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Abstract

Chronic pain in children and adolescents can be difficult for a single provider to manage in a busy clinical setting. Part of this
difficulty is that pediatric chronic pain not only impacts the child but also the families of these children. In this review article, we
discuss etiology and pathophysiology of chronic pain, along with variables that impact the severity of chronic pain and functional
loss. We review diagnosis and management of selected chronic pain conditions in pediatric patients, including headache, low back
pain, hypermobility, chronic fatigue, postural orthostatic tachycardia syndrome, abdominal pain, fibromyalgia, and complex
regional pain syndrome. For each condition, we create a road map that contains therapy prescriptions, exercise recommenda-
tions, and variables that may influence pain severity. Potential medications for these pain conditions and associated symptoms are
reviewed. A multidisciplinary approach for managing children with these conditions, including pediatric pain rehabilitation
programs, is emphasized. Lastly, we discuss psychological factors and interventions for pediatric chronic pain and potential

complementary and alternative natural products and interventions.

Introduction

A clinical review of pediatric chronic pain requires an
understanding of etiology, biology, and current clinical
management perspectives in treating children and ad-
olescents with variable presenting features associated
with chronic pain. Even though the focus of this article
is on the pediatric patient with chronic pain, there are
limited empirical data related to the treatment of many
chronic pain conditions in this population. Therefore,
this review is not systematic but represents the clinical
expertise of the authors, combined with the current
available data when the greatest level of evidence was
limited or extrapolated from the adult literature. The
purpose of this review is to help guide the clinician in
improving the pain and function of the pediatric patient
with chronic pain. Emerging evidence regarding the lack
of effectiveness in medication-based treatments alone
emphasizes the role of a multidisciplinary approach and
continues to expand our understanding of the chal-
lenges facing the management of chronic pain in chil-
dren and adolescents.

Prevalence of Pain in Children

Pain is common in children and adolescents, with
estimates ranging from 20% to 46% of children world-
wide affected by varying types of chronic pain [2,3]. In
adults, it is estimated that 19%, or 39.4 million, of
Americans suffer from chronic pain, with two-thirds of
those reporting their pain as “constantly present,” and
50% as “unbearable and excruciating” [4]. In children
and adolescents, Mikkelsson et al [5] found that as many
as one-third experience some manner of weekly
musculoskeletal pain. The greatest risk of developing
persistent pain was seen in individuals with day-time
fatigue, headache, or those participating in vigorous
activity and hence more likely to experience some sort
of traumatic event [6].

The reason for any perceived or actual increase in the
rate of childhood chronic pain is unclear but probably
multifactorial. Increased pain identification, stress and
anxiety, poor role-modeling, and maladaptive pain be-
haviors and attitudes are all areas of concern. The
Institute of Medicine’s report in 2011 on chronic pain
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proposed that, in many cases, chronic pain is a disease
in its own right and therefore demands direct, appro-
priate treatment [7]. Perhaps a greater recognition of
chronic pain syndromes by the public together with the
development of new treatments is triggering families to
seek potential solutions for conditions that historically
were considered untreatable.

Impact of Pain on Children and Families

Many of these children experience significant phys-
ical, psychological, and social sequelae that affect not
only themselves but also family and friends. There is a
substantial financial burden on the individual and fam-
ily, with direct and indirect costs of health care use and
lost wages. The economic impact on society as a whole
is large. A 2014 report estimation of total health care
costs for adolescents with moderate-to-severe chronic
pain to be around $19.5 billion annually in the United
States [8]. In comparison, estimates for adults with
chronic pain reach upwards of $500-600 billion annually
[7]. In addition, childhood pain is not necessarily an
isolated event of growth and development that im-
proves with age. Convincing evidence exists that child-
hood chronic pain predisposes an individual, not only for
continuation of pain, but also for development of new
and different types of pain into adulthood [9].

Etiology and Pathophysiology of Chronic Pain

Various concepts have emerged that begin to explain
the clinical presentation of chronic pain. There exists a
complex interaction between primary afferent nerves,
dorsal horn neurons, spinal glia, neurotransmitters,
and other factors that propagate and perpetuate the
symptoms of chronic pain. Many individuals present
with chronic pain well after the damage from an acute
injury has resolved. During an acute injury, damaged
or inflamed tissues release growth factors and procy-
tokines among other neuromediators. The release of
similar mediators in the spinal cord is triggered, which
then activates and up-regulates certain phenotypes
of spinal glia, thus altering their activity and leading to
an overall increase in excitability [10]. Central sensi-
tization with wind-up phenomenon describes this
state of dysregulated nociception with increased dorsal
horn activity, which then triggers an exaggerated
response to both painful (hyperpathia) and nonpainful
(allodynia) stimuli over a wide anatomic field. This
process may not only happen with direct physical injury
but also after illness, significantly traumatic psycho-
logical events, uncontrolled stress, and even physical
inactivity [11-14].

Changes in neurotransmitter function may play a
role in chronic pain as increased levels of substance
P and glutamate increase sensitivity to pain,
whereas decreased levels of inhibitory serotonin and

noradrenaline seem to limit the body’s ability to
diminish the pain response [15-17]. Brain-derived
neurotrophic factor is of potential interest because of
its presence in and proposed impact on peripheral and
central nervous systems. Brain-derived neurotrophic
factor has been found to initiate neuronal repair but
unfortunately also causes increased pain by both
increasing the excitatory and reducing the inhibitory
transmission in the dorsal horn [10]. Alterations in
neurotransmitter regulation in the spinal cord
appear to correlate with other changes along the
hypothalamus-pituitary axis and are influenced, or
affected by, stress, physical activity level, illness,
sleep patterns, and more [13,16-20]. There are perhaps
even epigenetic factors influencing an individual’s
response to stress and pain that are related to signifi-
cant early life stressors or abuse [11,21].

Variables That Perpetuate Chronic Pain

In addition to the biology of chronic pain, there are
psychological characteristics such as emotional, cogni-
tive, and behavioral factors that also influence pain.
The emotional and cognitive factors include fear and
avoidance of pain, maladaptive strategies for coping
with pain, and influences of anxiousness and depressive
symptoms. Other potential confounders of chronic pain
for children and adolescents are parental behaviors
regarding pain and cultural expectations about pain
(Figure 1).

Although some youth with chronic pain have pre-
morbid anxiety and depression, many develop anxiety
and depression as a result of their pain. When a child
has chronic pain that prevents him or her from partici-
pating in preferred activities such as sports and extra-
curricular activities, the loss of activities can also lead
to a loss of positive reinforcement, friendships, and
lower self-esteem, which can result in depression.
Similarly, youth who have missed school and social op-
portunities may develop anxiety related to the stress of
returning to school and other activities.

Pediatric patients with chronic pain often have older
relatives with chronic pain and thus learn the meaning
of pain and acceptable coping strategies in part by
watching family members’ response to pain [22]. A
teenager who watches a parent cope with his chronic
migraines by resting, staying home from work, and
complaining may develop a different understanding of
pain than a teenager who observers his parent cope with
pain by using strategies such as relaxation, moderation,
and continuing responsibilities. In addition to modeling
pain coping strategies, parents’ own distress and cog-
nitions regarding their child’s pain as well as their re-
action to their child’s pain influences pain intensity,
expression, and disability [22]. For example, parental
solicitous responses increased sick-role and pain be-
haviors in youth with recurrent abdominal pain [23,24].
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Figure 1. Variables that modulate pain.

Furthermore, parental protective behaviors such as
allowing a child to miss school increased functional
disability, particularly in anxious children [23-25].

A final factor that perpetuates chronic pain goes
beyond the family system to consider the larger culture
that surrounds the youth with pain. Over time, Western
culture’s conceptualization of pain has changed from
one of “integrated pain” in which pain is considered a
natural part of human life to “naked pain,” in which
pain is regarded as a neurogenic phenomenon that be-
longs in the medical world [26]. Perhaps as our ability to
treat pain has increased, our tolerance for pain has
changed as well.

Clearly, chronic pain in children and adolescents is
multifactorial and multidimensional. Therefore, a
multidisciplinary approach for addressing chronic pain
in this population is important. In this article, we will
first discuss 8 of the more common pediatric chronic
pain conditions, outlining a road map of therapeutic
interventions for each condition. This road map offers
input on various treatments to consider when evaluating
a child with chronic pain in your rehabilitation practice.
For some conditions, we discuss medications and pedi-
atric dosing for managing the pain disorder, such as

migraines, or associated symptoms, such as poor sleep.
We will then discuss the psychological aspects of chronic
pain in children and adolescents, multidisciplinary pe-
diatric pain rehabilitation programs, and lastly use of
complimentary and integrative medicine interventions.
Figure 2 is a general physical therapy prescription for
the child with chronic pain. For each of the 8 chronic
pain conditions we discuss, a "Therapeutic Opportu-
nities” figure follows. These boxes are meant to serve as
a reference for symptom specific treatment approaches
based on the clinical presentation.

Clinical Presentation and Biologic Treatment of
Specific Chronic Pain Conditions

Abdominal Pain

Abdominal pain-related functional (ie, without an
identifiable organic disorder) disorders affect 20% of the
world’s children [27]. Irritable bowel syndrome is diag-
nosed in approximately half of these children, and
functional dyspepsia and abdominal migraines represent
other diagnoses [27]. Affected children and adolescents
have decreased quality of life, increased signs of
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Therapy Prescription:

e Review aerobic exercise principles with an ultimate goal of 60 minutes or more of
developmentally appropriate and varied aerobic activity daily. This activity should
include at least moderate-intensity aerobic physical exercise every day, with at
least 3 days per week at a vigorous-intensity level.

e Assessment of biomechanics in functional activities that may be pain or symptom

producing.

e Progress to sports-specific functional activities such as drills, plyometrics, etc.,

when able.

e Limited use of modalities such as heat, ice, TENS, or manual therapy can be
applied as a means to facilitate increased participation in functional exercises.
e Promote long term compliance through use of diaries, pedometers or fitness

trackers.

e Education on consistent activity level and pacing as it relates to prolonged
positioning and ergonomics at home and school.

* Moderate intensity exercise = 3-6 METs (Metabolic Equivalents). Vigorous intensity exercise = >6 METs

Figure 2. General therapy prescription for a child with chronic pain.

depression, social isolation, and frequent school ab-
sences [28]. Diagnostic evaluation costs an average of
$6000 per child [28]. The diagnosis of functional
abdominal pain usually is made with Rome lll criteria,
which include: (1) episodic or continuous abdominal
pain; (2) insufficient criteria for other functional
gastrointestinal disorders; and (3) no evidence of an
inflammatory, anatomic, metabolic, or neoplastic pro-
cess that explains the symptoms [29].

Chronic idiopathic nausea can occur without signif-
icant pain and seems to be more severe, more
frequent, and more likely to occur in older adolescent
females than the nausea associated with functional
abdominal pain [30]. Interestingly, abdominal pain also
can increase in the upright (versus supine) position in
adolescents with postural orthostatic tachycardia syn-
drome, or POTS, which is discussed later in this paper;
this may relate to positional alterations in gastric
electrical activity [31].

Underlying organ-specific causes of abdominal pain
deserve specific treatment, and associated aggravators
of chronic abdominal pain also should be treated as
appropriate for individual patients, including acid-
related disorders (antacids), dysmotility (possibly pro-
motility agents), food intolerances (dietary restriction
if lactose- or fructose-intolerant, gluten restriction if
celiac disease), and bacterial overgrowth (appropriate
antibiotic). However, the mainstay of treatment of
abdominal pain is a rehabilitative approach with resto-
ration of regular meal schedules, physical therapy
(Figure 3), daily exercise and physical activity, and
healthy sleep schedules [32].

Cognitive behavioral therapy (CBT) is effective for
abdominal pain as well as for other specific chronic
pains [28]. Transcutaneous electrical nerve stimulation
units also can help diminish transmission of pain signals
and improve abdominal pain in some children [33].
Pharmacologic agents often are used, although a real

Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider

also including:

Core stability assessment and training.

Work to improve control & decrease reflex over-activation of abdominal muscles at
rest then dynamically. If applicable, can consider ultrasound assisted neuromuscular
re-education of transversus abdominis.

Cross-fiber massage, myofascial release, or desensitization massage to myofascial
trigger point.

Biofeedback for posture re-education.

Review posture principles and exercises to encourage upright posture maintenance
during activities and at rest (i.e. neutral cervicothoracic posture, keep shoulders
back).

Educate on lifting biomechanics.

Figure 3. Therapeutic opportunities for chronic abdominal pain.
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evidence base is lacking for many abdominal pain
medications [27,29]. Tricyclic agents such as amitrip-
tyline (starting dose 0.5 mg/kg/day, with a target dose
typically 1-2 mg/kg/day) seem to help some patients
[34] but are not uniformly helpful [35]. Selective se-
rotonin reuptake inhibitors such as citalopram (starting
dose 10 mg/day, target dose 40 mg/day maximum)
similarly seem useful for some people [36], but larger
more definitive studies are lacking [29]. Other widely
tried measures do not seem to be helpful, based on
limited studies, including probiotics [27] and fiber
supplements [37]. Narcotics can aggravate chronic
abdominal pain, have side effects, and should be
avoided [38].

Low Back Pain

The true prevalence of low back pain in children is
difficult to determine and depends on the definition
used and data collection methodology. Pellise et al [39]
reported a 1-month prevalence of low back pain in 40%
of adolescents. Most had mild pain, but those who also
had whole-body pain experienced more significant
impairment. Girls were more likely to experience low
back pain with whole-body pain than boys. In a longi-
tudinal cohort study, Kjaer et al [40] estimated the
1-month back pain prevalence in 9-year-olds to be 4%,
13-year-olds to be 22%, and 15-year-olds to be 36%.
Those who previously reported back pain were more
likely to report it on a subsequent survey. After a sys-
tematic literature review, Jeffries et al [41] concluded
that prevalence of low back pain increases during the
adolescent period and reaches adult levels around age
18. Girls were noted to have earlier onset and greater
prevalence than boys. Wirth et al [42] found risk factors
to include parental reports of back pain and spinal
asymmetry in girls and parental smoking in both genders.

The evaluation of back pain in a child or adolescent
should always include questions about inciting event,
quality, duration and location of pain, and “red flag”
symptoms as well as a thorough musculoskeletal and

neurological exam. Constant, night, persistent or severe
pain, abnormal neurological examination findings,
fever, weight loss, malaise, stiffness, rapidly progres-
sive scoliosis, and trauma should prompt further inves-
tigation. Radiographs and single-photon emission
computed tomography bone scans may identify etiol-
ogies such as spondylolysis/listhesis, Scheuermann dis-
ease, and other bony lesions. The extra radiation with
obliques is typically avoided in children. Magnetic
resonance imaging is helpful in identifying infectious,
inflammatory, or mass lesions.

Treatments and prevention for low back pain in this
population include postural education and hygiene, the
practice of physical therapy exercise and regular phys-
ical activity (Figure 4). Physical therapy conditioning
and supervised exercise has been shown to be effective
for improving back pain in this population [43,44]. Aer-
obic exercise recommendations are similar to the
typical adolescent population with working towards
30-60 minutes per day of continuous activity. Greater-
intensity aerobic exercise has been shown to improve
chronic low back pain over passive modalities [45].

In a meta-analysis, Michaleff et al [44] found mod-
erate quality evidence to support a short-term exercise
program in reducing back pain in children and adoles-
cents (perhaps a better effect in the pediatric popula-
tion compared with adults) but no evidence to support
back education programs for prevention of back pain.

Chronic Fatigue

Chronic pain and chronic fatigue are each common,
with the 2 symptoms often co-existing. In a population-
based study of early adolescents, 24% had back pain,
29% had headache, 21% had stomachache, and 31% had
morning fatigue at least 2 mornings each week [46].
Longer-lasting, more severe fatigue also is fairly com-
mon. In a study from Holland, 21% of adolescent girls
and 7% of adolescents boys have severe fatigue, with
nearly 47% of the severely fatigued girls and 35% of the
severely fatigued boys describing long-term fatigue of

Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider

also including:

e Manual therapy for low back and hip range of motion.

e Core stability assessment and training.

e Direction-specific stretching to enhance trunk and hip range of motion but does

not increase back pain.

o Two minutes per muscle group, hold position for 30 seconds
e Strengthening of lumbar extensors. Begin at 10-15 reps per day.
e Review posture principles and exercises to encourage upright posture
maintenance during activities and at rest (i.e. neutral cervicothoracic posture,

keep shoulders back).

Figure 4. Therapeutic opportunities for chronic back pain.
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greater than 3 months [47]. In the United Kingdom, 1.1%
of adolescents are significantly impaired with chronic
fatigue [48].

Fatigue can occur with nonpainful medical conditions
during adolescence, such as hypothyroidism, celiac
disease, inflammatory disorders, renal insufficiency,
and infections. Chronic fatigue was defined in 1994 for
research purposes as clinically evaluated, unexplained,
persistent, or relapsing fatigue of known onset (not life-
long) that is not simply related to exertion and that is
not fully alleviated by rest while resulting in significant
reduction in previous levels of activity [49]. This defi-
nition also includes the presence of associated symp-
toms such as memory impairment, sore throat,
lymphadenopathy, and non-restorative sleep [49]. More
recently, chronic fatigue syndrome was relabeled sys-
temic exertion intolerance disorder in an attempt to
better link research definitions and clinical descriptions
[50]. Many patients with chronic fatigue, however, also
seem to have significant autonomic dysfunction, and
many have POTS (discussed later in this paper) [32,51].

A variety of treatments have been proposed for
chronic fatigue in adolescents, but most have not been
subjected to rigorous evaluation. Some treatments,
however, are known to be useful. Scheduled incre-
mentally increasing exercise programs are more effec-
tive than exercise programs that are “paced” according
to what the patient feels like (Figure 5) [52]. CBT is
effective in decreasing fatigue, increasing school
participation, and improving physical functioning,
with the gains sustained over months [52,53]. CBT is
effective for at least 60% of chronically fatigued ado-
lescents [54]. Interestingly, CBT is effective whether in
face-to-face or internet settings [52]. Thus, the often

common approaches to fatigue (rest, affirmation of
the patient’s disability) appear to be counter with
commitment to exercise and psychological approaches.

Complex Regional Pain Syndrome (CRPS)

CRPS is a distinct disorder of a localized region that is
characterized by pain, allodynia, swelling, limited range
of motion, vasomotor instability, changes in skin texture
or color, and bone demineralization. It often begins
after an inciting event such as injury or surgery, and
typically follows a course of various stages, although the
presentation and clinical course is perhaps not as
defined or severe in children [55-57]. The changes in
nosology over the years, with varied presentations,
emphasizes the importance to understanding alterna-
tive diagnoses when an individual’s pain cannot be
accurately described by this specific label.

CRPS has numerous expressions in addition to pain
including autonomic dysfunction, disordered sleep,
increased stress, conversion symptoms, eating disor-
ders, and even self-injurious behaviors [58,59]. Identi-
fication and management of each of these is essential in
returning the individual to a prior level of function and
may require further consultation with the appropriate
specialists in psychiatry or sleep medicine.

Children may have a better outcome and be more
responsive to conservative measures than adults.
Treatment in adolescents should be initiated with
physical therapy, occupational therapy, and CBT [60].
Medications and other adjunctive therapies are facili-
tatory and are seldom, if ever, adequate as sole treat-
ment options for CRPS rehabilitation for adolescents
with CRPS (Figure 6) typically entails desensitization to

Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider

also including:

e Focus on aerobic activities to prevent deconditioning and maintain functional work

capacity. [1]
o RPE9-12/20
o Intensity not main focus
o 3-5days/week
o 1-2 session per day

o 5 minutes/session progressing to 60 minutes/session as tolerated
e Flexibility exercises to maintain range of motion.
e Review posture principles and exercises to encourage upright posture maintenance
during activities and at rest (i.e. neutral cervicothoracic posture, keep shoulders

back).

e Core stability assessment and training.

¢ Functional exercises of upper and lower extremities to promote strengthening in
non-pain-provoking manner. Can begin with isometrics and progress to isotonics as
tolerated using bands or light weights. Focus should be on proper technique and not
significantly increasing weight. Distinction also needs to be made between training-
related pain and exacerbation of typical pain.

Figure 5. Therapeutic opportunities in chronic fatigue.
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Therapeutic Opportunities: Refer to generalized therapy prescription box above. Consider

also including:

e Desensitization, reactivation.

e Flexibility and strengthening of affected muscle groups.

e Ergonomics, movement therapy, normalization of use with functional rehab.

e Graded exposure through all therapeutic interventions.

e Education on avoiding overexertion and instruct in pacing strategies.

e Distraction with functional activities while using affected body part to promote

desensitization and proper use.

e Progress to return to functional activity such as sports.

Figure 6. Therapeutic opportunities in complex regional pain syndrome.

the affected limb, gradually increasing exposure to
functional activities with strengthening, stretching for
affected muscle groups, weight-bearing and then
neuromuscular re-education to return to normal func-
tional movement of the affected area [60]. This can
typically take between a few sessions to a few weeks
and varies between patients, but initial exercise inten-
sive therapy has been shown effective for treating CRPS
in children [55,61,62].

Juvenile-Onset Fibromyalgia (JFM)

The identification of JFM is controversial and remains
a clinical diagnosis. Both the American College of
Rheumatology guidelines on diagnosis of fibromyalgia
and Yunus and Masi classification have been used in JFM
[63-65]. Both of these systems include widespread pain
and acknowledge associated symptoms, including fa-
tigue and sleep disturbances. JFM is estimated to
impact 2.1%-6.1% of children, with the majority being
female adolescents [17]. The etiology of JFM is not
known, but similar to adult fibromyalgia, is thought to
involve central sensitization in combination with pe-
ripheral nervous system factors, genetic and biochem-
ical predisposition, and psychosocial and environmental

influences. Adding to the complexity of JFM are the
many associated symptoms including fatigue, cogni-
tive fogginess, sleep difficulties, mood disturbances,
migraines, irritable bowel syndrome, and dysautono-
mias [17]. Individuals with JFM may have difficulties
with physical function caused by pain, decreased
quality of life, and greater time spent sedentary
[66-69]. They have difficulty with school attendance
with high rates of absenteeism or inability to attend
school altogether [70].

Regardless of what the underlying mechanistic cause
is, exercise can improve aerobic function, mood, and
global well-being in addition to possibly decreasing
tender points and pain [71]. Recommendations for aer-
obic exercise have suggested more benefit in pain
reduction than just resistance training in patients
suffering from fibromyalgia [72]. Aerobic exercise can
be land or water-based and should be tailored to the
individual’s interests to maintain enjoyment and
compliance in the program (Figures 2 and 7). Hauser
et al [73] conducted a meta-analysis and systematic
review in 2010 investigating patients ages 13-59. They
did not delineate between the age groups and ulti-
mately recommended beginning with an aerobic exer-
cise program for 2-3 days per week of slight to moderate

Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider

also including:

e Beginning with low impact, closed kinetic chair aerobic exercises, 2-3 days per week.

e Core stability assessment and training.

e Functional exercises of upper and lower extremities to promote strengthening in
non-pain-provoking manner. Can begin with isometrics and progress to concentrics
as tolerated using bands or light weights. Minimize eccentric contractions. Focus
should be on proper technique and not significantly increasing weight. Distinction
also needs to be made between training-related pain and exacerbation of typical

pain.

e Review posture principles and exercises to encourage upright posture maintenance
during activities and at rest (i.e. neutral cervicothoracic posture, keep shoulders

back).

Figure 7. Therapeutic opportunities in juvenile-onset fibromyalgia.
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intensity for 4 weeks in all patients with fibromyalgia.
Although this is notably less than the current recom-
mendations for 1 hour of moderate-to-vigorous aerobic-
based exercise per day for healthy children, excessive
bouts of exercise could possibly exacerbate the prob-
lem. In studies in adults, it appears that more intense
exercise may worsen symptoms, although a supervised
moderate-intensity exercise program appears to be
reasonable without increasing symptoms in children
[74]. The benefits of improvement in physical function,
JFM symptoms, quality of life, and pain from this more
conservative level of activity seem to be short-lived, as
long term benefits have not been demonstrated and
adherence to an exercise program can be poor [17]. A
multidisciplinary treatment program may be helpful in
motivating a young patient to actively participate in
exercise.

Headache

Headache is present at all ages in childhood; 4% of
preschool children, 10% of school-aged children, and
16% of young women experience headache. Chronic
headache defined as greater than 15 days with head-
ache per month for more than 3 months occurs in 1% of
early school-aged children, 0.8% of middle-school boys,
2.4% of middle-school girls, 2% of men, and 4% of women
[75-77]. The most common forms of headache to pre-
sent to the physician’s office are typically migraine.

Diagnostically, children with papilledema, focal
neurologic deficits, or a recent history of seizures should
be referred to the appropriate specialist or emergency
department for consideration of advanced imaging of
the head, such as computed tomography or magnetic
resonance imaging. Blood and urine tests are rarely
useful when headache is the sole presentation [78,79].

Therapy is divided into 5 categories of interventions.
First, lifestyle changes are reviewed, because sleep
deprivation, missing meals (particularly breakfast), and
busy schedules are often triggers. Anxiety is a frequent
co-morbid factor.

Second, acute pain relief is offered for the most se-
vere headache. With migraines, most patients will do
well with ibuprofen (10 mg/kg/dose), acetaminophen
(15 mg/kg/dose), or a triptan [80]. Opioid and barbitu-
rate containing drugs should be avoided, as these are
generally believed to lead to the chronification of
migraine [81].

Third, prevention can be accomplished with the use
of a daily medicine (Table 1) [82-84]. High-quality evi-
dence currently is lacking as to which approach is the
best, but most headache experts will start with either
amitriptyline (starting dose 0.5 mg/kg/day, with a
target dose typically 1-2 mg/kg/day), topiramate
(starting dose 0.5 mg/kg/day, target dose of 2 mg/kg/
day), or propranolol (starting dose 1 mg/kg/day, target
1-3 mg/kg/day). The goals are a reduction in days of

severe headache, although completely headache
freedom is infrequently achieved [83]. Additional med-
ications can be tried if side effects, lack of efficacy, or
allergy occur with use of these first-line medications.

Fourth, biobehavioral approaches are useful. There is
high-quality evidence that shows that CBT is effective
[85]. Biofeedback, relaxation therapy, treatment of
anxiety, improved sleep hygiene, and increased school
attendance are all useful goals of therapy.

Fifth, physical therapy can be a helpful discipline for
headache management (Figure 8). The focus of inter-
vention should be toward more active approaches over
passive activities or interventions. Activities should be
guided by the child’s or adolescent’s activity tolerance
with gradual progression in difficulty. Aerobic exercise
programs that are enjoyable are more favorable for
patient compliance. Starting with a few minutes of
aerobic exercise a day may be appropriate, with a goal
of working up to between 30 and 60 minutes of contin-
uous activity [86]. The use of a perceived exertion scale
(such as the Borg Rating of Perceived Exertion Scale) can
be useful for self-pacing while the patient performs the
aerobic activities.

Often the symptoms of sleep and anxiety need to
improve first before significant progress is made in
controlling the headache. It is a challenge, as worsening
headaches often exacerbate sleep problems and anxi-
ety. The preventative medications are most useful to
decrease the number of severe headache days. Lifestyle
change, behavioral techniques and exercise seem to be
most helpful when a daily headache is present. Most
patients seem to have a reduced headache burden in
the summer, although the start of a new school semes-
ter (either in September or January), seems to usher in
worsening headache control [83].

Hypermobility With Pain

Joint hypermobility often is a relatively benign fa-
milial phenotypic trait, but it can also be seen in con-
nective tissue disorders such as Marfan or Loeys-Dietz
syndrome, or aneuploidies such as Down or Turner syn-
drome. The relationship between hypermobile joints
and pain is unclear [87,88]. Even though many studies
have shown an increased incidence of pain or injury in
certain populations with hypermobility [89-91], others
have shown no such increase in individuals with gener-
alized joint hypermobility or joint pain [92,93]. Still
there is other evidence that demonstrates a protective
aspect of hypermobility with regards to certain types of
arthritis or injury [94,95].

The clinical presentation of a child with hypermo-
bility and pain is quite variable, but evidence indicates
that decreased muscle strength, reduced endurance,
impaired functional performance, increased fatigue,
and impaired quality of life are common [96,97].
Although many children are instructed to limit or cease
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Table 1

Chronic pain medications

Class

Generic Name Mechanism of Action [82]

Common Indications [82]

Dosing Considerations [32,83]

Notable Side Effects [82]

Additional Information [32,82-84]

Antidepressant

Anticonvulsant

Amitriptyline

Nortriptyline

Duloxetine

Citalopram

Gabapentin

Tricyclic antidepressant;
may block serotonin and
norepinephrine uptake

Tricyclic antidepressant;
may block serotonin and
norepinephrine uptake

Serotonin and
norepinephrine
reuptake inhibitor; weak
inhibitor of dopamine
reuptake

Selective serotonin
reuptake inhibitor,
minimal effect on
norepinephrine and
dopamine reuptake

Exact mechanism
unknown; may act on
voltage-gated calcium
channel

FDA approved:
e Depression*
Off label:
e Neuropathic pain
e Headache
e Sleep disturbance
e Fibromyalgia
e Postherpetic neuralgia

FDA approved:
o Depression’
Off label:
e Headache
e Irritable bowel syndrome
e Low back pain
e Neuropathic pain
e Sleep disturbance
e Post-herpetic neuralgia
FDA approved:
e Diabetic peripheral
neuropathic pain*
e Generalized anxiety
disorder®

e Generalized musculoskel-

etal pain*
o Fibromyalgia*
o Major depression*
FDA approved
o Depression*
Off label:
e Chronic fatigue syndrome
e Abdominal pain
e Body dysmorphic disorder
e Depression (pediatric)
FDA approved:
e Postherpetic neuralgia*
e Seizure||
Off label:
e Diabetic peripheral
neuropathy
e Fibromyalgia
e Headache
e Neuropathic pain

e Start with 10 mg (or 0.2
mg/kg for patient smaller
than 50 kg) 2 hours before
bedtime

Increase by 10 mg every
week

e Target dose is typically
0.5-1 mg/kg/d, although
some may need up to

3 mg/kg/d

Typical adult dose is up to
150 mg/d

Starting dose, titration, and
target dose same as
amitriptyline

May start at 20-30 mg/d
increasing to 60 mg/d
maximum (doses for
depression are up to
120 mg/d)

Starting dose 10 mg/d,
increasing to 40 mg/d
maximum

For young children, start at
10 mg/kg/d in 3 divided
doses; we start with
bedtime dose and titrate up
to 3 doses/d; increasing
every 3-5d

e For older children and ado-
lescents, start with 300 mg
at night x3 d, then 300 mg

e Black box warning:
increased risk of suicidal
thinking and behavior

e Dry mouth

e May prolong QT interval

e Morning sleepiness

e Weight gain

o Side effects similar
(although typically less
severe) to amitriptyline

e Black box warning:
Increased risk of suicidal
thinking and behavior

e Dizziness

e Dry mouth

e Nausea

e Orthostatic hypotension
at initiation

e Sleepiness

e Similar to duloxetine

e Black box warning:
increased risk of suicidal
thinking and behavior

e Ejaculatory disorder and
decreased libido

e Increased suicidal
thinking

¢ Joint swelling

e Mood swings

e Sedation

e Consider ECG before initiation
(QT interval) and at greater
doses (~1 mg/kg/dose)

e Check blood level at doses of 50
mg and again at 100 mg (total
therapeutic concentration for
amitriptyline and nortriptyline
80 to 120 ng/mL)

e Encourage trial of 6 mo

¢ Not available in oral solution

e Available intravenously

e Same as amitriptyline

e Available as oral solution

e Comes as capsules, not tablets,
so cannot be cut

e Once-daily dosing may help
compliance

e Avoid in liver and end-stage
kidney disease

¢ Not available in oral solution

e Monitor for QT prolongation
e Avoid in liver and end-stage
kidney disease

e Adequate therapeutic trial is
six months

e Available in oral solution of 250
mg/5 mL

(continued on next page)
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Table 1 (continued)

Class Generic Name Mechanism of Action [82] Common Indications [82] Dosing Considerations [32,83] Notable Side Effects [82]  Additional Information [32,82-84]
o Restless legs syndrome BID x3 d, then 300 mg TID x3
d; maximum is 3600 mg/d.
e Consider slower titration if
there is a history of in-
tolerances of other medi-
cations due to side effects.

Pregabalin Exact mechanism FDA approved: e Start with 50 mg at night e Increased suicidal e Most insurance companies
unknown; may act on o Fibromyalgia* then increase to BID dosing thinking require gabapentin trial before
voltage-gated calcium o Neuropathic pain* as tolerated e Increased appetite/ pregabalin Available as oral
channel e Postherpetic e Alternate dosing schedule:  weight gain solution 20 mg/mL

neuralgia* 75 mg BID for 1 wk, 150 mg e Lower-extremity e A consideration for patients
Off label: BID for 1 wk, 225 mg BID for  swelling who had no improvement on
e Generalized anxiety 1 wk, then 300 BID e Sedation gabapentin as it is more potent,
disorder thereafter has faster absorption, and
e Headache e Maximum dose 600 mg/d in greater bioavailability.
o Restless legs syndrome 2 divided doses

Topiramate Exact mechanism FDA approved: e Start with 0.5 mg/kg and e Decreased appetite e Watch for heat sensitivity or
unknown; may bind e Migraine prophylaxis* titrate over 3-4 wk e Decreased sweating decreased sweating in those
voltage-gaited sodium e Seizure e Target dose for migraines in e Difficulty thinking and taking topiramate alone or in
channel; increase Off label: children is 1-2 mg/kg/d word finding combination with other anti-
neuronal GABA; e Eating disorder e Typical adult dose is ¢ Kidney stones cholinergic medications
antagonize AMPA e Obesity 100-200 mg/d e Available as sprinkles
subtype of glutamate
receptor; inhibit
carbonic anhydrase
enzyme

Valproic acid Exact mechanism FDA approved: e Start with 10 mg/kg/d e Mood swings e Females of childbearing age
unknown; increases  Manic bipolar disorder* e Target dose for migraines in e Rare liver and pancre-  should use a method of birth
concentration of GABA o Migraine prophylaxis* children is 10-30 mg/kg/d atic problems control
in brain e Seizure** e Typical adult dose is e Teratogenic e Available in oral solution of

500-1500 mg/d e Weight gain 250 mg/5 mL
Anti- Metoprolol Beta-adrenergic blocker FDA approved: e Dosing for POTS; 25 mg by e Asthma exacerbation e Anecdotally, long-acting forms
hypertensives with selective activity o Cardiac disturbances*(FDA  mouth in morning and mid- e Depression are less effective for POTS
on beta-1 approved for children 6 day; smaller adolescents o Fatigue symptoms
adrenoreceptors; may and older for hypertension  consider starting at 12.5 e Occasional exercise e Can be compounded as an oral
block beta-2 receptors only) mg/dose; can titrate up to intolerance suspension
at greater doses Off label: 50 mg per dose and up to
e Migraine prophylaxis TID
e POTS o Target dose for migraines in
children is 1-2 mg/kg/d
Propranolol Nonselective beta- FDA approved: e Start with 1 mg/kg/d e Asthma exacerbation e Available in oral solution of

adrenergic blocker;
competitively binds
beta-adrenergic
receptors

e Cardiac disturbances*
Off label:

e Anxiety

e Migraine prophylaxis

o Target dose for migraines in
children is 1-3 mg/kg/d

e Typical adult dose is 60-120
mg/d.

o Irritability

e Nightmares

e Occasional exercise
intolerance

20 mg/5 mL, 40 mg/5 mL
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o Need to follow QT interval on

o Constipation

e Start with 1-2 mg/kg/d

FDA approved:

Calcium-channel inhibitor;

Verapamil

ECG at greater doses

e Target dose for migraines in e Dizziness

e Cardiac disturbances’

Off label:

specifically L-type
calcium channel

e May prolong QT interval

children is 1-6 mg/kg/d

sub- e Typical adult dose is

in

spasm

o Arterial

inhibitor (slow-channel

blocker)

120-480 mg/d

arachnoid hemorrhage

o Cluster headaches
e Migraine prophylaxis

FDA approved:

o Dosing for POTS; 2.5 mg by e Itchy scalp with rapid

Midodrine Alpha(1)- Agonist

Other

dose initiation
o Supine headache if dose

mouth TID, increase to 10

mg per dose as needed

e Orthostatic hypotension*

Off label:

within 3-4 h of lying

down

e POTS

e Syncope

(gamma aminobutyric acid; AMPA = a-amino-3-hydroxy-5-methyl-4-

FDA = Food and Drug Administration; ECG = electrocardiogram; BID, twice per day; TID, 3 times per day; GABA

isoxazolepropionic acid; POTS = postural orthostatic tachycardia syndrome.

Indicates FDA-approved Indications: *children 12 years through adults, "children and adults (age not specified), *fadults only, Schildren 7 years through adults, lchildren 3 years through adults,

Ichildren 2 years through adults, and **children 10 years and older.
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participation in high-impact activities, avoid resistance
training, use assistive devices or braces, undergo
corrective or stabilization orthopedic surgery, and
follow-up with maintenance screening with expensive
testing such as echocardiograms or dual-energy X-ray
absorptiometry (DEXA) scans, there is limited evidence
to support this approach. Recent evidence suggests that
individuals who participate in an exercise program
demonstrate improvements in pain, ratings of the
impact of hypermobility, walking distance, quality of
life, proprioception, balance, and strength [88,98].
Perhaps more important is the fact that individuals with
hypermobility and pain who participate in an exercise
program improve over time without any significant
adverse effects [88]. As with all recommended training
in the pediatric population, instruction under a licensed
practitioner and practice under supervision should be
encouraged to decrease the risk of injury.

There remains a significant dearth of understanding
with regard to specific types of exercises that are most
effective. In general, it seems that the most effective
programs focus on strengthening the stabilizing muscles
around the hypermobile joints, enhancing propriocep-
tion, improving coordination and balance, and
enhancing the neural pathways and movement patterns
that can encourage compensation reactions and possibly
prevent joint movement into extreme ranges [88];
however, there is also some benefit seen from more
generalized exercise programs that address cardiore-
spiratory fitness or the musculoskeletal aspects of
movement and neurologic function (Figure 9) [99].
Given the prevalent comorbidities often seen in patients
with hypermobility including pain, autonomic symp-
toms, and psychosocial difficulties, a multidisciplinary
model of care may be most beneficial [100,101].

Postural Orthostatic Tachycardia Syndrome

POTS was first described in adults in 1993 [102] and
first reported in adolescents in 1999, even though there
are retrospectively accurate descriptions of the condi-
tion from the mid-1800s [32]. Increasingly recognized
during the past decade, POTS has its typical onset
around the beginning of puberty and is most common in
high-achieving women [103], many of who also have
hyperflexibility [104]. It often begins after a significant
illness such as mononucleosis or after an injury such as a
concussion [103,104]. POTS is characterized by chronic
fatigue, dizziness, nausea, and abdominal discomfort.
Psychological disorders, nonrestorative sleep, and pain
are common comorbidities [32,105]. The diagnosis is
based on typical symptoms, excessive postural tachy-
cardia (at least a 40-beat per minute increase in heart
rate between supine and standing positions), and the
absence of any other primary condition to account for
the findings [32,106].
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Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider

also including:

e Biofeedback for postural re-education and/or muscle relaxation.
e Educate on avoiding overexertion and instruct in pacing strategies.
e Review postural principles and encourage upright posture maintenance during rest,

sitting, and standing and exercise (i.e. thoracic extension to neutral, scapular
retraction, and chin-tuck to avoid hyperlordosis).

e Review sleeping position & pillow for neutral spine.
e Stretching exercises for the cervical paraspinals, trapezius, levator scapulae, and

pectorals.

e Strengthening of thoracic spine extensors and cervical paraspinals with direction
specific exercises toward a pain relieving position.

e Core stability assessment and training.

e Manual therapy if not contraindicated by age or diagnosis.
e Massage as child or adolescent feels comfortable with.

Figure 8. Therapeutic opportunities in headache.

In general, the treatment of POTS centers on
restoring circulatory volume (increased fluid and salt
intake), reconditioning aerobic exercise, CBT, treat-
ment of comorbidities, and, often, medication (such as
beta blockers and an alpha agonist, midodrine). With
treatment, improvement in daily functional ability and
eventual full recovery are likely [32,107]. POTS is an
entity that typically presents with pain that appears
amplified (with central sensitization) and where, in
addition to exercise, diet and improved sleep can make
a difference, especially in the initial management.
Because patients with POTS exhibit lower-than-normal
stroke volume during exercise, graded physical
training may improve stroke volume and thus systemic

perfusion even as it facilitates reconditioning [108]. The
active “muscle pump” in the legs is thought to help
force venous blood back up to the heart. This may be
part of the body’s intrinsic venoregulatory system,
preventing pooling in the extremities. The stronger the
pump, the more likely that signs and symptoms of POTS
will be reduced, specifically those of dizziness, light-
headedness, edema, and acrocyanosis.

Medications also are effective in the treatment of
POTS (see Table 1 for further details). Beta blockers
(such as metoprolol, 25 mg by mouth first thing in the
morning and then again at mid-day) and/or an alpha
agonist such as midodrine (2.5 mg by mouth 3 times
daily with incremental increases as needed and

Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider

also including:

e Dynamic joint strengthening up to, but not into, the hypermobile range. Focus on
proper motor control techniques first before progressing resistance. Distinction may
need to be made between training-related pain and exacerbation of typical pain.

e Progressive balance training to focus on proprioception & neuromuscular re-
education to recruit supporting muscles within safe motion. Begin with static
balance activities, i.e. sitting, standing and four-point kneeling on the floor, and
progress to a stability trainer such as a foam pad, Bosu ball, wobble board, Bongo
board, etc when able. Active exercises can eventually be added through the use of a
weighted ball or sports specific positioning. Advancement towards dynamic balance
activities can eventually be considered with an emphasis on agility and coordination
through sport-specific movements, drills, plyometrics, etc.

e Posture re-education and improved joint awareness through biofeedback, manual
guidance, joint approximation techniques, mirrors, and the use of tape to facilitate

proprioception.

e Avoid splints and braces if possible. Only use with active dislocation/subluxations

and limit to at-risk activities.

e Core stability assessment and training.

Figure 9. Therapeutic opportunities in hypermobility with pain.
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tolerated to 10 mg 3 times daily, avoiding dosing within
4 hours of lying down to sleep) are commonly used.
Some physicians like to build vascular volume with flu-
drocortisone (0.1 mg by mouth once or twice daily),
whereas others prefer to rely on increased oral fluid and
salt intake alone. Selective serotonin reuptake in-
hibitors such as citalopram (starting dose 10 mg/day,
target dose 40 mg/day maximum) seem to play an
adjunctive role in treatment of POTS, especially when
there is significant abdominal pain or concurrent
depression. Selective serotonin and norepinephrine
reuptake inhibitors such as duloxetine (starting dose
20-30 mg/day, maximum 60 mg/day) seem to be
useful for the chronic pain associated with POTS but
seem anecdotally to have less direct benefit to the
autonomic-based symptoms.

Typical recommendations for
treatment include [32]:

nonpharmacologic

e hydration: >2 L/day (Enough water to produce >4
daily urinations with clear-colored urine (not
including first morning void);

e increased salt intake as tolerated: can assess if
needed via output >170 mmol/day on a 24-hour uri-
nary sodium excretion;

e graded aerobic and lower extremity strengthening
exercises seven days per week (Figure 10);

e supportive elastic hose of 15-30 mm Hg;

e family education and CBT; and

e attention to adequate sleep, regular meals and
school schedule, and good social support

Psychology of Pediatric Chronic Pain
Psychosocial Treatments
Several meta-analytic reviews have documented the

effectiveness of psychological treatments for chronic
pain. In a review of 25 randomly controlled trials that

S307

included both multicomponent CBT packages and
relaxation/biofeedback therapies involving children
with headache, abdominal pain and fibromyalgia, a
large positive effect on pain reduction both immedi-
ately after treatment (odds ratio = 5.92) and 3 months
later (odds ratio = 9.88) was found [109]. The type of
treatment (multicomponent CBT, relaxation, or
biofeedback) did not influence results, suggesting CBT is
effective using different modes of treatment delivery.
More recently, a review of 35 studies determined that
psychological therapies can significantly reduce pain in
youth with headache, decrease pain and disability in
youth with abdominal pain, and decrease pain,
disability and depression in youth with musculoskeletal
pain [110].

Treatments Targeting the Child/Adolescent
Relaxation. Training in relaxation has long been a core
component of pain management treatment, and recent
meta-analytic reviews reinforce its efficacy for pain
reduction [109,110]. Relaxation strategies work by
helping the child achieve a relaxation response in the
body that may slow the heart rate, slow breathing, and
decrease muscle tension. These changes in the body
may reduce the discomfort, stress, and anxiety associ-
ated with the pain experience. Second, learning and
using relaxation strategies may help the child develop a
sense of mastery over the pain, again reducing the
stress and anxiety associated with the pain. Children
and teenagers can be taught to practice diaphragmatic
breathing, progressive muscle relaxation, and imagery
as strategies to obtain a state of relaxation fairly
quickly, often in only one or a few sessions [111].
However, they need to be reminded to practice the
relaxation daily in order to achieve an effective and
long-term response.

Biofeedback. Biofeedback is an effective tool for
helping children and adolescents learn to achieve a

Therapeutic Opportunities: Refer to generalized therapy prescription (Figure 2). Consider also

including:

Patient should begin slowly with as little as 5 minutes or less of aerobic activity or that
which does not produce symptoms, increasing by only 1-2 minutes every 4-7 days as
tolerated. Upright activity should be trialed first over reclined or horizontal activity,
but can consider aquatic aerobic fitness program if land-based program problematic.
Review posture principles and exercises to encourage upright posture maintenance
during activities and at rest (i.e. neutral cervicothoracic posture, keep shoulders back).
Core stability assessment and training.

Functional exercises of upper and lower extremities to promote strengthening in non-
pain-provoking manner. Can begin with isometrics and progress to isotonics as
tolerated using bands or light weights. Focus should be on proper technique and not
significantly increasing weight. Distinction also needs to be made between training-
related pain and exacerbation of typical pain.

Figure 10. Therapeutic opportunities in postural orthostatic tachycardia syndrome.
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relaxation response. Biofeedback uses electronic
equipment to measure and provide information back to
the patient about specific physiological functions, so
they can use this information to produce a relaxa-
tion response. Typically, fingertip skin temperature,
breathing, pulse, and heart-rate variability are mea-
sured while the patient sees the information on the
computer screen and is coached to use the informa-
tion to increase relaxation. Most research supporting
the use of biofeedback has combined the use of
biofeedback equipment and coaching by a professional
such as a psychologist or physical/occupational therapist.
Currently, biofeedback software is readily available for
desktop computers and tablets, but the efficacy of using
the software alone has not been well studied [111].

Other strategies may also promote relaxation but at
this point have less empirical support in the treatment
of chronic pain. Strategies such as yoga and aroma-
therapy have some initial evidence whereas others such
as Healing Touch may have little to no current empirical
support [111,112].

As noted previously, meta-analytic reviews demon-
strate the efficacy of multicomponent CBT programs.
These typically include components of cognitive ther-
apy, which targets thoughts that serve to increase the
anxiety and discomfort associated with the pain. For
example, when children feel helpless about their pain
and exhibit catastrophic thinking regarding their pain,
it can increase their disability associated with the pain
experience. Cognitive therapy helps a child understand
the links between their thoughts, feelings, and be-
haviors. Children are taught to become more aware of
their thoughts and reframe (in cognitive behavioral
therapy [113]) or accept (in acceptance and commit-
ment therapy [26]) their thoughts. Positive self-talk is
another strategy that is a frequent component of CBT
treatments.

Stress Management, Anxiety, and Depression. For some
children, the pain experienced leads to significant
anxiety and depression. For those children, addressing
the anxiety and depression may help the child recover
from their pain more quickly. This treatment may
include both pharmacotherapy as well as psychotherapy
such as CBT. Stress management skills help the child
identify both cognitive and behavioral strategies to
manage both the stress of the pain itself as well as
associated stressors.

Treatments That Include Parents

Behavior Therapy. Parental cognitions and behaviors
have a significant impact on the pain perception and
expression of youth with chronic pain, as discussed
earlier. Treatment that uses operant techniques is a
common component of chronic pain treatment pro-
grams. Parents are taught to minimize their attention to
the child’s pain (eg, no more pain logs, questions about

the pain, reassurance), and instead provide attention
for their child’s coping attempts (eg, using relaxation,
attending school). Clear expectations for functioning
are established, and parents may be taught to use a
token economy (point system) to reward their child with
concrete rewards (eg, sleepover, computer time) for
their age-appropriate functioning. Parents also remove
privileges (computer, TV, smartphone) if their child
is unable to meet expectations such as school atten-
dance and require the child to rest without access
to enjoyable activities if they are unable to attend
school [25,114-116].

Multidisciplinary Pain Rehabilitation Programs

For some children with chronic pain, the pain leads to
significant disability, often resulting in missed school,
extracurricular activities, and age-appropriate activ-
ities, such as chores and dating. For children who do not
respond to the approaches outlined in the previous
section, an intensive and coordinated interdisciplinary
treatment program should be considered [117-120].
These programs typically include both patients and
parents and use a CBT model. The focus is primarily on
helping the patient return to age-appropriate func-
tioning rather than reducing pain. Patients are taught
the aforementioned strategies discussed such as relax-
ation, positive thinking, sleep hygiene, and stress
management. Physical therapy and occupational ther-
apy aim to help the patient become more physically
active as well as return to homework, chores and other
age appropriate activities. These programs occur in both
a day-treatment setting as well as an inpatient setting.
Day-treatment settings typically include parental
participation, whereas inpatient settings may separate
the parent and child for part of the rehabilitation pro-
cess, thus reducing secondary gain for the pain and
allowing the patient to learn new strategies without
parental influence. Although limited data in the pedi-
atric population is available, data suggests that patients
attending these programs report significantly improved
functioning, decreased depression, and healthier
thoughts about their pain [121-123].

Although these programs can be expensive, a cost-
analysis study in 2002 revealed that pain-rehabilitation
programs for adults provided comparable reduction
in pain with greater cost-effectiveness than other pain
treatment modalities (including implantation of spinal
cord stimulators or drug delivery systems, conservative
care, or surgery) [124]. These programs also showed
significantly better outcomes for functional improve-
ment, health care use, medication use, return to work,
closure of disability claims, and with substantially
fewer adverse events than other pain treatment
modalities [124].

Although a similar cost analysis has not been pub-
lished for pediatric pain rehabilitation programs,
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Table 2
Herbal supplements

Name

Class

Indications

Notable Side Effects

Dose

Notes

Coenzyme Q10 (CoQ10) Antioxidant

Melatonin

Calcium

Magnesium

Fish oil

Butterbur (Petastites
hybridus)

Cannabis (cannabinoid
family)

Capsaicin/Cayenne
(Capsicum family)

Devil’s Claw
(Harpagophytum
procumbens)

Hormone

Mineral

Mineral

Omega-3 fatty
acid

Plant extract

Plant extract

Plant extract

Plant extract

e Chronic fatigue
e Fibromyalgia
e Migraine

o Sleep disturbance

e Menstrual migraine

e Menstrual migraine
e Migraine

e Migraine

e Migraine

e Fibromyalgia

e Neuropathic pain

e Rheumatoid arthritis

e Spasticity related
pain

e Acute postoperative
pain

e Low back pain

e Osteoarthritis

e Back and neck pain
e Osteoarthritis

e Persistent drowsiness
(consider lower dose,
altering timing, or
changing formulation)

e Possible irritability or
hyperactivity in children
with autism

e Diarrhea if taken in
excess

e Constipation
e Diarrhea

e Nausea

e Vomiting

e Dizziness
e Drowsiness
e Fatigue

e Legal

e Stinging or burning at
site of application

e May increase risk of
bleeding

e May lower blood sugar

e Stomach upset

e 1-3 mg/kg daily in
pediatrics

e 150-300 mg daily in
in adults

¢ 0.5-1 mg approximately
5 h before desired sleep
time (sleep induction)

e 1-9 mg a half hour
before bedtime (sleep
maintenance)

e 350-500 mg daily
(adolescents)

e Two capsules per day
(Each capsule consisted
of EPA [378 mg], DHA
[249 mg], and tocoph-
erol [2 mg])

e 50-200 mg daily

e Dosing and preparation
varies in adults

e Topical (plaster or
cream)

e 600-1200 mg 3 times a
day (contains 50-100 mg
of harpagoside) in adults

e In pediatric migraine study, most effective in those with low
CoQ10 values [127].

e Although still under study, consider use of immediate-release
if goal is sleep induction and controlled-release if goal is sleep
maintenance [128,129].

e No randomized studies in pediatrics [130]

e May work best in combination with other supplements [131].

e Combine with calcium to help optimize intake of both [130]

e Iron or zinc supplements can increase magnesium absorption.

e L-lactate dehydrogenase is most effective form [130].

e Excreted renally. Caution with use in those with renal im-
pairments as could cause toxicity [132].

e Not shown to be more effective than placebo (olive oil) in
adolescents [133].

e In randomized placebo controlled trial (Butterbur — Placebo-
music therapy) in children and adolescents, only superior to
placebo at long-term follow up. Not superior to music therapy
at any time point [134].

e In adult systematic review, greater effectiveness found at
doses >150 mg [135].

e In adults, may have benefit for refractory chronic pain
including neuropathic pain, fibromyalgia, rheumatoid
arthritis, spasticity, and mixed pain syndromes [136-138].

e Safety and efficacy for chronic pain conditions in children is
not known. Studies underway for use of cannabinoids for
pediatric epilepsy [139,140].

e In children, may be effective for acute post-operative pain
and emergence agitation when applied topically at specific
accupoints [141,142]

e No studies evaluating use in pediatric chronic pain.

e In adults, appears better than placebo for low back pain
[143,144]

e Dosing and safety in children not known.

e Moderate to good evidence to support use in adults with
certain chronic pain conditions [143-145]

(continued on next page)
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Table 2 (continued)

Notes

Dose

Notable Side Effects

Indications

Class

Name

insufficient evidence that

revealed

review
feverfew is superior to placebo for migraine [146].

e Can get rebound headaches with discontinuation [130].

e Systematic

e Variable

e Aphthous stomatitis
e Upset stomach

e Migraine

Plant extract

Feverfew (Tanacetum

parthenium)

e One RCT showed significant improvement in abdominal pain

e Two capsules (187 mg

Plant extract e Functional abdominal

Peppermint oil

compared with placebo in children 8-17 years old [147].

per capsule) 3 times a

day if >45 kg
e 1 capsule 3 times a day

pain
o Irritable bowel

syndrome

if 30-45 kg
e 120-240 mg in adults

e Dosing and safety in children not known. Because of the risk

e Allergic reaction

e Low back pain
o Osteoarthritis

Plant extract

White Willow Bark

of Reye syndrome, recommend avoiding use.
e For adults, appears to reduce symptoms of low back pain

e Possibly unsafe in chil-

(Salix Alba)

dren when taken during
viral infection (due to

better than placebo [144].

risk of Reye’s syndrome)

e May reduce migraine severity in adults [148,149]

e No controlled trials in pediatrics.

¢ 400 mg daily

Serotonin e Anxiety

5-Hydroxytryptophan

Managing Chronic Pain in Children and Adolescents

e Migraine
* Mood

precursor

o No randomized control trials in pediatrics [130].

e 200 mg BID

o Bright yellow urine

Vitamin e Migraine

(riboflavin)

B2

twice daily.

randomized controlled trial; BID =

EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; RCT

preliminary research suggests significant cost-savings
post treatment due to decreased medical utilization as
well as decreased lost work days for parents, yielding an
estimated average savings of $27,118 per family in the
year after program participation [125].

Complementary and Alternative Medicine (CAM)

Some families may seek alternative interventions for
their child’s chronic pain. Chronic neck and back pain
are among the most common reasons children partici-
pate in CAM treatments [124]. According to the 2012
National Health Interview Survey, 11.6% of children in
the United States had used a CAM intervention in the
past year [126]. The most common CAM intervention
children used, regardless of health status, was non-
vitamin, nonmineral medications. Of these fish oil,
melatonin, and pre/probiotics were most commonly
used. CAM interventions were more likely in children
who were older (12-17 years old), had parents who
participated in CAM treatments, and whose parents had
greater than a high school education [126].

Supplements may be an adjunct to a child’s com-
prehensive pain management plan (Table 2) [127-149].
Asking families about supplements is important too,
as some supplements may interact with other pre-
scribed medications, may have evidence of ineffec-
tiveness, or have the potential to be harmful to the
child (Table 2). Other CAM interventions including
acupuncture, hypnosis, massage, music therapy, pet
therapy, and osteopathic or chiropractic manipulation
could be considered as part of the comprehensive pain
management program, though randomized controlled
trials in pediatrics are limited, particularly for those not
involving direct physical touch (hypnosis, music therapy,
and pet therapy) [130,150]. Acupuncture can provide
benefit and be well tolerated in children as young as
6 years of age with varying pain conditions, including
migraines, abdominal pain, fibromyalgia, and CRPS
type 1 [151,152]. Intolerance, including anxiety about
the acupuncture procedure, may be reduced when
combined with hypnosis [152]. For those with concerns
regarding needles, noninvasive acupuncture techniques,
including transcutaneous electrical acupoint stimulation
and laser acupuncture, may be an alternative [151].

Massage interventions are more challenging to study
systematically as types of massage vary. However, in a
review of randomized trials evaluating massage in chil-
dren, a common positive outcome was anxiety reduction
with either single or multiple-session massage [153].
One prospective cohort trial on chiropractic in-
terventions in children and adolescents with chronic low
back pain reported improved low back pain symptoms
and no adverse events [154]. A prospective, single-blind
randomized controlled trial using a single episode of
manual therapy for cervicogenic headaches in children
showed no significant difference between those who
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underwent sham manual therapy (light touch to specific
spinal segments) and spinal manipulative therapy (high
velocity, low amplitude), with both groups experiencing
improvement in headache frequency [155]. Although
this study had strict inclusion criteria, which limited
recruitment, it appears that some type of manual
intervention may be helpful for cervicogenic headaches.

CAM interventions that do not use direct physical
contact include hypnosis, music therapy, and pet ther-
apy. Many of these have been explored in pediatric
acute pain interventions and cancer pain but have not
been as thoroughly explored in chronic pain. For chil-
dren with functional abdominal pain and irritable bowel
syndrome, hypnosis therapy appears to provide signifi-
cant pain improvement [156]. Music therapy also shows
promise in chronic pediatric pain conditions both when
administered by a music therapist and when part of a
singing program in a multidisciplinary pain program
[157,158]. Pet therapy, or animal-assisted therapy,
provides pain improvement for hospitalized children
with acute pain [135] and an improvement in pain,
mood, and distress in adults in a comprehensive pain
management program [159]. Extrapolating from these
studies, integration of animal-assisted therapy in pedi-
atric chronic pain programs, may provide benefit for
multiple pain symptoms. In general, when considering
CAM interventions, caution should be used when
selecting practitioners to ensure proper practices and
familiarity with these practices in children and adoles-
cents. Overall, as children with chronic pain conditions
are using CAM, practitioners should be mindful to
inquire about CAM use in children and adolescents with
chronic pain.

Conclusion

The road to wellness through appropriate manage-
ment of pediatric chronic pain remains complex. Clin-
ical variations in how individual pediatric patients
present with chronic pain conditions are likely based on
a complex relationship of predisposing biological, psy-
chological, genetic, and social features, while at the
same time patients demonstrate consistent responsive-
ness to a multidisciplinary approach of care. Specific
protocols may be lacking but successful programs seem
to follow a similar road map focused on exercise,
physical and occupational therapy, CBT, and family
involvement. The biopsychosocial model also endorses
school reintegration, promotes self-management, pro-
vides education on appropriate parental interactions,
helps with improvement of sleep disturbances, advo-
cates a healthy diet, inspires regular daily exercise,
encourages social interaction, and supports opportu-
nities for personal and emotional growth. The biological
and psychological aspects of chronic pain management
may be addressed most effectively through integrated
multimodal programs that serve to validate the

patient’s and family’s concerns, mitigate the symptoms,
and help prevent future setbacks.
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