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“You can observe a lot by just watching.”
Yogi Berra

We dedicate this book to our wives and
families, for whose support we are forever
grateful.



Preface

Musculoskeletal conditions are a frequent cause of disability and discomfort for
children. Back pain is a common complaint presenting to the primary care physi-
cian’s office, the emergency room, or urgent care and can be a source of great anxi-
ety for the child, parents, and clinician. Many primary care physicians have not
received specific education and training on the appropriate workup and referral for
pediatric back pain. This book is designed to fill this “gap” in musculoskeletal
education.

Multiple physicians who are in the trenches caring for children with back pain
have contributed to this text. We designed the book with case-based chapters written
in a standardized format to help the reader navigate through the many diagnoses that
can present with back pain. The authors have included clinical cases from their
practices, common presenting symptoms, physical exam findings, tips on the work
up, when to refer, multiple illustrations, and red flags to keep the clinician out of
trouble. Each chapter also includes brief practical pearls from the editors.

In addition, we have included introductory chapters on topics such as epidemiol-
ogy, anatomy, radiology, and medical conditions that contribute to back pain. A
common theme throughout the book is that a focused history, physical examination,
the use of plain radiographs, and simple laboratory tests are elements of a basic
work up for most cases of back pain. Advanced imaging studies and more sophisti-
cated laboratory tests are used on a case-by-case basis as indicated during the col-
laborative evaluation of the patient by the primary care physician and the spine
specialist.

We are indebted to the many outstanding authors for sharing their experience and
unique perspective in caring for children. We are also indebted to our editor at
Springer, Connie Walsh, who led us through the maze of book publishing with clar-
ity and diplomacy. We also thank our primary care colleagues, for whom this book
is written and who typically are the first to see these children with back pain. The
eminent pediatric orthopedic surgeon Mercer Rang said that “Preventive orthopae-
dics is better than reactive orthopaedics. Prevention is wholesale and treatment is
retail.” Finally, we thank our pediatric patients, who, over the course of our careers
in pediatric orthopedics, have taught us the most.

vii



viii Preface

Hopefully this book provides you the reader with new ideas and many clinical
pearls to use in your practice. However, if themes in the book confuse or obscure,
we welcome your feedback so that we can improve for the second edition of this
book. Please email us at: rmschwend @cmh.edu and WLH5k @hotmail.com.

Kansas City, MO, USA Richard M. Schwend
Hershey, PA, USA William L. Hennrikus
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Chapter 1
Epidemiology of Pediatric Back Pain

Morgan B. Weber and Raymond W. Liu

Introduction

Back pain in children and adolescents is more common than previously thought.
Historically, it has been taught that pediatric back pain is rare, usually associated
with underlying pathologic conditions, and necessitates an MRI [1]. Literature over
the past 40 years, however, has challenged these notions. Pediatric back pain preva-
lence has been increasing since the 1980s [2, 3]. Lifetime prevalence of back pain is
reported in up to 89% of adolescents [4]. Although the etiology of most pediatric
back pain cases is benign and self-limited [5, 6], back pain can have effects on a
child’s lifestyle including reduction in physical activity and absence from school.
Additionally, pediatric back pain is a risk factor for chronic back pain as an adult [7,
8]. In this chapter the prevalence, risk factors, natural history, and potential disabil-
ity resulting from pediatric back pain are reviewed.

Defining Back Pain

Back pain in the literature is variably reported in terms of generic back pain, spinal
pain, neck pain, thoracic pain, upper back pain, or low back pain. The majority of
studies, including this chapter, group back pain into neck pain, thoracic or mid-back
pain, and low back pain. However, the lack of standardization of terminology about
back pain makes it difficult to compare studies. Low back pain (LBP), defined as
pain limited to the region between the lower margins of the twelfth rib and gluteal

M. B. Weber - R. W. Liu ()
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folds, is the most common type of back pain [9] and has been most frequently stud-
ied. In contrast, there is a relative paucity of literature on pediatric thoracic and
neck pain.

Prevalence

Back Pain

Lifetime back pain prevalence estimates range from 5% to 89% of the pediatric
population [4, 10, 11]. Severe or permanent back pain is estimated at 3—-15% [4,
12, 13].

Neck and Thoracic Pain

Lifetime prevalence of neck pain for children aged 9 and 15 years is 10% and 15%,
respectively, and lifetime prevalence for mid-back pain is 20% and 28%, respec-
tively [14]. One-year prevalence of neck pain ranges from 10% to 19% [13, 15, 16],
and thoracic pain is estimated at 8% [15].

Low Back Pain

There is variability in LBP prevalence estimates, ranging from 1% to 66% [2]. In a
recent meta-analysis, the mean point prevalence was 12%, mean period prevalence
for 1 month was 18%, and for 1 year, it was 27%. Mean lifetime prevalence was
40% [2]. LBP point prevalence and recurrent or continuous back pain all increase
with age [17]. Back pain is uncommon in children less than 4 years and may signal
more alarming conditions in this age group [18]. Both lifetime prevalence and
1-year period prevalence are reported to be around 1% in 7-year-old children [17,
18]. Prevalence increases to 4% (1-month period prevalence) in 8—10-year-old chil-
dren [19]. One-year period prevalence is reported at 6%, 18%, and 18.4% for 10-,
14-, and 16-year-old patients, respectively [17]. In a systematic review, lifetime
prevalence increases from 1% at age 7 to 17% at age 12 years, and there is then a
steep increase to 53% at age 15 years [18]. It is estimated that lifetime prevalence
rises by about 10% annually from 12% at age 11 to 50% by age 15 years [20]. By
age 18 years, lifetime prevalence approaches 70-80%, which is equivalent to that of
adults [2].
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Incidence

The 2-year incidence of neck pain in a cohort of students aged 13—15 years at fol-
low-up was 60%, mid-back pain was 50%, and LBP was 42% [4]. In a 1-year lon-
gitudinal study of 12-13-year-olds, annual incidence of LBP was 18% [21]. In a
similar study of children ages 11-14 years known to be free of symptoms at base-
line, 19% reported LBP 12 months subsequently [22], and in another study, annual
LBP incidence was 17% among adolescents at a mean age of 13.8 years [23]. LBP
incidence, similar to prevalence, increases with age [20].

Pain Frequency, Duration, and Intensity

The majority of pediatric back pain is mild, with low frequency, low intensity, and
short duration, typically less than a week [4, 17, 24]. The median duration is 3 days
[22], and the majority report a duration of 1-2 days [24]. “Frequent” symptoms are
present in approximately 25-33% of adolescents [9, 25]. Severe, chronic, or recur-
rent LBP is present in 5-29% of adolescents [9, 13, 17, 20, 25-27]. Analgesics were
utilized by 13-23% of students for LBP [27, 28]. The prevalence of sciatica is esti-
mated at 2-6% of adolescents [26, 27].

Disability

For some patients the effect of back pain can lead to decreased quality of life and
interference with daily activities. An estimated 7-29% of adolescents report LBP
severe enough to reduce function, disturb sleep, lead to school absence, interfere
with leisure activities, or cause sport cessation [9, 13, 24-30]. Neck pain can also
interfere with daily activities [13]. The most common reports of disability include
difficulty carrying schoolbags, lifting/carrying heavy objects, sitting at school, for-
ward bending, standing for more than 10 minutes, walking over 2 km, getting up
from bed, putting socks on, and job/sports activities in leisure time [24, 26, 27].
LBP may influence social, emotional, and mental health. The relationship is likely
bidirectional with interactions perpetuating a cycle of pain, negative thoughts, and
dissatisfactory mental health [31].

Medical Attention

The prevalence of back pain requiring medical consultation is reported at 6%, 8%,
and 34% for schoolchildren aged 9, 13, and 15, respectively [14]. Overall, 6-25%
of the pediatric population will see a physician for LBP [27, 28, 30]. Of the adoles-
cents who report LBP, 4-32% will seek medical care [20, 21, 24, 25].
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Natural History

The differential diagnosis for back pain is broad and includes trauma, infection,
rheumatologic conditions, malignancy, and medical illnesses such as pyelonephritis
or sickle cell crisis. Fortunately, the majority of pediatric back pain is benign and
self-limiting. In a large prospective study of children with LBP of greater than
3 months, only 21% of children had a definitive underlying diagnosis [32]. Similarly,
in a recent study of nearly 22,000 adolescents with back pain, over 80% had no
identifiable diagnosis [6]. Adolescent back pain is typically non-specific pain clas-
sified as musculoskeletal or mechanical [20, 33]. In both children and adults, large
prospective studies have shown that the best predictor of future LBP episodes is a
history of prior LBP [34, 35].

Risk Factors

Since the majority of work on the etiology of LBP in childhood is cross-sectional,
the temporal nature of exposure and any associated outcome cannot be assessed.
Thus, the majority of studies identify factors that are associated with back pain
rather than predictors for its development. Current evidence suggests the risk for
developing back pain is multifactorial, which are divided here into physical, bio-
logical, lifestyle, and psychosocial domains.

Physical Domain

Trunk Muscles

Several cross-sectional studies have found evidence that reduced endurance or
strength of trunk extensor [26, 31, 36, 37], trunk flexor [26, 38], and abdominal
muscles [9, 26, 34, 38] are associated with pediatric LBP. Reduced back muscle
endurance [36], baseline low lumbar extension strength [37], and imbalanced
trunk muscle strength [39] have been predictive of future LBP. Trunk muscle func-
tion, however, is not consistently associated with LBP [8, 13, 36, 40], nor is it
consistently predictive of future LBP [34]. Although evidence suggests trunk mus-
cle function may be independently associated with LBP, deficits in muscle func-
tion are also associated with activity level, lifestyle, and psychological factors
[40, 41].
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Trunk Mobility

Sagittal and coronal plane motions facilitate the spine to absorb force. Back muscles
protect the spine from excessive bending, and poor mobility reduces this protection
[38]. Multiple prospective studies, however, have not found predictive value in
trunk mobility [20, 21, 34, 37].

Posture

Non-neutral postural alignment is theorized to cause LBP through altered mechani-
cal loading and motor control resulting in modified stress distributions, tissue strain,
and pain [41, 42]. LBP has been associated with lumbar hyperlordosis [9, 43], loss
of lumbar lordosis [43, 44], thoracic kyphosis [42], and both increased and decreased
sacral inclination [43, 44]. In contrast, some studies have found no relationship with
spinopelvic parameters [21, 45]. More recent studies have classified sitting and
standing postures into subgroups [36, 43, 45, 46]. In doing so, non-neutral standing
postures have been associated with LBP [36, 46], and there is evidence that extremes
of sitting spinal posture (both lordotic and particularly slumped/flexed sitting) may
be associated with LBP [28, 31, 47]. Decreased functional trunk stability and pos-
tural insufficiency have been associated with adolescent LBP [48], although more
recent studies have found no correlation [42, 49].

Trunk Asymmetry

Trunk asymmetry and idiopathic scoliosis have historically been thought to be pain-
less in adolescents [50], but more recently have been recognized as potential risk
factors for the development of back pain in adolescents [5, 49, 51]. Adolescents
with scoliosis have been found to have a greater than twofold increased odds of back
pain versus controls [51], and greater spinal deformity has been recently associated
with increased pain intensity [52].

Muscle and Joint Flexibility

Hypermobility has been associated with non-specific chronic pain including
LBP [31]. This relationship is inconsistent, however, and generalized joint
hypermobility has not been predictive of future back pain [16, 36]. On the other
hand, decreased mobility has also been associated with LBP. Decreased
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hamstring flexibility [8, 34, 53], tight quadriceps [8], and decreased hip mobil-
ity [53] have been associated with LBP. Other studies have found no association
with back pain and lower extremity flexibility or stiffness [27, 36].

Trunk Stability

Spinal stability refers to the ability to tolerate physiologic loads without structural
changes or damage to spinal cord or nerve roots [54]. Stability is conferred by a
combination of musculature, flexibility, and posture. The interaction among trunk
strength, sagittal and coronal spinal mobility, and posture can contribute to
LBP. This may explain conflicting results when these factors are studied indepen-
dently. For example, high mobility in combination with low strength is predictive
of back pain [37]. Posture alters trunk motor control patterns, and non-neutral
lumbar postures have been linked with poor back muscle activation and endurance
[47, 55]. Posture has also been linked to potential risk factors from biological,
lifestyle, and psychosocial domains. For example, slump sitting is associated with
higher body mass index (BMI), greater television use, and lower perceived self-
image [47].

Biological Domain

Weight and Height

There is some evidence to suggest that children with LBP may be heavier [27, 34,
40, 49, 53, 56], but several studies have reported no significant difference in weight
or BMI in children with and without back pain [33, 37, 38, 49, 57-60]. Weight,
BMI, or weight gain has not been predictive of future LBP [21, 22, 34, 36].

The relationship between standing height and back pain is controversial [22, 33].
Some evidence suggests increased height may be associated with LBP in boys [21,
34, 61]. Increased sitting height, or trunk length, has been identified as a potential
risk factor [13, 21], although the rate of change of sitting height may be more pre-
dictive of LBP than the absolute value [9, 38]. Spine growth accelerates relative to
lower extremity growth around the time of puberty. The onset of LBP roughly cor-
responds to puberty, and the increasing height and change in body composition
during puberty may impact back pain [56]. Differential growth rates between verte-
brae and surrounding muscles and ligaments and the resulting relative lack of lean
tissue mass and sudden changes in mechanical loading of the spine may make ado-
lescents more vulnerable to trauma, powerful muscle contractions, and overuse
injuries [62]. High school students with a large growth spurt (>5 cm in 6 months)
were three times more likely to report LBP [8].
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Gender

The prevalence of LBP is higher among female adolescents compared to male ado-
lescents [7, 27, 28, 33, 36, 37, 58, 63, 64]. However, this finding is inconsistent as
gender association has been ambiguous in other studies [12, 25, 29].

Family History

Parental LBP has been significantly associated with childhood LBP [9, 12, 25, 40,
49, 58, 65]. Back pain in a parent triples the risk for back pain in girls [49]. A
combination of genetics, environmental exposures, and psychosocial factors
likely explains this relationship. Evidence suggests parental history may play a
more important behavioral role among younger children than among older chil-
dren [16, 66]. Twin studies demonstrate the shared environment to be a strong
component with genetic factors playing a lesser role in children age 11-15 years
[16, 66]. In contrast, as individuals grow older (age > 15 years), genetic effects
become more evident [66]. With increasing age, psychosocial familial influences
decrease, and a more complex and precise individual understanding of pain
develops.

Lifestyle Domain
Activity

Physical activity plays a role in back pain in children and adolescents, as either a
risk or protective factor [67]. Some authors have described a U- or J-shaped rela-
tionship in which both low and high activity levels may be related to increased back
pain [29, 61, 64].

Sedentary Activity

There is weak and conflicting evidence for sedentary activities as a risk factor for
LBP. Sedentary activities such as computer use, watching television, or playing
video games have been associated with LBP [12, 33, 37, 58]. However, other studies
have found no relationship between sedentary activities and LBP [27, 29, 49, 59,
60]. Dose-risk relationships are inconsistent, and prospective studies have not found
sedentary activities to be predictive of LBP [22, 58, 59, 68].
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Physical Activity

Self-reported physical activity has been associated with both increased [36, 37] and
decreased [33, 34] risk of back pain. Other studies report inconsistent or absent
relationships [17, 58, 59].

Physical activity is traditionally assessed using self-reported survey answers,
which may not accurately estimate true physical activity in children. For example,
one author found that survey data overestimated time spent in physical activity and
underestimated moderate physical activity. Using accelerometers as a measure of
activity, the same author found no cross-sectional association, but low physical
activity was predictive of back pain 3 years later, and higher physical activity was
protective against future LBP [11, 69]. In contrast, a similar study using an activity
monitor did not find a cross-sectional or longitudinal association at 2-year follow-
up between levels of activity and back pain [70].

Sport

Exercise has been considered a risk factor for LBP and chronic LBP especially if
intense, frequent, and competitive [22, 27, 33, 37, 64]. Involvement in sports has
been predictive of future LBP [40]. Kamada et al. 2016 found a dose-response rela-
tionship between sports activity and musculoskeletal pain, including LBP in adoles-
cents. An increase in sports activity by 1 hour per week led to a 3% higher probability
of developing pain 1 year later [71]. The growing spine is vulnerable to overuse
injury, and adolescents with high training volume may be particularly at risk for
LBP [15, 72]. Activities with greater stresses on the lumbar spine are associated
with adolescent LBP and increased frequency of radiological spine abnormalities
[73]. Gymnastics, rowing, weight lifting, wrestling, diving, swimming, football,
basketball, golf, and racket sports have been associated with LBP [25, 33, 61].
Compression of the spine in the vertical plane (football, weight lifting), rotational or
shear force in the horizontal plane (throwing and racket sports, golf, baseball),
cyclic tensile stresses from repetitive motions (rowing gymnastics, ballet, cheer),
and frequent hyperextension (gymnastics, dance, football, pole-vault, figure skat-
ing) are all thought to contribute to LBP [74, 75].

Occupational Activity

Part-time employment has been associated with LBP [27, 60] and has also been
predictive of future LBP [8, 22]. The significance of the type of job (physically
demanding activity, lifting heavy objects) in relation to adolescent back pain remains
unclear [22, 59, 60].
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Sleep

The evidence is inconsistent on the effect of sleep quantity and quality and LBP in
adolescents [63, 76]. Auvinen et al. found a dose-response relationship in 16-year-
olds between level of insufficient sleep and musculoskeletal (low back, neck, and
shoulder) pain [64]. Daytime sleepiness and tiredness in the morning have also been
associated with LBP [17, 60]. However no association was found between hours of
sleep per day and back pain in a separate study [58]. The relationship among pain,
psychological factors, and sleep is complex. Insufficient sleep may merely be a risk
indicator for psychological distress. Sleep may, however, present an independent
physiological risk factor for LBP through activation of the inflammatory process via
cortisol and cytokine networks [64].

Smoking and Alcohol

Smoking is associated with LBP [27, 41]. In addition, passive or second-hand
smoking has been associated with adolescent back pain [49]. Prospective studies
have identified smoking as a risk factor predicting future LBP, and pack-years
smoking has been associated with incident and persistent LBP with a dose-response
relationship [8, 77]. Smoking can be interpreted as a behavioral marker for psycho-
social problems, and it is strongly associated with mental health status [78]. When
adjusted for psychosocial variables, smoking as an independent predictor of LBP is
less clear [77, 78]. Nicotine is reported to have direct toxic effects on bone metabo-
lism, collagen synthesis, circulation, and wound healing [79]. Animal models sug-
gest smoking works through biological mechanisms affecting intervertebral disk
health [80, 81]. Nicotine, through excitatory and pro-inflammatory effects, may also
alter the perception and threshold for pain [82]. Similarly, alcohol consumption is
associated with psychological factors, and, although alcohol has been indepen-
dently associated with LBP, results are inconsistent [36, 57, 78].

Backpacks

The relationship of backpacks to back pain is controversial. Despite this contro-
versy, the American Academy of Pediatrics recommends backpack weight less than
10-20% of body weight and symmetric carrying with the use of both shoulder
straps. Backpack weight in excess of 10% of body weight may alter posture and gait
and increase the risk of LBP [26, 83]. Similarly, asymmetric carrying (carrying a
backpack on one shoulder, e.g.) has also been associated with postural changes and
increased risk for LBP [58, 84]. In contrast many other studies have found no rela-
tionship between schoolbag weight [25, 59, 60] or carrying style [12, 25, 49] and
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back pain. Relative mechanical loads, type of schoolbag, and carrying method have
not been predictive of future back pain [22]. Dianat et al. recently reported that car-
rying a schoolbag for more than 30 minutes a day was a risk factor for back pain
[59]. Interestingly, an increase in LBP is observed in children who perceive their
schoolbags to be heavy [68, 84].

Psychosocial Domain

Psychological, Behavioral, and Cognitive Factors

Psychosocial factors play a role in the development of back pain, particularly
chronic or severe back pain and back pain leading to disability. Psychological,
social, and emotional factors may have a stronger relationship with back pain than
physical and mechanical factors [59, 60, 65]. Higher levels of stress, depression,
negative behavior, emotional problems, loneliness, poor overall well-being, peer
problems, conduct problems, and other somatic complaints have been associated
with increased risk for LBP [22, 30, 41, 63]. Adolescents with medium and high
values of stress reported more back pain compared to adolescents who reported no
stress, and adolescents who reported poorer general well-being also reported more
back pain [30]. Poor academic achievement and academic dissatisfaction has also
been associated with LBP [9, 25].

Increased risk for LBP has been reported in individuals with higher internalizing
(anxiety, depression, nervousness) and externalizing (conduct problems, rule break-
ing, aggression, disobedience, violence) behaviors [41]. Conduct problems (anger,
disobedience, violence) and hyperactivity (restlessness, distraction, lack of concen-
tration) were predictors of future back pain [22]. Answering “yes” to the question
“Do you often feel nervous?” in adolescence was predictive of pain in young adult-
hood [7].

Catastrophizing is a cognitive style characterized by worry, magnification of
pain, negative thought patterns, and perceived lack of control. Catastrophizing is
one of the most important psychological predictors of pain [85]. The use of catastro-
phizing as a coping technique is associated with disability in children with chronic
back pain [65]. More negative beliefs about LBP are associated with activity modi-
fication and care-seeking [86]. Negative thoughts such as dissatisfaction with school
chairs and perception of a heavy backpack have been associated with LBP [25, 87].
Poor self-perceived health and fitness may also influence the development of back
pain [25, 68].

Parental modeling of pain behavior may influence a child’s coping mechanisms,
beliefs about pain, and disability secondary to pain. A family history of back pain is
associated with higher levels of catastrophizing and increased disability due to pain
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(missed school, inability to engage in activities) [65]. Behavioral responses to back
pain in adolescents (seeking medical attention, use of analgesic pain medications,
absence from work, avoidance of physical activity) are aligned with those of their
primary caregiver [88].

Low back pain may be a physical manifestation of psychological or emo-
tional distress, known as somatization. Somatic symptoms at baseline includ-
ing headache, abdominal pain, and sore throat were predictive of future back
pain [60]. Somatic complaints increased the odds for LBP with impact [36].
Somatization is a poor prognostic factor and is associated with a higher degree
of disability [89].

Social Factors

Multiple social factors have been studied with little evidence to support any
factor as an independent risk factor. Family functioning, number of family life
stress events (including money problems, residential problems, moving, death
of a loved one, job loss, divorce), mother or father education, ethnicity, and
household income at age 14 were not predictive of future LBP at age 17 [36].
A higher socioeconomic index for area of residence was associated with
decreased odds for both LBP with impact and LBP with minimal impact com-
pared to no LBP [36]. In contrast, social class, as measured by parental occupa-
tion, has not been associated with LBP [37]. Social factors have been associated
with beliefs about back pain. For example, in one study individuals with higher
annual income were more likely to believe one should stay active during an
episode of LBP [90]. Geography has not consistently been shown to be associ-
ated with LBP [17].

Approaching Back Pain from a Multidimensional Perspective

The majority of back pain in adolescence is non-specific. Epidemiological evidence
indicates a combination of risk indicators, rather than a single risk factor, results in
back pain (Fig. 1.1). During the workup of an adolescent with back pain, serious
spinal and systemic pathology must first be ruled out. Assessment and management
may then be tailored to an individual’s biopsychosocial profile. O’Sullivan et al.
detail a cognitive functional approach in which modifiable risk factors are identified
based on interview and exam. Those factors are then targeted under three broad
areas including education, functional restoration, and healthy lifestyle behav-
iors [41].
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Approaching back pain from a multidimensional perspective

Physical
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* Back muscles
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Fig. 1.1 Risk for developing back pain is multifactorial with risk factors in the physical, biologi-
cal, lifestyle, and psychosocial domains

Prevention

Based on the high prevalence of pediatric back pain and the substantial quality of
life reduction in some patients, prevention programs in childhood could reduce the
burden of disease in both pediatric and adult populations. The lack of clear risk fac-
tors is a challenge to developing prevention programs. Currently there is a lack of
strong evidence for successful programs.

Prevention will require multidimensional interventions addressing musculoskel-
etal, psychological, cognitive, and social systems. A multidimensional approach,
including pain education combined with targeted postural and endurance training,
was used to successfully reduce the incidence of LBP and disability in adolescent
female rowers [91]. Prevention efforts aimed at athletes have included emphasis on
preseason conditioning, proper technique, improvements in flexibility,
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neuromuscular training, and appropriate rest, with gradual increase in frequency
and intensity [5, 75]. More research is needed to ascertain the effectiveness of psy-
chosocial prevention efforts and back pain.

Brief Summary

Back pain is common in children. The majority of pediatric back pain is of muscu-
loskeletal etiology with brief and mild episodes. Some children, however, will expe-
rience frequent, chronic, or severe back pain resulting in decreased quality of life,
reduction in physical activity, decreased sports participation, increased use of medi-
cations, and absence from school. The risk for developing back pain is multifacto-
rial including physical, biological, lifestyle, and psychosocial causes. Psychological,
behavioral, and cognitive factors can also play a role in the development of back
pain. The multifactorial nature of back pain necessitates a detailed and thoughtful
assessment, an accurate diagnosis, and appropriate treatment.

Conclusion

* Back pain in children and adolescents is common.

e Back pain in children younger than 4 years old warrants a careful and
detailed workup.

* Multiple risk factors exist in the physical, biological, lifestyle, and psychosocial
domains.

Editor Discussion

As this comprehensive chapter illustrates, back pain in children and adolescents is common
and can stem from physical, biological, lifestyle, and psychosocial causes. Also remember
that back pain in children does not have to come from the spine.

W. L. Hennrikus

It has been said that young children are all about activity, teenagers about appearance, and
as we age, all about comfort. This chapter outlines the many and varied factors that can
present as a painful spine. Back pain when it occurs in its severest and long-standing forms
can take over a child’s life, leading to decreased activity, weight gain, poor core strength,
and depression. This cycle of decreased fitness leading to poor health can continue, with the
family unable to free itself from the grasp of despair. The primary care physician is well
positioned to recognize this cycle and provide needed intervention.
R. M. Schwend



16

M. B. Weber and R. W. Liu

References

1.
2.

3.

4.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hollingworth P. Back pain in children. Br J Rheumatol. 1996;35(10):1022-8.

Calvo-Muiioz I, Gémez-Conesa A, Sanchez-Meca J. Prevalence of low back pain in children
and adolescents: a meta-analysis. BMC Pediatr. 2013;13(1):14.

Vikat A, Rimpeld M, Salminen JJ, Rimpeld A, Savolainen A, Virtanen SM. Neck or shoulder
pain and low back pain in Finnish adolescents. Scand J Public Health. 2000;28(3):164-73.
Aartun E, Hartvigsen J, Wedderkopp N, Hestbaek L. Spinal pain in adolescents: prevalence,
incidence, and course: a school-based two-year prospective cohort study in 1,300 Danes aged
11-13. BMC Musculoskelet Disord. 2014;15(1):187.

. MacDonald J, Stuart E, Rodenberg R. Musculoskeletal low back pain in school-aged children.

JAMA Pediatr. 2017;171(3):280.

. Yang S, Werner BC, Singla A, Abel MF. Low back pain in adolescents. J Pediatr Orthop.

2017;37(5):344-7.

. Brattberg G. Do pain problems in young school children persist into early adulthood? A

13-year follow-up. Eur J Pain. 2004;8(3):187-99.

. Feldman DE. Risk factors for the development of low back pain in adolescence. Am J

Epidemiol. 2001;154(1):30-6.

. Salminen JJ. The adolescent back. Acta Paediatr. 1984;73(s315):1-122.
. Jeffries LJ, Milanese SF, Grimmer-Somers KA. Epidemiology of adolescent spinal pain. Spine

(Phila Pa 1976). 2007;32(23):2630-7.

Wedderkopp N, Kjaer P, Hestback L, Korsholm L, Leboeuf-Yde C. High-level physical
activity in childhood seems to protect against low back pain in early adolescence. Spine
J.2009;9(2):134-41.

Gunzburg R, Balagué F, Nordin M, Szpalski M, Duyck D, Bull D, et al. Low back pain in a
population of school children. Eur Spine J. 1999;8(6):439-43.

Kujala UM, Salminen JJ, Taimela S, Oksanen A, Jaakkola L. Subject characteristics and low
back pain in young athletes and nonathletes. Med Sci Sports Exerc. 1992;24(6):627-32.

. Kjaer P, Wedderkopp N, Korsholm L, Leboeuf-Yde C. Prevalence and tracking of back pain

from childhood to adolescence. BMC Musculoskelet Disord. 2011;12(1):98.

Kujala UM, Taimela S, Viljanen T. Leisure physical activity and various pain symptoms among
adolescents. Br J Sports Med. 1999;33(5):325-8.

El-Metwally A, Mikkelsson M, Stahl M, Macfarlane GJ, Jones GT, Pulkkinen L, et al. Genetic
and environmental influences on non-specific low back pain in children: a twin study. Eur
Spine J. 2008;17(4):502-8.

Taimela S, Kujala UM, Salminen JJ, Viljanen T. The prevalence of low back pain among chil-
dren and adolescents. Spine (Phila Pa 1976). 1997;22(10):1132-6.

Hill JJ, Keating JL. A systematic review of the incidence and prevalence of low back pain in
children. Phys Ther Rev. 2009;14(4):272-84.

Wedderkopp N, Leboeuf-Yde C, Andersen LB, Froberg K, Hansen HS. Back pain reporting
pattern in a Danish population-based sample of children and adolescents. Spine (Phila Pa
1976). 2001;26(17):1879-83.

Burton KA, Clarke RD, McClune TD, Tillotson MK. The natural history of low back pain in
adolescents. Spine (Phila Pa 1976). 1996;21(20):2323-8.

Nissinen M, Heliovaara M, Seitsamo J, Alaranta H, Poussa M. Anthropometric measurements
and the incidence of low back pain in a cohort of pubertal children. Spine (Phila Pa 1976).
1994;19(12):1367-70.

Jones GT, Watson KD, Silman AJ, Symmons DP, Macfarlane GJ. Predictors of low back pain
in British schoolchildren: a population-based prospective cohort study. Pediatrics. 2003;111(4
Pt 1):822-8.

Feldman DE, Rossignol M, Shrier I, Abenhaim L. Smoking. Spine (Phila Pa 1976).
1999;24(23):2492.



24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Epidemiology of Pediatric Back Pain 17

Watson KD, Papageorgiou AC, Jones GT, Taylor S, Symmons DPM, Silman AJ, et al. Low
back pain in schoolchildren: occurrence and characteristics. Pain. 2002;97(1):87-92.

Bejia I, Abid N, Salem KB, Letaief M, Younes M, Touzi M, et al. Low back pain in a cohort
of 622 Tunisian schoolchildren and adolescents: an epidemiological study. Eur Spine
J.2005;14(4):331-6.

Salminen J, Pentti J, Terho P. Low back pain and disability in 14-year-old schoolchildren. Acta
Paediatr. 1992;81(12):1035-9.

Harreby M, Nygaard B, Jessen T, Larsen E, Storr-Paulsen A, Lindahl A, et al. Risk factors for
low back pain in a cohort of 1389 Danish school children: an epidemiologic study. Eur Spine
J. 1999;8(6):444-50.

Meziat Filho N, Coutinho ES, e Silva GA. Association between home posture habits and low
back pain in high school adolescents. Eur Spine J. 2015;24(3):425-33.

Skoffer B, Foldspang A. Physical activity and low-back pain in schoolchildren. Eur Spine
J.2008;17(3):373-9.

Stallknecht SE, Strandberg-Larsen K, Hestbak L, Andersen A-MN. Spinal pain and co-
occurrence with stress and general well-being among young adolescents: a study within the
Danish National Birth Cohort. Eur J Pediatr. 2017;176(6):807—14.

O’Sullivan P, Beales D, Jensen L, Murray K, Myers T. Characteristics of chronic non-specific
musculoskeletal pain in children and adolescents attending a rheumatology outpatients clinic:
a cross-sectional study. Pediatr Rheumatol. 2011;9(1):3.

Bhatia NN, Chow G, Timon SJ, Watts HG. Diagnostic modalities for the evaluation of pediat-
ric back pain. J Pediatr Orthop. 2008;28(2):230-3.

Masiero S, Carraro E, Celia A, Sarto D, Ermani M. Prevalence of nonspecific low back pain in
schoolchildren aged between 13 and 15 years. Acta Paediatr. 2008;97(2):212—-6.

Salminen JJ, Erkintalo M, Laine M, Pentti J. Low back pain in the young a prospective three-
year follow-up study of subjects with and without low back pain. Spine (Phila Pa 1976).
1995;20(19):2101-7.

Hellsing A-L, Bryngelsson I-L. Predictors of musculoskeletal pain in men. Spine (Phila Pa
1976). 2000;25(23):3080-6.

Smith A, Beales D, O’Sullivan P, Bear NSL. Low back pain with impact at 17 years of age
is predicted by early adolescent risk factors from multiple domains: analysis of the Western
Australian Pregnancy Cohort (Raine) study. J Orthop Sport Phys Ther. 2017;47(10):752.
Sjolie AN, Ljunggren AE. The significance of high lumbar mobility and low lumbar strength for
current and future low back pain in adolescents. Spine (Phila Pa 1976). 2001;26(23):2629-36.
Jones MA. Biological risk indicators for recurrent non-specific low back pain in adolescents.
Br J Sports Med. 2005;39(3):137—40.

Lee J-H, Hoshino Y, Nakamura K, Kariya Y, Saita K, Ito K. Trunk muscle weakness as a risk
factor for low back pain. Spine (Phila Pa 1976). 1999;24(1):54-7.

Balague F, Bibbo E, Melot C, Szpalski M, et al. The association between isoinertial trunk
muscle performance and low back pain in male adolescents. Eur Spine J. 2010;19(4):624-32.
O’Sullivan P, Smith A, Beales D, Straker L. Understanding adolescent low back pain from
a multidimensional perspective: implications for management. J Orthop Sports Phys Ther.
2017:47(10):741-51.

Feng Q, Jiang C, Zhou Y, Huang Y, Zhang M. Relationship between spinal morphology and
function and adolescent non-specific back pain: a cross-sectional study. J Back Musculoskelet
Rehabil. 2017;30(3):625-33.

Dankaerts W, O’Sullivan P, Burnett A, Straker L. Differences in sitting postures are associated
with nonspecific chronic low back pain disorders when patients are subclassified. Spine (Phila
Pa 1976). 2006;31(6):698-704.

Jackson RP, McManus AC. Radiographic analysis of sagittal plane alignment and balance
in standing volunteers and patients with low back pain matched for age, sex, and size. Spine
(Phila Pa 1976). 1994;19(Supplement):1611-8.



18

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

M. B. Weber and R. W. Liu

Dolphens M, Cagnie B, Coorevits P, Vanderstraeten G, Cardon G, D’Hooge R, et al. Sagittal
standing posture and its association with spinal pain: a school-based epidemiological study
of 1196 flemish adolescents before age at peak height velocity. Spine (Phila Pa 1976).
2012;37:1657.

Dolphens M, Cagnie B, Coorevits P, Vleeming A, Danneels L. Classification system of the
normal variation in sagittal standing plane alignment: a study among young adolescent boys.
Spine (Phila Pa 1976). 2013;38(16):E1003-12.

O’Sullivan PB, Smith AJ, Beales DJ, Straker LM. Association of biopsychosocial factors with
degree of slump in sitting posture and self-report of back pain in adolescents: a cross-sectional
study. Phys Ther. 2011;91(4):470-83.

Cudre-Mauroux N, Kocher N, Bonfils R, Pirlet M, et al. Relationship between impaired func-
tional stability and back pain in children: an exploratory cross-sectional study. Swiss Med
Wkly. 2006;136(45-46):721-5.

Wirth B, Knecht C, Humphreys K. Spine day 2012: spinal pain in Swiss school children— epi-
demiology and risk factors. BMC Pediatr. 2013;13(1):159.

Ramirez N, Johnston CE, Browne RH. The prevalence of back pain in children who have
idiopathic scoliosis. J Bone Joint Surg. 1997;79:364-8.

Sato T, Hirano T, Ito T, Morita O, Kikuchi R, Endo N, et al. Back pain in adolescents with
idiopathic scoliosis: epidemiological study for 43,630 pupils in Niigata City, Japan. Eur Spine
J.2011;20(2):274-9.

Théroux J, Le May S, Hebert JJ, Labelle H. Back pain prevalence is associated with
curve-type and severity in adolescents with idiopathic scoliosis. Spine (Phila Pa 1976).
2017;42(15):E914-9.

Sjolie AN. Low-back pain in adolescents is associated with poor hip mobility and high body
mass index. Scand J Med Sci Sports. 2004;14(3):168-75.

1zzo R, Guarnieri G, Guglielmi G, Muto M. Biomechanics of the spine. Part I: spinal stability.
Eur J Radiol. 2013;82(1):118-26.

Astfalck RG, O’Sullivan PB, Straker LM, Smith AJ, Burnett A, Paulo Caneiro J, et al. Sitting
postures and trunk muscle activity in adolescents with and without nonspecific chronic low
back pain. Spine (Phila Pa 1976). 2010;35(14):1387-95.

Perry M, Straker L, O’Sullivan P, Smith A, Hands B. Fitness, motor competence, and body
composition are weakly associated with adolescent back pain. J Orthop Sports Phys Ther.
2009;39(6):439-49.

Kovacs FM, Gestoso M, Gil del Real MT, Lépez J, Mufraggi N, Ignacio Méndez J. Risk fac-
tors for non-specific low back pain in schoolchildren and their parents: a population based
study. Pain. 2003;103(3):259-68.

Noll M, Candotti CT, da Rosa BN, Loss JF. Back pain prevalence and associated factors in chil-
dren and adolescents: an epidemiological population study. Rev Saude Publica. 2016;50:31.
Dianat I, Alipour A, Asghari JM. Prevalence and risk factors of low back pain among school
age children in Iran. Health Promot Perspect. 2017;7(4):223-9.

Watson KD. Low back pain in schoolchildren: the role of mechanical and psychosocial factors.
Arch Dis Child. 2003;88(1):12-7.

Jones GT. Epidemiology of low back pain in children and adolescents. Arch Dis Child.
2005;90(3):312-6.

DiFiori JP, Benjamin HJ, Brenner JS, Gregory A, Jayanthi N, Landry GL, et al. Overuse inju-
ries and burnout in youth sports: a position statement from the American Medical Society for
Sports Medicine. Br J Sports Med. 2014;48(4):287-8.

Batley S, Aartun E, Boyle E, Hartvigsen J, Stern PJ, Hestbak L. The association
between psychological and social factors and spinal pain in adolescents. Eur J Pediatr.
2019;178(3):275-86.

Auvinen J, Tammelin T, Taimela S, Zitting P, Karppinen J. Associations of physical activity
and inactivity with low back pain in adolescents. Scand J Med Sci Sports. 2007;18(2):188-94.
Lynch AM, Kashikar-Zuck S, Goldschneider KR, Jones BA. Psychosocial risks for disability
in children with chronic back pain. J Pain. 2006;7(4):244-51.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Epidemiology of Pediatric Back Pain 19

Hestbaek L, Iachine IA, Leboeuf-Yde C, Kyvik KO, Manniche C. Heredity of low back pain
in a young population: a classical twin study. Twin Res. 2004;7(1):16-26.

Sitthipornvorakul E, Janwantanakul P, Purepong N, Pensri P, van der Beek AJ. The associa-
tion between physical activity and neck and low back pain: a systematic review. Eur Spine
J.2011;20(5):677-89.

Szpalski M, Gunzburg R, Balague F, Nordin M, Melot C. A 2-year prospective longitudinal
study on low back pain in primary school children. Eur Spine J. 2002;11(5):459-64.
Wedderkopp N, Leboeuf-Yde C, Bo Andersen L, Froberg K, Steen HH. Back pain in children.
Spine (Phila Pa 1976). 2003;28(17):2019-24.

Aartun E, Hartvigsen J, Boyle E, Hestbaek L. No associations between objectively measured
physical activity and spinal pain in 11-15-year-old Danes. Eur J Pain. 2016;20(3):447-57.
Kamada M, Abe T, Kitayuguchi J, Imamura F, Lee I-M, Kadowaki M, et al. Dose-response
relationship between sports activity and musculoskeletal pain in adolescents. Pain.
2016;157(6):1339-45.

d’Hemecourt PA, Gerbino PG, Micheli LJ. Back injuries in the young athlete. Clin Sports
Med. 2000;19(4):663-79.

Lundin O, Hellstrom M, Nilsson I, Sward L. Back pain and radiological changes in the thoraco-
lumbar spine of athletes. A long-term follow-up. Scand J Med Sci Sports. 2001;11(2):103-9.
Patel DR, Kinsella E. Evaluation and management of lower back pain in young athletes. Transl
Pediatr. 2017;6(3):225-35.

Purcell L, Micheli L. Low back pain in young athletes. Sports Health. 2009;1(3):212-22.
Andreucci A, Campbell P, Dunn KM, Are sleep problems a risk factor for the onset of muscu-
loskeletal pain in children and adolescents? A systematic review, Sleep. 2017;40(7), zsx093,
https://doi.org/10.1093/sleep/zsx093.

Gill DK, Davis MC, Smith AJ, Straker LM. Bidirectional relationships between cigarette use
and spinal pain in adolescents accounting for psychosocial functioning. Br J Health Psychol.
2014;19(1):113-31.

Heaps N, Davis MC, Smith AJ, Straker LM. Adolescent drug use, psychosocial functioning
and spinal pain. J Health Psychol. 2011;16(4):688-98.

Abate M. Cigarette smoking and musculoskeletal disorders. Muscles Ligaments Tendons
J.2013;3:63.

Uei H, Matsuzaki H, Oda H, Nakajima S, Tokuhashi Y, Esumi M. Gene expression changes in
an early stage of intervertebral disc degeneration induced by passive cigarette smoking. Spine
(Phila Pa 1976). 2006;31(5):510-4.

Holm S, Nachemson A. Nutrition of the intervertebral disc: acute effects of cigarette smoking:
an experimental animal study. Ups J Med Sci. 1988;93(1):91-9.

Green BN, Johnson CD, Snodgrass J, Smith M, Dunn AS. Association between smoking and
back pain in a cross-section of adult Americans. Cureus. 2016;8(9):e806.

Sheir-Neiss GI, Kruse RW, Rahman T, Jacobson LP, Pelli JA. The association of backpack use
and back pain in adolescents. Spine (Phila Pa 1976). 2003;28(9):922-30.

Negrini S, Negrini A. Postural effects of symmetrical and asymmetrical loads on the spines of
schoolchildren. Scoliosis. 2007;2(1):8.

Sullivan MJL, Thorn B, Haythornthwaite JA, Keefe F, Martin M, Bradley LA, et al. Theoretical
perspectives on the relation between catastrophizing and pain. Clin J Pain. 2001;17(1):52-64.
Smith AJ, O’Sullivan PB, Beales D, Straker L. Back pain beliefs are related to the impact of
low back pain in 17-year-olds. Phys Ther. 2012;92(10):1258-67.

Yamato TP, Maher CG, Traeger AC, Wiliams CM, Kamper SJ. Do schoolbags cause back pain
in children and adolescents? A systematic review. Br J Sports Med. 2018;52(19):1241-5.
O’Sullivan PB, Straker LM, Smith A, Perry M, Kendall G. Carer experience of back pain is
associated with adolescent back pain experience even when controlling for other carer and
family factors. Clin J Pain. 2008;24(3):226-31.

Ailliet L, Rubinstein SM, Knol D, van Tulder MW, de Vet HCW. Somatization is associated
with worse outcome in a chiropractic patient population with neck pain and low back pain.
Man Ther. 2016;21:170-6.


https://doi.org/10.1093/sleep/zsx093

20 M. B. Weber and R. W. Liu

90. Suman A, Bostick GP, Schaafsma FG, Anema JR, Gross DP. Associations between measures
of socio-economic status, beliefs about back pain, and exposure to a mass media campaign to
improve back beliefs. BMC Public Health. 2017;17(1):504.

91. Perich D, Burnett A, O’Sullivan P, Perkin C. Low back pain in adolescent female rowers: a
multi-dimensional intervention study. Knee Surg Sports Traumatol Arthrosc. 2011;19(1):20-9.



Chapter 2 )
Anatomy of the Pediatric Spine
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Christopher Aaron Kowalski and Douglas G. Armstrong

The spinal column is a series of vertebrae, stacked one on another, forming a central
canal to house the spinal cord. The spine serves multiple purposes, including sup-
port for the skull, as a scaffold for the appendicular skeleton, and as a conduit which
provides protection for the central nervous system. Normally, the spine is straight in
the coronal plane and has four curvatures in the sagittal plane — cervical lordosis,
thoracic kyphosis, lumbar lordosis, and sacropelvic kyphosis (Fig. 2.1). Thus, the
human spine permits bipedal ambulation while maintaining the center of gravity in
optimal alignment over the centers of the hip joints. Neuromuscular maturation
determines alignment and growth. At birth the spine is aligned in mild kyphosis.
Cervical lordosis develops as the infant achieves head control, and lumbar lordosis
develops as standing is achieved (Fig. 2.2) [1, 2]. Vertebral and disc growth and
development are impaired in children with neuromuscular diseases that prevent
ambulation such as cerebral palsy [3].

The vertebral column is divided into five regions based on morphology and loca-
tion. These are the cervical, thoracic, lumbar regions, the sacrum, and the coccyx
(see Fig. 2.1). There are seven cervical vertebrae, with eight associated cervical
spinal nerves. The 12 thoracic vertebrae are typically associated with paired ribs
that articulate with the thoracic vertebral bodies and disc spaces. Five lumbar verte-
brae are below the thoracic spine. The sacrum is composed of five vertebrae, fused
at maturity, which articulate with the iliac bones through the sacroiliac joints. The
coccygeal segments consist of 3—5 vestigial vertebral bodies caudal to the sacrum
and which may be fused to each other.
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Although there are distinguishing features in each region, much of the bony
anatomy is common to each vertebra. An individual vertebra has the following
components (Fig. 2.3): the vertebral body, two pedicles projecting posteriorly,
two transverse processes project in a lateral direction, and the posterior neural
arch which includes the laminae, a spinous process, and superior and inferior
articular processes with their associated facet joints [4]. The spinous process is
the only structure which can be palpated beneath the skin. The main portion of
the vertebra is the cylinder-shaped body, which bears the majority of axial loads
applied to the spine. The intervertebral discs are between each of the verte-

bral bodies.
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Fig. 2.2 Spine alignment in the fetus (a), infant (b), and toddler (c)

The vertebral segments are stabilized by their bony architecture and by liga-
ments. Each vertebra typically has six joints: two superior articular facets, two infe-
rior facets, and the disc spaces between vertebral bodies. Further stability is a
consequence of ligamentous and muscular attachments (Fig. 2.4). Structurally, the
most important ligaments of the spinal column include the anterior and posterior
longitudinal ligaments, the annulus fibrosus, the intertransverse ligaments, ligamen-
tum flavum, and interspinous ligaments.

The anterior longitudinal ligament (ALL) is a thick band contiguous with the
periosteum along the anterior aspect of the vertebral bodies. It spans from the sacral
bodies to the cervical spine where it becomes confluent with the anterior atlanto-
occipital membrane at C1. The ALL is an important stabilizer, limiting extension of
the spinal column, and serves to reinforce the annulus fibrosus.

Located between each pair of vertebral bodies are the intervertebral discs, each
of which is composed of the annulus fibrosus and nucleus pulposus. The annulus
fibers are thick and arranged in layers at oblique angles to each other [2]. The annu-
lar ligaments are mainly composed of type I collagen, which is optimal for resisting
tensile loads [5]. The nucleus pulposus is located within the central portion of the
disc and is a gelatinous material made of type II collagen and proteoglycans. The
disc anatomy is conducive to the absorption of compression forces, such as axial
loading of the spine, while allowing mobility [5].

The posterior longitudinal ligament (PLL) is located on the posterior aspects of
the vertebral bodies and annulus within the spinal canal. The PLL prevents exces-
sive flexion and reinforces the intervertebral disc. The intertransverse ligament is
located between the transverse processes and limits side bending. The ligamentum
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flavum, named for its distinctive yellow hue, is oriented in the coronal plane and
connects the laminae of adjacent vertebrae. It functions as an important stabilizer
and provides some protection to the contents of the spinal canal, especially at the
lumbar spine.

The interspinous ligament is superficial to the ligamentum flavum. It is a thick,
sagittal oriented ligament between the superior and inferior aspects of adjacent spi-
nous processes. At the thoracic and lumbar levels, the supraspinous ligament is a
thin structure, of little mechanical consequence, located between and along the tips
of the spinous processes. In the cervical region, the ligament thickens to become the
more significant nuchal ligament.

Cervical Spine (Fig. 2.5)

At maturity, the cervical spine is aligned in lordosis of 2040 degrees [6]. Along
with the spinal cord and exiting nerves, the cervical region houses the vertebral
arteries, which course from the subclavian arteries into the occipital cortex of the
brain. The vertebral arteries travel within the transverse foramina, located at the
lateral aspects of the cervical vertebrae. The vertebral arteries can be injured during
cervical spine trauma that involves excessive forward flexion or distraction, since
the pediatric spinal column can stretch more than the spinal cord or vertebral
arteries.

The first two cervical vertebrae are adapted to allow mobility of the skull and
upper spine. The first cervical vertebra, also known as the atlas, has two large cup-
shaped superior articular facets, oriented in the transverse plane and which articu-
late with the occipital condyles of the skull. The occipito-atlanto joints permit
approximately 50% of the flexion and extension of the head, with the remaining
movement coming through the subaxial cervical vertebrae [6, 7]. The second cervi-
cal vertebra, also known as the axis, has an odontoid process that projects cranial-
ward from the anterior aspect of its vertebral body. The odontoid articulates with the
posterior aspect of the body of atlas. The atlas is attached to the odontoid by several
strong ligaments oriented vertically and transversely. In the normal child, the inter-
val between the odontoid and C1 is less than 4 mm (ADI = atlanto-dens interval).
Rotation is permitted, and flexion and extension are minimal [2, 7]. Fifty percent of
the rotation, about 35 degrees of the total 70 degrees, of the C-spine occurs through
the atlanto-axial joints.

During infancy, the cervical vertebrae are ovoid in shape. During childhood the
vertebral bodies may appear wedge-shaped on plain lateral radiographs [8]. The
naturally wedged appearance occasionally may be mistaken for a compression frac-
ture. As the child matures, the vertebral bodies assume adult configuration and
become more squared. In the young child, there is increased mobility of the cervical
spine in part because the orientation of the cervical facet joints, particularly at the
upper C-spine, is more horizontal. Pseudosubluxation between C2 and C3, caused
by the horizontal orientation of the facet joints, occurs between ages 1 and 7 years
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[9]. With growth and maturation, the subaxial cervical articular facets become ori-
ented more vertically. Typically, the mature individual has considerable neck mobil-
ity including flexion of 80-90 degrees, extension to 70 degrees, 70-90 degrees of
axial rotation, and 20—45 degrees of lateral flexion [2, 7].

Thoracic Spine (Fig. 2.3)

The thoracic region of the spine is aligned in kyphosis of 20-50 degrees at maturity.
The thoracic articular facets are oriented in the coronal plane at an angle of 60
degrees. This and the fact the thoracic spine supports the chest wall result in limited
segmental mobility from T1 to T10 [2, 7]. The upper and mid-thoracic spinous pro-
cesses each project posteriorly, at an angle of approximately 30 degrees caudally.
The thoracic laminae overlap one another, like shingles on a roof, protecting the
thoracic spinal cord. Thirty degrees flexion and 20 degrees extension may occur in
the thoracic spine of mature individuals [2, 7]. The ribs articulate with the spine at
the vertebral bodies and the facet joints, which defines an axis of rotation. The upper
ribs rotate upward with respiration; the lower ribs rotate up- and outward. This rota-
tion determines the movement of the chest wall, most noticeable with labored
breathing such as in asthma, croup, or respiratory failure.

Lumbar Spine (Fig. 2.6)

The five lumbar vertebrae configure a lordotic curve in the sagittal plane, permitting
30 and 50 degrees of flexion and extension, respectively, 10-20 degrees of lateral
bending in each direction, and 10 degrees of axial rotation to the left and right
[2,7,9].

At birth only about 1/3 of the spine is ossified, the majority being cartilaginous.
By age 5 years, 65% of the spine is ossified [1]. Vertical growth of the spine is a
consequence of growth plates at the superior and inferior aspects of the vertebral
bodies. Each vertebra contributes about 1 mm per year to height, with some varia-
tion according to age and region [10, 11]. Damage to the vertebral growth centers
may result in deformity. For example, Scheuermann’s kyphosis may be result of
excessive pressure on the periphery of the vertebral epiphysis [12].

The “ring apophysis” is a secondary center of ossification contained within the
periphery of the vertebral body epiphysis [12]. It generally becomes radiographi-
cally apparent at 12—15 years of age and may remain visible in the lumbar spine
until vertebral growth is complete, up to age 20-22 years in males. Spina bifida
occulta is a consequence of failure of bony fusion of the posterior arch. It is most
commonly seen at L5 and is considered to be a normal variant [12].

Along with the bony and ligamentous anatomy, muscular attachments provide
stability to the spine and allow for motion throughout the spine, as well as the ability
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to maintain an erect posture. These muscles can be subdivided into superficial and
deep layers.

The superficial layers can be seen and palpated beneath the skin (Fig. 2.7). These
are the latissimus dorsi, serratus posterior superior and inferior, levator scapulae,
rhomboid major and minor, and the trapezius. Most muscles of this layer attach to
the posterior spinal elements and scapula; they are important in stabilizing and pro-
viding mobility to the shoulder girdle.

The deep layer of back muscles includes the multifidus, semispinalis, iliocosta-
lis, longissimus, spinalis, and splenius muscles. These muscles are generally
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categorized as erector spinae muscles and attach from the pelvis, ribs, and skull to
the spinal column. Most span the majority of the posterior spinal column and have
variations depending on location. These are critical in maintaining an erect posture,
as well as contributing to head and neck movement. They are type I fibers and there-
fore are slow twitch, have high oxidative and low glycolytic capacity, and are rela-
tively resistant to fatigue [13].

The spinal cord is composed of millions of neurons that carry transmissions to
and from the brain and which control the diverse functions of the body. It begins at
the foramen magnum of the skull and terminates around L1, where it divides into
the cauda equina [14]. It has different sections in which specific neurons travel,
much like a highway system. Some of these tracts course efferently away from the
brain and spinal cord to the body. Other tracts course afferently from the body
toward the spinal cord and brain.

The spinal cord is comprised of gray and white matter. Gray matter is central in
the cord and is composed of unmyelinated neurons and interneurons and generally
is where chemical transmissions occur between neurons. White matter surrounds
the gray matter and contains myelinated neurons that are traveling up and down the
cord. The specific sections within the white matter include the ventral and lateral
corticospinal tracts, dorsal columns, and spinothalamic tracts. The corticospinal
tracts contain motor neurons, which transmit efferent signals to muscles throughout
the body. The dorsal columns carry afferent sensory fibers from specialized neurons
that detect light touch, proprioception, and vibration. Lastly, the spinothalamic
tracts carry pain and temperature sensations to the sensory cortex.

Along the length of the spinal cord, spinal nerves exit within the cervical, tho-
racic, lumbar, and sacral regions. At each of these levels, a ventral and dorsal root
are found, which exit the spinal column via the intervertebral or neural foramen.
These nerves then combine to form the spinal nerve trunk, after which they again
branch off into the ventral and dorsal rami. Housed within the dorsal root is the
dorsal root ganglion, which contains the cell bodies of the afferent sensory nerves
as they convey signals from the peripheral nerves to the brain. These rami also con-
nect with the sympathetic chain, which houses sympathetic neurons.

Editor Discussion

Although the study of anatomy has been unfortunately de-emphasized by some medical

schools, anatomy remains the framework onto which all physicians build their knowledge

and learn their craft. Understanding spine anatomy is key to making an accurate diagnosis

and planning appropriate treatment for any patient with back pain. The authors of this chap-

ter have written a clear and practical guide to spine anatomy for the primary care physician.
W. L. Hennrikus

Unique to the pediatric spine is developmental anatomy. The spinal column also provides
length to the developing thorax. At birth the spine is longer and growing faster than the
lower limbs, so there is a bias to early development of the thorax. Thoracic volume in a
neonate is only 6% that of an adult. By age 5 years, the growth velocity of the spine
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decreases, and the lower limbs start to grow faster than the trunk. The spinal canal is 95%
the dimensions of the adult, although the chest is only 30% adult volume. By age 10 years,
the thorax is still only 50% the volume of an adult. The spine more than doubles in length
from birth to adulthood. The pediatric spine also has variations (such as age-dependent dif-
ferent shape of vertebra), anomalies (such as spina bifida occulta of L5 or six instead of five
lumbar vertebra), and abnormalities (such as congenital hemivertebra or cervical fusions
seen in Klippel Feil syndrome). Parents are often quite nervous about any deviation from
normal, so it is important to explain the benign nature of most of these variations and
anomalies and to adequately understand and evaluate the significance of abnormalities.
R. M. Schwend
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Chapter 3

Medical and Non-surgical Conditions
That Can Cause or Contribute to Back
Pain in a Child or Adolescent

Blaise A. Nemeth

While the prevalence of back pain in adolescents has increased, back pain in children
<10 years old remains uncommon [1, 2]. As such, attention to defining characteris-
tics of specific pathologic etiologies proves beneficial in developing a differential
diagnosis and guiding further work-up to assist in diagnosis and treatment in chil-
dren of all ages. With causes ranging from skeletal to intra-abdominal disorders,
benign tumors to malignancy, and structural issues to systemic disease, understand-
ing important aspects of the history and physical examination for each possible
diagnosis helps narrow the differential diagnosis. Plain radiographs identify struc-
tural issues from focal or systemic disease and guide the use of advanced imaging
and/or laboratory analyses [3, 4]. Chapter 6 discusses additional details regarding
the role of radiographs and advanced imaging.

Acute presentations of back pain occur following injury in spondylolysis and
disc disease and from muscle strain. Acute onset of back pain without injury raises
concern for malignancy or infection. Almost all spine disorders have the potential to
present with chronic back pain, so the presence of daily or progressive pain, night
pain, systemic symptoms, and/or neurologic findings indicate more concerning
pathologic processes [4]. Further aspects of the history and physical exam are dis-
cussed in Chap. 5. In the absence of findings, the pain may be referred to as “non-
specific” and biomechanical issues or muscular pain attributed as the cause [3].
Outside of disease-specific treatments, physical therapy and modification of exacer-
bating causes remain mainstays of treatment for non-specific back pain.
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Mechanical Back Pain (Non-specific or Muscular Back Pain)

In children >10 years old, most commonly, the cause of back pain is without a spe-
cific, identifiable, structural etiology or disease process [2]. As a result, the pain may
be referred to as “non-specific” and suspected to be due to muscular pain or as a
result of biomechanical issues. While mechanical back pain may be suspected, ulti-
mately, it is a determination made after assessing for other etiologies, thus requiring
a thorough history and physical exam, as well as radiographs, to exclude other pos-
sibilities. Likewise, mechanical back pain is not a definitive diagnosis, and patients
should be monitored for lack of improvement or new findings suggestive of an
evolving process that warrants further work-up.

Mechanical back pain commonly presents as chronic pain with an insidious
onset. Often the pain is episodic, so appears acute in onset if the first complaint
occurs around a flare of pain, but the pain improves over time. Other times, pain
lasts a month or longer [5]. Frequently, patients continue to experience episodes of
back pain over years or into adulthood [6]. Location of pain varies, with mid-back
pain more common among children under 10 years and low back pain most com-
mon in teenagers [6]. Other than tenderness over the paraspinous muscles, the phys-
ical exam should be normal in respect to range of motion of the spine, strength,
reflexes, and sensation. Plain radiographs demonstrate no evidence of abnormalities
in the vertebral bodies, disc spaces, or pars interarticularis. Alignment of the spine
may vary (see “Scoliosis”).

Proposed etiologies for mechanical back pain include poor postural alignment
due to alterations or imbalances in muscle activation [7-9]. Anything that alters
mechanics may contribute to symptoms, such as low levels of physical activity,
prolonged sedentary time (especially if sitting posture is poor and/or screen use),
obesity, and use of heavy backpacks [10—13]. Incidence of back pain increases as
backpack weight exceeds 10—15% of body weight [14, 15].

Physical therapy to address postural mechanics is the mainstay of treatment.
Frequency of visits with the therapist may be less important than the specific guid-
ance on how to improve strength and mobility, as well as physical conditioning [16,
17]. Parents of pediatric patients sometimes seek chiropractic care for their child’s
back pain. However, studies in the medical literature are limited regarding benefit or
safety [18]. Analgesics may provide short-term relief in some patients, but opioid
use should be minimized to avoid side effects.

Scoliosis

Scoliosis deserves special attention as a cause of back pain. While 20-year follow-
up studies demonstrated a slightly higher rate of back pain among patients with
scoliosis, both after surgery and bracing, pain was typically mild and did not affect
quality of life [19, 20]. Low back pain occurred more commonly in patients
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following surgery, and patients who received bracing but did not undergo surgery
experienced pain in the lower back and/or thoracic region. Commonly pain occurs
around the paraspinous prominence, representing the apex of the curve on the con-
vex side [21] (Fig. 3.1). Back pain also occurs in patients wearing an orthosis for
scoliosis management and may occur more often in patients with progressive curves
[22]. The pain in patients with scoliosis is essentially “non-specific.” In the presence
of a scoliotic curve, evaluation for other causes of pain and/or scoliosis, including
spinal cord dysraphism, benign or malignant tumors, infection, and spondylolysis,
should be considered before attributing the pain to a muscular cause related to the
scoliosis, especially if the curve is progressive or other signs or symptoms are pres-
ent (Fig. 3.2). Treatment of mechanical back pain in patients with scoliosis is the
same as for those without scoliosis, relying primarily on physical therapy [23].

Fig. 3.1 In this adolescent
with scoliosis, non-specific
back pain would be
expected to occur in the
left lumbar region, along
the apex of the curve
(arrow), and where the
prominence would be
visible clinically
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Fig. 3.2 This young child
presented with thoracic
back pain and a curve. Due
to progressively worsening
back pain, advanced
imaging was obtained and
showed an osteoid
osteoma, demonstrating
that back pain should not
be attributed to a curve
without assessing for
causes of back pain that
might also cause a curve

Back Pain in Children with Neuromuscular Disease

B. A. Nemeth

Patients with spina bifida, muscular dystrophy, and spinal muscular atrophy frequently
experience back pain. Tethered cord syndrome is a consideration in children with
spina bifida, and fractures may occur in children with muscular dystrophy and spinal
muscular atrophy, but often imaging is negative, and the pain is non-specific [24, 25].

Muscle Strain and Spasm

While difficult to diagnose clinically, muscle strains present acutely and occur
during activity with subsequent development of muscle spasm. Muscle strains
consistently rate as one of the most common diagnoses for children presenting
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with low back pain but are best considered a diagnosis of exclusion since pain and
muscle spasm occurs regularly in many pathologic causes of back pain, such as
spondylolysis, insufficiency fracture, and malignancy. Radiographs prove helpful
in identifying bony abnormalities, although plain x-rays may be negative in spon-
dylolysis, so lack of improvement over a few days to weeks necessitates further
work-up.

Spondylolysis/Spondylolisthesis

One of the most common causes of back pain in adolescents is spondylolysis.
Spondylolysis involves a fracture through the pars interarticularis of the spine. Most
cases involve the L5 pars interarticularis, but fractures do occur at other levels with
decreasing frequency at higher lumbar vertebra. Usually the fracture happens as a
result of repetitive stress or overuse with progressive or persistent low back pain, but
occasionally an acute pars fracture occurs and presents with acute pain. Pain is often
unilateral, although bilateral low back pain occurs due to bilateral spondylolysis or
muscular pain on the side contralateral to the spondylolytic lesion. Spondylolisthesis
most commonly develops from bilateral pars interarticularis fractures that allow for
slippage of the vertebral body anteriorly. Other causes of spondylolisthesis include
congenital abnormalities in vertebral development (dysplastic spondylolisthesis)
and high energy trauma. Radicular symptoms rarely occur but may stem from a
hematoma, edema around a fracture, disc herniation, or cyst development at the
facet or the presence of spondylolisthesis [26]. Studies have failed to identify spe-
cific history or exam features of spondylolysis or spondylolisthesis other than a
palpable step-off in the lumbar spine in the presence of severe spondylolisthesis.
Accurate and timely diagnosis requires clinical suspicion and awareness of these
disorders in children [27].

Spondylolysis constitutes the most common pathologic cause of low back pain
in adolescents, but younger children can also sustain a fracture of the pars interar-
ticularis [28]. Spondylolysis occurs more commonly in athletes than non-athletes,
and while the most commonly implicated sports involve those with back extension,
such as gymnastics, rowing, and football, athletes in almost any sport are at risk [29,
30]. Altered spinal mechanics due to imbalances in muscle activation, spinal mobil-
ity, tight hamstrings, or other structural issues are contributing factors [31].

Radiographs may demonstrate a lucency in the pars interarticularis. However, in
some cases 2-view lumbar radiographs do not visualize the fracture (Fig. 3.3).
Oblique radiographs have limited additional diagnostic benefit and expose patients
to additional radiation [32]. CT and bone scans demonstrate high sensitivity in iden-
tifying spondylolysis, although both advanced imaging tests expose children to
even higher amounts of ionizing radiation [33]. As a result, MRI has become a com-
monly used advanced imaging modality for detecting spondylolysis in children,
with the added benefit of being able to detect stress reaction before a fracture has
developed [34]. Spondylolisthesis is diagnosed using plain radiographs. The
Meyerding classification is used to describe the degree of forward slip: I, 0-25%; 11,
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Fig. 3.3 This adolescent soccer player presented with left lower back pain. Plain radiographs (a)
demonstrate a subtle lucency on the lateral view (arrow). Even with negative radiographs, spondy-
lolysis would be high in the differential. Spondylolysis was confirmed on MRI as demonstrated by
edema (white) on T2 images in the left pedicle and pars on sagittal (b) and axial (¢) images

25-50%; 111, 50-75%; and 1V, 75-100% (Fig. 3.4). Spondyloptosis, also referred to
as grade V, occurs when the vertebral body slides completely off of the one below it
and becomes more distal in its location.

Treatment of spondylolysis involves rest until the pain resolves, followed by
physical therapy to correct underlying biomechanical contributors, and gradual
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Fig. 3.4 Lateral radiograph (a) in an adolescent with low back pain and decreased flexion and
extension of the spine demonstrate grade III spondylolisthesis with forward slip of L5 (black
arrow) relative to S1 (white arrow). The posterior arch of L5 is visible on the AP view (b) (arrow).
CT scan (c) better visualizes the listhesis and deformity of the endplates of L5 and S1

return to activities [35]. Bracing may be used to manage pain and restrict activities,
using either semi-rigid lumbar corsets or rigid, anti-lordotic thoracolumbosacral
(TLSO) or lumbosacral orthoses (LSO) [36]. Use of rigid bracing may improve
bony healing in early lesions with high T2 signal on MRI, although up to 50% of
individuals develop a pseudarthrosis [37, 38]. Bracing does not appear to signifi-
cantly change long-term outcomes [37, 39], and approximately 70-80% of patients
return to sport with conservative treatment, regardless of whether bony healing
occurs. However, up to 50% of patients report recurrence of symptoms [36, 39, 40].
Since bilateral spondylolysis can result in spondylolisthesis, patients with bilateral
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spondylolysis, as well as spondylolisthesis, especially if dysplastic, should be fol-
lowed radiographically every 6—12 months for progressive listhesis until skeletal
maturity [37]. While lesser grades of slip (I and occasionally II) often remain
asymptomatic once symptoms from spondylolysis resolve, higher grades (II-V) fre-
quently cause persistent pain and may generate traction on the spinal nerve roots,
causing radicular symptoms or even myelopathy. As a result, surgery is usually
recommended for progressive slips of grade III or higher and may be an option in
patients with spondylolysis with persistent pain.

Scheuermann Disease

Scheuermann disease is a disorder of unknown etiology that classically presents
with rigid kyphosis and a gibbus deformity on forward bending in an adolescent.
Parents often express concern about poor posture and an inability of their child to sit
or stand up straight. Radiographs demonstrate >45 degrees of thoracic kyphosis and
at least 3 consecutive thoracic vertebra with >5 degrees of anterior wedging, as well
as irregularities of the endplates and narrowing of the disc spaces on lateral radio-
graphs (Fig. 3.5). Schmorl nodes, representing eruptions of the intervertebral discs
through the endplates, may also be seen.

Atypical, or lumbar, Scheuermann disease may present as a teenager with low
back pain and decreased lumbar lordosis, with radiographs demonstrating loss of
lordosis and Schmorl nodes, eruptions of the disc through the endplate, at one or
multiple levels [41] (Fig. 3.6). Excessive thoracic kyphosis of >45 degrees, without
evidence of Scheuermann disease, also causes back pain in some children. In these
cases, evaluation for spinal cord syrinx or tethered cord as a cause may be warranted
(see “Spinal Dysraphism”).

Pain in Scheuermann disease may occur as a result of changes in mechanics due
to the higher degrees of thoracic kyphosis and compensatory hyperlordosis of the
lumbar spine in typical Scheuermann disease, hyperkyphosis at the thoracolumbar
junction in lower thoracic disease, loss of lumbar lordosis in lumbar Scheuermann
disease, and rigidity of the spine in all forms [42]. Long-term, patients do well and
experience few limitations [43]. Neurologic complications are rare but may occur in
cases of excessive kyphosis or disc protrusion [44].

Children presenting early in pubertal development may benefit from bracing to pre-
vent progression of the kyphosis [45, 46]. Most patients, though, present late in adoles-
cence, with parents attributing the kyphosis to poor posture and becoming concerned
when it is not improving over time or when pain develops. Bracing at later ages, and in
larger curves, may result in mild improvement but is often poorly tolerated so overall
benefit is controversial [45, 47]. Physical therapy helps manage pain by addressing
postural mechanics, spine flexibility, and activity modification [48]. Surgery is indi-
cated for patients with pain refractory to therapy who have thoracic kyphosis >70-75
degrees to help restore alignment [49]. Rates of complications are higher in surgery for
Scheuermann kyphosis than scoliosis, although patients become taller and leaner with
surgery and experience improvement in self-image [49, 50].
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Fig. 3.5 Lateral x-ray of
the thoracic spine
demonstrates anterior
wedging of three thoracic
vertebral bodies (arrows)
consistent with
Scheuermann kyphosis

Degenerative Disease

Disc herniation in pediatric patients occurs infrequently, but when they do, patients
experience back pain and often radiculopathy. In one study, the rate of disc disease
or facet arthropathy in asymptomatic elite pediatric tennis players found on MRI
exceeded 50%. Therefore, in this population, MRI is not helpful in identifying
degenerative spine disease as a cause of pain but is beneficial in identifying causes
of radiculopathy [51] (Fig. 3.7). An entity unique to children includes a vertebral
endplate ring apophysis avulsion, which is best diagnosed by CT, visualizing the
avulsed endplate [52]. Patients with herniated discs and ring apophyseal avulsion
fractures benefit from physical therapy and modification of activities. Surgery is
reserved for patients with neurologic deficits on presentation or pain refractory to
conservative treatment for more than 6 weeks.
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Fig. 3.6 Lateral x-ray (a) of the lumbar spine with decreased lumbar lordosis, kyphosis at the
upper lumbar spine and anterior Schmorl nodes (arrows) consistent with lumbar, or atypical,
Scheuermann disease. MRI (b) demonstrates the herniations (arrows) of the discs through the
endplates

Bertolotti Syndrome

Bertolotti syndrome is the term for pain attributed to a transitional vertebra, either a
partially sacralized lumbar vertebra or a partially lumbarized sacral vertebra
(Fig. 3.8). In both cases, the transverse process on one side is enlarged and abuts the
adjacent sacrum or ilium. On the partially sacralized side, there are increased T2
signal on MR and increased uptake on single-photon emission computed tomogra-
phy (SPECT). Pain relief on injection of the involved area confirms the diagnosis of
Bertolotti syndrome. Case reports involve primarily older adolescents and young to
middle-aged adults [53]. Treatment is typically with physical therapy to adjust
mechanics to decrease stress at the involved level and on the involved side. In rare
cases, resection of the partially sacralized transverse process (if the disc is healthy)
or fusion of the vertebral body to the sacrum (if that disc is narrow) may be a con-
sideration for patients refractory to conservative treatment [54].
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Fig. 3.7 MRI revealing disc desiccation (a), as evidenced by decreased brightness on T2 images
(arrows), at multiple levels in an asymptomatic teenager. (b) Disc herniation posterior at L5-S1
(arrow) in a patient with acute onset of low back pain and radiculopathy

Fig. 3.8 AP lumbar x-ray
displaying broad transverse
processes at a transitional
L5 vertebra, bilaterally
(arrows)
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Fig. 3.9 MR images demonstrating (a) tethered cord (black vertical line) terminating at L4 (white
arrow) and (b) spinal cord syrinx (white arrow) from C4 to T1

Spinal Dysraphism

Patients with a symptomatic tethered cord frequently present with low back pain
with or without radiculopathy. Other physical exam findings further support con-
cern for a tethered cord, such as a macular capillary hemangioma (previously known
as a flammeus nevus) or a tuft of hair over the lumbar spine, gait abnormalities,
muscle spasticity, cavus foot and/or clawing of the toes, incontinence of urine or
stool or incomplete bladder emptying based on cystomyelogram, and/or spinal
deformity (scoliosis, kyphosis, or scoliosis with kyphosis) [55, 56]. Detethering of
the spinal cord may improve or prevent progression of symptoms, although some
patients may experience worsening of symptoms after surgery [56, 57]. Retethering
occurs commonly in children with spina bifida but only in a small number of chil-
dren with idiopathic tethering. Scoliosis may progress after detethering, especially
if the curve is >40 degrees or the child is very young [56, 58]. A spinal cord syrinx
also may present with pain and may cause deformity of the spine (scoliosis, kypho-
sis, or scoliosis with kyphosis) [44, 59]. A tethered cord and a syrinx are best diag-
nosed by MRI (Fig. 3.9).
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Benign but Locally Aggressive Tumors of the Spine

Osteoid Osteoma/Osteoblastoma

Osteoid osteoma is a <1 cm benign bone lesion of unknown etiology that always
presents with pain and most commonly involves the pedicle or pars interarticularis
in the spine. Patients typically experience progressively worsening back pain with
the two classic characteristic signs of the pain — more severe pain at night and pain
relieved by non-steroidal anti-inflammatory medications. Radiographs may or may
not demonstrate the lesion although scoliosis and kyphosis are often present [60]
(see Fig. 3.2). Due to the inflammatory nature of osteoid osteoma, osteoid osteoma
may be seen on bone scan, but misdiagnosis as spondylolysis in lumbar lesions is
not uncommon if advanced imaging is not obtained [61]. MRI typically demon-
strates increased T2 signal around the lesion, but the central nidus may be difficult
to identify, differentiating it from spondylolysis. CT scan best demonstrates the
central nidus and confirms the diagnosis (Fig. 3.10). Some patients experience pain
relief with use of NSAIDs, but for those who do not, or who have lesions increasing
in size, treatment of osteoid osteoma and osteoblastoma of the spine is usually best
done by excision of the lesion, which rarely results in instability of the spine.
Radiofrequency ablation may also be effective for osteoid osteoma; however, this
technique should not be used near the spinal cord or nerve roots [62, 63].
Osteoblastoma is a larger lesion than osteoid osteoma, >2 cm (Fig. 3.11), has simi-
lar characteristics in presentation, but due to its size may have neurologic symp-
toms, and on radiography and also is treated with resection [60].

Histiocytosis

Langerhans cell histiocytosis of the spine presents with back pain. The pain can be
debilitating, causing difficulty sitting or walking. Some patients will refuse to walk.
Systemic symptoms are rare. In the past the term “eosinophilic granuloma” was
used to describe this lesion. Patients experience worsening pain with attempts at
back flexion or extension and may have secondary scoliosis. Radiographs demon-
strate collapse of the vertebral body with preservation of the surrounding interverte-
bral discs. The appearance of “vertebra plana” is highly suggestive for eosinophilic
granuloma, although leukemia, Ewing sarcoma, and Tb may also cause flattening of
the vertebral body (Fig. 3.12). MRI helps further evaluate the lesion. Laboratory
analysis and sometimes a biopsy may be indicated to confirm or rule out the diag-
nosis [64].

Treatment of isolated histiocytosis of the vertebral body is usually conservative
utilizing bracing for comfort and pain management. In some cases, chemotherapy,
radiation, and/or local excision may be indicted [65]. With resolution of the pain,
serial radiographs continue to demonstrate vertebra plana. In younger patients,
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Fig. 3.10 Sagittal MRI (a) demonstrating edema extending into the left posterior vertebral body
at T7 in the patient in Fig. 3.2. CT scan (b) revealing the central nidus typical of osteoid osteoma
(same patient)

Fig. 3.11 MRI (a) and CT scan (b) demonstrating osteoblastoma of the lamina, pedicle and trans-
verse process in a teenager presenting with thoracic back pain and a mild curve on plain radiographs
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Fig. 3.12 Vertebra plana (arrow) on plain radiographs (a) in a 7-year-old who refused to walk.
MRI (b) displaying a posterior mass (arrow) without soft tissue extension consistent with
histiocytosis

ongoing growth of the vertebral body results in increased height of the vertebral
body by skeletal maturity [66]. Other benign tumors that may present with back
pain include aneurysmal bone cysts and spinal hemangiomas [67, 68].

Malignancy

Leukemia

Acute lymphocytic leukemia (ALL) is the most common malignancy of childhood;
therefore, the differential diagnosis of back pain in a child should include ALL
unless history, physical exam, and further work-up suggest otherwise. Back pain in
patients with ALL is often worse at night and progressively worsens over time.
Sometimes movement of the spine is limited, and patients appear more uncomfort-
able than anticipated for muscular/non-specific back pain. Other symptoms of leu-
kemia, such as fever, lymphadenopathy, and hepatosplenomegaly, may not be
present initially but typically develop over time. Radiographs may be unremarkable
initially, but over time vertebral body collapse with anterior wedging may be seen at
one, multiple, or nearly all levels, with progressive collapse [69, 70] (Fig. 3.13).
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Fig. 3.13 (a) Multiple levels of vertebral body collapse (arrows) on plain radiographs in a patient
with back pain and fever. (b) Mixed areas of hyper-intense (white arrow) and hypo-intense (black
arrows) on T2-weighted MR imaging. The patient was diagnosed with acute lymphocytic leukemia

Unlike Scheuermann disease, endplate irregularities and Schmorl nodes are not
present, and disc spaces are preserved.

On advanced imaging, leukemia has variable appearances. Bone scan may be
“hot” or “cold” so close comparison to the appearance of other bones is important.
On MRI, leukemia often appears as having mixed hypo- and hyper-intense signal on
both T1 and T2 imaging, either at one or multiple levels (Fig. 3.13). Laboratory
analysis may demonstrate typical high or low white blood cell count with neutrope-
nia and the presence of blasts, anemia, and thrombocytopenia. In addition, the
erythrocyte sedimentation rate, C-reactive protein, and lactate dehydrogenase may
be elevated. However, laboratory values may be unremarkable early in the disease if
the vertebral body is the initial area of involvement [71]. Vertebral compression
fractures occur in over 25% of children receiving treatment for ALL over time, and
diffuse osteoporosis may be seen [72].
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Ewing Sarcoma

Ewing sarcoma, while rare, may present in the spine so remains in the differential
of pediatric and adolescent back pain. Night pain and neurologic symptoms occur.
The diagnosis is suspected when destructive lesions or vertebra plana are seen on
plain radiographs. Laboratory studies may not demonstrate any significant abnor-
malities. MRI displays the characteristic findings of an associated soft tissue mass,
and biopsy confirms the diagnosis. Treatment is with chemotherapy and/or radia-
tion, although surgery may be used to decompress the spine when neurologic defi-
cits are present [73].

Spinal Cord Tumor

Spinal cord tumors may present with or without neck or back pain. Most symptoms
result from the mass effect of the tumor on the spinal cord or exiting spinal nerves.
Symptoms may include changes in gait, scoliosis or torticollis, developmental
delay, headache, or early handedness in an infant. Common radicular or myelo-
pathic findings are changes in gait, loss of bowel or bladder control, radiating pain,
weakness, numbness, and/or increased or decreased reflexes [74]. Frequently, chil-
dren will have scoliosis, although the curve may appear atypical — left-sided; a short
curve over just a few vertebral segments with abrupt angulation; a long, sweeping
curve of the entire spine; concomitant kyphosis; and/or a spine that is out of balance
(the head is not centered over the pelvis). Radiographs do not demonstrate destruc-
tive bony lesions. MRI identifies the lesion, often with mass effect on the spinal cord
or nerve roots, consistent with the findings on neurologic exam; use of contrast is
important in differentiating the grade of lesion [74].

The most common spinal cord tumors are gliomas, including astrocytomas and
ependymomas. Glioblastoma and embryonal tumors also occur involving the spinal
cord. Schwannomas are a benign tumor that surrounds the spinal nerve roots as they
arise off the spinal cord, and neurofibromatosis may have tumor involvement around
the spine. Treatment includes surgical resection with radiation and/or chemotherapy.

Infection
Discitis

Discitis is fairly unique to the pediatric population and may occur at any age [75].
Discitis results from hematogenous spread of bacteria to the vertebral endplate;
osteomyelitis may occur as a sequelae of discitis. Children present with acute onset
of back pain or the course may be more indolent. The average time to diagnosis in
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children with discitis is often weeks to months [75]. In acute presentations, fever is
common, but these symptoms may not occur until late in the course in more indo-
lent cases. Additional symptoms may include changes in gait, including refusal to
walk, discomfort with flexion of the spine, and/or loss of lumbar lordosis [75].
Elevated white blood cell counts, erythrocyte sedimentation rate, and C-reactive
protein are common [76].

Radiographs frequently demonstrate loss of the disc space in later stages of dis-
ease, as well as loss of lumbar lordosis or thoracic kyphosis, depending on the level
of involvement. There may be changes in the appearance of the adjacent discs
(Fig. 3.14a). MRI with contrast confirms loss of the disc height, inflammation of the
adjacent vertebral endplates, and an adjacent soft tissue mass that may represent
extrusion of the disc and/or abscess (Fig. 3.14b). Frequent infectious organisms
include Staphylococcus and Kingella kingae (especially in younger children) [76].
Blood cultures should be obtained. In addition, ribosomal PCR is helpful and may
reveal the infectious organism. The use of biopsy or aspiration of the involved area
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Fig. 3.14 (a) AP view plain radiograph of the lumbar spine demonstrating narrowing of the L34
disc space (arrow) in a 4-year-old with progressively worsening low back and hip pain, limp, and
inability to flex or extend at his spine. (b) MRI reveals adjacent edema (white arrows) in the end-
plates of L3 and L4, narrowing of the disc space, and adjacent lateral mass (black arrow), consis-
tent with discitis
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to detect an organism is indicated for cases with unusual presentations, in cases
refractory to initial antibiotic therapy, or if a tumor is suspected.

Treatment of discitis is often conservative. Spinal bracing with a TLSO provides
comfort and may be sufficient alone in children with normal labs and no fever.
However, appropriate antibiotics result in faster resolution of symptoms and
decreased recurrence and are recommended in most cases [75, 77]. Surgical treat-
ment of the infection is rarely needed. In some children the radiographic disc space
remains decreased. In others the disc regenerates, while in others there may be auto-
fusion of the two surrounding vertebral bodies [75]. Despite the radiographic find-
ings, the long-term clinical prognosis is excellent.

Osteomyelitis

Isolated vertebral osteomyelitis is rare in children but may occur in those who are
immunologically suppressed, have undergone spinal surgery or injection, or due to
tuberculosis (also called Pott disease). The presentation may be acute or as gradu-
ally worsening back pain, usually without any history of obvious trauma. Fever,
decreased spinal motion, and changes in gait or sitting may be reported. Examination
often demonstrates painful movement, often with decreased range of motion; radic-
ular symptoms may occur if vertebral body collapse is present.

Radiographs may be normal or demonstrate decreased height of the vertebral
body due to bony collapse. Elevated white blood cell counts, erythrocyte sedimenta-
tion rate (ESR), and C-reactive protein are common. MRI, enhanced by the use of
contrast, demonstrates the infiltrative infectious process often with surrounding
destruction of bony architecture. Blood cultures often reveal the infectious organ-
ism. Biopsy or aspiration may be used to differentiate from other destructive pro-
cesses, such as malignancy, or in an attempt to identify a causative organism.
Staphylococcus is the primary causative organism, although tuberculosis should be
suspected in children with risk factors [78]. Antibiotic treatment is the mainstay of
therapy. Bracing with a thoracolumbosacral orthosis (TLSO) may be used to pro-
vide comfort. Osteomyelitis is often the sequelae of discitis.

Systemic Disease

Osteoporosis/Metabolic Bone Disease

Back pain from osteoporosis usually results from vertebral compression fractures in
children on glucocorticoids for systemic disease or in children with metabolic bone
diseases, such as hypophosphatasia, osteogenesis imperfecta, insufficiently treated
hypophosphatemic rickets, nutritional deficiencies, and others. Development of
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vertebral fractures after use of glucocorticoids occurs commonly among children
being treated for ALL and rheumatologic conditions [72, 79]. Patients with meta-
bolic bone disease display other systemic findings, such as short stature, genu varum
or valgum, and early tooth loss, as well as potentially a history of other fractures.
Radiographs of the spine demonstrate the insufficiency fractures, usually at mul-
tiple levels. Decreased mineralization may be evident (or increased mineralization
in the case of osteopetrosis), although changes in mineralization may be difficult to
detect in the spine due to overlying tissues or obscuration by other bony structures
(Fig. 3.15). Additional radiographs may demonstrate changes of the underlying dis-
ease in the long bones of the skeleton. A skeletal survey is warranted if there is no
history of confirmed metabolic bone disease, to identify other skeletal findings of an
underlying systemic disorder, and to assess for other fractures if one suspects

Fig. 3.15 Plain lateral
lumbar spine radiograph
demonstrating decreased
height of all of the
vertebral bodies and
decreased mineralization in
a pediatric patient with
osteoporosis (dual-energy
X-ray absorptiometry
vertebral z-score was —4.0)
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non-accidental trauma (which may also occur in the presence of underlying bone
disease).

If the patient does not have a known diagnosis of an underlying bone disorder,
additional laboratory testing may be beneficial in making the diagnosis including
vitamin D (25-OH in most children and testing of 1,25-OH if there is concern for
renal disease), parathyroid hormone (PTH), ionized calcium, phosphate, magne-
sium, and alkaline phosphatase. CBC with differential, ESR, and CRP can be
obtained to assess for leukemia or infection. A urinalysis and a metabolic panel are
obtained to assess for renal disease. A genetics consultation may be helpful [80].
Dual-energy x-ray absorptiometry assessing bone density and spine-specific density
is important in determining future risk of fracture. Treatment of the primary disor-
der usually improves patient function and quality of life. In some cases bisphospho-
nates may be utilized.

Sickle Cell Disease

Sickle cell crises may present with back pain as a result of a bony crisis. Patients
may display tenderness over the spine and limited range of motion [81]. Radiographs
may not demonstrate any obvious abnormalities. White blood cell count may be
elevated, making differentiation from infection difficult. MRI displays decreased
signal centrally on both T1 and T2 imaging with surrounding T2 signal (Fig. 3.16).
Treatment of sickle cell crisis involves oxygen and fluids, as well as pain
management.

Fig. 3.16 (a) Plain lateral lumbar x-rays in a patient with sickle cell disease who has had multiple
crises involving the lumbar spine and displays narrowing of multiple vertebral bodies (arrows). (b)
Decreased vertebral body height is best seen on T2-weighted MRI, and (¢) T1-weighted images
reveal decreased signal throughout all vertebral bodies
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Fig. 3.17 MRIina
teenager with right low
back pain and limp that
was progressively
worsening over 4 months
demonstrating increased
signal in the right
sacroiliac region (arrow)
on T2-weighted images
consistent with
spondyloarthropathy

Spondyloarthropathy

Spondyloarthropathy is an inflammatory arthritis involving the spine in enthesitis or
psoriatic arthritis, primarily involving the sacroiliac (SI) joints. Tenderness over the
SI joints and a positive FABER (flexion, abduction, external rotation) test raise sus-
picion regarding the diagnosis. Plain radiographs may demonstrate narrowing and
sclerosis at the SI joints in advanced disease but appear normal early in the disease
process. HLA-B27 may nor may not be positive [82]. MRI with and without con-
trast demonstrate increased T2 signal around the SI joint and enhancement with
contrast (Fig. 3.17). Treatment involves systemic anti-inflammatories or disease-
modifying agents. Injections of the SI joint are difficult but may be attempted in
severe cases.

Extra-skeletal Causes of Back Pain

Urinary tract infection with renal involvement classically presents with flank pain,
lateral to the spine at the lower portion of the rib cage. Fever may or may not be
present. Percussion exacerbates the pain. Urinalysis further confirms the diagnosis
when positive for leukocyte esterase and nitrites; urine microscopy and culture help
determine the infectious organism. Back pain with shortness of breath suggests
pneumothorax or pneumonia. Aortic dissection may present with back pain,
although it is rare in children. Children at risk include those with connective tissue
disorders, such as Marfan syndrome, Ehlers-Danlos syndrome, Loeys-Dietz syn-
drome, and other connective tissue disorders.
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Editor Discussion

As this detailed chapter illustrates, all back pain does not stem from the spine. Multiple
medical disorders can present with back pain. For example, the cause of back pain can be
renal, urologic, pulmonary, gynecologic, or hematologic. The history and examination are
the foundation of the back pain evaluation. Use imaging studies judiciously. Obtain labora-
tory analysis when concerned for infection, tumor, or inflammatory arthritis.

W. L. Hennrikus

The authors illustrate that back pain can be typical or atypical. Atypical frequently occurs
in younger children, may be worse at night, and can be associated with stiffness and weak-
ness or have neurological findings. On physical examination, measure height and weight
as a baseline. Have the child move to test for stiffness and strength. Plain radiographs
should be scrutinized for findings such as diffuse osteopenia, vertebral collapse, loss of
disc height from discitis, soft tissue shadows from tumors, focal lesions as seen in vertebra
plana, or increased sclerosis seen in osteoblastoma. Ideally view the radiograph yourself
rather than accepting a normal report. Call the radiologist if you have any question about
reported findings.

R. M. Schwend
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Chapter 4

History Evaluation of the Child

or Adolescent with Back Pain Including
Ten Red Flags

Surya N. Mundluru and Norman Y. Otsuka

Introduction

Back pain in the child or adolescent patient is one of the most common reasons for
physician assessment and referral. Back pain prevalence in the teenage years has
been purported in the literature as high as 35% [1]. Although the majority of time it
is musculoskeletal in nature and self-remitting, it still necessitates a thorough evalu-
ation to rule out disorders that can result in significant disability, such as infection
or tumor. Back pain itself should not be construed as a diagnosis, but rather a symp-
tom of some underlying process. The physician should be able to take a thorough
and detailed history to help direct for further diagnostic modalities as part of the
workup. Activity modifications, exercises, rehabilitation, and management of emo-
tional stressors can prevent recurrent episodes for most cases of musculoskeletal
back pain. However, in cases of severe and persistent back pain, a thorough history
combined with a detailed physical exam and appropriate imaging studies is neces-
sary to determine if serious underlying pathology is to blame.

The evaluation and treatment of back pain in the pediatric and adolescent patient
are challenging. A thorough history is key. In many cases, back pain is a symptom
of an underlying disorder. Typically, the etiology is musculoskeletal and can be
managed by exercise, stretching, and rehabilitation. In a few cases, back pain is a
symptom of a nefarious and potentially life-threatening diagnosis. A systematic
approach to obtaining the patient and parental history is the best approach to avoid
missing the underlying diagnosis [2].
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The author’s preferred systematic evaluation starts with a consistent dialogue
with the patient and parent. If the child is younger than 10 years of age, the parent
will most likely provide the majority of the history; however, if older than 10, the
patient can provide the history, and the parent can add additional information. Leave
questions as open-ended as possible, allowing the child and family members the
opportunity to fully express their concerns. A written checklist of questions about
back pain is helpful so that important findings are not missed [3].

Guidelines for History Taking Related to Back Pain in the Child and
Adolescent
11 Key Questions

1. How old is the child?
2. What is the nature of the back pain?

e Duration?

e Frequency?

» Relationship to activity?

e Alleviating and aggravating factors/medications?

History of trauma?

Any radiating symptoms in the legs? Pain with walking?
Incontinence or enuresis?

Signs of chronic disease or illness?

Issues with birth and development?

Family history of back conditions or disc?

€2 = o0 Ba g b

e Herniations?

9. Family history of spinal deformity? Family history of spinal surgical
procedures?
10. Any emotional or social stressors and behavioral or mood concerns?
11. What are the child’s or family’s thoughts as to the cause of the pain?

11 Standard Questions

1. What is the child’s age?

This is most important to understand the various conditions, pain perception,
and response to the pain. Younger patients have an entirely different set of diag-
nostic possibilities compared to the adolescent.

2. What is the nature of the back pain?

Ask about the nature of symptoms such as duration, frequency, location, tem-
poral relationship to activity, and alleviating and aggravating factors. Acute onset
of back pain with no other associated symptoms infers that the pain is likely
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musculoskeletal in nature. However, chronic pain that is insidious in onset with
associated symptoms suggests a more serious underlying condition. Alleviating
or aggravating factors play in important role in helping to focus the differential
diagnoses. For example, pain with hyperextension activities during sports that
localizes to the lower back could indicate acute or chronic spondylolysis [4, 5].
Pain in the abdomen and retroperitoneum could be referred from the back.
Prescribed medications, over-the-counter medications, and supplements are
important historical findings. For example, night pain that resolves with NSAIDs
could indicate an osteoid osteoma or osteoblastoma in the posterior elements of
the spine (Fig. 4.1).

. Was there a history of trauma? Was it a high-energy injury or low energy? Were
there any other associated injuries that occurred?

Establishing details related to the mechanism of injury is very important. Few
children younger than 10 years of age sustain significant traumatic injuries of the
spinal column. However, in children older than 10 years, back trauma can result
in fractures, ligamentous injury, or neurological injury (Fig. 4.2). Also, consider
child abuse in an infant with a spine injury if the mechanism is not well explained.
. Is there any radiation of pain/numbness spreading down to the lower extremities
or saddle anesthesia? Does the pain affect the patient’s ability to walk, and if so,
how long has the walking been affected?

Radiating symptoms, saddle anesthesia, and new-onset ambulatory issues are
red flags. These symptoms could suggest a space-occupying lesion or compres-
sion within the spinal canal within the lumbar region causing a cauda equina
syndrome. Establishing the duration of the symptoms is important as early inter-
vention favors better outcomes. Examples of disorders that lead to red flag symp-
toms include intraspinal tumors, primary bone tumors with mass effect, lumbar
stenosis, acute disc herniations (Fig. 4.3), or a fractured vertebral endplate. Red
flag symptoms warrant a thorough physical exam and urgent advance imag-
ing [6-8].

. Are there any new-onset incontinence or enuresis?

Incontinence and enuresis are red flags. Establishing the duration of the
symptoms is paramount. Bowel and bladder dysfunction occur due to compres-
sion or injury of the sacral nerve roots. The sacral micturition center is located at
S2-S4. The internal anal sphincter is controlled by parasympathetic stimulation
from S1 to S3. Disorders that cause injury at this level include a tethered cord or
a space-occupying or space-narrowing lesions.

. Does the child have any symptoms of chronic illness, such as fevers, weight loss,
increasing fatigue, and pain in other joints or extremities?

Fever is a red flag indicating possible infection such as acute discitis or an
epidural abscess. CBC, ESR, and CRP are indicated. Many chronic or systemic
illnesses can affect the spinal column. Malignancy including leukemia and pri-
mary or secondary bone tumors can present with back pain or referred limb pain
[9]. Rheumatologic conditions such as ankylosing spondylitis can present with
back pain and fatigue [10].

After obtaining a history related to the patient’s back pain, also obtain a
detailed past medical, family, and social history.
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Fig. 4.1 (a) Posteroanterior (PA) and lateral standing spine images of a 9-year-old boy with
6-month history of chronic low back pain, which was worse at night. The pain radiated to his left
leg and foot, and he was tripping over that foot. Examination confirmed a left foot drop. Initial
plain radiographs were read as “left thoracic scoliosis, mild 25 degrees.” However, notice that the
pedicles at LS are absent on the AP image and the lateral image shows expanded L5 posterior ele-
ments. When the pain was not relieved with a brace, an MRI was obtained (b). The MRI was sug-
gestive of malignancy, which greatly worried the parents and the primary care physician. CT was
then ordered (c¢) which showed the expanded posterior elements, consistent with osteoblastoma.
The correct sequence should have been plain radiograph to suggest the diagnosis and then CT to
confirm the diagnosis, with MRI done for preoperative planning
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Fig. 4.1 (continued)

Fig. 4.2 An 8-year-old girl
was injured when a car ran
her over. When initially
evaluated, she was
paraplegic. Plain
radiographs were read as
normal. Because of the
paraplegia, an MRI was
obtained. This showed a
ligamentous injury at C6—
C7 (arrow) and anterior
wedging of the vertebra
with signal change from
T1 to T8 (arrow). In
children, ligamentous and
bony injury can occur over
multiple levels, for which
the spinal cord does not
tolerate. She was treated
with a brace and made full
recovery
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.Red Flags: Findings During History That Should Raise Your Concern

for a More Serious Underlying Pathology

» History of high-energy trauma

* Significant amounts of pain with restriction of motion and motor weakness

» Systemic illness, fever, or night sweats

e Unintentional weight loss

 Inability to walk

e Enuresis or incontinence and saddle anesthesia

* Night pain

* History of malignancy or immunosuppression

e New structural deformity

e Inflammatory disorder, multiple joint involvement, iritis, rashes, colitis,
urethral discharge, and morning stiffness

7. Any significant issues at birth or during development? If so, what interventions

or treatments were undertaken?

Obtaining a birth and developmental history is necessary when treating chil-
dren and can be helpful in the workup of back pain. For example, a patient with
developmental delays may raise your suspicions for neurological or genetic
conditions. If the child has had normal development but has recently demon-
strated difficulty walking and enuresis, this could suggest cord tethering.
Family history of back conditions or disc herniations? Any past medical history
of significance?

Sometimes just asking the patient or patient family if there is any history of
spine problems or disc herniations can very helpful in the workup. A family
history of multiple disc herniations requiring surgery could suggest an increased
risk for the patient as well. A family history of spinal stenosis could raise the
suspicion of congenital stenosis in the patient. If the patient has a history of
spina bifida, there is an increased concern for tethering of the cord. A medical
history of malignancy or immunosuppressive illnesses or steroid use could be
related to back pain.

9. History or family history of spinal deformity requiring treatment such as brac-

ing or surgery?

Spinal deformity can be associated with back pain. It is important to deter-
mine if the child has previously been diagnosed or treated for scoliosis or
kyphosis. For example, Scheuermann’s kyphosis can lead to significant back
pain. Historically, scoliosis has not been associated with back pain, but recent
literature supports an association [11, 12]. Spinal deformities have some degree
of familial inheritance, so determining if any first-degree relatives have had a
spinal deformity is important.
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Fig. 4.3 A 15-year-old girl had chronic lower thoracic back pain for 6 months, stiffness, but with-
out neurological symptoms. Plain radiographs showed focal kyphosis and disc narrowing at T11—
T12 disc (a). Because the pain was intense and did not resolve with conservative treatment (rest,
PT, brace, medication), an MRI was obtained showing abnormal disc with protrusion into the
spinal canal (b). The pain resolved temporarily with Marcaine injection into the disc and then
permanently with removal of the disc and fusion of the T11-T12 vertebral bodies
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10. Does the child have any ongoing current social stressors and behavioral or

11.

mood concerns?

Obtaining a social history is very important and often an overlooked aspect
of history taking. In school-age children, multiple reports in the literature have
shown an association between book bag weight and back pain in children and
adolescents. Psychosocial stressors and depression have been linked to back
pain in children and adolescents. Getting a sense of the patient’s daily routine,
mental health, and well-being can be helpful part of the workup [13-17].
Finally, always ask the child or the caretaker if they have any other concerns,
what their thoughts are, what they feel is the major contributor to the pain, and
what they hope to gain from the visit today. The goal of the history is to deter-
mine relevant information, allow the child and the family to express their con-
cerns, and give the physician insight about red flags. Based on the history, a
directed physical exam can be performed and imaging studies obtained.

Summary

Back pain in the child or adolescent is common. A detailed history is key. Using a
systematic approach reduces the risk of missing salient information. Red flags are
findings in the history that may indicate a more serious underlying condition. The
overall goal of the history is to develop an accurate patient story in the physician’s
mind that will help guide the physical exam and laboratory and imaging studies.

Editor Discussion

Back pain is a common presenting complaint associated with a wide variety of acute and

chronic medical and surgical conditions. It is important that a thorough history is obtained

to identify any red flags indicating that a patient requires further diagnostic investigations.
W.L. Hennrikus

As the child becomes an adolescent, lifestyle becomes more relevant to the underlying
explanation for back pain compared to the younger child. This includes excessive time with
electronic devises, poor posture, family or personal stress, sleep hours and sleep quality,
weight and nutrition, over or under physical activity, backpacks, core strengthening activi-
ties, and excessive amount of time at work. But as the case examples illustrate, still be vigi-
lant to night pain, spine stiffness, neurological findings, or pain that does not have clear
underlying diagnosis.
R.M. Schwend
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Chapter 5
Physical Examination of the Child
or Adolescent with Back Pain

Howard R. Epps

A careful, detailed history is an essential prerequisite to the physical examination
and guides the focus of the examination [1, 2]. The onset, location, duration, sever-
ity, frequency, and exacerbating or relieving factors of the pain should be docu-
mented. A story of trauma should be noted. A history of fever, night pain, or weight
loss should be ascertained, as these can indicate a more serious problem. Morning
stiffness suggests an inflammatory problem. The history suggests a short differen-
tial diagnosis. The physical examination helps to further refine the list of causes or
potentially confirm the diagnosis. After these two critical parts of the evaluation are
completed, the physician can determine if investigation with additional imaging
modalities is needed. The best initial imaging test is usually a posteroanterior (PA)
and lateral plain radiograph of the area of the spine causing pain. Advanced imaging
studies such as an MRI scan are ordered on a case by case basis in collaboration
with the specialist physician.

Evaluation of the child with back pain starts with the overall condition of the
child. Obtain height, weight, and temperature if infection is suspected. If the child
is excessively short with a spine deformity, suspect a skeletal dysplasia. Compare
weight to previous weight to determine if there has been a marked change. Is the
child well or sick? Note the maturity status, nutrition, overall appearance, presence
of generalized laxity, or unusual stiffness.

Spine examination starts with inspection of standing posture and gait. Is the child
comfortable and well balanced, off to the side, or pitched forward? Limping should
be noted or the inability in a younger child to walk. The child should be given ade-
quate space for proper assessment of the gait cycle, typically outside the examina-
tion room in the hallway. A heel-toe gait pattern suggests normal function of the L4
and S1 nerve roots [1]. A waddling Trendelenburg gait indicates weakness of the
gluteal muscles, often from hip pathology, but could be from L5 or S1 weakness due
to spinal pathology.

H. R. Epps (P<)
Private Practice, Houston, TX, USA
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For inspection, the child should wear a gown with the opening in the back. The
child should wear underpants or shorts for complete evaluation of the lower back
and extremities. The examiner looks for skin lesions such as the café au lait spots of
neurofibromatosis, hairy patches, lipomas, or birth marks as these can indicate an
underlying neurologic or bone problem [3] (Fig. 5.1). The child should stand with

Fig. 5.1 (a) A photograph
of the skin of the lumbar
spine with a hairy patch.
(b) A 12-year-old girl with
neurofibromatosis type 1.
Notice the numerous large
café au lait marks and
upper right thoracic
dystrophic scoliosis. There
is also a cervical-thoracic
plexiform neurofibroma
with previous biopsy
incision in the upper
thoracic spine




5 Physical Examination of the Child or Adolescent with Back Pain 73

Fig. 5.2 Photograph of a
high-arched or cavus foot.
(From Dreher et al. [8].
Reprinted with permission
from Springer Nature)

knees straight to identify any pelvic obliquity, which could represent a possible limb
length discrepancy. The spine is inspected for obvious curvature, which can be con-
firmed by palpation. The examiner should look for symmetry of the shoulder blades
and of the waist or difference in shoulder heights. The head should rest centered
above the pelvis, and a truncal shift suggests an abnormal curvature of the spine.

The contour of the trunk should be inspected from the front, behind, and sides.
Looking from the side, the examiner should note the presence or absence of the
normal cervical lordosis, thoracic kyphosis, and lumbar lordosis. Inspection should
always include the feet, as a high-arched or cavus foot could indicate intraspinal
pathology (Fig. 5.2).

Palpation starts with the posterior elements in the midline. The examiner feels
for areas of tenderness, deviation, or a step-off. The paraspinal muscles and the facet
joints are palpated for tenderness. The sacroiliac joints and the iliac crests are also
palpated [2].

Range of motion should be assessed, with forward flexion to touch the floor
expected (Fig. 5.3). Inability to do so could reflect anterior spine column pathology
or hamstring tightness. Back extension may cause pain coming from the posterior
elements of the spine. To assess rotation, the examiner stabilizes the pelvis with
both hands while the patient rotates in each direction. Lateral bending to each side
completes the range of motion assessment.

A careful, detailed neurologic examination comprises the next portion of the
exam. Strength, sensation, proprioception, and reflexes are tested. It can be helpful
to try to do the exam by the neurologic levels of function [3]. A focused exam can
be achieved by asking the patient to walk on the heels, toes (gastrocnemius), and
outsides of the feet (tibialis anterior), squat down, and rise up from squatting posi-
tion (quadriceps and hamstrings and gluteus maximus). The Gower maneuver is
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Fig. 5.3 A patient doing
the Adams forward bend
test with a scoliometer

done by asking the child to sit on the floor and then to stand up. Proximal weakness,
such as seen in Duchenne muscular dystrophy (DMD) or other muscle diseases, will
be evident if the hands are needed to assist in becoming upright. If the examiner
personally does these maneuvers and asks the patient to do them as well, it can be
perceived as a game with younger children. Since so many children have chronic
lifestyle-related weakness of their core muscles associated with their back pain, in
this context, consider specifically testing their trunk and hip core muscle strength.
Ask the child to do ten well-executed push-ups, five deep squats, and ten sit-ups.
Stressing the body a little can help bring out weakness that would not be apparent
with just static testing.
The sensory dermatomes are delineated as follows:

L1. The sensory distribution of the L1 root is anterior hip in the inguinal area.

L2. The dermatome for L2 resides on the anterior thigh.

L3. Sensory distribution of the L3 root covers the anterior aspect of the knee.

L4. L4 sensory distribution is the anteromedial aspect of the lower leg.

L5. The L5 dermatome is the anterolateral aspect of the lower leg.

S1. The S1 dermatome includes the perineum and the posterior aspect of the leg
extending to the lateral two toes.

Motor strength is tested by neurologic level, as outlined in Table 5.1. Deep ten-
don reflexes like the knee jerk and ankle jerk should be tested as well as the plantar
response, looking for a Babinski sign. With the patient supine, abdominal reflexes
should be tested. Each quadrant of the abdomen should be stroked diagonally toward
the umbilicus to elicit a response (Fig. 5.4). Asymmetry or absence of abdominal
reflexes can indicate spinal cord pathology, most commonly syringomyelia [4].

Special testing can provide focused information. The flexion, abduction, and
external rotation (FABER) test is used for the sacroiliac joints. One leg is placed in
figure four position with the foot crossed at the knee. Pressure on the inside of the
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Table 5.1 Motor function by neurologic level

Motor test

Nerve root(s)

Nerve

Hip abduction

L5

Superior gluteal

Hip adduction L2-14 Obturator

Hip flexion T12-L3 Nerves from T12 to L3
Hip extension S1 Inferior gluteal n.
Knee extension L2-1L4 Femoral n.

Foot dorsiflexion, inversion L4 Deep peroneal n.
Great toe extension L5 Deep peroneal n.

Foot eversion S1 Superficial peroneal n.

Data from Hoppenfeld [3]

Fig. 5.4 Photograph of the
umbilical reflex
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flexed knee and the contralateral iliac crest elicits back pain if there is sacroiliac
joint pathology [5]. The single leg extension or “stork” test isolates unilateral pos-
terior element pathology [1]. The patient stands on one leg, and the back is gently
extended. Straight leg raising in the supine position assesses hamstring tightness or
lower back pathology.

One challenge is differentiating between organic back pain and nonorganic or
functional pain. Traditionally, several signs known as Waddell signs — symptom
magnification, pain with axial compression or rotation, diffuse tenderness, nonana-
tomic sensory distribution, and changing exam with distraction — were consistent
with a nonorganic cause [6]. Another author, however, suggests that Waddell signs
do not adequately discriminate between organic and nonorganic causes of pain [7].

Pearls

» The child with such stiffness that it is painful to touch the knees or is very
slow to touch the knees may have painful enough back pain to warrant
further evaluation.

 If the child can bend so far forward that they can touch the floor with their
palms, they likely have ligamentous laxity.

Editor Discussion

For the young child under 5 years of age with back pain, one should always think about
discitis as an etiology. Always assess their temperature, although it may not be elevated. For
more chronic discitis, appetite may be affected and weight loss is possible. Finally, the child
with discitis may walk a little slower than usual, have a mild limp, and be reluctant or slow
to bend forward to touch the floor.

For video on how I perform the 2 minute screening examination of the child’s spine,
visit POSNAcademy.org.

R.M. Schwend

The physical exam and the history are the foundation in the workup of a child with back
pain. Simple findings on a focused physical exam such as a cavus foot, tight hamstrings,
kyphosis, a hair patch at the bottom of the spine, or a fever can alert the physician as to the
need for complementary imaging and laboratory tests.

W.L. Hennrikus
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Chapter 6

Radiologic Imaging and Laboratory
Evaluation of Back Pain in Children
and Adolescents

Brian A. Shaw and Nicholas E. Arlas

Introduction

Most children and adolescents presenting with back pain for the first time to their
physician will not need radiographic imaging or laboratory studies. While back pain
is increasingly common in childhood, reports have shown that pain resolves in
roughly 90% spontaneously and is typically due to sprains, strains, and “nonspe-
cific” etiologies [1]. Back pain becomes more common with older age, and it is
more likely that a serious underlying condition will be identified under age 10 years
than near skeletal maturity, at which time nearly 100% of the population reports at
least one episode of back pain [2—4]. Imaging and/or laboratory studies are indi-
cated if there are red flags as discussed in Chaps. 4 and 5, deformity, or persistent/
recurrent pain unresponsive to conservative measures such as time (generally over
6-week duration), relative rest, physical therapy, and over-the-counter nonsteroidal
anti-inflammatory drugs (NSAIDs). Red flags include radicular pain, numbness or
subjective weakness, night pain, bowel or bladder incontinence, fever, unexplained
weight loss, and abnormal neurologic findings on physical examination such as gait
deviation, reflex asymmetry, atrophy, altered or lost sensation, limited straight leg
raise, marked stiffness, and objective weakness on manual motor testing.

B. A. Shaw (<) - N. E. Arlas
Department of Orthopedic Surgery, University of Colorado — School of Medicine,
Colorado Springs, CO, USA
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Imaging
Role of Plain Radiography

When red flags, deformity, or persistent/recurrent pain are encountered, plain radi-
ography is indicated. As a general principle for all musculoskeletal disorders in chil-
dren, plain radiography is always performed prior to advanced imaging. For thoracic
pain, standard two-view orthogonal (anterior to posterior (AP) and lateral) images
are ordered. For lumbar pain, standard two-view orthogonal AP and lateral images
are also ordered. In the past, oblique views of the lumbar spine were ordered to visu-
alize spondylolysis, but recent studies have shown that the addition of oblique views
does not improve the diagnostic yield, and therefore, these are rarely indicated today
[5]. If more detailed imaging of very specific anatomic levels is desired, AP and
lateral “Spot Films” of the thoracic, lumbar, and lumbosacral spine can be ordered.

When deformity such as scoliosis, lordosis, or kyphosis is the major finding, then
the standard radiologic study to order is a two-view (posterior to anterior (PA) and
lateral) standing full-spine film (Fig. 6.1). The film is shot PA rather than AP because
of the slightly lower radiation exposure to the thyroid and vital organs compared
with AP exposure and also because deformity surgeons typically view the films in
the same manner they would clinically examine a patient’s back: posterior to ante-
rior. Exceptions are when the child is unable to stand due to young age or neuromus-
cular condition, in which case an AP film is taken either sitting or supine. It is
critically important that the entire spine is visualized on these initial deformity films
in order to properly assess overall spinal balance, determine pattern and type of
curve, measure deformity severity using the Cobb method (see Chap. 13), and deter-
mine the presence or absence of congenital, infectious, or neoplastic lesions which
may be incidental or causative. If an inadequate film is initially obtained, then the
patient may require another film resulting in additional cost and radiation exposure.
In addition to examining the spine itself, it is important to evaluate the soft tissue
structures, looking for findings such as pulmonary nodules, kidney stones, and
ingested foreign bodies. These non-spinal findings may be clues to the cause for the
child’s back pain or may be incidental findings with little or great importance.
Finally, for known neuromuscular conditions, it is helpful to include the pelvis and
hips in the initial images because pelvic obliquity with hip subluxation or disloca-
tion can cause pain (Fig. 6.2).

In infants and young or disabled children with spinal deformity, it may be impos-
sible to obtain standing films, and either sitting or supine films may be substituted.
These films should be marked by the technologist as such for later comparison to
follow-up films, which may be done standing. If the examiner is screening for sco-
liosis, a generally accepted scoliometer reading of 7 degrees or greater on the for-
ward bend test indicates that radiography should be performed [6].
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Fig. 6.1 PA and lateral standing radiograph of a teenager with adolescent idiopathic scoliosis.
Note that the entire spine and pelvis are included on this initial PA film

| | > 1

Radiation Exposure

With modern digital radiologic technique, the radiation exposure to children and
adolescents undergoing standard imaging studies is minimal. While there is no truly
safe dose of radiation, exposure should rarely be a consideration when ordering
indicated plain radiographic studies. The principles of as low as reasonably achiev-
able (ALARA) and the Image Gently campaign (Society of Pediatric Radiology and
others) should be applied to all ionizing imaging studies (https://www.imagegently.
org/). This area does remain an area of active research, and the clinician should note
changes in guidelines as they evolve [7, 8].
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Fig. 6.2 An AP supine
radiograph of a child with
spina bifida. Note the
importance of including
the hips and pelvis which
show dysplastic subluxated
hips. The circle indicates
inter-pedicular widening of
the lumbar vertebrae with
lack of posterior elements,
characteristic of

spina bifida

Special Views

In addition to the standard radiologic views noted above, other views may be
obtained, but these should generally be ordered by the treating orthopedic surgeon.
These include flexion/extension lateral lumbosacral images for spondylolisthesis,
left and right lateral bending films for scoliosis, and thoracic extension films over a
bolster for kyphosis. The reason for deferring these special studies to the treating
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physician is that they are usually not diagnostic but instead help determine the treat-
ment plan. They also may require special standardized equipment and techniques
not readily available in all radiology departments.

Role of Computerized Tomography (CT Scan)

Computerized tomography (CT) has largely been supplanted by MRI because of
associated radiation exposure but still has a role in the evaluation of pediatric back
pain. CT technology has developed to become much faster and deliver less radiation
than in the past. A full rotation of the CT scanner takes less than 0.5 seconds, and
the technology builds a complete reconstruction based on that rotation in tenths of a
second [8]. A typical CT scan will deliver radiation doses of between 3 and 9 mil-
lisieverts (mSv) (background US radiation is 3.1 mSv/year) [9]. Specific indications
for CT scanning in the pediatric age group are evaluation of vertebral cortical integ-
rity and 3-D modelling of the spine. CT is better than MRI at demonstrating bony
cortical detail and spondylosis and may be used to demonstrate fractures or cortical
tumors such as osteoid osteomas (Fig. 6.3). The relative value of CT versus MRI
depends on the quality of local technology and the expertise of the technicians oper-
ating the scanner and the radiologists/specialists interpreting the study.

A frequent question is whether it is better to use a CT or MRI for diagnosis of
early spondylolysis; the MRI (Fig. 6.4) will show bony edema and “pre-lysis”
edema better than CT, but the CT will show whether there is an established cortical
fracture line. Often it is best to consult with your institutional radiologist or ortho-
pedic surgeon to determine the better study for a particular indication. As a general
rule, it is wise to consult with the appropriate specialist whenever ordering an
advanced study beyond initial radiography or defer to that specialist to order
the study.

Fig. 6.3 Fine-cut CT scan showing a pea-sized osteoid osteoma of a vertebral pedicle. (a) CT of
spine showing osteoid osteoma (arrow). (b) Surgical removal of osteoid osteoma from the spine.
(c) Osteoid osteoma specimen
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Fig. 6.4 Sagittal MRI
showing edema of pars
interarticularis indicating
early spondylolysis (arrow)

Finally, CT may be used as a first-line study in the evaluation of the multi-trauma
patient and will readily demonstrate vertebral fractures and dislocations. However,
CT and plain radiography will by definition miss Spinal Cord Injury Without
Radiographic Abnormality (SCIWORA) injuries, which only MRI can detect.

Spinal Cord Injury Without Radiographic
Abnormality (SCIWORA )

This term was coined in 1982 to describe circumstances in which children were
seen with traumatic spinal cord injuries but their radiographs were normal [10]. This
is explained by a much larger percentage of non-bony elements of the spine present
in children versus adults (cartilaginous end plates, discs, and facet joints) and the
much greater flexibility of the pediatric versus adult spinal column. If a fracture
through non-bony tissue is non-displaced or if the spinal column flexes, bends, or
extends excessively even without fracturing, the much less flexible spinal cord may
be damaged, with no acute changes observed on plain radiography or even CT. The



6 Radiologic Imaging and Laboratory Evaluation of Back Pain in Children... 85

immature spinal column can stretch 5 cm before disruption, but the spinal cord can
only stretch 6 mm. There may be injuries to the spinal column without spinal neu-
rologic injury which will be apparent only on MR

Technetium Nuclear Bone Scan

Like CT, technetium nuclear bone scanning of the spine and other anatomic regions
is becoming less frequently performed because MRI can show much more detail
and without any radiation exposure. The best current use of a nuclear bone scan is
in patients who present with concerning but vague symptoms (Fig. 6.5). Rather than

Fig. 6.5 Example of total
body nuclear bone scan
showing increased uptake
in several vertebral bodies
with disseminated
neoplasm (arrows)



86 B. A. Shaw and N. E. Arlas

order a CT or MRI of an entire spinal region, the nuclear bone scan can image the
entire spine and identify a specific anatomic site for further detailed investigation by
CT or MRI. The nuclear bone scan works by intravenously injecting radioactive
Technetium-99m methylene diphosphonate (MDP) which is taken up by the bone
undergoing abnormally high metabolic activity and to areas of increased blood flow
[11]. Areas such as growth plates which are metabolically active due to high bone
turnover typically exhibit intense uptake in the pediatric population. Bone scan is
sensitive but nonspecific in the detection of infection and tumors but may be falsely
negative or “cold” in the setting of low bone turnover such as in eosinophilic granu-
loma and chronic Brodie’s abscess. A more advanced form of nuclear bone scan-
ning is single-photon emission computed tomography, or SPECT.

A common indication for nuclear bone scanning is seeking disseminated bone
lesions such as metastases in patients with known cancers including neuroblastoma,
Ewing’s sarcoma, and osteosarcoma and in patients with suspected multifocal
osteomyelitis.

PET-CT

Positron emission tomography-CT (PET-CT) is mentioned here for completeness
but is ordered only as a tertiary study by a surgical or oncologic specialist in staging
a neoplasm, measuring response to therapy, or performing surveillance for meta-
static disease. It is not typically ordered for the initial evaluation of back pain. The
technique combines the injection of a radiopharmaceutical with conventional ana-
tomic CT to precisely identify areas of abnormal metabolic activity.

Imaging Findings on Plain Radiography

Keep in mind that radiography is not indicated for the majority of children and teens
presenting for the first time with back pain unless red flags or deformity are noted.
This section presents typical abnormal plain radiographic findings and their inter-
pretation. Details regarding each clinical condition are described in Part II, case-
based chapters.

Initial Approach to Reading Plain Radiographs of the Spine

Note carefully the name of the patient and the date the film was taken. Are there
earlier or later films for comparison? Is left or right clearly marked? By convention,
scoliosis films are taken and examined posterior to anterior (PA) so the patient’s
right side is seen on the right side of the screen; this can be confusing for most phy-
sicians who view chest films as anterior to posterior in dimension. Is the film marked
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to indicate whether the film was taken standing, supine, or with any special posi-
tioning? Are the hips visible? Examine the soft tissues and margins of the film for
incidental findings which may be obscure or otherwise overlooked. Then, focus on
the spine itself. Note the maturity of the patient from the appearance of the triradiate
cartilage and the iliac crest ossification.

Disc Disease and Schmorl’s Nodes

Loss of disc height is easily appreciated by comparing adjacent levels. This could
indicate traumatic injury, infection (spondylodiscitis), congenital anomaly, or
tumor. Disc disease increases with age and is therefore much more common in
adults than in children and teens. After about age 30 years, discs desiccate and start
to lose their elasticity and “shock absorber” effect (Fig. 6.6).

Plain films may also show a vertebral end plate fracture, also known as apophy-
seal ring fracture or “hard disc” which is a unique pediatric form of disc pathology
in which the posterior margin of a vertebral end plate and attached annulus break off
and may then impinge on the spinal canal or nerve roots (Fig. 6.7). There will be a
history of acute traumatic injury with immediate symptoms of severe pain and pos-
sible nerve root or cauda equina irritation. These children clinically present in a
similar manner to adults with acute disc herniations, but by contrast, adult disc
herniations are herniations of the nucleus pulposis through the annulus, rather than
the annulus and end plate themselves.

Fig. 6.6 MRI of lumbar
spine showing dark discs
which indicate loss of
normal hydration and
herniated L5/S1 nucleus
pulposis (star = normal
disc, large

arrows = dehydrated
“black” discs with
posterior bulging, and
jagged arrow = frankly
herniated disc)
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Apophysis

Spinous
process

Fig. 6.7 (a) Illustration of vertebral end plate fracture also known as apophyseal ring fracture or
“hard disc.” (b) MRI of apophyseal ring fracture with extrusion of annulus into spinal canal (arrow)

Schmorl’s nodes are developmental irregularities of the end plates of immature
vertebrae (Fig. 6.8). They represent herniations of the disc into the adjacent verte-
bral end plates, not to be confused with disc herniations into the spinal canal or
neural foramen. Schmorl’s nodes are usually seen in the preteen and teen years and
are often incidental findings. However, if they are prominent and at several levels,
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Fig. 6.8 Schmorl’s nodes
involving several lumbar
vertebral body end plates
(triple arrow). Single
arrow shows normal disc
space with normal
vertebral end plates

they may become symptomatic, causing “discogenic” pain; this is pain localized to
the back without nerve root irritation (sciatica). In most cases, pain gradually
resolves over time, and treatment is symptomatic —not surgical. No advanced imag-
ing is required unless other pain etiology is suspected.

Fracture or Dislocation

Fracture or dislocation of any part of the thoracic or lumbar spine is usually appreci-
ated by a loss in the normal contour and alignment of the visualized spinal column.
Adjacent levels are easily compared. Step-offs in the anterior or posterior vertebral
body lines and perched, jumped, or fractured facets can be seen. One form of pedi-
atric injury is the Chance fracture, most commonly caused by acute spinal flexion



90 B. A. Shaw and N. E. Arlas

Fig. 6.9 A compression
fracture of the vertebral
body (anterior column,
small arrow) combined
with distraction injury
(ligamentous or bony
rupture, large arrow) of the
posterior column is a
variant of Chance fracture,
seen most commonly with
use of a lap belt without
shoulder harness

as in the use of a lap belt without a shoulder harness; this causes compression injury
of the anterior column and distraction of the posterior column (Fig. 6.9). The lateral
film shows a gap between adjacent spinous processes (torn soft tissues) and various
degrees of anterior column injury (compression or burst fracture) which together
may cause spinal cord or cauda equina injury.

A generally benign type of spinal fracture seen commonly in the pediatric age
group is a compression fracture (Fig. 6.10). Compression fractures occur with axial
force to the spine such as when jumping from a height and landing on both feet or
buttocks, often with a flexion moment. Isolated compression fractures are stable
injuries that do not cause neurologic impairment, are more common in children than
adults because of less dense pediatric bone, and generally heal without sequelae. It
is not unusual to see two or three contiguous vertebral compression fractures or
even more on MRI or CT imaging.

Scheuermann’s Kyphosis

Scheuermann’s kyphosis is a developmental disorder of unknown etiology which may
affect either the thoracic or lumbar spine. Radiographs are typically ordered because
a teen presents with a painful rigid kyphosis, and the diagnosis is readily made on the
lateral film. Classically, the diagnosis is confirmed by three contiguous vertebrae
wedged 5 degrees or more (Fig. 6.11). Advanced imaging is not usually indicated, and
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Fig. 6.10 Vertebral body
compression fracture in
16-year-old gitl (arrow)

treatment starts with physical therapy and possibly bracing, reserving surgery for
more severe cases, such as when thoracic kyphosis exceeds 80 degrees. Any degree of
lumbar kyphosis may be an indication for surgery, especially if there is pain.

Some experts consider Scheuermann kyphosis to be an extreme form of
Schmorl’s nodes; others do not. The mere presence of Schmorl’s nodes does not
lead to Scheuermann’s kyphosis.

Transitional Vertebra

A transitional vertebrae occurs at the lumbosacral junction and may have combined
features of either a lumbar or sacral vertebra. Sometimes there is an extra vertebra
at the lumbosacral junction, and on one side, it may appear to be an extra lumbar
vertebra and on the other an extra sacral vertebra. This is usually an incidental find-
ing and rarely a cause for back pain. No additional imaging is required, and surgery
is rarely indicated. A very large L5 transverse process that impinges onto the iliac
wing or the sacrum can be painful and is termed Bertolotti syndrome

Spina Bifida Occulta

Like transitional vertebrae, spina bifida occulta is usually an incidental finding and
not symptomatic. It is a small midline defect in the spinous process, usually of L5
and S1, occurs in about 6% of the population, and may be associated with an
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Fig. 6.11 Scheuermann’s
kyphosis is a
developmental kyphotic
deformity which may
occur in the thoracic,
thoracolumbar, or lumbar
spine associated with
anterior wedging of the
apical vertebrae (three
red lines)
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increased risk of spondylolysis. Therefore, if it is seen in the setting of low back
pain, consider spondylolysis as the possible etiology. An isolated radiographic find-
ing of spina bifida occulta does not cause back pain and does not require further

imaging.

Spondylolysis and Spondylolisthesis

Spondylolysis is by far the most common identifiable cause of back pain in the
pediatric age group. It is a stress fracture of the pars interarticularis of a lumbar
vertebra, usually L4 or LS (Fig. 6.12). These typically occur in athletes for which
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Pars interarticularis Spondylolysis Spondylolisthesis

Fig. 6.12 Spondylolysis and spondylolisthesis. Spondylolysis is a non-displaced developmental,
traumatic, or degenerative fracture through the pars interarticularis that may lead to spondylolis-
thesis which is a slippage of one vertebra over the subjacent vertebra

Fig. 6.13 (a) LS5 spondylolysis in a 14-year-old gymnast (arrow). (b) An unstable high-grade L5/
S1 developmental spondylolisthesis in a 13-year-old boy (arrow)

their sport requires repetitive lumbar extension such as dance, gymnastics, and foot-
ball line positions. However, there is also a developmental component, and spondy-
lolysis can be seen in any athlete or nonathlete. Spina bifida occulta is an associated
radiographic finding and may be a predisposing factor.

Plain AP and lateral lumbar radiographs may show an established spondylolysis
(Fig. 6.13a). In the past, oblique views were taken to look for the so-called “scotty
dog” sign, but these have been shown to be no more sensitive than the standard AP
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and lateral views [12, 13]. However, plain radiography may not reveal an early-
stage spondylolysis in which a complete fracture has not yet occurred; in such cases
where spondylolysis is clinically suspected by a history of low back pain associated
with sport activity and tightness of the hamstrings, an MRI may reveal bone edema
localized to unilateral or bilateral pars (see Fig. 6.4). In this early stage, complete
cessation of aggravating sport, physical therapy, and bracing may result in true heal-
ing of the lesion. In later stages, once the fracture (also called a “pars defect”) is
visible on plain radiography, it will not heal without surgical intervention. However,
the usual treatment is symptomatic and nonsurgical because most athletes are able
to return to sport without complete bony healing of their defect. The symptoms
resolve despite nonunion of the fracture. There is still a role for a limited-cut CT in
assessing a defect which is suspected but not seen on plain film or MRI and for
assessing healing potential (sclerotic borders unlikely to heal) or response to treat-
ment. These are best ordered by the specialist physician.

In contrast to spondylolysis, spondylolisthesis is a slippage of one vertebra with
respect to its adjacent vertebra (Fig. 6.12). Slippage requires an initial spondylolysis
defect, after which the disc and anterior column structures become deficient, allow-
ing one vertebra to slip forward over the one below it. In pediatrics, there are two
basic types of spondylolisthesis: traumatic and developmental (Fig. 6.13b). The
developmental type is much more common and can be further subdivided into stable
and unstable variants [14]. Unstable slips may progress from low grade to high
grade and even to complete spondyloptosis in which LS5 slips completely over S1
and falls into the pelvis. It is critical to note that typical sports-related spondylolysis
does not progress to significant spondylolisthesis, and therefore, surgery is not per-
formed for most pediatric patients with spondylolysis. On the other hand, high-
grade (more than 50% slipped forward) symptomatic unstable developmental or
traumatic spondylolisthesis is usually surgically stabilized.

Spinal Deformity

As noted previously, radiography for spinal deformity includes the complete spine,
PA and lateral, and standing if possible (see Fig. 6.1). Scoliosis, kyphosis, and lor-
dosis are measured using the Cobb method (see Chap. 13). Generally, kyphosis
greater than 60 degrees and scoliosis greater than 15 degrees are considered abnor-
mal and reasons for orthopedic referral. Do not be fooled by apparent scoliosis: this
occurs when there is a limb length inequality causing a pelvic tilt which then causes
the spine to curve but without the rotational deformity typically seen in true idio-
pathic scoliosis (Fig. 6.14). The pelvic tilt (or pelvic obliquity) is readily seen on the
standing film. Another film can be taken with an appropriate-sized block underneath
the shorter limb, which levels the pelvis and lessens the scoliosis.

Scoliosis, kyphosis, and lordosis are descriptive terms and not diagnoses. An
accurate diagnosis is made only after performance of a detailed general physical
examination and appropriate imaging. The neurologic examination may reveal
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Fig. 6.14 (a) Apparent, but not true, scoliosis due to a limb length difference causing pelvic oblig-
uity while standing. (b) In this case, the limb length difference is caused by a dislocated hip
(circled)

asymmetric reflexes, spasticity, weakness, or gait disturbance, all indicating a neu-
romuscular etiology. The skin examination may reveal findings indicating a syn-
dromic etiology such as multiple café au lait spots and axillary freckling typical of
neurofibromatosis type 1 or hyperelasticity with multiple prominent scars charac-
teristic of Ehlers-Danlos syndrome. The musculoskeletal examination may reveal
long fingers and toes or painful foot deformity suggestive of Marfan’s syndrome. A
unilateral foot deformity such as cavus or equinus, along with a midline hair patch
or dimple above the gluteal crease, may indicate a tethered spinal cord (see also
Chap. 5: Physical Examination).

Adolescent idiopathic scoliosis is the most common type of scoliosis and typi-
cally occurs in otherwise healthy adolescent girls. The exact pathophysiology is
unknown, but there is a definite genetic component. On PA imaging, there is not
only a lateral spinal curvature (deformity in the coronal plane) but also a rotational
component which accounts for the rib hump seen on physical examination and also
a lordotic component creating a loss of normal thoracic kyphosis. The rotation is
seen on PA imaging as asymmetry of the pedicles, and the loss of thoracic kyphosis
is evident on the lateral film (Fig. 6.15). Indications for MR imaging for idiopathic
scoliosis is controversial, with some orthopedic surgeons imaging every case of
scoliosis and others reserving MRI for suspected non-idiopathic forms such apex
left thoracic curves which occasionally are associated with Chiari malformations
and syringomyelia. MRI may also be obtained before scoliosis surgery.

Besides adolescent idiopathic scoliosis, there are neuromuscular, syndromic,
neoplastic, and developmental etiologies of scoliosis. Clues about etiology found on
plain films include a short sharp curve associated with a hemivertebra or fused ribs
as seen in congenital scoliosis, in which one or more vertebrae are malformed at
birth. These patients should be evaluated with cardiac and renal ultrasound imaging
because these organs develop in utero at the same time as the spine and are often
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Fig. 6.15 (a) The PA image shows scoliosis with vertebral rotation (arrow points to prominent ribs
resulting from the vertebral rotation and causing paraspinal prominence or “rib hump” seen on the
Adams forward bend test). (b) The lateral film shows the thoracic hypokyphosis or lordosis com-
monly associated with idiopathic scoliosis (vertical line). (¢) Postoperative film showing partial
correction of thoracic lordosis

also malformed approximately 20% of the time. A long sweeping thoracic and lum-
bar scoliosis without rotational component can indicate a neurogenic disorder, such
as cerebral palsy or chronic cervical spinal cord injury. It is important to examine
the hips in these cases for subluxation or dislocation. Seating imbalance may aggra-
vate the curve and lead to increased pain and decubitus ulcer formation.

Advanced imaging for spinal deformity is best determined by the treating physi-
cian. Usually, this will be an MRI of the entire spinal axis including the brain stem,
looking for Chiari malformation, syringomyelia, intradural or extradural neoplasm,
diastematomyelia, and spinal cord tethering. MRI is more likely to find an underly-
ing etiology for early-onset scoliosis (those presenting under age 10 years) rather
than adolescent idiopathic scoliosis. Young children, typically less than 8 years of
age, will require sedation or general anesthesia for this study.

Vertebra Plana

Vertebra plana (flat vertebra) is seen on both AP and lateral images and may occur
at any level. Classically, it represents an eosinophilic granuloma (Langerhans cell
histiocytosis) which has weakened the vertebral body to a point of collapse but may
be caused by any destructive process including infection such as tuberculosis,
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Fig. 6.16 Vertebral plana
in a young child caused by
vascular malformation
weakening the bone (arrow
points to flattened remnant
of vertebral body, also
outlined in red dots)

Ewing’s sarcoma, and hemangioma (Fig. 6.16). Advanced imaging (MRI) and
referral are always indicated, with biopsy depending upon clinical, laboratory, and
MRI results.

MRI

MRI is never the first choice in spinal imaging: plain radiography is always done
first because it is simple, readily available, inexpensive, and often diagnostic. The
radiation exposure of plain films using modern radiologic equipment is minimal.
Further, MRI in the absence of legitimate indications risks discovering clinically
unimportant findings which may generate parental/patient/physician anxiety and
further invasive unnecessary diagnostic and therapeutic tests which carry their own
inherent risks.

In general, MRI following radiography is ordered for back pain associated with
red flag signs, including pain that does not resolve within a reasonable amount of
time (6 weeks), does not respond to usual conservative measures such as cessation
from sport, occurs in child under age 10 years, has no apparent explanation, inter-
feres with normal sleep, or is associated with fever, chills, weight loss, neurologic
complaint, or impairment.

MRI is sometimes done with intravenous contrast: this decision is dependent
upon the differential diagnosis and specifications of the equipment being used and
therefore best left to the discretion of your informed radiologist.



98 B. A. Shaw and N. E. Arlas

Examples of Commonly Encountered Pediatric Variations
and Abnormalities

“Bulging Discs”

Commonly reported “bulging discs” are normal variants with no clinical conse-
quence. These are best thought of as incidental findings which do not correlate with
symptoms of back pain. They are not disc herniations or “pre-herniations” and
should be ignored.

Infection

Pediatric spinal infections are usually hematogenous and involve both the vertebra
and adjacent disc space(s) — hence the name spondylodiscitis. Infection is suspected
with nontraumatic onset of back pain and sometimes abdominal pain accompanied
by fever, malaise, and in later stages neurologic findings secondary to epidural
space encroachment. Infection may be acute as in acute staphylococcal bacterial
spondylodiscitis or may be chronic and indolent as seen in fungal or AFB infections
including coccidioidomycosis (valley fever) and tuberculosis. MRI for infection is
usually done urgently (same or next day) but may be emergent if the child is very ill
or demonstrating neurologic impairment (Fig. 6.17).

A condition which is often confused with bacterial or fungal spondylodiscitis is
chronic recurrent multifocal osteomyelitis, or CRMO. This mysterious condition
causes painful inflammatory bone changes often with elevation in serologic inflam-
matory markers and can occur in the long bones, pelvis, and spine. No etiologic
infectious organism has been identified, and treatment is therefore symptomatic.
Imaging clues are a mixture of new and healing lesions, typical multifocal pattern,
and lack of abscess formation or sinus tracts [15].

Tumor

Many types of tumors and tumorlike conditions may affect the spinal column.
Examples of the more common entities are provided here.

* Osteoid osteoma and its closely related larger cousin osteoblastoma

— These benign neoplasms typically occur in the posterior spinal elements of
teens and young adults and classically cause night pain without associated
illness or neurologic symptoms. The pain responds to aspirin and NSAID
medication quite dramatically, which is a reliable diagnostic clue.
Histologically, these lesions are identical, but grossly osteoid osteomas are
tiny pea-sized tumors (<1 cm), which may not be visible on plain films (see
Fig. 6.3). Osteoblastomas are larger (>2 cm) and often visible as bone-form-
ing lesions in the posterior elements on plain radiography (Fig. 6.18). Osteoid
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Fig. 6.17 Spondylodiscitis.
Acute bacterial infection
causing adjacent vertebral
body edema (star), disc
deformation, and abscess
between vertebral bodies and
anterior longitudinal
ligament (arrow)

Fig. 6.18 CT scan of
osteoblastoma (star
indicates lytic expansile
lesion in posterior elements
of vertebrae)
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osteomas are very painful due to high production of inflammatory prostaglan-
dins, hence the dramatic pain relief with NSAIDS. If not readily seen on MRI,
a SPECT technetium bone scan may be useful in locating the lesion, and CT
can be done for confirmation and preoperative planning.

* Ewing’s sarcoma and osteosarcoma

— These are the two most common pediatric primary malignancies of the pedi-
atric spine and are often symptomatic for months before diagnosis. This is
because the lesions may be initially slow-growing and symptoms vague, com-
bined with the extremely low incidence compared with benign back pain, thus
lessening clinical suspicion. Clues are night pain, pain not improved with rest,
relentlessly progressive pain, and, in late cases, neurologic deficit and sys-
temic symptoms. Plain radiographs may initially be negative, but MRI is usu-
ally diagnostic. Sometimes it can be difficult to differentiate infection from
neoplasm until a biopsy with cultures is obtained. As part of tumor staging,
imaging of the entire spine and skeleton is done with MRI, PET-CT, and/or
nuclear bone scan, looking for metastatic or skip lesions.

e Metastatic neuroblastoma

— The spine is a common site for pediatric metastatic neuroblastoma. Lytic
lesions may be visible on plain radiography, but advanced imaging is required
for staging.

¢ Leukemia

— About 20% of children with leukemia present with musculoskeletal symp-
toms, including back pain. Depending upon duration of symptoms, plain
imaging may show characteristic “banding” of the vertebral bodies, along
with diffuse osteopenia and multiple compression fractures (Fig. 6.19). A
young child with leukemia may not explicitly complain of back pain, but
parents will often observe decreased activity and inability to pick objects off
the floor. Think of leukemia when faced with a young child with back pain or
dysfunction who also appears ill.

» Langerhans cell histiocytosis (unifocal LCH, previously known as eosinophilic
granuloma or histiocytosis X)

— This benign but sometimes locally aggressive lesion can present with vague
complaints of back pain and dysfunction but rarely progresses to neurologic
sequelae. Discussed above, the plain films may show a wafer-thin vertebral
body, known as “vertebra plana” (see Fig. 6.16). MRI is usually done to
confirm the diagnosis and rule out mimics such as malignancy or infection;
sometimes a biopsy is required. The systemic or multifocal forms of LCH
have several confusing names including Letterer-Siwe disease and Hand-
Schuller-Christian triad which may be aggressive and fatal [16]. Therefore, it
is important to thoroughly evaluate a vertebra plana lesion and to consider
referral to a pediatric oncologist to rule out systemic involvement. Of note,
skeletal LCH may be “cold” on nuclear bone scan. LCH is still one of the rare
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Fig. 6.19 AP and lateral radiographs of a 5-year-old girl with several weeks of back pain showing
prominent vertebral end plates also known as “banding” (red dots), diffuse osteopenia, and com-
pression fracture of L4 (vertical arrows). Her WBC count and differential were normal, but bone
marrow aspirate showed leukemia

conditions for which a skeletal survey may be indicated. A skeletal survey
consists of diagnostic plain films of the entire skeleton, including the skull,
looking for lytic lesions.

* Aneurysmal bone cyst (ABC)

— ABC is a misnomers; it looks like a cyst but is a true neoplasm. ABCs do not
metastasize but may be fast growing and locally destructive. A patient with a
spinal ABC typically presents with rapid onset of progressive back pain, ces-
sation of sport activity, deformity, and possible neurologic impairment. MRI
is almost always diagnostic showing local bone destruction and cystic fluid
levels within the lesion (Fig. 6.20). Mimics are telangiectatic osteosarcoma
and infection. Treatment is surgical, and recurrence is common.

Congenital

Arnold Chiari type 1 malformation and syringomyelia are closely related findings
that may cause headaches, back pain, spinal deformity, and neurologic impairment
(Fig. 6.21). They are the most commonly detected imaging abnormalities in the set-
ting of scoliosis which may initially be thought of as idiopathic but for which MRI
is ordered routinely or for suspicion of non-idiopathic (termed atypical) type. After
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Fig. 6.20 (a) Aneurysmal bone cyst (ABC) presenting with rapid onset of back pain and disability
in a 10-year-old boy. MR sagittal image shows vertebral collapse with high signal lesion replacing
the vertebral body and occupying extradural space (arrow). (b) Transverse (axial) image shows
cystic cavities with fluid levels (small arrows) characteristic of ABC

Fig. 6.21 (a) A 4 yo with early-onset thoracic scoliosis measuring 30 degrees. An asymmetric
abdominal reflex was also noted. MRI showed a Chiari type 1 malformation (circle) and large
syrinx extending the length of her cervical and thoracic spine (arrows). She underwent decompres-
sion of the Chiari malformation. (b) MRI at age 15 years showed resolution of the Chiari lesion
(circle) and with only a small residual syrinx (arrow). Her scoliosis remained stable and never
needed surgical treatment
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neurosurgical consultation, the Chiari malformation is often decompressed. Rarely,
the syrinx requires surgical shunt.

A diastematomyelia is a bone spur which runs anterior to posterior through the
spinal canal, thus splitting the spinal cord or cauda equina (Fig. 6.22). As the child
grows, this may create a tethering of the spinal cord or nerves and neurologic
impairment. MRI will show it, but CT can be used to better define the bony anatomy
preoperatively. Treatment is excision.

A more common form of tethered cord occurs in the filum terminale in which
scar tissue from a spina bifida lesion or lipomeningocele prevents longitudinal
growth as the child grows, resulting in neurologic deficits involving bowel, bladder,
and lower extremities. This is best evaluated with serial MRI and neurosurgical
release indicated for progressive impairment. Local clinical signs of tethered spinal
cord are overlying spina bifida closure scar, nontender fatty soft tissue mass, mid-
line dimple, or hair patch above the gluteal crease [17] (Fig. 6.23).

Congenital scoliosis is a spinal column defect present at birth, but which may
not clinically or radiographically manifest until later growth and development
(Fig. 6.24). There are different varieties of congenital spinal deformity described

Fig. 6.22 Diastematomyelia
(arrow). In this case, it is
associated with spina bifida
occulta; the circle indicates
missing posterior elements in
several spinal segments

Diastematomyelia
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Fig. 6.23 Midline hair
patch in same patient as
shown in Fig. 6.22

B. A. Shaw and N. E. Arlas

by the shape of the malformed vertebrae such as hemivertebra, butterfly vertebra,
block vertebra, and bar (unilateral fused vertebrae). Fused ribs seen on chest radi-
ography may be a clue to the presence of congenital scoliosis. Because the heart
and kidneys are forming at the same embryonic time as the spine, the finding of a
congenital scoliosis requires further imaging (usually ultrasound) of the heart and

kidneys.
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Fig. 6.24 Congenital
scoliosis caused by a
hemivertebra at the
lumbosacral junction
(circle) resulting in a
markedly unbalanced spine

Laboratory Evaluation of Back Pain in Children
and Adolescents

The initial laboratory evaluation of back pain in children and adolescents is straight-
forward. Laboratory studies will be normal for mechanical back pain and may be
abnormal for inflammatory causes of back pain. Inflammatory causes are infectious,
rheumatologic, and some neoplastic. The basic first-order studies are white blood
cell (WBC), count with differential, erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP). ESR and CRP are considered “acute phase reactants”
which are general indicators of inflammation anywhere in the body and are there-
fore completely nonspecific. However, they are fairly sensitive, and it is important
to know that the CRP will rise earlier than ESR in response to inflammation and will
decline faster in response to treatment. Normative values depend on your hospital
laboratory guidelines.

The WBC count with differential is not sensitive and therefore should not be
relied upon to diagnose spinal infection or inflammatory tumor such as Ewing’s
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sarcoma. It is useful when elevated but not useful when normal. Also, the WBC
count with differential may be perfectly normal in early cases of leukemia and even
later when there are bony changes visible on plain radiographs. Do not be misled by
anormal WBC count.

If infection is suspected, then routine blood cultures should be obtained, if fea-
sible, before treating with antibiotics and may need to be repeated if initially nega-
tive. Serologic studies such as coccidioidomycosis titers and Lyme disease testing
may be performed for patients with unusual exposures or those who live in
endemic areas.

Rheumatologic Testing

Rheumatologic testing for spinal disease in children is usually not indicated initially
except for testing for HLA-B27 antigen when ankylosing spondylitis is suspected.
Ankylosing spondylitis may present in a teen or young adult with morning pain and
stiffness, relieved with gentle activity and tenderness around the sacroiliac joints.
The flexion, abduction, and external rotation (FABER) test (see Chap. 5) may be
positive for pain in the low back and sacroiliac region. Plain films may show sclero-
sis of the SI joints, and MRI is useful in early stages when SI joints may appear
normal on plain films. If MRI is considered for suspicion of ankylosing spondylitis,
first speak with your radiologist because special sequences are required to detect
early imaging findings [18].

Pearls for Imaging Studies

* Be especially suspicious of children less than age 10 years and especially
those less than 5 years with back pain as having an underlying etiology.

 Plain radiographs should be obtained to confirm your clinical suspicion. If
you suspect that a child with back pain does not have a serious condition
(i.e., the out of shape teen with several week history of mechanical back
pain), plain films may be delayed.

* When obtaining plain radiographs, always obtain two views (usually PA
and lateral). Be careful of excessive shielding since the film may need to be
repeated if a key area of concern is hidden. Make sure your institution
adheres to principles of as low as reasonably achievable (ALARA).

* Be cautious about accepting a “normal” radiographic reading if you are
suspicious of an underlying condition. Read the radiograph yourself, or go
over the findings with the radiologist or orthopedic surgeon.
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Editor Discussion

Ideally you will have a close working relationship with an orthopedic surgeon in your com-
munity who you can consult with for children who have more than the routine type of back
pain. Although you may decide to order your own advanced imaging (CT or MRI) studies
for children, there are many very distinct advantages to deferring to your orthopedic
surgeon:

* For these atypical cases, you may want the specialist to see the child in consultation, so
you can defer to the specialist to order the advanced imaging, if it is needed or not.

e It is not always clear what type of study is needed.

o If there are insurance precertification issues, then you will not have to deal with that.

» If the consulting orthopedic surgeon will be the treating specialist, it is often better for
them to order the MRI or CT how they prefer it to be done.

e There are many decisions to be made in ordering advanced imaging: How much of the
spine to image, i.e., entire cervical, thoracic, lumbar, and sacral spine? With anesthesia
sedation or not? What to do with implants and other body metal? IV contrast or no
contrast? Size of magnet needed? Special sequences needed? What to do with the abnor-
mal findings? What to do with unexpected normal variations or incidental findings?

e It creates more work to have to follow up on normal MRI results and a LOT more work
to follow up with the family on serious findings. The worse is to find out from the radi-
ologist who is reading the study that you ordered that there is a spinal malignancy or
infection on Friday evening, when all your staff are gone and you must talk with the
family throughout the weekend.

* Often, the specialist, from her/his experience, can convince the family that MRI imag-
ing is not needed or can be deferred to a later age, and parents will agree.

R.M. Schwend

Imaging and lab tests compliment the history and physical exam in the evaluation of a child
with back pain. This well written, comprehensive chapter helps guide the primary care
physician about what study to order for suspected causes of back pain. Two-view, AP and
Lateral, plain x-ray films of the area in question is always the best initial imaging study. The
pediatric orthopedic surgeon or neurosurgeon may be better prepared to order advanced
imaging, and leaving the decision to her about the specifics of the advanced imaging test to
order is prudent. Lastly, remember that all back pain does not come from the spine, and
abdominal, renal, gynecological, and hematological etiologies should be considered.
W.L. Hennrikus
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Chapter 7
Putting It All Together: What to Keep
and What to Refer?

Richard M. Schwend

“Back pain in a nutshell- what is the child’s growth (age and
maturity) and what is the underlying diagnosis?”

Richard Schwend

“Young children are all about activity, teenagers about
appearance, adults about comfort.”

Colin Mosely

Practice Gap

Twenty to thirty percent of office visits may be for musculoskeletal-related disor-
ders, but only about 2% of time in pediatric residency training is spent on musculo-
skeletal medicine [1]. Many pediatricians in training and practice describe a
deficiency in knowledge, competency, confidence, and performance in the evalua-
tion of a child with a musculoskeletal condition.

Change of Practice

Perform a focused history and physical examination on all children with back pain,
and when appropriate, obtain plain radiographs and laboratory tests. Make an accu-
rate diagnosis, appropriate treatment, or timely referral.
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Learning Objectives

e Perform a focused, practical back examination including a neurologi-
cal exam.

* Understand ten history and ten physical red flags associated with back
pain. These will be emphasized in the case studies in Chaps. 8-32.

* Understand when to treat and follow a patient yourself and when to refer.

Epidemiology

Back pain is very common in children and even more common in adults. Although
at any given time fewer than 10% of children have back pain, approximately a third
of adolescents presenting to a pediatric sports practice report having had back pain
in the past year [2]. As with pain in general, back pain is a nonspecific complaint
that is more prevalent in older children, females, those with a greater BMI, back-
pack wearers, and those who participate in sports [2]. Many cases of back pain
should be considered as a normal life experience, and for some children, no treat-
ment is needed. Surgery is rarely indicated, so it should be unusual to refer a child
with “back pain” and no underlying diagnosis to a surgeon. Despite this, nonspecific
back pain is a very common reason for a referral to an orthopedic surgeon from a
pediatrician office [3].

The actual prevalence of an underlying diagnosis depends on the population and
referral pattern. In a subspecialty pediatric spine practice, a cause for the back pain
was found in 85% of cases [4]. However, more recent studies from emergency
room and office settings reported the reverse to be the case. Brooks et al., in a
review of pediatric emergency department cases, found a non-pathologic diagnosis
in 77% of back pain visits. Brooks reported that the pain was due to mechanical
back pain or muscle strain in most cases [5]. Only 2.3% of visits had an underlying
pathologic diagnosis, with plain radiographs rather than MRI, CT, or laboratory
studies helping to make the diagnosis. Another emergency room study about back
pain found the following diagnoses: direct trauma (25%), muscle strain (24%),
sickle cell crisis (13%), idiopathic (13%), urinary tract infection (5%), and viral
(4%) [6]. Feldman et al. in Toronto evaluated a wide age range of children with
disabling back pain presenting to a pediatric orthopedic office using SPECT scan
[7]. The study population included young children (range 2.7-17 years old) and
children having severe pain. In 78% of cases, there was no obvious etiology.
Spondylolysis was found in 7%, tumor in 4.6%, and “other” in 10% (infection,
Scheuermann kyphosis, herniated disc, kidney disease, facet arthritis, disc disease,
congenital anomalies, and tethered spinal cord) [7]. Miller likewise reported that
78% of children 10—19 years of age presenting with back pain had mechanical low
back pain [8].
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Risk Factors

Some risk factors may be preventable: high BMI, smoking, sport specialization with
overuse, excessive muscle tightness, working excessive hours, and backpack use
[9]. Backpacks may cause short-term pain. More pain occurs if the backpack is of a
large weight or if not worn properly. One author reports that backpacks can cause an
acute loss of disc height on MRI [10]. Sports specialization in soccer, basketball and
lacrosse, baseball, tennis, and football can lead to back pain and spondylolysis even
in the fittest of athletes [11].

Natural History

A history of back pain in childhood is the best predictor of back pain as an adult
[12]. A large Danish twin study confirmed this association of low back pain in child-
hood and adolescence and low back pain in adults [13]. While one-half of adoles-
cents entering adulthood continue to have a low prevalence of back pain, up to
10-33% will have either an increase or persistently high prevalence of low back
pain as adults [14, 15]. Feldman et al. found that for children with disabling pain,
71% continued to have pain years later [7].

Difference Between a Younger and Older Child

Postnatal growth is greatest during infancy. Young children are very active, and
some have pain by the end of the day. The pain can be nonspecific (growing pains)
and poorly localized. Very young children with significant back pain may present
with abdominal pain, pelvic pain, or reluctance to walk. As the child becomes older,
pain localization becomes easier, but the common locations of pain can change. For
example, in a cross-sectional study of children in Denmark, thoracic back pain was
most common in childhood; lumbar and thoracic pain was equally common in ado-
lescents. Neck pain or pain in more than one location was unusual [16].

General Principles of Back Pain in Children

e Back pain is a symptom not a diagnosis, so always seek the underlying diagnosis.

e Under age 10 years, think of inflammation and the pitfall diagnoses to avoid
missing tumors and infections. Inflammation = stiffness. This inflammation can
show up as night pain, limp, or refusal to walk.
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* For the child older than age 10 years, think of mechanical etiology, spondyloly-
sis, spondylolisthesis, or Scheuermann kyphosis, but don’t forget the pitfall
diagnoses.

* Some conditions are seen in all ages: infection, injury, osteochondromas, osteoid
osteoma, and mechanical back pain.

 Pitfall diagnoses don’t always present with significant back pain.

* Always examine the patient distally for signs of neurological dysfunction.
Inquire about bowel or bladder dysfunction. Also ask about limb pain, spasticity,
weakness, numbness or other symptoms, and difficulty walking or running.

* Always examine the feet when evaluating the spine, and examine the spine when
evaluating the feet.

* Scoliosis may or may not have associated back pain. It is helpful to classify sco-
liosis into four different types: idiopathic, congenital, syndromic, and neuromus-
cular. This helps with determining associated workup needed, natural history,
treatment, and appropriate referral.

L
Ten History Red Flags

e Children under age 10 years

* Loss of function related to the pain

* Recurring or worsening pain

* Early morning stiffness

* Night pain

* Localized pain

* A child that stops walking or playing
* Fever or weight loss

e Postural change

e Limp or altered gait

Physical Examination

William Osler taught the four key components of the physical examination: inspec-
tion, palpation, auscultation, and contemplation. Inspection starts when you first
meet the child and family. Inspect the child’s appearance and behavior. Palpation
can start with a handshake, if appropriate, and later during the actual hands on phys-
ical examination. In a patient with back pain, auscultation occurs with careful listen-
ing to the child’s story. General recommendations are as follows: The child needs to
have shorts on and shoes and socks off. Pay attention to overall features such as
height, weight, BMI, and rate of growth since previous visits. Look at the child’s
appearance and comfort. Does she look il1? Check nutrition. Check developmental
stages, Tanner stage, and other measures of maturity. Menses typically occurs after
the growth spurt. Growth spurt is typically during Tanner stage 2 or 3. Inspect with
your mind wide open. Look for syndromic or associated conditions. Check posture,
balance, motion, strength, and reflexes including the abdominal reflex (Video 7.1).
Evaluate trunk core muscle strength by asking the patient to do things such as get off
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the floor (Gower sign), squat, perform push-ups and sit-ups, and walk and run down
the hall. Examine the child supine and prone. Always examine the bare feet. A
screening spine examination can be completed in under 2 minutes (Video 7.2).
Finally, the most important phase of the examination is contemplation. Pause and

reflect about the findings and what might be the underlying cause.

Ten Red Flags of Physical Examination
Child impossible to examine due to pain
Poor nutrition

Fever and tachycardia

Deformity of the spine—scoliosis, kyphosis, and lordosis
Lymphadenopathy or other masses

Back tenderness

Stiffness

Limp, reluctance to walk, or altered gait
Any neurological deficit

Bowel or bladder dysfunction

Pitfalls to Avoid

An overly aggressive workup of nonspecific back pain. A laboratory and
radiographic workup may not reveal the underlying cause, sometimes
because there is no underlying disease.

Going straight to MRI or CT scan.

Although rare, be aware of the disasters to avoid such as tumor or infection.
Examining the patient only one time—If unsure, see the patient again.
Referral to the orthopedic surgeon for back pain without doing a workup.
If still unsure after a workup, obtain a consult, or discuss the case over the
phone with your orthopedic colleague.

Think outside the spine box.

Referring Patients

What to Keep

Nonspecific back pain or no specific diagnosis in a child >10 years old
with a normal exam and worku

Postural kyphosis

Spondylolysis or grade 1 spondylolisthesis responsive to rest and therapy
(Fig. 7.1)

Mild adolescent scoliosis (ALS) measuring <20 degrees on x-ray

Apical trunk rotation (ATR) on the scoliometer <7 degrees
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Fig. 7.1 A 12-year-old girl had a 3-month history of low back pain after starting volleyball. Pain
was worse by end of the day and after practice or games. It was relieved by a 2-week period of rest.
There was no radiation of the pain to the lower extremities or weakness. She had not started men-
ses. Examination showed that she was overweight with a BMI of 26. She stood with mild trunk
shift to the right, had a flexible spine, but noticed low back pain with hyperextension. Her core
muscles were weak. Screening 2 minute spine exam was otherwise normal. (a) Posteroanterior
(PA) radiograph shows mild trunk shift to the right with minimal scoliosis. (b) Lateral radiograph
was normal. (¢) Lateral radiograph focused at L5 S1 showed no evidence of spondylolysis or spon-
dylolisthesis. The posterior elements of L5 appear normal. Clinically, she was felt to have spondy-
lolisthesis. Core strengthening, nutrition counselling, and taking a break from volleyball were
recommended by her pediatrician which helped initially. (d) Six weeks later, she was back compet-
ing in volleyball and the pain recurred. CT scan was performed, which showed a unilateral pars
defect (open black arrow) on the axial image. The spondylolysis defect had minimal gap and
appeared to be attempting to heal. Her symptoms eventually resolved by waiting out the volleyball
season. She never needed a brace or surgery. This case is an example of a child with spondylolysis
who was successfully treated without referral to the orthopedic service
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Fig. 7.1 (continued)

What to Refer

In general, it is best to have a presumptive diagnosis for the back pain to
better understand the condition and natural history and to whom the refer-
ral should go.

Unexplained back pain in a young child <10 years old, especially if
<5 years old.

Scheuermann kyphosis in a growing child.

Spondylolisthesis grade 0/1 not responsive to conservative treatment
(Fig. 7.1).

Grade 2 or greater spondylolisthesis (Fig. 7.2).

AIS >20 degrees in a growing child.

Apical trunk rotation (ATR) on the scoliometer >7 degrees.

Underlying diagnosis of syndromic, congenital, or neuromuscular scolio-
sis or structural kyphosis.

Neurological findings such as weakness, numbness, bowel or bladder
involvement, clonus, and spasticity.

Red flags of history or physical examination.

If you are not sure if a patient should be referred, call your orthopedic col-
league on the phone directly.

115




116 R. M. Schwend

Fig. 7.2 A 14-year-old boy had a 3-year history of mild back pain. Over the past several months,
the pain has increased in intensity and began to radiate down his right lower extremity to the foot.
He also began walking with legs that were “stiff” and he had difficulty running fast. Parents noticed
that his posture looked “odd.” He was not an athlete. Physical examination showed him to have
scoliosis, a posterior pelvic tilt, stiffness on forward bend, hamstring tightness, mild weakness of
right ankle dorsiflexion, and short stride when walking. (a) Standing PA radiograph showed a long
left apex scoliosis. This has an atypical appearance, which is frequently seen in painful spondylo-
listhesis. (b) Standing lateral radiograph shows a vertical sacrum, rounding of the dome of the
sacrum, trapezoidal-shaped L5, and greater than 50% forward slip of L5 on S1 (grade 3). These
features are typical for high-grade (>50% slip) dysplastic (abnormal-shaped bones) spondylolis-
thesis. (¢) CT scan confirmed the high-grade forward slip of L5 on S1 as well as the dysplastic
bony features of the L5 S1 articulation. Red flags include the back stiffness, gait abnormality,
radiation of pain to the foot, weakness of dorsiflexion on examination, and the high-grade and
dysplastic nature of the slip. Once a spondylolisthesis has slipped more than 50%, it frequently
needs surgical treatment. Referral to orthopedic spine surgeon is indicated

Treatment

Treatment depends on the underlying diagnosis and anticipated natural history.
Fortunately, most children with back pain have a self-limited condition related to
sports activity, overuse, or deconditioning. The pain requires either no treatment or
modification of risk factors such as weight management, rest, core strengthening,
proper backpack wear, and modifying work schedules. Having the symptom of back
pain is an opportunity for the physician to review lifestyle habits with the adolescent
including sleep hygiene, nutrition, physical activity, stress, work, screen time, and
posture. When a specific diagnosis is made, treatment can be prescribed or a referral
to the appropriate specialist performed.
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Summary

Back pain is very common in children and even more common in adults. Back pain
is a symptom, not a diagnosis, so seek a deeper understanding of the condition.
Always evaluate the child’s development and growth. Be very concerned about a
young child with a stiff spine, night pain, or abnormal neurological findings. Seek
the underlying diagnosis in evaluating back pain or scoliosis. For the child under
age 10 years, consider inflammation and the common pitfalls to avoid—especially
tumors and infections. Stiffness can be a sign of inflammation. This inflammation
can show up as night pain, limp, or refusal to walk. For the child older than age
10 years, think of mechanical origins, spondylolysis, spondylolisthesis, or
Scheuermann kyphosis, but don’t forget the possible pitfalls. After a thorough eval-
uation, there may be no specific diagnosis, and you then need to reassure the family
and provide comfort.

References

1. Murphy RF, LaPorte DM, Wadey VM, American Academy of Orthopaedic Surgeons
Orthopaedic Education Study Group. Musculoskeletal education in medical school: deficits in
knowledge and strategies for improvement. J Bone Joint Surg Am. 2014;96(23):2009-14.

2. Peter Fabricant. The epidemiology of Back pain in children and adolescents: a cross-sectional
study of 3,669 American youth. Paper presented at: American Academy of Orthopaedic
Surgeons. 2019 March 13;Las Vegas.

3. Schwend RM, Geiger J. Outpatient pediatric orthopedics: common and important conditions.
Pediatr Clin N Am. 1998;45(4):943-71.

4. Hensinger RN. Acute back pin in children. Instr Course Lect. 1995;44:111-26.

5. Brooks TM, Friedman LM, Silvis RM. Back pain in a pediatric emergency department: etiol-
ogy and evaluation. Pediatr Emerg Care. 2018;34(1):e1-6.

6. Selbst SM, Lavelle JM, Soyupack SK, Markowitz RI. Back pain in children who present to the
emergency department. Clin Pediatr. 1999;38(7):401-6.

7. Feldman DS, Hedden DM, Wright JG. The use of bone scan to investigate back pain in chil-
dren and adolescents. J Pediatr Orthop. 2000;20(6):790-5.

8. Miller R, Beck NA, Sampson NR, Zhu X, Flynne JM, Drummond D. Imaging modalities for
low back pain in children: a review of spondylolysis and undiagnosed mechanical back pain. J
Pediatr Orthop. 2013;33(3):282-8.

9. Korovessis P, Koureas G, Papazisis Z. Correlation between backpack weight and way of car-
rying. J Spinal Disord Tech. 2004;17(1):33-40.

10. Talbott NR, Bhattacharya A, Davis KG, Shukla R, Levin L. School backpacks: it’s more than
just a weight problem. Work. 2009;34(4):481-94.

11. Ladenhauf HN, Fabricant PD, Grossman E, Widmann R, Green DW. Athletic participation
in children with symptomatic spondylolysis in the New York area. Med Sci Sports Exerc.
2013:45(10):1971-4.

12. Jones GT, MacFarlane GJ. Epidemiology of low back pain in children and adolescents. Arch
Dis Child. 2005;90(3):321-6.

13. Hestbaek L, Leboeuf-Yde C, Kyvik KO, Manniche C. The course of low back pain from ado-
lescence to adulthood: eight-year follow-up of 9600 twins. Spine. 2006;31(4):468-72.

14. Junge T, Wedderkopp N, Boyle E, Kjaer P. The natural course of low back pain from childhood
to young adulthood- a systematic review. Chiropr Man Therap. 2019;27:10.



118 R. M. Schwend

15. Coenen P, Smith A, Paananen M, O’Sullivan P, Beales D, Straker L. Trajectories of low back
pain from adolescence to young adulthood. Arthritis Care Res (Hoboken). 2017;69(3):403-12.

16. Wedderkopp N, Leboeuf-Yde C, Anderson LB, Froberg K, Hansen HS. Back pain report-
ing pattern in a Danish population-based sample of children and adolescents. Spine.
2001;26(17):1879-83.

Resources

Good site for 5 simple steps to a pain free back. https://www.health.harvard.edu/pain/5-steps-to-a-
pain-free-back . Accessed May 7, 2019.
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Case Studies



Chapter 8

Case of an Adolescent Male with Back
Pain and Poor Posture: Scheuermann’s
Kyphosis

Check for
updates

Stephanie B. Thnow and Peter F. Sturm

Brief Case Presentation
Chief Complaint

Two-year history of worsening upper back pain and poor posture.

History

This is a 16-year-old male with no significant past medical history who presents
with 2 years of worsening upper back pain and “poor posture.” Per the parents, their
son hunches over constantly. His back pain started 2 years ago when he was playing
baseball. There is no history of trauma or injury. The back pain has progressed to the
point that it now limits his ability to participate in sports and other activities.
Additionally, the parents have noticed that he has been leaning forward more, and
he agrees that he hunches over more than other kids his age. Sitting or standing for
prolonged periods of time makes the pain worse, while laying down makes it better.
The pain does not wake him up at night. He has been taking anti-inflammatory
medications for the pain without much relief. He has also tried physical therapy and
activity modification but has had little relief of his pain or improvement in his
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posture. He has no numbness, tingling, radicular pain, and bowel or bladder incon-
tinence or retention. There is no family history of spine problems, and he has normal
physical development for his age.

Physical Examination

Weight 85 kg, height 174.6 cm, and BMI 27.9. He is a well-developed, mildly over-
weight adolescent male. He stands with a rounded thoracic spine and lumbar hyper-
lordosis. There was hyperkyphosis in the thoracic region with forward bend but no
scoliosis noted. He had tenderness to midline palpation and over the paraspinal
muscles in the thoracic spine. There was no tenderness to palpation in the cervical
and lumbar spine. The neurologic examination, including lower extremity sensory,
motor, and reflexes, Babinski test, and gait were normal. He was able to touch his
mid-shins on forward bend. Popliteal angle was 30 degrees bilaterally when supine.

Imaging and Radiographic Studies (Figs. 8.1 and 8.2)

Questions About the Case the Reader Should Consider
What could be the cause of the patient’s “poor posture”?
Why does the patient have back pain?

What is the appropriate referral?

What is the next diagnostic test that should be considered?
What are the possible treatment options?

What operative treatment could be recommended?

IR

Discussion

Kyphosis, or an outward curvature of the spine, is normal in the thoracic spine, to
an extent. On the other hand, lordosis, or an inward curvature of the spine, is normal
in the cervical and lumbar spines. When a patient has excessive kyphosis, it can be
considered abnormal. The excessive kyphosis can have several underlying causes
(see below), including postural kyphosis, fixed kyphosis due to Scheuermann’s dis-
ease, kyphosis due to compression fractures, or kyphosis due to other spinal abnor-
malities. Postural kyphosis is common in children and adolescents and is correctable
with postural training [1]. With postural kyphosis, radiographs are typically normal,
and the kyphosis is flexible. In Scheuermann’s kyphosis, on the other hand, radio-
graphs show increased (>45 degrees) thoracic kyphosis which does not correct very
much with back extension. Other radiographic findings, as identified by S@rensen
[2], include wedging of at least three consecutive vertebral bodies by 5°, Schmorl’s
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Fig. 8.1 (a) Standing lateral spine. Noticeable hyperkyphosis in the thoracic region and hyperlordo-
sis in the lumbar region. (b) Forward bend lateral spine. Notice the area of increased focal kyphosis
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Fig. 8.2 (a) Posteroanterior (PA) and (b) lateral standing radiographs. There is thoracic kyphosis of 87
degrees with an apex at T7. The pelvis is Risser stage 5. There is no associated scoliosis. (¢) Lateral
radiograph over a bolster. The thoracic kyphosis corrects to 50 degrees when the patient lays on a bolster
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nodes (seen as lucencies above or below the vertebral end plates), end plate irregu-
larities, and disc space narrowing. These and other radiographic findings are sum-
marized below.

Differential Diagnosis of Kyphosis
e Postural kyphosis

* Scheuermann’s kyphosis

e Compression fracture

* Congenital kyphosis

e Neuromuscular kyphosis

Radiographic Features of Scheuermann’s Kyphosis

e Thoracic kyphosis >45 degrees

* Anterior wedging of 5 or more degrees in three adjacent vertebral bodies

* Disc space narrowing

* End plate irregularities

e Presence of Schmorl’s nodes (due to herniation of disc into vertebral
end plates)

e Limited correction of kyphosis on an extension radiograph

* Hyperlordosis of the lumbar spine (compensatory in thoracic Scheuermann’s
kyphosis)

Scheuermann’s kyphosis is the number one cause of thoracic-level back pain in
children and adolescents [2], with as many as 60% of patients with Scheuermann’s
kyphosis having associated back pain [3, 4]. As many as 50% of patients present
with back pain as their initial symptom [2]. Associated lumbar back pain is not
uncommon and can be from spondylosis or spondylolisthesis, which is found in
approximately 11% of these patients [5]. This high prevalence of concomitant lum-
bar spine pathology is thought to be from the added stress on the pars interarticularis
from the compensatory hyperlordosis of the lumbar spine [5]. Additionally, many
patients with Scheuermann’s kyphosis have tight hamstrings, which contribute to
the lumbar hyperlordosis and resulting back pain [6].

Patients with mild Scheuermann’s kyphosis (less than 60 thoracic kyphosis
degrees) and associated back pain can be referred to physical therapy and followed
with radiographs of the spine to check for progression [7]. Once the kyphosis
reaches 60 degrees, the patient should be referred to a pediatric spine specialist for
further evaluation and management.

In this case, the only further imaging to consider is focused imaging of the lum-
bar spine to rule out spondylolysis or spondylolisthesis if that cannot be determined
from the full-spine radiographs. If neurologic changes had been present, advanced
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Table 8.1 Treatment Options in Scheuermann’s Kyphosis

Classification Treatment

Mild (kyphosis of 45 to 60 degrees). Mild Observation if asymptomatic

Scheuermann kyphosis often resembles postural | Anti-inflammatories, physical therapy, and/
kyphosis and may require a radiograph to or activity modification if symptomatic

distinguish the two

Moderate (kyphosis 60 to 75-80 degrees) Bracing if growth remaining

Observation if asymptomatic and reached
skeletal maturity

Anti-inflammatories, physical therapy, and/
or activity modification if reached skeletal
maturity and symptomatic

Severe (kyphosis >75 degrees) Observation if no significant discomfort or
symptoms

Operative treatment: posterior spinal
instrumentation and fusion + osteotomies
(depends on severity and stiffness of curve)

imaging, specifically an MRI of the spine, would be recommended. However, for
this case, with a kyphosis of 87 degrees, he will be referred to a pediatric spine sur-
geon, and any further specialized imaging should be obtained by the specialist.

Treatment options for Scheuermann’s kyphosis include conservative measures
(medications, stretching, physical therapy), bracing, or surgery. Table 8.1 lists the
treatment options according to severity of the kyphosis. For mild kyphosis and back
pain, the patient should be referred to physical therapy for core strengthening and
stretching exercises, including the back and hamstrings. Over-the-counter anti-
inflammatory medications can be used as well. Bracing is indicated when the curve
is over 60 degrees and the patient has growth remaining. Bracing is difficult because
of the type of brace needed to control the kyphosis (Milwaukee brace). Patient
acceptance of the Milwaukee brace is usually poor; however, when the patient is
compliant with brace wear, the outcomes are good, with skeletally immature patients
having curves between 55 and 80 degrees achieving 27% and 40% improvement of
the kyphosis [8]. There is some evidence that a thoracolumbar sacral orthosis
(TLSO) can be effective in the treatment of Scheuermann’s [9, 10]. Additionally,
new lower-profile braces are in development and have shown promising results in
kyphosis treatment [8].

Operative intervention is considered when the kyphosis approaches 75-80°,
especially when having pain or functional problems. Surgery consists of a posterior
spinal fusion with or without osteotomies depending on the flexibility of the kypho-
sis. Screws are placed at the top (usually upper thoracic) and bottom (usually lum-
bar spine) of the construct along with the apex of the kyphosis. Rods are then
attached to the screws, and a cantilever technique is used to straighten the spine. The
lamina is decorticated, and allograft bone graft is added to help the spine fuse along
the instrumentation. The rods and screws work to hold the spine in place until the
vertebra fuse together.
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How to Approach the Case

Poor posture is common in adolescents; however, progressive hunching over and
uncontrolled back pain are not typical. Progressive kyphosis of the spine should be
investigated as this is not typical of postural kyphosis. When the kyphosis is pro-
gressive or is associated with back pain, imaging (i.e., a radiograph) should be
obtained to rule out causes other than postural kyphosis. A careful history from both
the patient and the parent/caregiver is important. This patient did not have neuro-
logic deficits, but a careful history should be elicited, and physical examination
should be performed to ensure the patient is neurologically intact, as this is a reason
for an urgent referral to a specialist. For this patient, his degree of kyphosis and lack
of neurologic involvement should prompt a nonurgent referral to a specialist before
initiating treatment, including physical therapy.

Final Diagnosis

Scheuermann’s kyphosis.

Natural History and Treatment Considerations

Scheuermann’s kyphosis can be progressive, especially in skeletally immature
patients. For this reason, these patients need to be followed for worsening of the
kyphosis and treated with bracing or surgery, when indicated. Patients with mild
Scheuermann’s kyphosis often do not have any long-term complications from their
deformity; however, those with moderate to severe kyphosis tend to have higher
rates of back pain in adulthood. In one study by Murray et al. [11], 67 patients with
Scheuermann’s kyphosis were followed for an average of 32 years. Their mean
kyphosis was 71 degrees. Compared to age-matched controls, patients with
Scheuermann’s kyphosis had more intense thoracic back pain, less thoracic exten-
sion, and less demanding jobs but were similar in terms of missed days from work,
social limitations, pain medication use, and activity level. Overall, the long-term
consequences of mild to moderate kyphosis are low. However, in those patients with
kyphosis greater than 100 degrees, there is a higher incidence of restrictive lung
disease along with increased pain [11]. Lastly, the effect on self-image secondary to
the deformity should not be underestimated and is another factor to take into con-
sideration when discussing treatment options with patients. In this case, the above
factors were discussed in detail with the patient and parents, and it was decided to
proceed with surgery in the form of posterior spinal fusion (Fig. 8.3).
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Fig. 8.3 Postoperative
lateral radiograph showing
improvement in kyphosis

Referral: Emergency, Urgent, or Routine—And to Whom?

Fixed kyphosis with radiographic features of Scheuermann’s disease should be
referred to a spine specialist (i.e., orthopedic surgery) for further evaluation, man-
agement, and follow-up. Mild disease (up to 60 degrees) can be a routine referral.
More severe kyphosis (above 60 degrees) that would qualify for brace and/or surgi-
cal treatment should be referred on a more urgent basis, within about a month. If
neurologic changes are present, the patient should be seen urgently, within a day, by
a pediatric spine specialist to rule out more dangerous, acute causes.
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Key Features and Pearls

» Thoracic kyphosis can have multiple underlying causes, both postural and
structural. Mild kyphosis associated with back pain can initially be treated
with anti-inflammatories, physical therapy (hyperextension exercises and
core strengthening), and activity modification.

» Fixed kyphosis of the thoracic spine (does not correct with extension) is
concerning for Scheuermann’s kyphosis. Patients with fixed kyphosis
should be referred to a specialist for further evaluation and treatment.

* Scheuermann’s kyphosis in the thoracic spine is often associated with back
pain that can persist into adulthood. Severe Scheuermann’s kyphosis can
be treated with surgery during adolescence to minimize complications
later in life.

Brief Summary

Postural abnormalities, especially kyphosis, are common in children and adoles-
cents. This is often due to postural kyphosis and can be corrected with reinforce-
ment or physical therapy. Fixed, progressive kyphosis is more worrisome and can be
caused by structural changes in the spine, such as from fractures or Scheuermann’s
kyphosis. The back pain associated with kyphosis is treated based on the underlying
cause and the severity. When not accompanied by neurologic changes, physical
therapy is a reasonable initial treatment. This can improve postural kyphosis and/or
the back pain associated with Scheuermann’s kyphosis. When the deformity
becomes severe and the back pain is chronic, a specialist should be involved, and
treatment may include bracing or operative intervention. With severe Scheuermann’s
kyphosis, surgery in the form of posterior spinal instrumentation and fusion may
improve the back pain associated with the kyphosis and can improve patient
self-image.

Editor Discussion

Scheuermann’s kyphosis is an osteochondrosis—a growth disturbance producing vertebral
wedging, shortening of the anterior column of the spine, and kyphosis. The deformity is
named after Danish surgeon Holger Scheuermann. Boys are affected more often.
Scheuermann’s is partly a cosmetic problem. Milan Lucic, NHL hockey star, and Hunter
Pence, major league baseball star, both had Scheuermann’s—treated conservatively. Some
children can hide their deformity when standing up, only to be revealed when bending
forward. Many children with Scheuermann’s kyphosis also have spondylolysis. In cases of
severe, painful and stiff Scheuermann’s deformity, some surgeons perform an anterior
release and fusion followed by a posterior fusion and instrumentation.
W.L. Hennrikus
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Besides presenting as a significant thoracic deformity, Scheuermann kyphosis can also
present as severe pain, but with little in the way of a deformity. We see this frequently in
teenage boys who are overtraining for a sport that they are required to be very strong, such
as before summer football tryouts. The teen, who is still growing, may do weight training
with excessive loads or poor technique but certainly more weight than the body can handle.
During growth, the cartilaginous vertebral end plates are sensitive to excessive anterior
pressure. Repetitive injury can create disc, end plate, and even vertebral body changes that
are quite severe, often resembling cystic bone lesions or even a tumor. These changes are
typically seen more in the lumbar or thoracolumbar spine. The pain can be disabling, yet it
can still take a lot of discussion to convince athletes to stop this overtraining, since they are
so motivated to succeed. With a change in activity, the pain can resolve, but the radiographic
abnormality may persist permanently.
R.M. Schwend
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Chapter 9

The Gymnast’s Gripe: A Case
of a Teenager with Back Pain
and Spondylolysis of LS

Andrew J. M. Gregory

Brief Case Presentation

Chief Complaint

Two-month history of low back pain.

History

This 14-year-old female gymnast has been having low back pain for about 2 months.
She reports that the pain is in the midline of her lower back and is worse with activ-
ity, particularly back bends (hyperextension). Over time, the pain has slowly gotten
worse and is affecting her ability to perform. She has experienced no radiating pain,
burning, numbness or tingling in either leg, nor bowel or bladder incontinence. She
has been treating this with ice, heat, ibuprofen, and chiropractic manipulation with-
out improvement. Her past medical history includes seasonal allergies and
ADHD. She has had no previous low back problems. She has not reached menarche.
She eats a normal diet and is not trying to lose weight.

A.J. M. Gregory (<)
Department of Orthopedics, Vanderbilt University Medical Center, Nashville, TN, USA
e-mail: Andrew.Gregory @vumc.org
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Physical Examination

Weight: 50 kg, height: 152 cm, and BMI: 19.5. She is healthy and athletic appearing
and developmentally normal. There is no scoliosis, excessive kyphosis, or lordosis.
She has tenderness to palpation of the L5 spinous process but not in the adjacent
muscles. She has full range of motion but pain with stork testing (single-leg hyper-
extension) bilaterally. She has normal hamstring flexibility and a negative straight
leg raise bilaterally. There are no midline skin changes. Screening neurologic exam-
ination and gait are normal.

Physical Exam Tests (Fig. 9.1)

Fig. 9.1 Stork Test.
Single-leg hyperextension
exacerbates pain with
spondylolysis. It is mildly
to moderately sensitive but
not specific to the
condition. Palpation of the
spinous processes may be
the best examination test
available
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Imaging and Radiographic Studies (Fig. 9.2)

Questions About the Case the Reader Should Consider
How common is spondylolysis in adolescent athletes?
Is the stork test specific to spondylolysis?

Are plain radiographs helpful in making the diagnosis?
What is the best advanced imaging modality?

What is appropriate treatment in this case?

Nk L=

Fig. 9.2 (a) Lateral standing radiograph. This demonstrates pars fractures particularly if chronic
and present bilaterally but may often be subtle. They can also show spina bifida occulta which is a
risk factor for the development of spondylolysis. Spondylolisthesis is clearly visible on lateral
radiographs and does not require advanced imaging. Oblique radiographs are not recommended as
they add additional and excessive radiation and add expense, and it is difficult to distinguish pars
fractures from overlying bowel gas or stool. (b) Sagittal (STIR looks at water content, think
stirrring water) MRI of the lumbar spine. Specific STIR sequences that best demonstrate the lesion
are often not included on standard protocols and have to be ordered separately. If you are not famil-
iar with evaluating MRI imaging, then refer to a specialist for review
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Discussion

Spondylolysis is one of the most common causes of low back pain in adolescent
athletes. The incidence varies depending on the population. In the classic study on
this topic, Micheli studied 100 adolescents (12—-18 yo) vs. 100 adults (21-77 yo)
with low back pain. Sixty-two percent of adolescents had derangements of the pos-
terior elements compared to 5% in adults. Of those, 47% were stress fractures of the
pars. Only 11% of adolescents had discogenic back pain compared to 48% of adults,
and similarly, only 6% had muscle strains compared to 27% of adults [1]. More
recent studies have not demonstrated as high a prevalence of pars fractures. In a
prospective study with 153 pediatric patients with low back pain of at least 2 weeks,
Nitta showed the prevalence of lumbar spondylolysis was 40%, but all patients with
spondylolysis were athletes [2]. Kaneko performed a retrospective evaluation of
312 patients (under 18 years of age) with sports-related low back pain lasting for
>7 days who underwent MRI, with 33% having lumbar stress injuries. Lumbar
stress injuries were more common in males, and 50% of the patients who partici-
pated in soccer or track and field had lumbar stress injuries [3]. Selhorst looked at
1025 athletes with low back pain, and spondylolysis was identified in 308 (30%).
The risk of spondylolysis differed by sex, with baseball (54%), soccer (48%), and
hockey (44%) having the highest prevalence in males and gymnastics (34%), march-
ing band (31%), and softball (30%) for females [4].

The Stork test (single-leg hyperextension) is a physical exam maneuver that has
long been used to make the diagnosis of spondylolysis. As extension places stress
on the posterior elements of the spine, other conditions such as facet joint irritation
will also produce pain. Fortunately, tenderness to palpation of the spinous processes
may be the best test to make the diagnosis. In a systematic review, Alqarni et al.
showed the single-leg hyperextension test demonstrated low to moderate sensitivity
(50-73%) and low specificity (17-32%) to diagnose lumbar spondylolysis, while
lumbar spinous process palpation had high specificity (87-100%) and moderate to
high sensitivity (60-88) values [5].

When looking at a radiograph, it is important to have a systematic method to
examine all important aspects of the image. These include the areas outside the
spine such as overall spine balance, evaluation of the soft tissues of the chest and
abdomen, and other bones beyond the spine such as the pelvis, ribs, and long bones.
It is very possible, even for an experienced radiologist reading many films during a
typical day, to miss one seemingly small detail, such as the appearance of a pedicle.
Pedicles on the anteroposterior (AP) film can be either missing or sclerotic. Unless
one is actively looking at each pedicle, it is possible even for the most experienced
of observers to miss such details. Once a radiology report describes “normal anat-
omy,” further questioning by the clinician may not happen. Instead, we encourage
the primary care doctor to review the image in person with the radiologist if any
questions arise.

When spondylolysis is suspected, based on history and physical exam, plain
radiographs with two views (AP and lateral) should be ordered. After a systematic
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review, Tofte recommends two-view radiographs as the best initial study due to
efficacy, low cost, and low radiation exposure [6]. However, with an unusual presen-
tations or a refractory course, advanced imaging should be pursued with MRI in
early diagnosis and CT in more persistent courses. MRI is currently the gold stan-
dard for imaging for spondylolysis. In a systematic review, Dhouib showed the
pooled sensitivity and specificity of the MRI for the diagnosis of a pars defect were
81% (95% CI 54-94%) and 99% (95% CI 98-100%), respectively [7]. If plain
radiographs are not diagnostic and advanced imaging is needed, referral to a spe-
cialist is recommended as specific MRI sequences (STIR) are required to best detect
the lesion and familiarity with reading MRI or CT is necessary.

Certain treatment aspects of spondylolysis are controversial, but conservative
management seems to work for most. Sousa identified and contacted 295 patients
who were at least 2 years out from diagnosis of spondylolysis and who were treated
conservatively. Sixty subjects completed the follow-up survey, with 35/60 (58%)
reporting no pain, 47/60 (78%) rating their pain at three or less, and 22% (13/60)
rating their pain as four or higher. Of the 60 patients, 50 (82%) returned to sports, 8
(13%) did not return, and 5 (8%) returned to most but not all of their sports. No cor-
relation was observed between radiographic healing and return to sports [8]. Klein
et al. performed a meta-analysis of 665 young athletes with spondylolysis treated
nonoperatively for at least 1 year and found a pooled success rate of 84% [9]. The
clinical outcome of patients treated with a brace to patients treated without a brace
was not significantly different. Radiographic healing of the defects had a pooled
success rate of 28% (n = 847). Unilateral defects healed at a pooled and weighted
rate of 71% (n = 92), significantly more than bilateral defects at 18% (n = 446).
Acute defects healed at a rate of 68% (n = 236).

Conservative management may consist of activity modification, physical ther-
apy, bracing, and ultrasound bone stimulation. There is evidence to support early
physical therapy treatment. Selhorst studied 196 young athletes with acute spondy-
lolysis and found a median of 115 days to a full return to activity for the group that
had PT within 10 weeks and 140 days for those that had PT after 10 weeks [10].
There is also some evidence to support the use of a bone stimulator for treatment.
Tsukada found the median time to return to previous sports activities was 61 days in
the 35 young athletes treated with low-intensity pulsed ultrasound, which was sig-
nificantly shorter than that of the 47 treated without (167 days) [11].

How to Approach the Case

Always be suspicious of activity-related pain in a young athlete, which may indicate
spondylolysis. Midline pain to palpation and pain with stork test on examination are
findings that should warrant plain radiographic imaging. Careful history, physical
examination, and review of plain radiographs are the essential three aspects of mak-
ing an accurate diagnosis. Advanced imaging studies such as MRI should be used to
more accurately define and confirm the underlying diagnosis, rather than to search
for a diagnosis.
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L]
Red Flags: Key Common Risks and Findings with Spondylolysis

* Adolescent athlete.

e Midline low back pain.

e Pain with activity (particularly back extension).

e Pain with stork test.

 Pain on palpation of the spinous process.

* Plain radiographs may be normal.

e MRI s the definitive diagnostic study although CT can show long-standing
lesions.

Short Differential Diagnosis

* Disc disease — usually associated with flexion-based pain. May or may not
have associated radiation and paresthesias. Pain with forward flexion and
radiating pain with straight leg raise test. Normal plain films. MRI is
diagnostic.

* Muscle strain — bilateral low back with no radiation or paresthesias. Pain
with all motions. Tender to palpation in the paraspinous muscles. Negative
straight leg raise test. Normal imaging.

* Spondylolisthesis — more significant form of spondylolysis. Same history
and examination. Plain films are diagnostic.

Final Diagnosis

Spondylolysis of LS.

Referral: When and to Whom?

If an adolescent athlete has a suspected spondylolysis with negative radiographs, a
trial of rest and physical therapy is appropriate. If he/she does not respond within
1-2 months, then he/she should be referred to an orthopedic specialist who has
training, expertise, and experience in pediatric sports medicine. If there is a specific
diagnosis of spondylolisthesis of the spine, especially if there is significant slipping
of one vertebrae on another, referral to an orthopedic surgeon with expertise in spine
surgery is appropriate.
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Key Features and Pearls

e Activity-related pain in a young athlete should prompt suspicion.

e Normal exam except for pain with stork test and palpation of the spinous
processes.

* Plain films may be normal particularly early in the process.

* MRI is the study of choice.

* Limiting painful activities and physical therapy are the mainstays of treat-
ment. Bracing does not seem to be very effective.

Editor Discussion

Dr. Lyle Micheli of Boston Children’s Hospital, many years ago, taught us that back pain in
an athlete is very commonly caused by spondylolysis. Pain during or after physical activity
is the hallmark. Pain with palpation of the spinous processes or specific bone lesions seen
on plain radiographs are also of concern.

W.L. Hennrikus

As discussed by Dr. Gregory, it is very possible for a radiologist or a clinician to miss notic-
ing a lesion on a plain radiograph. It is especially possible if the radiologist has given the
image a “normal read” that the clinician will be influenced by the radiologist’s report and
either not directly examine the images or accept the normal report as accurate. When the
clinical findings do not seem straightforward, or there are sufficient atypical findings, go
back over the history, physical and plain imaging studies, preferably with a wise colleague,
and re-examine the evidence.
R.M. Schwend
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Chapter 10
Teenage Weightlifter with Back Pain
and a Fractured Vertebral End Plate

Ashley Startzman and William A. Phillips

Brief Case Presentation
Chief Complaint

Acute onset of low back pain and radicular symptoms.

History

A 15-year-6-month-old football player was lifting weights when he felt a snap in his
lumbar spine. He was doing squats at the time. He had immediate back pain. Over
the next few days, he had increasing pain down both legs, with left leg pain worse
than the right. He notes some subjective weakness but no numbness. He has not had
any changes in bowel or bladder function.

Physical Exam

General — Muscular teenage boy in some distress.

Back examination — Severe pain with flexion of his lumbar spine; not much pain
with extension. Markedly positive straight leg raise (pain in left lower limb) on the
left side (at 15 degrees of elevation) as well as a cross straight leg raise on the right
side at 30 degrees.
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Motor examination reveals five out of five strength in bilateral lower extremities.
Sensation is intact throughout lower extremities to light touch and sharp pain.
Reflexes trace at both the knees and ankles. No clonus. He walks with a tentative
and protective slow gait.

Imaging and Radiographic Studies

Posteroanterior (PA) and lateral views of the lumbar spine are unremarkable — no
scoliosis and no spondylolysis (Fig. 10.1). An MRI shows a ring apophyseal frac-
ture at L2-3 that is compressing the spinal canal on the left side (Fig. 10.2). A CT
scan shows ossification in the spinal canal at the L2-3 level (Fig. 10.3).

Questions About the Case the Reader Should Consider

1. Acute onset of low back pain can be common in weightlifters. What are the most
common cases of low back pain in weightlifters? What makes this case different?

2. Muscular back pain is not typically associated with radicular symptoms of leg
numbness and tingling. What is the cause of the radicular symptoms?

Fig. 10.1 Lateral
radiograph of lumbar
spine. No abnormality is
appreciated
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Fig. 10.2 Sagittal and axial T2 sections of lumbar spine showing compression of cauda equine at
L2-3 level (arrows)

Fig. 10.3 Sagittal CT
reconstruction showing L3
ossified superior end plate
fragment in canal (arrow)
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3. What is the appropriate referral?
4. What is the next diagnostic test that should be considered?
5. What are the possible treatment options?

Discussion

Teenagers often have benign low back pain with no identifiable etiology. Back pain
may be related to improper lifting technique, overtraining, injury, spasms, and weak
abdominal musculature [1, 2]. Back pain that causes radicular symptoms and pain
below the knee is less common and is a red flag. Weightlifters may be at a higher
risk for acute onset of back pain, especially if poor form is utilized [3-5]. During
weightlifting, the spine can twist, hyperextend, or hyperflex to cause injury [2-6].
The mechanics utilized in some weightlifting maneuvers may lead to a higher risk
of spondylolysis, disc herniation, or, unique in teenagers and young adults, ring
apophysis avulsion fractures [2, 4]. All of the above may lead to radicular symptoms
and should be high on a list of differential diagnoses in a teenage weightlifter with
low back and radicular pain [2, 3].

Back pain with leg pain has several different etiologies. It is important to deci-
pher where and if the leg pain travels. Pain in the back and leg that stops above the
knee is less cause for concern and may be due to piriformis syndrome, sciatica, or
other peripheral neuropathic diseases. Sciatica and piriformis syndrome will be
clinically defined by tenderness or elucidation of symptoms with palpation of the
piriformis (posterior hip) and reproduction of symptoms with flexion, adduction,
and internal rotation of the hip [7, 8]. Back pain with leg pain that radiates down the
leg to below the knee is more likely a result of nerve root irritation from an intraspi-
nal etiology such as a disc herniation, ring apophyseal avulsion fracture, tumor, or
infection. These patients will have pain with leg extension (straight leg raise), for-
ward flexion, and maneuvers that cause tension on the spinal nerve roots. Sometimes
these two diagnoses can overlap, but leg pain that is isolated to the thigh is typically
unrelated to intraspinal pathology. In the teenager, always consider a slipped capital
femoral epiphysis when there is unexplained hip, thigh, or knee pain.

Once a patient is identified to have back pain with leg pain traveling below the
knee, a referral to a pediatric spine surgeon should be made. Based on the history and
clinical exam, the spine surgeon will initially order a radiograph. In the case of an end
plate fracture, a section of the posterior aspect of the superior or inferior end plate
may be found to be avulsed in the canal on the lateral view plain radiograph. This
fracture segment may contain the disc, ring apophysis, and a portion of metaphyseal
bone [3, 9]. Avulsion fractures can be difficult to identify radiographically, so it is
possible that no abnormality of the end plate will be seen on a plain radiograph, espe-
cially if the fractured portion is still cartilaginous and not completely ossified [6, 9].

Next, the specialist may order an MRI or CT of the lumbar spine without con-
trast. An MRI is ideal for evaluating intraspinal pathology, which is important when
considering causes for radicular symptoms [6]. Key images are the sagittal and axial
sections, which show osseous or cartilaginous material within the central portion of
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the spinal canal at the involved level. A CT scan can better identify osseous material
within the spinal canal and is sometimes more effective at making the diagnosis of
aring apophyseal fracture than MRI [3, 6, 10, 11].

This boy’s MRI showed a large central extruded disc at L2/L3 with associated
fracture of the L3 ring apophysis causing moderate narrowing of the bilateral lateral
recesses.

End plate fractures with displacement into the spinal canal will not resorb on
their own. Nonsurgical management is rarely successful [3, 6, 11]. The avulsion
fracture may unite with the posterior elements of the spine and lead to spinal steno-
sis [9]. Persistent back pain with or without radicular symptoms is expected.
Weakness and sensory deficits are not common early on, but may present later if
spinal stenosis occurs once the fragment heals [6, 9]. Surgical intervention with
laminectomy, spinal decompression, and removal of the extruded fragment is indi-
cated [3, 6, 10, 11]. If there is associated instability of the vertebral segment, fusion
may be required at the time of surgery [6, 11]. Open excision and decompression
have higher success rates than minimally invasive procedures such as microdiscec-
tomy [10]. No long-term sequela are expected following adequate decompression of
the spinal canal, but occasionally, late segmental instability or recurrence of disc
herniation can occur [6].

How to Approach the Case

Teenagers with low back pain are commonly seen in the pediatric office. The differ-
ence here is the presence of acute onset of low back pain with associated radicular
symptoms traveling below the knee. Numbness, tingling, leg pain, and leg weakness
are findings of concern in the face of back pain. Leg pain (defined as pain going
below the knees as opposed to thigh pain) or leg symptoms in the presence of low
back pain suggest nerve root irritation. Obtaining a clear history and physical exam
is the key to this case [3]. Advanced imaging with an MRI or CT should be used to
delineate the specific etiology of leg pain in the face of back pain and is better
ordered by the sub-specialist who can order the correct levels and sequences and
justify the indication to the patient’s insurer. The treatment of a disc herniation and
end plate fracture is different in that the disc herniation being soft tissue can resorb
over time [6].

L]
Red Flags for Back Pain in Weightlifters

* Back pain under age 17 years

* A “pop” during injury

* Radicular symptoms including leg pain and leg tingling
e Numbness in the foot

*  Weakness in the foot or leg
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Short Differential Diagnosis

e Muscular back pain

* Ring apophyseal avulsion fracture
* Spondylolysis

e Compression fracture

* Disc herniation

* Intraspinal tumor

Final Diagnosis

End plate (ring apophysis) fracture at L3.

Natural History and Treatment Considerations

Symptomatic herniated discs are uncommon in teens [10, 11]. In children with a
disc herniation, a ring avulsion fracture will be present in 15-32% of these cases
[10]. The ring apophysis inserts at the site of the posterior ligamentous structures [3,
4, 10]. Ring apophyseal fusion is expected to occur around age 17-25 years old [3,
4, 10]. During a disc herniation, there is increased tension on the posterior ligamen-
tous structures of the spine. The tension placed on the apophysis during the disc
herniation can lead to a shearing force and subsequent fracture with extrusion into
the spinal canal [4, 10].

An end plate fracture of the apophysis may displace within the spinal canal and
mimic a disc herniation [6, 9, 11]. The difference between a disc herniation and a
ring apophysis fracture is the material that is extruded within the spinal canal. In a
disc herniation, the material is gelatinous and consists of proteoglycans, water, and
collagen. In teenagers and young adults, the end plates of the vertebrae are not yet
completely ossified. If a ring apophysis avulses into the spinal canal, the material
will consist of disc, bone, and cartilage [9, 11]. Disc herniations often resorb over-
time, and symptoms may dissipate with nonsurgical management. In a ring apophy-
sis avulsion, the osseous material within the spinal canal will not resorb [6]. The
intraspinal fragment may ossify in place and lead to spinal stenosis [9]. Since the
bone fragment will not resorb, the radicular symptoms in a patient with a ring
apophysis or end plate avulsion fracture are not expected to improve and may actu-
ally worsen over time. An urgent referral to an orthopedic spine surgeon or neuro-
surgeon should be made in the setting of a teenage weightlifter with back pain and
radicular symptoms.
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In this patient, surgical laminectomy with decompression and removal of the
entrapped fragment was performed. The patient had immediate relief of radicular
symptoms and back pain.

Referral: Emergency, Urgent, or Routine — And to Whom?

End plate fractures with displacement within the spinal canal and radicular symp-
toms that travel below the knee should be referred urgently to a pediatric orthopedic
spine surgeon or neurosurgeon. Unlike a disc herniation, the ossified fracture frag-
ment will not resorb. Radicular symptoms are not expected to improve over time if
a large fracture fragment is found within the spinal canal. The treatment of an end
plate fracture involves surgical excision of the fragment and discectomy, with or
without spinal fusion (based on associated spinal instability and the surgical
approach performed at the time of surgery).

Brief Summary

Back pain in teenagers is very common, but back pain in teenagers associated with
radicular symptoms is much less common. Lifting, twisting, and falls may place
abnormal stress on the spine. In children and adolescents, the ring apophysis along
the posterior elements of the spine is not yet completely ossified. Weightlifting and
its associated mechanics may lead to the development of a disc herniation with a
ring apophysis fracture. Plain radiographic imaging is challenging and is not always
possible to identify an apophyseal ring avulsion fracture. Back pain with a radicu-
lopathy that radiates below the knee merits urgent referral to a pediatric spine sur-
geon. Once seen by the specialist, CT or MRI will be ordered. In a ring apophysis
avulsion fracture, the extruded fragment within the spinal canal will not likely resorb
independently and often requires surgical decompression and fragment removal.

Key Features and Pearls

* The ring apophysis is located on the posterior elements of the spine, inserts
onto the ligaments, and ossifies around age 17 years.

* In a ring apophysis fracture, the avulsed material may include disc mate-
rial, cartilage, and/or metaphyseal bone.

» Radicular symptoms and leg pain are common.

* Nonsurgical treatment is rarely successful, and decompression with
removal of the fragment often relieves symptoms with no long-term
sequelae.
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Editor Discussion

The vertebral end plate, vertebra, and disc have an important structural and nutritional rela-
tionship. Nutrients must traverse the vertebral end plate to supply nutrition to the disc. The
end plate must be porous but still strong enough to resist fracture, while giving three-
dimensional growth to the vertebral body. Porcine studies have shown that younger spines
can have end plate fractures from rapid over-pressurization of the normal disc nucleus [12].
The disc annulus is also believed to be susceptible to injury when the end plate fractures
[13]. There are probably no pure disc herniations in young patients who are still growing,
since the end plate often becomes injured as well, just not as obvious and large as seen in
this case.
R.M. Schwend

Classic radicular pain as seen in this case is felt in the leg and foot, below the knee. However,
teenagers more commonly present with isolated back pain from pathology such as spondy-
lolysis, Scheuermann kyphosis, or nonspecific back pain that does not radiate. Teenagers,
especially overweight teenagers, with pain that is located in the hip area, thigh, or knee can
have an underlying slipped capital femoral epiphysis (SCFE). In a study of 107 children
undergoing surgery for a SCFE, 52 hips (43%) had atypical pain — with the three most com-
mon locations for this pain in the thigh, knee, or groin [14]. Always consider the diagnosis
of SCFE! A frog lateral pelvis radiograph should be obtained when there is suspicion of
SCEE. If the diagnosis is confirmed, urgent referral to a pediatric orthopedic surgeon is then
recommended.
W.L. Hennrikus

Acknowledgment The authors would like to thank Dr. Darrell Hanson for allowing us to use his
patient’s history and imaging as the basis for this case.
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Chapter 11 )
A Girl with Low Back Pain
due to Spondylolisthesis

Check for
updates

John F. Sarwark, Kristine Santos Martin, and Ayesha Maqsood

Brief Case Presentation

Chief Complaint

Four-year history of chronic low back pain

History

This 18-year-old female has had chronic low back pain for the last 4 years. There
was no trauma or an inciting incident. She has the pain when she wakes up, if she
stands or sits for long periods of time and when she runs. She works at a cable fac-
tory for 40 hours a week, mostly sitting. She notices the mid to low back pain
towards the end of her day, but with some relief with changing positions and stretch-
ing. She also occasionally has shooting pain on the lateral aspect of her right thigh
and right foot plantar paresthesia when the back pain occurs. She has been manag-
ing her pain with physical therapy (PT), a lumbosacral orthosis (LSO) and non-
steroidal anti-inflammatory drugs (NSAIDs). She was taking the NSAID daily, until
a few months ago when she started to have gastrointestinal (GI) symptoms. Her
primary care physician (PCP) then prescribed acetaminophen 325 mg, which she
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can tolerate daily, with some pain relief. She now also takes diazepam at night, to
ease the pain enough to sleep.

Physical Examination

Weight 103.8 kg, height 171.3 cm, BMI 35. She is healthy and well-nourished. Her
stance and gait are normal. She has no pain with right left or forward bending. Her
single leg hyperextension (stork) test was positive with the left foot raised and nega-
tive with the right foot raised. Neurologic, motor, sensory and reflex exams are
normal. Bowel and bladder functions are normal as well. She had difficulty doing
more than one push up and more than five sit ups.

Imaging and Radiographic Studies (Figs. 11.1 and 11.2)

Questions About the Case the Reader Should Consider

Was there increased physical activity or repetitive motions by the patient?
What is the appropriate referral?

What is the next diagnostic test that should be considered?

Why is a combination of PT, LSO and NSAIDs not alleviating her symptoms?
What are possible treatments in this case?

Dk e =

Discussion

In the paediatric population, the clinical manifestations of spondylolisthesis can
vary greatly. Most cases are asymptomatic but symptoms, most commonly low back
pain, can arise during pubertal growth. The pain can occasionally radiate in a sciatic
distribution to the buttock or posterior thigh [1]. Patients who are athletes and com-
pete in high-risk sports, such as gymnastics and football, can have injuries as their
inciting incident or trauma. Other causes include minor overuse trauma, in particu-
lar repetitive hyperextension movements of the lumbar spine [2]. In adolescence
and adulthood, the increased physical activity in addition to the wear-and-tear of
daily life can result in spondylolisthesis, making it very common in this age range.
In this case the young woman did not remember an inciting incident or trauma, but
indicated that her job led to sitting 40 hours a week. The erect posture produces a
constant downward and forward loading force on the lumbar vertebrae. This daily
stress and repeated force being applied to the spine can wear out or degenerate it.
Her obesity and weak core muscles may have contributed to the pain she had been
experiencing.
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Fig. 11.1 PA and lateral radiograph; bilateral pars interarticularis defects at L5 with mild forward
slip of L5 on S1. Note the secondary mild with apex left scoliosis which is frequently seen associ-
ated with painful spondylolisthesis. Apex of the secondary scoliosis may be to the left or to the
right and is often a long neuromuscular appearing curvature

A spinal and lumbosacral AP and lateral radiographs are used to make a diagno-
sis of spondylolisthesis. If suspected, referral to an orthopaedic spine surgeon or
sports medicine specialist if the patient is an athlete is appropriate. Neurologic find-
ings such as weakness or decreased sensation especially need a referral to a spine
surgeon. Advanced imaging such as MRI or CT are best ordered by the specialist.
These radiological assessments give a better visualization of the bone morphology,
making it check for the alignment of the facet joint and the degenerative changes
that have occurred [3]. The need for advanced imaging arises when the patient is
exhibiting significant and progressing neurologic claudication, bladder or bowel
complaints, radiculopathies and the clinical suspicion that another condition such as
space-occupying lesion such as disc, tumour or infection [4]. This patient had an
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Fig. 11.2 Lateral lumbar
radiograph; there is a loss
of height observed between
the vertebral bodies
(arrow) and also a
vertebral displacement
observed at L5-S1 (lines);
diagnosis is isthmic
spondylolisthesis grade 1

Fig. 11.3 Lateral lumbar
MRI; degenerative disc
findings associated with
L4-L5 and L5-S1 discs
(arrows). No spinal canal
or foraminal narrowing
associated with this level.
Notice the mild forward
slip of L5 on S1, which on
a supine film or supine
MRI is often less noticable
than seen on the standing
radiograph

MRI of the lumbar spine ordered by the referred orthopaedic surgeon. It showed a
progression of the grade 1 anterolisthesis of L5 upon S1, sclerosis in the bilateral L5
pars interarticularis with persistent bony change on the right L5-S1 facet and pro-
gressive degenerative disc findings at the L4-L5 level (Fig. 11.3).
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Normally in cases of low-grade spondylolisthesis, patients will respond to con-
servative, nonsurgical treatment. This includes activity restriction and physical
therapy to strengthen the core muscles. If they get little relieve with these measures,
nerve blocks, intralesional injection of Marcaine or steroid injection can be used [5].
In this case she was able to achieve some pain relief with physical therapy, a brace
and NSAIDs (later switching to acetaminophen due to GI issues she encountered).
However, her pain has not fully resolved, and she now needed to take diazepam
nightly to achieve some pain relief.

Although the majority of patients will improve with conservative treatments,
surgical options are warranted after 6 months of failed conservative treatments for
patients who have radiculopathy. Patients with neurogenic claudication, progressive
neurological deficits, high-grade slips or bladder and bowel symptoms may require
more immediate surgery [6]. A posterolateral fusion with instrumentation is the
typical operative treatment for low-grade isthmic spondylolisthesis. It involves a
single-level L5-S1 fusion of the transverse processes; this can extend upward to L4
for more severe slippages [7]. In this case the patient has persistent pain with degen-
erative disc changes of two discs at L4-S1, and for this reason stabilization surgery
was recommended. She received posterior spinal fusion with instrumentation from
L4 to the sacrum with allograft bone graft, removal of the two degenerated discs and
replacement with anterior structural bone graft. Often children have a degree of
dysplastic spondylolisthesis with deficient posterior bony anatomy, requiring the
addition of disc surgery to provide anterior structural support in addition to poste-
rior rods and bone graft. The posterior operation has a fusion rate of up to 90% and
good long-term clinical outcomes [7], although more recently anterior structural
support between the vertebral bodies is being used.

How to Approach the Case

Start with a detailed history. Ask the patient specific questions about their pain,
including trauma or inciting event, location, severity, duration, quality, exacerbating
and alleviating factors and how it is in the morning compared to the night. Next
perform a physical examination focusing on the spinal alignment and range of
motion of the lumbosacral spine as well as a neurologic examination assessing the
distal strength, sensation and reflexes [1]. A radiographic evaluation can provide
diagnostic information and determine the grade of slippage. Start with a standing
lumbosacral AP and lateral radiograph. If these views are not diagnostic and you
still suspect a spondylolysis, oblique views can be obtained, but these may not be
diagnostic [6]. Advanced imaging techniques, such as CT and MRI, can be used
obtained by the spine specialist on a case-by-case basis, especially when neurologi-
cal symptoms are present.
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L]
Red Flags for Back Pain due to Spondylolisthesis

e Late childhood, early adolescence
e Lumbosacral region of spine

e Repetitive hyperextension

* Numbness or tingling in the feet

* Pain radiates to thighs or legs

Short Differential Diagnosis

* Lumbosacral Spondylolysis — typically occurs in young people (teens),
low back pain aggravated by activity, particularly hyperextension.

e Lumbosacral Discogenic Pain Syndrome — found in athletes and non-
athletes; typically pain increases with sitting and other activities that
increase intradiscal pressure.

e Lumbosacral Radiculopathy — onset of symptoms is sudden, sitting can
exacerbate the pain, and it can refer to the anterior aspect of the thigh.

Final Diagnosis

Grade 1 L5/S1 spondylolisthesis; stable

Natural History and Treatment Considerations

The increased growth rate during the adolescent period is associated with the great-
est slip progression in those patients who had spondylolisthesis [8]. If a slip angle
(angle between the top of LS and the top of the sacrum) is greater than 25°-30° [9],
there is severe spinal instability or chronic disabling pain, and then surgical inter-
vention may be required. In this young woman, the pain started in her adolescent
years and progressed to chronic pain, which eventually underwent correction via
spinal fusion and instrumentation.

Referral - Emergency, Urgent, or Routine: And to Whom?

If the inciting incident was a new sports-related injury, urgent referral to a sports
medicine specialist would be warranted. If there is a high-grade vertebral slippage
or symptoms are refractory to conservative treatment and surgical intervention is
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being considered, referral to an orthopaedic surgeon, spine surgeon or neurosurgeon
would be appropriate.

Brief Summary

Most low-grade cases of spondylolisthesis tend to be asymptomatic or can be
resolved with conservative treatment. However, in some cases, the condition may
cause chronic low back pain, neurologic symptoms and pain resistant to conserva-
tive treatment and require surgical intervention. In order to assess a child with low
back pain, form a diagnosis and treatment plan, a detailed history, physical exami-
nation and review of radiographs is important. A referral to an orthopaedic surgeon
or a neurosurgeon is recommended if spondylolisthesis does not respond to conser-
vative care.

Key Features and Pearls

* Repetitive hyperextension causes stress on the pars interarticularis, which
can eventually lead to a stress fracture. A bilateral pars defect allows for
forward slippage of the vertebra (usually L5, S1), resulting in
spondylolisthesis.

» Associated pain radiating from the low back to the thigh, buttocks and leg
may present in the L5 or S1 distribution as a result of nerve root
compression.

An erect posture produces a constant downward and forward loading
force on the lumbar vertebrae. The daily stresses that are put on a spine or
the repeated forces being applied to the spine can wear out or degenerate it.

Editor Discussion

Spondylolysis usually refers to a stress or fatigue fracture of the pars interarticularis caused
by hyperextension of the lumbar spine. Certain sports such as gymnastics or weight lifting
stress the spine and have a higher incidence of this lesion. Unilateral spondylolysis is stable
and is more likely to heal with conservative treatment. Bilateral spondylolysis disengages
the neural arch from the body and allows the body to slip relative to the adjacent neural arch
resulting in spondylolisthesis. Hyperlordosis and a horizontal sacrum increase the likeli-
hood of slippage. Hamstring tightness is a common secondary finding. The majority of
patients can be treated conservatively. Fusion and instrumentation is indicated for unstable
lesions. Decompression is indicated for neural signs and symptoms. Reduction of defor-
mity is controversial but is occasionally indicated to achieve better spine and pelvic bal-
ance. Sagittal balance of the spine is the most sensitive measure related to quality of life.
W.L. Hennrikus
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Spondylolisthesis in children with normal posterior spine anatomy can occur from repeti-
tive stress. This is what typically happens to a girl in gymnastics who repeatedly does back
bends or back flips. The normal L5 pars interarticularis gets overstressed until it fractures
(termed isthmic spondylolisthesis since the pars is the narrowest part of this anatomy). With
loss of the posterior “tether”, the L5 vertebra can slip forward. Typically, the LS disc is
healthy and so the slippage is only slight (typically called grade 1). However, some children
are born with deficient bony anatomy in both the posterior pars interarticularis and sur-
rounding tissues. Early in life there can be slippage of L5 on S1, even without the stress of
athletics. These children have “dysplastic” spondylolisthesis and can present early in child-
hood with more severe grades of spondylolisthesis that involves changes in the disc. Low-
grade dysplastic spondylolisthesis is less than 50% slippage of L5 on S1. These require
continued follow-up to make sure progression of deformity is not happening. High-grade
spondylolisthesis is greater than 50% forward slippage, is usually dysplastic in nature, has
a high risk of deformity progression and generally requires preventive spine fusion and at
least partial reduction, to prevent further slippage.
R.M. Schwend
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Chapter 12

A Girl with Low Back Pain
due to Deconditioning

John F. Sarwark, Kristine Santos Martin, and Ayesha Maqsood

Brief Case Presentation
Chief Complaint

Many years history of low back pain

History

This 11-year-old girl had been having low back pain for the past few years. She
describes that pain in her low, central back, with no radiation. She has pain with
running and standing from a seated position. There was no history of trauma. She
manages the pain with anti-inflammatory medication and heat packs applied to the
area of pain. There is no pain, numbness, or weakness in other joints or systematic
symptoms. Bowel and bladder functions are normal.
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Physical Examination

Weight 34.8 kg, height 147 cm, BMI 16. She is a healthy well-nourished child.
There are no deformities of her trunk or lower extremities. Her stance and gait are
normal. She has pain with forward spine flexion. When asked to do 5 pushups she
has marked difficulty maintaining proper plank position and cannot complete them.
Popliteal angle on the left is 45° and on the right is 40°.

Imaging and Radiographic Studies (Figs. 12.1 and 12.2)

Questions About the Case the Reader Should Consider
1. Did an event or trauma occur before the pain began?

Fig. 12.1 PA standing
lumbar sacral radiograph.
No abnormalities

are present
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Fig. 12.2 PA standing
thoracic lumbar
radiograph. Mild
asymmetry is noted.
However, there is no
rotation of the spinous
process; therefore no
significant scoliosis

is present

2. Why does she experience pain when standing from a seated position?
3. What is the appropriate referral?

4. What is the next diagnostic test that should be considered?

5. What are possible treatments in this case?

Discussion

Nonspecific low back pain is the most common type of back pain among young
children and especially adolescents [1]. Risk factors for low back pain in children
include inactivity such as sitting and watching television or excessive time playing
video games, obesity, sedentary lifestyle, sports participation, and a positive family
history [2]. For children involved in sports, it is important to ask if there was an
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event or trauma that occurred before the onset of pain, as this could be a cause of
spondylolysis and spondylolisthesis. For this patient there was no inciting incident.
She may also have trouble standing from a seated position due to low back pain
from underuse and deconditioning.

If her symptoms do not improve after 2—4 weeks, a referral may be made for
physical therapy. A referral for specialty evaluation is made to a pediatric orthope-
dic surgeon and/or a neurosurgeon if the patient exhibits progressive neurologic
deficit, conservative therapy fails, or the diagnosis is serious or uncertain. Serious
conditions would include cauda equina syndrome, herniated disk, spinal stenosis,
tumor, infection, or fracture [3].

If a patient with nonspecific low back pain does not improve after 6 weeks of
conservative treatment including therapy, then laboratory tests and spine radio-
graphs should be obtained. CBC, ESR, and CRP can help to evaluate the presence
of inflammation, infection, or tumor. Excess imaging with limited benefit in the
evaluation of low back pain in children has been reported [4]. For this reason, in
nonspecific cases a radiograph is recommended if no improvement occurs after
6 weeks of follow-up, rather than sooner. On the other hand, if the history and physi-
cal examination suggest serious pathology, urgent referral to a pediatric spine spe-
cialist should be made. The specialist can then order advanced imaging, CT or MRI,
as needed for diagnostic purposes and potential surgical planning. For this patient,
routine referral was made to a pediatric orthopedic surgeon, but no advanced imag-
ing was ordered because at her follow-up appointment, her pain had improved with
physical therapy.

Low back pain is nonspecific when no definable cause can be identified. In such
cases, the cause of the pain may be deconditioning combined with a strain of liga-
ments or muscles or other minor strains to the intervertebral disks or facet joints.
Unfortunately, the exact cause of the pain is not always discernable—the diagnosis
of nonspecific low back pain is a diagnosis of exclusion [2]. Treatment for nonspe-
cific low back pain is conservative care with 4—6 weeks of physical therapy, obser-
vation, and reassurance. In addition, acetaminophen, NSAIDs, rest, application of
cold/heat, or massage therapy can also be prescribed [2]. Parental involvement
increases the child’s compliance with treatment. In this case, she completed physi-
cal therapy, and at her last follow-up, her low back pain was markedly improved.

How to Approach the Case

Nonspecific low back pain is common. One goal of evaluation is to rule out poten-
tially serious causes. A detailed history and physical is key to making an accurate
diagnosis and guiding treatment. Specific questions to include are the onset of
symptoms, description of the pain, location, duration, exacerbating and alleviating
factors, presence or lack of pain radiation, family history, and if there is morning
stiffness [2]. A complete neurological examination including deep tendon reflexes,
strength, sensation, and gait should be performed. Core strength and stability should
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be examined to determine if the pain stems from weakness of the paraspinal and
lateral abdominal muscles [2]. In cases of nonspecific back pain, radiographs are
recommended if no improvement occurs after 6 weeks of conservative care.
Advanced imaging such as bone scan, CT, or MRI can be ordered by the specialist
on a case-by-case basis to rule out suspected serious conditions such as tumor,
infection, or fracture [5].

L]
Red Flags for Back Pain due to Deconditioning

* Unexplained weight loss or loss of appetite

* Fever and chills

e Pain at rest

* Pain that awakens the child from sleep at night
» Recent onset of bladder dysfunction

* Neurologic deficit

Short Differential Diagnosis

* Muscular strain—low back pain that can sometimes radiate to the but-
tocks, muscle spasms, back stiffness.

* Spondylolysis—often occurs in teenage athletes, low back pain that is
aggravated by hyperextension of the spine.

* Spondylolisthesis—vertebral slippage can cause radiculopathy by irrita-
tion of the nerve roots.

Final Diagnosis

Chronic low back pain without sciatica due to muscular deconditioning

Natural History and Treatment Considerations

Nonspecific low back pain is self-limited in most patients. The natural history is
gradual improvement over a few weeks. Persistent low back pain lasting more than
6 weeks needs a workup including standing AP and lateral radiographs of the pain-
ful area. If a patient demonstrates a neurologic deficit, leg pain worse than their back
pain, no response to conservative treatment after 6 weeks, or radiographs that dem-
onstrate a lesion, then referral to a pediatric spine specialist is indicated. In this case
of nonspecific back pain, her back pain improved with physical therapy, and no
additional workup was indicated.
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Referral—Emergency, Urgent, or Routine: And to Whom?

A patient with nonspecific low back pain can be routinely referred to a physical
therapist. If the back pain is not improving after 6 weeks with conservative care,
then routine referral to a pediatric non-operative musculoskeletal physician, sports
medicine physician if the child is an athlete, a pediatric orthopedic surgeon, and/or
a neurosurgeon is appropriate. On the other hand, urgent referral to a pediatric spine
specialist should be done in cases of back pain due to a specific cause such as a
tumor, infection, or fracture.

Brief Summary

Low back pain is a common complaint in children and adolescents. In most cases
the pain is nonspecific and self-limiting. Conservative treatment with physical ther-
apy, NSAIDs, and rest is appropriate. However, if after 6 weeks of conservative care
the pain does not improve, then standing PA and lateral radiographs of the painful
area of the back and a referral to a pediatric orthopedic surgeon or neurosurgeon are
indicated.

Key Features and Pearls

* Nonspecific back pain is self-limited and will resolve by 6 weeks.

 For patients with nonspecific low back pain, the primary treatment is con-
servative care, time, reassurance, and education.

» Possible risk factors for nonspecific low back pain in children include obe-
sity, sedentary lifestyle, and psychosocial difficulties.

* Nonspecific back pain that does not resolve by 6 weeks needs radiographs
and possible referral.

Editor Discussion

Nonspecific mechanical back pain in children and adolescents is common. A careful history
and exam should be done on every patient who complains of back pain. Know the red flags
of pediatric back pain. Remember that not all back pain in children stems from the spine—
don’t forget to consider pulmonary, renal, abdominal, and gynecological causes. In addi-
tion, obesity and depression can contribute to pediatric back pain. If nonspecific back pain
does not resolve with 6 weeks of therapy, NSAIDs, and rest, standing AP and lateral radio-
graphs of the painful area should be obtained and referral to a pediatric spine specialist
considered.
W.L. Hennrikus
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When a child complains of back pain and the worrisome causes have been excluded, this is
an opportunity to evaluate their lifestyle and habits. Ask about nutrition, sleep (best to have
a consistent wakeup time and minimum of 8 hours sleep), exercise, posture, screen time,
carrying a heavy backpack, and other habits. If they are overweight and especially if they are
obese (BMI >30), this is an opportunity to evaluate their and the family’s nutrition. During
the physical examination, evaluate core muscle strength. I ask the child to demonstrate abil-
ity to do 10 pushups with quality plank position. Also the child should demonstrate ability
to hold a “V” position (with both lower extremities extended up in the air 30 degrees with
their shoulders and chest also lifted off the table) for minimum of 10 seconds (see Chapt. 5).
Know how to efficiently do a screening neurological examination, which can be done in less
than 2 minutes (see Chap. 5). When we order spine radiographs, we typically obtain a stand-
ing PA and lateral film of the entire spine (cervical, thoracic, lumbar, and sacral) since this
also gives us useful information of posture and balance.
R.M. Schwend
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Chapter 13
A Case of a Child with “Idiopathic”

Scoliosis

George J. Richard, Stephanie B. Ihnow, and Laurel C. Blakemore

Brief Case Presentation
Chief Complaint

Six months of back pain

History

This is a 12-year-old female who presents for a clinic visit with 6 months of mild
back pain. There has been no trauma or injury. She describes her pain as having an
insidious onset and aggravated by standing, but it has not worsened over the past
6 months. She initially thought the pain was from overexertion with sports, but it
did not resolve with periods of rest, prompting this visit. The pain was not related
to the time of day and did not awaken her at night. The pain was located in her mid-
back in a nonspecific area and did not radiate. Upon further prompting, she noted
that she would occasionally have episodes of paresthesias affecting bilateral upper
extremities, back of her neck, and parts of her upper back, which were short lasting
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and associated with sneezing or coughing. She reported transient occipital head-
aches associated with sneezing or coughing, which never required treatment or
over-the-counter medications. She has had no recent fevers, night sweats, chills, or
weight loss.

She had not had bladder or bowel incontinence. She was the product of a full-
term vaginal delivery with no perinatal issues. Menses first began 1 month ago.
There is no family history of scoliosis.

Physical Examination

She was afebrile with normal vital signs. Her weight is 38.6 kg, height 146.4 cm,
and BMI 18.03 kg/m?. She appeared healthy, Tanner stage IV, and was developmen-
tally normal. No ligamentous laxity was appreciated. While standing upright, the
right shoulder was elevated, her pelvis was level, and she had a left trunk shift and
waistline asymmetry. She had no focal tenderness to palpation along her entire
spine. On Adam’s forward bend test, there was a large left thoracic prominence
measuring 21° apical trunk rotation measured by the scoliometer. The patient had
normal and painless forward flexion and extension. Neurological examination dem-
onstrated a normal gait, negative Hoffman’s test, and downgoing Babinski reflexes
bilaterally. Brachioradialis, patellar tendon, and Achilles reflexes were 2+ bilater-
ally. There were abnormal abdominal reflexes in all four quadrants. Motor strength
was full and symmetric in bilateral upper and lower extremities. Sensation was
intact in all dermatomes in upper and lower extremities. Clinical appearance and
radiographs are shown as follows.

Imaging and Radiographic Studies (Figs. 13.1, 13.2, and 13.3)

Questions About the Case the Reader Should Consider

What is the typical presentation of adolescent idiopathic scoliosis?

What features make this an atypical presentation for scoliosis?

What are the necessary referrals, and what diagnostic testing is required?
What is the differential diagnosis for atypical scoliosis?

Why does this patient have back pain?

Dk e =

Discussion

Adolescent idiopathic scoliosis (AIS) is defined as lateral spinal curvature greater
than 10° diagnosed in a patient 10 years of age or older. Patients with typical AIS
curves tend to present with a painless subtle thoracic and/or lumbar prominence
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Fig. 13.1 (a) Patient
standing upright with
notable right trunk crease
(red arrow), right shoulder
elevation (black arrow),
and left thoracic curvature
(black line). No cutaneous
abnormalities are evident.
(b) Patient during the
Adam’s forward bending
examination demonstrating
the large left thoracic
prominence (black arrow)

noted by the patient, parent, and pediatrician or on school screening [1]. Over 90%
of patients with scoliosis will have curves with right-sided convexity [2]. AIS affects
areported 4 in 100 adolescents, having a female predominance, with studies report-
ing as high as a 3:1 ratio that increases with age [3]. Neurologic symptoms and signs
such as headaches, hyperreflexia, and extremity numbness or weakness are not typi-
cally seen. Imaging will normally demonstrate a Cobb angle of <25° at initial pre-
sentation, as most patients present with curves below the threshold of treatment. By
the end of skeletal maturity, only 10% of patients will progress to a curve beyond
45-50°, a degree deformity that may undergo spinal deformity surgery [4].
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Fig. 13.2 (a) Low-dose biplanar PA radiograph of the spine. There is a large C-shaped thoracic
curve with left-sided convexity. Using the Cobb method, the primary curve is 68° measured from
end vertebrae T8 to L2 and apex vertebrae at T11. She is Risser Stage 1 and the triradiate cartilage
is closed. (b) Low-dose biplanar lateral radiographs of the spine. Note thoracic hyperkyphosis
measuring 58° from T2-T12 (normal <40°). Additionally, there is a grade 1 spondylolisthesis at
L5-S1 (blue arrow). Pelvic parameters include a sacral slope of 55° (increased), pelvic tilt of 10°,
and a pelvic incidence of 65° (increased)

In this case presentation, the patient had several red flag findings in the history,
physical examination, and imaging that are not consistent with a diagnosis of
AIS. These include as follows: (a) history of headaches occurring during times of
Valsalva, (b) the presence of abnormal abdominal reflexes on physical exam, (c)
reports of cape-like distribution paresthesias associated with Valsalva, and (d) left
thoracic curve on imaging [5]. Findings that represent an atypical presentation of
scoliosis are found in all portions of a patient encounter. Back pain is frequently
reported in adolescents but is not directly linked to the presence of idiopathic scolio-
sis. Characteristics of atypical scoliosis include as follows: chronic back pain or
headaches, abnormal neurological findings (i.e., absent or asymmetric reflexes,
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Fig. 13.3 (a) Sagittal T2-weighted MRI of the spine. This demonstrates large fluid-filled cyst
within the spinal cord extending from the cervicomedullary junction to the conus medullaris con-
sistent with a holocord syrinx (blue arrows). Not shown is 1 cm of cerebellar tonsillar herniation
through the foramen magnum. (b) Axial T2-weighted MRI of the cervical spine demonstrating a
13-mm-diameter syrinx within the spinal cord
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motor or sensory deficits), left thoracic curves, diagnosis at an early age (less than
10 years), severe curves (>45°) at a young age, and rapid progression of the curve
(>1 degree progression per month).

.Red Flags for Atypical Scoliosis

* Chronic back pain or headaches

e Abnormal neurological findings (i.e., absent or asymmetric reflexes, motor
or sensory deficits)

e Left thoracic curve

» Diagnosis at an early age (less than 10 years)

» Severe curves (>45°) at a young age

e Rapid progression of the curve (>1 degree progression per month)

The initial workup and diagnostic testing in cases of atypical scoliosis is similar
to that of typical adolescent idiopathic scoliosis. This includes a complete birth his-
tory, past medical history, past surgical history, and family history. Complete exami-
nation must include examination of the spine for overlying cutaneous abnormalities
(which can suggest an underlying neurologic abnormality), spinal and trunk align-
ment, Adam’s forward bend test, and a complete neurologic examination including
strength, sensation, reflexes, and abdominal reflexes.

If available, low-dose biplanar imaging can provide excellent image quality at a
lower radiation dose than standard radiographs. If this is available through the pedi-
atric spine specialist, then it is appropriate to defer radiographs until that visit. Initial
radiographs should consist of standing posterior-anterior (PA) and lateral (Lat)
radiograph of the entire spine. The PA view is preferred to the AP view to reduce
radiation to the breasts. Performing multiple short cassette radiographs of the cervi-
cal, thoracic, and lumbar spine individually are rarely adequaete and can unneces-
sarily expose the patient to increased levels of radiation. If evidence of atypical
scoliosis is found on exam and/or imaging, the child should be referred to an ortho-
pedic specialist preferably within 1 month [1]. Further testing or in this case MRI
imaging of the entire spine should be left to the pediatric spine specialist. If there is
concern for an acute issue requiring immediate evaluation, such as a progressive
neurologic deficit, the patient should be sent to the emergency room rather than a
referral placed.

The imaging for this patient demonstrated a severe 68-degree left-sided thoracic
curve on the PA view and thoracic hyperkyphosis of 58° on the lateral view.
Additionally, a grade 1 spondylolisthesis and abnormal pelvic balance parameters
were observed. Adolescent idiopathic scoliosis is more commonly associated with
relative hypokyphosis on the lateral view, and hyperkyphosis suggests an atypical
scoliosis. In this case, the spondylolisthesis did not correlate to the location of her
back pain and was felt to be an asymptomatic incidental finding.



13 A Case of a Child with “Idiopathic” Scoliosis 171

This child’s large thoracic curvature and relative hyperkyphosis suggest an
underlying etiology for this patient’s scoliosis [6]. The differential diagnosis of
occult etiologies in “idiopathic adolescent scoliosis includes neurologic causes.

Congenital, neoplastic, and syndromic etiologies often present as cases of early-
onset scoliosis, although they can sometimes be missed until early adolescence. The
atypical findings discussed above were noted by a primary care physician and
prompted an urgent orthopedic surgery evaluation. Once the patient was evaluated
by an orthopedic surgeon and imaging was reviewed, an MRI was ordered, which
demonstrated cerebellar tonsillar herniation and a large holocord syrinx (Fig. 13.3).
These findings are consistent with the diagnosis of Chiari malformation and syrinx-
associated scoliosis.

Underlying Causes of Atypical Scoliosis

* Back pain is not the most common presenting chief complaint in patients
with syrinx-associated scoliosis, as syringomyelia is more often associated
with headache and neck pain.

* Less frequently patients present with a neurologic sensory deficit or com-
plaints of pain in a cape-like distribution.

How to Approach the Case

Primary care physicians are the front line for the screening of many treatable condi-
tions. In the setting of adolescent scoliosis, it is important to know the typical pre-
sentation in order to differentiate an idiopathic spinal curvature from an atypical
curves or underlying etiologies. This allows for appropriate referral and timely
evaluation and treatment. Important atypical symptoms include neurologic symp-
toms or signs, headaches, night pain, fevers, a left-sided curve, large curve magni-
tude at presentation, and rapid curve progression. Any of these findings in an
adolescent patient should especially raise red flags. Back pain may or may not be a
complaint. In our case, the differential diagnosis included tethered cord, syrinx, and
Chiari malformation, with other causes (neoplastic, neurologic conditions, congeni-
tal) less likely. When presentation and plain radiographs suggest that a curve is
atypical, referral to a pediatric spine specialist is indicated. The pediatric spine spe-
cialist will order MRI imaging of the entire spine.

Final Diagnosis

Chiari malformation and syrinx-associated scoliosis
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Natural History and Treatment Considerations

A syrinx is a fluid filled cavity within the spinal cord and, when combined with
neurologic symptoms, is referred to as syringomyelia. There is an approximate
25-85% association between syrinx and Chiari malformation [7]. The pathophysi-
ology for this association has been hypothesized to be due to fourth ventricular
outflow obstruction and subsequent forces (i.e., Valsalva maneuvers, intracranial
arterial pulsation, etc.) acting to push CSF into a created spinal space [8]. The
pathophysiology of the resulting scoliosis is much less clear. The most accepted
etiology is anterior horn cell dysfunction causing paraspinal muscle imbalance and
resultant scoliosis [9, 10]. However, others have posited that it is the Chiari malfor-
mation, tonsillar herniation, and subsequent cervicomedullary compression that
propagate the spinal deformity [11].

Syrinx-associated scoliosis, as demonstrated in the above patient case, presents
with uncommon manifestations. The most typical presenting symptoms are
Valsalva-associated headache and neck pain [12]. Complaints of sensorimotor defi-
cits and hyperreflexia are much less common findings at presentation, and their
absence does not rule out a syrinx in the setting of scoliosis. Patients with syrinx-
associated scoliosis are seen in an equal male to female ratio and first present with
larger, more severe spinal curvatures. Also important is the increased frequency of
left-sided curvatures, which occur in much higher frequency (reported up to 50%)
in syrinx-associated cases. This is compared to 10% in the AIS literature [2]. Other
common findings are large “C-shaped” curves, thoracic hyperkyphosis, and abnor-
mal pelvic indices, which are all demonstrated in the patient case [13, 14].

Once the diagnosis of Chiari malformation was established, the patient was
referred by the pediatric orthopedic surgeon to neurosurgery and underwent poste-
rior fossa decompression with duraplasty (PFDD). Some evidence suggests that
PFDD may halt curve progression in syrinx-associated scoliosis [15, 16]. However,
due to this patient’s curve magnitude at presentation, she will require a posterior
spinal instrumentation and fusion. This will occur after follow-up MRI (hopefully)
demonstrates successful syrinx resolution and she is cleared by the treating neuro-
surgeon to proceed.

Referral: Urgent to Orthopedic Surgery

Scoliosis with atypical features such as neurologic symptoms (headaches, paresthe-
sias, weakness, hyperreflexia, primitive reflexes, etc.), left-sided curvature, and
large curve magnitude should be urgently referred to an orthopedic surgeon who has
training and expertise in treating pediatric spinal deformities. The diagnosis of
Chiari I malformation and syrinx requires neurosurgical evaluation.
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Brief Summary

Back pain is a frequent chief complaint in a pediatric primary care physician office.
While back pain is not uncommon in children and adolescents, it is not typical of
adolescent idiopathic scoliosis. A child presenting with back pain and scoliosis
must undergo a thorough history and physical examination to rule out features of
atypical scoliosis including headaches, night pain or fevers, or abnormal neurologic
findings. If those findings are identified, or if radiographs suggest an atypical scolio-
sis, urgent referral to an orthopedic surgeon trained in pediatric spinal deformity is
indicated. Radiographic findings on PA and lateral views of the entire spine can
include large curves, left thoracic curves, and curves associated with hyperkyphosis.
In this case, MRI of the entire spine demonstrated a Chiari malformation and a large
thoracic syrinx. She was referred to a pediatric neurosurgeon who treated her surgi-
cally prior to orthopedic intervention.

Key Features and Pearls

* Features of atypical scoliosis include chronic back pain or headaches,
abnormal neurological findings on exam, left thoracic curve, diagnosis of
scoliosis at an early age, large curves >45° and curves with rapid
progression.

» The presence of features of atypical scoliosis should prompt urgent referral
to an orthopedic surgeon who has training and expertise in treating pediat-
ric spinal deformities.

* Patients with Chiari malformation and syrinx often require neurosurgical
intervention prior to treatment of their scoliosis.

Editor Discussion

Atypical scoliosis is uncommon but always concerning. As illustrated in this classic chap-
ter, a case of left thoracic scoliosis and back pain can stem from a Chiari malformation type
I (CM-]) with syrinx. In addition, headaches, neck pain with extension, ataxia, weakness,
and a cavus foot are additional red flags to urgently refer the patient to a pediatric spine
specialist and obtain an MRI of the entire spine [17].

W.L. Hennrikus

The asymmetric abdominal reflex is a useful clinical finding that should be noted on each
new patient evaluation for scoliosis (Video 7.1 in Chap. 7). You can use the back of your pen
or other rough but not sharp or painful instrument. Scratch each of the four quadrants over-
lying the rectus femoris muscle on either side of the navel. Normally, there should be a
contraction of the ipsilateral rectus femoris muscle. With a large syrinx, the reflex may be
asymmetric, contracting on one side and no motion on the other, or there may be absence of
the reflex altogether.
R.M. Schwend
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Chapter 14

Low Back Pain in an Adolescent with Core
Weakness, Hamstring Tightness,

and Increased Body Mass Index

Check for
updates

Mary E. Dubon, Dana H. Kotler, and Cynthia R. LaBella

Brief Case Presentation
Chief Complaint

A 13-year-old boy presents to you with a 2-week history of insidious onset, low
back pain.

History

The pain is dull and ranges from a pain intensity of 5/10 to 9/10. He has no numb-
ness, tingling, weakness, radicular symptoms, bowel/bladder incontinence, or night
pain. His back pain is worse when sitting or walking for long periods of time but is
unchanged with running in physical education class. It is improved with heat,
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massage, or change of position. He does not recall any trauma or changes in activity
when the pain first began. He is otherwise healthy without other medical conditions.
He has never had any surgeries or previous back pain. He does not play sports and
does not exercise regularly. He reports that he is overweight and is motivated to lose
weight. There is no family history of back pain or orthopedic conditions.

Physical Examination

His body mass index (BMI) is 28 Kg/M?. His general examination is otherwise un-
remarkable. His lumbar spine examination reveals no asymmetry, deformity, or cur-
vature, but there is a postural increased lumbar lordosis. He has generalized
tenderness to palpation of his L2-L5 spinous processes and throughout his lumbar
paraspinal musculature bilaterally. He has no tenderness to palpation of his sacro-
iliac joints or sacral spine. He has pain with return to spine neutral position from
lumbar flexion and is noted to perform thigh climbing (with his hands) from a lum-
bar flexed position to return to an upright position. He otherwise has no pain with
lumbar range of motion. He has no pain with single leg/one-legged hyperextension
testing (stork test, a test for spondylolysis that involves the patient standing on one
leg with the other hip flexed and then performing active lumbar hyperextension)
bilaterally. He has a negative bilateral slump test (a test performed with the patient
in a seated position with flexion of the cervical, thoracic, and lumbar spine; the
examiner then assists the patient in stretching each knee individually into extension
and ankle into dorsiflexion, asking if it prompts leg symptoms. If it does, the patient
is asked to release the cervical flexion to see if it resolves the symptoms. If there is
leg pain that is resolved with cervical release, the test is positive). He also has a
negative bilateral straight leg raise (a test for radicular leg pain in which the patient
is supine and the examiner passively stretches a straight/knee-extended leg toward
the head, evaluating for radicular symptoms). When in a prone position, he has ten-
derness to palpation along the same points of the lumbar spine as he did in a stand-
ing position. You then ask the patient to extend his arms and legs into a “superman”
position and if palpation of these same locations produces no tenderness. He has
popliteal angle complements of 80° bilaterally, indicating hamstring muscle tight-
ness. Popliteal angle compliment is a measure of hamstring flexibility tested with
the patient supine, hip flexed to 90°, and the knee then passively extended (see
Fig. 14.3). He has normal strength, sensation, and deep tendon reflexes to the bilat-
eral lower extremities.

Questions About the Case the Reader Should Consider

1. What are some of the reasons for his pain?

How does the “core” provide stability for the spine and trunk?
How can you measure core stability?

How do core stabilization exercise programs work?

What is the importance of the hamstring muscles in back pain?

ek
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Discussion

This patient’s history and physical examination reveal some key factors that are
associated with mechanical low back pain including increased body mass index
(BMI), sedentary lifestyle, core instability, and hamstring tightness. In this chapter,
we highlight these associations and review the evaluation and treatment options.

Increased BMI, Sedentary Lifestyle, and Low Back Pain

Childhood obesity is associated with low back pain [1]. The increased body weight
results in an increased mechanical load on the spine and supporting soft tissues [2].
Additionally, in obese patients, adipose tissue functions as an endocrine organ and
produces pro-inflammatory cytokines leading to chronic low-level inflammation
[3]. Low-level inflammation is associated with musculoskeletal pain [4].

Sedentary lifestyle has also been associated with low back pain [5]. There are
mixed results regarding the effect of exercise on chronic low-grade inflammation;
however, there is some evidence suggesting decreased low back pain after adher-
ence to an exercise regimen [3, 6].

Core Stability and Low Back Pain

The “core” refers to a box including the abdominal musculature anteriorly, the spi-
nal and gluteal musculature posteriorly, the pelvic floor and hip girdle musculature
inferiorly, and the diaphragm musculature superiorly [7]. The relationship of the
core musculature to spine mechanics has been studied extensively. There are several
points of view regarding the optimal core activity to maintain spine stability during
functional activity [8, 9]. Spinal stability is dependent on the interaction of three
interdependent systems: the osseoligamentous system, the musculature, and the
neural control system [10].

Measuring Core Stability

A gold standard validated test to determine core stability in the clinic setting does
not exist. However, there are some examination maneuvers that are helpful includ-
ing the prone instability test [7, 11]. In children and adolescents, a simpler modified
version of this examination maneuver can be utilized. This modification involves
the patient lying prone on the examination table. The examiner then does a standard
palpation examination of the lumbar spine. If tenderness is elicited with palpation,
the examiner then asks the patient to extend his/her arms and legs into the
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Fig. 14.1 Modified prone instability test. The patient lying prone on the examination table. The
examiner then does a standard palpation examination of the lumbar spine (a). If tenderness is elic-
ited with palpation, the examiner then asks the patient to extend his/her arms and legs into the
“superman” position, and the examiner palpates the area of tenderness again (b). If tenderness is
elicited with initial palpation but is not elicited with palpation of the same location while in the
superman position, this is considered a positive test, suggestive of core instability and suggestive
of the potential benefit of core stabilization exercises for the patient

“superman” position, and the examiner palpates the area of tenderness again. If
tenderness is elicited with initial palpation but is not elicited with palpation of the
same location while in the superman position, this is considered a positive test, sug-
gestive of core instability and suggestive of the potential benefit of core stabilization
exercises for the patient (Fig. 14.1). This test was performed and positive in this
chapter’s case presentation. In adults other examination findings that demonstrate
core instability include a painful arc with lumbar flexion or with return to neutral
from lumbar flexion as well as thigh climbing from a lumbar flexed position [12].
Some of these signs were seen in this chapter’s case presentation.

Core Stability Exercise Programs

Exercise approaches to low back pain involve learning (or relearning) to recruit
stabilizing muscles, progressively strengthening these muscles, and then translating
this action to functional activity [13]. A core stability program is part of the standard
of care for low back pain. Most clinical practice guidelines recommend exercise
therapy. However, there is no evidence to support one specific type of exercise or the
mode of administration [14].

A core stability exercise program begins with achieving the neutral spine posi-
tion [7]. This may be accomplished through exercises such as pelvic tilts, pelvic
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Fig. 14.2 Core stabilization exercises. Some examples of core stabilization exercises include as
follows: (a) hollowing, navel to spine transverse abdominis activation and popular with yoga, the
(b) cat pose, and (¢) cow pose, which are performed one after another, starting in a neutral posture
of the spine in a quadruped position. Core stabilization exercises are best learned under the guid-
ance of a skilled physical therapist who can ensure that the exercises are performed properly

clocks (tipping the pelvis between 12 o’clock and 6 o’clock in an alternating fash-
ion), or quadruped exercises such as “cat/camel” stretches. The patient must learn to
activate the abdominal musculature in different fashions, including hollowing
(“navel to spine”) which activates the transversus abdominis and internal obliques
selectively and abdominal bracing, which activates the external obliques and lumbar
extensors [15, 16] (Fig. 14.2). Once the patient is able to activate these abdominal
muscles, there are a variety of potential exercises to build strength, address impair-
ments, and improve movement quality.

Exercises can be progressed in multiple planes, including supine, side-lying,
seated, kneeling, and standing. Typically the patient starts supine, learning how to
activate and stabilize the core with the support of the examination table. The child
then proceeds to more challenging exercises such as planks in a gradual and safe
fashion over the course of weeks to months. Lastly, strategies such as unstable sur-
faces (balance boards, Bosu balls, etc.) can be utilized.
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Hamstring Tightness and Low Back Pain

Hamstring tightness has been shown to be associated with low back pain in some
studies [17]. Hamstring tightness/hamstring length can be measured using the pop-
liteal angle complement (Fig. 14.3) [18]. Although some authors will use the term
popliteal angle to refer to the popliteal angle complement, for the purposes of this
paper, we will use the term popliteal angle complement to describe the angle in red
pictured in Fig. 14.3. Popliteal angle complements of 50° or greater are considered
to indicate tight hamstrings [19].

Research on the relationship between hamstring flexibility and low back pain is
also limited as it is difficult to study these variables in isolation, as back pain etiol-
ogy is often multifactorial, as seen in this case. Nonetheless, hamstring stretching
exercises are frequently recommended for patients with low back pain and

Fig. 14.3 Popliteal angle
complement and popliteal
angle. Popliteal angle
complement, indicated by
the curved red line, is often
used to measure hamstring
tightness. This is called the
“popliteal angle” by many
authors; however, the true
popliteal angle is indicated
by the blue curved line and
is less commonly used
when describing hamstring
length. It is important to
indicate which angle you
are using clinically to
properly communicate this
with other providers. If the
popliteal angle
complement is greater than
30°, the hamstring muscles
are considered tight
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Fig. 14.4 Hamstring
stretching in the supine
spine neutral position

hamstring tightness. Hamstring stretches should be performed in a spine neutral
position to avoid overstretching the ligaments of the spine instead of the hamstrings
(Fig. 14.4).

How to Approach the Case

When evaluating an adolescent with mechanical low back pain, some factors that
should be considered include the patient’s activity level, core stability, hamstring
flexibility, and body mass index. Examination maneuvers and treatment strategies
discussed above can be helpful. Treatment requires an individualized approach
based on underlying risk factors and may include weight loss, regular exercise, core
stabilization exercises, and hamstring stretches.

Given the pattern of this patient’s pain and examination findings, you diagnose
him with mechanical low back pain and prescribe physical therapy for core strength-
ening and hamstring strengthening. You emphasize the importance of good core
strength to support posture and reduce loading of the spine. You also explain that
maintaining a healthy weight reduces load on the spine and therefore results in less
back pain. You discuss some strategies toward weight loss.
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.Red Flags (Suggest Diagnosis Other Than Mechanical Back Pain and

Warrant Imaging)

e Radicular signs/symptoms (radiating pain, positive straight leg raise test or
seated slump test, paresthesias, numbness)

e History of acute trauma

* History of repetitive overuse (e.g., intensive training in a sport associated
with risk for spondylolysis)

* Pain with stork test (see chapter on spondylolysis)

e Systemic symptoms

Short Differential Diagnosis

* Spondylolysis/spondylolisthesis

* Herniated lumbar disc

e Sacroiliitis or sacroiliac dysfunction
* Facet joint arthropathy

* Osteoid osteoma

e Urinary tract infection/pyelonephritis

Final Diagnosis

Mechanical low back pain in the setting of core muscle weakness, elevated BMI,
and tight hamstring muscles

Referral: When and to Whom?

You refer the patient to physical therapy with a focus on weekly core stabilization
and hamstring stretching and a home exercise program. You reassure him that his
pain should improve with physical therapy and that he should work with his physi-
cal therapist on healthy aerobic exercises he can do in addition to his strengthening
and stretching. You also refer him to the interdisciplinary weight management clinic
that includes a comprehensive exercise and nutrition program in addition to coun-
seling and medical comorbidity screening resources. Over the course of several



14 Low Back Pain in an Adolescent with Core Weakness, Hamstring Tightness... 183

months of physical therapy, his low back pain gradually improves and he loses 20
pounds. At the 4-month return visit, he reports resolution of his low back pain. If
there had been no improvement in his pain after doing physical therapy as pre-
scribed, radiographs (AP and lateral) of the lumbar spine and a referral to a pediatric
sports medicine specialist or pediatric orthopedic surgeon for further evaluation and
treatment should be considered.

Key Features and Pearls

e Common risk factors for mechanical low back pain in adolescents are
physical inactivity, overweight/obesity, and tight hamstrings.

* Imaging is recommended only if there are one or more red flags (Box 1).

» Treatment for mechanical low back pain in adolescents includes (1) physi-
cal therapy to guide core strengthening, posture training, and hamstring
stretching, (2) regular aerobic physical activity, and (3) referral to weight
management program if patient is overweight or obese.

Editor Discussion

Nonspecific mechanical back pain in children and adolescents is common. A careful history
and exam should be done on every patient who complains of back pain. Know the red flags
of pediatric back pain. In addition, obesity and depression can contribute to pediatric back
pain. Be familiar with position statements by the American Academy of Pediatrics on obe-
sity prevention, gaming, internet, television, and healthy lifestyles. All can be related to
back pain. If nonspecific back pain does not resolve with 6 weeks of treatment with physical
therapy, weight loss, and NSAIA’s, standing AP and lateral radiographs of the painful area
should be obtained and referral to a pediatric spine specialist considered.
W.L. Hennrikus

Back pain in a child should be viewed as an opportunity to address details of the child’s diet
as well as their overall fitness and exercise. Parents will appreciate your attention to their
child’s and the family’s food choices, lifestyle, and exercise, which can be lifesaving.
Although many who are obese or overweight have metabolic syndrome, not all do, and
metabolic syndrome can be found in people who are of normal or low body weight. Insulin
resistance is the hallmark of metabolic syndrome. Metabolic syndrome is a major public
health problem in the United States and is increasingly a cause of death in the developing
world, more so than from infectious diseases. According to Robert H Lustig MD, Director
of UCSF Weight Assessment for Teen and Child Health Program, an excessive amount of
dietary sugar and especially fructose, “the toxin,” is a major contributor to obesity and
metabolic syndrome in children [20]. Breakfasts cereals marketed to children can be up to
50% sugar. So, once you confirm that there is not an underlying pathological condition
causing the back pain, use this opportunity to provide needed lifestyle guidance.
R.M. Schwend
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Chapter 15

Case of a Young Child Who Refuses
to Bear Weight and Has Back Pain
due to Leukemia

David Gendelberg and Todd J. Blumberg

Brief Case Presentation
Chief Complaint

A 4-week history of progressive weakness, weight loss, back pain, and 4 days of
refusal to bear weight after a fall at home.

History

A 4-year-old boy has had progressive lower extremity weakness over the last month,
increasing back pain, and a 3 kg weight loss and now won’t stand up or walk. He
had been playing outside a few weeks ago when his parents report that he had an
accidental fall. He seemed to recover, but was notably clumsier and unsteady on his
feet and has fallen several times in the last week. Four days ago he really slowed
down, stopped walking, and began scooting, and now he is refusing to walk at all.
He complains of pain when his parents lift him under his arms or with attempts to
make him stand. When he is resting or seated, he seems comfortable. There has been
no change in his bowel or bladder function. He has had no fevers recently, but he did
have an upper respiratory illness about 2 weeks ago. This has since resolved. Family
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history is notable for multiple family members with autoimmune diseases on the
maternal side. There has been no recent travel out of the country or sick contacts.

Physical Examination

His weight is 20.2 kg, height 114 cm, and temp 36.2. He is not ill-appearing.
Development is normal. There is no lymphadenopathy, but has notable pallor. There
are no petechiae or organomegaly. He has no pain at rest while supine; however, he
is uncomfortable with strength testing of the extremities. Lumbar spine tenderness
to palpation is noted. No scoliosis is noted. Neurological examination is challenging
given the patient’s age, but he was noted to be spontaneously moving his upper and
lower extremities with spontaneous knee flexion and extension, plantar flexion, dor-
siflexion, and movement of all the toes in flexion and extension. He responds appro-
priately to light touch and tickling of his feet. There is no clonus. Babinski is down
going. Reflexes are symmetric and 2+. He is unable to ambulate for gait assessment.

Imaging and Radiographic Studies (Figs. 15.1 and 15.2)

Questions About the Case the Reader Should Consider
1. What are the red flags in this patient’s history that raise your concern?
2. What may be the possible cause of this patient’s vertebral compression fracture?

Fig. 15.1 (a) Full-length AP and lateral spine x-rays. (b). On closer inspection, there are multi-
level compression fractures involving the thoracic and lumbar spine. The levels with most promi-
nent height loss are T12, L4, and L5. Note the anterior wedging and height loss as compared to the
adjacent normal vertebras. (Courtesy of Teresa Chapman, MD, Seattle Children’s Hospital, Seattle,
Washington)
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Fig. 15.2 (a) An CT ordered by the oncologist demonstrated diffuse osteopenia throughout the
visualized axial skeleton with associated multilevel vertebral body height loss involving the tho-
racic and lumbar spine, in particular involving T12, L4, and L5 with at least 50% vertebral body
height loss. These findings suggest a systemic underlying cause of demineralization and suspicion
for pathologic vertebral body fractures. In this age group, leukemia is a primary consideration,
although an underlying metabolic bone abnormality is also possible. (b) T2 sagittal and T1
contrast-enhanced sagittal images showing multilevel compression fractures and marrow enhance-
ment of T12, L4, and LS. The oncologist or pediatric orthopedist will always obtain a
contrast-enhanced MRI when evaluating for a tumor, inflammatory, or infectious process.
(Courtesy of Teresa Chapman, MD, Seattle Children’s Hospital, Seattle, Washington)

3. What tests should be ordered next?

4. What physical exam findings are often found with this diagnosis?
5. What is the appropriate referral?

6. What are the treatment options for this case?

Discussion

Leukemia can mimic several orthopedic pathologies in children at presentation.
Therefore, it is important to obtain a thorough history and exam [1]. Many details in
this patient’s history should raise concern. Back pain in a 4-year-old is a red flag.
Moreover, persistent back pain that wakes the child up at night and is debilitating to
the point that the patient has difficulty ambulating requires an immediate and thor-
ough evaluation [2-4]. As the child grows, gradual weight gain is expected.
Therefore, unintended weight loss, especially over a short period of time, should
raise concern. Increasing clumsiness or an unsteady gait is also very concerning.
When encountering these symptoms, one should consider a differential diagnosis
that includes tumor, infection, or systemic inflammatory arthritis [4].

The causes of bone demineralization during the course of leukemia are multifac-
torial, and it can be caused by the underlying infiltrative disease process, inactivity,
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chemotherapeutic agents, and abnormalities in bone mineral homeostasis. This in
turn leads to decreased bone density, to weakening of the bony architecture of the
vertebral body, and ultimately to the development of compression fractures, even
without trauma. Following treatment, patients often experience some degree of
remodeling and improvement of bone mineral density [5-9].

When approaching a pediatric patient with back pain, weight loss, and refusal to
bear weight, it is important to establish a differential diagnosis to guide further
diagnostic evaluation. Many conditions may present similar to the patient described
above necessitating further testing. The most urgent diagnoses are malignancy and
infection. Leukemia is a malignancy affecting the white blood cells, often leading to
an infiltrative process of the bone marrow and ultimately changes in the patient’s
peripheral blood composition. Infection, especially when severe, may also present
with abnormal findings in routine laboratory blood tests. Therefore, initial diagnos-
tic tests for suspected malignancy or infection should consist of a complete blood
count (CBC) with differential and a peripheral blood smear. In addition to a CBC,
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) should also be
obtained, as inflammatory arthropathies and musculoskeletal infection may present
similarly [10-13].

Leukemia can affect multiple organ systems throughout the body. Therefore,
additional tests should be performed to evaluate the function of the additional vis-
cera. This is achieved by ordering a basic metabolic panel (BMP), liver function
tests, and coagulation studies.

Leukemia may present in multiple ways and mimics many self-limited diseases
of childhood. Therefore, one needs to keep a certain index of suspicion and per-
form a thorough history and physical exam of the patient. A meta-analysis that
included >3000 children from 33 studies found that more than half of the patients
presented with at least one of the following exam findings: organomegaly, pallor,
fever, or bruising. Organomegaly was found in over 60% of the cases and may
manifest as weight loss, abdominal distension, or abdominal pain.
Lymphadenopathy, which may be found in nearly half of the patients, typically
presents as nontender, firm, and matted and does not respond to antibiotics.
Lymphadenopathy in the posterior auricular, epitrochlear, or supraclavicular area
should raise greater concern for malignancy. Fever is present in more than half of
the patients with leukemia. Manifestation of hematologic abnormalities, such as
bleeding (i.e., petechiae), pallor, and abnormal laboratory values are present in
over 50% of patients. In addition, musculoskeletal pain has been found to be the
presenting symptom in 43% of cases [14]. Less common findings include a medi-
astinal mass, headaches, or testicular enlargement. A mediastinal mass may cause
swelling, dysphagia, or dyspnea secondary to compression of the superior vena
cava or through direct compression [10].

Upon suspicion of leukemia, the patient should be referred to a pediatric oncolo-
gist for further workup and diagnosis. The first step taken will be to obtain a bone
marrow biopsy. Once the tissue is obtained, the pathologist will perform further
tests to confirm the diagnosis and detect the subtype of leukemia present. Workup
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of the bone marrow may include morphological assessment, cytochemical evalua-
tion, or immunohistochemical analysis [10, 11]. When vertebral compression frac-
tures or other fractures are present, the patient should be referred to a pediatric
orthopedic surgeon for further evaluation and treatment. In these cases, CT or MRI
may be ordered by the oncologist in collaboration with the pediatric orthopedist to
better characterize the fractures and extent of disease.

Multidrug chemotherapy is the mainstay of treatment for leukemia. The exact
regimen is dependent on the immunophenotype of the leukemia as well as the
patient’s risk category. Treatment is divided into multiple phases, and evaluation for
central nervous system involvement with a lumbar puncture is necessary to deter-
mine if intrathecal chemotherapy is indicated (Fig. 15.3). Most treatment regimens
take 2—3 years to complete. In addition, the patient should be treated whenever there
is a suspected infection with broad-spectrum antibiotics, and any metabolic imbal-
ances should be corrected. Back pain and joint pain will usually begin to improve a
few weeks after the initiation of therapy. Typically, no active intervention is required.
For multiple compression fractures, bracing may be helpful, but is sometimes not
considered necessary unless there is the development of kyphosis on upright
radiographs.

Fig. 15.3 T2-weighted sagittal and axial images displaying an example of central nervous system
involvement with intradural enhancement in a patient with leukemia. (Courtesy of Teresa Chapman,
MD, Seattle Children’s Hospital, Seattle, Washington)
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How to Approach the Case

Any young child who refuses to bear weight or is having unexplained weakness and
clumsiness warrants further evaluation, with blood work and plain radiographs ini-
tially obtained to help narrow the differential diagnosis. Labs showed a normal
white blood cell count of 6.1 K/mm?, mild thrombocytopenia with a platelet count
of 138 K/mm?, and severe anemia, with a hematocrit 19.8%. CRP was mildly ele-
vated at 1.8 mg/dL. ESR was markedly elevated at >140 mm/min.

In this case, there were no clear localizing symptoms, and the onset was fairly
insidious over several weeks. Infection would also be possible given his clinical
presentation; however, without fever and only mildly elevated CRP, this is less
likely. A blood culture may be ordered. A decrease in the production of platelets and
red blood cells with multilevel pathologic compression fractures is concerning for a
systemic process, and additional imaging is indicated to better evaluate whether an
oncologic, infectious, or inflammatory process is occurring.

L]
Red Flags for Back Pain

* Younger child

* Night pain

* Neurological findings

* Inability to bear weight
* Fevers

*  Weight loss

Short Differential Diagnosis

* Infection — Always suspect infection when a tumor is suspected.

e Inflammatory arthritis — Juvenile idiopathic arthritis, reactive arthritis,
inflammatory bowel disease-related arthritis.

e Other malignancies: Lymphoma, benign bone tumors, malignant bone
tumors, tumors of the neural elements.

» Eating disorder or vitamin D deficiency.

Final Diagnosis

Leukemia in a 4-year-old boy.
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Natural History and Treatment Considerations

Multilevel compression fractures in a young patient without kyphosis can be
observed without bracing. Bracing, however, can be used to reduce pain in select
cases. The compression fractures are pathologic fractures as the bone marrow has
been replaced by rapidly dividing leukemic cells, in this case precursor B-cells.
When this occurs, the energy needed to cause a compression fracture is markedly
decreased, and even a simple fall in a young child may result in a fracture. Follow-up
is needed with repeat upright radiographs to confirm that no kyphosis develops. Pain
typically resolves with appropriate treatment of the underlying malignancy [6-9].

Referral — Emergency, Urgent, or Routine: And to Whom?

A young child presenting with back pain and refusal to bear weight should raise
alarms and prompt immediate workup. Once there is suspicion for a malignant
process, the patient should be urgently referred to a pediatric oncologist. In the
event of a child with associated compression fractures, the patient should be
referred to a pediatric orthopedic surgeon with expertise in spinal conditions for
fracture management. In addition, the patient should be seen by a physician with
experience in bone metabolism, such as an endocrinologist, for bone mineral den-
sity optimization. Many treatment regimens for leukemia include high-dose corti-
costeroids, which further weaken the bone density. Monitoring of bone mineral
density should continue after remission as studies have found that bone metabolism
and endocrine function continue to be affected into adulthood among pediatric can-
cer survivors [15].

Brief Summary

Refusal to bear weight in a young child is never normal and must be investigated
until a cause is identified. While back pain is not uncommon in children, it is con-
cerning if associated with refusal to bear weight, unintended weight loss, signs of
motor weakness, and increased clumsiness or falls. In this case, the imaging helps
to both explain the back pain and to identify a systemic cause for both the back pain
and refusal to bear weight. Multiple compression fractures of the spine are not com-
mon in children without associated high-energy trauma. However, severe osteope-
nia and bone marrow infiltration predisposed this patient to them. The most common
pediatric malignancy is leukemia, which accounts for nearly 30% of all pediatric
cancers. Urgent referral to a pediatric oncologist and pediatric spine surgeon is indi-
cated for appropriate staging and treatment for the malignancy and to assure no
long-term sequelae from the compression fractures.
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Key Features and Pearls

» Refusal to bear weight and persistent back pain in a young child should
raise a red flag for a more involved process such as malignancy, infection,
or inflammatory arthritis. These children should undergo a prompt workup
and referral.

* Patients with leukemia that have involvement of the spine may sustain
compression fractures secondary to local osteopenia. These fractures usu-
ally do not need surgical intervention and need follow-up as well bone
mineral density optimization.

* Back pain will usually lessen a few weeks after treatment for the leukemia
is initiated.

Editor Discussion

Leukemia is the most common cancer in childhood. Twenty percent of children with leuke-
mia present with bone pain. Some children with leukemia will limp and some will stop
walking. The most important aspect of this case is recognition! Keep leukemia high on your
differential diagnosis in any child with back pain combined with fever, pallor, malaise,
lymphadenopathy, hepatosplenomegaly, and easy bruising.

W.L. Hennrikus

Back pain in the child under 5 years of age is particularly concerning. Infection and tumor
are both relatively rare in this age group, but a surprisingly common cause of back pain
when an actual source is identified. So when you hear that a 3-year-old child has back pain,
won’t walk or walks very cautiously, and seems very stiff, think of inflammation in the
spine. This could include discitis, a primary spinal cord tumor, or tumor affecting the spine
such as leukemia. The hip joint in this age group is a more common reason a child might
refuse to walk, either from transient synovitis or septic arthritis. So when the workup of the
hip is negative, don’t forget the spine!
R.M. Schwend
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Chapter 16
Child with Back Pain due to Sickle
Cell Crisis

Nattaly E. Greene, Natasha M. Archer, and Coleen S. Sabatini

Brief Case Presentation
Chief Complaint

A 16-year-old male with acute on chronic back pain.

History

A 16-year-old male with a known diagnosis of sickle cell disease (SCD) presents to
the clinic with acute on chronic thoracic and lumbar back pain. He denies any acute
traumatic event. He has been “working out” in recent days and admits that he has
not been staying well-hydrated. In reviewing his history, he also has had recent
subjective fevers and generally has not been feeling particularly well the last
few days.
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Physical Examination

He is healthy, but tired-appearing. He is of normal height and weight. He is devel-
opmentally normal for age, Tanner 5. He has tenderness to palpation along the tho-
racic and lumbar spine both along the midline and in the paraspinal muscles. He
moves slowly when changing positions but has a normal gait when walking in

clinic. He is neurologically normal in the upper and lower extremities and has no
bowel or bladder symptoms.

Imaging and Radiographic Studies (Figs. 16.1, 16.2, 16.3,
and 16.4)

Fig. 16.1 A lateral
radiograph of the spine
which demonstrates
marginated depression of
the superior and inferior
endplates of multiple
adjacent vertebrae. These
depressions are due to
endplate necrosis from
microvascular occlusions
and are the typical
“H-shaped” vertebrae seen
in sickle cell disease.
(Courtesy of Bamidele
Kammen, MD. UCSF
Benioff Children’s
Hospital Oakland)
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Fig. 16.2 Close-up
radiograph of spine
demonstrating the typical
“H-shaped” vertebrae seen
in sickle cell disease.
(Courtesy of Bamidele
Kammen, MD. UCSF
Benioff Children’s
Hospital Oakland)

Fig. 16.3 Sagittal MR
images of thoracic spine
that demonstrates acute
infarction with
heterogeneous T2
prolongation of multiple
vertebrae. (Courtesy of
Bamidele Kammen,
MD. UCSF Benioff
Children’s Hospital
Oakland)
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Fig. 16.4 (a, b) Whole-body coronal STIR-weighted MR images showing multiple irregular areas
consistent with multiple infarcts. (Courtesy of Bamidele Kammen, MD. UCSF Benioff Children’s
Hospital Oakland)

Questions About the Case the Reader Should Consider

1. How does the sickle cell disease (SCD) diagnosis in this patient change the dif-
ferential diagnosis of back pain in an adolescent?

2. How does SCD lead to back pain?

3. How does SCD often present as back pain in an adolescent? Which pieces of
information in the health history point towards back pain due to SCD?

4. Could this be routine back pain like we would see in other adolescents
without SCD?

5. Given the underlying diagnosis of SCD, what laboratory data and radiologic
imaging studies would we do to make the appropriate diagnosis and make sure
that we are not missing something in this patient?
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Discussion

Given this patient’s history of sickle cell disease, the differential diagnosis is broader
than that of back pain in an adolescent without sickle cell disease (see below).

In understanding this patient’s back pain, it is necessary to remember what sickle
cell disease is and how the process of sickling in the body can lead to pain cri-
sis events.

Sickle cell disease is a group of inherited blood disorders in which the RBCs
change from their traditional flexible biconcave shape to a crescent or rigid, “sick-
led” shape [1]. This transformation is due to a point mutation in the p-globin gene
resulting in a substitution of the amino acid valine for glutamic acid.

There is a long-standing association between people of African descent and
SCD, although it also occurs in individuals from other ethnic backgrounds includ-
ing Mediterranean, Indian, and the Middle Eastern [2]. This connection is thought
to be due, in part, to the protective role the sickle cell mutation has provided against
Plasmodium falciparum malaria in regions where malaria is endemic [3]. Although
not exclusive to these ethnic backgrounds, this becomes an important portion of the
health history and SCD is an important etiology to consider in patients presenting
with back pain.

The process of sickling is due to conformational changes within the hemoglobin
molecule between the deoxygenated and oxygenated states. This process leads to its
change in shape into an elongated rigid form, a process known as “sickling,” and it
is the basis for the downstream effects of the disease [4]. Repetitive sickling and
un-sickling leads to erythrocyte damage by rendering the membrane inflexible. The
clinical complications caused by the anemia, repeated ischemia and reperfusion,
and inflammation include vaso-occlusive bone pain, functional asplenia, acute chest
syndrome (ACS), cerebrovascular events, pulmonary hypertension (PH), and multi-
organ dysfunction syndrome [5].

Vaso-occlusive crises (VOC) result from end-tissue microinfarctions [6]. These
episodes most often involve bone, lung, spleen, brain, and penis. When bone is
involved, long bones are most commonly affected, but pain episodes can occur in
any structure that contains bone marrow, including ribs, sternum, vertebral bodies,
and the skull.

Vaso-occlusive crises are intense, and they vary in duration lasting from hours to
days. They can present as early as 6 months of age with an average first time presen-
tation at 6 years [7]. For young children, they frequently experience early vaso-
occlusive pain in the bones of their hands and feet (“dactylitis”) [8]. As a child gets
older, the larger bones, spine, and joints tend to become involved, and he or she can
have significant acute and chronic pain from vaso-occlusive events.
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Differential Diagnosis for Back Pain in Patients with Sickle
Cell Disease

Back pain as a chief complaint in patients with SCD can be attributed to various
etiologies in addition to vaso-occlusive pain. It can also signal an impending pathol-
ogy and be the preceding symptom to a syndrome.

Differential Diagnosis of Back Pain in Patient with Sickle Cell Disease

* Muscular back pain

e Vaso-occlusive episode

» Early phase of acute chest syndrome

* Delayed hemolytic transfusion reaction

e Fracture (in the setting of osteoporosis, avascular necrosis)

* Hematoma (due to cortical disruption and development of epidural
hematoma)

e Infection — osteomyelitis

Vaso-occlusive Back Pain

Pain is the hallmark of vaso-occlusive crises. These episodes are attributed to vaso-
occlusion involving the bone where bone infarctions occur due to intravascular sick-
ling [9]. The clinical presentation of vaso-occlusive pain involving a bone is often
acute, described as deep-rooted and severe, and can be accompanied by erythema,
warmth, and fever [10]. In children, the spine is one of the most common sites of
bony involvement, with the lumbosacral spine being the most common site within
the spine [6]. A vaso-occlusive episode typically can last from 3 to 9 days.

Acute Chest Syndrome

Acute chest syndrome (ACS) is a form of acute lung injury caused by vaso-occlusion
that is typically characterized by fever, respiratory symptoms, chest pain, and/or a
new pulmonary infiltrate on chest radiograph. ACS is one of the most common rea-
sons for hospitalizations, intensive care admissions, and blood transfusions in
patients with SCD. It is associated with morbidity and mortality in children with
SCD [11], and prevention of ACS is important because repetitive episodes can lead
to worsening lung function and chronic lung disease [12].
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A VOC involving the back can be a prodrome before an acute chest syndrome
(ACS) episode in pediatric patients with SCD. About 50% of ACS episodes hap-
pen in children while they are hospitalized for another SCD-associated complica-
tion [13, 14]. The most common location of the VOC pain was the back (60%)
followed by the chest (50%) with some of these patients reporting pain in both
locations [15].

The presence of VOC of the chest or back may elucidate potential mechanisms
of ACS including infarction and infection which could be progressing days before
the ACS is diagnosed. Additionally, chest and back pain due to a VOE could add to
the morbidity associated with ACS; this greatly limits a patient’s mobility. Both the
lack of activity due to pain and splinted breathing can result in decreased lung
aeration.

Back pain may be a signal of an impending ACS episode in patients with SCD
and should be considered a risk factor for ACS. Current ACS prevention strategies
include pain management, bronchodilators, and the use of incentive spirometry [16,
17]. Thus, when a child with SCD develops back pain, it should be taken seriously.

Osteomyelitis

Patients with SCD have long been known to be at risk of infection, particularly
osteomyelitis related to vaso-occlusion, hyposplenism, defective complement activ-
ity, and bone necrosis [10]. Areas of necrotic bone are a nidus for infection, and
infection sets in via hematogenous spread [18, 19]. Salmonella and Staphylococcus
aureus are common causes of osteomyelitis in this population [20, 21]. The most
common sites for osteomyelitis include the femur, tibia, and humerus usually along
the diaphysis [22]. Vertebral osteomyelitis is rare, but it should be considered within
the differential for a patient with SCD presenting with back pain and a fever.

Patients with SCD have increased risk of infection over the course of their lives
due to functional asplenia from splenic infarction. Therefore, in patients with SCD,
it is important to always have infection on the differential when they present with
pain and to do the necessary studies to distinguish between a vaso-occlusive event
and osteomyelitis.

Differentiating between VOC and osteomyelitis can be challenging since there is
overlap in both symptoms and findings on diagnostic studies. A patient with osteo-
myelitis often presents with pain, swelling, and fever, which can be seen in VOC as
well. However, the symptoms in osteomyelitis often onset over a longer period of
time than an acute VOC. Laboratory studies can be helpful — although both can
show an elevation of CRP >2 mg/dL, in VOC it does not usually rise above 6 mg/
dL, but in infection it often does. MRI and bone scans can be helpful in trying to
differentiate these two diagnoses, as is discussed in imaging section below.
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Delayed Hemolytic Transfusion Reaction

Transfusions continue to be one of the most important components of treatment for
complications of SCD. Delayed hemolytic transfusion reactions (DHTRs), occur-
ring more than 24 hours after a transfusion and up to 3 weeks following a transfu-
sion, are very serious immune-mediated complications and could have lethal
consequences when not recognized and treated appropriately [23].

The clinical presentation of a DHTR includes a sudden drop in hemoglobin,
primarily hemoglobin A, following transfusions, or a lower than expected rise in
hemoglobin after a transfusion. This is often accompanied by signs of extravascular
hemolysis like fever, jaundice, and back pain among others [24]. The pain is fre-
quently indistinguishable from pain caused by a VOE which leads to the underdiag-
nosis of DHTR. Moreover, in severe cases there can be destruction of the patient’s
own red blood cells in addition to the transfused red blood cells, a process called
“hyperhemolysis” which can lead to multiorgan failure and death [25].

Back pain is closely associated with a DHTR and reported often as a symptom
by patients experiencing a DHTR [26].

It is crucial to keep a high suspicion for DHTR in this patient population because
treating the condition with further transfusion can only worsen the hemolysis and
the patient’s anemia. Patients with SCD are exposed to transfusions more often
which makes them more vulnerable to a DHTR. Ultimately, it is important to be
hypervigilant of this phenomenon when caring for patients with SCD who present
with pain within days of a blood transfusion as further transfusions can worsen their
condition.

Imaging of the Spine in Sickle Cell Disease

Acute vaso-occlusive events are not seen on imaging. This diagnosis is made based
on history and physical examination. Repeated episodes of vaso-occlusion can lead
to mottled appearance of the bones on radiographs. Infarction may be seen and
appear as “high-density lesions” in the marrow cavity [27]. However, these findings
are not specific and are time sensitive. A periosteal reaction is often the first and
only change seen on radiographs [27]. Avascular necrosis (AVN) can occur in the
femoral and humeral heads. Classically, AVN demonstrates cortex sparing; mixed
sclerotic changes at the epiphyses, metaphyses, and medullary canals; and a “shell-
like sclerosis” or border which looks similar to a “plume of smoke” [27]. AVN of
the spine can also occur in late teen or adult patients [28].

Radiographs of the spine in SCD can have several characteristic features. Due to
infarction of the endplates of the vertebral bodies that can occur with vaso-occlusion
and attenuation of blood vessels, vertebrae often become flattened and develop a
unique biconcave deformity, which is often referred to as “H-vertebrae” or “codfish
vertebrae” [6, 29] (see Figs. 16.1 and 16.2). Additionally, “tower vertebrae” have
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also been described — these are vertebrae that are next to infarcted, short vertebrae,
and they develop compensatory elongation.

Advanced imaging may be ordered by the orthopedic surgeon or sickle cell spe-
cialist caring for the child after referral. MRI can provide more detailed evaluation
of bone and soft tissue and does not expose the child to radiation. MRI is helpful in
identifying infarction and involvement of the spine, pelvis, and humeral and femo-
ral heads (Figs. 16.3 and 16.4a/b). In trying to determine if pain is due to infarction
versus infection, gadolinium can be helpful [30]. If MRI is not available or if MRI
was not able to distinguish between infection and VOE/infarction, radionuclide
bone scan or radionuclide bone marrow scan can be utilized. Osteomyelitis will
show normal marrow uptake in an abnormal bone scan, and infarct shows decreased
marrow uptake with an abnormal bone scan [31].

Management of Back Pain in Patients with Sickle Cell Disease

Management of pain crises and back pain in SCD includes hydration, analgesics,
and supportive therapy. If at home, patients are encouraged to hydrate orally, use
acetaminophen or NSAIDs like ibuprofen for pain, and apply warm packs to the
affected area. Some patients have pain crises severe enough that admission to the
hospital is necessary. In the hospital, the management of patients with back pain and
SCD includes rehydration with IV fluids, oxygen, NSAIDs, opioids, patient-
controlled analgesia, and warm packs to the back. The overall management of their
SCD should be by a hematologist.

Editor Comment: For completeness, there are many standard as well as new
therapies for the treatment of sickle cell disease. Each child should be followed
closely by a Hematologist that is very involved in his or her care and will be up to
date on the latest therapies.

How to Approach the Case

Always be wary of possible impending pain crises in patients with sickle cell dis-
ease and take their pain seriously. A thorough history is important that includes any
recent pain crises, transfusion, sick contacts, traumatic injury, etc. Laboratory
examinations can be considered to help sort through the differential — see Table 16.1
for details. Our patient’s initial imaging studies showed H-vertebrae indicating that
he has had endplate necrosis of the vertebral bodies due to past micro-occlusive
events. His overall alignment of the spine however was within normal range with no
evidence of acute compression fracture or kyphotic deformity.

Laboratory studies were ordered to try to differentiate between infection and
VOE. CBC showed mild anemia. The reticulocyte count and LDH were elevated.
The patient’s CRP was high normal and the ESR was mildly elevated. Thus, these
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Table 16.1 Laboratory studies to consider depending on differential for back pain in SCD

Diagnosis

Laboratory

Comments

Chronic back pain

Vitamin D*
Consider if concern for
non-SCD cause of chronic

Greater risk of vitamin D* deficiency and
osteoporosis in SCD due to chronic
hemolytic anemia and compensatory

back pain: erythropoiesis and resulting bone marrow
ANA increase [32]. Given the potential link
HLA B27 between low vitamin D and both increased
RF fracture risk and musculoskeletal pain,
assessing the vitamin D level of sickle cell
patients and supplementing as needed is
important
Osteomyelitis CBC with differential Consider bone biopsy and culture if needed
ESR to guide treatment
CRP CRP usually >2 mg/dL and ESR >20 mm/hr
Blood cultures
Acute back pain | Total Hgb *HbA% is more specific given the hemolysis
following a blood | HbA%* of transfused red blood cells. Hemoglobin
transfusion LDH drop of >25% should raise suspicion for a

Bilirubin (T and D)
Direct Antiglobulin Test+

DHTR [25]
+DAT does not always show alloantibodies

(DAT)

CBC with differential

Reticulocyte count
Acute back pain | CBC with differential The reticulocyte count is a measure of
due to vaso- Reticulocyte count immature red blood cells (RBC). During a
occlusive crisis LDH VOE, with acute RBC destruction, the

reticulocyte count is elevated. If the bone
marrow fails to respond to the acute anemia
due to RBC destruction, an aplastic crisis
can occur.

LDH may serve as a prognostic marker in
acute disease but only when significantly
elevated. LDH is elevated at baseline in SCA
due to ongoing red cell death. During acute
vaso-occlusive crises (VOC) however, LDH
may increase due to added hemolysis and
tissue infarction. With levels 4x the upper of
limit of normal in an acute crisis, this can
suggest impending severe disease

labs suggested a VOE episode rather than infection. At home, supportive treatment
with oral hydration, NSAIDs, and Tylenol were recommended. Later, due to wors-
ening pain not responsive to NSAIDs and Tylenol, he was admitted and treated with
a PCA, NSAIDs, and warm packs. An MRI was obtained which showed infarctions
at multiple levels (Fig. 16.3), but no evidence of an acute infection. His symptoms
improved over the course of 3 days. He was discharged to home with outpatient
physical therapy arranged.
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Final Diagnosis

Vaso-occlusive crises in the setting of increased physical activity and limited
hydration.

Natural History and Treatment Considerations

For this patient, he had been exercising recently and not hydrating well. His labora-
tory data was not concerning for infection, and his x-rays showed the typical
“H-shaped” vertebrae that are due to endplate necrosis from microvascular occlu-
sions seen in patients with SCD. Treatment for his vaso-occlusive episode entails
the following: Nonsteroidal anti-inflammatory medications and acetaminophen are
often first-line agents for pain control in patients with mild to moderate pain. For
those in whom these medications are not enough, opioid pain medication is often
added. Topical medication patches can be a helpful adjuvant option for children
with back pain. Additionally, as with back pain in adolescents without sickle cell
disease, patients with back pain in the setting of sickle cell who are not in an acute
pain crisis can also benefit from physical therapy to improve core strength and pos-
ture to help prevent back pain. Physical therapy may include various modalities
including heat, ultrasounds, and transcutaneous electrical nerve stimulation (TENS).
Ensuring that the patient is well-connected to Hematology and that they are aware
of the pain episode is crucial.

Referral: When and to Whom?

Patients with SCD should have a team approach to their care — including their pedia-
trician, hematologist, orthopedist (for AVN and osteomyelitis if those arise), social
worker, perhaps a pain specialist, and others engaged in their health and well-being.
In this patient’s case, an orthopedic surgeon is not the person to manage his acute
back pain — the pediatrician and hematologist are best for that. If there is pain that is
related to fracture, spine deformity (e.g., kyphosis from fracture), infection, or AVN
(particularly of the femoral heads or of the spine leading to deformity), an orthopedic
surgeon should be involved in the assessment and plan development for the patient.

Key Features and Pearls

 Patients with sickle cell disease should be under the care of a hematologist
for their baseline management of SCD.

 In the setting of acute-onset back pain, asking a history inclusive of recent
transfusion is critical to make sure a delayed hemolytic transfusion reac-
tion is not missed.



206 N. E. Greene et al.

» Laboratory evaluation may be helpful to decide between a vaso-occlusive
crises (low-grade fever, mildly elevated ESR and CRP) and infection
(higher-grade fever, ESR and CRP elevated often above 40 mm/hr and
2 mg/dL — with VOC elevated usually only up to 6 mg/dL and infection can
increase much higher) — but frequently not able to discern between the two
with labs and temperature alone.

» Patients with SCD should be treated with a team approach to care for the
medical, pain, and social challenges that patients face.

Editor Discussion

In patients with sickle cell disease and back pain, the most difficult decision is to differenti-
ate a bone infarct from an infection. These two problems often have a similar presentation.
ESR can be falsely low because of the abnormal red blood cells. If the presentation is suspi-
cious for an infection, be sure to get blood cultures and consider an aspiration.

W.L. Hennrikus

Patients with SCD have a variety of explanations for back pain, including vaso-occlusive
episodes, osteomyelitis, hematomas after acute bone infarcts, a prodrome to ACS (acute
chest syndrome), and DHTRs (delayed hemolytic transfusion reaction). The most common
cause of back pain is micro-infarctions of the bone. DHTR can cause back pain following a
blood transfusion and in the case of DHTR, back pain can be misinterpreted for a vaso-
occlusive process and the subsequent delay in treatment can be fatal. Back pain accompa-
nied by fever should warrant a workup for osteomyelitis.
R.M. Schwend
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Chapter 17 )
A Teenage Boy with Back Pain
due to a Spontaneous Pneumothorax

Check for
updates

Matthew M. Brown and M. Alison Brooks

Brief Case Presentation
Chief Complaint

Back pain and dyspnea.

History

This 17-year-old male noted an acute onset of upper back pain the evening before
coming to the clinic. He initially attributed this to lifting some large items earlier in
the day. He noted pain which initially felt like a muscle spasm in his upper back and
progressed to include unilateral shoulder, neck, and chest pain associated with
shortness of breath throughout the evening. He noted a positional nature to his pain,
hurting more while lying on his right side or when lying flat on his back with his
neck extended while in bed at night. He took NSAIDs, but this did not help his
symptoms, and so he went to his primary care physician’s office the next morning.

His past medical and surgical histories were otherwise unremarkable without
back/neck or shoulder pain or chronic lung disease such as asthma. Other than
NSAIDs, he was on no other medications. Family history was remarkable only for
his mother with asthma. He lives with both of his parents. He does not smoke ciga-
rettes; however, he did smoke marijuana the day before. He does not use marijuana
or other drugs or alcohol regularly.

M. M. Brown - M. A. Brooks (<)

Department of Orthopedics & Rehabilitation, University of Wisconsin—-Madison School of
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Physical Exam

BP 122/66 | Pulse 86 | Temp 97.9F | Ht 6’0" (1.83 m) | Wt 155 1b. (70.49 kg) | BMI
21.1 1 SpO2 98% RA | RR 16/min. He is well-appearing, in no distress. Neck and
upper thoracic spine with normal ROM; pain free to palpation and ROM. No chest
wall deformities or asymmetries. Lungs are clear on the left, diminished breath
sounds on the right, primarily at the base and laterally. No wheezes or rales. Heart
with a regular rate and rhythm, normal S1 and S2 without murmurs, clicks, gallops,
or rubs. Lower extremities are normal. Screening neurological exam is normal.

Imaging and Radiographic Studies (Figs. 17.1 and 17.2)

Fig. 17.1 AP chest radiograph. Notice the absence of lung markings at the periphery on the right
in comparison to the left (white arrows) as well as the minimal leftward deviation of the mediasti-
num (yellow arrows). There are also subtle lucencies at the right apex suggesting blebs
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Fig. 17.2 CT scan demonstrating persistent pneumothorax as well as apical blebs (yellow arrow)
which were later resected surgically due to pneumothorax recurrence

Questions About the Case the Reader Should Consider

1.

2.

(O8]

Back or neck pain is not typically associated with shortness of breath. What is
the reason for his dyspnea?

Pneumothoraces can occur as the result of trauma or can occur spontaneously.
What are the risk factors for spontaneous pneumothorax?

How does a pneumothorax present and how is it diagnosed?

Small pneumothoraces can often be subtle on initial chest radiograph. What are
the key features?

What is the appropriate referral after discovering a pneumothorax and what are
important considerations?

What are possible initial treatments and what additional treatments are available
for complex or refractory cases?

Discussion

While musculoskeletal back pain symptoms could be aggravated by deep respira-
tion or cough, it would be unusual to be associated with true dyspnea or exercise
intolerance. The presence of subjective shortness of breath should prompt further
investigation into other causes or coexisting conditions involving the cardiorespira-
tory systems such as pneumothorax.
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Short Differential Diagnosis
e Pulmonary embolism

e Pneumothorax

e Asthma exacerbation

e Pleural effusion

e Pericarditis

e Pleurodynia

e Pneumonia

Spontaneous pneumothorax is a relatively uncommon condition in which air is
able to enter the pleural space without traumatic or iatrogenic cause, reducing the
negative pressure which keeps the lung inflated [1]. It occurs at a rate of approxi-
mately 2.6-3.4 per 100,000 individuals ages 0—17 years, with a predominance in
males (approximately 4-9:1) with a mean age range of 13.3-16.5 years when seen
in children [1-3]. Those most commonly affected are between 15 and 22 years of
age, but there is a bimodal distribution with increased rates also seen in older adults
[2]. Furthermore, there does not seem to be a predominance by race [1]. While not
definitive, it is believed that the development of spontaneous pneumothorax is
related to the formation of subpleural blebs/bullae as the result of connective tissue
changes which then leak air into the pleural space [1].

Spontaneous pneumothoraces are classified as primary or secondary. Primary
pneumothoraces occur in those without any known lung disease [1]. Secondary
pneumothoraces occur as the result of chronic lung diseases such as asthma, cystic
fibrosis, or disorders affecting connective tissue. Asthma is the most common pre-
disposing cause of pediatric pneumothorax; 16-47% of those with spontaneous
pneumothorax have asthma [1]. It is believed that this relates to the chronic inflam-
mation associated with asthma. Primary spontaneous pneumothorax tends to occur
in tall, thin males, and there is suggestion that growth velocity may play a role in
those who develop spontaneous pneumothorax [4]. There may be a genetic predilec-
tion for spontaneous pneumothorax, particularly for those with inherited conditions
such as Marfan syndrome, alpha-1 antitrypsin deficiency, homocystinuria, or Birt-
Hogg-Dube syndrome [1, 5, 6]. While adult smokers have higher risk of spontane-
ous pneumothorax (relative risk 22 for males and 9 for females), this risk is less for
adolescents, suggesting a dose-response relationship [1]. Use of marijuana in con-
junction with tobacco may increase the risk of primary pneumothorax; however,
case-control studies have failed to show an isolated effect despite concerns about
the deeper inhalation and Valsalva maneuvers often associated with marijuana
use [7].

Onset of symptoms may occur at rest but also can be caused by Valsalva associ-
ated with lifting. Common symptoms are persistent dull or pleuritic chest or back
pain/tightness, cough, and/or shortness of breath [1, 3]. Isolated back pain would be
an unusual presentation. Typically symptoms are accompanied by diminished
breath sounds, tachypnea, tachycardia, and hyper-resonant percussion although
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these are dependent on the pneumothorax size with small pneumothoraces having
normal exam and vital signs [1]. Diagnosis of primary pneumothorax can be delayed
due to the nature of slowly improving symptoms, and as such pneumothoraces may
be noted in relatively asymptomatic patients who had imaging performed for other
reasons. In a Japanese observational study, asymptomatic pneumothoraces were
seen in 0.042% of patients who had chest radiographs performed as part of an
annual physical examination [4].

Diagnosis of spontaneous pneumothorax is made with chest radiography.
Sensitivity can vary based on severity of the pneumothorax; however, it has been
reported to be about 40% with a specificity of 99% [8]. Key findings include absence
of lung markings at the periphery of the thorax, but there may also be thoracic
enlargement on the affected side as well as mediastinal displacement away from the
affected side. Expiratory and lateral decubitus views may make small pneumotho-
races more apparent via increasing the relative density of the lung and allowing
gravity to pull the collapsed lung away from the chest wall; however, these have not
been shown to improve diagnostic accuracy [9, 10]. Bedside ultrasound may also be
utilized with 79% sensitivity and 98% specificity, particularly in critical care and
emergency settings where it is more readily available [8]. CT scan can increase
sensitivity for detecting small pneumothoraces in cases of high suspicion and can
additionally better identify subpleural blebs that may impact management deci-
sions. However, CT scans have 68 times the effective radiation dose of a chest radio-
graph, and therefore the decision to obtain advanced imaging should be made in
conjunction with consulting cardiothoracic surgeons after considering the associ-
ated risks and benefits [1, 3].

Those identified to have a primary spontaneous pneumothorax require evaluation
and monitoring for increasing size or worsening clinical status over subsequent
hours, preferably in the emergency department or inpatient unit. A child with a
small, minimally symptomatic pneumothorax that does not progress and who has
ready access to emergency care should symptoms worsen can be discharged with
close outpatient follow-up within 12—72 hours for repeat imaging and examination
assessing for interval improvement [11]. Those who progress or those with a large
pneumothorax or a symptomatic secondary pneumothorax require admission for
management [1, 5, 6, 11, 12]. A small proportion (6.6%) of patients will present
with a tension pneumothorax which is characterized by severe respiratory distress,
hypoxia, and hemodynamic instability with possible tracheal deviation [1, 12]. This
is a medical emergency diagnosed clinically that requires needle decompression
immediately [5, 12].

Initial treatment for pneumothorax is often observation alone with cardiorespira-
tory monitoring and serial chest radiographs, although resolution can be sped up
two- to fourfold with the continuous use of 100% high-flow oxygen via mask [1].
Small pneumothoraces with mild symptoms respond to noninvasive interventions
[1]. The American College of Chest Physicians defines a small pneumothorax as
<3 cm of intrapleural distance at the apex on upright chest radiograph, while the
British Thoracic Society defines a small pneumothorax as <2 cm intrapleural dis-
tance at the level of the hilum [6, 11, 12]. There are many other methods of
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estimating size including Light, Rhea, and Collins methods, although they may
underestimate size and there is often disagreement in classification between meth-
ods [1, 6]. For larger pneumothoraces or those that do not improve with observation
alone, simple needle aspiration, pleural catheters, or chest tubes can be used. Simple
aspiration results in recurrence in as many as 60% of pediatric cases [13]. Outpatient
management can be considered in stable inpatients following placement of a pleural
catheter with one-way Heimlich valve [5, 6, 11, 12].

In this case, the boy was noted to have a large right-sided pneumothorax. Initial
therapy was conservative, with clinical monitoring and serial chest radiographs
while on 100% high-flow oxygen via a non-rebreather mask. Unfortunately, after
this failed to improve his symptoms, a pleural catheter was placed which led to
improvement and resolution of his symptoms over the next 2 days. The catheter was
then removed and he was discharged to home. One month later he had a recurrence
of symptoms and was readmitted. He ultimately underwent surgical blebectomy and
mechanical pleurodesis via a video-assisted thoracoscopic surgery (VATS) without
further recurrence.

How to Approach the Case

Back pain should not be associated with dyspnea or exercise intolerance, which
should lead to suspicion of cardiopulmonary causes. Careful history, physical
examination, and chest radiographs are essential to diagnosis. Advanced imaging is
typically only considered when deciding on treatment options and often is not nec-
essary at all. Be aware of tension physiology which requires immediate intervention
before imaging.

Final Diagnosis

Primary spontaneous pneumothorax.

Natural History and Treatment Considerations

Recurrence rates following cases of primary spontaneous pneumothorax are typi-
cally around 20% but range from 16% to 61%. Recurrence is more common for
younger, taller patients and typically occurs within 4 years [1-3]. Those who have
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recurrent symptoms can be considered for surgical intervention in the form of VATS
with stapling of blebs, which are found in 90% of cases, and/or mechanical or
chemical pleurodesis [1, 5, 6, 11, 12].

Referral — Emergency, Urgent, or Routine: And to Whom?

Primary spontaneous pneumothoraces need emergency department evaluation due
to risk of cardiorespiratory compromise, but can be managed by emergency physi-
cians and generalists in the inpatient or outpatient environment after proper evalua-
tion. Referral to a surgeon for operative management should be made for a recurrence
with second ipsilateral pneumothorax, first contralateral pneumothorax, bilateral
pneumothorax, spontaneous hemopneumothorax, failure of lung expansion, or per-
sistent air leak for >48 hours despite chest tube/pleural drain placement [5, 6, 12].
Given higher rates of recurrence in nonoperative versus operative management,
some advocate shared decision-making about more aggressive management at ini-
tial presentation, particularly for those at higher risk of recurrence or complications
such as frequent divers or air travelers [3, 5, 12, 13].

Indications for Surgical Referral [5, 6, 12]

* Second ipsilateral pneumothorax

 First contralateral pneumothorax

 Bilateral pneumothorax

* Spontaneous hemopneumothorax

* Failure of lung expansion or persistent air leak >48 hours despite chest
tube/catheter

» Secondary pneumothorax or high likelihood of recurrence

* High-risk patient (divers, frequent air travelers, pregnant women)

* Patient preference

Brief Summary

Back pain can be caused by a number of non-musculoskeletal causes including
pneumothorax. When pain is accompanied with other symptoms such as dyspnea,
other causes should be considered. Spontaneous pneumothorax presents most com-
monly in tall, thin adolescent males and is characterized by pain and dyspnea. In
addition to history and physical examination, diagnosis is made with plain
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radiographs which demonstrate the absence of lung markings at the periphery of the
thorax. Management is determined by the specific clinical picture, but treatments
can span from close observation in a controlled setting to invasive surgery.

Key Features and Pearls

e Back pain should not be associated with pulmonary symptoms such as
dyspnea which necessitates further workup.

* Spontaneous pneumothorax is diagnosed with history, physical examina-
tion, and chest radiograph and typically is managed initially by observa-
tion or pleural catheter placement.

* Clinicians should be aware of tension pneumothorax in those with signifi-
cant respiratory features and hemodynamic compromise. Decompression
treatment with a large bore needle in the 2nd intercostal space at the mid-
clavicular line should not be delayed by further workup in those with
appropriate clinical features.

Editor Discussion

All back pain does not stem from the spine. Although many cases of spontaneous pneumo-
thorax will present with chest pain and dyspnea, some cases, as in this case, present with
back pain. Consider this diagnosis in tall, thin high school athletes with atraumatic sudden-
onset thoracic back pain that occurs at rest. Spontaneous rupture of a sub-pleural bleb
allows air to leak into the pleural space causing pain. A chest x-ray is the key diagnostic test
and an emergency room evaluation is prudent.

W.L. Hennrikus

As is true with so many conditions, not thinking about the diagnosis is one of the most com-
mon pitfalls, especially when it comes to conditions related to the back. This case illustrates
how a properly done history and physical examination can lead to the chest as the source of
the problem and not the spine. Everyone should be facile with a stethoscope. If you suspect
a spontaneous pneumothorax, make sure to either look at the chest radiograph yourself or
communicate to the radiologist what you suspect so there is no chance of missing the diag-
nosis. Since CT scanning involves such a much larger dose of radiation (5-10 mSv com-
pared to 0.1 mSv for chest film and 3.0 mSv/year background radiation), following the
principles of ALARA (as low as reasonably achievable), CT is more of an elective proce-
dure, so the parents should have shared decision-making when CT is recommended.
R.M. Schwend
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Chapter 18 )
Back Pain Associated with Discitis
in a 5-Year-Old Boy

Check for
updates

James F. Mooney IIT and Robert F. Murphy

Brief Case Presentation

Chief Complaint

A 5-year-old boy with a history of abdominal pain and limp for 3 weeks.

History

The patient is a 5-year-old otherwise healthy boy who presents to his primary care
physician with an approximately 3-week history of vague back and abdominal pain,
lethargy, and limp. He has had no other recent illnesses, no weight loss, and no
nausea or vomiting. He has no medical allergies and takes no medications. There is
no history of trauma or injury. His parents report a progressive decrease in his oral
intake over the past few weeks, but his voiding patterns are generally unchanged. He
has been seen twice in a local urgent care facility without any specific diagnosis
being made. The only treatment recommended was symptomatic use of anti-
inflammatories and activity limitations. To date, no laboratory tests or imaging stud-
ies have been performed.

J. F. Mooney III (P<)
Shriners Hospital for Children — Springfield, Springfield, MA, USA

R. E. Murphy
Department of Orthopaedics and Physical Medicine, Medical University of South Carolina,
Charleston, SC, USA
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Physical Examination

He is developmentally normal. His height, weight, and BMI are all at approximately
the 50th percentile for age. He is afebrile and does not appear to be clinically ill. He
stands with mild flexion at the hips and knees. His gait is slow and appears a little
unsteady. He has full passive range of motion of the hips, knees, and ankles when
examined in a supine position. There are no abnormalities on his neurologic exami-
nation. He has no skin changes or lesions over his spine or lower extremities.
Abdominal exam reveals normal bowel sounds, and there is no tenderness on palpa-
tion. Examination of his spine when upright shows some loss of lumbar lordosis and
moderate midline tenderness to palpation over the lumbar spine. There is no evi-
dence of scoliosis, but he has limitation on lumbar flexion/extension due to apparent
discomfort. He refuses to touch his toes when encouraged. Gower’s sign is abnor-
mally present, and the physician currently examining the patient documented that it
was not present at a well-child visit 6 months earlier.

Questions About the Case the Reader Should Consider

1. What is the reason for back tenderness and pain with movement?
What is Gower’s sign and why is this sign positive?

Why can’t he touch his toes?

What is the next diagnostic test to consider?

What is the appropriate referral?

Nk e

Discussion

While complaints of back pain are not uncommon in children, persistence of such
complaints, particularly in combination with other physical findings, may be a sign
of significant underlying pathology. Back pain that limits activity and is associated
with abnormal findings on physical exam, including limp or abdominal complaints,
is a cause for concern [1]. In this patient, it is important to note any evidence of
tenderness to palpation, as well as limitations of extremity and/or spinal range of
motion. The presence of a Gower’s sign, which was documented as absent previ-
ously, has been associated with specific types of spinal abnormalities in pediatric
patients [2]. In this case flexion or extension of the spine may indicate a disease
process in the disc, which receives pressure when the spine moves. Likewise, to
arise from the floor requires spine motion, which could cause pain in an inflamed
disc area.

At this point, based solely on the clinical picture, the primary care clinician
should be concerned that there is some level of underlying pathology. Further evalu-
ations utilizing both laboratory and radiographic studies are indicated. The fact that
this has been a long-standing, non-progressive problem should indicate that, while
additional evaluation should be performed expeditiously, it is not necessarily a med-
ical emergency.



18  Back Pain Associated with Discitis in a 5-Year-Old Boy 221

An appropriate evaluation includes serological/hematological studies consisting
of a complete blood count (CBC) with differential, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) and a blood culture. In light of positive
Gower’s sign, a serum creatine phosphokinase (CPK) assay may be appropriate as
well. Baseline radiographic studies should be obtained, and these should include
full-length upright PA (posterior-anterior) and lateral radiographs of the thoracic,
lumbar, and sacral spine. More complex imaging, such as MRI, CT, or radionucleo-
tide scans, should not be the initial modes of radiographic evaluation.

Laboratory results demonstrate moderate elevations of both the ESR and CRP,
and the CPK level is normal. The results of the spinal radiographs (Fig. 18.1) are
reviewed with a radiologist. The PA image shows no apparent abnormalities.
However, there is evidence of irregularity and narrowing of the L1/L.2 disc space on
the lateral radiograph.

Based on the results of these studies, referral to an orthopedic surgeon with pedi-
atric subspecialty training is indicated. Information regarding the laboratory and
radiographic studies, along with copies of all imaging, should be sent either with the
patient or preferably directly to the specialist for review. Advanced imaging should
be ordered at the discretion of the consultant physician.

After complete clinical evaluation by the pediatric orthopedic surgeon, a mag-
netic resonance imaging (MRI) study of the area without contrast is obtained. Due
to the child’s young age, the MRI also required a general anesthetic. These images

Fig. 18.1 (a) Postero-anterior radiograph of the thoracic and lumbar spine. (b) Lateral radiograph
of the thoracic and lumbar spine demonstrating vertebral endplate irregularities at L1-L2. These
changes are consistent with a diagnosis of discitis
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Fig. 18.2 (a) Sagittal T2 MR imaging. Note the signal change present within the L1-L2 disc
space. (b) Sagittal T1 MR imaging. Note extensive signal changes involving not only the L1-L2
disc but also the adjacent vertebral bodies

(Fig. 18.2) further demonstrate abnormalities of the L1/L2 disc, as well as signal
change within the L1 vertebral body. The combination of clinical, radiographic, and
laboratory findings is felt to be consistent with a diagnosis of a disc space infection
(discitis, also termed spondylo-discitis since the adjacent vertebrae are frequently
involved). The patient is admitted to the hospital briefly and started on IV antibiotics
that are broad spectrum and cover Staphylococcus aureus. On the third day, the
blood culture grew Staphylococcus aureus. A thoraco-lumbar orthosis is recom-
mended for comfort when the patient is upright during the day. He was transitioned
to oral antibiotics once responsiveness to antibiotic therapy is demonstrated by an
increased level of activity, decreased back discomfort, and the CRP returning to
normal. The symptoms gradually resolved, and he returned to full baseline function
and activity. The oral antibiotics were stopped once the ESR returned to normal.

How to Approach the Case

Always be suspicious of back pain in a young child. Stiffness is a red flag. A careful
history, physical examination, and review of the plain radiographs are the essential
first three aspects of making an accurate diagnosis. In this case, the blood culture
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was very helpful. The MRI confirmed the diagnosis but also required a general
anesthetic due to the child’s young age.

L]
Red Flags for Back Pain, Stiffness, and a Limp in a 5-Year-Old

e Opverall stiffness and caution with walking

* Inability to touch his toes

* Loss of lumbar lordosis

e Irregularity and narrowing of the L1-L2 disc space on the lateral x-ray
e Tenderness of the lumbar spine

Short Differential Diagnosis

e Infection

e Tumor — osteoid osteoma, osteoblastoma, ABC, malignant bone tumor,
tumors of the neural elements, metastatic tumor

* Fracture — traumatic spondylolysis

Final Diagnosis

Discitis L1-L2 disk

Natural History and Treatment Considerations:
Pediatric Discitis

Discitis in children accounts for approximately 2% of all pediatric musculoskeletal
infections [3, 4]. The exact etiology of discitis remains unclear, as there has tradi-
tionally been controversy as to whether this is truly an infection or simply an inflam-
matory process. In addition, questions remain regarding the primary site (disc space
or vertebral endplate) of the primary pathologic process [5].

A pediatric patient with discitis will often present with non-specific com-
plaints, and these may include intermittent back and/or abdominal pain, altera-
tions in gait or limping, and limited spinal or truncal range of motion. Patients are
often afebrile and rarely appear toxic or systemically ill. The non-specific nature
of the child’s complaints and physical findings often leads to a delay in diagnosis.
One study reported an average delay of 42 days to final diagnosis [3], although a
more recent study showed an average delay of 22 days from onset of symptoms to
diagnosis [4].
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Laboratory findings in patients with possible discitis are similarly non-specific.
While the ESR may be elevated in up to 80-90% of patients [5], other studies have
demonstrated elevated ESR and CRP values in less than 20% of patients [4]. The
WBC is generally normal to slightly elevated. Blood cultures are rarely positive.

The lumbar spine is the most common area involved in children with discitis.
Plain radiographic findings include irregularity of the disc space and loss of intra-
discal height compared to adjacent levels. These changes may not be evident on
standard roentgenograms for 2-3 weeks after the onset of symptoms. MRI is the
most sensitive study for demonstrating changes within the disc and adjacent verte-
bral bodies and is the diagnostic method of choice at this time [5].

In most cases, antibiotics are the initial treatment of choice for pediatric patients
with a presumed diagnosis of discitis. Antibiotic therapy generally targets
Staphylococcus aureus, as in those patients with a positive bacteriological diagnosis,
either from blood culture or biopsy, Staphylococcus aureus is the most common
organism identified [5]. Historically, treatment has been primarily empirical, as most
patients have negative blood cultures, and at this time most do not undergo biopsy.
There is some recent evidence, however, that highlights the use of modern bacterial
identification techniques in this patient population. Utilizing polymerase chain reac-
tion (PCR) assays in patients with discitis, multiple authors have reported an increas-
ing ability to diagnose organisms, particularly Kingella kingae. This organism appears
to be associated with a large percentage of the pediatric discitis diagnosed in patients
less than 4 years of age [6-8]. How the availability of this technology will affect the
principles of medical management of discitis in the future is unclear at this time.

Antibiotic therapy for pediatric discitis generally consists of intravenous delivery
for a period of time, followed by oral dosing. There is no formally recommended
timeline for mode of treatment, and the length of intravenous versus oral therapy
may vary widely. At this time, recommendations for biopsy are limited to those
patients who do not show symptomatic improvement with intravenous anti-
staphylococcal therapy, and in these cases may lead to changes in antibiotics based
on the results of local tissue cultures. In some cases, a removable spinal orthosis
may be recommended as part of the treatment program. The biomechanical benefit
of a brace or external support is uncertain, and the brace may function primarily to
limit activity and painful motion.

There is minimal long-term follow-up of pediatric patients with discitis, with
little evidence of any functional sequelae [9, 10]. Disc space narrowing that is pres-
ent on plain radiographs and MRI during the phases of diagnosis and treatment may
progress to spontaneous fusion (Fig. 18.3) in some patients, but the true incidence
and possible consequences of this as an adult are unknown.

Referral — Emergency, Urgent, or Routine: And to Whom?

Discitis is an urgent referral to an orthopedic surgeon or a pediatric orthopedic sur-
geon depending on the availability of a pediatric orthopedic surgeon in your
community.
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Fig. 18.3 Lateral
radiograph demonstrating
early spontaneous
interbody fusion
associated with

discitis in a

pediatric patient

Brief Summary

Back pain in children is not rare, but discomfort that is persistent and associated
with a diagnosed abnormality is unusual. Discitis, most frequently involving the
lumbar spine, is an unusual cause of such discomfort. Due to its relative rarity, and
non-specific presentation, the diagnosis of discitis is often delayed. Management
generally consists of antibiotic therapy, and external immobilization and/or activity
limitations may be indicated for some patients. Long-term sequela is not well
described.

Key Features and Pearls

* Asin this case, discitis can often present without a fever.

* The MRI is indicated if uncertainty exists and is confirmatory.

* Don’t forget to get a blood culture.

* Biopsy is rarely needed.

* In addition to a pediatric orthopedic surgeon, a pediatric ID specialist is
another helpful consultant if available in your community.
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Editor Discussion

The presentation of discitis can be obscure and result in a delayed diagnosis. The young
child may complain of more belly pain than back pain. Discitis is one cause of refusal to
walk in a young child.

W.L. Hennrikus

Discitis presents in a different manner in the young child compared to the adolescent. An
adolescent is typically able to localize the pain to the spine. Despite this, even in the adoles-
cent the diagnosis may be delayed since pain and stiffness are so often considered to be
such common symptoms and signs. Discitis is even more difficult to diagnose in the young
child since they may not complain of back pain. Abdominal pain, difficulty walking or
limping, stiffness, and hip pain may lead to family and physician to believe that the problem
is coming from a different source. Spine radiographs obtained early in the course can also
be distracting since they are typically normal. The key to diagnosing discitis is to keep an
open mind about the possibility and not be fooled by “negative spine radiographs.” A child
who appears stiff and guarding or walks in a stiff manner should be evaluated for discitis if
another diagnosis is not determined.
R.M. Schwend
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Chapter 19
Case of Limping — A Symptom
of Spondylodiscitis in the Toddler

Jefferson W. Jex

Brief Case Presentation
Chief Complaint

A 3—4 week history of limp

History

This 2-year-old girl had been limping with a waddling gait for 3—4 weeks. She has
been afebrile. The past several days she has stopped walking and prefers to crawl.
She does not even tolerate sitting in chair and has been unable to stand from seated
position. She has not gained weight over the last 3 months. On physical examina-
tion, she is afebrile and thin and has a nontoxic appearance. There are no bruises.
Her hips have minimal pain with range of motion. She is able to walk but with a
waddling/listing gait, and she will not bend to pick up an object off the floor.
Laboratory values show ESR-43 mm/min, CRP 2.7, and WBC-14,300/mm3. AP
pelvis (see Fig. 19.1), bilateral femur, and tib-fib radiographs are normal. Rheumatoid
factor and antinuclear antibody (ANA) labs were negative.

She was diagnosed with hip transient synovitis and treated with NSAIDs. Two
days later, her mother reported that she was 25-50% improved. A sedated MRI of
bilateral hips was obtained the next day, which revealed spondylodiscitis at the L4
L5 level (see Fig. 19.2). She was admitted for IV antibiotics, and lumbar spine
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Fig. 19.1 AP pelvis
radiograph. Hips appear
normal and there is no
deformity of
lumbosacral spine

Fig. 19.2 MRI bilateral hips reveals no pathology related to the hips or pelvis. L4 and L5 show
increased T2 signal and loss of L4/5 disk height consistent with spondylodiscitis



19 Case of Limping — A Symptom of Spondylodiscitis in the Toddler 229

Fig. 19.3 AP/lateral lumbar spine radiographs. Decreased disk space between L4 and LS5 is noted
(arrow). Note the loss of lumbar lordosis, which is common with spine pathology

radiographs were obtained (see Fig. 19.3). She improved clinically, and an MRI was
ordered to evaluate response to treatment (see Fig. 19.4).

Imaging and Radiographic Studies (Figs. 19.1, 19.2, 19.3,
and 19.4)

Questions About the Case the Reader Should Consider

1. What is the differential diagnosis of a pediatric limp?

2. What is the benefit of examination of a joint above and below the suspected
diagnosis?

How could no weight gain for 3 months in a 2 year old be explained?

4. What are indications for repeat MRI lumbar spine during treatment?

(O8]
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Fig. 19.4 Follow-up MRI
of the lumbar spine shows
persistent T2 signal and
disk changes (arrow)
despite clinical
improvement on
antibiotics. An MRI to
evaluate response to
treatment is not indicated
in patients who are
improving clinically. T2
changes of the involved
vertebrae persist beyond
resolution of the infection

Discussion

Spondylodiscitis, which is often referred to as discitis, is an uncommon cause of
back pain in children. Young children with discitis do not always complain of pain,
although older children may. The insidious onset coupled with its rarity often leads
to a delay in the correct diagnosis. Many children present without a complaint of
back pain. Often, they refuse to walk or do not tolerate upright sitting in a chair.
Approximately 50% will present with back pain, but this is more typical in older
children. A loss of lumbar lordosis may be noted [1]. Children may have a prodro-
mal illness [2] yet be afebrile, and inflammatory markers may not be elevated early
in the illness. The only finding that the parent notices may be a limp. Children with
discitis will typically list to the side to avoid motion of the back. They may be hesi-
tant to pick something off the floor, or need to bend the knees and hips to do so on
the floor (AKA, the coin sign, a sign of back stiffness). Since the spine infection can
be associated with abdominal symptoms in young children and creates a large sys-
temic load, generalized malaise, loss of appetite, and failure to thrive may occur. In
this case, the differential diagnosis in a young child who is refusing to walk includes
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hip pathology such as septic hip arthritis, transient synovitis, osteomyelitis, or myo-
sitis. Other diagnoses to consider include tumor such as leukemia spine tumor,
intra-abdominal etiology, or JIA. Trauma, including child abuse, should always be
considered in a young child who refuses to walk.

Plain radiographs should be done and include the joints above and below the area
of concern. In this case, a lateral radiograph of the lumbar spine would have shown
the loss of disc height, even though transient synovitis was the suspected diagnosis.
Radiographs may show decreased disk height; an MRI will show inflammation
about the disc with or without involvement of the vertebral body. Blood culture and
disk aspiration may yield a culture; however, many are negative. The vertebral
apophyseal ring with its associated vasculature is similar to the metaphysis of long
bones. The vessels that traverse these endplates disappear by age 7 years [3].

If there are no neurologic symptoms, presumptive treatment with an antistaphy-
lococcal antibiotic is indicated. The response to antibiotics should be clinically
apparent. For patients with continued or worsening symptoms, a repeat MRI is indi-
cated to determine if there is an abscess to be drained or if amount of involvement
is increasing. In this case, there was no indication for additional advanced imaging
in a patient who was responding to antibiotics, especially since an MRI examination
in a 2 years old requires anesthesia sedation.

Historically, patients were often treated with immobilization and no antibiotics
[3, 4]. Antibiotic treatment with or without bracing has been shown to decrease the
duration of symptoms and risk for recurrence [5]. A brace may be used for comfort.

Some have described reconstitution of vertebral defects and reconstitution of the
disc height; however, most reports indicate that intervertebral fibrosis with eventual
fusion is common.

How to Approach the Case

Always be concerned about spine stiffness in a toddler. Most children with discitis
are not overtly sick. Findings may be subtle. Very often the child with discitis is first
diagnosed with transient synovitis of the hip, since that is much more common. The
psoas muscle may be irritated in lumbar discitis, causing some discomfort and
guarding with passive hip range of motion. An ultrasound examination of the hips
will indicate that the pathology is elsewhere. Obtain plain radiographs of the spine
to further evaluate the stiff spine in a toddler. However, the initial radiograph may
appear normal or only show some flattening of the normal lumbar lordosis or mild
scoliosis. If suspicion persists despite negative radiographs, obtain an MRI of the
spine. As a general principle, when an MRI of the spine is ordered in a young child,
talk with the radiologists first, since a screening MRI can often be obtained with
fewer sequences that require less time under anesthesia and without IV contrast.
Generally, when ordered for a child, an MRI is done of the entire cervical to
sacral spine.
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Red Flags for Discitis

Younger child usually <5 years old, often a toddler
Does not localize to hip/leg/back

Has stopped walking or has listing gait

Neural symptoms

Neurological findings

Loss of lumbar lordosis

Does not tolerate sitting

Stiff spine

Short Differential Diagnosis

Infection — Whenever tumor is suspected, always suspect infection.

Spine tuberculosis — It may occur in immigrant children. It more typically
involves collapse of the vertebra and may involve several vertebral, leading
to kyphosis and late myelopathy.

Osteoid osteoma — These lesions are also painful at night, but are <1 cm in
diameter and not typically associated with neurological signs.
Osteoblastoma — Night pain, usually >2 cm in diameter, and as such can
have associated neural symptoms and pain. It is often seen in the spine,
typically in the posterior elements.

Appendicitis — These children may appear to have abdominal pain and
pain with back and hip motion.

Langerhans cell histiocytosis — It can cause vertebra plana (flattened verte-
bra body) which can be confused with infection. Vertebra plana has several
possible causes including tumor, as well as infection.

Other infection — Hip infection, psoas abscess, septic knee, and Lyme dis-
ease can present with similar symptoms. These children generally appear
less well.

Final Diagnosis

L4/L5 discitis

Natural History and Treatment Considerations

Making the correct and timely diagnosis is the key for this case. Look for the subtle
clues that an insidious process is affecting the spine in a patient who cannot localize
the pain. IV antibiotic treatment, typically without immobilization, will lead to
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resolution. Repeat MRI is indicated for patients who have persistent symptoms or
develop neurologic findings. Long term, children recover well with no residual
symptoms. However, warn the parents that the disc space may be narrow or even
fused. Similar to a congenital fusion of a single level, long term there are minimal if
any symptoms.

Referral — Emergency, Urgent, or Routine: And to Whom?

Patients with radiographic or MRI findings of discitis should be admitted to pediat-
rics for IV antibiotic therapy. If there are neurologic findings such as objective
weakness or bowel or bladder symptoms, urgent consultation with pediatric spine
specialists is necessary.

Brief Summary

Toddlers have difficulty in communicating the location of discomfort. Children who
limp and have a stiff spine should be evaluated with plain spine radiographs.
Laboratory tests may be normal, with the exception of ESR and CRP. Typically,
there is a delay of 2—-3 weeks between the onset of symptoms and a diagnosis of
spondylodiscitis. In the pre-antibiotic era, these were treated with immobilization
alone. Recent studies have shown faster resolution and reduced rates of recurrence
with I'V antibiotics. Long term, there is typically fibrosis of the disc and even verte-
bral fusion at the affected level.

Editor Discussion

Spine rigidity and lack of motion are key exam findings of a spine infection in a young
child. Some children will refuse to walk or walk bent over with their hands on their knees.
They may be reluctant to pick objects off the floor. Most cases are caused by MSSA; there-
fore, biopsy should be done selectively — most cases do not need a biopsy. Empirical treat-
ment with antibiotics for MSSA remains the standard of care. A biopsy is indicated if the
patient’s symptoms worsen while on antibiotics or an unusual organism is suspected.
Always get a blood culture during the initial workup. Keep treating with antibiotics until the
ESR returns to normal.
W.L. Hennrikus

Spondylodiscitis (also termed discitis) is frequently missed in toddler since the focus in a
limping child or one who refuses to walk is more typically on the hip. Early in the course of
discitis, the disc space is preserved on plain radiographs, and diagnosis needs to be con-
firmed by MRI examination, which requires anesthesia sedation in the young child. In late
cases, the plain radiograph can show loss of disc height. If there is minimal abscess or no
abscess, which is typically the case, surgical drainage is not necessary. Since the organism
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is usually staphylococcus aureus, biopsy of the lesion is not necessary, unless there is lack
of responsiveness to antibiotic therapy. For this 2-year-old girl responding to treatment, the
second MRI was not needed and was an additional sedation and expense.

R.M. Schwend
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Chapter 20
Delayed Osteomyelitis Diagnosis
and Treatment in a Teenager

Jesse Galina and Wojciech L. Czoch

Brief Case Presentation
Chief Complaint

Lumbar back pain

History

A 14-year-old boy presented for evaluation of chronic low back pain of approxi-
mately 1-year duration. The onset of pain was insidious without any known trauma.
Initially, the pain was described as sharp and localized to the lower back without
radiculopathy. He initially presented to his primary care physician and chiropractor
for evaluation. Some families and children use chiropractic for primary care [1]. He
underwent several months of chiropractic manipulation/treatment. Additionally, he
took occasional over-the-counter pain medications with some relief of his symp-
toms. His pain occurred at any time; however, approximately 1 year after initial
onset, he experienced an acute worsening of his symptoms while at school. He
described a sharp stabbing pain localized to his low back and sacrum. The severity
of the pain hindered his ability to walk and sleep. At that time, he presented to the
emergency department for evaluation. He received a radiograph and was given
NSAIDs for the pain. Not satisfied, he then presented to the primary care clinic.
History revealed no recent illnesses, fevers, chills, or night sweats. He noted exac-
erbating factors of rising from a seated or supine position, prolonged standing, or

J. Galina (>4) - W. L. Czoch
Pediatric Orthopaedics, Cohen Children’s Medical Center, New Hyde Park, NY, USA

© Springer Nature Switzerland AG 2021 235
R. M. Schwend, W. L. Hennrikus (eds.), Back Pain in the Young Child and
Adolescent, https://doi.org/10.1007/978-3-030-50758-9_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50758-9_20&domain=pdf
https://doi.org/10.1007/978-3-030-50758-9_20#DOI

236 J. Galina and W. L. Czoch

ambulating longer distances. Low back pain was rated as 8/10 in severity and con-
stant in nature. He related a “history of travel and cave exposure.” There was no
family history of back pain.

Physical Examination

He needed to be taken to the clinic on a stretcher. The vital signs were within normal
limits: height 175.3 cm, weight 74.4 kg, and BMI 26.7. He was awake, alert, and in
no acute distress, although he did appear generally uncomfortable. He did not
appear diaphoretic. Neurological exam was unremarkable. He exhibited full and
symmetric strength among all major upper and lower extremity muscle groups.
There was no limitation in range of spine motion, instability, or exacerbation of pain
with passive/active range of motion of all major joints. Reflexes were 2+ and sym-
metric. Sensation was fully intact throughout. Clinical alignment of the spine was
unremarkable. He ambulated with a normal and steady heel-to-toe gait bearing
equal weight across bilateral lower extremities.

Imaging and Radiographic Studies (Figs. 20.1, 20.2, and 20.3)

Questions About the Case the Reader Should Consider

What is the typical presentation of a child with vertebral osteomyelitis?

Is it normal that the patient was afebrile?

Are radiographs necessary and were the correct radiographs used?

How is vertebral osteomyelitis confirmed?

Were the lab results consistent with osteomyelitis?

When should antibiotic treatment begin? And for how long?

Are there any alternative treatments? Should surgery have been performed?
Was the postoperative course normal?

How do you know if treatment has failed? If failure occurs, what should the next
steps be?

e o

Discussion

Symptoms for vertebral osteomyelitis are noticeably broad. The most common
symptom is back pain; however, early examination can produce broad and nonfocal,
nonspecific pain. Largely for this reason, the diagnosis for osteomyelitis, especially
in children, is often delayed [2].

This boy began experiencing symptoms approximately 1 year prior to initial con-
sultation. Initially, his symptoms were mild and very nonspecific. As the disease



20 Delayed Osteomyelitis Diagnosis and Treatment in a Teenager

Fig. 20.1 Initial PA and lateral spine radiographs. These were taken to compare vertebral heights,
look for bone erosion/soft tissue damage, and check for idiopathic deformity and spondylolisthe-
sis. These were ruled out as the study was unremarkable. Therefore, the patient was indicated for
MRI evaluation. Review of these initial radiographs suggested that the .3 L4 disc space was narrow
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Fig. 20.2 Initial sagittal MRI images. There is moderate loss of intervertebral disc (*) height
between the 1.3 and L4 vertebra. Disc heights between the remainder of the vertebra are normal.
(a) Shows a STIR sequence with increased signal at L3 and upper part of L4. (b) Shows a decreased
T1 signal in the same locations. These are tell-tale signs of vertebral osteomyelitis. Osteomyelitis
should be confirmed using lab results

process progressed, the pain began to more reliably localize to the infected verte-
brae. Although osteomyelitis can affect any portion of the spine, the lower 5 lumbar
vertebrae are the most commonly affected [3]. Moreover, despite having an active
infection, he was consistently afebrile. Fever has been shown to be an inconsistent
measure of vertebral osteomyelitis [3]. Zimmerli speculated that one of the more
probable reasons for this was related to the use of analgesics/anti-inflammatories for
the back pain [4], which is consistent with this patient, who had been taking acet-
aminophen and NSAIDs intermittently for symptomatic improvement.

Therefore, the level of suspicion for osteomyelitis should remain high. Children
who present with progressive and unremitting back pain should be subjected to
further investigation and rigorous radiographic imaging. AP and lateral standing
spine radiographs should be used for initial evaluation of coronal or sagittal plane
deformity, loss of lumbar lordosis, disc space narrowing, vertebral body fracture, or
density changes.

However, radiographs are a screening tool and do not exclude the diagnosis. At
times, the presentation of osteomyelitis can be misrepresented as a compression
fracture [5]. For this reason, MRI is often used as the most sensitive technique for
identification of osteomyelitis, with a sensitivity of 97%, specificity of 93%, and
accuracy of 94% [6, 7]. MRI findings consistent with osteomyelitis are most
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Fig. 20.3 (a) Follow-up MRI 2 months postdiagnosis. Image shows T2 hyper intensity in the
L3-L4 vertebral bodies and the disc space between the two. When enhanced, a small edema can be
seen in the L4-L5 interspinous region. However, when compared to the initial MRI, there has been
marked improvement in T2 signal and inflammation of soft tissue. (b) Follow up MRI 1-year post-
diagnosis. There is still shortening of the disc between L3 and L4. Additionally, there are Schmorl’s
nodes present on the inferior endplate of L3 and some endplate of L4. The signal intensity for the
image is normal and no inflammation is noticeable, indicating recovery

commonly decreased signal intensity at the site of the infected vertebral body using
T1-weighted images. Additionally, disc and endplate hyperintensity can be seen on
T2 images. Later findings are consistent with disc space narrowing and bony ero-
sions. Carragee reviewed 103 patients who were diagnosed with osteomyelitis and
underwent MRI. The results of their study showed that 96% of patients were cor-
rectly diagnosed at or after 2 weeks of symptoms [8].

This boy had a normal appearing spine radiograph, although in retrospect the
L3-L4 disc space appeared slightly narrow. Given his persistent symptoms, a spine
MRI was ordered which revealed loss of L3-L4 disc height with a mild disc bulge
but no evidence of spinal stenosis. There was a low T1 signal at these levels, which
was associated to an endplate edema. The initial impression was highly suspicious
for discitis or vertebral osteomyelitis of pyogenic or tuberculosis origin. This was
significant given his history of travel, which should raise suspicion when evaluating
a patient with generally vague but progressive symptoms. Should tuberculosis be a
confirmed diagnosis, a chest radiograph and a complete TB workup should be
performed.
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Most cases are due to MSSA and are started on empiric antimicrobial therapy to
cover MSSA without obtaining a biopsy specimen and culture. Blood cultures and
serum studies are recommended. If an unusual organism is suspected or if the
patient’s symptoms worsen while on antibiotics, then an image-guided biopsy is
indicated.

If a biopsy is done, it is important to have a skilled surgeon or interventional
radiologist perform this step to minimize any complication risk. The biopsy and
resulting cultures will then be used to adjust antibiotic selection. Hallmark findings
of vertebral osteomyelitis are an elevated leukocyte levels, erythrocyte sedimenta-
tion rate (ESR), and C-reactive protein (CRP) [9].

Common microorganisms include Staphylococcus aureus and MRSA [10]. On
initial blood cultures for this patient, Streptococcus viridans was isolated in culture;
however, this was thought to be a contaminant. Because the finding did not match
the possible diagnosis, he underwent a biopsy which then confirmed MSSA positive
vertebral osteomyelitis and discitis.

He was started on a 6-week course of intravenous antibiotic treatment. At times,
organism-specific treatment may be more prolonged due to high virulence or resis-
tance [11]. This patient completed a 6-week course of clindamycin, and his pain
improved from 8/10 to 0/10 by the 4th week.

Although antibiotic therapy is the mainstay of treatment for vertebral osteomy-
elitis/discitis, there is a role for surgical intervention in selected cases. Surgery is
recommended for osteomyelitis patients if neurological deficits are present, distinct
encapsulated fluid collections are seen, and there is any evidence of spinal cord
compression or compromise, or in recurrent or resistant infection [11]. This patient
had an excellent response to medical management and did not display any neuro-
logic deficits or concerning lesions requiring surgical intervention.

For additional symptomatic improvement during therapy, soft rigid spinal braces
have been proposed. Generally, the braces are worn for comfort, when the patient is
out of bed to provide additional support and minimize low back motion. For severe
pain, bed rest can be used along with initial therapy and weaned as symptoms
improve.

According to clinical guidelines, medical treatment should be viewed as a failure
if neurological deficits appear or persist, laboratory studies show continued eleva-
tion of inflammatory markers, the patient’s clinical condition is noted to deteriorate,
or there is a recurrence of infection [11]. A multispecialty team including pediatrics,
orthopedics, radiology, and infectious disease doctors is often needed to treat
such a case.

How to Approach the Case

Anytime a pediatric patient arrives supine because of back pain, there should be a
high level of clinical suspicion for a serious condition. Additionally, pain character-
istics such as nighttime pain should be of particular concern for infections or tumors.
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If the pain is localized on presentation, this will allow for a more focused exami-
nation and radiographic evaluation. However, we recommend entire radiographic
spine evaluation if concern is high for infection. Initial screening radiographs will
be able to determine any structural damage such as a deformity, disk/vertebral
height loss, bone erosion, or spondylolisthesis. If they are unremarkable, advanced
imaging, such as MRI, may be indicated.

In all cases, CBC, ESR, CRP, and blood cultures should be obtained. Most cases
can be treated empirically for MSSA infection. If an unusual organism is suspected
or the patient fails to improve with IV antibiotics, then an image-guided biopsy is
indicated.

Surgical intervention may be warranted in cases of neurological deficits, spinal
cord compression/compromise, local vertebral body compromise and deformity,
unstable spine, epidural abscess, or failure to respond to appropriate antibiotic.
Surgery is accompanied by continued antimicrobial management.

L]
Red Flags for Back Pain with Osteomyelitis

» Severe back pain

* Fever

e Chills

» Rapid, unexpected weight loss

e Numbness

* Radiculopathy

* Spine stiffness (decreased ROM). Difficult to pick an object off the floor
» Fatigue

* Tenderness at infection site

Short Differential Diagnosis

e Herniated disc — these are associated with significant back pain and
radiculopathy

e Vertebral fracture — pain localized to one area

* Degenerative disc — associated with back pain, however generally in the
older population

» Spinal epidural abscess — signs include back pain, neurological limitations,
and fever

* Osteomyelitis — subtle, localized disc pain that worsens over time and with
movement. Neurological damage is possible, and MRI will show a low T1
signal intensity at the height of the infection. Blood work generally will
reveal elevated erythrocyte sedimentationrate and elevated C-reactive protein
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Final Diagnosis

L3-L4 vertebral osteomyelitis with spondylodiscitis

Natural History and Treatment Considerations

Back pain in adolescent patients should be a cause for concern. Because of the many
possible diagnoses, patients should be carefully examined for possible abnormal
symptoms that will allow for an early detection for vertebral osteomyelitis. Definitive
steps should be taken with clinical examination, radiographic imaging, and labora-
tory testing before prescribing a treatment. Clinical evaluation can be used to cast a
wide net over possible diagnoses; MRI and CT can be used for further indication.
Cultures should be used to confirm the diagnosis before treating with antibiotics.

Referral — Emergency, Urgent, or Routine: And to Whom?

Children with back pain that does not clearly fit into musculoskeletal strain/sprain
and poor posture, or is accompanied by constitutional symptoms, should be urgently
referred to a pediatric orthopedic spine surgeon. Following a careful history and
physical examination, further routine workup will be pursued (radiographs, blood
work, advanced imaging). In select cases, a biopsy may be indicated. In rare cases
in which neurological symptoms or deficits are present (weakness, numbness,
asymmetric reflexes, bowel/bladder dysfunction), patients should immediately be
seen for evaluation as evolving spinal cord compression/compromise could be
present.

Brief Summary

Although rare, vertebral osteomyelitis is an infection of the vertebra, usually involv-
ing the adjacent disk. Because adolescent back pain has a broad range of possible
diagnoses, it is imperative to determine the cause. As the infection progresses, pain
in the older child will often become more localized to a specific part of the spine. It
is important to remember that lumbar spine is the most common site of osteomyeli-
tis in children. A fever may be present; however, an afebrile patient may also have
osteomyelitis. While extremely rare, the patient may also present with neurological
compromise which requires immediate attention and surgical treatment. In sum-
mary, vertebral osteomyelitis highlights an interdepartmental diagnostic and treat-
ment approach, utilizing clinical examination, radiographs, advanced imaging,
blood studies, and medical (possibly surgical) intervention.
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Key Features and Pearls

* Spinal pain has the potential for many diagnoses. Possible diagnoses can
be herniated disc, vertebral fracture, a degenerative disk, or a tumor. For
this reason, treatment for osteomyelitis is generally delayed due to the
ambiguous symptoms. This delay is the most common for osteomyelitis
and is known for its subtlety. With time, pain can begin to localize to the
affected vertebrae.

* Vertebral osteomyelitis has similar symptoms to discitis and should be
kept in mind. These can be differentiated through different diagnostic tech-
niques. However, typically, vertebral osteomyelitis and discitis commonly
occur together when viewed on MRI.

* Fevers may be indicative of osteomyelitis but are not always present.
Advanced cases of osteomyelitis are at risk for neurological deficit, which
should be subject to immediate intervention.

» Initial radiographs are generally inconclusive, especially early in the
course. An MRI is then necessary to further examine the spine. Low T1—
T2-weighted image signals may show an abnormal disk. Bone biopsy can
be done to further confirm diagnosis. Laboratory blood work generally
shows elevated leukocyte levels, erythrocyte sedimentation rate, and the
presence of C-reactive protein.

Editor Discussion

Spine rigidity and lack of motion are key exam findings of a spine infection. Some children
will refuse to walk or walk bent over with their hand on their thighs. Most cases are caused
by MSSA; therefore, biopsy should be done selectively — most cases do not need a biopsy.
The cost, morbidity, and low yield of a biopsy reinforce that empirical treatment with anti-
biotics for MSSA remains the standard of care. Biopsy is indicated if the patient’s symp-
toms worsen while on antibiotic or an unusual organism is suspected. Do not forget to get a
blood culture during the initial workup, and keep treating with antibiotics until the ESR
returns to normal.
W.L. Hennrikus

Spondylodiscitis is believed to start in the end-arterioles of the vertebral endplate and
spread to the adjacent disc, adjacent vertebral body, and through the disc to the other end-
plate and into the adjacent vertebral body. As this case demonstrates, what initially appears
to be vertebral osteomyelitis is really the more typical spondylodiscitis, involving both the
disc and the adjacent vertebral bodies. The adjacent endplates and the disc are the area of
primary infection, but the surrounding soft tissue may also become involved. In more
extreme cases, a psoas or epidural abscess can occur (see Chap. 21). In contrast to the tod-
dler (see Chap. 19), the older child with spondylodiscitis is able to localize the painful area,
which helps in the evaluation. MRI imaging is very sensitive for making the diagnosis. A
child with typical symptoms and typical MRI findings of discitis may not need a biopsy of
the lesion if there is an appropriate clinical response to IV antibiotic. If the patient is atypi-
cal (unusual travel, immunocompromised, implants present), if the MRI findings are atypi-
cal (large abscess, bone destruction resembles TB, lesion appears to be tumor), or if the
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suspected organism is atypical (history of MRSA, unusual travel), then interventional
radiology-obtained biopsy may be useful. Whenever a biopsy is being considered, the sur-
geon who may need to perform a more extensive surgical drainage should be consulted, and
discussion occurs with the interventional radiologist. For all biopsies, tissue should always
be sent for both culture and for pathology. Culture should include a request for TB and
fungal processing. In this case, since the response to antibiotic therapy was appropriate, the
two follow-up MRI examinations were not necessary, even though they are interesting to
visualize the natural history of recovery.
R.M. Schwend
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Chapter 21
Case of a Child with a Spinal Epidural
Abscess

Check for
updates

John T. Anderson

Brief Case Presentation
Chief Complaint

Abdominal and right buttock pain

History of Present Illness

The patient is a 4-year-old healthy male who presented to the emergency depart-
ment (ED) with a 1-week history of abdominal pain. The pain was located in the
epigastrium and right lower quadrant. The pain has been worse at night and wakes
him from sleep. He was recently evaluated by his primary care physician who
thought he was constipated. A urinalysis was obtained, which was normal. He was
treated with a stool softener and enema with only minimal hard stool output. His
parents report that he has not been eating or drinking much. He has been tired and
prefers to rest most of the time. There has been recent “low-grade fever.” An abdom-
inal radiograph revealed a nonobstructive bowel gas pattern. The abdominal ultra-
sound was negative. He was discharged from the ED with plans to follow-up with
his primary care physician and instructions on constipation management.

Because of continued symptoms believed to be related to chronic constipation,
he was referred to a gastroenterologist who started lactulose and hyoscyamine.
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Erythrocyte sedimentation rate (ESR) was obtained which was 44 mm/hr. Despite
having normal soft stools, his abdominal pain did not improve. He came back to the
emergency department, complaining of continued abdominal and right buttock
pain. His pain was so severe, he stopped walking. According to his parents, he
would cry for hours in the fetal position grasping his abdomen and right buttock.
His mother reports that he has not gained weight in 2 months. He has not had any
recent documented fevers. His immunizations are current. There has been no for-
eign travel, insect or animal bites, exposure to tuberculosis, or unpasteurized dairy
products. There is no significant family medical history.

Physical Examination

Blood pressure: 110/63; heart rate: 120/minute; respiratory rate: 32/minute; tem-
perature: 36.6 °C.

The boy was writhing in pain in fetal position with his right hand grasping his
right buttock. His abdomen was mildly distended with tenderness and guarding to
palpation of all 4 quadrants. There was no organomegaly or rebound tenderness.
The neurological examination was very difficult due to his young age and severe
pain; however, he was moving all limbs appropriately. There was no clonus, nega-
tive Babinski’s sign, and the reflexes were all normal. There was positive right
straight leg raise test. Rectal tone was normal.

Laboratory Values

CBC with differential was normal, ESR was 39 mm/hr., and C-reactive protein
(CRP) was 2.4 mg/dl. A blood culture was obtained that grew methicillin-sensitive
staphylococcus aureus.

Imaging and Radiographic Studies

Abdominal ultrasound was negative. An abdominal radiograph revealed a nonob-
structive bowl gas pattern.

Other than AP abdominal films, spine films were never obtained as they were
focused on an abdominal problem. A CT scan with and without contrast of the
abdomen was obtained by the emergency department physician (Fig. 21.1) that
revealed abnormal spine findings at L1-2. The on-call spine surgeon was notified
who ordered an MRI with and without contrast (Fig. 21.2).
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Fig. 21.1 CT scan of the
abdomen and pelvis with
contrast revealed normal
abdominal findings but
sclerosis and areas of
lucency in the L1 and L2
vertebral bodies. The
L1-L2 disc is narrowed
relative to T12-L1 and
L2-L3 discs. Note the soft
tissue density extending
into the spinal canal
(green arrow)

Fig. 21.2 MRI performed with and without gadolinium contrast revealed hyperintense post-con-
trast T1 signal in the L1-L2 vertebrae as well as a rim enhancing abscess causing significant
compression centrally, the right lateral recess and foramen
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Questions About the Case the Reader Should Consider

1. Are epidural abscesses common in children?

2. Why did this boy have abdominal pain?

3. Why did this boy have buttock pain?

4. What processes should be considered when a child is having pain that wakes
them from sleep or is worse at night?

5. What processes should be considered when a child is having pain associated
with malaise/lethargy and failure to gain weight or loss of weight?

6. What are the treatment options for this boy?

Discussion

Epidural abscesses are rare in adults and even rarer in children, with a reported
incidence of 0.2 to 1.2 per 10,000 hospital admissions [1]. In adults, 50% of cases
are thought to be secondary to hematogenous spread [2]. In children, hematogenous
spread is thought to be very rare with most cases resulting from contiguous spread
from a nearby infection [3]. In this particular case, the patient had L1-2 discitis. It
is extremely rare for a child to have an isolated epidural abscess [3].

The classic triad of epidural abscesses is back pain, fever, and neurologic deficit;
however, this triad is commonly not found in affected patients [4, 5]. This boy’s
primary complaint was abdominal pain and then later right buttock pain. Epidural
abscesses can also cause abdominal and/or chest wall pain [6]. While cervical and
lumbar level abscesses may present with neck pain radiating into an arm(s) and
lower back pain radiating into the buttock(s) and or lower extremity(s), abscesses
located in the thoracic level may present with chest or abdominal pain [6]. Likewise,
patients with discitis in the area of T8—L1 may present with mostly abdominal pain
[7]. This boy had both abdominal and buttock pain because the lower thoracic
nerves and the lumbar and sacral nerves were being irritated by the abscess centered
at the L1-L2 disc level.

Given that most affected children lack risk factors, and frequently present with-
out classic findings, it is easy to understand why many cases are diagnosed in a
delayed fashion. In this particular case, an infectious or neoplastic process could
have been considered in light of the reported low-grade fever, night pain, malaise,
failure to gain weight, and an ESR of 44 mm/hr. The patient’s diagnosis was estab-
lished by contrast-enhanced abdominal CT scan that was ordered by the ED physi-
cian to rule out an intra-abdominal etiology. After the L1-L2 abnormality was
identified, the on-call spine surgeon was notified. He ordered an MRI with and
without gadolinium administration, the imaging of modality of choice, which more
clearly revealed the epidural abscess. It should also be stressed that radiographs not
obtained for the purpose of spinal imaging, i.e., abdominal radiographs, should be
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closely scrutinized for abnormalities such as disc space narrowing, lack of a psoas
shadow, or a missing pedicle, all subtle radiographic features suggestive of spinal or
paraspinal destructive processes.

Typically, an epidural abscess is a surgical emergency, especially if the patient is
neurologically impaired, as a delay in neural decompression can lead to permanent
disability. The debate between surgical and medical management is still ongoing,
particularly in the adult population [8—11], and cases of medical management alone
have been described in the pediatric literature [12]. This decision should be made in
collaboration between the spinal surgery and infectious disease teams. This boy
underwent surgical decompression via a laminectomy. A laminotomy was initially
performed but converted to a laminectomy as there was an abundant amount of firm
phlegmon present that required more access than was provided by the laminotomy.
Surgical intervention was also favored due the patient’s severe radicular symptoms
(buttock pain) and the inability to perform a reliable neurological assessment. The
cultures grew methicillin-sensitive Staphylococcus aureus that was treated initially
with intravenous antibiotics and then transition to oral antibiotics. He received anti-
biotic therapy for a total of 6 months and made an uneventful recovery.

How to Approach the Case

This case represented a diagnostic dilemma as a spinal infection would most likely
not have been on top of most physicians’ differential diagnosis. However, infection
and/or a neoplastic process should be considered in any child presenting with pain
that is worse at night and is associated with fever, malaise, and failure to gain weight
or weight loss. Additionally, pain referred to the buttock(s) or leg(s) should raise
suspicion of neural compression, and conditions of the spinal column should be
considered in children presenting with abdominal pain, just as abdominal condi-
tions should be considered in children with back pain.

L]
Red Flags for Epidural Abscess

* Abdominal pain of unknown origin or failure to respond to treatment of
common disorders

» History of fever, night pain, and malaise

* Pain so severe causes inability or reluctance to walk

» History of right buttock pain

* Elevated ESR

* No weight gain for 2 months
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Short Differential Diagnosis

* Appendicitis — right lower quadrant pain, fever, malaise, loss of appetite

 Intussusception — common age, abdominal pain, lethargy, loss of appetite

* Constipation — common, abdominal pain, loss of appetite

e Mesenteric lymphadenitis — right lower quadrant pain, malaise, loss of
appetite

e Malignancies — malaise, night pain, failure to gain weight

 Discitis — not walking, abdominal pain, malaise, radicular pain, stiff spine,
fever, spinal pain, night pain. Can be confused with hip pathology, such as
transient synovitis, but more chronic

* Epidural abscess — abdominal/chest wall pain, fever, radicular pain, neuro-
logical deficit, spinal pain

Final Diagnosis

Spinal epidural abscess secondary to contiguous spread from L1 to L2 discitis/
osteomyelitis

Natural History and Treatment Considerations

With prompt diagnosis and treatment, the prognosis is good. However, if left
untreated or inadequately treated, epidural abscesses can lead to permanent neuro-
logical impairment and even death [13, 14]. The most common organism cultured is
Staphylococcus aureus, with methicillin resistance being fairly common [12, 13].
Compared to adults, children typically have more favorable outcomes [13].

Referral - Emergency, Urgent, or Routine: And to Whom?

An epidural abscess is an emergency, especially if the patient has a neurological
deficit or is medically unstable. These patients should be referred to an orthopedic
surgeon or neurosurgeon with expertise in treating pediatric spinal pathology. It is
also imperative that the facility caring for the patient has a pediatric intensive care
unit. If no such surgeon or facility exists in your community, prompt transfer should
be arranged.
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Summary

Children with epidural abscesses often present with symptoms that are not intui-
tively linked to an epidural abscess such as abdominal and/or chest wall pain. The
classic triad of back pain, fever, and neurological deficit is actually not that common.
Epidural abscesses, other spinal infections, or neoplasms should be considered in
any child with a change in gait pattern or refusal to bear weight, abdominal pain/
chest wall pain, neck or back pain, pain radiating to the upper/lower extremities,
abnormal neurological findings, pain that is worse at night, fevers, lethargy or mal-
aise, and/or weight loss or failure to gain weight. Epidural abscesses and spinal
infections should especially be considered when atypical pain, febrile illness, sepsis,
or hemodynamic instability cannot be explained by more common etiologies. Plain
radiographs of the spine should initially be obtained since a narrow disc space or soft
tissue findings may be noted. MRI with and without gadolinium administration is
the imaging modality of choice. Blood cultures should be sent. Surgical decompres-
sion combined with appropriate antibiotics is considered the standard of care, espe-
cially if neurological deficits are present. The role of medical management without
surgical intervention is controversial but can be done on a case-by-case basis after
review of the case with the spine specialist and the infectious disease specialist.

Key Features and Pearls

Epidural abscesses can manifest as abdominal or chest wall pain.

¢ Pain that is worse at night or wakes a child from sleep is suspicious for
infection or malignancy.

¢ Pain that radiates to the buttock and/or extremity is suspicious for neural
compression.

Editor Discussion

This patient is sick and in severe pain. Think about infection or tumor and admit and work up
the child immediately. This patient did not demonstrate the classic triad of back pain, fever,
and neurologic deficit for an epidural abscess highlighting the fact that atypical presentations
such as belly pain, chest wall pain, and buttock pain can also occur. This patient had both
abdominal and buttock pain because the lower thoracic nerves and the lumbar and sacral
nerves were being irritated by the abscess centered at the L1-L2 disc level. An epidural
abscess with a neurologic deficit is a surgical emergency. In patients without a neurological
deficit, some cases can be treated with medical management alone. This decision should be
made on a case-by-case basis with input from the pediatric spine surgeon and the infectious
disease specialist. Do not forget to order blood cultures if a spine infection is suspected.
W.L. Hennrikus
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Discitis (spondylodiscitis) is a more common and likely diagnosis than epidural abscess in
a child. This can be a very difficult diagnosis to make, since the clinical findings can be
subtle — back stiffness, limp, reluctance to walk, or mild general symptoms such as night
pain, abdominal pain, and weight loss. Discitis is occasionally confused with the more com-
mon diagnosis of transient synovitis of the hip since both may cause reluctance to walk, a
limp, and pain. Pain in the psoas muscle from an adjacent discitis or adjacent hip infection
can create pain with hip motion in either condition. When a child is in so much pain that he
cannot be examined properly, think of serious conditions such as a neoplasm or infection in
the spinal canal irritating the spinal cord or spinal nerves. Because these lesions are rela-
tively rare, it is possible not to consider in the typical presentation of a child in pain.
However, these children often have atypical clinical presentations such as seen with this
boy, so think of these atypical conditions.
R.M. Schwend
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Chapter 22

The Pain Is “Knot” Getting Better: Case
of a Girl with a ‘“Knot in the Back”. Back
Pain Due to an Aneurysmal Bone Cyst

Check for
updates

Matthew E. Oetgen and Shannon M. Kelly

Brief Case Presentation
Chief Complaint

Acute back pain after a motor vehicle collision and a preceding 1-month history of
mid-back pain and a “knot in the back”

History

The patient is a 7-year-old girl who presents to the emergency department com-
plaining of lumbar back pain after a car accident that evening. She was a backseat
restrained passenger with a lap belt and shoulder harness involved in a motor vehi-
cle collision. The car she was in that was traveling at approximately 40 mph struck
the rear of a car that was traveling at a lower speed. No airbags deployed and moder-
ate front-end vehicle damage was noted. She does not remember hitting her head,
there was no loss of consciousness and no vomiting, and she has been behaving at
baseline per family since the event. She was evaluated by the Emergency Medical
Services at the scene, walked away from the car, and was brought to the emergency
department by family members. Her main complaint is acute, sharp pain in the mid-
lumbar portion of her back without radiation into her legs.

Upon further discussion with the patient, she describes having ongoing moderate
dull achy pain in the mid-lumbar spine that has been worse with flexion and
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associated with intermittent left anterior thigh pain for about 1 month before the
collision. She recalls no inciting incident or trauma for the pain. Additionally, she
noted swelling in the left mid-lumbar region that she describes as a “knot in her
back,” which has gotten more pronounced over this time. Her pain wakes her from
sleeping around 3 AM most nights. Her pain improves somewhat with acetamino-
phen. She has not been able to play as much because of this back and thigh pain. She
reports no paresthesias or weakness, but her mother has noticed a limp after more
vigorous activities. She has not noticed bowel or bladder incontinence or perianal
anesthesia.

Physical Examination

Weight 34.3 kg, height 131.8 cm, body mass index 19.75

Appearance: No acute distress healthy appearing patient when lying in bed. Her
skin is normal. Gait and station: She stands with a level pelvis and walks with a
slight limp on the left, with a shortened stride on that side due to limited left hip
flexion. Balance and coordination: Patient can heel walk and toe walk without dif-
ficulty. There is no ataxia. Upper extremities: Both upper extremities, on inspection,
show no deformities or contractures. On palpation, there are no areas of tenderness
on either upper extremity. She has full range of motion of all joints from the shoul-
ders to hands without pain or instability. There is normal motor strength sensation
in both upper extremities in the C5-T1 distributions. Back: The patient stands with
a level pelvis, and overall she is well balanced. The shoulders are level. The waist is
symmetric without a trunk shift. There is a subtle mass in the left paraspinal region
of the lumbar spine. On Adams forward bend test, there is no rotational prominence,
but the left para-spinal mass is more noticeable. There is tenderness to palpation
over this left paraspinal mass, but no other tenderness or muscle spasms noted. She
has limited range of motion of the back, with flexion limited by pain. There is nor-
mal back strength and sensation. The skin is normal with no cutaneous manifesta-
tions of dysraphism.

Lower extremities: Both lower extremities, on inspection, show no deformities
or contractures. On palpation, there is tenderness to the left distal medial thigh that
is worse with knee and hip extension. Otherwise, there are no areas of tenderness on
either lower extremity. She has full range of motion of all joints in both lower
extremities without instability. There is normal motor strength in all muscles and
normal sensation to light touch in both lower in the L1-S1 distributions. The skin is
normal in both lower extremities. Reflexes: The patient has 2+ reflexes in the tri-
ceps, biceps, brachioradialis, patella, and Achilles. She has no beats of clonus in
either lower extremity, and the toes are down going with the Babinski test. Vascular:
She has 2+ dorsalis pedis and radial artery pulses with regular rate and rhythm.
There is no distal extremity edema in any extremity.
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Imaging and Radiographic Studies (Figs. 22.1,22.2,22.3,
and 22.4)

Questions About the Case the Reader Should Consider

1. Why did this patient have these underlying baseline symptoms of back pain and
what is the “knot in the back?”

2. Why the acute change in symptoms after the motor vehicle collision?

Fig. 22.1 (a, b) PA and lateral standing radiographs. The standing scoliosis radiographs, on first
inspection, do not show any malalignment or deformity. There are 12 rib-bearing thoracic verte-
brae and 5 lumbar vertebrae. No evidence of scoliosis is seen, and no abnormal kyphosis or lordo-
sis is noted on the lateral image. The triradiatae cartilages are near closed, and the patient has a
Riser sign of 0
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Fig. 22.2 (a, b) Magnified view of the lumbar spine PA and lateral standing radiographs. Upon
closer inspection of the lumbar spine, there is obliteration of the left L2 pedicle (solid arrow) with
evidence of an expansile mass centered in this area (open arrows). Additionally, there appears to
be mild compression of the left portion of the L2 vertebral body compared to the right side. The
lateral view shows the L2 vertebral body to have a mixed sclerotic/lytic lesion in the posterior half
of the body (solid arrow), and a subtle overlying soft tissue mass extending into the posterior
aspect of the spine with an expanded spinous process of L2 (open arrows)

Fig. 22.3 (a, b) A CT was ordered to better define the lesion noted on pain radiographs. Axial CT
demonstrates a lytic expansile lesion in the left posterior elements of L2 with extension down the left
pedicle into the left side of the L2 vertebral body. The entire posterior structure of the L2 vertebrae
(spinous process, lamina, facet joints) on the left side of this vertebral body is expanded and thinned by
this bony process. The right-sided posterior elements are normal as are the surrounding vertebral bodies
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Fig. 22.4 (a, b). An MRI was ordered to assess the lesion in the L2 vertebral body. This MRI
further demonstrates this expansile lesion in the posterior and anterior elements of L2 with distinct
fluid-fluid levels within the lesion (solid arrow), a pathognomonic finding for an aneurysmal
bone cyst

3. Why did the patient have limited spine flexion, a limp, and complain of night and
left thigh pain?

4. How are the radiographs best interpreted?

What is the appropriate referral?

6. What is the next diagnostic test that should be considered?

e

Discussion

The radiographs demonstrate a relatively normally aligned spine, with a destructive
lesion centered in the left side of the L2 vertebral body. Further imaging with the CT
scan demonstrates this to be an expansile bony lesion in the posterior elements of
L2 with extension into the pedicle and vertebral body. Given the extremely thinned
cortex in the posterior elements, especially the facet joints and the mixed lytic lesion
in the vertebral body, it is likely this lesion has led to some micro-instability of the
spine at this level. As the facet joints in the posterior aspect of the spine experience
a significant amount of bending force with motion, the extremely thinned cortex of
the right-sided facets can lead to pain with activity as they are stressed beyond their
compressive strength, resulting in micro-fractures in this area [1]. Given the expans-
ile nature of the lesion and the thin body habitus of this child, it is not uncommon
for these lesions to be palpable and visible as they grow. Forward flexion can accen-
tuate the visibility of these masses.

As aneurysmal bone cysts enlarge in the vertebral column, these lesions are typi-
cally silent until they lead to a mass effect or instability of the spine. The instability
initially is not frank structural instability but more of micro-instability, as the walls
of the affected vertebral body become thinned. When this critical level of mass
growth is reached, patients can have pain with motion [1-3]. In this case, while
there were symptoms prior to the motor vehicle crash as discovered with the detailed
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history, she then had acute worsening of pain likely due to compression of the ante-
rior vertebral body as a result of the accident. As can be appreciated on the imaging
(Fig. 22.2a), there is mild height loss of the left side of the vertebral body compared
to the right, indicating a compression fracture through the aneurysmal bone cyst
from the collision.

Her symptoms are likely related to the mass affect from the expansile nature of
this tumor and the micro-instability due to the thinning of the cortex of the vertebral
body. The combination of the mobile nature of the spine (especially the lumbar
spine) and the thinned cortical structures including the facet joints leads to some
loss of structural integrity and thus pain with motion. In addition, the mass effect of
the expanded vertebral elements causes pressure on the exiting nerve roots [4]. With
this L2 vertebral lesion and the concomitant expansion of the L2 pedicle, the exiting
nerve roots above and below this L2 pedicle are potential sources of compression.
In this case, the pain in the anterior thigh is likely due to compression of the L2
nerve root. As is often the case, tumors can cause pain that is more significant at
night. While it is unknown if there is a true physiologic reason for this, it is postu-
lated the dull underlying pain caused by the tumor is more recognized at night as
patients have fewer distractions from this pain.

Assessment of symmetry is important when interpreting radiographs of the spine
in children. Alignment and the presence of bony landmarks in a normal cascade
from superior to inferior is one standard method to approach the assessment of spine
radiographs. With this in mind, as the radiographs in this case are reviewed, it is
obvious there is a missing pedicle bony landmark on the left side at L2 (Fig. 22.1a).
The pedicle is the bony channel that connects the posterior elements to the anterior
elements of the spine. In this case, with growth of this aneurysmal bone cyst and
expansion of this area of the vertebral column, the bony cortical boundaries of this
pedicle are thinned and widened, leading to the apparent destruction of this land-
mark on the radiographs. This radiographic finding is sometimes called the “wink-
ing owl sign.” In addition, when viewing the vertebral column from the lateral view,
there should again be a normal cascade of the vertebral bodies, which should appear
uniform. In this case, there is an obvious mixed sclerotic/lytic lesion in the vertebral
body of L2 that is different from the surrounding normal vertebral bodies
(Fig. 22.1b). Also evident, on close inspection, there is a bony mass extending into
the posterior spine (corresponding to the “knot” described by the patient), which
can be seen (Fig. 22.2b).

While back pain is common in adolescent, back pain associated with “red flags”
in children requires further evaluation. In this case, back pain associated with radiat-
ing symptoms to the lower extremity, pain at night, and pain that limits children
from normal activity is worrisome and should be more closely scrutinized [4]. In
this case, given the concerns of a destructive lesion in the L2 vertebrae seen on
radiographs associated with this back pain, referral to a pediatric spine specialist
was done.
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Further evaluation of this lesion in the L2 vertebrae is needed. The history and
physical exam and basic radiographic assessment reveal the presence of this symp-
tomatic expansile, mixed sclerotic/lytic lesion in the spine. More accurate charac-
terization of the lesion can help narrow the differential diagnosis and suggest the
next best course of action for treatment. In general, lesions that appear to be inher-
ent bony lesions are best evaluated first with a CT scan. On the other hand, soft tis-
sue lesions, lesions within the neural elements in the spinal canal, or those with
significant neurologic symptoms are best evaluated with magnetic resonance imag-
ing (MRI). In this case, there are elements of both bony involvement (expansile
nature of this lesion and the vertebral body abnormality) and neurologic involve-
ment (radiating pain in the anterior aspect of the left leg). Given this mixed picture,
further evaluation of this lesion with both CT scan (Fig. 22.3) and MRI (Fig. 22.4)
was appropriate [4, 5].

How to Approach the Case

This is an unusual case in that she presented with an acute exacerbation of back pain
after a traumatic event. Back pain is common in children, and this complaint often
is heard following minor accidents. The case illustrates the importance of a thor-
ough history of the presenting complaints, a detailed physical exam, and careful
inspection of spine radiographs. While back pain can result from being in a motor
vehicle collision, the detailed history taken in this case revealed abnormal “red
flags” that the patient was experiencing prior to the motor vehicle accident that had
not yet been expressed to a physician [4]. A careful history and physical examina-
tion in children with back pain, focusing on “red flags” and the course of pain over
time, even in the face of a traumatic event, can reveal abnormalities which require
further evaluation.

L
Red Flags for This Case

* Pain at night

* Pain radiating into the extremities

» Child avoiding activities because of the pain

» Palpable mass — bone or soft tissue

* Painful scoliosis

» Radiographic destruction of bone such as missing pedicle or vertebral
collapse

* Additional bone where it does not belong such as a sclerotic pedicle
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Short Differential Diagnosis

* Infection — It may present as radiolucent spinal lesion associated with pain
and fever/chills.

e Osteoblastoma — Night pain, usually a lesion >2 cm in diameter. These
typically are located in the posterior elements of the spine and are expans-
ile lesions.

* Leukemia/Lymphoma — This can present with diffuse pain and night pain.
Typically seen as lytic lesions in the anterior vertebral body of the spine,
usually without an associated soft tissue mass.

* Ewing’s sarcoma — Pain, radiographic vertebral body destruction with
associated soft tissue mass.

e Osteosarcoma — Pain, radiographic vertebral body destruction with neo-
plastic bone formation, associated soft tissue mass.

Final Diagnosis

Aneurysmal bone cyst of left L2

Natural History and Treatment Considerations

Aneurysmal bone cysts are benign lesions which can occur in the pediatric spine,
typically arising from the posterior elements. They are described as cystic lesions of
bone composed of blood filled spaces separated by connective tissue septa [1, 3, 6,
7]. While these are benign, they can be quite locally aggressive causing significant
destruction of the encasing bone, leading to pathologic fractures and compromise of
adjacent structures due to the rapid expansion of the bone. Typically, these are pri-
mary lesions, but can occur in association with other pathologic conditions [1, 6].
The usual course of these lesions is local growth and expansion and thinning of the
bone from which they arise. This growth and bony destruction in the spine typically
results in pain, deformity secondary to collapse of the bone, and in some cases neu-
rologic deficits from the mass effect of the bony expansion or acute deformity.
Given the local aggressiveness of these lesions and high likelihood of complications
due to progressive structural compromise, surgical treatment is typically required
[1, 2]. The vascular nature of these lesions often leads to large blood loss during
surgical resection; thus preoperative selective arterial embolization of the lesion is
recommended by some [1, 6]. The recommendations for surgical treatment vary, but
recurrence rates are high (up to 30%) with incomplete resection of the lesion, so
complete resection of the lesions is paramount [1-3, 6, 7] Intralesional curettage,
burring of the lesion, electrocautery, and en-bloc resection are all recommended in
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Fig. 22.5 (a) The appearance of left L2 posterior elements during surgery prior to resection. Note
the expanded left-sided posterior elements at L2 (outlined). (b) Photo of partial resection of the
posterior portion of the ABC. Note the areas of coagulation due to preoperative lesion emboliza-
tion and blood filled caverns (solid arrows). (¢) Photo of posterior spine post-resection of the ABC

the literature, alone or in combination. While the most reliable surgical approach
has not been determined, complete obliteration of the lesion is required to prevent
local recurrence. Given the underlying bony destruction, reconstruction of the spine
and stabilization with implants are usually required after local resection (Fig. 22.5)
[1,2,6,7].

Referral - Emergency, Urgent, or Routine: And to Whom?

Back pain in a growing child is common and often does not need referral to a spe-
cialist. In cases like this one, when the back pain is associated with “red flags,” more
urgent referral to an orthopedic surgeon is needed. Pain at night is often a feature of
a neoplastic process, and pain radiating to an extremity from the back is found in
cases of mass effect irritating exiting spinal nerve roots. With acute changes in back
pain after high energy trauma or cases with structural changes of the spine after
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trauma (such as this case with compression of the L2 vertebral body) or in cases
demonstrating radiographic destruction of a vertebrae (obliteration of the L2 left
pedicle), emergent referral to an orthopedic surgeon experienced in pediatric spine
surgery is recommended given the evidence of an active process.

Brief Summary

Back pain in children is common and, although rare, can be associated with a num-
ber of pathologic processes. A detailed history of the back pain and careful physical
exam can often reveal details that allow the physician to determine if the back pain
is benign or possibly secondary to an underlying condition. While mild pain can be
present for some time, it is not uncommon for children with back pain to present for
the first time following a traumatic event. In these cases, it is especially important to
determine the course of the back pain, as the history may reveal long-standing pain
with an acute change after the trauma. Patients presenting with “red flag” signs and
symptoms and those with acute changes in the back pain after a traumatic event
require more urgent evaluation. Basic radiographic evaluation demonstrating
changes in the vertebral body or destruction of the bony radiographic landmarks in
the spine should lead to emergent further evaluation, as these issues often are caused
by more aggressive processes associated with pathologic bone disease. Benign but
locally aggressive bony spinal tumors, such as aneurysmal bone cysts, are uncom-
mon in children and can lead to pain and eventually pathologic instability of the
spine which are at risk for pathologic spine fractures with even minor trauma. As
such, early detection of these lesions is imperative to avoid secondary spinal injury,
and complete surgical resection is needed to avoid recurrence of the lesion.

Key Features and Pearls

e Local destruction of bony anatomy in the spine in association with back
pain is abnormal and requires specific work-up or referral for complete
evaluation.

* Bony lesions causing expansion of the bony cortex arising from the poste-
rior elements of the spine are suspicious for aneurysmal bone cysts, which
are very locally destructive and can lead to spinal deformity and neurologic
compromise.

 Pediatric patients often present following trauma. A thorough history and
physical is required to determine if back pain after trauma is due to the
traumatic event, or if it was present prior to the event and due to an under-
lying pathologic process.
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Editor Discussion

In teenagers, tumors of the spine are fairly uncommon and are generally benign except for
Ewing sarcoma and osteosarcoma. A reasonable differential diagnosis can be developed for
most spinal lesions on the basis of patient age, lesion location in the spine — body vs poste-
rior elements — and radiologic appearance. Benign tumors with a predilection for the poste-
rior elements include osteoid osteoma, osteoblastoma, osteochondroma, and
ABC. Radiologic evaluation of a patient who presents with osseous vertebral lesions often
includes plain films, computed tomography (CT), and magnetic resonance (MR) imaging.
Because of the complex anatomy of the vertebrae, CT is often most useful for evaluating
lesion location and analyzing bone destruction. Sometimes, the clinical presentation is so
typical for a certain disorder that they allow the final diagnosis. For example, in a teenager,
bone pain that occurs mainly at night and is promptly relieved with salicylates is highly
suggestive of osteoid osteoma. In other cases, such as this case, spine trauma with resulting
fracture reveals a spinal tumor — an ABC in this case. Although benign, ABC’s are expans-
ile, vascular, and destructive. In addition, every ABC should be biopsied because occasion-
ally, lurking in the ABC is another more sinister tumor such as a telangiectatic osteosarcoma
or a giant cell tumor. In general, the biopsy should be done by a pediatric spine specialist at
the hospital where the child can also get a definitive cancer operation if needed.
W.L. Hennrikus

Aneurysmal bone cysts can affect any bone of the body, but have a propensity for the spine
(15% occur in the spine, except the coccyx) and especially for the cervical spine. They have
a peak incidence during the second decade. The key to diagnosing an aneurysmal bone cyst,
which typically involve the posterior elements of the spine, is to meticulously evaluate each
spinal level for absence of a pedicle on the AP radiograph, or surrounding expansion of
bone in either view, as was seen in this patient. The presence of a sclerotic pedicle would
suggest a bone-forming tumor such as osteoblastoma or osteosarcoma. If a benign lesion
such as aneurysmal bone cyst is suspected, a CT scan is the next best test since it properly
characterizes the lesion. When MRI is the initial advanced imaging study, the soft tissue
involvement can inappropriately suggest a malignant tumor, an error that should be avoided
for the sake of the patient. Although aneurysmal bone cysts are benign, they can be locally
aggressive and recur unless they are completely resected. In unusual circumstances, an
aneurysmal bone cyst represents a secondary reactive lesion and contains another underly-
ing benign tumor such as chondroblastoma, non-ossifying fibroma, fibrous dysplasia, or
osteoblastoma. In rare cases, a malignancy such as telangiectatic osteosarcoma is the under-
lying cause of the aneurysmal bone cyst. Thus, the tissue obtained during the surgical resec-
tion should be thoroughly examined by an experienced pathologist for malignancy. In this
case, surgical resection and stabilization was appropriate. Because of the risk for recur-
rence, patients should be followed long term during their growing years.
R.M. Schwend
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Chapter 23

A Girl with Lower Back Pain and Rapidly
Progressive Atypical Scoliosis

Lorena V. Floccari and Kerwyn C. Jones

Brief Case Presentation
Chief Complaint

Low back pain

History

A 9-year-old girl presents with 9 months of nonspecific low back pain. She had no
history of trauma or other inciting factors. The pain initially was mild and bother-
some for several months and did not respond to a course of physical therapy with
core strengthening and stretching. The pain slowly progressed and is now nearly
constant in the midline and to the right side of her lower back.

Over the past 3—4 weeks, her pain has significantly worsened, becoming sharper
and more severe in nature. She now awakens with pain, and daytime discomfort has
caused her to miss several days of school. She requires daily nonsteroidal anti-
inflammatory drugs (NSAIDs) to “take the edge off” of her pain, but they do not
provide complete relief. Her parents have noticed that she stands with her trunk
shifted toward the left, with a prominence on the left side of her mid-back. She
denies any neurologic symptoms, including no change in her gait, strength, sensa-
tion, bowel, or bladder function.

Before the onset of this back pain, this child was healthy and active. She had
normal development, with no chronic medical problems. Prior surgery included a
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tonsillectomy. She has no family history of scoliosis, spinal disorders, or other mus-
culoskeletal conditions.

She is premenarchal, and a review of systems is negative for other complaints,
including no lethargy, myalgias, polyuria, fevers, chills, rash, or weight loss/gain.
She has had no recent travel outside of her home state.

Physical Examination

This 9-year-old girl appears healthy and size appropriate for her age. She is prepu-
bertal and is normal intellectually and developmentally. Her gait is non-antalgic, but
she has mild listing toward her left. The Adams forward bending test shows scolio-
sis with a left thoracic prominence. She has a left-sided trunk shift with waistline
asymmetry, and her left shoulder is slightly higher than her right. She has tenderness
to palpation on her right paraspinal musculature and along the midline of her lower
lumber spine. There is limited forward flexion and cannot even touch her knees due
to increased discomfort. Neurologic exam is negative for abnormalities, including
normal sensation, motor function, reflexes, Babinski response, and no ankle clonus.

Imaging and Radiographic Studies (Figs. 23.1, 23.2, 23.3,
and 23.4)

Questions About the Case the Reader Should Consider

1. What is the appropriate workup for progressive back pain with scoliosis?

2. What is the differential diagnosis of a bony lytic lesion with vertebral compres-
sion fracture (vertebra plana or wedged vertebra)?

What is the next diagnostic test that should be considered?

How is systemic involvement evaluated?

What is the appropriate referral?

What are possible treatments in this case?

SNk W

Discussion

Back pain that is persistent for several months warrants AP and lateral spinal radio-
graphs of the entire spine, taken in the upright position. In this case, the initial
radiographs were interpreted as normal, so a course of physical therapy for core
strengthening and stretching was appropriate. During this time, her back pain wors-
ened to the point that she could not attend school, and she developed acutely pro-
gressive scoliosis. Scoliosis is not typically painful or acutely progressive; this
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signifies an atypical nature and requires repeat radiographs and advanced imaging
such as MRI.

Vertebra plana (“flat vertebra”) was previously thought to be pathognomonic for
eosinophilic granuloma (EG) in children, but other causes now are recognized [1].
A careful history, physical exam, and review of systems should be conducted to
evaluate for a malignancy, infection, or systemic disease process associated with the
lytic lesion. Patients with a lytic lesion should have a complete blood count with a
peripheral blood smear and inflammatory markers (C-reactive protein, erythrocyte
sedimentation rate). After identification of a lytic lesion or vertebra plana/wedged
vertebra on plain radiographs, the next step is advanced imaging with MRI to
evaluate the extent of soft tissue involvement and marrow edema, as well as to rule
out other conditions such as a sarcoma or other malignancies.

o
4;‘)‘

Fig. 23.1 Standing AP (a) and lateral (b) upright radiographs after this child initially presented
with 8 months of low back pain. She had 6 lumbar segments with an L6 transitional vertebra at the
lumbosacral junction and mild spine asymmetry. Otherwise, the radiographs were interpreted as
normal. Repeat upright radiographs were obtained 1 month later, after her pain worsened in sever-
ity (c—e), revealing an L6 lytic lesion with vertebral body wedging and progressive scoliosis
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Fig. 23.1 (continued)
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Fig. 23.4 Screening for other lesions with a skeletal survey (a—d) and whole-body MRI (e, f) were
negative for associated bony or visceral involvement

Differential Diagnosis of Vertebra Plana
e Eosinophilic granuloma

¢ Osteomyelitis

e Tuberculosis

* Osteogenesis imperfecta

* Ewing’s sarcoma

e Leukemia

e Lymphoma

* Metastatic neuroblastoma

e Gaucher’s disease

e Spondylometaphyseal dysplasia
* Aneurysmal bone cyst
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Children with a wedged or flattened vertebra should be referred to a pediatric
orthopedic surgeon with experience caring for the spine. The imaging and clinical
findings are not specific enough for diagnosis of EG, so tissue biopsy is recom-
mended in most cases of suspected EG [2]. CT-guided percutaneous needle biopsy
has >90% diagnostic accuracy and is the recommended first-line diagnostic
approach [3]. Histology reveals a mixture of eosinophils and Langerhans cells,
which are large, mononuclear cells with racket-shaped organelles (Birbeck gran-
ules) in the cell cytoplasm (Fig. 23.3c) [4].

After histologic diagnosis of EG, additional imaging should be performed to rule
out associated bony and/or systemic disease. A skeletal survey should be performed
to evaluate for additional bony lesions (Fig. 23.4a—d), as up to 40% of patients will
have polyostotic disease [1, 5]. Bone scan has also been used to detect other lesions,
but this inconsistently demonstrates EG, with 10-20% false-negative rate [5].
Alternatively, whole-body MRI scan (Fig. 23.4e, f) is being increasingly used to
detect other foci of disease, as was performed in this case. CT can show the extent
of bony involvement, but this typically is reserved for preoperative planning of bone
lesions that require surgical intervention.

Young children with EG should have an abdominal ultrasound [6] and careful
review of systems to guide other workup, after evaluating for pain, polyuria, poly-
dipsia, respiratory symptoms, irritability, diarrhea, loss of appetite, fever, rashes,
otorrhea, growth failure, poor weight gain, and behavioral and neurological
changes [6]. While laboratory workup is often completely normal for EG, erythro-
cyte sedimentation rate can be slightly elevated [5, 7]. Complete blood count,
blood chemistry, coagulation studies, and liver function studies should be obtained.
Serum and urine osmolality also can be evaluated if the history suggests diabetes
insipidus, which is the most common extraskeletal abnormality in patients with
bone involvement and is a classic feature of Hand-Schuller-Christian disseminated
disease [6].

The natural history of a solitary EG bony lesion is spontaneous resolution,
regardless of whether the lesion is treated [1, 5, 8-10]. Therefore, treatment is lim-
ited to lesions that cause severe pain or neurologic deficit. In this case, the patient
had incomplete response to NSAIDs, so she was prescribed a 4-week course of
corticosteroids that provided near-complete pain relief. She also was placed into a
custom-molded spinal orthosis that corrected her scoliosis and was positioned in
slight hyperextension to prevent further vertebral collapse through the involved ver-
tebral body. Repeat radiographs 9 months after diagnosis (Fig. 23.5) showed resolu-
tion of her scoliosis, while repeat MRI (Figs. 23.5 and 23.6) showed resolution of
the bony edema and partial reconstitution of vertebral height, which is expected to
continue reconstituting with time and growth.
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Fig. 23.5 Upright radiographs (a—c) and MRI (d, e) obtained 9 months after diagnosis reveal
progressive healing of the lesion with gradual, partial reconstitution of vertebral height

How to Approach the Case

Always be suspicious of back pain in young children that persists despite conserva-
tive treatment, or is severe enough to limit school attendance or other activities.
Loss of spine range of motion with inability to touch the knees is also an abnormal
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Fig. 23.6 Sequential MRIs obtained 2 months (a, b) and 4 months (c, d) after diagnosis, revealing
gradual resolution of the bony edema without progression of the lesion nor with any further loss of
vertebral height

finding. Be alert for painful or acutely progressive scoliosis, which is a marker of an
atypical scoliosis. While a wedged vertebra or vertebra plana suggests the diagno-
sis, tissue biopsy is necessary for definitive diagnosis.

L]
Red Flags for Eosinophilic Granuloma

e Back and/or neck pain, often <10 years old
e Decreased activity level, missed school

* Night pain

e Spine stiffness

e Acute torticollis

¢ Acute onset of scoliosis

* Atypical (left) scoliosis curves

¢ Neurologic symptoms or signs

e Vertebra plana or wedged vertebra

Referral - Emergency, Urgent, or Routine: And to Whom?

Consultation with a pediatric spine specialist is necessary; if there are neurologic
findings, such as weakness or bowel or bladder dysfunction, referral should be
urgent. CT-guided needle biopsy is typically performed by interventional radiology.
For a confirmed diagnosis, patients should be referred to hematology-oncology.
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Final Diagnosis

Eosinophilic granuloma involving L6 vertebral body

Natural History and Treatment Considerations

Eosinophilic granuloma (EG) refers to a bone lesion within the spectrum of condi-
tions known as Langerhans cell histiocytosis (LCH), previously termed histiocyto-
sis X. These conditions are characterized by proliferation of Langerhans cells,
which are bone marrow-derived antigen-presenting cells in the dendritic cell family
[4]. LCH disorders are highly variable, ranging from solitary, self-resolving bone
lesions (eosinophilic granuloma) to life-threatening, disseminated disease (Letterer-
Siwe, Hand-Schuller-Christian diseases).

LCH can manifest at any age, but occurs most frequently in pediatric and adoles-
cent patients [1]. While the pathogenesis previously was debated, the World Health
Organization now defines LCH and EG as a neoplasm, with clonal proliferation of
Langerhans cells [11, 12]. Hematology-oncology consult is recommended for
patients with Langerhans cell histiocytosis (LCH) . While involvement of nearly
every organ system has been described, bone is the most commonly involved in
80% of cases. EG typically refers to a solitary bone lesion, but 10-15% of patients
have polyostotic involvement. The skull is the most common site, followed by the
spine, femur, pelvis, ribs, mandible, and other long bones [4, 5].

LCH also includes disseminated forms of the disease [4, 5]. Letterer-Siwe dis-
ease is an acute disseminated type found in children less than 2 years old. Severe,
diffuse multisystem involvement can include hepatosplenomegaly, lymphadenopa-
thy, anemia, polyostotic lesions, and bone marrow failure with a poor prognosis and
high incidence of mortality. Hand-Schuller-Christian disease is the chronic dissemi-
nated type, diagnosed in children less than 5 years. The classic Hand-Schuller-
Christian triad is diabetes insipidus, exophthalmos, and polyostotic lesions.

Back and/or neck pain is the most common presentation of a vertebral EG, often
acute or subacute with pain duration <6 months [1, 2, 5, 9]. Pain can be mild and
dull or severe and sharp in nature. On examination, patients frequently have local-
ized midline tenderness to palpation with loss of spinal range of motion. Acute tor-
ticollis can develop from cervical lesions, while thoracic and/or lumbar lesions can
cause acute onset of painful scoliosis and/or kyphosis. Neurologic signs are infre-
quent but have been previously reported [2].

The radiographic appearance of a lesion is highly variable, which is why LCH is
often referred to as “the great imitator” and requires tissue biopsy for diagnosis [1].
Plain radiographs of the spine can initially be interpreted as negative for any abnor-
mality early in the disease process, such as in this case (Fig. 23.1a, b). The first
evidence is often a destructive lytic lesion, initially appearing aggressive with a
moth-eaten appearance. Later in the process, it typically appears more sclerotic and
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well-defined, with variable amount of focal destruction and collapse. A wedged
vertebra from partial collapse of the vertebral body is the most common manifesta-
tion of vertebral EG, while complete collapse causing the classic vertebra plana is
actually seldom observed [1]. A characteristic feature is preservation of the disc
spaces, which can distinguish EG from osteomyelitis.

The natural history of a solitary EG bone lesion is spontaneous healing with at
least partial vertebral height restitution. Most lesions show partial or complete heal-
ing within 4 months, while nearly all lesions heal within 2 years [2, 5-10, 13]. The
apophyses are spared, so the vertebrae gradually reconstitute a variable degree of
vertebral height, typically 50-80%, over several years [7, 10, 13]. Therefore, the
treatment of skeletal LCH is generally conservative and focuses on pain control,
unless there is spinal instability or neurologic deficit. Pain management often begins
with NSAID medication. Short-term immobilization in a hyperextension brace can
relieve symptoms and potentially prevent vertebral collapse while awaiting healing
[7]. Intralesional corticosteroid injection after histologic diagnosis has been shown
to effectively relieve pain [3, 14], while a short course of oral steroids can also pro-
vide relief for uncontrolled pain.

Surgical decompression and stabilization is required for patients with neurologic
deficit from spinal cord or nerve root compression. Curettage of the lesion is an
option for patients with debilitating pain who do not respond to conservative treat-
ment. Low-dose radiotherapy has also been used successfully for refractory pain,
but the risk of secondary malignancy outweighs the benefit of radiation for solitary
bone lesions. Chemotherapy can be used in disseminated disease, but is not typi-
cally recommended for a solitary EG [5].

Patients with a solitary EG without extraosseous LCH have an excellent progno-
sis, regardless of treatment [1, 2, 5, 7, 9]. While patients should be carefully fol-
lowed for healing and reconstitution of the vertebral body, the recurrence rate is low,
and long-term spine and neck problems from vertebral EG are uncommon.

Brief Summary

Eosinophilic granuloma is nonspecific and variable in clinical presentation and
radiographic appearance. Patients with vertebral EG typically present with acute or
subacute back or neck pain, but also can develop torticollis, kyphosis, and/or scolio-
sis. The most classic radiographic feature of vertebral EG is vertebra plana or a
wedged vertebra due to compression fracture through a vertebral body lytic lesion.
However, since the appearance is highly variable, LCH is often referred to as “the
great imitator” and requires tissue biopsy for definitive diagnosis, typically with
CT-guided needle biopsy. Other conditions can cause vertebra plana, which is not
pathognomonic for EG. Systemic involvement of disseminated Langerhans cell his-
tiocytosis must be ruled out with a careful history, physical exam, review of sys-
tems, imaging, and referral to hematology-oncology, especially in young children
<5 years of age with multifocal bony disease. The natural history of a solitary EG
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is spontaneous resolution, so children are typically managed symptomatically with
nonsteroidal anti-inflammatory medications, spinal orthoses, steroids, and/or
CT-guided corticosteroid injections. The long-term prognosis is excellent with low
recurrence rate.

Key Features and Pearls

* Eosinophilic granuloma can present in young patients with acute back
pain, torticollis, kyphosis, and/or atypical scoliosis.

e Radiographic findings of wedged vertebra or vertebra plana.

e Tissue biopsy is required.

* The natural history of solitary EG is spontaneous resolution with excellent
prognosis; treatment is typically symptomatic.

Editor Discussion

Several features in this case are of concern. The character of the pain is atypical: night pain,
pain so bad that the child misses school, acute worsening of the painful scoliosis, stiffness,
and change in shape of a vertebra that suggests a fracture or collapsing lesion. Typical sco-
liosis has a convexity to the right, which in this case is to the left. Back pain and scoliosis
are more typical after age 10 years or the onset of puberty. Her young age, prepuberty,
rapidly progressive left apex scoliosis, and character of the pain are atypical and raise many
red flags that there is a serious problem. The history, physical examination, and plain radio-
graphs, although not giving the specific diagnosis, were sufficient to indicate the need for
urgent referral to a pediatric spine specialist, who can then obtain the advanced imaging
and biopsy.
R.M. Schwend

Eosinophilic granuloma is a benign osseous tumor. Ten percent of lesions occur in the spine
and affect the vertebral body. EG can cause back pain and scoliosis. Replacement of the
vertebral body by tumor causes collapse into vertebral plana. The natural history of the
majority of solitary EG lesions of the spine is spontaneous regression with reconstitution of
the vertebral height. Management is supportive including bracing. There is no consensus on
the need for chemotherapy. Radiation therapy is not recommended.

W.L. Hennrikus
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Chapter 24 )
A Hockey Player with Persistent
Low Back Pain and Hamstring
Inflexibility: Enthesitis-Related JIA

Check for
updates

Melanie Kennedy and Kelsey Logan

Brief Case Presentation

Chief Complaint

Low back pain for 4 months after a noncontact injury during a game

History

A 17-year-old male hockey goalie presents with low back for 4 months that is wors-
ening, despite over 3 months of physical therapy. He complains of pain that alter-
nates between the left and right posterior gluteal muscles, sacroiliac joint pain,
quadriceps and calf achiness, and occasional shooting pain down his left thigh to his
posterior knee. Additionally, he developed pain that wakes him at night, morning
stiffness of 1-2 hours, and 1-2 kg of unintentional weight loss. There has been no
significant improvement since initial injury.
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His pain began after falling on his left side trying to make a save in hockey.
Originally, he had pain in the left low back, with left-sided radiculopathy. He was
unable to continue participation after the injury occurred. Lumbar spine radiographs
obtained after this acute injury were normal. He then completed 8 weeks of physical
therapy to address poor hamstring flexibility and weak core strength, with minimal
improvement. He attempted to return to hockey, but this worsened his pain. At fol-
low-up visits, he was noted to have bilateral ischial tuberosity pain and inflexibility
of bilateral hamstrings. At 8 weeks after injury, pelvic radiographs were normal. He
wanted to continue to try to return to sport and elected to continue with physical
therapy, transitioning to functional rehabilitation with an athletic trainer. After an
additional progression with functional rehabilitation, he began to have worsening
low back and returned for reevaluation.

At this visit, 4 months after initial presentation, he recalled back pain, noting
intermittent bilateral low back pain over the past several years, without injury or
other acute cause known. These episodes were much less severe. Furthermore, he
reports nocturnal pain and weight loss.

His past medical history is significant for mild intermittent asthma, allergic rhi-
nitis, sacral dimple at birth, and patellar tendonitis.

Physical Examination

Weight: 58 kg; height: 167.7 cm; BMI: 21. He was developmentally normal and
well appearing.

Back exam: Overall posture was normal and well balanced. There was tender-
ness to palpation over both posterior iliac crests and bilateral sacroiliac joints. ROM:
limited lumbar flexion and extension of lumbar spine due to pain, pain with flexion,
left and right rotation, and poor flexibility of bilateral hamstrings. Strength: 5/5 in
lower extremities and symmetric. Neurologic exam: sensation intact and symmetric
in all dermatomes, 2+ patellar and Achilles reflex and Babinski reflex were normal.
Special tests: FABER positive bilaterally, negative straight leg test, negative slump
test, and no clonus.

Imaging Studies (Figs. 24.1,24.2, 24.3, 24.4, and 24.5)

Laboratory Studies

CBC, ESR, and CRP are all within normal limits.
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Fig. 24.2 Pelvic radiographs obtained 8 weeks into presentation. Normal with no bony
abnormalities
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Fig. 24.3 (a) The consulting sports medicine physician ordered an MRI of his lumbar spine,
including bilateral sacroiliac (SI) joints. It was read as normal, with no evidence of sclerosis or SI
edema. (b) On subsequent review of the original MRI, one view did demonstrate mild SI joint
edema (arrow)

Fig. 24.4 MRI SI joint
without contrast ordered
by sports medicine
physician: Note increased
signal intensity in the left
and right SI joints and
edema in surrounding
bone, more in ilia
compared to

sacrum (arrow)

Questions About the Case the Reader Should Consider

1. What clues in the history suggest that the back pain is more than muscular or
mechanical low back pain?

2. What is enthesitis and how can it be diagnosed?

3. Why were the lumbar and pelvic radiographs and lab work normal?
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Fig. 24.5 MRI SI joints
with contrast, with
increased signal, amplified
with contrast material, in
bilateral ilia (arrows)

4. What are the next steps regarding diagnosis and management?
5. Is there additional diagnostic testing or imaging to consider?
6. What are the return-to-play recommendations for this athlete?

Discussion

This patient initially presents after an acute injury with no prior reports of pain,
which lessens concern for underlying chronic condition. However, as his case pro-
gresses, there are key complaints that prompt need for additional evaluation. The
patient developed worsening symptoms during treatment, which should encourage
the physician to complete a new assessment and revisit the differential diagnosis.
Additionally, the patient developed nocturnal pain and morning stiffness, which
should cue evaluation with laboratory work and additional imaging. Lastly,
decreased spinal motion despite significant physical therapy, combined with his
weight loss and pain in other joints, raise suspicion for an underlying systemic
process.

Additional history taking reveals that this patient has struggled with low back
pain intermittently over the past few years. While this may be caused by biome-
chanical issues (weakness, abnormal sport motion mechanics), the pain should fully
abate once those abnormalities are corrected. His lack of response to prolonged
physical therapy is concerning, and the differential diagnosis needs to be widened.

One symptom he demonstrates on examination is enthesitis. An enthesitis is
inflammation where a tendon or ligament inserts on bone in a patient with arthritis
[1]. Common locations for enthesitis are in the lower extremities, such as the hip
extensors at the greater trochanter, the patellar tendon on the patella, and the plantar
fascia and Achilles tendon on the heel [2].

An enthesitis can be difficult to diagnose on physical exam, and additional imag-
ing such as MRI or ultrasound is sometimes needed [3]. One study suggests that
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ultrasound with a skilled technician is better at diagnosing enthesitis [3]. A review
of this patient’s history relevant to inflammatory back pain noted several positive
responses seen in patients younger than age 45 who have had back pain for at least
3 months [4]. Specificity for inflammatory back pain increases with each positive
response:

* Morning stiffness of >30 minutes

* No improvement in back pain with rest

* Awakening because of back pain during the second half of the night
e Alternating buttock pain

Diagnosis of spondyloarthropathy, specifically enthesitis-related arthritics
(ERA) with sacroiliitis, may be difficult as lab work and imaging can be equivocal.
However, HLA-B27 testing is most often positive [5]. HLA-B27 is positive in 90%
of patients with ankylosing spondylitis but only in 50% of patients with ERA [2, 6].
ESR and CRP may be normal or elevated; ANA and RF are negative [2]. Patients
may or may not have anemia [7]. Plain radiographs are not good at detecting syno-
vitis or early erosive changes in the sacroiliac joints of these patients [5]. If sacroi-
liitis is present on radiographs, ERA is more difficult to treat and is associated with
a poorer prognosis [2]. MRI may detect inflammatory changes earlier in the disease
course, but the changes may be subtle and overlooked, as evident in this case [6].
Contrast MRI is superior to noncontrast in detection of sacroiliitis [8].

The classification for enthesitis-related arthritis is shown below. Initial treatment
for ERA is NSAIDs, typically naproxen, ibuprofen, meloxicam, or indomethacin
[2]. When synovitis is present for more than 2 months, additional treatment should
be considered. If there is true joint involvement in JIA, some patients respond to
intra-articular corticosteroid injections for rapid reduction of inflammation [5].
Methotrexate, a folic acid analog, is often added for its ability to achieve disease
control with low toxicity, but it has less effect on axial symptoms. When sacroiliitis
is seen, especially on plain radiographs, additional biologic medication like antitu-
mor necrosis factor (Anti-TNF) medications is added to the treatment regimen.
Anti-TNF medication may not stop progression of spinal involvement but does help
provide symptomatic relief [2].

Classification Criteria for Enthesitis-Related Arthritis [7]
e Arthritis and enthesitis, or arthritis, or enthesitis, with at least two of the
following:

— Presence/history of sacroiliac joint tenderness and/or lumbosacral pain

— Presence of HLA-B27 antigen

— Onset of arthritis in a male >6 years old

— Acute anterior uveitis

— History of one of the following in a first-degree relative: ankylosing
spondylitis, enthesitis-related arthritis, sacroiliitis with inflammatory
bowel disease, Reiter’s syndrome, or acute anterior uveitis
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Exercise and activity are important for patients with arthritis and should be a part
of the treatment plan [9]. Participation in some sports is encouraged as long as
patients have control/remission of the disease, full range of motion of the joint, full
strength, and appropriate endurance [9]. Use caution with children with neck arthri-
tis and contact sports, and evaluate for cervical instability radiographically prior to
participation [9]. High-velocity and high-impact sports should be restricted as there
is higher risk of spinal cord injury in those with ankylosing of the spine [6].
Individualized exercise programs designed with the aid of a sports medicine physi-
cian, rheumatologist, and physical therapist with knowledge of JIA are recom-
mended [9].

How to Approach the Case

Any musculoskeletal pain that wakes patients up at night is a red flag. Night pain
heightens concern for underlying infectious or inflammatory process, including
malignancies, and warrants evaluation with additional imaging and lab investiga-
tion. This case also highlights the importance of a detailed history and review of
systems to reveal his weight loss and morning stiffness, which may also suggest an
underlying inflammatory process. Morning stiffness and low back pain relieved
with NSAIDs or heat are characteristic of spondyloarthropathy. Finally, if the
patient is not improving, the differential diagnosis must be revisited with each
patient encounter and additional workup considered.

Short Differential Diagnosis

* Chronic, mechanical low back pain

* Sacral contusion, stress injury

* Discogenic low back pain with radiculopathy
* Inflammatory arthritis

Final Diagnosis

Enthesitis-related arthritis juvenile idiopathic arthritis (ERA JIA) with sacroiliitis

Natural History and Treatment Considerations

There are several classifications for JIA and spondyloarthropathy, and often distin-
guishing between subtypes has little impact on clinical management [1]. Typical
symptoms of ERA are enthesitis, arthritis, and uveitis and can be treated with
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nonsteroidal anti-inflammatories and biologic agents [2]. If left untreated, sacroili-
itis can lead to spontaneous fusion of the spine, chronic back pain, and stiffness.

The prognosis for this patient is fair. When compared to other types of JIA, those
with ERA tend to have more pain, worse function, a lower quality of life, and lower
remission rates [2].

Referral — Emergent, Urgent and Routine: And to Whom?

The majority of athletes with low back pain can be evaluated and treated by a pri-
mary care physician or a sports medicine physician. Patients with severe pain,
weakness or decreased range of motion, signs of inflammatory arthritis, or enthesi-
tis should be referred to a rheumatologist urgently for additional evaluation. If noc-
turnal pain is present, blood work including CBC, ESR, CRP, UA, ANA, RF, and
HLA B27 is indicated and referral done. If the patient is otherwise well appearing
without signs of neurologic deficit, imaging can be reserved for the subspecialty
evaluation.

Brief Summary

This case of a hockey player with a back injury that is not improving illustrates the
need to consider medical causes of musculoskeletal pain in athletes. The young
athlete in this case presented for evaluation of low back pain 4 months after a fall in
hockey; he was not improving with physical therapy. In addition, he is complained
of symptoms such as morning stiffness, increasing pain, and weight loss that were
inconsistent with a lingering musculoskeletal injury.

A diagnosis of enthesitis-related JIA was made by the consulting pediatric rheu-
matologist based on elements of his history and physical exam, combined with the
MRI findings. The patient improved on methotrexate and returned to playing
hockey.

Key Features and Pearls

* Back pain that is not improving as expected with time and correction of
mechanical or strength deficits should be reevaluated for underlying
inflammatory conditions.

e Normal plain radiographs and laboratory work do not rule out inflamma-
tory disease.

» Athletes with enthesitis-related arthritis can often return to normal levels
of physical activity.
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Editor Discussion

Juvenile idiopathic arthritis (JIA) is an inclusive diagnosis and often a diagnosis of exclu-
sion. The term “rheumatoid” has been omitted because most subtypes of JIA lack this fac-
tor. Some patients with JIA will have iridocyclitis — inflammation of the anterior uvea. Be
sure to also refer to an ophthalmologist for a possible slit lamp examination. Enthesitis-
related JIA is often HLA B27 positive. The former names for enthesitis-related arthritis
(ERA) includes ankylosing spondylitis and Reiter syndrome.

W.L. Hennrikus

Enthesitis, mediated by pro-inflammatory cytokines, is an important feature of axial spon-
dyloarthritis. Neuropathic-like pain is common in patients with psoriatic arthritis and is
associated with greater disease activity, fatigue, depression, and anxiety [10]. Since liga-
ments and tendons attach at so many locations on the skeleton, pain can be located just
about anywhere. For example, coccydynia has been seen as an enthesitis associated with
ankylosing spondylitis. Besides enthesitis-related arthritis (ERA), chronic recurrent multi-
focal osteomyelitis, which may also be an autoimmune disease, can present as painful back
and limb pain, with bone changes noted on MRI. In addition to medical treatment, it is
important to maintain good weight and muscle strength, since obesity has been shown to be
arisk factor for the overall response to treatment in conditions such as rheumatoid arthritis.
The complexity of these conditions warrants referral and treatment with a pediatric
rheumatologist.
R.M. Schwend
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Chapter 25
A Young Child with Activity-Limiting
Back Pain for the Last 3 Months

Jefferson W. Jex and Richard M. Schwend

Brief Case Presentation

Chief Complaint

A 3-month history of daily thoracic back pain affecting activities

History

A 4-year, 9-month-old boy presented with daily back pain for about 3 months dura-
tion. The pain had been increasing and was affecting his daily activities. The pain
increased with sitting. He demonstrated a decreased appetite, lethargy, and a less
playful mood. The pain was centered at the mid-thoracic level without any radiation
to the lower extremities. He has not had trouble falling asleep or staying asleep.
NSAIDs help with the pain. He has had no fever, sweats, chills, weight loss, urinary
incontinence, or extremity weakness.

His past history was unremarkable. He was full term at birth with normal birth
weight and normal development. He had myringotomy tubes placed at age 3 years.
There has been no history of trauma. He is doing well in pre-kindergarten. Family
history was unremarkable.
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Physical Examination

Weight 17 kg; height 111.8 cm. He had a normal growth chart and was healthy and
developmentally normal with good nutrition. He was bright and cooperative on
examination with normal lymph nodes. The spine is straight and balanced. He dem-
onstrated mild tenderness in the mid-thoracic region in the midline. He was moder-
ately stiff on forward bend able to touch just below his knees. Hyperextension was
also mildly stiff and uncomfortable. Neurologic exam was normal.

Imaging and Radiographic Studies (Figs. 25.1 and 25.2)

Fig. 25.1 Standing anterior/posterior and lateral radiographs of the spine. The spine is balanced
with a mild scoliosis of 11 degrees. There are no soft tissue, disc space, or bony abnormalities. The
boy’s physician ordered a thoracic level MRI to evaluate for infection or tumor. Since the child was
under 7 years of age and could not lie still, anesthesia was required



25 A Young Child with Activity-Limiting Back Pain for the Last 3 Months 291

Fig. 25.2 Axial view MRI
T2 showing the edema and
inflammation surrounding
the left-sided posterior
elements at T6. The MRI
showed an enhancing T2
hyperintense signal within
the left posterior elements
at T5 and T6. There was
edema surrounding the
spinous processes at TS
and T6. Although there
was no well-defined mass,
there was periosteal
inflammatory soft tissue
surrounding the bone, with
an indistinct

posterior cortex

Questions About the Case the Reader Should Consider

1. Back pain is unusual in a child less than 5 years of age. What is the differential
diagnosis for this patient?

2. Before advanced imaging is considered, what other studies are useful?

3. What are the advantages and disadvantages of using the MRI as the next imaging
modality?

4. What other advanced imaging test is useful?

5. What are the treatment options?

Discussion

Progressive back pain in young children that leads to activity limitation is a red flag.
This child experienced progression of symptoms over a 3-month period. Remember
that the back pain is a symptom of the problem. Your task is to rule out the poten-
tially catastrophic diagnoses including infection, neoplasia, leukemia, lymphoma,
autoimmune disease, or trauma.

The workup begins with the history, physical examination, and radiographs of
the painful location. The examination revealed a stiff spine, pain with motion, and a
child who avoids spinal movement [1]. Plain radiographs are often normal but are
quick and inexpensive and help to rule out some of the sinister causes of back pain.
Young children with back pain may have secondary scoliosis that is noted on
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radiographs. Scoliosis secondary to osteoid osteoma typically lacks a rotational
deformity that would be seen with most idiopathic scoliosis [2]. This lack of rota-
tion would lead to a normal examination on Adam’s forward lean test despite a
radiographic appearance of scoliosis. Similarly, osteoid osteoma (OO) occurring in
the cervical spine may present with a painful torticollis [3].

Laboratory analyses are important in ruling out infection and tumor. For exam-
ple, CBC with manual differential will assist in evaluation of leukemia. About one-
quarter of patients with leukemia present with bone pain. Atraumatic back pain of
duration longer than 2 weeks with or without night pain should arouse suspicion and
initiate further workup.

ESR and CRP are keys in evaluating for infection. The CRP has a high negative
predictive value. The ESR responds more slowly to infection but can provide insight
on the duration of infection and the success of treatment. Additionally, these studies
may be elevated with autoimmune disease. ESR would also be elevated in leukemia.

Bone scan can be a helpful screening tool in cases such as this. Bone scan does
not require sedation and can localize a bone-forming lesion such as OO. However,
processes such as acute leukemia, infections, avascular necrosis, and cysts may be
negative on bone scan as it is principally a measurement of bone formation.

In this case, MRI was not a good choice for advanced imaging. The lesion was
smaller than what the MRI was able to visualize. MRI is better for soft tissue char-
acterization and less effective for bony lesions. MRI is a very sensitive modality
with false positives. MRI of osteoid osteoma may misleadingly appear as a more
aggressive lesion and lead to the wrong diagnosis and overtreatment. Additionally,
MRI is expensive and typically requires insurance preauthorization and can add to
the family angst. In cases such as this, early consultation with a pediatric spine phy-
sician is helpful to guide advanced imaging recommendations.

CT scan was the best advanced imaging test for this patient (Figs. 25.3 and 25.4).
CT scan provided excellent bony detail and resolution in the evaluation of an
0O. CT does not typically require sedation for young children due to the speed of
acquisition. CT is the study of choice for bone lesions. If the pain is easily localized

Fig. 25.3 Axial CT
showing 1 cm radiolucent
lesion with central calcified
nidus located in the left
hemilamina
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Fig. 25.4 Axial CT image
showing the cryotherapy
ablation tool coming in
from the right side

Fig. 25.5 A high-power micrograph of an osteoid osteoma showing a central nidus of bone with
rimming osteoblasts surrounded by reactive fibrovascular stroma. (Courtesy of Alejandro Luifia
Contreras, MD, Joint Pathology Center, Silver Spring, MD)

on physical examination, forego the bone scan and opt for a CT directly. If there is
an associated soft tissue mass noted on CT that was not perceived on examination,
MRI can be performed.

An osteoid osteoma is a small <1 cm benign lesion of bone. It consists of a cen-
tral nidus of cells that produce cyclooxygenase 1 and 2 as well as prostaglandin E2
(Fig. 25.5). These compounds incite reactive bone formation about the nidus and

produce the typical pain of an osteoid osteoma that responds to salicylates
and NSAIDs.
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How to Approach the Case

Back pain in a young child that is activity limiting is a red flag. The evaluation
should be based on the clinical presentation and physical examination findings and
radiographs. Longer duration of activity-limiting pain, night pain, or constitutional
symptoms suggests diagnoses such as leukemia or lymphoma. Laboratory studies
are indicated if these conditions are to be evaluated.

A history of night pain that is responsive to salicylates or NSAIDs is suggestive
of osteoid osteoma. If the radiographs are normal and the location of the pain is dif-
ficult to determine, a bone scan may be obtained. If osteoid osteoma is suspected
and the bone scan shows a lesion, further investigation with CT scan is indicated.

L]
Red Flags

* Night pain

* Pain that is causing decreased activity

* Lethargy

* Decreased appetite enough to cause weight loss
 Stiffness on examination

Short Differential Diagnosis

* Spondylodiscitis

e Leukemia

e Lymphoma

e Osteoid osteoma/osteoblastoma
* Langerhans cell histiocytosis

Final Diagnosis

Osteoid osteoma of left T6 spine posterior elements

Natural History and Treatment Considerations

Osteoid osteoma is the third most common benign lesion of bone following non-
ossifying fibroma and osteochondroma. It tends to present with pain that is worse at
night. Salicylates or NSAIDs provide substantial pain relief. After obtaining an
appropriate history and performing a physical examination, plain radiographs are
ordered of the location of the back pain. Radiographs may document bony sclerosis
associated with the reactive bone occurring adjacent to a nidus.
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Advanced imaging with a bone scan for localization followed by a CT will con-
firm the diagnosis. An MRI is not ideal to confirm the presence of this lesion.
Children must be sedated, and although the MRI does not expose them to ionizing
radiation, the resolution is inadequate to accurately characterize a small lesion such
as an osteoid osteoma. CT and bone scans may be performed without anesthesia.

Treatment of OO can be radiofrequency ablation or surgical excision. If the OO
lesion is located near vital structures such as the spinal cord and/or nerve roots,
surgical excision may be safer than radiofrequency ablation [4]. Both radiofre-
quency ablation and CT-guided surgical excision in select cases have been shown to
provide excellent results [5]. Lastly, nonoperative management with long-term sup-
pression of symptoms by oral NSAIDs can also be used with remission experienced
at an average of 33 months [6].

Referral — Emergency, Urgent, or Routine: And to Whom?

A young child presenting with activity-limiting back pain that is atraumatic should
be urgently evaluated by the primary care physician with early collaboration with a
pediatric spine surgeon. Radiographic imaging and hematologic studies are a good
start with further advanced imaging such as CT ordered by the subspecialist to con-
firm the diagnosis of OO. Shared decision making with the physicians and the fam-
ily will facilitate the decision to treat the OO with excision, percutaneous ablation,
or medical treatment.

Brief Summary

Activity-limiting back pain in a young patient, pain that interferes with sleep, and
constitutional symptoms are red flags. Young children may have difficulty verbal-
izing the frequency, extent, and location of the pain. The examination may identify
significant spinal stiffness. Although up to 30% of children with adolescent idio-
pathic scoliosis have reported pain, scoliosis does not typically present with severe
pain or night pain. Children with painful scoliosis should receive greater scrutiny
and not have their symptoms ascribed to the scoliosis alone. The scoliosis may be a
manifestation of an underlying disease. In young children, back pain should not be
attributed to secondary motives as can occur in teenagers or adults.

Key Features and Pearls

* Progressive, activity-limiting pain

» Significant pain relief with NSAIDs

* Pain worse at night

* Painful scoliosis that lacks rotational deformity
* Spinal stiffness/rigidity
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Editor Discussion

The major clue to the diagnosis of an osteoid osteoma is the history of night pain relieved
by aspirin or NSAIAs. The osteoid osteoma produces prostaglandins, and the salicylates or
NSAIAs inhibit prostaglandins. It can be difficult to locate an osteoid osteoma of the spine
on plain radiographs alone. The best advanced imaging test in this case is a CT rather than
an MRI. The MRI can be misleading due to bone edema and lead one to misdiagnosis infec-
tion or a malignancy.

W.L. Hennrikus

Osteoid osteoma is notorious for being difficult to diagnose. The most challenging aspect is
to even consider it as a diagnostic possibility. The lesion can hide out in unusual places,
such as a rib, in the femoral neck, talus, tibia, and spine. Normal plain films or MRI should
not exclude the diagnosis, which, once suspected, should be pursued with determination. I
find that for such cases, calling your pediatric orthopedic surgeon directly can share some
of the stress and uncertainty in working up this and other lesions. Having key pediatric
consultants who are readily available in your “favorites” and willing to discuss a difficult
case is one benefit of modern communication.
R.M. Schwend
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Chapter 26

A Case of a Boy with Neck Pain at Night
Associated with Acute Torticollis

and Kyphoscoliosis

Check for
updates

Stephen D. Lockey, Michael DeFrance, Alicia McCarthy, Arun R. Hariharan,
and Suken A. Shah

Brief Case Presentation
Chief Complaint

Neck pain and head tilt

History

This 10-year-old boy presents with persistent, dull neck pain for 3 months. His
symptoms are worse with lying in a supine position and at night. He does not report
any associated pain in other parts of his body or any radiating pain down his arms
or legs. He complains of head tilt to the left and a stiff neck after basketball. He has
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taken NSAIDs and diazepam, but with minimal relief. Otherwise, he has not had
fever, chills, night sweats, weight loss, weakness, unbalanced gait, loss of manual
dexterity, numbness in his extremities, or bowel/bladder symptoms.

He was previously evaluated 8 weeks before this clinic visit by another physician
and had an otherwise normal physical exam, but with mild rotatory instability at C1/
C2 on plain cervical spine radiographs (Figs. 26.1 and 26.2). A computed tomogra-
phy (CT) scan was negative for bony abnormalities. He completed several sessions
in physical therapy with neck stretching and strengthening but stated his symptoms,
primarily the pain, had only worsened.

Fig. 26.1 Seated lateral views of the cervical spine positioned in neutral (a), flexion (b), and
extension (c) used to assess for structural abnormalities including fracture and spondylolisthesis

Fig. 26.2 Open mouth
odontoid view
demonstrating mild
rotatory deformity at C1/
C2. Note the difference in
distance between the
odontoid process of C2
compared to the lateral
masses of C1
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Medical History

His past medical history was significant for well-controlled asthma for which he
takes an inhaler. His developmental history was unremarkable, and family history
was negative for scoliosis or cancers.

Physical Examination

Weight 32.5 kg, height 146 cm, afebrile. He is well appearing and developmentally
normal. He exhibits a left-sided head tilt and right shoulder elevation with right
cervicothoracic scoliosis. Neck active range of motion is painless but significantly
limited in all directions. There is no tenderness to palpation along his spinal-pelvic
axis. His right hand grasp is weaker compared to the left, along with subjective
sensory disturbance. The remainder of his strength, sensation and reflex testing was
normal and symmetric.

Imaging and Radiographic Studies (Figs. 26.1, 26.2, 26.3,
and 26.4)

Questions About the Case the Reader Should Consider

1. Neck pain is a common complaint in children. What features in the patient’s
presentation raise red flags?

How do spinal cord tumors typically present?

What is a possible explanation for his torticollis?

What is the next diagnostic test that should be considered?

What is the appropriate referral and treatment in this case?

ke

Discussion

Neck pain is a common complaint with a variety of etiologies in the pediatric popu-
lation. While many causes can be managed with reassurance and conservative ther-
apy, it is important that the physician be familiar with presenting signs suggestive
of more serious conditions. Examples of nontraumatic neck pain associated with
significant morbidity include infection (meningitis, epidural abscess), vascular or
congenital anomalies (berry aneurysm, Arnold-Chiari malformation), and central
nervous system tumors. The presence of pain at night and the development of acute
torticollis with progressive spinal deformity (cervicothoracic) and motor weakness
should raise suspicion and prompt immediate workup with advanced imaging.
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Fig. 26.3 Standing
posterior-anterior (PA)
scoliosis view
demonstrates deformity RT MK
with apex right scoliosis at
the upper thoracic region

Central nervous system tumors represent the most common solid organ malig-
nancy in children, with a variety of presenting signs and symptoms depending on
the location of the lesion. Spinal cord tumors usually present with back pain (67%),
gait or coordination disturbances (42%), and spinal deformity (39%). Other findings
may include focal weakness (21%), sphincter disturbance (20%), decreased upper
limb movement (17%), headache (7%), and head tilt (7%) [1]. The wide range of
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Fig. 26.4 (a) Sagittal T2-weighted MRI demonstrates the presence of a syrinx extending the
entire length of the spinal cord. Additionally, note the presence of a nodular mass within the tho-
racic spine. (b) Axial T2-weighted MRI demonstrates the presence of a syrinx as well as nodularity
adjacent to the spinal cord

nonspecific symptoms can often delay diagnosis, which may lead to disabling neu-
rologic deficits that are partially or completely irreversible. The key to preventing
unnecessary delays in treatment and morbidity is recognizing red flags in the pre-
sentation that warrant further immediate workup. Pain associated with spinal cord
tumors typically precedes neurologic findings and usually fluctuates in severity,
with the worst symptoms occurring at night or when lying down due to dural disten-
tion [2]. The presence of dermatomal pain, either from root distension or infiltration
by tumor, may also be the initial symptom [3]. Motor dysfunction can occur early
in the disease process and manifest with developmental delay (crawling, standing),
motor regression, or frequent falls. Weakness is often asymmetric as most lesions
are eccentrically located. Kyphoscoliosis and torticollis may develop in patients
with thoracic and cervical tumors, respectively, and may also indicate a specific
pathology [4].

Torticollis is present when the patient’s chin is rotated toward one shoulder, and
the head is tilted toward the contralateral side. The most frequent cause in an infant
is congenital muscular torticollis, due to a contracted sternocleidomastoid muscle.
The acute condition in the older pediatric patient may be related to otitis media,
ocular torticollis, trauma, or cervical spine subluxation [5]. Torticollis related to
atlantoaxial rotatory instability is characterized by asymmetry of the odontoid pro-
cess of C2 in relation to the lateral masses of C1, but diagnosis can be difficult by
plain radiographs. Dynamic CT with the head rotated to the left and right provides
more accurate information. Most cases will resolve spontaneously and those with
symptoms less than 1 week are managed with immobilization, rest, muscle relax-
ants, and analgesics. Failure to improve after 1 week requires referral, imaging, and
treatment [6].
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A progressive spinal deformity can be due to a pathologic process. Tumors or
syringomyelia in the thoracic spine can lead to progressive kyphoscoliosis, as seen
in this patient. Idiopathic scoliosis is a three-dimensional spinal deformity asso-
ciated with lateral curvature, apical lordosis, and rotation. Most (>95%) thoracic
curves due to idiopathic scoliosis go to the right, due to preexisting deviation and
rotation from the mediastinal structures; and therefore, left-sided curves should be
suspect for an underlying pathologic process [7].

The decision to order advanced imaging should follow a systematic approach in
the workup of pediatric neck pain to minimize radiation exposure, cost, and patient/
parent anxiety [8]. Following a careful history and physical examination, the next
study is plain radiographs to include posterior-anterior (PA) and lateral views of the
specific area of concern. However, in spinal deformity, long films of the entire spine
should be obtained. In a child with night pain or an abnormal examination (i.e.,
motor weakness, painful/persistent torticollis, spinal deformity, abnormal reflexes)
and normal radiographs, a magnetic resonance imaging (MRI) is still indicated. Up
to 75% of patients with pathology identified on MRI will have normal radiographs.
The use of MRI in the evaluation of atypical pain or abnormal physical examination
findings is validated [9]. In addition, advanced imaging with an MRI is recom-
mended when soft-tissue pathology is suspected such as infection or malignancy.
However, the sensitivity of MRI and the absence of radiation exposure must be
weighed against the need for sedation in younger children [10]. If an MRI is indi-
cated, the study can be ordered in consultation with the treating spinal surgeon after
the referral is made.

Referral to a pediatric orthopedic spine specialist or neurosurgeon is indicated
for atypical presentation of back or neck pain or pain-associated spinal deformity,
torticollis, and neurologic deficits. Advanced imaging studies provide both diag-
nostic value and information important for surgical management. The finding of a
spinal cord tumor often requires resection by a spine surgeon and adjunctive medi-
cal treatment. The most important prognostic factors are the patient’s preoperative
neurological state and the histological grade of the tumor [11], further emphasizing
the need for prompt workup and referral to the appropriate specialist.

In this case example, an MRI indicated that the patient had a thoracic intra-
medullary spinal cord tumor with associated syrinx. He underwent staged right-
sided T1-T11 hemilaminectomies with intraspinal tumor microdissection and shunt
placement. Gross total resection of the tumor was achieved, and the patient did not
require adjuvant therapy. He underwent an aggressive rehabilitation program and is
doing well despite persistent motor deficits.

How to Approach the Case

If the presentation is atypical, the quality and timing of pain should raise suspicion
and lead to immediate workup. Night pain, pain in a dermatomal pattern, motor
weakness, abnormal reflexes, and bowel/bladder symptoms are some of the “red
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flags” in spinal pathology. A careful history and physical exam should evaluate for
the presence of new or worsening spinal deformity. Imaging typically begins with
plain radiographs, but pain associated with torticollis may limit the head positioning
necessary for an accurate diagnosis on an x-ray. If a soft tissue pathology is sus-
pected, an MRI should be obtained. Tumors that originate from bone are typically
better visualized with CT. In some cases, blood tests and tissue biopsy may also be
necessary, but this should be determined in conjunction with the treating surgeon.

L
Red Flags for Neck Pain and Acute Torticollis

* Night pain

* Acute or worsening kyphoscoliosis

* Neural symptoms

e Changes in gait or coordination

» Focal weakness or other neurologic findings

Short Differential Diagnosis

* Infection — Meningitis or an epidural abscess must be ruled out in the ini-
tial evaluation of a patient with neck pain and torticollis.

e Primary tumors of bone — Osteoid osteomas and osteoblastomas can pres-
ent with night pain and worsening spinal deformity. Neurologic deficits are
less common than in tumors derived from neural elements.

» Congenital anomalies — Atlantoaxial rotatory instability can present with
neck pain and torticollis. Neurologic symptoms may also be present.

Final Diagnosis
WHO Grade II Pilomyxoid astrocytoma from T3-T11 with associated syringomy-
elia due to CSF obstruction

Natural History and Treatment Considerations

The most common pediatric spinal cord tumors include astrocytomas, ependy-
momas, neuroblastomas, and primitive neuroectodermal tumors. As in this case
example, patients typically present with pain or neurologic deficits. Motor or sen-
sory sequelae can progress rapidly and are often irreversible. A progressive spinal
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deformity may also be present. Malignant spinal cord tumors ultimately require
surgical resection and stabilization with adjuvant treatment in the form of chemo-
therapy and/or radiation.

Referral - When and to Whom?

A child presenting with back or neck pain at night, pain in a dermatomal pat-
tern, weakness, abnormal reflexes, or bowel/bladder symptoms should be referred
to a pediatric orthopedist or neurosurgeon with expertise in spinal pathology. If
advanced imaging demonstrates the lesion involves the spinal cord rather than the
bone, the tumor should be surgically managed by a neurosurgeon

The patient was found to have a thoracic intramedullary spinal cord tumor on
MRI and underwent staged right-sided T1-T11 hemilaminectomies with intraspinal
tumor microdissection and cardio-cervical decompression for a syrinx shunt. Gross
total resection of the tumor was achieved, and the patient did not require any adju-
vant chemotherapy or radiation.

Key Features and Pearls

» Torticollis has many benign causes, but patients presenting with worsening
spinal deformity, night pain, or associated neural signs require a compre-
hensive workup to exclude infection and malignancy.

* A timely diagnosis and appropriate treatment is critical to avoid neurologic
deficits that are often permanent or do not fully recover.

Editor Discussion

The onset of torticollis, kyphoscoliosis, neck pain, and weakness in right-sided grip strength
with changes in hand sensation in a previously healthy 10-year-old boy warrants immediate
spine radiographs and referral to your closest neurosurgeon and/or pediatric orthopedic
surgeon. This case jumps off the page with “badness.” An astrocytoma is a cancer that can
form in the brain or spinal cord. Astrocytomas begin in cells called astrocytes that support
nerve cells. The signs and symptoms depend on the location of the tumor. Astrocytomas that
occur in the brain can cause seizures, headaches, and nausea. As in this case, an astrocy-
toma in the spinal cord can cause weakness and sensory changes.
W.L. Hennrikus

Spinal cord tumors may present at any age and have a variety of signs and symptoms. Key
symptoms are pain, sensory changes, and motor weakness. Pain can range from mild to so
severe that the child is unapproachable. Sensory changes can be over dermatomes with very
specific and unusual symptoms such as not wanting to keep a shirt on or asking for hot
showers over that body part. Weakness can be subtle, such as new onset of clumsiness or a
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change in the gait. Parents are very observant of changes in their child’s function, so should

be taken seriously. The ASIA (American Spinal Injury Association) Classification is a good

guide to approach the neurological examination. It consists of two sensory examinations

(light touch and pin prick), motor testing of 11 muscle groups, and an impairment scale.

Although you do not need to do the entire examination, it provides a useful framework.
R.M. Schwend
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Chapter 27
Scoliosis Is Not Always Idiopathic: A Case
of a Boy with Back Pain and Scoliosis

Arun R. Hariharan and Suken A. Shah

Brief Case Presentation
Chief Complaint

An 11-year-old boy presents with persistent low back pain after a twisting move
while dancing.

History

The pain has been dull and constant with radiation down his left leg to the foot.
The pain has been present during the day and night. His mother also notes that his
posture has recently deteriorated. The pain had been limiting him from participat-
ing in sports and physical activities, such as basketball and surfing. He had been
taking NSAIDs every 6 hours with only minimal relief. He had no fevers, chills,
night sweats, weight loss, weakness, numbness, or bowel and bladder symptoms.
He takes no other medications, his developmental history had been unremarkable,
his past medical history is negative, and family history is negative for scoliosis.
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Physical Examination

He is afebrile and his vital signs are within normal limits, and his BMI is in the ideal
range. He is otherwise healthy, developmentally normal, and cooperative. His head
and neck exams are normal. His breathing is non-labored and his abdomen is non-
tender. His extremities are warm and well perfused.

On his musculoskeletal examination, he has a listing posture to the left, with a
trunk shift both standing and walking. No rotational scoliosis is noted, and there
are no overlying skin lesions or rashes on his back. He also demonstrates left-sided
paraspinal muscle tenderness and spine stiffness with decreased spine flexion,
extension, and lateral bending. He also demonstrates a positive straight leg raise test
and difficulty with heel walking. His sensation is intact to light touch in all derma-
tomal distributions, and his reflexes are normal.

Questions About the Case the Reader Should Consider

1. Mechanical back pain is often responsive to non-steroidal anti-inflammatory
drugs (NSAID) and self-limited. Why does this patient have persistent back pain
refractory to NSAIDs?

2. Scoliosis is typically not painful or associated with mechanical pain with normal

activity. What is the reason for the pain at night?

What is a possible explanation for his radicular symptoms?

What is the next diagnostic test that should be considered?

5. What is appropriate referral and treatment in this case?

> w

Discussion

Back pain from a myriad of reasons is quite prevalent in children and adolescents.
Most commonly, back pain is due to nonspecific pain or muscle strain. At times,
back pain can result from other causes such as disk herniations, spondylolysis,
infection, or tumor [1, 2]. Scoliosis, however, is typically not painful in children.
Often, the back pain is self-limited, and most children do not seek medical atten-
tion. The American Academy of Family Physicians has recommended that children
and adolescents with back pain who have no significant physical findings, a short
duration of pain, and a history of minor injury can be treated conservatively with-
out radiographic or laboratory studies. However, they also have a consensus level
recommendation that children and adolescents with back pain, abnormal physical
findings, constant pain, nighttime pain, or radicular pain should receive further eval-
uation. In patients with night time pain, pain that is persistent, pain that does not
respond to NSAIDs, and pain with recent onset scoliosis, tumor and infection must
be on the top of the differential diagnosis [2]. Additionally, the presence of radicular
symptoms indicates a compressive process from a disk herniation, a spondylolisthe-
sis, or a tumor [3-5].
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Osteoblastomas, osteoid osteomas, and aneurysmal bone cysts (ABCs) are
benign tumors that are commonly found on the posterior elements of the spine,
including the spinous process, lamina. pars, and the pedicle. Osteoid osteomas
are often less than 1 cm in size compared to osteoblastomas and ABCs which are
greater than 2 cm in size. All of these benign tumors can cause night pain and pain at
rest. However, since osteoid osteomas are relatively small in size, they infrequently
cause neurological symptoms [6-8].

However, osteoblastoma is a bone-forming tumor greater than 2 cm that can
expand the bone of the posterior elements and create nerve compression or inflam-
mation. Forty percent of osteoblastomas involve the spine, especially the cervical
and lumbar regions. This bone lesion, although benign, can be aggressive, destruc-
tive, and expansile and can compress or irritate the spinal cord or nerve roots [1,
6]. In addition to the spine, other sites of osteoblastomas include the diaphysis or
metaphysis of long bones and the pelvis. Symptoms can include scoliosis, weakness,
radicular pain, sensory changes, bladder dysfunction, and incontinence. Due to the
nonmalignant nature of these tumors, patients do not usually display constitutional
symptoms such as fever, anorexia, malaise, night sweats, and weight loss [1, 3, 9].

On examination, patients may display tenderness to the paraspinal muscles and
decreased spine range of motion. The posterior elements of the spine are affected
by extension of the spine, and thereby patients will be limited and report pain with
spine extension. Of note, spondylolysis and spondylolisthesis also demonstrate
increased back pain with extension. The exam may also reveal a spinal curvature,
but the scoliosis is olisthetic, not similar to an idiopathic curve, which usually has a
rotational component and compensatory curves above and below. In contrast, ado-
lescent idiopathic scoliosis is usually not painful. The skin should also be examined
for café-au-lait spots which indicate McCune Albright syndrome or neurofibroma-
tosis. A thorough motor, sensory, and reflex examination is critical [1, 2, 9].

As previously stated, based on the AAFP recommendations, if a patient has
back pain with abnormal physical findings, pain at night, constant pain, or radicular
pain, additional evaluation should take place [2]. A plain radiograph focused on
the affected area of the spine with orthogonal, posterior-anterior (PA), and lateral
views should be obtained. A systematic approach when reading plain radiographs is
helpful. In addition, a direct discussion with the radiologist may also be beneficial
in some cases [10-12].

If, based on the history, physical examination, and plain radiographs, a tumor
is suspected, referral to a pediatric orthopedic spine specialist is recommended.
The orthopedic surgeon can then further workup the child with advanced imag-
ing. In most cases of suspected tumors, a computed tomography (CT) scan and
magnetic resonance imaging (MRI) are indicated. The CT scan better demonstrates
bony involvement and can provide imaging in the axial plane which can be useful
for surgical planning. MRI provides better visualization of the soft tissues, such
as the surrounding ligaments and neural structures [10, 11, 13]. MRI can also pro-
vide information about the tumor itself such as fluid-fluid levels suggestive of an
ABC [14].
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Returning to the case of our 11-year-old boy — he was referred to our orthopedic
spine service for scoliosis, but after his exam and X-rays demonstrated a possible
tumor based on the blurring of a pedicle on the left side of L5 with a right-sided lum-
bar curvature (Fig. 27.1). MRI and CT scans were ordered. MRI scan demonstrated
a heterogenous and expansile process about the left L5 posterior elements with near
obliteration of the pedicle (Figs. 27.2 and 27.3). The T2-weighted images also show
the aforementioned fluid-fluid levels in the axial and sagittal planes (Fig. 27.4).
The CT scan in the axial images demonstrated an expansile and destructive lesion
within the pedicle and transverse process extending anteriorly to the vertebral body
(Fig. 27.5). The 3D CT reconstructions further illustrate the presence of this lytic
mass on the posterolateral aspect of L5 on the left side (Fig. 27.6).

Differential Diagnosis

Based on the history of persistent back pain associated with scoliosis, radicular
symptoms, and night-time pain combined with the clinical and imaging findings,
the differential diagnosis for this 11-year-old boy included the following:

Fig. 27.1 (a) Posterior-anterior radiographs of the entire spine. A subtle right-sided lumbar curva-
ture is seen. Otherwise no apparent abnormalities are evident. (b) A coned view of the lumbar
spine X-ray. This shows an expansile lesion within the left pedicle of L5 with obliteration of clear
pedicle margins (arrow)
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Fig. 27.2 Sagittal cuts of the T1 MRI. This demonstrates a heterogenous lesion within the L5
posterior elements involving the pars and the pedicle with anterior extension into the LS5 vertebral
body. Foraminal root compression of the L5 nerve root is also seen (arrow)

Benign Lesions

e Osteoblastoma

e ABC

* Giant cell tumor (less likely because these lesions are found in vertebral body
rather than in posterior elements)

* Osteoid osteomas (less likely given the large size of this lesion and because oste-
oid osteomas are classically very responsive to NSAIDs)

Malignant Lesions
* Ewing’s sarcoma
¢ Osteosarcoma

¢ Chondrosarcoma

Procedure

He was taken to the operating room for surgical treatment. Intraoperatively, a fleshy,
reddish mass was encountered on the posterolateral aspect of the left side of the L5
vertebral body within the pedicle, transverse process, and extending into the lateral
aspect of the vertebral body. The medial aspect of the vertebral body was noted to
be well corticated and intact — the tumor did not involve the spinal canal. An intra-
operative frozen section was suggestive of a benign bone lesion without giant cells.
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Fig. 27.3 Sequential axial MR cuts of the lower lumbar spine show the heterogenous, destructive,
and expansile, although well contained, mass within the left-sided posterior elements of L5
(arrows)

Therefore, a marginal excision was performed, and the spine was stabilized with
unilateral pedicle screws and a transforaminal interbody lumbar fusion (TLIF) from
L4 to LS. Final pathology results demonstrated bony trabeculae lined by osteoblasts
with uneven mineralization consistent with osteoblastoma (Fig. 27.7). Interestingly,
the final histology also had evidence of giant cells surrounded by spindle cell pro-
liferation without any cellular atypia (Fig. 27.7). These findings were interpreted as
a case of a secondary ABC within an osteoblastoma, which can occur in up to 40%
of cases. Both are benign lesions and the treatment protocol remains the same [15].
The patient tolerated the procedure well with complete resolution of all symptoms.
Follow-up plain radiographs and surveillance CT images at 10 weeks postopera-
tively showed excellent fusion and resolution of the scoliosis (Fig. 27.8). Longer-
term follow-up showed no recurrence and he resumed all sports.
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Fig. 27.4 (a) Sagittal cuts of the T2 MRI. This better demonstrates a heterogenous lesion within
the L5 posterior elements. The fluid-fluid levels (arrow) and the well-circumscribed nature of the
lesion are also seen here. (b) Axial cut of a T2 MRI at the L5 level which clearly shows the well-
circumscribed nature of the growth as well as the fluid-fluid levels (arrow) which are indicative of
a layering of blood and serous fluid when the patient is in the supine position in the MRI scanner
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Fig. 27.5 Axial CT scan cuts of the L5 vertebral body demonstrate the lytic and expansile nature
of the tumor. This also again shows that the growth is well contained and that the majority of the
medial wall of the pedicle is uninterrupted (arrow), but not suitable for screw fixation after
resection

Final Diagnosis

Osteoblastoma and ABC of L5 posterior elements on the left

How to Approach the Case (Fig. 27.9)

In a child or adolescent with persistent back pain refractory to NSAIDs, night time
pain, and pain associated with development of new scoliosis, always be suspicious
of infection or tumor. Spinal stiffness is also an abnormal finding, as are atypical
features of the curve itself (no rotational component and a large trunk shift). Careful
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Fig. 27.6 3D reconstructions from the CT scan which again shows the lytic, lobulated mass within
the posterolateral aspect of L5 on the left side (arrows)

Fig. 27.7 Histologic images from intraoperative specimen of the tumor. (a) Areas of bony tra-
beculae (red arrow) lined by osteoblasts with uneven mineralization suggestive of an osteoblas-
toma. (b) Giant cells (red arrows) surrounded by florid spindle cell proliferation (blue arrows)
without cellular atypia, suggestive of an ABC type tumor

history, physical examination, and review of X-rays are the essential three aspects
of making an accurate diagnosis or for appropriate referral to a pediatric orthopedic
surgeon. Advanced imaging studies such as MRI or CT scan can be instrumental in
making the diagnosis and planning surgery.
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Fig. 27.8 X-rays and CT scan images, respectively, at approximately 10 weeks post-op (resection,
fusion with interbody cage, and stabilization with unilateral pedicle screws). (a) Shows complete
resolution of scoliosis and (b) shows that the implants are in excellent position with evidence of
fusion posterolaterally (arrow) and in the interbody space

Fig. 27.9 How to
approach the case

* No significant exam
findings

e Short duration of pain

e Minor Trauma

* Red Flag Findings
¢ Night Pain
O Fevers, chills, night sweats
O Unintentional Weight Loss
O Radicular Pain/Muscle Weakness
* Bowel/bladder incontinence

History and d
Physical Red Flags Raéoﬂfg hs Zegirglist?
Examination S i
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Natural History and Treatment Considerations

Although benign in nature, osteoblastomas and ABCs must be thoroughly excised
in order to prevent recurrence. Recurrence rates of up to 20% for osteoblastomas
and 25% for ABCs have been reported. Moreover, osteoblastomas have a small
chance for metastases and for malignant transformation. In the process of appropri-
ate and adequate removal, much of the structural elements of the spine, including
the ligaments and bone, may be compromised. Therefore, treatment consists of not
only removal of the tumor but also fusion and stabilization of the spine [1, 15, 16],
if facets are violated or instability created.

Referral: When and to Whom?

Scoliosis that has atypical features such as significant pain, night pain, neurological
symptoms or that has progressed to more than 20 degrees in a growing child should
be referred to an orthopedic surgeon who has training, expertise, and experience in
treating spinal deformities and spine tumors. In some instances, the tumor may be
intradural or involve regions of the cervical spine where an orthopedic surgeon may
not be comfortable operating. In these cases, the orthopedic surgeon may enlist the
assistance of a neurosurgeon [1, 2, 5].

Discussion by Editors

Dr. Bob Hensinger of the University of Michigan, many years ago, taught us that back pain
in children can be a symptom of infection or tumor. Additional red flags include night pain,
pain associated with scoliosis, spine stiffness, neural symptoms, and neurologic findings.
As illustrated by this case, an osteoblastoma is a benign (noncancerous) bone tumor.
Adolescents are most often affected. The tumor is twice as common in males that in
females. Because of the large size and destruction of normal bone by the osteoblastoma,
surgery is necessary. This case is even more interesting because the pathology demonstrated
additional findings consistent with an ABC. The causes of osteoblastomas and ABCs are
unknown. Surgical excision may result in instability necessitating bone grafting, fusion,
and instrumentation.
W.L. Hennrikus

It is very possible for a radiologist or a clinician to miss noticing a lesion on a plain radio-
graph. It is especially possible if the radiologist has given the image a “normal read” that
the clinician will be influenced by the radiologist’s report and either not directly examine
the images or accept the normal report as accurate. When the clinical findings do not seem
straightforward, or there are sufficient atypical findings, go back over the history, physical,
and plain imaging studies, preferably with a wise colleague, and reexamine the actual
X-ray, not just the report.
R.M. Schwend
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Chapter 28 )
A Middle School Student with Back Pain
Due to a Heavy Backpack

Check for
updates

Jessica M. Smith and Greg S. Canty

Brief Case Presentation
Chief Complaint

2-month history of low back pain

History

A 13-year-old girl presents with a 2-month history of intermittent low back pain. Pain
is described as achy in her low back that does not radiate, is made worse by carrying
her school backpack for long periods of time, and is alleviated with rest. The pain
does not limit her from participating in school physical education activities nor does
it wake her up at night. She does not participate in any organized sports. There are no
bowel or bladder problems, recent illnesses, fevers, weight loss, morning stiffness,
or lower extremity symptoms. Her parents are concerned that her backpack may be
causing her pain. Her past medical history is unremarkable. Family history is negative
for scoliosis, autoimmune disorders, or recent travel. Menarche was 2 months ago.
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Physical Examination

Weight 58.9 kg, height 160 cm, BMI 23 kg/m?. She is healthy appearing, develop-
mentally normal, and Tanner stage 4. Her back has no obvious curvature, erythema,
or signs of trauma. There is no scoliosis or thoracic kyphosis on forward bend.
A full active range of motion in flexion, extension, rotation, and side-bending is
presented. Mild pain is reported with rotation and bending forward. There is no
pain with extension-based maneuvers including the stork test. There is no para-
spinal muscle pain or spinous process pain on palpation. Straight leg testing does
not induce radicular pain. There is decreased core strength and control with single
leg squats and unilateral gluteal bridge testing. Screening neurologic examination
including sensory, motor, reflexes, and gait is normal.

Imaging and Radiographic Studies (Fig. 28.1)

Questions About the Case the Reader Should Consider

1. What is known about backpack use and adolescent back pain?

2. Why is it important to assess core strength and hamstring tightness when assess-
ing a patient with back pain?

Fig. 28.1 Normal AP (left) and lateral (right) lumbar spine radiographs
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3. What differential diagnosis should be considered with a complaint of low
back pain?
4. Are there any other diagnostic tests that should be considered?

Discussion

Back pain is frequently reported by children and adolescents, with its prevalence
increasing dramatically throughout adolescence from less than 10% in the pre-teenage
years to 50% by middle adolescence [1]. The exact etiology of adolescent back pain is
unknown; however, there has been recent and ongoing emphasis and concern regard-
ing school backpacks as a potential cause [2, 3]. In studies looking at backpack use
and back pain, several factors have been suggested as possible causes of back pain in
adolescents including weight, type, and method of carrying (single strap, low on the
back, cross-body single strap). However, a recent systematic review of research in this
area has found no clear association between schoolbag characteristics and back pain in
children and adolescents [2]. Heavy backpack loads or poorly distributed weight can
put pressure on the lower back, shoulders, and neck. If the adolescent lacks the appro-
priate core muscle strength to maintain trunk stabilization, the back will compensate
for an extended period of time, ultimately fatiguing, and lead to muscle imbalance.
This muscle imbalance can cause an acute muscle strain, spasm, and back discomfort.
To help decrease the burden of backpack use on the developing spine, The American
Academy of Pediatrics has guidelines regarding safe backpack use (see below).

Examination of the pediatric back includes inspection of overall posture, spi-
nal curvatures, and chest wall abnormalities; range of motion testing in flexion,
extension, rotation, and lateral side bending and noting any pain; palpation of the
spinous processes, paraspinal musculature, sacroiliac joints, and the hip/pelvic gir-
dle; strength testing of the lower extremities and core musculature (trunk, pelvis,
hips); and lastly a thorough neurological examination. Specifically testing patient’s
core muscle strength and hamstring flexibility are important, as poor core stabil-
ity and tight hamstrings have been identified as risk factors for low back pain [4]
(Figs. 28.2, 28.3, and 28.4). There are several clinical tests to assess core stability;
however, an easy one for the busy pediatric office is the unilateral hip bridge test and
single-legged squats [4, 5].

When presented with an adolescent patient having low back pain, the physicians
should start with a broad differential diagnosis and narrow it following a thorough
history and back examination. Factors to consider include duration of pain, location,
aggravating and alleviating factors, participation in athletic activities/sports, and
volume of repetitive motions.

If the history and physical examination are negative for red flags (see below) [6]
and there is a high suspicion of mechanical low back pain, then lumbar radiographs
are not required for diagnosis. However, if there is concern about other potential
etiologies, it is reasonable for the physician to obtain an AP and lateral lumbar spine
radiograph.
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Fig. 28.2 Plank position
with elbows extended.
Have patient maintain a
straight body posture as
possible for 10 seconds

Fig. 28.3 Plank position
with elbows bent. Maintain
straight posture for

10 seconds, hands close to
sides, body close to the
floor but not touching.
These positions test the
strength of the trunk core
muscles including the
shoulder girdle

How to Approach the Case

Nonspecific low back pain is a common chief complaint in the primary care office.
Features suggesting a diagnosis of mechanical low back pain include vague symp-
toms, worsening symptoms after exercise/activity that improve with rest and/
or stretching, and a normal physical examination with or without rotational pain
if present. Always consider poor core muscle strength and tight lower extremity
muscle groups as potential contributors to low back pain. Be mindful of atypical
history and examination findings that may suggest more concerning pathology
such as extension-based back pain (spondylolysis, especially in adolescent ath-
letes), nocturnal symptoms (neoplasm, infection, trauma), neurological symptoms
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Fig. 28.4 Supine “V”
position. Ask patient to
first lift the lower
extremities 30—40 degrees
flexed at the hips with
knees straight, then raise
trunk 30-40 degrees, and
maintain this “V” position
for 10 seconds. This tests
strength and control of the
anterior core muscles

S

(spondylolisthesis, intervertebral disc pathology), bowel and bladder dysfunction
(spinal cord compression), or systemic symptoms (infection, neoplasm).

Although heavy backpacks and increased backpack weight to body weight ratios
have been attributed to low back pain in adolescents in the past, it is likely not the
backpack itself causing this patient’s pain. The root cause is more likely attributed
to poor core muscle strength and overall trunk stability which is aggravated by pro-
longed heavy backpack use.

Management of mechanical back pain includes relative rest from activities that
exacerbate symptoms, physical therapy exercises to increase core muscle strength,
and advocating for an active lifestyle. Educate patients and parents on current AAP
recommendations including proper backpack wear, limiting backpack weight to
10-20% of the child’s body weight, and trying to limit use and time wearing a
backpack [7]. If pain persists despite an initial conservative approach, then routine
referral to a specialist with expertise in adolescent back pain is warranted.

L]
Red Flags for Low Back Pain with Backpack Use

* Younger child (age < 10)

e Nocturnal pain

* Bowel or bladder symptoms

e Neurological findings

* Pain not associated with activities or severe pain
e Pain with extension-based movements

e Systemic symptoms
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Short Differential Diagnosis for Low Back Pain

e Musculoskeletal: mechanical back pain, paraspinal muscle spasm,
spondylolysis

e Inflammatory: ankylosing spondylitis

e Neoplastic: leukemia, lymphoma

* Infectious: discitis, osteomyelitis

Final Diagnosis

Mechanical low back pain with weak core muscles

Natural History and Treatment Considerations

Nonspecific musculoskeletal low back pain accounts for up to 50 percent of case
presentations for back pain in the primary care office [8]. Mechanical back pain,
synonymous with musculoskeletal back pain, refers to pain derived from the mus-
culature and bony articulations of the spine. Typical presentation includes vague
low back pain that is associated with physical activity, which gets better with rest.
Physical examination will most likely be normal; however, there may be some ten-
derness to palpation of paraspinal musculature or pain with rotational movement.

Although the exact etiology of what causes mechanical adolescent back pain
is unknown, poor core and trunk stabilizing muscle strength are a likely contribu-
tor. Several aspects of heavy backpack use have been proposed to contribute to
mechanical back pain in adolescents, including improper use, increased backpack
weight to body weight ratio, sedentary lifestyle, and female sex [2]; however, cur-
rent systematic literature reviews suggest poor research evidence that weight of the
backpack is the root cause of back pain.

Treatment considerations include rehabilitation with an emphasis on core
strengthening, trunk stabilization, and stretching of the hamstring muscles [9].

Referral - Emergency, Urgent, or Routine: And to Whom?

Mechanical low back pain without atypical features or red flags can be managed
by the primary care physician and does not need referral to a specialist. If pain per-
sists despite conservative management, then consider a routine referral to specialists
such as a pediatric sports medicine physician or a pediatric orthopedic surgeon.
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AAP Guidelines for Backpack Safety [7]
* Backpack characteristics:

— Wide padded shoulder straps

— Two shoulder straps to evenly distribute the weight
— Padded back

— Waist strap

— Lightweight backpack

— Rolling backpack

* Guideline for safety while wearing backpack

— Always wear both shoulder straps

— Tighten the straps so that the backpack is close to the body and 2 inches
above the waist

— Backpack should weigh less than 10-20 percent of the student’s
body weight

— Stop and unload unneeded items in school lockers when able or available

Brief Summary

Backpack use and weight have been suggested as possible causes of back pain in
adolescents. Current literature reviews show that evidence is lacking to link back-
pack use and backpack characteristics with the increasing rates of adolescent back
pain [2]. Any association is more likely related to fatigue and loss of core/trunk
stabilization strength when carrying a backpack for extended periods of time. The
American Academy of Pediatrics offers recommendations on the proper use, fit, and
weight of backpacks as a means to decrease strain on the adolescent spine.

Key Features and Pearls

* Adolescent back pain is a common chief complaint in the primary care
office, and the exact etiology of mechanical back pain is unknown.

* Mechanical back pain refers to pain due to the paraspinal muscles and bony
structures of the spine and is typically worse with rotational movements.

* Mainstay of treatment includes increasing physical activity and trunk/core
muscle development in adolescents and may require guided physical ther-
apy to achieve this.
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 Current evidence is lacking linking heavy backpack use as the cause of
adolescent mechanical back pain; however, heavy backpack use may exac-
erbate mechanical low back pain symptoms in patients with weak core and
trunk stabilizing musculature.

* Most importantly, low back pain that is associated with red flag symptoms
should be investigated further to assess for more severe diagnoses.

Editor Discussion

1.

Pediatric back pain due to backpacks is a “hot topic.” The cause and effect is not completely
clear. Confounding the situation is the fact that many middle school and high school student
athletes are carrying not only a backpack to school but a laptop and a gym bag. The com-
bined weight of these three objects often exceeds 20% of the patient’s body weight. In
addition, some schools have eliminated lockers due to vandalism, gang-related issues, and
space constraints. No lockers compounds the problem because the student athlete then
needs to carry the backpack, laptop, and gym bag from class to class during the day.
W.L. Hennrikus

For evaluating core trunk stability, I prefer to ask the child to do two simple tests:

Ten well-executed pushups (plank position) to test trunk and upper extremity strength. The
child should have straight body alignment in up position (Fig. 28.2) and straight body position
near the floor with hands positioned close to the sides (Fig. 28.3).

2. Holding a supine V position for 10 second with the shoulders and chest elevated from the table,
hips flexed 30 degrees with the knees extended (Fig. 28.4).
If the child cannot do these two tests, then they and their parents will readily see for them-
selves that they need to work on their core muscle strength.
R.M. Schwend
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Chapter 29
Case of an Obese Adolescent with Back
Pain: Studies Normal

Check for
updates

Natalie Ronshaugen and Kody Moffatt

Brief Case Presentation

This 12-year-old girl had been having frequent complaints of back pain after sliding
into home plate while playing softball. She continued to have pain with physical
activity particularly softball and seemed to be having more pain and difficulty than
the other girls. Her mother and coach commented that she “looked like an old lady
walking out onto the field.” Her past medical history is negative for any significant
musculoskeletal pathology. Her family history is negative for Charcot-Marie-Tooth
(CMT) disease or other peripheral neuropathies. Her father and multiple fraternal
family members have feet with “high arches” similar to our patient.

Physical Examination

Weight 83 kg, height 163 cm, BMI 31 (>95% for age and sex). She is otherwise
healthy and developmentally normal. Her exam demonstrated bilateral lumbar para-
spinous muscular pain and tenderness at the L1 to L3 levels with minimal midline
symptoms which mildly increased with left-sided side bending. She had normal
active range of motion in all planes, no point tenderness, no midline defects, nega-
tive Stork sign bilaterally, equal leg lengths, equal shoulder height, no trapezial
fullness, balanced trunk shift, and normal waistline symmetry; her neurologic exam
was normal. She was also noted to have forefoot pronation with a significantly ele-
vated medial arch and calcaneal supination consistent with cavovarus feet.

N. Ronshaugen (P<) - K. Moffatt

Sports Medicine, Orthopedics, Children’s Hospital & Medical Center Omaha,
Omaha, NE, USA

e-mail: nronshaugen @childrensomaha.org

© Springer Nature Switzerland AG 2021 329
R. M. Schwend, W. L. Hennrikus (eds.), Back Pain in the Young Child and
Adolescent, https://doi.org/10.1007/978-3-030-50758-9_29


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50758-9_29&domain=pdf
https://doi.org/10.1007/978-3-030-50758-9_29#DOI
mailto:nronshaugen@childrensomaha.org

330 N. Ronshaugen and K. Moffatt

Radiographs of her spine were normal (negative for bony pathology). Non-
contrasted magnetic resonance imaging (MRI) of her spine was performed due to
her physical finding of bilateral cavovarus feet (not her back pain). This demon-
strated bone marrow edema in the pedicles and possibly the pars interarticularis of
the fifth lumbar vertebra without evidence of spondylolisthesis, potentially indicat-
ing a stress injury or stress fracture. This radiographic finding did not correlate with
the location of pain.

Imaging and Radiographic Studies (Figs. 29.1, 29.2, 29.3, and 29.4)

Questions About the Case the Reader Should Consider

1. What is the epidemiology of obesity in children and adolescents in the
United States?

2. What is the association between obesity and musculoskeletal pain?

Fig. 29.1 Standing lateral
radiograph of the entire
spine demonstrating no
bony pathology,
specifically no evidence of
spondylolysis or
spondylolisthesis
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Fig. 29.2 Standing lateral
radiograph of the lumbar
spine demonstrating no

bony pathology,

specifically no evidence of

spondylolysis or

spondylolisthesis

3. What is the most likely diagnosis for the patient’s back pain?

4. When is imaging indicated for a complaint of low back pain?

5. If she had presented for back pain only, would imaging be indicated?

6. What is the natural history of a spondylolysis injury, including mechanism of

injury, pain pattern, and physical exam?
Why is imaging of the back important for the evaluation of cavovarus feet?
8. What is the most appropriate way to treat her back pain?

~

Discussion

The differential diagnosis of this 12-year-old female with low back pain, obesity,
and cavovarus feet includes muscular strain, bony pathology (e.g., spondylolysis,
spondylolisthesis, etc.), neuropathic pain (e.g., CMT, genetic sensory or autonomic
neuropathy), degenerative disk disease, rheumatologic disease (e.g., ankylosing
spondylitis), infection (e.g., osteomyelitis), pancreatitis, renal disease (e.g., pyelo-
nephritis), and gastrointestinal etiology (e.g., constipation). Like any other condi-
tion, the diagnostic workup should flow from the history and physical examination.

The worldwide prevalence of pediatric obesity has increased severalfold in
recent years. Obese children can develop serious health, medical, and psychosocial
complications. They are at increased risk for breathing disorders such as sleep
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Fig. 29.3 T2-weighted
magnetic resonance
imaging sagittal view of
the entire spine
demonstrating no bony
pathology, tethered spinal
cord, or syrinx

oU mm

Fig. 29.4 T2-weighted magnetic resonance imaging axial view of the fifth lumbar vertebrae dem-
onstrating bone marrow edema in the pedicles and possibly the pars interarticularis without evi-
dence of spondylolisthesis, potentially indicating a stress injury or stress fracture. This radiographic
finding did not correlate with the location of pain
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apnea, metabolic syndrome, type 2 diabetes, depression, liver and gall bladder
pathology, gastroesophageal reflux, hypertension, elevated cholesterol, and muscu-
loskeletal pain [1]. These short- and long-term health problems may continue into
adult life [1, 2]. Obesity specifically has been associated with an increased inci-
dence of low back pain in the past 12 months [3].

While the association between obesity and low back pain is commonly reported,
there may not be a direct causal relationship between the two. With regard to seden-
tary lifestyle, both extremes have been associated with back pain, very sedentary
and highly active [4]. Overweight and obese children report musculoskeletal pain
primarily due to changes causing muscular pain and additional pain with articulat-
ing joints and as a result of fractures. However, while parents often attribute their
decreased activity level to their weight, children are more likely to report that pain
is in fact limiting them [2, 5].

Low back pain in youth has been linked to obesity, early degeneration of inter-
vertebral discs, rapid growth spurts, female sex, smoking, and psychosocial risk
factors [3, 6]. The relationship between increase in BMI, weight, and pain demon-
strates a risk factor for damage to the musculoskeletal structure, and this damage is
often expressed by the child as pain [5]. Evidence is emerging to suggest that a
reduction in physical functioning of obese and overweight children may occur and
be evident through the child’s expression of pain, further impacting on their self-
esteem resulting in a poorer quality of life [2, 5].

Changes to the musculoskeletal system in overweight and obese children have
been shown to negatively influence motor performance, including muscle strength,
balance, and walking. The reporting of musculoskeletal pain by overweight children
may reflect a significant marker of a reduction in osteoarticular health and changes
to skeletal structure. In children, there appear to be links between bone health, pain,
physical activity, and quality of life [2].

The relationship between being overweight and musculoskeletal pain might
induce a vicious circle in which being overweight, having musculoskeletal pain, and
low fitness level reinforce each other. After an episode of back pain, body mass
index (BMI) also has been found to continue to increase in children and adoles-
cents [6].

Muscle strain is a very common cause of back injury. Back pain, in the absence
of any of focal bony or neurologic findings, and with tenderness over the paraspinal
muscles, particularly in the setting of an acute injury, is consistent with muscle
strain. In such cases, imaging is not helpful [4, 7]. Treatment for back strain consists
of physical rehabilitation, focused on pain management, movement control, flexion,
strength training, and functional optimization.

Spondylolysis is a stress injury of the pars interarticularis which our patient did
not have but is in the differential diagnosis. Most commonly, the injury occurs at L5
(85-95%) followed by L4 (5-15%). Studies have shown an incidence of pars defect
to be 3—6% in the general population and 11-15% of adolescent athletes; however,
most of these are asymptomatic [8]. Symptomatic spondylolysis is most frequently
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seen in adolescent athletes who repetitively arch their backs for their sport (e.g.,
gymnasts, divers, football linemen, weight lifters, and wrestlers) [8]. The repetitive
extension of the lumbar spine stresses the pars and puts it at risk of stress injury.
Patients with spondylolysis classically present with focal low back pain that wors-
ens over time. Presenting after an acute injury is less common. The pain will occa-
sionally be reported as radiating into the buttocks or upper thigh [8]. Patients
generally have a hyperlordotic posture with tight hamstrings [8]. Pain with exten-
sion, while standing on one leg (Stork sign), is thought by many to be pathogno-
monic [8].

In the case of this patient, imaging was obtained, not because of her back pain but
because of a clinical finding of cavovarus feet. Cavovarus foot deformity is charac-
terized by abnormally elevated medial arch and supination of the calcaneus and is
associated with neurologic abnormalities, both progressive, such as CMT, spinal
cord tumors, and an early sign of Freidreich’s ataxia, as well as nonprogressive
causes like poliomyelitis, cerebral palsy, tethered spinal cord, and syrinx [9]. A
complete neurologic evaluation should be completed at the time a cavovarus foot is
identified. Evaluation for spinal dysraphism or tumor would include spine radio-
graphs and/or MRL

Again, this patient had no abnormal neurologic findings on exam, but because
cavovarus foot deformity can be caused by neurologic pathology, a full evaluation
was pursued, including MRI of the spine. In ordering an imaging study directed at
evaluating her cavovarus foot deformity, a positive result would be primarily due to
pathology affecting the nerve roots and spinal cord [9]. While no cause of her foot
deformity was found on her imaging, she did have subtle edema noted in the pedicle
and/or pars interarticularis at the L5 level. Spondylolysis in an early stage, without
significant spondylolisthesis, is not associated with cavovarus foot deformity.

There is a temptation to image all adolescents with back pain in order to not miss
a specific anatomic cause of their back pain such as spondylolysis. However, unnec-
essary imaging is expensive and can result in unrelated incidental findings [4].
Without specific concern for spondylolysis on history and clinical exam, one may
find an asymptomatic spondylolysis and not actually find the source of the patient’s
pain. There is no difference in outcomes between patients with nonspecific back
pain who received imaging immediately versus those who were treated conserva-
tively for 3 months and then received imaging. In fact, in most cases of nonspecific
back pain, a cause cannot be identified on imaging [7]. Increased imaging in non-
specific low back pain has been linked to increased injections and surgeries [4].

Imaging should be considered when a diagnosis of tumor, disc herniation, frac-
ture, or spondylolysis is consistent with history and physical exam. History of unin-
tentional weight loss, night sweats, or pain that keeps them up at night is concerning
for tumor. History of radicular pain, positive straight leg raise, or cross straight leg
raise is consistent with disc herniation. Saddle anesthesia, bowel or bladder dys-
functions, and lower extremity weakness are associated with cauda equina syn-
drome. Athletes with midline point tenderness or extension causing back pain raise
concern for spondylolysis. History of trauma, midline point tenderness, step-offs, or
crepitus is consistent with spine fracture [4].
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Since spondylolysis on imaging is found in 11-15% of adolescent athletes, with
or without symptoms, it is important to evaluate if her back pain seems to be sec-
ondary to the spondylolysis [8]. Edema in the pars, in the setting of slowly progres-
sive back pain with extension, would cause concern that her back pain was secondary
to spondylolysis. However, our patient’s back pain was acute and primarily in her
paraspinal muscles. Her presentation was therefore unlikely secondary to the spon-
dylolysis and more likely from a muscle strain.

Once made aware of an incidental finding, even if not felt to be causing symp-
toms, the question becomes: Should it be treated? Some incidental findings warrant
treatment, as is the case of an incidental finding of malignancy. In the case of true
and symptomatic spondylolysis, 62-75% of early stage spondylolysis cases
undergo bone healing. Bony healing can be obtained with or without bracing but
does require relative rest and may benefit from physical rehabilitation. Even with-
out radiographic healing, excellent clinical outcomes can be achieved [§8]. Meaning
that successful treatment is resolution of symptoms and not necessarily bone
healing.

Our patient was treated with physical rehabilitation with a presumed muscular
source of her back pain and responded well to her treatment. She returned to activi-
ties of daily living including competitive sports without pain.

Low back pain can also be treated with analgesic medications. Primarily nonste-
roidal anti-inflammatory drugs (NSAIDs) and muscle relaxants have been found to
be clinically helpful. Paracetamol is ineffective in treating back pain. Opioids have
not fully been evaluated for benefit. With any analgesic medication, risks of side
effects should be weighed against the benefits of pain relief [4].

In order to comprehensively treat nonspecific back pain in an adolescent or child
with obesity, the obesity itself should be addressed as well. Treatment for obesity
should include lifestyle changes which incorporate the whole family. Children and
adolescents should be encouraged to engage in moderate to vigorous exercise at
least 20 minutes but ideally 60 minutes daily, and nonacademic screen time should
be limited to no more than 1-2 hours. They should also be counseled on decreasing
fast foods, high-fat, high-sodium, or processed foods, added sugars including elimi-
nating sugar-sweetened beverages. Increasing dietary fiber, fruits, and vegetables
should be encouraged. A complete look at daily stressors and family dynamics
should also be completed as this often significantly contributes to weight loss out-
comes. Many institutions have comprehensive weight loss programs for children
and adolescents, and these should be considered for obese and very obese patients
when they are available [10].

How to Approach This Case

The history of an acute event (such as sliding into home plate) followed by low back
pain with activity without radicular symptoms is most consistent with a muscular
etiology such as a paraspinous muscle strain. Bony injuries such as spondylolysis or
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spondylolisthesis are also possible. Midline back pain which does not resolve within
3 months, or back pain with extension should prompt an evaluation with x-rays [7,
11]. Tt is important to note the advanced imaging in our case was performed to
evaluate for findings associated with cavovarus feet and shuffling gait such as a
tethered spinal cord, CMT, or syrinx [9]. These were not found in our case, but our
patient did have subtle suggestions of edema in the L5 pars interarticularis or more
specifically the pedicle. The location of pain by history and physical exam findings
did not correlate with pathology at this location, and her neurologic examination
was normal. Advanced imaging studies such as computerized tomography (CT) or
MRI can produce findings which may or may not be related to the actual cause of
the pain and should not be used to search for a diagnosis, but to confirm an already
suspected diagnosis or to evaluate for specific known associated findings. The
patient became pain free and returned to normal activity after a brief course of
physical rehabilitation which has been demonstrated to be an effective treatment for
muscular back pain [4]. Physical exercise is an important nonpharmacological treat-
ment for low back pain and obesity.

Red Flags Requiring Imaging in Low Back Pain of the Child or
Adolescent Athlete
* Midline point tenderness
* Positive stork sign or extension back pain
* Positive straight leg raise, slump test, or cross straight leg raise
* Numbness or weakness of the lower extremities
» Step offs or crepitus along the spine
e Visible deformity
* Saddle anesthesia
* Bowel or bladder dysfunction
e Fever or Night sweats
e Unintentional weight loss

Short Differential Diagnosis

* Muscle strain — Common in athletes. Her acute onset of pain and location
of tenderness is most consistent with this diagnosis.

* Symptomatic spondylolysis — A thorough exam that includes evaluation
for extension pain should be done in the setting of incidental finding on
MRI when back pain is noted in history.

* Nonspecific low back pain — While athletes tend to have a cause for their
back pain, nonspecific low back pain is common in the general population
and is more common in adolescents with obesity.
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Final Diagnosis

Lumbar strain

Natural History and Treatment Considerations

Low back pain is the most common type of back pain, often begins in childhood,
has high recurrence, and can return more intensely than previously experienced
[11]. The majority of children with low back pain presenting to the sports medicine
clinic have an underlying musculoskeletal or biomechanical cause [11]. Fortunately,
muscular back pain/muscular strain often responds well to conservative treatment
such as physical rehabilitation and/or a brief course of pharmacological therapy.

Pediatric or childhood obesity is a growing global epidemic that requires atten-
tion due to the burden placed on the healthcare system for children and adults [1].
Obesity affects 34% of children in the United States and is considered a top public
health concern due to the high level of morbidity and mortality [1].

The link between being overweight and musculoskeletal pain might induce a
vicious cycle in which being overweight, musculoskeletal problems, and low fitness
level reinforce each other [12]. The importance of effective weight loss interven-
tions for overweight children is evident if the cycle of being overweight and muscu-
loskeletal pain is to be broken [12]. The use of imaging is guided by history and
physical examination. The use of diagnostic radiographs is controversial, and there
is no universal imaging screening protocol [11]. Advanced imaging such as CT or
MRI should be reserved to either confirm a diagnosis (if needed) or evaluate for
other comorbid pathology [11].

In this case, radiographs and MRI failed to demonstrate definitive pathology.
Bone marrow edema was noted in a location which did not correlate with her history
or physical exam likely representing an incidental finding. She responded well to
physical therapy, her pain resolved, and she returned to normal function. Obesity is
an independent risk factor for back pain [6] and likely was a contributing factor in
her course.

Referral — Emergency, Urgent, or Routine: And to Whom?

Low back pain is common and infrequently catastrophic, particularly in child-
hood and adolescence [4]. However, emergent referral is necessary in the case of
potential permanent nerve damage, as would be the case for a confirmed cauda
equina syndrome, spinal infection, or severe neurological deficits, which require
emergent surgical intervention. Tumor identification requires urgent referral,
unless it is associated with acute neurologic findings, in which case emergent
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referral may be necessary. Given that spondylolysis generally has a good progno-
sis, they can often be managed in a primary care setting, if the stress injury is in
its early stages. Routine referral to orthopedics would be appropriate for lesions
which are more advanced or symptomatic. Urgent referral would be more appro-
priate in the case of acute spondylolisthesis or shifting of the vertebrae.
Symptomatic significant slipping is traditionally treated with fusion, and lower
grade slips are treated nonoperatively with nonsteroidal anti-inflammatory drugs,
activity restriction to avoid excessive lumbar extension, physical rehabilitation,
and sometimes bracing.

Since obesity and lifestyle have been associated with low back pain, and because
nonspecific low back pain has a propensity to recur, addressing these issues is an
important part of treatment. Appropriate referrals to nutrition and comprehensive
obesity programs and discussions about over training are important [6].

Brief Summary

Low back pain is a common problem among children and adolescents; however,
permanent or catastrophic outcomes are rare. Radiologic, anatomic causes of back
pain are infrequent, though incidental findings and false-positives are common.
Treatment for nonspecific low back pain should be focused on physical rehabilita-
tion and lifestyle changes. Imaging should be reserved for specific concerning find-
ings, which might alter management.

Obesity is strongly associated with musculoskeletal pain, including low back
pain. Treatment of children and adolescents with obesity and low back pain should
include both addressing their current weight and working to prevent further weight
gain in the setting of back pain.

Key Features and Pearls

* Back pain without red flag symptoms concerning for fracture, disc hernia-
tion, tumor, infection, or spondylolysis does not require imaging. Imaging
should not be pursued unless specifically evaluating specific worrisome
findings.

» Cavovarus foot formation requires a thorough neurologic exam and possi-
ble hip and back images to evaluate for a neurologic cause including
Charcot-Marie-Tooth.

* Imaging findings should always be correlated with the history and physical
exam before diagnosis can be made in order to avoid placing causation on
an asymptomatic finding.
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Editor Discussion

Lumbar sprain is a diagnosis of exclusion. A detailed history and careful physical exam are
key. Plain films are indicated in most patients such as in this patient with a minor trauma
from siding into home plate. If the patient with presumed lumbar sprain does not improve
after 6 weeks of conservative treatment, then referral is indicated. Findings such as night
pain, weight loss, fever, neurologic deficits, or a history of a significant trauma should
prompt an urgent referral.

W.L. Hennrikus

Back pain related to general musculoskeletal strain, weak core muscles, and general decon-
ditioning is common. Spondylolysis and stress reaction in the pars interarticularis, espe-
cially at LS5 level is also common, seen in up to 15% of the adolescent population.
Uncommon, but seen in this patient, was a presumed diagnosis of CMT, which should be
confirmed by genetic testing. Hereditary motor and sensory neuropathies types 1 and III
have associated enlarged peripheral nerves, and back pain has been described as the most
common anatomic site for pain, more common than pain in the lower extremities or feet.
Although very unlikely to be present at this young age, there have been reports of severe
back pain due to cauda equina syndrome related to hypertrophied nerve roots that can be
found in CMT or chronic inflammatory demyelinating polyneuropathy (CIDP). Once the
diagnosis of CMT or other peripheral neuropathy is made, referral to a pediatric neurologist
is necessary to confirm the diagnosis, which nowadays is performed by genetic testing. If
genetic testing does not confirm CMT, electrophysiologic testing will confirm a peripheral
neuropathy such as CIDP. With a normal MRI, this patient’s back pain can be treated as
typical musculoskeletal back pain.
R.M. Schwend

References

(o]

. Xu S, Xue Y. Pediatric obesity: causes, symptoms, prevention and treatment. Exp Ther Med.

2016:11(1):15-20.

. Smith SM, Sumar B, Dixon KA. Musculoskeletal pain in overweight and obese children. Int J

Obes. 2014;38(1):11-5.

. Mikkonen PH, Laitinen J, Remes J, Tammelin T, Taimela S, Kaikkonen K, et al. Association

between overweight and low back pain: a population-based prospective cohort study of ado-
lescents. Spine (Phila Pa 1976). 2013;38(12):1026-33.

. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet.

2017;389(10070):736-47.

. Taylor ED, Theim KR, Mirch MC, Ghorbani S, Tanofsky-Kraff M, Adler-Wailes DC,

et al. Orthopedic complications of overweight in children and adolescents. Pediatrics.
2006;117(6):2167-74.

. Jones GT, Macfarlane GJ. Epidemiology of low back pain in children and adolescents. Arch

Dis Child. 2005;90(3):312-6.

. Chou R. In the clinic. Low back pain. Ann Intern Med. 2014;160(11):ITC6-1.
. Standaert CJ, Herring SA. Spondylolysis: a critical review. BrJ Sports Med. 2000;34(6):415-22.
. Schwend RM, Drennan JC. Cavus foot deformity in children. ] Am Acad Orthop Surg.

2003;11(3):201-11.



340 N. Ronshaugen and K. Moffatt

10. Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH, Yanovski
JA. Pediatric obesity—assessment, treatment, and prevention: an endocrine society clinical
practice guideline. J Clin Endocrinol Metab. 2017 Mar 1;102(3):709-57.

11. Taxter AJ, Chauvin NA, Weiss PF. Diagnosis and treatment of low back pain in the pediatric
population. Phys Sportsmed. 2014;42(1):94-104.

12. Paulis WD, Silva S, Koes BW, van Middelkoop M. Overweight and obesity are associated
with musculoskeletal complaints as early as childhood: a systematic review. Obes Rev.
2014;15(1):52-67.



Chapter 30
Case of an Immigrant Child with Back
Pain Due to Tuberculosis

Check for
updates

Krishn Khanna, Mathew Varghese, and Sanjeev Sabharwal

Case Presentation
Chief Complaint

Back pain after a fall

History

A 3-year-old child from Mumbai, India, presented after a fall from a height of
5 feet. He could get up after the fall. The parents took him to a local hospital where
after examination they were told all was well and the child was sent home. A few
weeks later, he complained of back pain, was seen as an outpatient, and prescribed
over-the-counter analgesics.

Two months after initial presentation, he started having low-to-moderate grade
fever, with the highest recorded temperature being 101 °F, without a definite pattern.
He was taken to a local practitioner who prescribed antipyretics and also ordered a
peripheral smear for malaria, a Widal test for enteric fever, and a routine urinalysis.
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All were normal. The fever did not resolve over the course of the next week, and
the patient was empirically started on Amoxicillin/Clavulanic acid for a presumed
diagnosis of enteric fever.

Imaging and Radiographic Studies

Imaging was obtained 10 days later. Initial radiographs were all AP images (no
Lateral views) and were normal (Fig. 30.1).

During the next 3 months, the patient underwent additional testing and symptom-
atic treatments, which did not provide a diagnosis nor pain relief. Testing includ-
ing imaging (numerous chest and abdominal radiographs as well as an abdominal
ultrasound) were all normal.

Fig. 30.1 Initial
radiographs of the patient
were all AP images and
showed no obvious
abnormality
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Laboratory Testing

Laboratory tests including CBC, ESR and urinalysis. Tests for enteric fever and
malaria were repeated. All were normal. Suspecting smear negative malaria, chloro-
quine was started. He was also placed on a second course of antibiotics for possible
enteric fever. The patient continued to be febrile and began to lose weight — approxi-
mately 3 Ibs. in the last 3 months. The parents also noticed that he had started to
stoop forward while walking. He had no bowel or bladder symptoms.

Physical Examination

On examination, he was very apprehensive and would not let anyone touch him.
He was afebrile and had normal height and weight for his age. He did not demon-
strate pallor or lymphadenopathy. Exams of his heart, lungs, and abdomen were
normal. Motor and reflex exams were normal. His back exam demonstrated a
Gibbus (kyphotic deformity) in the mid thoracic spine, with a compensatory lor-
dosis (Fig. 30.2). The posterior prominence was tender, but no swelling was noted.

Diagnostic Tests

AP and lateral radiographs of the spine were obtained (Fig. 30.3) which showed a
very large paraspinal shadow at the lower thoracic spine extending from T5 to T10
with a slight coronal convexity to the left. There was no bone destruction. The sagit-
tal plane did not suggest an abnormal shadow nor a bone lesion.

An MRI screening of the entire spine demonstrated destruction and collapse of
the T8 vertebra, end plate destruction of the caudal end plate, intact intervertebral
disc space, and decreased T9 vertebral height (Fig. 30.4). There were signal changes
in both these vertebrae with a large prevertebral, epidural, and paraspinal fluid col-
lection. The epidural collection indented the spinal cord. There was an intradural
component of the abscess (Fig. 30.5). The child was admitted due to a possibility of
impending neurological deficit. Laboratory investigations revealed a hemoglobin of
10.9, WBC count of 16,000/mm?, and an ESR of 27.

Questions About the Case the Reader Should Consider

1. What clinical features about the case suggest spinal tuberculosis?

2. Why does the child not have neurological deficit despite impressive MRI?

3. What is the natural history of this thoracic spinal tuberculosis with kyphosis if
left untreated?

4. For this child what are the best laboratory tests for confirming the diagnosis?

What is the importance of using many drugs at one time to treat tuberculosis?

6. What are the indications for surgical treatment? Bracing? Does the abscess need
to be surgically drained? Does the spine need to be surgically stabilized?

91
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Fig. 30.2 A thorough e .
examination of the back M
showed a Gibbus (kyphotic
deformity) in the mid
thoracic spine (blue
arrow), with a concavity
just caudal to the gibbus
suggesting a compensatory
lordosis (orange arrow)

Case Discussion

We have presented the case of a 3-year-old boy with nonspecific symptoms, includ-
ing fever, weight loss, and a stooped posture. The symptoms persisted for months
without a diagnosis, and he was treated inappropriately. Through this case, we will
demonstrate the importance of a thorough history and physical exam, the charac-
teristic imaging and laboratory findings, and the historic and current medical and
surgical treatment protocols for this disease — spinal tuberculosis. Although uncom-
mon in the developed world, with migration between people of all nationalities on
the rise, we hope to inculcate an index of suspicion for tuberculosis when evaluating
patients with such vague symptoms.
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Fig. 30.3 AP (left) and lateral (right) X-rays of the spine showed a very large paraspinal shadow
at the lower thoracic spine extending from T5 to T10, best seen on the lateral imaging (blue
arrows), with a slight coronal convexity to the left seen on the coronal

Geography and Epidemiology

Tuberculosis is one of the oldest known infectious diseases of man — seen in mum-
mies dating 9000 BC [1]. However, only in the last 60 years has an effective treat-
ment for the disease been established [2].

Today, approximately 2 billion people worldwide are infected with tuberculosis.
Only 5-15% are symptomatic. The remainder are carriers and have a latent infec-
tion [3]. Extrapulmonary tuberculosis is seen in 20% of infected individuals; how-
ever, the exact incidence of spinal tuberculosis is unclear [4]. Skeletal tuberculosis
is seen in nearly 10% of patients with active pulmonary disease, and up to 50% of
these cases involve the spine [5].
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Fig. 30.4 The left image is the central sagittal cut and the right image in the para-central sagittal
cut of the patient’s full spine MRI. There is destruction and collapse of the T8 vertebra, with some
end plate destruction of the caudal end plate, intact intervertebral disc space, and decreased T9
vertebral height. There is signal change in both of these vertebrae with a large prevertebral, epi-
dural, and paraspinal collection. The epidural collection is indenting the cord
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Tuberculosis disproportionately infects the poor regardless of the nation [6, 7].
Among the most important risk factors for tuberculosis infection is HIV [3]. Those
with HIV are at a 21-30-fold increased risk of developing tuberculosis [5]. Other
patients at increased risk for tuberculosis include immune-compromised patients
[8], those at the extremes of age, diabetics, smokers, cancer patients, and alcoholics
[3]. Overcrowded living conditions, such as prisons or shelters, are also a risk factor.

There are endemic regions in the world for tuberculosis (Fig. 30.6). For example,
due to high HIV infection rates, sub-Saharan Africa is the most densely burdened

Fig. 30.5 Thisisa
T2-weighted axial MRI
image of the patient’s T8
vertebral body showing
intra-dural abscess

(blue arrows)
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Fig. 30.6 This map from the World Health Organization’s 2018 tuberculosis report shows the
endemic regions of tuberculosis (Reprinted with permission from Global Tuberculosis Report
2018. Geneva: World Health Organization ©2018)
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[3]. In addition, about 60% of new cases of tuberculosis come from 6 countries:
India, Indonesia, China, Nigeria, Pakistan, and South Africa [3]. In the United
States, the incidence of tuberculosis is 4 times higher in foreign-born persons [9],
especially immigrants from sub-Saharan Africa and Southeast Asia [10]. This epi-
demiology is crucial to inculcate an index of suspicion when evaluating a patient
who may be at risk for this disease.

Pathogenesis

Tuberculosis is caused by mycobacterium tuberculosis complex bacillus [5]. 50% of
all tuberculosis patients have a primary lung foci or history of pulmonary tuberculo-
sis [4]. Spinal tuberculosis is a secondary infection [11]. It is unclear whether spinal
tuberculosis requires active disease elsewhere or whether spinal tuberculosis can be
present in latent tuberculosis. It is also unclear whether spinal tuberculosis implies
the patient is contagious [4].

Unlike most infections of the spine, spinal tuberculosis begins in the anterior
vertebral body [11]. The infection spreads posteriorly. In adults, the vertebral body
is nearly always involved, and the intervertebral disc is usually the last segment to
be affected [5, 11]. However, children have a more vascular intervertebral disc, and
the disk may be the focus of disease [12]. The bony involvement in spinal tubercu-
losis results in destruction of the anterior vertebral bodies, leading to kyphosis or a
forward bend of the spine.

Natural History

Spinal tuberculosis is a chronic manifestation of the disease. Only 20-30% of
patients with spinal TB demonstrate the traditional constitutional symptoms of
tuberculosis — malaise, weight loss, and fever [11]. Spinal tuberculosis has three
major clinical features: (1) cold abscesses, (2) neurologic deficit, (3) and, in long
standing cases, kyphotic spine deformity.

Cold abscess refers to a collection of purulence originating from the infected
vertebrae. However, unlike the typical abscesses in pyogenic infections, there is no
surrounding inflammatory response [5, 11]. Seen in 70% of spinal tuberculosis [13],
cold abscesses are slow growing and are often located in the paravertebral tissue
[14]. Cold abscesses can cause a mass effect — variable depending on the location
(Table 30.1) [11, 15].

Neurologic deficit can occur up to 40% of cases in low-income countries and
up to 20% of cases in high-income countries [16]. Neurologic deficits are more



30 Case of an Immigrant Child with Back Pain Due to Tuberculosis 349

Table 30.1 Location of cold abscesses

Location Incidence | Characteristics

Cervical and 10% Retropharyngeal abscesses can result in dysphagia, hoarseness,

upper thoracic and respiratory distress

spine

Lower thoracic 40-50% | Fusiform paravertebral swellings

spine

Lumbar spine 35-45% | Descends down beneath the inguinal ligament to appear in groin/
thigh. It can also track into the gluteal region as it follows the
iliac vessels

likely to occur when the disease involves the cervical and thoracic spine due to the
narrower spinal canal compared to the lumbar spine. Radicular pain, focal nerve
root weakness, and sensory changes are the early neurologic signs. Myelopathy and
paraplegia can result from untreated disease [11].

Neurologic changes are divided into early onset or late onset [17]. Early-onset
deficits have multiple causes including cord compression secondary to a mass
effect, mechanical spine instability due to vertebral bone destruction, cord infec-
tion, edema, and arteritis of the spinal artery [5, 11, 12, 16, 17].

Late-onset deficits occur years and decades after treatment and healing of the
active tuberculosis. The most common cause of late neurologic changes is severe
kyphotic deformity resulting from spinal tuberculosis [5, 16—18]. The spinal cord is
compressed as it drapes over the kyphosed vertebral column [11]. The magnitude
and location of vertebral body collapse impacts the degree of sagittal plane defor-
mity and risk for neurologic deficits. For example, type A reconstitution results
from minimal vertebral body destruction and an intact posterior column. Type B
reconstitution occurs when the antero-inferior edge of superior body rests on the
inferior vertebral body and causes a 40-60 degree kyphosis. Type C reconstitu-
tion occurs when the anterior edge of superior bodies rest on anterior edge of infe-
rior body and typically causing a progressive kyphosis greater than 100 degrees
(Fig. 30.7). Overall, kyphosis in spinal tuberculosis is extremely common [19-23].
The degree of kyphosis can reach over 100 degrees and is determined by whether
the posterior structures of the spine remain intact or fail [13].

The initial degree of kyphosis is generally less than 30 degrees in adults diag-
nosed with spinal tuberculosis. The kyphotic deformity progresses an average of
15 degrees after medical treatment. However, if the initial kyphosis is greater than
60 degrees, the deformity will continue to progress despite medical treatment and
healing [24]. In children, the continuation of growth of the spine can also cause the
kyphosis to progress [19, 20]. Four radiographic signs predicting kyphotic collapse
in children have been reported. These “spine-at-risk” signs include dislocation of
the facets, posterior retropulsion of the diseased fragments, lateral translation of the
vertebrae in the coronal plane, and toppling of the superior vertebra [23].
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NS

Type A Reconstitution Type B Reconstitution Type C Reconstitution

Fig. 30.7 Type A reconstitution results from minimal vertebral body destruction and an intact
posterior column. Type B reconstitution is a result when the anteroinferior edge of superior body
rests on the inferior vertebral body and causes a 40—-60 degree kyphosis. Type C reconstitution
occurs when the anterior edge of superior bodies rest on anterior edge of inferior body and typi-
cally causes a kyphosis greater than 100 degrees which grows

History and Physical Exam

Spinal tuberculosis is an insidious disease. The time from onset of symptoms to
diagnosis is often delayed 3—6 months [13]. Therefore, a high index of suspicion
is essential. Immigrants from sub-Saharan Africa and Southeast Asia, chronically
ill individuals, the homeless, IV drug abusers, and patients on immunosuppressant
medications presenting with spine symptoms are all at high risk. In urban regions,
contact with a high risk patient is also a risk for disease transmission.

The constitutional symptoms such as weight loss, malaise, night sweats, low
grade temperatures, body aches, and fatigue are associated with active pulmonary
tuberculosis but only present in 20-38% of skeletal tuberculosis [11, 25].

As demonstrated in this case presentation, back pain is the most common com-
plaint of spinal tuberculosis. Back pain is reported in 90—100% of all spinal tubercu-
losis and is the sole symptom in 61% of cases [5, 25]. Back pain can be a symptom
of tissue destruction of the vertebral bodies, mass effect, or instability of the spine.
Radicular pain is often secondary to nerve root compression by a cold abscess or
vertebral body collapse. Neurologic deficit may be the presenting symptoms in
23-76% of patients [26].

Neurologic deficits require an astute clinical exam. Neurologic findings can be
as subtle as a clumsy gait or worsening hand dexterity, or as severe as quadriparesis.
Patients with myelopathy can present with bowel incontinence or urinary retention
[13]. Upper motor neuron involvement can result in symptoms like hyperreflexia
and clonus which are often noticed by a physician and not sensed by the patient [27].
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Spinal deformity, such as the gibbus seen in the case presentation, is a late physi-
cal exam finding of spinal tuberculosis. The degree of deformity is dependent on
the number of vertebrae involved [13]. A knuckle deformity implies involvement
of a single vertebra. A gibbus is seen when 2-3 vertebrae are involved. A global
kyphosis represents involvement of multiple vertebrae [13].

Diagnostic Work-Up

The diagnosis of spinal tuberculosis can be established using laboratory studies,
imaging, and tissue diagnosis.

Laboratory Tests

A complete blood count (CBC), erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP) are nonspecific markers of an infectious process [5, 11,
13, 18]. Peripheral leukocytosis may be noted in cases of active pulmonary disease
and is present in 30—50% of patients with spinal tuberculosis [5]. Anemia of chronic
disease is common. An ESR > 20 mm/h has been reported in over 60% of patients
[13]. A CBC with cell differential should be obtained, as a lymphocyte-to-monocyte
ratio can be used to monitor response to therapy [28].

The Mantoux test, the purified protein derivative (PPD) or tuberculosis skin test,
can be used to screen for tuberculosis; however, the skin test does not differentiate
active from latent disease. The skin test is positive in 63—90% of spinal tuberculosis
[5]. In endemic regions, a negative test is more helpful than a positive test because
many patients in endemic areas have received Bacille Calmette-Guerin vaccination
resulting in a positive skin test. Interferon-y release assay — QuantiFERON — is a
serologic option, which tests for M. tuberculosis antigens and is not affected by
prior Bacille Calmette-Guerin vaccination [29].

Imaging

Imaging of back pain in a patient suspected of having tuberculosis begins with a
chest X-ray because concomitant pulmonary tuberculosis is present in nearly half
of the patients with spinal disease [4]. Next, AP and lateral radiographs of the entire
spine should be obtained. Spine radiographic findings are generally not present until
later stages of the disease [30]. Radiographs of a patient with spinal tuberculosis can
demonstrate a loss of bone density in the anterior spine and paradiscal regions [5].
Radiographs can also show soft tissue shadows in the paraspinal region indicative of
cold abscesses. The presence of calcifications in these soft tissue shadows is pathog-
nomonic for spinal tuberculosis [11]. Radiographs can also demonstrate kyphotic
deformity of the spine [13].
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Magnetic resonance imaging (MRI) is more sensitive than radiographs (93%)
and more specific than CT (96%) [31]. Contrast-enhanced MRI increases the diag-
nostic accuracy and can be used when malignancy is suspected [5]. Tuberculosis in
the bone appears hypointense on T1 sequences and hyperintense on T2 sequences.
The discs are well preserved [5]. An MRI of the entire spine should be obtained to
identify non-contiguous lesions [13]. Cold abscesses appear different than pyogenic
bacterial abscesses on MRI. For example, cold abscesses have smooth thin walls
as opposed to thick, irregular, contrast-enhancing walls in bacterial abscesses [14].
Myelopathy, myelomalacia, and cord edema visualized on MRI can help assess
the prognosis of recovery in patients with neurological deficits [18]. Some centers
are now recommending the use of full spine MRI as soon as spinal tuberculosis is
suspected. This approach has two advantages. Firstly, it allows for earlier diagnosis.
Secondly, MRI of the entire spine identifies skip lesions. If MRI is omitted and only
repeat plain radiography performed, progression of initial less involved segments
not noted on initial radiographs may be misinterpreted as a new lesions, leading to
the misdiagnosis of multidrug-resistant tuberculosis.

Computed tomography (CT) of the spine can detect osteopenia and smaller lytic
lesions earlier than plain radiographs [18]. Soft tissue calcifications and spinal canal
encroachment are also more accurately depicted on CT scans [11, 13]. However,
CT is rarely utilized in cases of spinal TB unless there is a contraindication to the
use of MRIL.

Other imaging modalities, such as positron emission tomography (PET) and
bone scan, have had smaller, experimental roles in assessing spinal tuberculosis.
However, recent reports on the use of PET/CT to assess disease activity and moni-
toring response to treatment are encouraging [32].

Tissue Diagnosis

The gold standard diagnostic test for spinal tuberculosis is tissue diagnosis [5, 11, 13,
14, 18]. All tissue samples should be sent for culture, histopathology, and a real-time
polymerase chain reaction (PCR) [13]. Tissue samples can be obtained via image-
guided needle biopsy or open surgical biopsy [11]. Histopathology is considered the
gold standard diagnostic method, with 100% confirmation of diagnosis in one report
[33]. The microscopic examination of the samples show epithelioid cell granulomas,
caseous necrosis, lymphocytes, and Langerhans giant cells [34].

Real-time PCR is another helpful diagnostic method with a sensitivity of 90% in
spinal tuberculosis samples [35, 36] and a specificity of 83-90% [37]. The diagnosis
can be obtained within 24 hours [35] and can detect as few as 10-50 tubercle bacilli [5].

Unlike other bacterial infections, cultures and smears are not the gold stan-
dard diagnostic test in spinal tuberculosis. Tuberculosis is a paucibacilar disease
[13], and only 52% of smears on Ziehl-Neelsen staining and 83% of cultures
Lowenstein—Jensen media are positive [38]. Furthermore, the culture process can
take 1-2 months [18]. Newer mediums such as BACTEC 12 B and GeneXpert
MTB/RIF require only 1-2 weeks of incubation time and have sensitivities and
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specificities approaching 90% [5, 13]. The role for culture is now focused on obtain-
ing antimicrobial sensitivities to identify and treat multidrug-resistant (MDR) tuber-
culosis [13].

Treatment Algorithm

The historic treatment of tuberculosis had been supportive for millennia. In the pre-
antibiotic era, sanatoria formed the mainstay of treatment, with heliotherapy (use
of natural sunlight) and nutrition the major interventions which treated only the
constitutional symptoms rather than the underlying pathogen [18, 39].

The most dramatic change in the treatment of spinal tuberculosis was the advent
of antimicrobial therapies in the 1940s [39]. In 1943, streptomycin was the first
antimicrobial therapy used for tuberculosis. Additional antibiotics were produced
in subsequent decades and compose the pillars of the current ambulatory multidrug
chemotherapy regimens for tuberculosis [40—42]. The antimicrobial concentrations
in and around the infected tissue exceeded minimum inhibitory concentrations [43,
44] resulting in resorption of abscesses and repair and filling in of new bone. In
some cases, medical management alone enhanced neurologic recovery [41, 42].
During this similar time frame, surgical treatment of spinal tuberculosis advanced
to include abscesses drainage, anterior surgical debridement, and fusion [45—47].

As a result of the advances in medical and surgical treatment of tuberculosis,
the “middle path” approach was developed in the 1960s [39, 48]. Patients who
presented as poor surgical candidates were initially treated with triple agent anti-
tuberculosis chemotherapy, regardless of neurologic deficit. Patients who showed
no improvement of neurologic symptoms 1 month after therapy underwent surgery.
Using the “middle path approach,” initial reports showed that surgery was neces-
sary in only 6% of patients without neurologic deficits and 60% of patients with
neurologic deficits. Subsequently, chemotherapy was considered the first line of
treatment. Surgery was reserved for cases presenting with an evolving neurological
deficits and cases that did not improve with medial management alone [11, 13, 16,
27, 49, 50]. The 2006 Cochrane review did not find sufficient evidence to conclu-
sively recommend routine surgical treatment for the treatment of spinal tuberculosis
[51]. Currently, there is no consensus on the surgical indication for patients present-
ing with neurologic deficits [16, 50, 52-54]. Some recommend surgical manage-
ment only for complete paraplegia [54]. Others recommend surgical management
of all neurologic deficits [53]. Overall, given the success of medical management
of spinal tuberculosis [39, 43, 48, 52] in treating the disease and in resolving neuro-
logic symptoms, surgery should be utilized judiciously.

Kyphotic deformity is a critical component of the natural history of spinal tuber-
culosis [19-23]. Surgery for deformity correction is recommended for patients with
a kyphosis greater than 60 degrees and in pediatric patients with a risk for deformity
progression due to remaining growth. Figure 30.8 shows a current treatment algo-
rithm for spinal tuberculosis.
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Medical Management

There are three primary objectives of medical management of spinal tuberculosis:
(1) cure the patient of infection and associated sequelae, (2) prevent development of
drug-resistant tuberculosis, and (3) prevent relapse of disease.

Numerous drugs have been used to treat spinal tuberculosis. The WHO has clas-
sified the medications as shown in Table 30.2 [55].

When choosing a regimen, it is crucial to consider the development of resis-
tance. Drug-resistant strains occurred after single-agent therapy. However, the risk
of developing resistance becomes negligible with the use of 3 or more agents [40].
All medical regimens share an intensive phase to eradicate rapidly multiplying
bacilli, followed by a longer continuation phase to eradicate the slower intracellular
bacilli. A recent study demonstrates a 0% relapse rates after 6 months of rifampin,
isoniazid, and pyrazinamide [56].

The most commonly prescribed multidrug regimen for sensitive TB is 2 months
of rifampin, isoniazide, pyrazinamide, and ethambutol followed by 4 months of
Rifampin and Isoniazid. This recommendation is also supported by the WHO [55].
Daily multidrug administration is recommended; however, in the resource-limited
environment, medicine can be administered every 2-3 days [57].

Incomplete drug regimens and noncompliance can lead to the development of
drug resistance. This ranges from multidrug-resistant tuberculosis (MDR) to exten-
sively drug-resistant tuberculosis (XDR) to total drug-resistant tuberculosis (TDR)
[58]. In endemic regions, it is critical to obtain cultures to identify antimicrobial
sensitivities and hopefully prevent resistant tuberculosis.

If medical treatment is not effective, a tissue diagnosis must be obtained. Adding
a single agent to the current regimen (addition syndrome) is not recommended [59].
An infectious disease expert with an understanding of the regional resistance pro-
files should be consulted.

Table 30.2 WHO classification of anti-tuberculous drugs

Group Drugs

Group 1: First line oral agents Isoniazid, rifampin, ethambutol, pyrazinamide, rifabutin
Group 2: Injectable agents Kanamycin, amikacin, capreomycin, and streptomycin
Group 3: Fluoroquinolones Moxifloxacin, levofloxacin, gatifloxacin, ofloxacin
Group 4: Oral bacteriostatic Ethionamide, protionamide, cycloserine, terizidone,
second-line agents para-aminosalicylic acid

Group 5: Agents with unclear Clofazimine, linezolid, amoxicillin-clavulanate,
efficacy thiacetazone, clarithromycin, carbapenems

Reprinted with permission from World Health Organization. Companion Handbook to the WHO
Guidelines for the Programmatic Management of Drug-Resistance Tuberculosis. The World Health
Organization © 2014
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Surgical Management

In cases of neurologic deficit due to cord compression, the decompression of the
cold abscess is an important factor for recovery [11, 12, 16, 18, 39, 50]. Neurologic
recovery can be observed after decompression of long-standing neurologic deficits
because the cord compression in spinal tuberculosis is gradual. Both decompression
and fusion are often necessary [45-47]. As initially reported by Percival Pott, bone
healing and fusion are crucial to the success of treatment.

With the advent of modern spine instrumentation with pedicle screws, posterior
approaches to correcting spinal deformity and achieving stable fusion have become
more successful. Modern antitubercular medications can facilitate resorption of the
anterior abscesses. Anterior access and debridement can also sometimes be achieved
through the posterior approach [13].

Outcome

Following appropriate medical and surgical treatment, spinal tuberculosis has nearly
90% good outcomes for pain, neurologic recovery, and deformity [12, 13]. The
cornerstone of treatment is multidrug anti-tubercular chemotherapy. Relapse rates
have been shown to be ~2% with completion of anti-tubercular chemotherapy [60].
In addition, modern surgical spine techniques and instrumentation have resulted in
improved deformity correction.

Neurologic recovery can be expected with appropriate treatment. 92% of patients
demonstrate marked improvement and 74% of patients becoming ambulatory after
presenting non-ambulatory [61]. Younger age, incomplete paraplegia, and surgery
are associated with improved neurologic outcomes [62].

How to Approach the Case

As the patient was neurologically intact, the decision to start anti-tubercular treat-
ment was made. A weight-based four drug regimen was started: Rifampicin,
Isoniazid, Ethambutol, and Pyrazinamide. He was prescribed a thoracolumbar brace
to protect the spine and was monitored closely for the development of any neurolog-
ical deficit. Within 3 weeks of treatment, he was afebrile and became more active.
At 6 months, repeat MRI (Fig. 30.9) and PET imaging (Fig. 30.10) were obtained
which showed resolution of the intra-dural abscess, but persistent metabolic activ-
ity in the spine and lung. He is currently in his eighth month of the pharmaceutical
regimen and remains neurologically intact. Surgical treatment was not necessary
because he responded appropriately to medical management, did not have progres-
sive kyphosis >60 degrees or at risk signs for instability, and had no myelopathy
needing decompression and stabilization.
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Fig. 30.9 Thisisa
T2-weighted axial MRI
image of the patient’s T8
vertebral body 6 months
after starting anti-
tuberculous treatment,
showing resolution of the
intra-dural abscess but
persistence of the
extra-dural abscess
(orange arrows)

Fig. 30.10 This is an axial
PET image 6 months after
starting anti-tuberculous
treatment showing
persistence of FDG avid
area not only in the spine
(blue arrow) but also in the
chest (orange arrow)

L
Red Flags in this Case

e Child has immigrated from an endemic area.

 Persistent back pain in young child.

* Chronic fever despite antibiotic treatment.

 Parents continued to bring him to health-care providers.

e Physicians became focused on one diagnosis.

» Kyphotic deformity developed as well as the persistent back pain.



358 K. Khanna et al.
Final Diagnosis

Tuberculosis involving the thoracic spine

Summary

The last 50 years have brought about remarkable advances in the understanding
of the natural history, diagnosis, and treatment of spinal tuberculosis. The most
impactful advance has been that of anti-tuberculous chemotherapy. In the modern
era, the vast majority of spinal tuberculosis is treated medically without the need
for surgical management. The availability of advanced imaging and real-time PCR
has allowed more rapid diagnosis and initiation of treatment. The prevalence of
drug resistance has limited the efficacy of medical management in certain endemic
regions. The natural history of tubercular kyphosis has been well elucidated; how-
ever, the treatment of tubercular kyphotic deformity remains a challenge in low-
income nations. Due to the degree of globalization in our world today, it remains
critical for the contemporary physician to have a high index of suspicion in order to
diagnose and treat spinal tuberculosis.

Editor Discussion

Tuberculosis is an immense health problem in low-income nations, and it remains a health-
care challenge in high-income nations. Tuberculosis can affect virtually any organ system
in the body. Diagnosis is often difficult. Tuberculosis is a “great mimicker” as its manifesta-
tions can simulate numerous other diseases across the body systems. However, recognition
and understanding of the common and uncommon clinical and radiologic manifestations of
tuberculosis including back pain and spinal involvement as illustrated in this comprehen-
sive chapter should alert the physician to consider tuberculosis in high-risk patients in order
to make a timely diagnosis and administer appropriate treatment.
W.L. Hennrikus

Although tuberculosis typically involves the lungs and rarely the bones or the spine, tuber-
culosis of the spine remains a significant worldwide problem. Tuberculosis is the leading
cause of paralysis in the developing world. A child or adult may have years of no or inade-
quate medical treatment that eventually causes vertebral body and disc collapse. Combined
with an abscess, the spinal cord can become compressed, with myelopathic symptoms
developing. If significant enough anterior collapse, the posterior elements can dislocate,
creating further instability. Even after successful medical treatment, if the deformity is great
enough, further kyphotic (gibbus) deformity can continue with slowly worsening myelopa-
thy. Given the current interest in international relief work, pediatric health-care workers
traveling to endemic areas may see spinal tuberculosis. Immigrant children from endemic
areas may also be seen in one’s usual practice, so tuberculosis should always be considered
possible.
R.M. Schwend
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Chapter 31

Complementary and Alternative Medicine
(CAM) to Back Pain

Check for
updates

Eva Seligman and Teri M. McCambridge

Introduction

“Complementary and alternative medicine” (CAM) approaches to health care are
popular in our society, and so there is no surprise that patients and their families may
turn to alternative methods when treating back pain. In the United States, the overall
rate of CAM use by children ages 4-17 years has been 12% for the past decade [1].
According to the CDC’s National Health Interview Survey (NHIS), nearly half of
these families reported using CAM for a specific health condition, with acupuncture
being most common [1]. The most common health complaints for which parents
decided to try a CAM for their child were back or neck pain, head or chest cold,
musculoskeletal conditions, anxiety or stress, and ADHD [1]. Despite the popularity
of CAM modalities, there is little evidence to justify their use. The studies that do
exist often focus on adults. Therefore, determining the true efficacy of each CAM
intervention in children is challenging. In this chapter, we review common types of
CAM modalities that can be considered for managing back pain, including defining
each intervention and the theory behind its potential efficacy, review evidence for use
when available, and delineate possible risks associated with its use.

Back pain in children and adolescents can represent significant pathology and
should be taken seriously. A thorough history and physical exam with determination
of “red flag symptoms” (Table 31.1) and any indicated lab work and imaging
(Table 31.2) are completed to rule out these diagnoses before turning to CAM thera-
pies that focus on the treatment of nonspecific musculoskeletal back pain.
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Table 31.1
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Red flag symptoms for back pain

Patient characteristics/symptoms

Physical exam findings

Fevers or chills

Refusal/inability to ambulate

Malaise

Petechial or purpuric rash

‘Weight loss or anorexia

Hepatosplenomegaly

Pain at night or pain that wakes from sleep

Abnormal neurologic exam

Radicular pain

Midline spinal tenderness or step-offs

Dysuria

Progressive or severe spinal curvature

Loss of bowel or bladder control

Easy bruising or bleeding

Bone pain at other locations

Age 4 years or younger

Duration of symptoms longer than 6 weeks

Table 31.2 Potential laboratory and radiographic studies for back pain

Laboratory studies Radiographic studies

Complete blood count with differential
Erythrocyte sedimentation rate

Spinal x-ray (minimum two views)

Pelvis x-ray
Spine MRI

C-reactive protein

Comprehensive metabolic panel

Case Presentation

Case No. 1

A 15-year-old healthy girl had low back pain for 3 months. She is an avid swimmer
and a member of the high school swim team. She had no specific injury to her back;
however, one day, she started having tightness and pain after swim practice. She
never had any radiating pain, numbness or tingling, loss of bowel or bladder control,
fevers, or weight loss. She was initially seen by her primary care doctor, who noted
lumbar paraspinal muscle tenderness and no vertebral point tenderness. The physi-
cian recommended scheduled heat packs and NSAIDs. Despite using these inter-
ventions around the clock, she continued to have low back pain. Due to continued
pain, she had radiographs of the lumbar spine, which were normal. A family friend
recommended that she try yoga or Pilates. She decided to enroll in a local yoga
studio and has been taking yoga class weekly for the past 10 weeks. Her pain gradu-
ally improved and almost entirely resolved.
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Yoga
Definition and Theory of Efficacy

Yoga is a series of movements, postures, breathing, and meditation that originated
in India over 5000 years ago as a part of Ayurvedic medicine. There are a variety of
styles of yoga [2]. Many postures in yoga aim to improve core strength and spinal
flexibility (Fig. 31.1), which may improve low back pain in pediatric patients as this
condition is often associated with poor trunk muscle endurance, poor trunk muscle
strength, and limited spinal flexibility [3].

Epidemiology

Yoga practice is gaining worldwide popularity, and 8.4% of US children report tak-
ing yoga classes or receiving formal training in yoga in the past 12 months accord-
ing to the National Health Interview Survey 2017 [4]. Yoga is more commonly tried
in older children (ages 12—17 years), girls, non-Hispanic whites, and children of
parents that have higher than a high school level of education [1].

Fig. 31.1 Yoga poses that may improve paraspinal muscle strength and flexibility
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Data on Efficacy

With the growing concerns of the opioid epidemic and realization that most low
back pain improves regardless of treatment, in 2017, the American College of
Physicians recommended “non-pharmacologic treatment” as the initial manage-
ment for chronic low back pain, specifically naming yoga and exercise among
the possible acceptable first interventions [5]. Studies are limited, resulting in a
low-quality evidence to justify yoga for low back pain. All studies are based on
adult patients. Common outcomes include a variety of pain scores, disability
scores, and spinal flexibility scores. When practiced at least weekly for up to
2 years, yoga may relieve pain and improve functional disability. It is unclear if
these benefits differ from other exercise programs including physical therapy [6].
However, studies have demonstrated non-inferiority of yoga to physical therapy
[7]. Modest effects in pain reduction are seen in multiple studies with short term,
daily, or weekly yoga use over months. In one study comparing multiple daily
sessions of yoga to daily exercises, the spinal flexibility improved and pain
decreased with both interventions. However, the effect was greatest with daily

yoga [8].

Possible Harm

Yoga is generally safe and well tolerated. However, there are case reports in adults
of complications including pneumothorax [9] and pneumomediastinum from deep
breathing exercises with concurrent Valsalva [10], heat stroke, and sudden cardiac
arrest [11]. More commonly, patients describe increased back pain or other muscu-
lar pains [12] arising from yoga.

Pilates

Definition and Theory of Efficacy

The Pilates method was developed by Joseph Pilates in the 1920s as a series of
movements and exercises focusing on improving strength and flexibility of core
musculature. Pilates uses small movements to activate the paraspinal, gluteal, and
abdominal muscles using only body weight. Pilates exercises are often performed
on the ground relying on gravity to create resistance; however, a number of Pilates
machines (e.g., Reformer, Tower, Cadillac, and Trapeze Table) are also used to
facilitate these exercises [13, 14]. Pilates differs from yoga as it focuses on muscle
relaxation and the strengthening of small muscle groups without the emphasis on
meditation or flexibility. Pilates exercises are designed to strengthen core muscles,
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which is hypothesized to reduce nonspecific low back pain by improving posture
and balance [13] and lumbopelvic stabilization [15].

Epidemiology

Pilates exercise saw a particular rise in popularity in the early 2000s. At that time,
an estimated 10.5 million Americans were participating in Pilates [16].

Data on Efficacy

The studies examining the efficacy of Pilates on low back pain focus on heteroge-
nous groups of adult patients with different Pilates regiments and outcome mea-
sures. The majority of studies demonstrate some benefit in pain and disability
scores, particularly in the short term [14, 17-19]. There may also be interval
improvement in pain with more frequent Pilates sessions (up to 2-3 times per week)
[20]. In general, Pilates appears to be as effective at improving low back pain when
compared to other movement-based interventions such as yoga or physical therapy.

Possible Harm

There is insufficient evidence to describe specific harm associated with Pilates.

Case Presentation

Case No. 2

A 14-year-old boy presents to his pediatrician with back stiffness and low back pain
for 1 month. He notes pain in his right lower back that is exacerbated when climbing
stairs or when bending forward. He denies fevers, weight loss, or trauma. On exam,
he has tenderness over the bilateral sacroiliac (SI) joints (right greater than left) that
is worsened with forward bend and right leg flexion, abduction, and external rota-
tion (FABER). His pediatrician also notes a mild leg length inequality. A workup
including radiograph and MRI of the pelvis and lumbar spine, complete blood
count, and inflammatory markers is normal, ruling out L5 spondylolysis and sacroi-
liitis. He seeks care with a local chiropractor, and his pain improves with six ses-
sions of spinal manipulation.
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Spinal Manipulation/Chiropractic

Definition and Theory of Efficacy

The foundation of chiropractic practice lies in the connection between the body’s
structure and function. A focus is given to spinal alignment through manual manip-
ulation. Spinal manipulation involves application of direct, forceful pressure to vari-
ous joints to improve alignment and mobility. These techniques are also performed
by osteopathic doctors and physical therapists [21]. Chiropractors are licensed by
state governing bodies and trained at institutions accredited by the Council on
Chiropractic Education Commission of Accreditation.

Epidemiology

Care by chiropractors has become so common that some chiropractors have advo-
cated that these forms of treatment no longer be classified as CAM. In the United
States, self-reported rates of chiropractic care reach 10% of the overall adult popula-
tion and nearly 3.5% in children [21]. The majority of patients seek chiropractic
care for low back pain [22].

Data on Efficacy

There are many randomized trials comparing chiropractic adjustments to a variety
of other forms of treatment ranging from muscle relaxants to acupuncture. The het-
erogeneity of these studies, including type of back pain, outcomes, and rating scales,
makes it difficult to draw conclusions about the overall efficacy of chiropractic spi-
nal manipulation. In adults, studies demonstrate trends toward improvement in low
back pain, including greater efficacy than placebo, muscle relaxant, and sham
manipulation [23]. Another study found that active manipulation reduced pain in
adult patients with acute back pain and sciatica with disc protrusion [24].

Possible Harm

Despite the relative frequency of spinal manipulation, a formal reporting system for
adverse events associated with chiropractic manipulation does not exist, and adverse
events reported in children are limited to case series and reports. Though rarely
reported, spinal manipulation has resulted in severe complications, including sub-
arachnoid hemorrhage, paraplegia, and severe headache. More commonly, patients
reported mid-back soreness after manipulation. In the only systematic review to
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examine adverse events associated with pediatric spinal manipulation, Vohra et al.
identified 20 cases of delayed or missed diagnoses of severe pathology, including
neuroblastoma, meningitis, and rhabdomyosarcoma [25]. As such, all patients
should undergo a thorough medical evaluation to rule out serious structural or medi-
cal causes of back pain prior to chiropractic evaluation. Radiographs should also
be obtained prior to manipulation to rule out structural abnormalities that may
be harmed by chiropractic spinal manipulation (i.e., spondylolisthesis, avulsion
fracture, etc.)

Case Presentation

Case No. 3

A 12-year-old girl with mild (12 degree) thoracic scoliosis has had low back pain
for several months. All laboratory and radiologic testing has been normal. She has
tried Pilates, a chiropractor, and physical therapy but continues to have pain. She
and her mother are interested in CAM approaches to care and are wondering what
other modalities might improve back pain.

Acupuncture

Definition and Theory Behind Efficacy

Acupuncture involves the insertion of needles into the soft tissue at points along
meridian lines defined in traditional Chinese medicine that correspond to organs,
emotions, and sensations (Fig. 31.2). There is a variety of techniques within
acupuncture, and the depth and location of needle insertion, use of additional

Fig. 31.2 Acupuncture
points used for back pain
(image courtesy of Sarah
O’Leary, Acupuncturist)
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movements of the needle, and the addition of laser or electricity will vary depend-
ing on the specific technique employed by the practitioner. Several theories exist
to explain the potential efficacy of acupuncture. Stimulation of specific points
along the meridian lines is thought to realign energy balance within the body.
Since many of the acupuncture points are located near neural centers, another
theory asserts that insertion of the needle may block the transmission of pain
through neural gates. Functional MRI studies demonstrate increased blood oxy-
gen flow to areas of needle insertion, which may also explain effect [26]. Cherkin
et al. found no difference between acupuncture and sham procedure (insertion
of needle at non-acupuncture points) and hypothesized that touch of the skin
alone may stimulate mechanoreceptors and hormone release that decreases
pain [27].

Epidemiology

The National Health Interview Survey 2017 does not contain data specifically
regarding rates of acupuncture use in the pediatric population. An analysis of the
2012 survey found that, overall, acupuncture was the most commonly used CAM
modality with particular health concerns such as back or neck pain, stress and anxi-
ety, head or chest cold, and attention deficit hyperactivity disorder [1]. In the United
States, it is estimated that over 6% of adults have tried acupuncture at some point in
their lives [28].

Data on Efficacy

Acupuncture has been demonstrated to be effective in pediatric chemotherapy-
related nausea and postoperative nausea. There are no studies investigating the
role of acupuncture for pediatric back pain; however, many adult studies exist
that include adolescents. Multiple randomized trials have attempted to delineate
the efficacy of acupuncture for low back pain and have concluded that traditional
acupuncture and sham procedures similarly result in a reduction in back pain and
disability scores when compared to a “usual care” approach of medication and
physical therapy [27, 29, 30]. The similarity in effect of acupuncture and sham
(i.e., superficial needling in soft tissue at non-acupuncture points) calls into
question the theory by which acupuncture provides back pain relief as discussed
above [29]. The duration of therapy required for effect remains unclear, with
positive effects ranging from a single session [31] to several months of therapy
[32, 33].
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Possible Harm

Side effects of acupuncture are generally very mild and include pain or bruising at
the needle insertion site and worsening of overall symptoms. Severe complications
are exceedingly rare and have been described as skin infection, pneumothorax, and
a single case of cardiac rupture [34].

Cupping
Definition and Theory of Efficacy

The practice of cupping is central to traditional Chinese medicine and has been used
in many eastern medicine practices for over 2000 years. Cupping is practiced in the
United States in the Hmong communities in Wisconsin and California. There are
two primary varieties of cupping: wet and dry. In dry cupping, a heated cup is placed
on the skin creating a suction effect as the air cools. Wet cupping employs similarly
heated cups; however, small incisions are made on the skin prior to placement of the
cups. Blood is drawn out through these incisions as the suction phenomenon occurs.
Suctioning is thought to stimulate blood flow to that area, promoting the elimination
of tissue toxins. Another theory postulates that the transfer of pain from one area to
a new area (i.e., the location of cup placement) can cure the individual of the origi-
nal pathology [35]. The theories to explain the potential effect of cupping have not
been scientifically substantiated.

Epidemiology

Cupping has gained popularity in western society in the past decade, particularly as
it is used more frequently among high-profile athletes such as Michael Phelps.
Estimates of use in the United States are not available.

Data on Efficacy

Randomized trials on cupping for back pain are limited. One study in Iran, including
older teenagers, found sustained improvement in pain, reduced disability, and
decreased medication use after three sessions of wet cupping compared to typical
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management of rest, NSAIDs, and avoidance of heavy lifting [36]. Another study in
Korea demonstrated decrease in acetaminophen use and similar improvement in pain
and disability scores compared to the standard of care [37]. A 2017 meta-analysis by
Yun-Ring Wang et al. included six randomized controlled trials and concluded that
cupping significantly reduced back pain and disability scores when compared to
medication and “usual care.” The studies included in this meta-analysis focused on
adults and employed a variety of cupping techniques and durations of therapy [38].

Possible Harm

Minimal adverse effects are reported with cupping and primarily involve dermato-
logic complications. Pain at the cupping site, bleeding, changes in skin pigmenta-
tion, and local skin infections are the most commonly reported adverse events.
Vasovagal syncope and anemia have also occurred [36, 38].

Kinesio Taping
Definition and Theory of Efficacy

Kinesio tape was developed by Dr. Kenzo Kase in the 1970s. It is an adhesive with
a unique grain and elasticity that is purported to have an increased tensile force that
can lift fascia and soft tissue [39]. The tape is thought to improve muscle function
by gentle repositioning of the fascia and promoting blood circulation to the skin.
Another theory postulates that application of the tape results in the stimulation of
mechanoreceptors and proprioceptors that improve joint function and movement.

Epidemiology

Estimates of use in the United States are not available; however, over 150 thousand
medical providers worldwide report using Kinesio tape [40].

Data on Efficacy

Studies on Kinesio taping are limited and none focus on pediatric patients. One
study in adults added Kinesio tape as an adjunct to therapeutic ultrasound, hot
packs, transcutaneous nerve stimulation, and therapeutic exercises and found that
these patients had improvement in back pain, flexibility, and endurance directly



31 Complementary and Alternative Medicine (CAM) to Back Pain 373

after each intervention session [41]. A systematic review of Kinesio taping for back
pain found that the taping alone or with another treatment was no more effective
than physical therapy alone for improving pain or disability scores [42]. This study
found limited evidence to suggest that Kinesio tape improved anticipatory postural
control of transverse abdominal muscles [42].

Possible Harm

Adverse effects associated with Kinesio taping are not described in the literature.
There are theoretical risks of skin irritation and resultant infection.

Meditation

Definition and Theory of Efficacy

Meditation is a practice that involves training the mind to change one’s level of
consciousness or awareness. There are a variety of techniques that include guided
and independent breathing and thought techniques. Chronic back pain in children
and adults has been associated with stress and anxiety, which meditation and mind-
fulness techniques attempt to reduce. Studies of mindfulness meditation, a particu-
lar form of meditation that focuses on building nonjudgmental awareness of sensory
stimuli, have demonstrated an effect on endogenous opioid pathways though the
practice does not itself seem to produce endogenous opiates [43].

Epidemiology

The overall use of meditation also increased significantly from 0.6% in 2012 to
5.4% in 2017 [4]. Self-reported rates of “relaxation therapy” in the US pediatric
population are reported to be nearly 3%. In this patient population, the most com-
mon reasons for using relaxation therapy were reduction of stress and anxiety (31%)
and back/neck pain (15%) [44].

Data on Efficacy

There are no studies that focus on meditation for back pain in the pediatric popula-
tion. Studies are emerging in adults, which include older teens. In a randomized
clinical trial, Cherkin et al. found that meditation and cognitive behavioral therapy
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were equally effective in reducing low back pain and disability scores and that both
were more effective than “usual care” [45]. There are a number of pilot studies
investigating the role of meditation, mindfulness exercises, and electronic-based
relaxation techniques on low back pain with promising results [46—48].

Possible Harm

There are no described adverse events associated with meditation.

Brief Summary

While the literature to support or refute CAM interventions for back pain is grow-
ing, the majority of studies do not include pediatric patients. It is therefore impos-
sible to draw conclusions about the effectiveness in children of each CAM
interventions. In general, adverse events are uncommon.

Editor Discussion

The use of CAM in pediatrics is growing. For example, chiropractic is now a common
choice for families seeking alternative medical care. Unfortunately, there is little informa-
tion in the literature examining the safety and efficacy of CAM such as chiropractic for
pediatric orthopedic disorders. The parents’ perception of CAM is often very positive.
However, delayed referral, misdiagnosis, adverse events from manipulative therapy, and
ineffective treatments have been reported [49]. More research is needed to validate the
safety and efficacy of CAM in children.
W.L. Hennrikus

Children often have poor core muscle strength when specifically tested. Ask a child to do
10 push-ups with a quality plank body posture, hands near the sides of the chest, thorax just
barely touching the surface. It is surprising how often even an athletic child cannot do this
well. This provides a direct indication and visual that there is weakness of the core shoulder,
trunk, and hip muscles. The parents and child may be more accepting of this discussion
after seeing for themselves that these muscles are indeed weak. If the child has a slouched
forward posture, supine hyperextension stretching over a bolster or an exercise ball can
lengthen the anterior thorax and decrease the stress on the posterior extensor muscles,
which become fatigued with a kyphotic posture. Yoga and Pilates are CAM modalities that
the child can actively perform. Active participation in posture and stretching is better than
passive.
R.M. Schwend
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Chapter 32 )
A Girl with Lower Back Pain at
Night and Scoliosis: Osteoblastoma
as an Example of an Aggressive
Benign Tumor

Check for
updates

Richard M. Schwend

Brief Case Presentation
Chief Complaint

A 3-year history of worsening lower back and night pain.

History

This 12-year-old girl had been having back pain for about 3 years. Pain has slowly
progressed and now often wakes her at night. She is having more daytime pain as
well and has missed school several times because of the pain. It is getting very
frustrating and is starting to cause depressive symptoms. Mom has been giving her
oxycodone from her “secret” supply. This past month, she has had “leaky” urine,
accidents, and stress incontinence. There have been no bowel complaints or lower
extremity symptoms. Her past medical history included a breech presentation,
C-section delivery, and normal physical development. There has been no menses.
Family history is negative for scoliosis. On review of symptoms, family was not
aware that she had scoliosis.
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Physical Examination

Weight 34.5 kg, height 131.3 cm, and BMI 20. She is healthy, developmentally
normal, and Tanner O and has good nutrition. No unusual ligamentous laxity. She
was noted to have a lumbar scoliosis with mid-lumbar tenderness. On forward bend,
there was 7 degrees of thoracic rotation and 13 degrees of lumbar rotation on the
scoliometer, with marked stiffness on forward flexion and extension. Screening neu-
rological examination and gait were normal.

Imaging and Radiographic Studies (Figs. 32.1 and 32.2)

Questions About the Case the Reader Should Consider
1. Scoliosis is typically not painful or associated with mechanical pain with normal
activity. What is the reason for the pain at night?

Fig. 32.1 Standing
posterior spine. Notice
high right shoulder, slight
shift of her thorax to the
right, prominent right
scapula due to rotation of
the thorax, and prominent
left lumbar paraspinal
muscles from rotation of
the lumbar spine
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Fig. 32.2 (a) Posteroanterior (PA) and lateral standing radiographs. Note the thoracic (36 degrees)
and the lumbar (42 degrees) scoliosis and imbalance of the thorax to the right. Initially, there was
not felt to be any soft tissue or bone abnormalities, and the scoliosis was felt to be idiopathic. Note
also the open triradiate cartilage (white arrow). (b) On closer inspection, there is sclerosis of the
right L4 pedicle (black arrow), and the L4 pedicle appearance is obscured by the new bone forma-
tion. On closer view of the lateral image, there is expansion of the lamina and posterior elements
(white arrow). (¢) CT image of lumbar 4 vertebrae. Note that the lesion is in the posterior elements
with greatly expanded right L4 pedicle and lamina. This caused impingement into the vertebral
canal and may have affected bladder function
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Fig. 32.2 (continued)

2. What is a possible explanation for her bladder symptoms?
3. Why was the bone lesion at L4 initially missed?

4. What is the next diagnostic test that should be considered?
5. What is appropriate referral and treatment in this case?

Discussion

Scoliosis is typically not painful or only mildly painful. It is rarely painful at night
and does not usually wake a child out of her sleep. Severe back pain at night should
make you consider an inflammatory condition, either an infection or a tumor [1].
Mechanical pain from the stresses of the day is usually relieved with sleep, whereas
the pain of underlying inflammation becomes more severe at night [2].

The larger the lesion, the more likely there will be nerve compression. Osteoid
osteoma is a benign tumor commonly found on the posterior elements of the spine,
is less than 1 cm in size, and hurts at night [3, 4]. However, because the lesion is
small and well contained in the bone, it rarely causes neural irritation symptoms or
neurological findings. On the other hand, osteoblastoma, which is a bone-forming
tumor greater than 2 cm, can greatly expand the bone of the posterior elements
of the spine and create nerve compression or inflammation. Forty percent of
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osteoblastomas involve the spine, especially the cervical and lumbar regions, usu-
ally involving the posterior elements [5]. They are also seen in the axial skeleton,
including the pelvis, sacrum, clivus, and ribs. This bone lesion, although benign,
can be very aggressive and compress or irritate the spinal cord or nerve roots of the
lumbar spine. Symptoms can include weakness, radicular pain, and sensory and
bladder symptoms that includes incontinence [6]. However, this child has been tak-
ing opioid pain medication and may have chronic constipation, which can itself be
a cause of bladder symptoms and dysfunction. When dealing with chronic pain,
always ask about narcotic use—which can be a red flag (see below). Findings can
be stiffness, spine imbalance, scoliosis, and lower extremity radicular findings or
weakness [7, 8].

When looking at a radiograph, it is important to have a systematic method to
examine all important aspects of the image. These include the areas outside the
spine such as overall spine balance, evaluation of the soft tissues of the chest and
abdomen, and other bones beyond the spine such as the pelvis, ribs, and long bones.
It is very possible, even for an experienced radiologist reading many films during a
typical day, to miss one seemingly small detail, such as the appearance of a pedicle.
Pedicles on the AP film can be either missing or sclerotic. Unless one is actively
looking at each pedicle, it is possible even for the most experienced of observers
to miss such details. Once a radiology report describes “normal anatomy,” further
questioning by the clinician may not happen. We encourage the primary care doctor
to review the image in person with the radiologist if any questions arise.

When a bone lesion is suspected based on biplanar radiographs, it is important
to visualize the anatomy in the axial plane. CT imaging is ideal for visualizing
bone lesions in the spine so is the next best test to obtain. Even though the radiation
is greater than magnetic resonance imaging, modern pediatric imaging, as recom-
mended by Image Gently (https://www.imagegently.org/), has decreased the effec-
tive dose. CT will show the bone structure and the lesion in great detail. MRI may
show excessive soft tissue involvement, falsely suggesting a malignant tumor, when
the tumor is in fact benign [9]. In this case, it would be very appropriate to refer
the patient to the surgical specialists before advanced imaging studies are obtained.
The surgeon may then order the appropriate study as well as specify technical detail
(which test, which levels, contrast or no contrast).

In this case, the CT scan more accurately demonstrated that this was a 2.5 cm
lesion of the right L4 lamina and pedicle consistent with an osteoblastoma. Posterior
surgical excision of the lesion was performed. Pathology confirmed a benign but
aggressive lesion. Her pain, stiffness, and urinary symptoms resolved, although the
scoliosis continued to progress and eventually needed spinal fusion and instrumen-
tation. Once a scoliosis is over 30 degrees before the onset of puberty, it has a
tendency to continue to increase in severity with further growth [10]. For idiopathic
scoliosis, a brace can be effective in 80% of children if used more than 15 hours/
day; however, for scoliosis related to a syndrome or an underlying condition, brac-
ing may not be as effective [11].
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How to Approach the Case

Always be suspicious of night pain, which may indicate infection or tumor. Spinal
stiffness is also an abnormal finding. When the pain is unusual in location, quality,
or timing, such as night pain, consider the scoliosis to be atypical. Careful history,
physical examination, and review of plain radiographs are the essential three aspects
of making an accurate diagnosis. Advanced imaging studies such as MRI or CT
scan should be used to more accurately define and confirm the underlying diagnosis,
rather than to search for a diagnosis.

L
Red Flags for Back Pain with Scoliosis

*  Younger child—under age 10 years
* Night pain

e Neural symptoms

* Neurological findings

» Large degree of scoliosis

» Atypical appearing scoliosis

* Chronic use of narcotics

Short Differential Diagnosis

» Infection: whenever tumor is suspected, also suspect infection, always.

* Osteoid osteoma: these lesions are also painful at night but are <1 cm in
diameter and not typically associated with neurological signs.

e Osteoblastoma: Night pain, usually >2 cm in diameter, and as such can
have associated neural symptoms and pain. Often seen in the spine, typi-
cally in the posterior elements.

Other lesions: aneurysmal bone cysts, malignant bone tumors, and tumors
of the neural elements.

Final Diagnosis

Osteoblastoma L4 posterior elements (Fig. 32.3).
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Fig. 32.3 (a) Appearance of right L4 lamina during surgery. Note the expanded but benign appear-
ance of the bone. (b) Excised osteoblastoma of L4 posterior elements. Lesion is greater than 2 cm.
(c) Cut section of the lesion showing the hollow “geode’ appearance (from the Greek word mean-
ing “earth like”—typically round rocks with a hollow center). (d) High-power micrograph show-
ing osteoid (pink) being formed from large benign rimming osteoblasts

Natural History and Treatment Considerations

Osteoblastomas can recur if not fully removed. Since so much of the posterior ele-
ments are involved, surgical removal can lead to instability and further deformity,
especially in the growing child. With time, scoliosis can worsen, as happened to
this child, and spinal fusion and instrumentation were necessary. Scoliosis that is
greater than 25 degrees in a growing child may benefit by brace treatment. However,
if there is an underlying condition present, surgical treatment may be necessary. In
this child before puberty with a 42-degree lumbar scoliosis, even with excision of
the bone lesion, there was already enough deformity that the scoliosis continued to
worsen and she later required surgical fusion and instrumentation.
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Referral: When and to Whom?

Scoliosis that has atypical features such as significant pain, night pain, and neu-
rological symptoms or that has progressed to more than 25 degrees in a growing
child should be referred to an orthopedic surgeon who has training, expertise, and
experience in treating spinal deformities. If a specific diagnosis of osteoblastoma
of the spine has been made, referral to a surgeon with expertise in benign tumors of
the spine is appropriate.

Brief Summary

Back pain in children can occasionally be chronic and relentless. When it occurs at
night, has neurological symptoms or findings, is associated with a large degree of
scoliosis or atypical scoliosis, or is seen in a young child, there is further cause for
concern. Pain at night may be indicative of inflammation, from either infection or a
tumor. Neurological findings suggest that there is a physical or structural explana-
tion such as nerve compression, irritation, or stretch. Back pain in a young child
under age 10 years is further reason for concern. History, physical examination, and
careful review of plane radiographs are essential when evaluating a child with these
types of symptoms and findings. Although rare, osteoblastoma is a classic lesion of
the posterior elements of the spine that may have a constellation of these types of
symptoms. Since osteoblastoma is a relatively large lesion, greater than 2 cm, and
is associated with excess bone formation, it can be diagnosed on mindful review of
plain radiographs. Refer to surgeon with pediatric spine experience.

Key Features and Pearls

* Bone formation in a child that is not in a typical location for that much
bone is suspicious for tumor or sometimes infection. The tumor can be
benign (osteoid osteoma), benign but aggressive (osteoblastoma), or
malignant (osteosarcoma or Ewing sarcoma).

* A bone-forming lesion less than 1 cm in diameter is suspicious for osteoid
osteoma. These lesions can be very painful, especially at night, but small
enough to not be noticed on plain radiographs or even CT or MRI. You
should be suspicious if there is persistent night pain, but the imaging stud-
ies are normal.

* A bone-forming lesion greater than 2 cm is suspicious for osteoblastoma.
When seen in the spine, they are typically in the posterior elements. Due to
its larger size and aggressive nature, there may be associated neurological
findings with osteoblastoma.
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Editor Discussion

Many years ago, Dr. Bob Hensinger taught us that back pain can be a symptom of infection

or tumor, especially in a child under 5 years of age. Night pain is always a worry in a child

of any age. Pain with other findings such as scoliosis, spine stiffness, neural symptoms,

neurologic findings, or specific bone lesions seen on plane radiographs is also of concern.
W.L. Hennrikus

It is very possible for a radiologist or a clinician to miss noticing a lesion on a plain radio-
graph. It is especially possible if the radiologist has given the image a “normal read” that
the clinician will be influenced by the radiologist’s report and either not directly examine
the images or accept the normal report as accurate. When the clinical findings do not seem
straightforward, or there are sufficient atypical findings, go back over the history, physical
and plain imaging studies, preferably with a wise colleague, and re-examine the evidence.
It is highly recommended to review unusual or atypical cases directly with the radiologist.
R.M. Schwend
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Helpful Websites

www.aap.org/.../Pages/AAP-Policy-Statements.asp

This website provides access to >50 subject collections including >200
American Academy of Pediatric Policy Statements, Clinical Reports and
Technical Reports. Each statement or report is updated every 5 years.

Policy Statements
Organizational principles to guide and define the child health care system and/or
improve the health of all children.

Clinical Reports
Provide guidance for the clinician in rendering pediatric care

Technical Reports
Background information to support Academy policy.

orthoinfo.aaos.org/.../back-pain-in-children

This website provides tips and pearls for the evaluation of back pain in children
provided by the American Academy of Orthopaedic Surgeons.

www.healthychildren.org

HealthyChildren.org is a parenting website backed by the American Academy of
Pediatrics and committed to the attainment of optimal physical, mental, and social
health and well-being for all infants, children, adolescents, and young adults. This
site provides general information related to child health and specific guidance on
parenting issues on all aspects of a child’s health including back complain.

posna.org/Patient-Education/OrthoInfo

This website from the Pediatric Orthopaedic Association of North America pro-
vides patient education and handouts on multiple musculoskeletal problems includ-
ing back pain in children.

www.scoliosis.org

This website provides valuable information about scoliosis and other back
problems.

The National Scoliosis Foundation (NSF) is a patient-led nonprofit organization
dedicated since 1976 to helping children, parents, adults and health-care providers
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400 Helpful Websites

to understand the complexities of spinal problems such as scoliosis including pro-
viding patient support and resources.

orthokids.org/Condition/Back-Pain-in-Children

This website from the Pediatric Orthopaedic Society of North America provides
overviews of pediatric orthopaedic treatments for common musculoskeletal prob-
lems such as back pain.

thrive.kaiserpermanente.org/care-near-you/...

Example of back pain exercises for the teenager or young adult with mechanical
back pain

(schwend revised 5/24/20)
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A standing anterior/posterior and lateral
Abdominal pain, 223 radiographs, 290
Acquired torticollis and neck pain Acupuncture, 369-371

central nervous system tumors, 300

imaging and radiographic studies, 299

medical history, 299

motor dysfunction, 301

natural history and treatment, 303-304

non-traumatic neck pain, 299

NSAIDs and diazepam, 298

physical examination, 299

plain cervical spine radiographs, 298

progressive spinal deformity, 302

red flags, 302-303

short differential diagnosis, 303

spinal cord tumors, 300

spinal deformity, 302

torticollis and neurologic deficits, 301, 302

WHO Grade II Pilomyxoid
astrocytom, 303

Activity limiting back pain

affecting daily activities, 289
bone scan, 292

central calcified nidus, 292
cryotherapy ablation tool, 293
ESR and CRP, 292

imaging and radiographic studies, 290-291
MRI and CT scan, 292

osteoid osteoma, 292-295

past history, 289

physical examination, 290

red flags, 291, 294
salicylates/NSAIDs, 294
secondary scoliosis, 291

short differential diagnosis, 294

Acute chest syndrome (ACS), 200, 201
Acute lymphocytic leukemia, 48
Adolescent back pain
AAP guidelines for, 325
atypical history and examination
findings, 322
heavy backpack loads, 321
imaging and radiographic studies, 320-321
natural history and treatment, 324
non-specific low back pain, 322
patient history, 319
physical examination, 320
physical therapy exercises, 323
plank position, 322
poorly distributed weight, 321
red flags, 321, 323
short differential diagnosis, 324
supine “V” position, 323
testing patient’s core muscle strength and
hamstring flexibility, 321
Adolescent idiopathic scoliosis, 81, 95
atypical scoliosis
causes of, 171
characteristics, 168, 170
case presentation, 168
chiari malformation and syrinx associated
scoliosis, 171
congenital, neoplastic and syndromic
etiologies, 171
definition, 166, 167
features, 172
imaging and radiographic studies, 166—169
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Adolescent idiopathic scoliosis (cont.) disability, 5
initial workup and diagnostic testing, 170 epidemiology, 110
natural history and treatment, 172 extra-skeletal causes of, 54
patient history, 165, 166 fractured vertebral endplate, teenage
physical examination, 166 weightlifter with
posterior-anterior, 170 diagnosis, 144
symptoms, 171 end plate fractures, 143
Alcohol, LBP, 11 etiologies, 142
Aneurysmal bone cyst imaging and radiographic studies, 140
in adolescent, 258 MRI/CT, 142
assessment, 258 natural history and treatment
differential diagnosis, 260 considerations, 144, 145
emergency, 261 physical exam, 139, 140
imaging and radiographic studies, 255-257 questions, 140, 142
L2 vertebrae, 259 red flags, 143
mass effect/instability, 257 referral, 145
natural history and treatment, 260, 261 short differential diagnosis, 144
patient history, 253, 254 history evaluation, child/adolescent
physical examination, 254 with, 61, 62
posterior elements of L2, 257 child’s age, 62
symptoms, 258 chronic illness, symptoms of, 63, 66
Aneurysmal bone cysts (ABCs), 101, 102, 309 conditions/disc herniations, 66
Annulus fibers, 23 energy injury/low energy, 63
Anterior longitudinal ligament (ALL), 23 guidelines, 62
Antitumor necrosis factor (Anti-TNF) incontinence/enuresis, 63
medications, 284 nature, 62-64
Apophysis, 142, 144 radiating symptoms, 62
Apparent scoliosis, 94 radiation of pain/ numbness, 63
Asthma, 209, 212 red flags, 63, 66
Atlas, 26 significant issues at birth/during
Avascular necrosis (AVN), 202 development, 66
Avulsion fractures, 142 social stressors, behavioral/mood

concerns, 68
spinal deformity, 66

B trauma, 63
Babinski test, 254 imaging
Bacille Calmette-Guerin vaccination, 351 computerized tomography, 83, 84
Back pain, 3 plain radiography, 80, 86
acute presentations, 33 positron emission tomography CT, 86
benign radiation exposure, 81
histiocytosis, 45, 47 radiologic views, 82, 83
osteoid osteoma/osteoblastoma, 45 spinal cord injury without radiographic
Bertolotti syndrome, 42 abnormality, 84, 85
biological domain technetium nuclear bone
family history, 9 scan, 85, 86
gender, 9 imaging studies, 106
weight and height, 8 incidence, 5
children infection
pitfall diagnoses, 111 discitis, 49-51
principles, 111, 112 osteomyelitis, 51
children with neuromuscular disease, 36 laboratory evaluation of, 105, 106
definition, 3, 4 ESR and CRP, 105

degenerative disease, 41 HLA-B27, 106
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rheumatologic testing, 106
WBC count, 106
lifestyle domain
activity, 9
backpacks, 11, 12
occupational activity, 10
physical activity, 10
sedentary activity, 9
sleep, 11
smoking and alcohol, 11
sport, 10
malignancy
Ewing sarcoma, 49
leukemia, 47, 48
spinal cord tumors, 49
mechanical, 34
medical attention, 5
MRI, 97
aneurysmal bone cyst, 101
bulging discs, 98
congenital, 101, 103, 104
Ewing’s sarcoma and
osteosarcoma, 100
infection, 98
Langerhans cell histiocytosis, 100, 101
leukemia, 100
metastatic neuroblastoma, 100
tumors, 98, 100
muscle strain and spasm, 36, 37
natural history, 6, 111
pain frequency, duration, and intensity, 5
physical examination, child/adolescent
with, 71, 112, 113
deep tendon reflexes, 74
evaluation, 71
motor function,by neurologic level, 75
neurological examination, 73
palpation, 73
sensory dermatomes, 74
spine examination, 71
Waddell signs, 76
waddling Trendelenburg gait, 71
plain radiography
disc disease and schmorl’s
nodes, 87, 89
fracture/dislocation, 89, 90
initial approach, 86, 87
Scheuermann’s Kyphosis, 90, 91
spina bifida occulta, 91, 92
spinal deformity, 94-96
spondylolysis and
spondylolisthesis, 92, 94
transitional vertebrae, 91
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vertebra plana, 96
prevalence of, 4, 33
psychosocial domain
cognitive functional approach, 13
epidemiological evidence, 13
prevention, 14, 15
psychological, behavioral and cognitive
factors, 12, 13
social factors, 13
referring patients, 113-116
risk factors, 6, 111
muscle and joint flexibility, 7, 8
posture, 7
trunk asymmetry, 7
trunk mobility, 7
trunk muscles, 6
trunk stability, 8
risk for, 14
Scheuermann disease, 40
scoliosis, 34, 35
spinal dysraphism, 44
spondylolysis/spondylolisthesis, 3740
systemic disease
osteoporosis/metabolic bone
disease, 51-53
sickle cell disease, 53
spondyloarthropathy, 54
treatment, 116
younger and older child, 111

Back pain and scoliosis

AAFP recommendations, 309
ABCs, 309, 314
abnormal physical findings, 308
aforementioned fluid-fluid
levels, 310
constant pain, 308
differential diagnosis, 310-311
intra-operative specimen of tumor, 315
McCune Albright syndrome, 309
natural history and treatment, 317
nighttime pain, 308
osteoblastoma, 309, 314
osteoid osteomas, 309
patient history, 307
physical examination, 308
posterior-anterior radiographs, 310
procedure, 311-314
radicular pain, 308
sequential axial MR, 312
spinal stiffness, 314
spondylolysis and spondylolisthesis, 309
surrounding ligaments and neural
structures, 309
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Banding, 101

Bertolotti syndrome, 42

Body mass index (BMI), 176, 177
Bone formation, 386

Bone infarctions, 200

Bony injury, 65

Buttock pain, 246, 248

C

Catastrophizing, 12

Cauda equine, 141

Cavovarus foot deformity, 334

Cervical spine, 26-28

Chance fracture, 89

Charcot-Marie-Tooth (CMT) disease, 329

Chiari lesion, 102

Chiari malformation, 171, 172

Chronic recurrent multifocal osteomyelitis

(CRMO), 98
Cold abscess, 348
Complementary and alternative
approaches (CAM)

acupuncture, 369-371
bilateral SI joints, 367
cupping, 371, 372
health complaints, 363
indicated lab work and imaging, 363
Kinesio tape, 372-374
L5 spondylolysis and sacroiliitis, 367
laboratory and radiographic studies, 364
Pilates method, 366, 367
red flag symptoms, 363, 364
scheduled heat packs and NSAIDS, 364

spinal manipulation/chiropractic, 368-369

yoga, 365, 366
Complete blood count (CBC), 351
Compression fracture, 90
Computerized tomography (CT), 83, 84
Congenital scoliosis, 103, 105
Core stability, 177, 178
Core stability exercise program, 178, 179
C-reactive protein (CRP), 351
Cupping, 371, 372

D

Deconditioning
conservative care, 160, 161
differential diagnosis, 161

imaging and radiographic studies, 158-159

natural history and treatment, 161

Index

neurological examination, 160
patient history, 157
pediatric orthopaedic surgeon, 162
physical examination, 158
physical therapy, 160
risk factors, 159
Deep tendon reflexes, 74
Degenerative disease, 41
Delayed hemolytic transfusion reactions
(DHTR), 202
Detethering of the spinal cord, 44
Diastematomyelia, 103
Disc dessication, 43
Disc disease, 87, 89
Disc herniation, 41
Disc herniations, 66
Disc space narrowing, 224
Discitis, 49-51
clinical evaluation, 221, 222
differential diagnosis, 223
Gower’s sign, 220
natural history and treatment, 223-225
patient history, 219
physical examination, 220
primary care, 220
serological/hematological studies, 221
spinal radiographs, 221
stiffness, 222
Dislocation, 89, 90
Dyspnea, 211, 214

E
Edema, 46
Embryonal tumors, 49
Enthesitis related arthritics (ERA), 284
Enthesitis related arthritis juvenile idiopathic
arthritis (ERA JIA)
anti-TNF medication, 284
CBC, ESR and CRP, 280
classification criteria for, 284
contrast MRI, 284
diagnosis of spondyloarthropathy, 284
differential diagnosis, 285
enthesitis, 283
enthesitis related arthritis juvenile
idiopathic arthritis, 283
exercise and activity, 285
inflammatory back pain, 284
left-sided radiculopathy, 280
low back pain, 279
lumbar spine radiographs, 280
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MRI SI joints, 282, 283
natural history and treatment, 285-286
nocturnal pain and morning stiffness, 283
occasional shooting pain, 279
pelvic radiographs, 281
physical examination, 280
quadriceps and calf achiness, 279
sacroiliac joint pain, 279

Enuresis, 63

Eosinophilic granuloma (EG), 100, 101
abdominal ultrasound, 272
abnormal finding, 273-274
core needle biopsy, 270
CT-guided fine-needle aspiration, 270
histologic diagnosis of, 272
imaging and clinical findings, 272
LCH disorders, 275, 276
lytic lesion, 267
physical examination, 266
physical therapy, 265
red flags for, 274
scoliosis, 266
sequential MRI’s, 274
solitary EG bony lesion, 272
tonsillectomy, 266
vertebra plana (“flat vertebra”), 267
whole-body MRI scan, 272

Erythrocyte sedimentation rate (ESR),

246, 351

Ethambutol, 355, 356

Ewing sarcoma, 49, 100, 386

Exercise, 10

F
Fetus, spine alignment in, 23
Focal kyphosis, 67
Fractured vertebral endplate
teenage weightlifter with back pain and
diagnosis, 144
end plate fractures, 143
etiologies, 142
imaging and radiographic studies,
140, 141
MRI/CT, 142
natural history and treatment, 144, 145
physical exam, 139, 140
questions, 140, 142
red flags, 143
referral, 145
short differential diagnosis, 144
Freidreich’s ataxia, 334
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G

Gibbus (kyphotic deformity), 344
Glioblastoma, 49

Gray matter, 31

H

Hamstring tightness, 180, 181
Hand-Schuller-Christian disseminated disease, 272
Hard disc, 88

Hemivertebra, 105

Histiocytosis, 45, 47

Histiocytosis X, 100, 101

Hyperextension, 114

Hyperhemolysis, 202

Hypermobility, 7

I

Idiopathic scoliosis, 7
Incontinence, 63
Infection, 98
Interspinous ligament, 26
Isoniazid, 355, 356

K

Kinesio tape, 372-374
Knuckle deformity, 351
Kyphotic deformity, 349, 353

L
Laminectomy, 143
Langerhans cell histiocytosis (LCH), 45, 47,
100, 101, 275
Letterer-Siwe disease, 275
Leukemia, 47, 48
bone demineralization, 187
differential diagnosis, 188, 190
imaging and radiographic studies, 186—187
lymphadenopathy, 188
malignant process, 191
MRI, 100
multidrug chemotherapy, 189
natural history and treatment, 191
pathologic compression fractures, 190
pathologies, 187
patient history, 185, 186
physical examination, 186
vertebral compression fractures, 189
work-up, 188
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Low back pain (LBP), 3
abnormal neurologic findings, 334
and decreased flexion and extension of
spine, 39
biological domain
family history, 9
gender, 9
weight and height, 8
bony healing, 335
cavovarus foot deformity, 334
differential diagnosis of, 331
disability, 5
imaging and radiographic studies, 330-331
incidence, 5
lifestyle domain
activity, 9
backpacks, 11, 12
occupational activity, 10
physical activity, 10
sedentary activity, 9
sleep, 11
smoking and alcohol, 11
sport, 10
lumbar strain, 337
medical attention, 5
medical history, 329
muscle strain, 333
muscular back pain, 336
musculoskeletal pain, 333
musculoskeletal system, 333
natural history and treatment, 6, 337
and night pain
appearance of right L4 lamina, 385
bladder symptoms and dysfunction, 383
imaging and radiographic
studies, 380-382
natural history and treatment, 385
normal anatomy, 383
opioid pain medication, 383
osteoblastoma, 382
osteoblastoma L4 posterior
elements, 384
PA and lateral standing
radiographs, 381
patient history, 379
physical examination, 380
posterior surgical excision, 383
red flags for, 384
short differential diagnosis, 384
standing posterior spine, 380
non-specific back pain, 334, 335
NSAIDs, 335
overweight and musculoskeletal pain, 333
pain frequency, duration, and intensity, 5
pediatric obesity, 331

Index

physical domain
muscle and joint flexibility, 7, 8
posture, 7
trunk asymmetry, 7
trunk mobility, 7
trunk muscles, 6
trunk stability, 8
physical examination, 329-330
prevalence, 4
psychosocial domain
psychological, behavioral and cognitive
factors, 12, 13
social factors, 13
red flags, 336
risk factors, 6
short differential diagnosis, 336
spondylolysis/spondylolisthesis, 333-336
unintentional weight loss, 334
Lower extremities, 254
Lumbar spine, 28, 30, 31, 42, 50, 140
Lumbar strain, 337
Lumbar vertebrae, 29
Lumbar vertebral body end plates, 89
Lymphadenopathy, 188

M
Magnetic resonance imaging (MRI), 97
aneurysmal bone cyst, 101
bulging discs, 98
congenital, 101, 103, 104
Ewing’s sarcoma and osteosarcoma, 100
infection, 98
Langerhans cell histiocytosis, 100, 101
leukemia, 100
metastatic neuroblastoma, 100
tumors, 98, 100
Mantoux test, 351
McCune Albright syndrome, 309
Mechanical back pain, 34
Mechanical low back pain, 181
Metabolic bone disease, 51-53
Metastatic neuroblastoma, 100
Midline hair patch, 104
Milwaukee brace, 125
Multi-drug resistant (MDR) tuberculosis, 353
Muscle strain, 36, 37, 333
Muscular back pain, 34
Mycobacterium tuberculosis complex
bacillus, 348

N
Neck pain, 4
Neuromuscular disease, 36
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Nicotine, 11

Nonspecific back pain, see Deconditioning

Non-specific/muscular back pain, 34

Non-steroidal anti-inflammatory drugs
(NSAIDs), 265, 308, 335

(0}
Obesity, 177
Osteoblastoma, 45, 46, 98, 99, 309, 314
Osteoblastoma L4 posterior elements, 384
Osteoid osteoma, 45, 46, 83, 98, 100, 294,
295, 309, 382
Osteomyelitis, 51, 201
antibiotic therapy, 240
biopsy, 240
clinical guidelines, 240
differential diagnosis, 241
imaging and radiographic studies, 236-239
MSSA, 240, 241
natural history and treatment, 242
pain, 240, 241
patient history, 235, 236
physical examination, 236
spondylodiscitis, 242
surgical intervention, 241
symptoms, 236, 242
vertebrae infection, 238
Osteoporosis, 51-53
Osteosarcoma, 100
Overweight, 176

P
Parental modeling of pain behavior, 12
Pediatric discitis, 223, 224
Pediatric spine
anterior longitudinal ligament, 23
bony anatomy, 22
cervical spine, 26-28
fetus, spine alignment in, 23
interspinous ligament, 26
lumbar spine, 28, 30, 31
lumbar vertebrae, 29
posterior longitudinal ligament, 23, 26
sixth thoracic vertebra, 24
spinal column, 21, 22
spine, ligaments of, 25
superficial layer, 30
thoracic spine, 28
vertebral column, 21
vertebral segments, 23
Physical therapy, 40
Pilates method, 366, 367
Plain radiography
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back pain, 80
imaging findings, 86
initial approach, 86, 87
Pleuritic chest, 212
Popliteal angle complement, 176, 180
Positron emission tomography CT
(PET-CT), 86
Posterior fossa decompression with duraplasty
(PFDD), 172
Posterior longitudinal
ligament (PLL), 23, 26
Posterior-anterior (PA) scoliosis, 300
Postural kyphosis, 122
Prone instability test, 177, 178
Purified protein derivative (PPD), 351
Pyrazinamide, 355, 356

Q
QuantiFERON, 351

R

Radiation exposure, 81
Radiculopathy, 145

Radiofrequency ablation, 45

Red flags, 79

Refusal to bear weight, see Leukemia
Retethering, 44

Rifampicin, 356

Rifampin, 355

S
Salmonella, 201
Scheuermann disease, 40
Scheuermann’s kyphosis
cause of thoracic level, 124
diagnosis, 126
differential diagnosis, 124
imaging, 124
natural history and treatment
considerations, 126, 127
operative intervention, 125
outward curvature of spine, 122
physical therapy, 124
poor posture, 126
questions, 122
radiographic features, 124
treatment options, 125
worsening upper back pain and poor
posture, 121, 122
Scheuermann’s kyphosis, 90-92
Schmorl’s nodes, 87-89, 122—-124
Scoliometer, 74
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Scoliosis, 34, 35, 95, 96, 112, 114, 266,
317, 382
Sedentary lifestyle, 177
Sensory dermatomes, 74
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