by the data in the paper, it was the wrong study type for the 
question the authors were trying to answer, or the quality of 
the actual study was weak. Without a critical reading of the 
published literature, the reader will be unable to appreciate 
the subtleties of the quality of the study, accuracy of the anal-
ysis, or the truth of the conclusions. I will outline some strat-
egies to minimize the risks of falling for these traps.

Most medical research papers have a similar structure. 
This is often referred to as the IMRaD format. This stands for 
Introduction, Methods, Results, and Discussion. The 
Introduction usually is 2–3 paragraphs and sets the stage and 
provides background for the study the authors are reporting 
on. The Method (also referred to as Materials and Methods) 
is the specifics of how the study was performed. It describes 
the specific steps that were taken in the research study. The 
Results usually simply report on the findings of the study, 
often with tables and figures. The Discussion section is 
where the authors describe what they think the study shows, 
their interpretation of the data, and the implications for prac-
tice or future research. Not included in the IMRaD format is 
the References. The References are a listing of the citations 
used to support the research or conclusions of the study. Of 
these, the two most important sections of a paper are the two 
sections which are most frequently not read: the Materials 
and Methods section, and the References.

16.5.1  Materials and Methods

The Materials and Methods section is the most important 
section of a paper. It should read first. It will help the reader 
decide if the paper is worth spending time on in the first 
place. If, from reading the Materials and Methods of the 
study, it is apparent that the study is the wrong design or is 
poorly done, the analysis is incorrect, or the data are incom-
plete, then it would be better not to read the paper and run the 
risk of being distracted or misled.
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16.5.1.1  Study Designs
To gain a nuanced understanding of the relative strength and 
weaknesses of a paper, the reader should have a working 
knowledge of the different study designs employed in clini-
cal research. It is important to recognize that each study 
design has its own strengths and weaknesses and is intended 
to answer different research questions. Once the reader 
appreciates the different study designs, they are able to 
answer two important questions about a paper: (1) did the 
authors use the correct study design to answer the question 
that they posed, and (2) were the conclusions that the authors 
made justified by the methodology and data presented.

Case Reports describe the clinical data on a single subject 
[32, 33]. This should be familiar to most readers. The single 
case typically focuses on a particular finding, feature, or out-
come that seems noteworthy to the authors. Case reports are 
common in the medical literature and often present clinical 
information which do not reflect the true nature of a disease 
or condition. Often the presentation, findings, or clinical 
course are atypical. By virtue of their uniqueness case reports 
should be viewed as solely hypothesis generating and rarely, 
if ever, influence practice or policy.

Case Series are similar to case reports and present a small 
number (typically fewer than 10) of collected case reports, 
usually with a similar feature [33]. Like case reports, case 
series should be seen as hypothesis generating and need to be 
interpreted in context. How the patient cohort was collected 
very much influences the conclusions that could be made. 
Rarely are the subjects identified sequentially, and they usu-
ally represent a convenience sample of subjects that the 
authors have accumulated. If subjects were not identified 
sequentially, the series may have been subject to a surveil-
lance bias in how they were identified. An example of a 
sequentially collected series was reported by Love and col-
leagues [34].

Cross-sectional Surveys describe a particular feature or 
finding in large number of subjects at a single point in time 
[32]. As the name implies, the reader can imagine a popula-
tion or cohort sliced in a cross section, at one time point, and 
a particular variable reported. These studies can provide 
valuable data on disease prevalence or incidence and are 
often used in public health research. As cross-sectional stud-
ies often report on large samples of subjects, no conclusions 
can be made on an individual subject. For example, knowing 
the rate of a specific disease in a population gives no infor-
mation about if a particular subject in that population actu-
ally has that disease. This is referred to as the ‘Ecological 
Fallacy’ [35]. Cross-sectional surveys are intended to answer 
questions of disease prevalence. Cross-sectional 
surveys(studies) that collect data at a single point in time are 

unable to report on trends or incidence rates, but if sequen-
tial, repeated cross-sectional data are collected, then rates or 
trends can be reported.

Case Control Studies are designed to match subjects with 
a particular disease or finding (the ‘outcome’) with control 
subjects without the disease or finding. This will allow for 
comparison of a specific potential ‘cause’ (often referred to 
as the ‘exposure’) [32]. The goal is to match ‘cases’ with 
‘controls’ to all the ability to ‘look back’ in time to see 
‘exposure’ differences between the two. The cases and con-
trols are matched in an attempt to replicate the effect of ran-
domization by creating a balance between the two groups 
any important ‘known’ (but not ‘unknown’) variables. The 
Case Control design is valuable for subjects with a rare con-
dition or finding. By comparing otherwise similar subjects 
with and without a rare condition or finding, potential causes 
(or ‘exposures’) may be identified. Case control studies are 
designed to attempt to answer questions of association and 
conventionally report results as odds. An example of a case 
control study was reported by Price et al. [36]. The research-
ers identified a cohort of children under 10 years who died 
from blunt abdominal trauma over a 16-year period. These 
33 children were then compared with children who died of 
natural causes who received CPR (comparison group 1) and 
died of non-vehicular blunt abdominal trauma (comparison 
group 2) over the same period. As a result of this research, 
the authors were able to conclude ‘The likelihood of CPR- 
related primary abdominal trauma in child homicides is very 
low’ [36].

Cohort Studies report on two groups of subjects with dif-
ferent risks (or ‘exposures’) are followed for a period of 
time to assess outcomes of interest [32]. This study design 
can be seen as the reverse of the case control design. 
Whereas case control study design identifies subjects with a 
disease or condition and explores potential ‘exposures’ or 
causes, the cohort study design identified subjects with an 
‘exposure’ of interest and reports on potential outcomes or 
diseases that are different from comparator subjects. Cohort 
studies are commonly used when randomization of the 
‘exposure’ would be unethical (smoking, violence) or 
impossible (poverty) to perform. This research design often 
requires many years of follow-up, but can provide valuable 
data on disease causation or outcomes. Similar to case series 
studies, it is important for cohort studies to clearly identify 
how the cohort was collected. If not clearly described, there 
may be hidden variables or biases which account for 
reported findings. For example, caution needs to be exer-
cised among the 35 infants and children identified by 
Matshes et al. who were accumulated from 3 different medi-
cal examiner offices over an undefined period of time [37]. 
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This cohort was accumulated in a non-sequential, unspeci-
fied manner and as inclusion criteria were not described (i.e. 
how each subject was identified), conclusions need to be 
guarded. These subjects may have been a biased, non-repre-
sentative cohort and were included because they fit a pre-
conceived or subconscious purpose. In this way, a poorly 
performed or  incompletely described cohort study may 
present data that misleads the reader to draw conclusions 
that are spurious.

Randomized Controlled Trial (RCT) is the study design 
with which physicians and clinical researchers will be most 
familiar. In this design two (or more) groups of subjects are 
randomly allocated to a ‘treatment’ arm or a ‘control’ arm 
[32]. Each group is then objectively assessed for the effects 
of the treatment. RCTs can be either single-blinded (only the 
subjects are unaware of which group they are in) or double- 
blinded (neither the subject nor the investigator is aware of 
group allocation). The process of randomization allows for 
important known and unknown variables (age, gender, 
health) to be evenly balanced between the two groups. This 
balance allows the investigator to more confidently conclude 
that any differences between the groups at the end of the 
study are due to the effects of the ‘treatment’ or intervention. 
In the field of child abuse, true RCTs are most commonly 
seen in prevention studies. It would be unethical to random-
ize a child to getting abused or shaken. Subjects can be 
sequentially identified and placed into ‘case’ and ‘control’ 
groups (i.e. traumatic, non-traumatic), but they obviously 
cannot be randomized into those groups. Important quality 
criteria of an RCT include true blinding of subjects and the 
investigator, true randomization, and each group receiving 
the same measures and outcome evaluations blinded 
assessors.

Systematic Reviews utilize a comprehensive literature 
search strategy to answer a well-defined clinical question. 
The comprehensive search protocol should involve dozens 
of keywords and combinations that are used to search a 
number of different databases. The intention of a system-
atic review is be able to aggregate the total of the medical 
literature regarding the particular question [38]. If studies’ 
designs and variables within a systematic review are simi-
lar, their results can be combined into a meta-analysis. 
Nested within a systematic review, a Meta-Analysis uti-
lizes the findings of the Systematic Review, and combines 
them in an effort to report an aggregate result. This simu-
lates as if the studies identified by the Systematic Review 
were actually a large, single study. This attempts to pro-
vide a single overall estimate to report what ‘The 
Literature’ supports regarding a specific clinical question. 
Importantly, Systematic Reviews and Meta- analyses 
within the EBM framework are more appropriately identi-
fied as strategies for literature appraisal and interrogation, 
as opposed to a specific research methodology. Alper and 

Haynes more precisely frame them as a ‘lens’ through 
which a better appreciation of the underlying literature can 
be achieved [39].

16.5.1.2  Methodological Pitfalls
There are a number of traps that readers of the biomedical 
literature need to be aware of. Most are the result of poor 
study design, but some are rhetorical sleights that authors 
utilize to persuade the reader to conclusions that are not sup-
ported by the presented data. The following will highlight a 
number of the pitfalls and provide some examples in the pub-
lished literature.

Bias: While bias is a term that usually is associated with 
an intention to deceive, bias, in clinical research, is simply 
‘systematic error’ which can distort the data [40, 41]. As 
opposed to intentional deception, bias often is a result of 
poor study design or implementation. Subjects may be iden-
tified, surveilled or analyzed systematically in a way that 
unobservedly skews results to a particular direction or result. 
For example, a researcher may recruit subjects from a par-
ticular clinic, but that clinic population is not representative 
of the full community. Results from that study would be 
skewed (or biased) and not be generalizable to the full popu-
lation. Common methods to reduce bias in research are sub-
ject randomization, consecutive recruitment of subjects, 
enrolment stratification, prospective study design, and inves-
tigator blinding [41].

Circular Reasoning: Within the child abuse research liter-
ature, this is one of the most critical aspects of research design 
that requires careful attention when reading the Materials and 
Methods section. Circular reasoning within clinical research 
is when the outcome variable is part of the inclusion criteria 
[42]. This is often referred to as Begging the Question. This is 
a common concern in many medical and forensic studies 
when there exists no ‘Gold Standard’ for the outcome (i.e. 
SIDS, child abuse, mental illness, migraines). An example of 
circular reasoning would be, if the child abuse ‘case’ defini-
tion includes a particular finding (i.e. subdural hematoma), 
the researchers note that subdural hematomas are most often 
seen in child abuse cases. In this way, it is critical for the 
researcher to design the study that the ‘case’ definition and 
the outcome are completely independent.

16.5.2  References

The second most important section of an academic paper is 
the Reference section. The references of a paper are the list-
ing of citations that the authors have used to support the 
points made in the manuscript. It is quite important for the 
reader to critically scrutinize the references which authors 
use. There are two common pitfalls that can be identified by 
a close reading of the references.
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The first is chain citation. This is akin to the childhood 
game of telephone. This is when one child whispers a phrase 
that is then repeated into the ear of a neighbour. This phrase 
is then repeated continually until the end of the line, when 
the original phrase has morphed in the retelling. After being 
repeatedly cited in multiple texts, the original fact is no lon-
ger accurately reported. This is clearly described by Casaulta 
et al. regarding the oft described phenomenon that children 
with G-6-PD deficiency have an abnormal sweat chloride 
test [43]. The authors report that this ‘fact’ often taught in 
medical settings but the authors were unable to identify the 
source of data for the original tables. The fact that alleged 
false-positive sweat testing results are regularly included in 
textbook tables in apparent cut-and-paste fashion. This began 
after being hypothesized at a conference in 1975, despite 
data never having been reported in published literature to 
support it.

The second pitfall that readers may not appreciate is how 
often the citation used by the author does not support the 
point the author is trying to make. While this is often the 
result of poor attention to detail, it may also be intentional. 
The authors may believe that a particular paper supports the 
point that is being made, but they do not actually read the 
reference to confirm that it actually does, or the author may 
simply put a reference in assuming the reader will not ‘fact 
check’ them. While increasing the effort required to read an 
article, reading the references used to support specifically 
critical points within a manuscript will regularly reveal how 
frequently there are differences between the reference and 
the way it is portrayed in the paper. Along the same lines, a 
common sleight of hand technique by authors to bolster an 
unsupported opinion is to create a ‘citation sandwich’. This 
is when an unsupported (and uncited) phrase or opinion is 
preceded and followed by well-supported, cited material. 
The unsupported, usually incorrect, opinion then has the 
appearance of being supported by being surrounded by refer-
ences, while it itself is unsupported.

16.6  Rhetorical Pitfalls

Often despite the actual results of their study, within the 
Discussion section of manuscripts, authors will try to craft 
their argument for conclusions that they were expecting or 
wanting. Like all arguments, the reader should be mindful of 
how the author may try to make their case for conclusions 
they are promoting, which may not align with the data or 
results of their study. Authors may utilize several rhetorical 
tricks that pose pitfalls to the reader. I will highlight some of 
the most common within the published medical literature.

16.6.1  Association Is Not Causation

Realistically it is difficult to ‘prove’ that something is a 
‘cause’ of an ‘effect’. There are a number of strategies to 
assess causation. The Bradford Hill criteria provide one of 
the most accepted frameworks to help determine causal 
relationships [44]. These criteria serve as a guide for 
understanding how to demonstrate some variable ‘causes’ 
an outcome. Of these nine criteria, only one ‘temporality’ 
(the cause must occur before the event) is a must. A com-
mon pitfall occurs as a result of overgenerous interpreta-
tion of a relationship between two events. Often causation 
is assigned simply because one event occurs after the 
other (cum hoc ergo propter hoc, or ‘after this, therefore 
because of this’). There may be a relationship between 
two events, but they both may be related through or to a 
third event (which was unmeasured), often referred as a 
Moderator. In this way they are simply associated with 
each other through the third factor. For example, people 
who attend billiard halls frequently have a higher reported 
rate of lung and oesophageal cancers. The billiard halls 
are themselves not responsible for the increased cancer 
rates. It is due to the fact that people who spend time in 
billiard halls tend to drink alcohol and smoke more than 
those who don’t. While there is an association between 
billiard hall attendance and lung and oesophageal cancers, 
the increased cancer rate is due to the drinking and smok-
ing and not the billiard hall.

16.6.2  Hasty Generalizations

Hasty generalizations, as the name suggests, are when the 
results are over-exaggerated based upon data that the 
research generated. As noted above, this is commonly appar-
ent with the over-dependence on using case reports to sup-
port clinical or forensic decisions. As noted earlier, case 
reports are outliers. Given that child abuse, as compared to 
many paediatric conditions, is somewhat rare, case reports 
play an outsized role in the published literature. To general-
ize conclusions from a case report and then extrapolate them 
to a larger population runs the grave risk of being truly mis-
led. An obvious example is the case report of a 15-year-old 
girl who survived untreated rabies (a uniformly fatal condi-
tion) [45]. Using this case report to extrapolate that rabies is 
a survivable disease would be the incorrect conclusion. The 
authors of that report rightly note ‘Survival of this single 
patient does not change the overwhelming statistics on 
rabies, which has the highest case fatality ratio of any infec-
tious disease’.
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16.6.3  Argument from Ignorance 
(Argumentum Ad Ignorantiam)

The logical fallacy pitfall is when there is an argument that 
because something has not yet been shown to be true, it must 
then be false. The reverse is also a logical fallacy (i.e. because 
something has not yet been shown to be false, it must there-
fore be true) [42]. There are many ideas we believe to be true 
(or false) that don’t require research to demonstrate; that 
have en face validity. These are usually dangerous, or unethi-
cal (or simply unfounded) to critically study (i.e. jumping 
out of an airplane without a parachute is dangerous, or smok-
ing causes lung cancer, or surgical outcomes are improved if 
scrubs are blue…or that shaking an infant is dangerous).

Straw Man: Most people are familiar with the concept of 
the Straw Man argument. This is most popular in the political 
arena and is when an opposing position is misrepresented in 
such a manner that it appears clearly inferior. This misrepre-
sented view is then readily easily refuted, with one combat-
ant claiming victory [46]. In a manuscript, this would appear 
within the discussion section when the authors are present-
ing an opposing view they are attempting to refute. This 
opposing view would be skewed in such a way to make it 
easy for the reader to find it un-credible. One key strategy to 
combat this is by reading the references which are used to 
represent to opposing view and ensure that it is being pre-
sented accurately.

16.7  Examples of Misuse of the Medical 
Literature

To get a better sense of how misuse of the medical literature 
plays out regarding AHT, I am going to provide a few 
examples.

16.7.1  Hypoxia as a Cause for the Findings 
in AHT

Since the early 2000s, hypoxia (lack of oxygen in the blood) 
has been proposed as a potential cause for the finding seen in 
AHT (particularly subdural haemorrhage, retinal haemor-
rhage or brain injury; spuriously referred to as ‘The Triad’). 
I would like to trace the origins of this theory and demon-
strate how there is no clinical reality to the premise. Due to 
poor study design and misinterpretation of the literature, it 
has been given some credibility. In 2000, Geddes and col-
leagues published a pair of papers which described the cen-
tral nervous system histologic findings seen in 53 infants and 
children who were diagnosed with AHT [47, 48]. They 
reported that these 53 had brain parenchymal findings which 
were more consistent with hypoxia, as compared to trauma. 

These papers are often cited in courts as research evidence 
that infants and children who have died from AHT had in fact 
died from hypoxia. This is promoted despite the absence of 
any statistical analysis demonstrating any association 
between AHT and found hypoxic changes. Of note, in the 
manuscript itself, the authors themselves report that ‘(d)
istinguishing between terminal hypoxic–ischaemic and trau-
matic damage to axons…was not always easy’ [48]. This 
challenge is not reported on when the article is used to defend 
the contention that hypoxia alone can cause the findings 
associated with AHT.

Shortly after these two papers were published, Geddes 
and colleagues published a third manuscript which reported 
to demonstrate that the subdural blood associated with AHT 
was actually due to hypoxia [49]. In this article, the authors 
described 50 stillbirth, perinatal, and infant deaths. The 
authors reported on the presence of intradural haemorrhage 
(microscopic red cells in dural sections) in non-traumatic 
deaths. Again, despite the absence of a statistically signifi-
cant relationship between hypoxia and dural blood, the 
authors conclude that there was a ‘slight indication’ of a rela-
tionship. Oddly, despite not examining any of the subject’s 
eyes, the authors reported that retinal haemorrhages would 
occur as well. Geddes and colleagues highlight this study to 
support the proposition that hypoxia is the underlying mech-
anism for subdural bleeding in suspected AHT, despite only 
one foetus having macroscopic subdural blood. Thus, a sig-
nature finding of AHT (SDH) was not present in any of the 
subjects who died from hypoxia.

Together these three papers are commonly referred to as 
the Geddes Unified Theory [47–49]. They are used in court to 
support the proposition that subdural blood and brain injury 
associated with AHT are the result of hypoxia absent any 
trauma. A critical reading of the actual manuscripts, with the 
appropriate appraisal of study design and analysis, the con-
clusion that is often touted (that hypoxia can mimic AHT) is 
simply not contained within the papers cited. To be specific, 
if the researchers were interested in investigating an associa-
tion between hypoxia and either parenchymal injury, the cor-
rect study design would be case control, which was not done. 
Without the correct study design, meaningful conclusions 
would remain unsupported. While hypoxia is likely a part of 
the secondary injury from AHT, there are no data demon-
strating subdural bleeding being the result of a purely 
hypoxic event. The counterfactual can be easily demon-
strated using near-drowning and drowning in children as a 
model. Rafaat and colleagues evaluated the CT scan of 156 
sequential children evaluated for drowning or near- drowning, 
noting that none of the 156 children had subdural blood on 
CT scans of the head [50].

As an extension from the Geddes Unified Theory, Geddes 
and Talbert proposed that the actual underlying cause of 
SDH in AHT was hypoxia, in conjunction with paroxysmal 
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coughing [51]. They proposed that hypoxia alone was insuf-
ficient alone to cause SDH, but that when infants coughed, 
vomited, or choked they could develop both SDH and RH 
without trauma. They utilized a computer model to describe 
how paroxysmal coughing, in conjunction with hypoxia, 
could raise cerebral venous pressure to the point of vascular 
rupture. They then propose that this rupture would result in 
SDH and RH. Their conclusions are based upon their com-
puter model which the authors report ‘demonstrates clearly 
that dangerous rises in intravascular pressures, which may 
exceed the failure threshold of intracranial veins’. They also 
note that ‘No research specifically addressing the question of 
stress failure of intracranial veins appears to have been 
reported in the literature’ [51]. Thus they report that the pres-
sure would rise to the point of vascular rupture, but the 
threshold of that vascular rupture is unknown. By reading the 
methods section, the reader appreciates that (1) many of the 
parameters that are put into the model are speculative, and 
(2) the outcome (blood vessel failure) is unknown. It is easy 
to be misled by not appreciating the methodological flaws 
embedded in the study.

In apparent support of the Geddes and Talbert model, 
Barnes and colleagues report a case of a 4-month-old infant 
who they report died as a result of what they called ‘dys-
phagic choking’ [52]. They report on an infant who on 
autopsy was noted to have intracranial injury, extensive 
SDH and RH, and old and acute rib fractures, and claimed 
that the infant died as a ‘result from a dysphagic choking 
type of acute life threatening event (ALTE) as consistently 
described by the caretaker’ [52]. It was subsequently 
reported that the authors failed to report that they were all 
defense/defence experts for the perpetrator and that they 
did not include important clinical findings (healing rib frac-
tures) which in review of trial transcripts was clear that they 
were aware of [53, 54]. Absent this fraudulent case report, 
there exists no published data supporting SDH and RH 
would result from either dysphagic choking or paroxysmal 
coughing. This case report highlights the misuse of a case 
report to try and demonstrate a ‘truth’, when it presents sus-
pect data. Even if the data reported in this case report were 
indeed true, as a single case report it would not meaning-
fully change the understanding a single case report is, by 
definition, an outlier.

We see by the sequence of events that published data can 
be ‘spun’ to support a hypothesis that is clinically not a con-
sideration (that hypoxia causes all of the findings associated 
with AHT), how these papers are then used to create an addi-
tional clinically irrelevant theory (that dysphagia causes all 
of the findings associated with AHT), that is then presented 
in a duplicitous fashion. The hypoxia/dysphagia theory was 
created with limited data and is now presented in courts 
around the world as having a number of ‘peer review publi-
cations’ supporting its existence.

16.7.2  The Absence of Any Published Support 
for AHT

The importance of critically reading the Methods section of 
a paper cannot be understated. A paper by Donohoe is often 
cited as evidence that there is not a body of literature sup-
porting the diagnosis of AHT [55]. As Donohoe is routinely 
cited as ‘evidence-based’, a detailed analysis of the Methods 
section will clearly expose its poor quality. While not explic-
itly claimed in the paper, Donohoe presents itself as, and is 
often cited as, a Systematic Review, one of the strongest evi-
dence levels in most level of evidence hierarchies (i.e. Level 
I on the United States Preventative Services Task Force 
(USPSTF)). A reading of the methods section will readily 
identify that Donohoe is not a Systematic Review, but a 
Literature Review. While often valuable, Literature Reviews 
are amongst the weakest levels of evidence (i.e. Level III of 
the USPSTF).

As noted above, crafting appropriate clinically relevant 
answerable questions and a comprehensive literature 
search strategy are the cornerstones of EBM.  Donohoe 
uses the single search term, ‘shaken baby syndrome’, on 
the Medline database. The use of a single search term on a 
single database (Donohoe also notes the use of Internet 
Explorer as a database, which is baffling) is blatantly inad-
equate. The casual reader may not be aware that while 
Donohoe searched Medline in 1998, the term ‘Shaken 
Baby Syndrome’ was not added as a Medical Subject 
Heading (MeSH) term until 2002. In this way, Donohoe 
searched Medline using a term that was unrecognizable to 
it. This search strategy resulted in identifying 71 initial 
citations. Donohoe notes that an additional ‘important’ 
study by Jayawant et al. [56] was not captured in his search 
strategy, but about which he was aware. This clearly begs 
the question about how many additional ‘important’ papers 
were not captured by this strategy; about which the author 
was unaware; the purpose of a Systematic Review. Even if 
the search was performed currently, the paper would not 
have been retrieved as Medline does not associate the 
MeSH term ‘shaken baby syndrome’ with Jayawant et al. 
When currently (05/2018) searching Medline using the 
MeSH term ‘Shaken Baby Syndrome’, there are 772 cita-
tions; 80 if restricted to the time frame in Donohoe. To 
highlight the importance of the search strategy, repeating 
the Medline search using the more appropriate MeSH 
terms associated with Jayawant et  al. ( ‘Hematoma, 
Subdural/aetiology’ and ‘Infant, Newborn’), restricted to 
the same time frame as Donohoe, returned 19,863 citations 
(05/2018). Searching Medline with MeSH terms it recog-
nized resulted in a 280-fold increase in the number of cita-
tions returned. This highlights the importance of being an 
active reader of the literature. Simply accepting the search 
strategy (and resulting conclusions) as presented in 
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Donohoe (in a peer reviewed journal), without indepen-
dent appraisal, would profoundly mislead the reader to the 
current scope of knowledge.

By way of comparison to a high-quality systematic 
review, Maguire et  al. performed a Systematic Review of 
published literature to answer the question ‘What are the 
clinical features that distinguish inflicted from non-inflicted 
brain injury?’ [57]. Their comprehensive search strategy 
involves over 100 keyword combinations and 20 databases. 
Their search resulted in 1168 articles for full text analysis. 
They rigorously applied inclusion and exclusion criteria, 
which resulted in 320 papers which were then analyzed by 2 
independent reviewers (with a third reviewer for any discrep-
ancies). It is easy to appreciate that by reading the methods 
sections of the two papers, and understanding the importance 
of methodologic rigour, how these two papers (Donohoe and 
Maguire et al.) resulted in two vastly difference results.

16.8  Summary

Critical literature appraisal is now academic hand-to-hand 
combat. No longer can articles be read secure in the comfort 
that the reader is not being led astray. The reader must now be 
an active participant in reading the medical literature. There 
are four main take home messages for the reader. First, to be 
sceptical of everything that you read. Second, read the 
Materials and Methods section of the paper. This section is 
often skipped but can no longer be. This section will tell us if 
we should actually read the paper or not. Third, read the refer-
ences. It will be a check of the quality of the scholarship of 
the author, being able to confirm that the references support 
what the author says they support. Fourth, peer review does 
not guarantee that the paper is of high quality. While peer 
review should be minimum criteria for reading a manuscript, 
in many cases it may only mean that someone else also read 
the paper.
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17.1  Introduction

Paediatric fractures have an important role in the evaluation 
of child physical abuse. As explained throughout this book, 
some fractures are highly specific for child abuse whereas 
other fractures are less specific for child abuse. But how 
should medical professionals express a diagnostic value of 
fractures? Correct interpretation of paediatric fractures is 
crucial, as wrong interpretations might lead to incorrect 
accusations or to ongoing risks for the child and for other 
children.

Medical professionals who are involved in evaluating 
children for possible abuse, should be aware of several 
sources of bias, like cognitive bias, contextual bias, and base 
rate bias [1]. Unawareness of bias leads to diagnostic errors 
in general medicine, and certainly in paediatric radiology 
and child abuse paediatrics as well [2–5]. An example of 
unconscious bias is the impact of risk factors on decision- 
making, which is often larger than can be substantiated.

A probabilistic approach can be useful to separate the 
diagnostic value of paediatric fractures from all other infor-
mation. A probabilistic approach is a way to deal with sev-
eral sources of bias, but it is also a way to force medical 

professionals to stay within their field of expertise. Relevant 
information in a case could be beyond medical expertise, 
forcing to express the medical findings in a way that is sup-
portive to others. In forensics, the diagnostic value of find-
ings is reported to the trier of fact, i.e. a person (judge), or 
group of persons (jury), who determines facts in a legal pro-
ceeding [6]. But also outside the forensic field, one should 
appreciate that reporting the diagnostic value of medical 
findings is a logic way to formulate expert opinions [7].

Even if medical professionals need to make decisions by 
themselves, one should still separate the diagnostic value of 
the fracture from all other information that might have an 
effect on the probability of abuse, but not on the probability 
of the fracture. This separation is needed to prevent that risk 
factors (or protective factors), prevalence of abuse, the value 
of the history provided, and other factors will have an effect 
on the diagnostic value of the fracture. In this chapter a 
Bayesian approach will be presented as a way to separate the 
diagnostic value, also called the evidential power, from the 
value of other factors.

17.2  Bayesian Statistics

In Bayesian statistics, named after Thomas Bayes, an English 
reverend and statistician from the eighteenth century, the 
probability of an event is described (Fig.  17.1). His rule 
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Fig. 17.1 Reverend Thomas Bayes

describes how a degree of belief changes as new evidence is 
presented. The new evidence, which is the diagnostic value, 
will update a prior belief. A well-known derivation of Bayes’ 
rule considers the ratio of the probabilities of two 
hypotheses:

Prior odds times likelihood ratio equals posterior odds.
This equation will be explained using an example of a 

10-month-old healthy infant who presents with a humeral 
fracture, resulting in a consideration of abuse as a cause of 
that fracture.

17.2.1  Prior Probability of Abuse

In Bayesian statistics, the prior belief in two competing 
hypotheses needs to be determined before the impact of new 
(medical) findings can be calculated. In our example, the 
probability of abuse needs to be determined before the diag-
nostic value of a humeral fracture in a 10-month-old infant 
can be added. If abuse is the hypothesis that we would like to 
consider, then we need a competing hypothesis to be able to 
calculate prior odds of abuse. Examples of other possible 
causes for a fracture are medical diseases, birth and acciden-
tal trauma (see Chaps. 13 and 14). In our example, the com-
peting hypothesis is every cause other than abuse. As 
mentioned before, the prior probability of abuse cannot 
always be determined by the medical provider. That will be 
discussed in more detail in Sect. 17.3.

In our example, the prevalence of abuse might be a good 
way to estimate the prior probability of abuse. A relevant 
prevalence of abuse is the prevalence in 10-month-old 
infants. An even better way to determine the prevalence of 
abuse in our case might be to look at the prevalence of abuse 
in 10-month-old infants who undergo radiologic examina-
tion because of a concern of a fracture. Even certain risk fac-
tors and protective factors could change the prior probability 
of abuse, as well as information not or not yet known to the 
medical provider, or information outside the field of exper-
tise of the medical provider.

In our example, data from a study in which the prevalence 
of abuse was determined in young children with a fracture, 
with exclusion of children with head trauma, is used [8]. 
Using a large American database, Leventhal et al. evaluated 
data from 4248 infants less than 12 months old who had pre-
sented in a hospital with a fracture. Of these children, 868 
children were diagnosed with abuse. This results in a preva-
lence of abuse of 20.4%. This 20.4% can be considered as 
the prior probability of abuse in children who presented with 
a fracture. Compared with the other 79.6% of children in the 
same group who were not diagnosed with abuse, the prior 
odds of abuse in this study were 0.256 (20.4% over 79.6%).

17.2.2  Diagnostic Value

The 10-month-old infant in our case had a humeral fracture, 
without any details provided. In real cases, there are more 
details available, e.g. from the history provided, from the 
physical examination, from laboratory testing, and from 
other radiologic examinations.

The fracture itself could change the prior belief of abuse. 
The diagnostic value, or evidential power of the humeral 
fracture, can be determined by looking at the frequency of a 
humeral fracture at this age in abused children, compared 
with non-abused children. If the fracture is more common in 
abused children, than there is some evidential power in 
favour of the hypothesis abuse. Also, if the fracture is more 
common in non-abused children, than there is some eviden-
tial power in favour of the hypothesis non-abuse.

The ratio between the frequency of the fracture in abused 
children and the frequency of the fracture in non-abused chil-
dren is called the likelihood ratio. The likelihood ratio is the 
diagnostic value or the evidential power of the medical find-
ing. Note that it is not relevant how common the two groups 
are in which the prevalence of the medical findings needs to 
be determined. If a certain fracture is common in abused 
children in a population in which child abuse is uncommon, 
then the number of children with these fractures might be 
larger in the non-abused group. Despite that, this certain 
fracture still provides evidential power towards child abuse.
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We could look at a study in which the authors looked at 
both abused and non-abused children who presented with a 
fracture, to find out how common fractures on specific loca-
tions were [9]. In children less than 18 months old, 37 out of 
377 abused children (9.8%) had a humeral fracture (regard-
less of type), compared to 19 out of 425 non-abused children 
(4.5%). Based on these data, it was 2.2 times more likely to 
have a humeral fracture if the child was abused, compared to 
non-abused children. The likelihood ratio or the diagnostic 
value therefore is 2.2.

17.2.3  Posterior Probability of Abuse

The updated prior probability by adding the diagnostic value 
of abuse results in a new probability of abuse. Looking at just 
a humeral fracture without any details in our example, the 
prior odds of 0.256 can be multiplied by the likelihood ratio 
of 2.2. The result is posterior odds of 0.563. This can be con-
verted into posterior probability by dividing 0.563 by the 
total of (0.563 + 1), resulting in a probability of 36.0%. So, 
the prior probability of abuse of 20.4% was updated by the 
diagnostic value of a humeral fracture, resulting in a poste-
rior probability of 36.0%.

The posterior probability of abuse can also be found in 
scientific papers. An example is a study in which the authors 
determined how many children with certain fractures were 
eventually diagnosed with abuse [10]. From 518 infants less 
than 12 months of age with a humeral fracture, 223 (43.1%) 
were diagnosed with abuse. This closely resembles the above 
calculated probability of abuse of 36.0%.

17.3  Diagnostic Value

So now it is explained that the diagnostic value of medical 
findings (the likelihood ratio) updates a prior belief of the 
ratio of two hypotheses (the prior odds). Many medical pro-
fessionals find it difficult to interpret the value of the likeli-
hood ratio. A nomogram as shown in Fig. 17.2 can be helpful. 
A line from the pre-test probability (not the pre-test odds) 
through the likelihood ratio will end in the post-test probabil-
ity (not the post-test odds).

In forensic standards and guidelines from both Europe 
and the United States, it is stated that the strengths of evi-
dence need to be expressed by a value of the likelihood ratio 
or using a verbal scale related to the value of the likelihood 
ratio [6, 11–13]. Interpreting fractures or other medical find-
ings by medical professionals should be of the same level as 
instructed by forensic standards and guidelines. Not only is 
estimating the probability of abuse in some way a legal deci-
sion, it is also important to understand that medical profes-
sionals often are not able to determine the prior odds of 

abuse. And therefore, the final probability of abuse can most 
often only be guessed.

The main reasons why medical professionals are not able 
to determine the prior odds of abuse are:

• Prior odds of abuse are dependent of the prevalence of 
abuse. In some situations, like at level-III hospital in an 
urban region, the prevalence of abuse might be different 
than in other situations, like at a small hospital in a thinly 
populated area. We never know if the prevalence of abuse 
in certain research settings as described in the literature is 
comparable to the prevalence of abuse in the setting of the 
medical professional that is evaluating abuse because of a 
fracture.

• While the prevalence of abuse is based on a group of peo-
ple, individuals might have factors that increase or 
decrease ‘their’ prevalence of abuse. Risk factors or pro-
tective factors are important to consider. For some spe-
cific factors, their influence on the prior odds of abuse is 
in some way known. But most often not all risk factors or 
protective factors are known, and most often their exact 
level of influence is unknown, and never it is known if a 
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specific child deserved the known update of the prior 
odds, based upon group levels.

• As mentioned before, often information is lacking to 
determine definite prior odds of abuse. For example, a 
caregiver might have confessed certain actions to a rela-
tive or to a friend. If the medical professional is not aware 
of this confession, the probability of abuse will be esti-
mated wrongly. And even if the medical professional has 
all information available, then certain information might 
be beyond the expertise of the medical professional. For 
example, determining the veracity of the history provided, 
is within the judicial field of expertise.

So, the diagnostic values of medical findings need to be 
expressed as likelihood ratios. Likelihood ratios can be com-
pared with weights on a scale. The scale is pointing towards 
abuse or non-abuse (or whatever which hypotheses are con-
sidered). The position of the scale before the medical input, 
is the prior probability of abuse. The likelihood ratio is the 
weight that the medical professional is adding to the scale. A 
light weight reflects a small likelihood ratio or little diagnos-
tic value. A heavy weight reflects a high likelihood ratio or 
much diagnostic value. The new position of the scale, after 
the medical professional added the weight, reflects the poste-
rior probability of abuse.

Remember that the diagnostic value refers to the proba-
bility of the medical findings, and does not refer to the prob-
ability of abuse. If you add a heavy weight to the scale, then 
that often leads to a new position of the scale pointing 
towards the direction of the weight. But that is not often true: 
it might be that the weights that were already on the scale 
(based upon information unknown to the medical profes-
sional, for example) were on the opposite direction. 
Therefore, the probability of abuse is most often impossible 
to determine by the medical professional alone. The medical 
professional can determine the probability of medical find-
ings if the child was abused, and relate that to the probability 
of the medical findings if the child was not abused. This is 
the diagnostic value or the likelihood ratio.

In the example used in this chapter, the only medical find-
ing to consider was the humeral fracture. However, most 
often more medical findings need to be interpreted. The more 
findings that need to be considered, the more complex the 
interpretation is. Likelihood ratios from medical findings 
which are independent from each other, can be multiplied. 
But the level of dependency needs to be considered to know 
what fraction of the likelihood ratio of new findings can be 
added to likelihood ratios of other findings. Sometimes the 
level of dependency is known from the medical literature, for 
example from clinical prediction rules. But more often the 
level of dependency needs to be estimated. In those cases, it 
is not possible to calculate an exact likelihood ratio. A verbal 
scale related to the value of the likelihood ratio can be used 

in those cases. The relation to the range of values of the like-
lihood ratio is important, so that we all speak the same lan-
guage when using verbal scales. In Table  17.1, the verbal 
scale used by the European Network of Forensic Science 
Institutes is presented [12].

17.4  Conclusion

Interpreting fractures in children is challenging, especially if 
abuse is being considered as a cause of fractures. It is in 
everyone’s interest that medical providers give an accurate 
and solid interpretation of the medical findings, nothing 
more and nothing less. The diagnostic value of medical find-
ings needs to be expressed as likelihood ratio. This ratio 
reflects the evidential power of the medical findings. In this 
chapter, it is explained how a likelihood ratio can be used to 
determine the probability that a child was abused.
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