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Non-accidental trauma: the role of radiology
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Abstract Non-accidental trauma is a significant source of
morbidity and mortality in the pediatric population. Given
the vulnerable state of the child, the radiologist can often pro-
vide valuable diagnostic information in the setting of
suspected abuse. This review focuses on common findings
of abusive trauma and serves as a guide to aid in clinical
decision-making for providers of emergency medicine and
pediatrics. Amid this discussion is an assessment of modern
controversies regarding reported mimicking pathologies, re-
capitulation of the current state of evidence with respect to
radiologic findings of abuse, and examination of the contribu-
tion that spine imaging may add to the diagnosis of possible
abusive head trauma in the acutely injured child.
Recommendations for avoiding pitfalls regarding the dating
of intracranial injuries are discussed, and illustrated depictions
of perpetrator-induced pathology are provided to aid in the
understanding of these injuries. Through the use of the appro-
priate approach to imaging and evidence-based guidelines re-
garding radiologic findings, the role of radiology is to provide
fundamental clues to diagnose and prevent recurrence of abu-
sive injury in patients who cannot speak for themselves.
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Introduction

Child maltreatment is frequently encountered in the emergen-
cy setting and resulted in 3.6 million child abuse referrals
submitted to Child Protection Services nationally in 2014with
1546 reported deaths, 70.7 % of which were ascribed to chil-
dren under the age of 3 years [1]. Medical imaging is often
crucial in identifying non-accidental trauma (NAT), as physi-
cal signs of abuse are not always present in the abused child.
This review focuses on the radiologic approach to diagnosing
NAT from the initial stages of exam selection to the accepted
evidence basis for abuse-related trauma. Modern controver-
sies and mimicking pathologies are also addressed.

Approach to imaging

The radiograph serves as the initial imaging approach to the
suspected victim of abusive trauma, as osseous injuries are
second only to skin wounds as signs of child maltreatment
[2]. Healing fractures indicative of non-accidental injury
may be identified as incidental lesions raising suspicion for
NAT. In the initial work-up of alleged abuse, the American
College of Radiology (ACR) and the Society for Pediatric
Radiology (SPR) Skeletal Survey Practice Parameter [3] spec-
ifies the expected radiographic views inherent to the work-up
for children under the age of 2 years (Table 1). Additional
dedicated radiographs may be warranted due to skeletal sur-
vey findings, and as such, many radiology departments re-
quire validation of the skeletal survey as complete by the
radiologist before the patient is released. The most recent ad-
dition to the parameter was the inclusion of bilateral oblique
rib radiographs which was supported by the findings of
Marine et al. in 2014 [4]. Adherence to this full radiographic

* Cory M. Pfeifer
cpfeifer@phoenixchildrens.com

1 Department of Diagnostic Radiology and Children’s Health
Children’s Medical Center Dallas, University of Texas Southwestern
Medical Center, 1935 Medical District Dr, Dallas, TX 75235, USA

2 Present address: Department of Medical Imaging, Phoenix
Children’s Hospital, 1919 E Thomas Rd, Phoenix, AZ 85016, USA

Emerg Radiol (2017) 24:207–213
DOI 10.1007/s10140-016-1453-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s10140-016-1453-7&domain=pdf


series is recommended, and separation from the primary care-
giver may be necessary to perform a complete series.

Non-contrast-enhanced computed tomography (CT) of the
head is often indicated in the emergency setting when head
trauma is suspected, even despite a lack of focal neurologic
symptoms [5], as intracranial pathology can exist in the setting
of a normal physical exam or lack of retinal hemorrhage [6].
CT improves sensitivity for skull fractures, especially when
volumetric and multiplanar reconstructions are employed. CT
also allows for assessment of intracranial injury. When avail-
able, iterative reconstruction and other age-appropriate dose
reduction techniques should be instituted to reduce radiation
exposure to the child [7]. Further evaluation withMRI may be
helpful in the setting of an abnormal CT exam.

Nuclear medicine bone scan (skeletal scintigraphy) has
been described as an adjunct to radiography in the work-up
of non-accidental trauma [8]. Scintigraphy may improve eval-
uation for fracture by 25–50%, especially in the posterior ribs,
spine, and acromion [9]. The time-intensive nature of this
technique may require sedation, and this modality is now less
commonly used, especially in the emergent setting.

CT of the abdomen and pelvis may be appropriate as neces-
sary per the same clinical parameters as utilized in general trau-
ma, particularly if there is suspicion for solid organ or visceral
injury. Intravenous contrast material is necessary for the evalua-
tion of solid organ injury [5]. There are no specific radiologic
findings of abusive trauma in the abdomen or pelvis; however,
unexplained serologic evidence of solid organ insult may prompt
imaging. In these cases, careful attention to the osseous structures
may reveal evidence of a healing fracture which would strength-
en the likelihood of repetitive injury (Fig. 1).

Non-accidental fracture patterns

Non-accidental osseous injuries have been classically de-
scribed [10] as either high, moderate, or low specificity
(Table 2). The likelihood of non-accidental injury increases
when injuries are discordant with the caregiver’s history, when
reported mechanisms are unexpected for the child’s

developmental status, or when fractures of different ages are
uncovered.

The classic metaphyseal lesion (CML) is a highly specific
fracture for abusive trauma in a child less than 1 year of age.
Descriptors such as “bucket handle fracture” and “corner frac-
ture” have been used synonymously with the CML, though
the pathophysiology of the fracture mechanics does not differ
between these two radiologic presentations. The difference in
appearance is due to variable radiographic projections [11]. A
CML occurs when a shearing force is applied to long bone
resulting in avulsion of the metaphysis and a characteristic
fracture appearance (Figs. 2 and 3). Although the CML has
been postulated to be associated with birth-related trauma
[12], this lesion is not typically associated with falls [13]. It
has been hypothesized that histologic and radiographic find-
ings of the CML are similar to healing rickets in an infant [14]
which continues to stir controversy among experts; however,
the Society for Pediatric Radiology Child Abuse Committee

Table 1 Required radiographic views for the skeletal survey in
children, adapted from [3]

Axial skeleton Appendicular skeleton

Skull (frontal and lateral) Humeri (AP)

Cervical spine (lateral) Forearms (AP)

Thorax (AP and lateral) Hands (PA)

Ribs (bilateral obliques) Femurs (AP)

Lumbosacral spine (lateral) Lower legs (AP)

Abdomen and pelvis (AP) Feet (AP)
Fig. 1 Hemoperitoneum (white arrow) resulting from non-accidental
abdominal trauma in a child. Further inspection revealed a healing
posterior rib fracture on the right (black arrow)

Table 2 Specificity of fractures
for non-accidental trauma,
adapted from [10]

High specificity

Classic metaphyseal lesions

Multiple posterior rib fractures

Scapular fractures

Sternal fractures

Clavicular fractures

Spinous process fractures

Moderate specificity

Multiple fractures

Fractures of differing ages

Epiphyseal separations

Vertebral body fractures and
separations

Digital fractures

Complex skull fractures

Low Specificity

Subperiosteal bone formation

Clavicular fractures

Long bone shaft fractures

Linear skull fractures
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reaffirmed the association of the CML with abusive trauma in
2014 [15]. Additionally, a 2016 retrospective review of child
abuse investigations showed strong association with traumatic
injury [16]. A consensus statement by the Board of Directors
of the Society for Pediatric Radiology in 2016 outlined the
role of vitamin D in bone health in a multidisciplinary review
of childhood fracture epidemiology which compared lesions
associated with metabolic disease to traumatic findings [17].

Along with the classic metaphyseal lesion, posterior and
lateral rib fractures have a high association with non-
accidental trauma [18, 19] in children less than 1 year of
age. Posterior and lateral rib fractures occur with squeezing
of the child (Figs. 4 and 5) and are more likely to manifest in
the rib head and neck given the proximity to the transverse
processes of the spine. Cardiopulmonary resuscitation (CPR),
when performed on the infant in the supine position with
support of the back, had previously been shown to be associ-
ated with anterior rib fractures in rare instances [20]. Though
there is conflicting evidence as to whether or not the more
commonly employed “two-thumbs” technique has resulted
in increases in acute posterior rib fractures in resuscitated chil-
dren [21, 22], the presence of healing fractures in a child

without recent CPR remains highly suggestive for non-
accidental injury.

Long bone and clavicular shaft fractures are commonly
encountered in the pediatric emergency setting; however,
specificity for abusive trauma declines as patients become
able to walk on their own. Although oblique tibia fractures
in ambulatory children are termed “toddler fractures” to con-
note an accidental mechanism, stress and compression frac-
tures of the fibula, metatarsals, and tarsals are similarly com-
mon findings of accidental trauma in this age group [23].

Abusive head trauma

Abusive head trauma (AHT) is the most common form of
non-accidental injury leading to death in children less than
1 year of age [24–27]. The vast spectrum of abusive head
injuries includes collision with a stationary object, direct blow
to the cranium, and alternating acceleration and deceleration.
Infants are particularly at risk for traumatic brain injury as a
result of being shaken back and forth (Fig. 6) due to the rela-
tive weight of the head compared to the rest of the body and
relative lack of strength of the infant neck musculature.
Primary and contre coup intracranial manifestations are simi-
lar to accidental injuries.

Isolated linear skull fractures are lower in specificity for
abusive head trauma, and the presence of a cranial fracture
may or may not be associated with intracranial hemorrhage.
The inability to date skull fractures without coexisting

Fig. 2 Illustration of the origin of the classic metaphyseal lesion. The
arrows indicate the sites of cortical shearing which result in the Bcorner
fracture^ radiographic appearance

Fig. 3 Classic metaphyseal lesions. The white arrows show the
radiographic correlate to the distal femoral metaphyseal separation
depicted in Fig. 2. The black arrow designates the Bbucket handle^
radiographic appearance in the proximal tibia
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superficial soft tissue or intracranial pathology also mires the
differential diagnosis in cases of suspected abuse.
Nonetheless, an isolated skull fracture in a child without a
substantiated accidental cause for the injury should prompt a
skeletal survey [5] to rule out additional injury. When skull
fractures are encountered, three-dimensional (3D)
reformatting of the cranium is helpful to improve evaluation
of the skull by aiding in the differentiation of accessory sutures
and wormian bones from subtle fractures. Numerous wormian
bones may suggest a primary bone disorder such as osteogen-
esis imperfecta. The presence of multiple fractures, bilateral
fractures, and fractures crossing suture lines may indicate
AHT [28].

Extra-axial fluid collections (Fig. 7) are often encountered
in abusive head trauma, and ordering clinicians would obvi-
ously benefit from information related to age of these fluid
accumulations. Caution to the radiologist is advised in dating
these collections by CT attenuation values, as hyperacute and
acute hematomas may contain a mixture of cerebrospinal fluid
(CSF) and blood products (hematohygroma) which limits

specificity. While the presence of a high attenuation extra-
axial fluid collection is concordant with acute hematoma, a
homogeneously low attenuation collection may manifest
acutely in the setting of arachnoid shearing. Because of these
confounding variables, the use of CT to date extra-axial fluid
collections must often be reserved for instances in which pre-
vious imaging is available.

Though access toMRI in the pediatric emergency setting is
variable and often dependent on local resources (magnet avail-
ability, anesthesiology services, etc.), follow-up MRI is often
indicated when an initial CT demonstrates a previously un-
documented intracranial injury [29]. When employed, the use
ofMRI to evaluate for the presence of suspected bridging vein
thrombosis (Fig. 8) in patients with subdural hematoma can
increase specificity for a traumatic cause for the injury [30,
31]. It should be emphasized that the signal changes of sub-
dural hemorrhage evolve at a much slower rate than
intraparenchymal hemorrhage on both CT and MRI [32]
which makes exact dating impossible. Chronic subdural he-
matomas may be suggested by the presence of membranes
within the collection and may not have evidence of prior hem-
orrhage on SWI or GRE sequences [33]. While subdural he-
matomas (whether at the site of an externally visible injury or
attributable to shearing forces of shaking) are the most com-
mon intracranial finding in non-accidental trauma, the nonspe-
cific nature of this finding merits close correlation to clinical
symptomology and patient history.

Fig. 7 Noncontrast-enhanced head CT (left), and brain MRI (right) of a
victim of abusive head trauma. Despite differences in the appearances of
the extra-axial fluid collections (arrows), exact dating should be avoided

Fig. 5 Healing posterior (black arrows) and acute lateral (white arrow)
rib fractures in an abused child

Fig. 6 Illustration depicting the mechanics of Bshaken baby syndrome^

Fig. 4 Illustration of an abuse perpetrator in relation to the child’s ribs.
Arrows indicate the sites most vulnerable to fracture
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Parturitional subdural hemorrhages commonly occur re-
gardless of the delivery method, and these fluid collections
may occur in the same location as subdural hematomas due
to head trauma. Birth-related subdural hemorrhages should
resolve within 4 weeks and should not exhibit worsening clin-
ical symptomatology [26]. Extra-axial blood products
persisting beyond the first month of life merit additional con-
sideration for non-accidental etiology.

Intra-axial injuries including intraparenchymal hematomas
are nonspecific for abusive head trauma yet are regularly en-
countered in the abused child and correlate with poor neuro-
logic outcome [34]. Both CT and MRI can provide prognostic
information by demonstrating mass effect, cisternal efface-
ment, and need for neurosurgical intervention.

Imaging of the spine has been advocated in cases of
suspected non-accidental trauma due to the high incidence
of ligamentous injury and visualization of extra-axial hemor-
rhage in the spine. Choudhary et al. reported that spinal canal
subdural hematoma was significantly more common among
children with abusive head trauma who had undergone
thoracolumbar imaging [35] than accidental trauma, and a
subsequent study demonstrated a significant correlation be-
tween nuchal, interspinous, and posterior occipital-atlantal-
axial ligamentous injury and abusive head trauma [36].
Ensuing research has shown a positive association between
ischemic changes observed on brain MRI and MRI-proven
cervical spine injury in children with confirmed NAT [37].
Given these relationships, MRI of the spine is likely to emerge

as a recommended initial imaging tool in the work-up of chil-
dren with suspected abusive trauma.

Although isolated intracranial pathology is less specific for
non-accidental injury than the higher specificity fracture pat-
terns discussed above, even a low suspicion for abusive head
trauma should warrant appropriate follow-up given the mor-
bidity and mortality of trauma-related intracranial pathology.
Additional physical exam findings such as retinal hemorrhage
may raise suspicion for child abuse, but concordance of injury
patterns with the history provided by the caregiver is often the
salient element of prompting the appropriate inquiry.

Fig. 8 Susceptibility-weighted brain MRI demonstrating bridging vein
thrombosis in a pattern referred to as the Btadpole sign^ [30]

Fig. 9 Characteristic symmetric cupping and fraying of the bilateral
radial and ulnar metaphyses (white arrows) in rickets

Fig. 10 Diffuse osteopenia and multiple bilateral fractures in a patient
with osteogenesis imperfecta
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Confounding pathologies

Patients with metabolic bone disease such as that seen in rick-
ets (Fig. 9), Caffey disease, and osteogenesis imperfecta
(Fig. 10) are more susceptible to fracture. To delineate non-
accidental injury from fracture due to underlying bone dis-
ease, correlation can be made to prior radiography, the radio-
graphic appearance of the bones, serologic testing, and phys-
ical exam. Herein lies the value of the skeletal survey, as
metabolic disease should manifest in a predictable diffuse pat-
tern, whereas injury due to trauma is more likely to be focal.
Radiologists and emergency medicine providers would be
well-served to review literature germane to the defense of
the alleged perpetrator [14, 38] as well as the accepted con-
clusions of the Society of Pediatric Radiology [17] regarding
metabolic bone disease and the 2015 study by Perez-Rossello
et al. demonstrating the absence of rickets in infants with fatal
abusive head trauma and classic metaphyseal lesions [39].

Benign enlarged subarachnoid spaces (BESS) are com-
monly encountered in children less than 1 year of age [40],
and an association has been reported between subdural hem-
orrhage and BESS. Although much data regarding the linkage
between BESS and subdural hematoma is based on case series
reports of less than 20 children [41–44], an isolated subdural
hematoma in the setting of known BESS may or may not be
due to abusive head trauma. In cases of potential abusive head
trauma, MRI can be helpful to determine if a subdural collec-
tion contains hemorrhagic products.

An additional confounding intracranial pathology is glutaric
aciduria type 1 [27], a condition associated with brain atrophy
and subdural fluid collections. This is a rare metabolic disorder
occurring in 1 out of 30,000 births [45] and can be diagnosed
through advanced serologic testing [46].Menkes Syndrome, also
a rare metabolic disorder involving copper storage identifiable
through genetic studies and hair analysis, can generate findings
that overlap with non-accidental trauma [47, 48].

Conclusion

When suspected non-accidental trauma is encountered in the
emergency setting, selecting the appropriate radiographic study
often provides a critical screening and diagnostic role in evalua-
tion. Careful correlation between physical exam findings, radio-
logic testing, and the reported history must be taken into account
in each case. Aided with proper evidence-based medicine, the
clinician and radiologist can make appropriate recommendations
while preventing future cases of child abuse.
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