
Pediatric Pain Syndromes
and Noninflammatory

Musculoskeletal Pain
Jennifer E. Weiss, MDa,*, Jennifer N. Stinson, RN, PhDb
KEYWORDS

� Musculoskeletal pain � Pain amplification syndrome
� Juvenile fibromyalgia syndrome � Hypermobility syndrome � Overuse syndromes

KEY POINTS

� Noninflammatory musculoskeletal pain is common in children and adolescents.

� Chronic musculoskeletal pain (CMP) can have a negative impact on physical, social, and
psychological functioning.

� The most common noninflammatory CMP includes amplified musculoskeletal pain,
benign limb pain of childhood, hypermobility, overuse syndromes, and back pain.

� A multidisciplinary approach to treatment is necessary to return the child to a functional
state.
INTRODUCTION

Noninflammatory musculoskeletal (MSK) pain in children and adolescents is a com-
mon reason for pediatric rheumatology referral. Chronic musculoskeletal pain (CMP)
is defined as ongoing pain in the bones, joints, and tissues of the body that persists
longer than 3 months.1,2 CMP is the third most prevalent recurrent and persistent
kind of pain, behind headaches and abdominal pain.3 The most common forms of
nonarthritic CMP in children include4:

� Amplified MSK pain syndromes (AMPS)
� Benign limb pain of childhood (also known as growing pains, benign nocturnal
limb pain of childhood)

� Benign joint hypermobility syndromes
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� Overuse syndromes
� Skeletal defects
� Back pain

It is essential that primary and acute care clinicians understand how to recognize
and treat these conditions. This article provides an overview of the epidemiology,
assessment, and management of the most common nonarthritic CMPs. CMP associ-
ated with rheumatic conditions is discussed in Kathleen A. Haines’ article, “The
Approach to the Child with Joint Complaints,” in this issue.
CMP can negatively affect physical, social, academic, and psychological aspects of

health-related quality of life (HRQL). In addition, CMP may have a negative effect on
families and has a high cost to the health care system (US$19.5 billion/y).5–10 From
5% to 8% of children with recurrent and persistent pain develop significant pain-
related disability.11 Pain prevalence rates increase with age, and girls report more
MSK pain than boys.11,12 Psychosocial variables affecting pain prevalence include
anxiety, depression, low self-esteem, other chronic health conditions, and low
socio-economic status.3 CMP in children is therefore best understood within a context
of a biopsychosocial framework.1,5

GENERAL APPROACH TO PATIENTS WITH NONARTHRITIC CHRONIC
MUSCULOSKELETAL PAIN

A detailed history and physical examination, including joint inspection, palpation,
range of motion (ROM), and strength testing, is critical to the effective diagnosis
and management of CMP. Kathleen A. Haines’s article, “The Approach to the Child
with Joint Complaints,” in this issue, discusses factors to consider in the evaluation
of children with CMP that can help identify those with inflammatory and other serious
causes. Although most patients with nonarthritic CMP do not require imaging or other
evaluation, it is important to identify those who may have a disorder requiring orthope-
dic or other management, to minimize their risk for serious complications. Features
that suggest more evaluation is needed include persistent limp, neurologic signs, sys-
temic signs (ie, fever, weight loss, severe fatigue), and worsening focal pain.
An important part of the evaluation is the assessment of the patient’s pain, daily

functioning, and HRQL (Fig. 1, Table 1). When assessing pain, it is critical to consider
pain as a multidimensional experience that comprises sensory, affective, and evalua-
tive components.8 Sensory components include the quality, intensity, location, and
duration of pain, whereas affective components reflect the emotional impact of
pain. Evaluative components address pain interference with physical, psychological,
and social functioning.
The main approaches to measuring pain intensity in children are self-report and

observation. For children 3 to 7 years of age, a simple pain word self-report scale
should be used (ie, no pain, a little pain, a medium amount of pain, a lot of pain).
For children 5 to 12 years of age there are several well-validated face pain scales
(Faces Pain Scale Revised and the Wong Baker Faces Pain Scale) that are scored
on a common metric of 10. For children more than 7 years of age a numerical rating
scale (05 no pain to 105 worst pain possible) should be used. Observational (behav-
ioral) pain tools should be used with children and adolescents with CMP who are (1)
less than 4 years of age; (2) too distressed to self-report their pain; (3) communicatively
or cognitively impaired; or (4) providing self-report ratings considered to be exagger-
ated, minimized, or unrealistic.13 The Revised FLACC (facial expression, leg move-
ment, activity, cry, and consolability) is a behavioral tool that uses the indicators
listed in the acronym to assess pain.14,15
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1. Evaluate child with chronic MSK pain 

2.  

2. Diagnose the primary and secondary causes 

3. Select appropriate therapies to improve overall functioning and quality of life  

4. Implement pain management plan 

• Complete medical and pain history 
• Assess pain intensity, location, onset, duration, quality, variability, aggravating 

and alleviating factors 
• Assess associated disability including impact of pain on daily life, such as sleep, 

school, social, emotional, and physical activities  
• Physical and neurological examination, including appearance, posture, gait, 

growth parameters, and vital signs  
• Complete appropriate diagnostic tests

• Current nociceptive and neuropathic components 
• Attenuating physical symptoms 
• Contributing psychological factors, social factors, and biological processes 

• Provide pain diagnosis, feedback on causes and contributing factors 
• Provide rationale for integrated treatment program 
• Develop mutually agreed upon treatment goals 
• Measure child’s pain and functional improvement regularly 
• Evaluate effectiveness of treatment plan 
• Revise plan as necessary 

Psychological 
• Relaxation strategies 
• CBT  
• School reintegration 
• Sleep hygiene 
• Teach parents adaptive responses to child’s pain 

Physical 
• Graded exercise program 
• Regular daily activity (eg, 

walking, swimming, stretching) 
• Pacing  
• Heat, ice, massage, TENS 

Pharmacological 
• Acetaminophen 
• NSAIDs 
• Adjunct analgesics (for CRPS) 
• Opioid analgesics; consult 

subspecialist if required   

Fig. 1. Treatment algorithm for chronic musculoskeletal pain. CBT, cognitive behavior
therapy; CRPS, complex regional pain syndrome; NSAIDs, nonsteroidal antiinflammatory
drugs; TENS, transcutaneous electrical nerve stimulation. (From Stinson J, Reid K. Chronic
pain in children. In: Twycross A, Bruce L, Stinson J, editors. Pain in children: a clinical guide.
2nd edition. London: Blackwell Science; 2013. p. 201; with permission.)
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In addition to pain intensity, a more comprehensive pain assessment (associated
symptoms, temporal variations, functional impact, triggers) is often necessary (see
Table 1). It is important to assess pain intensity and pain interference regularly (routine
visits) to determine effectiveness of treatments. For those with more complex pain,
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Table 1
Pain history questions for children with chronic pain and their parents/carers

Description
of pain

Type of pain: is the pain recurrent or chronic (eg, there all the time)
Onset of pain: when did the pain begin? What were you doing before the

pain began? Was there any initiating injury, trauma, or stressors?
Duration: how long has the pain been present? (eg, hours/days/weeks/

months)
Frequency: how often is pain present? Is the pain always there or is it

intermittent? Does it come and go?
Location: where is the pain located? Can you point to the part of the body

that hurts?
Does the pain go anywhere else? (eg, radiates up or down from the site

that hurts)
Intensity: what is your pain intensity at rest? What is your pain intensity with

activity? (Use a developmentally appropriate intensity assessment tool)
Over the past week, what is the least pain you have had?What is the worst

pain you have had? What is your usual level of pain?
Unpleasantness: how unpleasant/bothersome is the pain right now? (Use a

developmentally appropriate unpleasantness assessment tool)
Over the past week, what is the least unpleasant/bothersome your pain

has been? What is most unpleasant/bothersome your pain has been?
How unpleasant/bothersome is it usually?

Quality of pain: school-aged children can communicate about pain in more
abstract terms.
Describe the quality of your pain (eg, word descriptors such as sharp, dull,

achy, stabbing, burning, shooting, or throbbing)
Word descriptors can provide information on whether the pain is

nociceptive or neuropathic or a combination of both

Associated
symptoms

Are there any other symptoms that go along with or occur just before or
immediately after the pain (eg, nausea, vomiting, light-headedness,
tiredness, diarrhea, or difficulty ambulating)?

Are there any changes in the color or temperature of the affected extremity
or painful area? (These changes most often occur in children with
conditions such as complex regional pain syndromes)

Temporal or
seasonal
variations

Is the pain affected by changes in seasons or weather?
Does the pain occur at certain times of the day (eg, after eating or going to

the toilet)?

Impact on
daily living

Has the pain led to changes in daily activities and/or behaviors (eg, sleep
disturbances, change in appetite, decreased physical activity, change in
mood, or a decrease in social interactions or school attendance)?

What level would the pain need to be so that you could do all your normal
activities (ie, tolerability)? What level would the pain need to be so that
you would not be bothered by it? (Rated on same developmentally
appropriate scale as pain intensity)

What brings on the pain or makes the pain worse (eg, movement, deep
breathing and coughing,)?

Pain-relief
measures

What has helped to make the pain better?
Have you taken medication to relieve your pain? If so, what was the

medication and did it help? Were there any side effects?
It is important to also ask about the use of physical, psychological, and

complementary and alternative treatments tried and how effective these
methods were in relieving pain

The degree of pain relief (or change in pain intensity) after a pain-relieving
treatment/intervention should be determined
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having patients track their pain and function over time can help to identify triggers that
increase pain that can then be targeted for treatment (eg, poor sleep, not pacing ac-
tivities). Table 2 outlines multidimensional pain self-report measures. Real-time data
collection methods using electronic diaries have been developed for children with
CMP.16,17 A tool currently freely available is PainQuILT (http://painquilt.com), which
can be used to track pain over time (for 2–4 weeks).18,19

General Treatment Strategies for Patients with Nonarthritic Chronic
Musculoskeletal Pain

Patients with some types of skeletal defects need orthopedic management, but most
patients with nonarthritic CMP can be treated conservatively with reassurance, edu-
cation on the diagnosis, and pain-relieving strategies such as rest, ice, heat, and an-
algesics such as acetaminophen or nonsteroidal antiinflammatory drugs (NSAIDs).
Some patients may benefit from physical therapy (PT), relaxation exercises, and
cognitive behavior therapy (CBT) (see Fig. 1).

AMPLIFIED MUSCULOSKELETAL PAIN SYNDROMES
When to Consider Amplified Musculoskeletal Pain Syndromes

Consider AMPS in a child with CMP who has pain of variable intensity without com-
plete remission even for a short time. Children with AMPS may report pain on con-
tact with clothing (allodynia) or an exaggerated response to a mildly painful
stimulus (hyperalgesia) such as normal joint examination palpation. They may
show hypervigilance toward the affected area with guarding and fear of movement.
These patients may have new onset of physical limitations or disability, dystonic
position of extremities, mood changes, social dysfunction, and sleep distur-
bances.4 AMPS should also be considered in adolescent girls reporting severe,
widespread joint and muscle pain with several other symptoms (fatigue, sleep
disturbance, mood difficulties, and recurrent headaches and abdominal pain;
see Fig. 2).

Overview

There are 2 types of AMPS: localized AMPS/complex regional pain syndrome (CRPS)
and diffuse AMPS/juvenile fibromyalgia syndrome (JFMS) (see Fig. 2). There can be
overlap of these two syndromes.4

Incidence and prevalence:

� CRPS: estimated to have an incidence of 1.2/100,000 in children 5 to 15 years
old20

� Diffuse AMPS/JFMS: estimated that 2% to 6% of children have JFMS21

Demographics:

� Age:

� 10 to 15 years old, mean 12 years old.
� Less common in children less than 10 years old and rare in children less than 5
years old22

� JFMS is most frequent in adolescent girls.21

� Gender:
� More common in girls in both conditions

� Race and ethnicity:
� In JFMS it is estimated thatw 80% are white in study samples from the United
Sates.23 There are no data for CRPS.
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Table 2
Three self-report pain tools

Tool Components Considerations

Adolescent
Pediatric
Pain Tool

Savedra et al,96

1989

Pain intensity measured using:
� A 0–100 mm word graphic rating

scale
� Body outline to describe location

of pain
� Word descriptors

� Originally developed for children
and adolescents with postopera-
tive pain; has been used in
children with acute and chronic
disease-related pain (eg, cancer,
sickle cell disease, arthritis)

� Intended for use in children aged
5–16 y; used in children aged
4–18 y

� Well-established evidence of
reliability, validity, and ability to
detect change

� Easy to use, well liked and
requires minimal training, and
takes 3–6 min to complete

Pediatric Pain
Assessment
Tool

Abu-Saad et al,97

1990

Pain intensity measured using:
� 0–10 cm VAS
� Body outline (number of body

areas marked)
� 32-word descriptors

� Initially developed for acute
medical and postoperative pain;
has also been used with recurrent
pain (headaches) and chronic pain
(arthritis)

� Intended for use in children aged
5–16 y; used in children up to 17 y

� Well-established evidence of
reliability and validity and some
evidence of ability to detect
change

� Child, parent, and health care
professional forms

� Easy to use and takes 5–10 min to
complete

Pediatric Pain
Questionnaire

Varni et al,98

1987

Pain intensity measured using:
� 0–10 cm VAS anchored with happy

and sad faces for present and
worst pain

� Gender-neutral body outline to
describe location of pain (number
of body areas marked)

� Pain intensity (choosing 4 of 8
colored crayons to represent
various levels of pain intensity,
including none, mild, moderate,
and severe)

� 46 word descriptors to assess the
sensory, affective and evaluative
qualities of pain

� Originally developed for children
and adolescents with recurrent
and chronic pain (eg, juvenile
arthritis)

� Intended for use in children aged
5–16 y; used in children 4–18 y

� Child, adolescent, and parent
versions

� Children younger than 7 y usually
need to be read the instructions to
complete the VAS and body
outline. Young children seem to
be able to complete the tool
without issue (Benestad et al,
1996)99

� Well-established evidence of
reliability and validity and some
evidence of ability to detect
change

� Minimal training and takes
10–15 min to complete

� Web site: www.pedsgl.org

Abbreviation: VAS, visual analog scale.
Data from Refs.96–98
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Fig. 2. Criteria for the diagnosis of AMPS. CWP, chronic widespread pain; JFMS, juvenile fi-
bromyalgia syndrome.
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Localized amplified musculoskeletal pain syndromes/complex regional pain syndrome
Localized AMPS/CRPS is characterized by constant pain that increases with move-
ment. Fear of moving the affected site can result in profound disability, including the
complete loss of the ability to ambulate independently. Pain descriptors include
burning, shooting, stabbing, or electrical. Patients may have muscle weakness and at-
rophy that varies from mild to severe from disuse. Autonomic findings can include
swelling and edema, temperature changes (affected limb is cooler), hyperhidrosis,
changes in skin color, cyanosis, cold sensitivity, and mottled dry skin. Trophic skin
changes may be seen with time. Motor involvement is most often limited to decreased
ROM but might include tremors or jerks. Contracture can develop if symptoms are
allowed to persist without intervention.24 There are 2 types of localized AMPS/
CRPS (see Fig. 2):

� Type 1 (previously called reflex sympathetic dystrophy) usually follows an injury
(minor trauma, limb immobilization, surgery, or minor medical procedure) without
a definable nerve lesion. However, in many cases there is no direct physical
injury.

� Type 2 (rare in children) occurs following damage to an identifiable nerve.
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Diagnostic criteria include those developed by the International Association
for the Study of Pain, and the Budapest Criteria; however, they are not concor-
dant.25 The median interval between symptom onset and diagnosis is 2 months (range
1–12 months).20

CRPS is considered to be a multifactorial syndrome of neuropathic pain with central
and peripheral nervous system sensitization, inflammation, and altered somatosen-
sory representation in the brain.26–28 Small fiber changes and genetic factors may
also be a mechanism of disease.29–31 Psychological factors, including emotional
distress, stressful life events, wanting to excel academically, and parental enmesh-
ment,32 can play a role in the development and progression of CRPS.33,34

Diffuse amplified musculoskeletal pain syndromes/juvenile fibromyalgia syndrome
Diffuse AMPS/JFMS is thought to represent a more severe form of CMP, with higher
levels of pain and functional impairment.21 Reports of pain tend to be in the moderate
to severe range (>6/10) and can be incongruent with affect showing no or minimal
discomfort. Patients often have a poor sleep pattern and nap during the day; thus,
school attendance can be affected.21

The diagnosis of diffuse chronic widespread pain/JFMS remains controversial in
part because it is a purely symptom-based diagnosis. In addition, there is debate
about which classification criteria should be used.21,35 The Yunus and Masi36 classi-
fication system includes the hallmark symptom of widespread muscle and joint pain
lasting more than 3 months with associated symptoms of fatigue, sleep difficulty, anx-
iety, and painful tender points on examination.35 The 2010 American College of Rheu-
matology fibromyalgia questionnaire is brief35 (<5 minutes) and should be used as a
screening tool to aid early diagnosis and treatment (Fig. 3). Clinicians may use the la-
bel chronic widespread pain rather than fibromyalgia because of the stigma and poor
prognosis of fibromyalgia syndrome in the adult population.
Understanding of the mechanisms in JFMS is limited. Emerging evidence in the

study of adult fibromyalgia points toward abnormal pain processing, with potential
neurologic, biochemical, inflammatory, and/or genetic factors, along with psychoso-
cial and environmental components.21,37,38

How Localized Amplified Musculoskeletal Pain Syndromes/Complex Regional Pain
Syndrome and Diffuse Amplified Musculoskeletal Pain Syndromes/Juvenile
Fibromyalgia Syndrome Are Treated

The goal of treatment of AMPS is to return the child to a functional state that will enable
them to participate in daily activities, return to school, and see friends. A multidisci-
plinary, multimodal approach that incorporates the 3 Ps (physical, psychological,
and pharmacologic interventions) is most likely to be effective (Table 3). Management
should involve patient and family education and focus on nonpharmacologic thera-
pies.39 Goals of treatment include restoring function with relief of pain as a secondary
outcome. The standard of care is intensive PT, with the goal of working up to 30 mi-
nutes of vigorous exercise 2–3 times per week, and psychological therapies (coun-
seling, CBTs). Physical therapists should be familiar with these conditions so they
can provide individualized graded strength training.40,41 However, long-term adher-
ence and motivation for regular exercise can be poor, especially for children with
diffuse AMPS.
For children with CRPS, patients start with desensitization followed by weight-

bearing and ROM exercises. Patients with CRPS may develop depression, anxiety,
or posttraumatic stress disorder, all of which heighten the perception of pain and
make rehabilitation efforts more difficult. Most beneficial is a comprehensive
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Fig. 3. 2010 American College of Rheumatology adult fibromyalgia criteria. (From Ting TV,
Barnett K, Lynch-Jordan A, et al. 2010 American College of Rheumatology adult fibromyal-
gia criteria for use in an adolescent female population with juvenile fibromyalgia. J Pediatr
2016;169:182.e1; with permission.)
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CBT program directed at identifying and eliminating trigger factors that affect the
child’s pain and disability, and educating the family about CRPS and how to
manage it.
Patients not responding need further therapies tailored to their specific needs which

may include sleep hygiene (see National Sleep Foundation at www.sleepfoundation.
org), pharmacotherapy, and/or a multimodal intensive rehabilitation program for those
severely disabled.40 Kashikar-Zuck and colleagues42 have shown that an 8-week CBT
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Table 3
Three Ps approach to managing chronic musculoskeletal pain in children

Pharmacologic Physical Psychological

Simple analgesics (NSAIDs and
acetaminophen)

Opioid analgesics (tramadol with or
without acetaminophen,
hydrocodone with or without
acetaminophen, oxycodone,
morphine, and fentanyl)

Anticonvulsant medications
(pregabalin or gabapentin)

Antidepressant medications
(amitriptyline, nortriptyline, and
duloxetine)

Antiarrhythmic medications
Anxiolytics
Nerve blocks
Topical local anesthetic creams and

patches (lidocaine)
Bisphosphonates
Botulinum toxin injections
N-methyl-D-aspartate receptor

antagonists (dextromethorphan,
ketamine)

Exercise
Thermal stimulation

(heat, cold,
desensitization)

Physiotherapy
Occupational therapy
Massage
Transcutaneous

electrical nerve
stimulation

Acupuncture

Education (about pain
diagnosis and coping)

Sleep hygiene (good sleep
habits)

Relaxation
Biofeedback
Behavioral therapies
Cognitive therapies
Cognitive behavior therapies
(imagery, distraction, and
relaxation)

Acceptance and commitment
therapy

Mindfulness therapy
Family therapy
Psychotherapy

Adapted from Stinson J, ReidK.Chronic pain in children. In: TwycrossA,Bruce L, Stinson J, editors. Pain
in children: a clinical guide. 2nd edition. London: Blackwell Science; 2013. p. 196; with permission.
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program was superior to education alone in reducing functional disability in teens with
JFMS.
Medications may allow children to fully participate in PT. However, few of the med-

ications prescribed are licensed for use in children,43 with the clinical indications and
use extrapolated from research and clinical practice in adults with chronic pain.
There is limited research supporting their use in children.19 A recent systematic re-
view found no evidence that regional anesthesia is effective compared with placebo
for managing CRPS.44 If the provider is considering opioid use, the authors recom-
mend sending the patient to a pediatric chronic pain team for help with management.
For disturbed sleep, consider low-dose amitriptyline, cyclobenzaprine, or pregabalin
at night.37

What Is the Prognosis for Localized Amplified Musculoskeletal Pain Syndrome/
Complex Regional Pain Syndrome 1 and Diffuse Amplified Musculoskeletal Pain
Syndrome/Juvenile Fibromyalgia Syndrome

Most children with localized AMPS/CRPS 1 have complete resolution of symptoms
with noninvasive treatment; a small proportion (20%) continue to have pain and
pain-related disability or relapse. Early recognition and treatment offer the best
prognosis.45

In early community-based studies of patients with diffuse AMPS/JFMS who were
not seeking treatment, long-term prognosis was fairly positive with approximately
70% of children no longer meeting AMPS criteria after 2 years.46,47 However, more
recent studies of those seeking treatment at a tertiary pediatric rheumatology clinic
found a high likelihood of continued symptoms into young adulthood.48
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BENIGN JOINT HYPERMOBILITY SYNDROME
When to Consider Benign Joint Hypermobility Syndrome

Consider benign joint hypermobility syndrome (BJHS) in any school-aged child who
complains of joint pain, usually of the lower extremities, especially the knees, and
who has a normal examination except for joint laxity.49 Patients often complain of
pain in the evening or during periods of increased activity. The patient may wake dur-
ing the night with pain but should be asymptomatic with a normal gait in the morning.

Background

BJHS is one of the most common causes of joint pain in school-aged children (most
common <8 years) affecting 13% to 20% of children in some populations.50,51 It is
generally more common in girls. BJHS is a heritable disorder of connective tissue
characterized by generalized joint hypermobility and laxity, musculoskeletal pain,
and potentially injury.49,50,52–55 Joint pain has been positively correlated to joint laxity;
however, not all patients with joint laxity complain of pain.56 Adolescents with hyper-
mobility have a 2-fold increase in shoulder, knee, ankle, and foot pain,49 and obesity
causes an even greater risk for knee pain.

How to Diagnose Benign Joint Hypermobility Syndrome

BJHS is a clinical diagnosis made in children presenting with joint pain and identified
by either the Beighton score or the Brighton scale (validated in patients �16 years old)
(Box 1, Tables 4 and 5).52,55 To calculate the Beighton score,52 patients gain 1 point
(for right or left side) for the ability to perform each of the movements in Box 1. The
Brighton Diagnostic Criteria (Table 6) use the Beighton score as one of the criteria.
Hypermobility may be associated with genetic syndromes such as Marfan, Ehlers-
Danlos (ED), Stickler, or Williams syndrome; osteogenesis imperfecta; and trisomy
21, making it important to assess for signs of other organ system involvement, espe-
cially of the cardiovascular system. BJHS and ED hypermobile type are clinically indis-
tinguishable from each other.53 Pacey and colleagues53 found the most common
manifestations, present in greater than 40%of patients with BJHS, are soft skin, recur-
rent joint instability in 3 or more joints, chronic pain in 4 or more joints, and easy
bruising. Pes planus and genu recurvatum may be associated with BJHS.

How Benign Joint Hypermobility Syndrome Is Treated

The patient should be advised to wear comfortable, properly fitting shoes with good
arch support. PT is useful for conditioning, strengthening the periarticular muscles,
Box 1

Beighton criteria for benign joint hypermobility syndrome

Passive dorsiflexion of fifth finger beyond 90�

Passive apposition of thumb to the flexor aspects of the forearms

Elbow hyperextension beyond 100�

Knee hyperextension beyond 100�

Forward flexion of the trunk, with knees straight, so palms rest on the floor

Beighton criteria: score 1 point for each item, count right and left sides separately.
Adapted from Beighton P, Solomona L, Soskolne CL. Articular mobility in an African popula-

tion. Ann Rheum Dis 1973;32:413–8.
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Table 4
Brighton diagnostic criteria for benign joint hypermobility syndrome

Major Criteria Minor Criteria

Generalized joint
hypermobility (Beighton
score �4 out of 9 points)

Pain in �4 joints for �3 mo

Beighton score �4 out of 9 points (See Box 1)
Arthralgia in 1–3 joints, or back pain � 3-mo, or spondylolysis/

spondylolisthesis
Dislocation/subluxation in >1 joint, or in 1 joint more than

once
Soft tissue rheumatism �3 lesions (tenosynovitis)
Marfanoid habitus
Abnormal skin (striae, hyperextensibility)
Eye signs (drooping eyelids)
Varicose veins, hernia, or uterine/rectal prolapse

Using the revised Brighton criteria for BJHS, patients must have 2 major criteria, or 1 major and
2 minor, or 4 minor criteria.

Adapted from Grahame R, Bird HA, Child A. The revised (Brighton 1998) criteria for the diagnosis
of benign joint hypermobility syndrome (BJHS). J Rheumatol 2000;27(7):1777–9.
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and improving joint proprioception.57 Soft braces or taping can help with joint stability.
A short course of analgesics may help.

BENIGN LIMB PAIN OF CHILDHOOD
When to Consider Benign Limb Pain of Childhood

A school-aged child who reports intermittent, bilateral shin, calf, thigh, or posterior
knee pain, and who has a normal physical examination, may have benign limb pain
of childhood (BLPC).56 Pain descriptors include deep, achy, and severe, and pain
may cause nocturnal awakening producing fatigue.58 The pain usually resolves with
rest. If the patient has nocturnal awakening caused by pain with symptoms of night
sweats, fevers, weight loss, or lymphadenopathy, malignancy should be considered.

Background

BLPC is self-limited lower extremity pain of unknown cause affecting up to 49% of
children (commonly 4–14 years old).56,58–60 Studies have found that there may be a fa-
milial component and that affected patients may have a decreased pain threshold or
decreased bone density.58,61,62 Overuse, emotional disturbance, family stress, and
hypermobility may also be associated with BLPC.58

How to Diagnose Benign Limb Pain of Childhood

The diagnosis is based on a consistent history and normal examination findings.58

Laboratory and imaging results are often normal and should be ordered judiciously.

How Benign Limb Pain of Childhood Is Treated

The patient and parents should be educated on the self-limited nature of BLPC. Mas-
sage offers some relief but can become a maladaptive coping mechanism. Patients
with hypermobility or pes planus may benefit form PT and shoe inserts.63

COMMON OVERUSE INJURIES AND SKELETAL DEFECTS
Background

Skeletally immature athletes are at risk for developing sports-related pain and injuries,
and certain skeletal defects (Fig. 4; see Tables 5 and 6). Children now train more
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Table 5
Common osteochondroses

Disease Location
Age (y)
Gender

Triggering Activity or
Presentation Pattern Pathology

Little league
shoulder

Shoulder 11–16 Pitching curveballs and
sliders: baseball

Traction on the
proximal physis of the
humerus

Little league/
golfer’s elbow

Elbow 8–12 Throwing baseball, golf Medial epicondylitis

Panner disease Elbow 4–10 Lateral elbow pain Abnormal ossification
and necrosis of
capitellum humeri

Tennis elbow/
Wiiitis

Elbow Any Backhand tennis, Wii Lateral epicondylitis

Gymnast’s wrist Wrist 12–14 (girls) Tumbling, vaulting Radial epiphysitis

Madelung
deformity

Wrist 8–13 (girls) Volar translation of the
wrist and hand, often
bilateral and painless

Distal radial epiphysis,
genetic defect

Legg-Calvé-
Perthes

Hip 3–9
(boys>girls)

Hip pain, 10% bilateral,
25% painless limp

Abnormal ossification
and necrosis of
epiphysis of femoral
head

Iliac crest
apophysitis

Hip <15, but up
to 25

Gymnastics, sprinting Iliac crest apophysitis;
avulsion can occur

Anterior
superior
iliac spine

Hip Up to late
teens

Kicking, “soccer hip” Anterior superior iliac
spine apophysitis

Sinding-Larsen-
Johansson

Knee 10–12 Running, cutting,
jumping

Soccer, basketball,
ballet

Apophysitis of the
inferior pole of
patella

Osgood-
Schlatter

Knee 10–15 (boys)
8–13 (girls)

Cutting and jumping
Soccer, basketball,

volleyball

Tibial tubercle
apophysitis

Freiberg disease Foot Adolescents Painful forefoot in
dancers

Ossification disorder of
second metatarsal
head

Köhler disease Foot 2–8
(boys>girls)

Midfoot pain and limp Navicular osteonecrosis

Sever disease Foot 7–10 Jumping, running,
basketball, soccer,
track

Calcaneal apophysitis

Scheuermann
disease

Back 10–12 Back pain and
deformity hump-back

Anterior vertebral body
wedging, end-plate
irregularity

Adapted from Weiser P. Approach to the patient with noninflammatory musculoskeletal pain. Pe-
diatr Clin North Am 2012;59:471–92.
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aggressively at a younger age, putting increased strain at the tendon attachment sites
(apophyses), joint surfaces (articular cartilage), and growth plates (physes).64 The
epiphyseal plates and apophyses are the weakest components in the pediatric
musculoskeletal system so, during periods of skeletal maturation, overuse and
Downloaded for Anonymous User (n/a) at University of Cincinnati from ClinicalKey.com by Elsevier on September 26, 
2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 6
Selected skeletal defects

Disease Location Age (y)/Gender Presentation Pathology

Slipped capital
femoral
epiphysis

Hip 7–15
(obese boys)

Limp, hip, groin,
and knee pain
(referred)

Displacement of
proximal femoral
epiphysis

Meyer dysplasia Hip �5,
boys>girls

Hip pain mimics
Legg-Calvé-Perthes
on radiograph

Dysplasia epiphysis,
capitis femoris

Patellofemoral
syndrome
(runner’s knee)

Knee Adolescents Pain with keeping
knees flexed,
squatting, going
upstairs

Lateral tracking of the
patella,
chondromalacia
patellae

Osteochondritis
dissecans

Knee,
elbow,
other
sites

Adolescents Persistent knee pain
20%–30% bilateral

Elbow: lateral elbow
pain with swelling

Osteonecrosis of
lateral aspect of the
medial condyle

Elbow: flattening of
capitellum, articular
surface defects, and
loose bodies

Spondylolysis/
spondylolisthesis

Back Adolescents Back pain
Sports with

hyperextension,
runners, gymnasts,
ballet, dance,
martial arts,
weight lifters

Pars interarticularis
defect L4–5

Adapted from Weiser P. Approach to the patient with noninflammatory musculoskeletal pain. Pe-
diatr Clin North Am 2012;59:471–92.

Fig. 4. Common osteochondroses. (Adapted from Weiser P. Approach to the patient
with noninflammatory musculoskeletal pain. Pediatr Clin North Am 2012;59:471–92; with
permission.)
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repetitive microtrauma can lead to inflammation (apophysitis), or derangement of the
epiphyseal ossification center (osteochondrosis).65 Although most osteochondroses
(see Table 5) are self-limited, some, such as Legg-Calvé-Perthes and Scheuermann
disease, can result in permanent disability.
Girls are more likely to have lower extremity overuse injuries.64 Girls’ sports associ-

ated with the highest frequency of overuse injury include track and field, lacrosse, and
field hockey.64

Prevention is the most important form of management of overuse injuries; however,
once diagnosed they need to be treated promptly and effectively. Left untreated,
these injuries can lead to CMP, decreased HRQL, and osteoarthritis.64 Symptomatic
treatment includes analgesics and ice. Most patients benefit from PT. Some of the
more common overuse injuries and skeletal defects are discussed later.
LOWER EXTREMITY PAIN
Patellofemoral Pain Syndrome

When to consider patellofemoral pain syndrome
Patellofemoral pain syndrome (PFPS; runner’s knee) should be suspected in patients,
especially adolescent girls, reporting knee pain while running, ascending/descending
stairs, squatting, or sitting with knees flexed (so-called theater sign) (see Table 6).

Background
PFPS is one of the most common causes of anterior knee pain in pediatrics.6 Imbal-
ances in the forces controlling patellar tracking during knee flexion and extension
result in retropatellar or peripatellar pain.66 Risk factors include overuse, trauma, mus-
cle dysfunction, patellar hypermobility, and poor quadriceps flexibility.66

How to diagnose patellofemoral pain syndrome
The patient’s lower extremities should be assessed for ROM, pain/tenderness, muscle
atrophy, and joint swelling, because full ROM and absence of atrophy and swelling are
expected.66 Gait should be observed.66 Positive examination findings may include
pain with squatting to 80�; lateral deviation of the patella with ROM from flexion to
extension (J sign); or a positive grind, patella apprehension, or compression test.66 Pa-
tients may have pes planus, genu valgum, tight hamstrings, or weak quadriceps.
Crepitus is nonspecific. Imaging should be ordered if there is no improvement after
4 to 6 weeks of conservative therapy.67

How patellofemoral pain syndrome is treated
High-impact activities should be avoided. PT with use of elliptical trainers and station-
ary bikes is helpful.66 Quadriceps strengthening with leg lifts can be done at home.
Some patients benefit from patella bracing and taping.67 Orthotics can assist those
who have excessive calcaneovalgus foot and pes planus to correct and improve their
lower extremity biomechanics.66,67

Juvenile Osteochondritis Dissecans

When to consider juvenile osteochondritis dissecans of the knee
Consider juvenile osteochondritis dissecans (JOCD) in teenage patients complaining
of knee pain with locking, popping, and/or catching.68

Background
JOCD is an idiopathic disorder of bone necrosis affecting subchondral bone and its
overlying articular cartilage (see Table 6).67–70 Trauma (microtrauma and macro-
trauma), family history, endocrinopathies, and vascular insufficiency have all been
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reported as contributing factors to developing JOCD.67–69 One study showed that pa-
tients aged 12 to 19 years had 3 times the risk of osteochondritis dissecans (OCD) of
the knee compared with 6 to 11-year-olds.70,71 Boys are more often affected than girls
(4:1).67,71 The knee is most often affected (medial femoral condyle > lateral femoral
condyle, patellofemoral joint), but JOCD can also develop in the elbow (capitellum)
and ankle (talus) of athletes involved in overhand throwing or weight bearing.66,67,72

Lesions can break off, resulting in loose bodies in the joint space with pain, locking,
and further destruction.69

How to diagnose juvenile osteochondritis dissecans
Patients have focal tenderness and joint effusion at the affected site. Anteroposterior
and lateral radiographs of the knee may miss an OCD lesion, so tunnel and Merchant
views should be ordered.68 A typical radiograph finding is an expanding concentric
lesion at the margin of an otherwise normal epiphysis.73,74 MRI helps determine lesion
stability and the presence of loose bodies.68

How juvenile osteochondritis dissecans is treated
Treatment is based on the lesion stage and stability. Skeletally immature patients with
stable lesions have the best prognosis and can be treated with restricted/modified ac-
tivity, patellar taping, and PT.67 Arthroscopy with removal of any loose bodies may be
indicated for patients with unstable lesions, stable lesions that have not healed after
6 months, or mechanical symptoms, and for skeletally mature patients with stable
lesions.68,69,74

Slipped Capital Femoral Epiphysis

When to consider slipped capital femoral epiphysis
Consider slipped capital femoral epiphysis (SCFE) in overweight adolescents or pre-
adolescent children (7–15 years old), especially boys, who present with groin, lateral
or posterior hip, medial thigh, or knee pain that is worsened by walking or climbing
and improved by rest (see Table 6). SCFE can also occur in older, nonobese, and
short patients, especially if they have endocrine disorders. Initially, the pain may be
low level, later developing into dull, aching, or boring pain.

Background
During the growth spurt, patients with SCFE have widening of their femoral physis,
which, coupled with the normal developmental rotation of the angle of the femoral
physis, puts the physis at risk for shearing and displacement with a mechanical over-
load. Risk factors include obesity and endocrine disorders (hypothyroidism, growth
hormone deficiency, and panhypopituitarism).75 A higher incidence of SCFE is also
found in African Americans, Hispanic people, and Pacific Islanders.75 Bilateral disease
occurs in a third or more of patients, most within 18 months of the first slip, with higher
rates in those with endocrine disorders.75

How to diagnose slipped capital femoral epiphysis
Patients often have an antalgic, waddling, or Trendelenburg gait, with externally
rotated foot.75 Hip ROM is limited, especially for internal rotation and flexion. Diag-
nosis is often delayed in children who present only with knee pain, so the ipsilateral
hip should always be examined in children presenting with knee pain, comparing
ROM with the contralateral hip. Anteroposterior (AP) and frog-leg-view radiographs
show a widened and irregular physis and displacement of the proximal femoral meta-
physis anterolaterally and superiorly. Radiographs may miss the diagnosis in early
SCFE, so other imaging studies may help identify some SCFE-related abnormalities.75
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The greater the displacement of the slip, the worse is the long-term prognosis, with a
higher risk of osteonecrosis.75

How slipped capital femoral epiphysis is treated
Prompt orthopedic referral is vital to minimize the risk for chondrolysis and osteo-
necrosis of the femoral epiphysis. Patients need surgical intervention to stabilize
the epiphysis, with those unable to bear weight on the affected hip even with
crutches (unstable slip) needing urgent intervention because of their higher risk
for osteonecrosis.75
Osteochondrosis and Apophysitis

When to consider osteochondrosis or apophysitis
Consider these disorders of bone and tendon in athletes complaining of joint pain,
especially of the hip, knee, foot, elbow, or back that is exacerbated by move-
ment.4,76,77 Although most osteochondroses are fairly benign, Legg-Calvé-Perthes
and Scheuermann disease can cause more serious growth disturbances and are dis-
cussed separately later.

Background
Osteochondroses and apophysitis result from a combination of abnormal develop-
ment, ischemic injury, or overuse or trauma of the growth plate and surrounding ossi-
fication centers.76,77 Reports of a pop should raise concern for an avulsion fracture.
Sever disease (SD) or calcaneal apophysitis, and Osgood-Schlatter disease (OSD)
or tibial tuberosity apophysitis, are the most common areas of lower extremity involve-
ment; other affected sites are shown in Fig. 4 and Table 5.64 Pathology reveals minor
avulsions at the site and subsequent inflammatory reaction, resulting in patellar tendi-
nitis, multiple subacute fractures, and irregular ossification of underlying bone.78,79

How to diagnose osteochondrosis and apophysitis
These disorders typically present with tenderness and swelling of the affected site (see
Fig. 4). OSD occurs most commonly in active adolescents, who may have pain that
worsens with resisted knee extension; these patients may have tight hamstrings or
quadriceps as well as swelling, tenderness, and enlargement of the tibial tubercle.80–82

Pain may be aggravated by kneeling, jumping, or stair climbing and improve with
rest.66 Boys commonly present between 12 and 15 years old and girls between 8
and 12 years old80 OSD is bilateral in 20% to 30% of patients.83

SD is the most common form of heel pain (unilateral or bilateral) in growing athletes,
with a reported incidence of 3.7/1000 children.84 Patients may have mild swelling and
tenderness at the Achilles insertion onto the calcaneus.70 Ankle dorsiflexion is limited
and painful.70,85 Pain may be elicited on squeezing the lateral and medial calcaneus
(positive squeeze test).85 Boys present between 8 and 15 years of age and girls be-
tween 8 and 13 years of age.66 Patients report heel pain with running or jumping,
and after activity.70 Children with obesity, greater waist circumference, increased
height, pronated feet, and tight Achilles tendons may be predisposed to SD.86

Imaging for osteochondrosis or apophysitis in a typical location with typical physical
findings is not usually needed and is most often done to diagnose avulsion fracture or
exclude other disorders.

How osteochondrosis and apophysitis are treated
Most patients with osteochondrosis or apophysitis have self-limiting disease that re-
solves with rest and modified activity. Treatment of SD with rest, a heel raise inlay,
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or PT can significantly reduce symptoms.87 Permanent resolution occurs with closure
of the growth plate.79

Legg-Calvé-Perthes Disease: An Osteochondrosis with More Serious Consequences

When to consider Legg-Calvé-Perthes disease
Any young boy of approximately 3 to 9 years of age presenting with a limp with hip,
thigh, and/or knee pain, especially if there is a family history, should be suspected
of having Legg-Calvé-Perthes disease (LCPD). The pain may be mild and intermittent,
only occurring during activity. The pain may initially occur in the groin, radiate into the
thigh or knee, or only occur in the knee. As with SCFE, diagnosis is often delayed in
children who present only with knee pain; it is vital that the ipsilateral hip is examined
in children presenting with knee pain.

Background
LCPD is an osteochondrosis associated with necrosis of the of the epiphysis of the
femoral head, resulting in impaired ossification (see Fig. 4, Table 5) and potentially
in collapse of the femoral head and the presence of bone fragments within the joint.
It most commonly affects boys during early childhood, with possible causes including
vascular insufficiency, hypercoagulability, delayed skeletal maturity, and also repeti-
tive microtrauma because it is found most commonly in hyperactive children.88 Use
of corticosteroids may increase risk of LCPD because they can cause a degenerative
process and also inhibit repair.89 Factors associated with a poor prognosis include be-
ing overweight, female sex, age greater than 6 years, and lack of hip abduction.90

How to diagnose Legg-Calvé-Perthes disease
Common findings are a limping gait and pain with passive ROM of the hip joint accom-
panied by limitation of abduction and internal rotation. About 10% to 15% of children
have bilateral disease, although usually not simultaneously. There may be a leg length
difference because of hip contracture or collapse of the epiphysis.88 AP and frog-leg
radiographs are needed to make the diagnosis and assess the stage of the disease,
the containment of the femoral head in the acetabulum, and the extent of involve-
ment.80 MRI is more sensitive and can detect earlier changes.

How Legg-Calvé-Perthes disease is treated
A pediatric orthopedist should manage the patient. If less than 50% of the femoral
head has necrosis, and depending on associated findings, the patient may be
managed expectantly with rest, analgesics, and PT. The need for a surgical interven-
tion is based on the percentage of femoral head necrosis.80 Prognosis depends on
stage, and the orthopedist should advise on sports participation. After the lesion heals,
later surgical interventions may be needed to help correct leg length discrepancy and
malalignment, and to reduce hip pain or dysfunction.
UPPER EXTREMITY PAIN
Upper Extremity Overuse Injuries

When to consider upper extremity overuse injuries
Consider overuse injuries in athletes presenting with elbow or shoulder pain, espe-
cially those who play overhead sports such as baseball/softball, tennis, swimming,
gymnastics, and golf.64

Background
The most common upper extremity sites of involvement are the proximal humeral
epiphysis (Little League shoulder [LLS]), and the medial epicondylar apophysis of
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the elbow (golfer’s elbow, Little League elbow [LLE]) (see Fig. 4, Table 5).64,83 LLS is
most common in male baseball pitchers but can occur in girls, other baseball players,
and tennis players.65,81 Concomitant elbow pain is present in up to 13% of patients.85

Almost one-quarter of competitive swimmers have shoulder pain (swimmer’s shoul-
der) from the higher peak torques in internal shoulder rotation.65

How to diagnose upper extremity overuse injuries
In patients complaining of shoulder pain, examination findings may reveal pain with
ROM, tenderness on palpation of the anterolateral proximal humerus, and pain and
weakness with shoulder rotation and abduction.64,65 Patients with LLE have tender-
ness on palpation of the medial epicondyle,64 whereas patients with tennis elbow
have lateral epicondyle pain (see Fig. 4).

How upper extremity overuse injuries are treated
Patients with most types of upper extremity overuse injuries should be treated with a
3-month period of rest followed by a training program using proper mechanics, a pre-
season strengthening program, and education on prevention.84,86 After rest and PT,
symptoms may recur in some patients (7%) after return to sports.64 Pitchsmart@
usabaseball.com has a useful table showing the number of days of rest a child should
have based on age and number of pitches thrown to try to minimize injury.

Upper Extremity Skeletal Defects and Osteochondroses

When to consider upper extremity skeletal abnormalities
Consider skeletal abnormalities of the elbow in athletes presenting with elbow pain
that worsens with activity. Both osteochondrosis of the capitellum (Panner disease;
see Fig. 4, Table 5) and capitellar OCD (see Table 6) can present as pain, tenderness,
and swelling over the lateral elbow; there can be limited extension of the elbow
joint.80,91 Patients with Panner disease can complain of elbow stiffness, whereas
those with OCD can have elbow locking or catching.

Background
Skeletal abnormalities of the upper extremity are uncommon. Two of them,
Panner disease and capitellar OCD, are more likely in overuse situations. Both Panner
disease and capitellar OCD are more common in boys, with Panner disease affecting
younger boys (4–12 years old) and OCD adolescent boys (11 years and older). In
contrast, Madelung deformity, an osteochondrosis of the distal radial epiphysis, has
a genetic basis (see Fig. 4, Table 5).80,84,91 This deformity affects girls 8 to 13 years
old.91

How to diagnose upper extremity skeletal abnormalities
Both Panner disease and capitellar OCD can present as lateral elbow pain with limited
extension.80,91 Because OCD can lead to degenerative changes, adolescent boys with
lateral elbow pain should get radiographs to evaluate for OCD.92 Similar to knee OCD,
standard radiographs may miss the abnormality; an AP view with the elbow in 45�

flexion can help, but computed tomography (CT) or MRI may be needed.92 Radio-
graph findings include flattening of the capitellum, articular surface defects, and loose
bodies.92 Patients with Madelung deformity present with volar translation of the wrist
and hand, decreased extension, pronation, and supination, and sometimes pain.84

How upper extremity osteochondroses are treated
Capitellar OCD should be monitored by orthopedics because unstable lesions need
surgery, andmay have a poor prognosis.92 Most patients with Panner disease improve
with rest and refraining from activities that increase valgus stress, although the optimal
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duration is not known.80 Madelung deformity may need surgical correction, although
splinting may be helpful to decrease symptoms in mild cases.

Back Pain

Background
Back pain is a common complaint in children, increasing in frequency with age. Less
than 10% of children aged 10 years and younger report having back pain, but by mid
to late adolescencemost have had at least 1 episode of back pain, with a lifetime prev-
alence of 70% to 80% by 20 years of age82 Girls have a higher incidence than boys.82

Back pain may be idiopathic, or caused by mechanical abnormalities, infection, in-
flammatory disorders, congenital abnormalities, hypermobility, and malignancy.
Younger children are more likely to have infectious causes, such as discitis of lumbar
vertebrae (L3–L4), whereas adolescents are more likely to have mechanical and rheu-
matic causes. For most adolescents, back pain is nonspecific and self-limiting with an
organic cause rarely found.82

Yang and colleagues93 identified the most common causes of chronic low-back
pain (LBP) in patients aged 10 to 19 years after 1 year of follow-up. Approximately
80% of the patients were categorized as having unspecified LBP. The most common
subsequent diagnoses and some of their characteristics are:

� Sprain, strain, or muscle spasm (8.9%).64,93 Overuse can also cause back pain
from sprains or strains, especially for adolescent athletes. There is often localized
tenderness, with pain worsened by activity and improved by rest, and pain may
be referred to buttock or upper thigh.

� Scoliosis (4.6%).93 In most cases, scoliosis is idiopathic and does not cause pain.
If scoliosis is associated with severe pain or neurologic findings, additional eval-
uation is needed for more serious problems, including tumor.

� Spondylolysis (defect in the pars interarticularis, usually affecting L4 or L5) (<1%)
(see Table 6). Athletes who do hyperextension exercises, such as gymnasts or
dancers, and those who play soccer, lacrosse, and football, may fracture the
pars interarticularis of one of the lumbar vertebrae. They may have a mild to mod-
erate aching pain in the lower back that worsens with extension and flexion and is
improved by rest. They may have paraspinal tenderness in the L5 to S1 region,
buttock pain, or pain that radiates to the thighs or buttocks.64,82

� Spondylolisthesis (0.9%)89 results when the vertebrae affected by spondylolysis
slips anteriorly (see Table 6). Pressure on the nerve roots and spinal cord can
cause radiculopathy, and bladder and bowel problems.

� Scheuermann disease (0.2%)94 is a juvenile osteochondrosis of the vertebrae,
usually of the thoracic or thoracolumbar spine88 (see Fig. 4, Table 5). The ring
apophysis becomes avascular and the vertebral body becomes wedge shaped,
resulting in a kyphotic deformity of the thoracic spine.94 Children may present
because of a round-shouldered appearance rather than for pain, and some
also develop scoliosis. Onset is usually around age 8 to 12 years, with deformity
worsening during the growth spurt. Girls and boys are equally affected.80 Pa-
tients may complain of aching pain in the middle or lower back, worsened by pro-
longed sitting, standing, or activity, with pain often worse later in the day.

� Infectious or noninfectious osteomyelitis. Infectious osteomyelitis is rare during
adolescence.93 It can have an insidious course before presenting with severe
back pain, muscle spasms, spine tenderness, limping, and fever. Noninfectious
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osteomyelitis is discussed in Kathleen A. Haines’ article, “The Approach to the
Child with Joint Complaints,” in this issue.

Evaluation of chronic back pain
Children with back pain accompanied by systemic signs such as fever or weight loss,
or who have nighttime pain, neurologic signs, or who refusal to walk, need evaluation
for serious causes such as infection, tumor, or spinal cord compression. Patients with
chronic back pain who have worsening pain, failure to respond to conservative treat-
ment, new-onset scoliosis, rigid spine, or spinal point tenderness warrant radiographs
and possibly other imaging for evaluation.
In spondylolysis, an oblique radiograph can identify the pars defect, and MRI

may reveal impending spondylolistheses. In Scheuermann disease, radiographs
may reveal vertebral wedging, irregularity of the vertebral endplates, and Schmorl
nodes.94 MRI or CT may be needed based on radiograph findings or poor response
to treatment.

How chronic back pain is treated
Most patients with nonspecific back pain, overuse, spondylolysis, mild spondylolis-
thesis, and mild Scheuermann disease respond to conservative treatment.64,95 Treat-
ment of moderate Scheuermann disease includes rehabilitation and bracing, with
surgery needed for severe degrees of kyphosis.80 The earlier the start of treatment
of Scheuermann disease, the better the outcome.94 Patients with severe spondylolis-
thesis may need surgery. Patients with nonspecific LBP that fails to improve with rest
and NSAIDs are likely to benefit from PT.
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