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Abstract: Juvenile fibromyalgia (JFM) is a condition that presents as chronic widespread musculoskeletal pain and affects children
and adolescents. JFM remains a challenging diagnosis, as it is both based on subjective criteria and the pathogenesis is poorly
understood. Small fiber neuropathy (SFN) is a distinct condition, which is characterized by pathology of small A-delta and C fibers,
and can present similarly to JFM. Small fiber pathology is characterized by reduced intraepidermal nerve fiber density (IENFD) on
skin biopsy. Recent studies have found that as many as half of patients with JFM can demonstrate decreased IENFD, in pattern similar
to SFN. This phenomenon has been referred to as small fiber pathology. The meaning of these findings was disputed; however, the
current consensus remains that fibromyalgia and SFN are distinct conditions. Additionally, among patients with fibromyalgia, there are
two phenotypes: those with small fiber pathology and those without. The purpose of this review was to characterize the role
assessment of IENFD plays in the clinical context. We conducted a narrative review of pertinent articles pertaining to JFM, SFN
and small fiber pathology in fibromyalgia. We concluded that assessment of IENFD should be completed if SFN is suspected either
when a patient first presents or in patients who were previously diagnosed with fibromyalgia and SFN is later suspected.
Distinguishing between JFM and SFN is important because recommended therapies differ between the two conditions. However,
there is no evidence to support the use of skin biopsy to distinguish between the two discussed fibromyalgia phenotypes. More studies
are needed to elucidate whether IENFD varies with morbidity and if both fibromyalgia phenotypes vary in their response to different
therapeutic regimens.
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Introduction

Juvenile fibromyalgia (JEM) is a chronic pain condition causing significant morbidity affecting children and adolescents.
The prevalence of JFM amongst school-aged children lies in the range of 2 to 6% and found most commonly in female
adolescents.'

JFM as a diagnosis remains difficult for clinicians and patients alike due to its syndromic nature. Given its
characterization as an ensemble of non-specific symptoms, current guidelines recommend diagnosis if patients exhibit
a threshold number of symptoms.”* The mechanisms responsible for pain in affected patients are not well elucidated.

The findings of recent studies have raised the question of the utility of skin biopsy to assess nerve fiber density in
fibromyalgia patients. In studies in which patients with clinical diagnoses of fibromyalgia underwent skin biopsy,
abnormality in small nerve fibers was detected in roughly half of cases.” ' Interestingly, these findings are reminiscent
of a distinct condition, small fiber neuropathy (SFN), which is characterized by pathology of small fibers, specifically the
degeneration of thinly myelinated type A-delta and unmyelinated C fibers, which can be associated with clinical findings
characteristic of fibromyalgia in addition to neuropathic pain and disturbances.®*

SFN as a disorder has only been characterized in pediatric patients quite recently; epidemiologic data is thus
unavailable; however, there is evidence that this condition exists among school-aged children with widespread pain;
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some of these patients had previously been diagnosed with fibromyalgia and others with phenomena including acute
monophasic erythromelalgia, central sensitization, pain-amplification syndrome and chronic fatigue.”'°

Assessment of nerve fiber density is the standard of care for small fiber neuropathy in adults.'' It can become a useful
tool in the diagnosis of this condition in children.

The aim of this paper is to characterize the indication for skin biopsy to assess nerve fiber density in pediatric patients
with presumed JFM in clinical practice. In order to do so, we conducted a narrative review of JFM, SFN and small fiber
pathology in fibromyalgia. The majority of the existing literature describing the latter two only describes the adult

population.

Juvenile Fibromyalgia

Presentation

JFM presents as chronic widespread musculoskeletal pain. This pain is generally diffuse; however, patients can have so-
called tender points or specific painful bodily locations, usually several.*'> Symptomatology also includes fatigue.® It can
be associated with other clinical entities including migraine, irritable bowel syndrome, and depression.'?

Diagnosis
The literature outlining diagnostic criteria for JFM is limited. When the Yunus and Masi criteria was published in 1985, it
was the first guideline for the diagnosis of fibromyalgia in the pediatric population and remains widely used.'* More
recently, the 2010 American College of Rheumatology (ACR) Adult Fibromyalgia Criteria was evaluated for use in
female pediatric patients.’

Under both criteria, diagnosis is symptom-based. The Yunus and Masi criteria stipulates that in order to make
a diagnosis of JFM, patients must exhibit generalized musculoskeletal pain at three or more sites, five or more “tender
points”, and three other minor criteria; four tender points and five minor criteria are also sufficient.'? The 2010 ACR
criteria provides a scoring metric, by which patients are assigned a numerical value based on the number of painful
bodily locations and associated symptoms; diagnosis is indicated at a threshold score.®> The 2010 ACR criteria does
away with the tender point exam, which is often criticized as it may be done incorrectly or omitted in clinical
practice.> Notably, between both criteria, there are no objective measures to diagnose or assess the severity of the
condition.

Treatment

Evidence-based treatment of JFM is predominantly non-pharmacologic. Recommended treatments include exercise and
physical therapy; however, adherence can be challenging for patients in the long term.'* Additionally, cognitive
behavioral therapy has been shown to be effective in the treatment of JFM.'*

The evidence regarding the efficacy of pharmacologic treatment is generally poor.'> There is some evidence that the
use of serotonin—norepinephrine reuptake inhibitors and selective serotonin reuptake inhibitors can be effective in
pediatric patients.'* In adults, tricyclic antidepressants and anti-convulsant drugs such as gabapentin and pregabalin
have been used; however, there is no strong evidence for these being used successfully in pediatric patients.'®'>
Pregabalin specifically was found to not improve morbidity in a statistically significant manner in pediatric patients.'®
Pharmacologic therapy should thus be used sparingly due to lack of evidence regarding efficacy and known adverse
effects.

Prognosis

The prognosis of JFM seems to be highly variable, with certain studies indicating a positive prognosis, and more recent
data showing that fibromyalgia symptoms among adolescents tend to persist into adulthood.'”'® Physical therapy,
exercise-based therapy and cognitive behavioral therapy have been found to reduce symptoms in the short term, but
their long-term effects on prognosis are unclear.""'* A large-scale trial investigating the combination of these modalities is
currently underway. '’
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Small Fiber Neuropathy

SFEN is a clinical condition characterized by pathology of small fibers, specifically the degeneration of thinly myelinated
type A-delta and unmyelinated C fibers, which is associated with neuropathic pain and disturbances.® Prevalence
amongst adult populations has been characterized in The Netherlands to be 52.95 (95% CI 42.47-65.23) cases/
100,000.%° SFN as a disorder has only been characterized in pediatric patients recently; although there is evidence that
this condition exists among school-aged children, epidemiologic data and extensive literature pertaining to this popula-
tion are unavailable.”'® As such, the literature reviewed pertaining to SFN largely describes the condition in adults.

Presentation

Patients with SFN can present with clinical findings characteristic of fibromyalgia; however, SFN is a distinct condition.®
Patients with SFN can present with chronic pain, which is typically symmetric and length dependent, contrary to
fibromyalgia.”*' Lodahl et al have also characterized that certain symptoms such as paresthesia and peripheral autonomic
dysfunction are more common in patients with SEN.?> SFN can be primary and idiopathic but can also be secondary to

diabetes, connective tissue disorders, viral infection, autoinflammatory syndromes, and neurotoxin exposure.23’24

Diagnosis

In adults, two sets of criteria have been proposed for the diagnosis of SFN, the Besta Criteria (Devigili et al 2008) and the
NEURODIAB Criteria (Tesfaye et al 2010).%> The Besta Criteria for diagnosis of SFN is met if patients exhibit two of
the following: clinical signs of small fiber impairment, abnormal cold and warm thresholds on foot on quantitative
sensory testing (QST), or reduced intraepidermal nerve fiber density (IENFD).?® The NEURODIAB Criteria was
proposed in diabetic patients, grading patients as possibly, probably or definitely having SFN based on how many of
the following are met: clinical signs of small fiber damage, normal sural nerve conduction study, abnormal QST, or
reduced IENFD.?” The Besta Criteria was reappraised and validated in 2019 using the NEURODIAB Criteria as gold
standard, and strict agreement was found between the two.*

Furthermore, Devigili et al establish that assessment of IENFD is the most reliable tool for diagnosing SFN, followed
by warm and cold QST thresholds.”> Skin biopsy to assess IENFD constitutes a Level A recommendation from the
European Federation of Neurological Societies for the diagnosis of SFN.'! This technique has been used to diagnose SFN
in several pediatric patients, with age-adjusted norms; however, no protocol has been established for diagnosis of SFN in
this population.”'%-*®

SFN diagnostic protocol also incorporates the use of QST. Patients with SFN can exhibit abnormal cold and warm
detection thresholds.?® It should be noted that patients with fibromyalgia can also demonstrate similar abnormal QST
findings.”

Treatment
Pharmacologic treatment of SFN can be etiology-specific when there is a suspected cause. For instance, in immune-
mediated causes, such as Sjogren’s syndrome and systemic lupus erythematosus, IVIg has been shown to improve
morbidity in pediatric and adult patient populations.®* In SFN associated with inflammatory conditions, corticosteroids
have also been shown to be useful in adults and children.”® Additionally, in patients with sarcoidosis, IVIg and anti-TNF
therapy are reportedly beneficial.®

Finally, in adult patients with idiopathic SFN, tricyclic antidepressants, serotonin—norepinephrine reuptake inhibitors,

and anticonvulsants, such as pregabalin and gabapentin, have been shown to relieve pain.®**

Prognosis

In adults, SFN has been shown to generally remain a stable condition.?” In the case of idiopathic SFN, prognosis varies
based on individual response to pharmacologic therapy, which can be effective.* In children, immune-mediated and
inflammatory SFN seem to be amenable to disease-modifying pharmacologic therapy including IVIg and
corticosteroids.”! IVIg, however, has not been found to be useful in the cases of idiopathic SFN in adults.*?
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Evidence of Small Fiber Pathology in Patients with Fibromyalgia Syndrome

The skin biopsies of a significant portion of adults previously diagnosed with fibromyalgia exhibit small fiber pathology.
The common characteristic was the reduction in the epidermal nerve fiber density.®’ Oaklander et al suggested that those
findings were consistent with the diagnosis of SFN and that certain patients diagnosed with fibromyalgia were in fact
misdiagnosed.® Fibromyalgia is a clinical diagnosis and a diagnosis of exclusion; if patients meet the criteria for small
fiber neuropathy, that is the diagnosis. Ugeyler et al specified, however, that fibromyalgia still exists as a distinct
condition and that patients with fibromyalgia can be grouped into those with small fiber pathology and those without.*'

A meta-analysis of eight studies showed the random effects prevalence of small fiber pathology in adults with
fibromyalgia to be 49% (95% CI: 38 to 60%).>* In a case—control study including 15 pediatric patients, Boneparth et al
found that 53% (95% CI: 26 to 79%) of patients with fibromyalgia had reduced IENFD.’

Evdokimov et al found some degree of denervation in 63% of 117 adult female patients with fibromyalgia. Patients
with denervation of both the lower leg and upper thigh presented a more severe fibromyalgia phenotype.** Fasolino et al
studied 57 patients (54 females), 30% of whom presented small fiber pathology. However, there were no differences
between patients with and without small fiber pathology in the clinical evaluation, QST, or laser-evoked potentials.*

Elucidation of the mechanism for denervation as well as its potential causative effect on pain is still under debate. For
instance, Leinders et al has found a correlation between the expression of miR-let-7d and small fiber pathology in
patients with fibromyalgia.>® Evdokimov et al found a differential expression of pain mediators and axon pathfinders in
the skin cells of patients with fibromyalgia, however with no perceived correlation to decreased IENFD.?” Even if some
evidence suggested a pathologic relationship between intraepidermal nerve denervation and clinical presentation in
patients with fibromyalgia syndrome, it cannot be said that the denervation observed in certain patients with fibromyalgia
is the cause of their pain. Proving this relationship is important because, while fibromyalgia is generally considered to
cause nociplastic pain, pain in patients with fibromyalgia and small fiber pathology could be characterized as neuropathic
pain.*®3° Correct classification is important because it can impact treatment and prognosis.

Is It Possible to Establish a Differential Diagnosis with Skin Biopsies?
Fibromyalgia and SFN can both present with similar symptoms; however, it is possible to distinguish between the two as
long as guidelines are followed.*'*** Distinguishing between fibromyalgia and SFN is relevant as certain pharmacologic
therapy is indicated in SFN and not fibromyalgia.>** A comparison of the two conditions is shown in Table 1.

The differential diagnosis of patients with fibromyalgia is quite extensive, and many other disorders can also be
comorbid with this syndrome. Key disorders to consider may be those with rheumatologic, infectious, endocrine, or
neurologic origin or primary musculoskeletal pain, the diagnostic protocols for which are beyond the scope of this
paper.*!?

Skin biopsy constitutes the standard of care for the diagnosis of SFN and should be used as a diagnostic tool in cases
where this entity is suspected.”?’ However, it should not be used on all patients with chronic pain, not to weaken its
diagnostic power.

Half of pediatric patients with fibromyalgia may present small fiber pathology.” However, the assessment of IENFD
in pediatric patients with fibromyalgia is rarely used in clinical practice.

Hypothetically, if patients clinically diagnosed with fibromyalgia were to undergo skin biopsy, two groups of patients
would emerge: those with fibromyalgia without small fiber pathology and patients with fibromyalgia with small fiber
pathology. It is possible that these two subgroups would respond differently to different treatment modalities. However,
this hypothesis would need to be explored further.

The diagnosis of fibromyalgia syndrome in pediatric patients can be made using the 2010 ACR Criteria adapted for
use in pediatric patients. Assessment of [IENFD, either by skin biopsy or by an analogous test, is clinically indicated if
SFN is suspected either when a patient first presents or in patients who were previously diagnosed with fibromyalgia, and
SFN is later suspected. Patients with presumed JFM refractory to non-pharmacologic therapy may indeed have SFN.°
Investigation of this entity is warranted prior to starting pharmacologic therapy, which is not well supported by evidence
in the case of JFM. A flow diagram of a proposed diagnostic approach to JFM and SFN is depicted in Figure 1.
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Table 1 Comparison of Juvenile Fibromyalgia and Small Fiber Neuropathy

Juvenile Fibromyalgia Small Fiber Neuropathy
Symptoms ® Widespread musculoskeletal pain ® Pain, paresthesia and/or peripheral autonomic dysfunction
® Diffuse, with tender points or specific painful locations ® Often symmetric and may be length-dependent
® Chronicity ® Associated conditions include: diabetes, connective tissue dis-
® Fatigue orders, diabetes, viral infection, autoinflammatory syndromes
® Associated conditions include: IBS, migraine, depression and neurotoxin exposure
® Hyperalgesia and allodynia to tactile and thermal stimuli
® Autonomic dysfunction
Available Clinical diagnosis ® Skin biopsy — assessment of IENFD
tests ® QST
® QSART
2010 2010 Modified ACR Criteria No established pediatric criteria Besta Criteria (adult): SFN if = 2
Modified ® WHPI: score based on number of painful bodily locations (19 | of the following
ACR Criteria total) ® Clinical signs of small fiber impairment (pinprick and thermal
® SS: score based on number of symptoms including fatigue, sensory loss and/or allodynia and/or hyperalgesia)
waking feeling tired, and concentration/memory problems |® Skin biopsy (abnormal IENFD)
® Fibromyalgia if WPl 2 7 + SS 2 5 OR WPI 3-6 + SS 2 9 ® QST (abnormal warm and cold thresholds)
Treatment Strong evidence: Etiology specific (if known):
options ® Non-pharmacologic ® Immune mediated (ex: Sjogren’s, SLE): IVIg®
o Exercise ® Inflammatory: corticosteroids®
o Physical therapy ® Sarcoidosis: IVIg, anti-TNF
o Cognitive behavioral therapySome evidence: Idiopathic - Evidence in adults:
® Pharmacologic ® Pharmacologic
o Serotonin—norepinephrine reuptake inhibitors o Tricyclic antidepressants
o Selective serotonin reuptake inhibitors o Serotonin—norepinephrine reuptake inhibitors
Some evidence in adults: o Anticonvulsants (pregabalin, gabapentin)
® Pharmacologic
o Pregabalin® & gabapentin
o Tricyclic antidepressants
Prognosis ® Variable: can improve or chronic symptoms can continue |® Good prognosis in immune-mediated and inflammatory SFN
into adulthood with disease-modifying treatment
® Non-pharmacologic therapy has short-term benefits ® |n adults, disease remains stable and pain can be controlled
® Still an area of ongoing research pharmacologically
® Further research needed in children

Notes: *Effects not found to be statistically significant in children; *Evidence in children.

Abbreviations: IBS, irritable bowel syndrome; ACR, American College of Rheumatology; WPI, widespread pain index; SS, symptom severity; IENFD, intraepidermal nerve
fiber density; QST, quantitative sensory testing; QSART, quantitative sudomotor axon reflex test; SLE, systemic lupus erythematosus; [VIg, intravenous immunoglobulin; TNF,
tumor necrosis factor; SFN, small fiber neuropathy.

Moving Forward
While SFN is often idiopathic, it has also been characterized as secondary to metabolic or infectious causes, connective
tissue disorders, neurotoxin exposures, and inherited neuropathies.?>** In children, it has also been associated with
autoinflammatory syndromes.*® Fibromyalgia, on the other hand, has been conventionally considered as a primary
idiopathic syndrome, often associated with other clinical entities such as irritable bowel syndrome, migraine headaches,
and depression.'?

Further research should aim to elucidate whether the conditions associated with having fibromyalgia and small fiber
pathology are more closely aligned with disorders thought to be causative of SFN, compared to patients without small
fiber pathology.
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History &
Physical Exam

Pediatric patient with
chronic widespread pain
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bodily locations
Hyperalgesia and allodynia
to tactile and thermal stimuli
Associated fatigue, anxiety,
IBS, headaches, etc.

'

Possible juvenile fibromyalgia

v

Symmetric and possibly
length dependent pain
Paresthesia or peripheral
autonomic dysfunction
(Sometimes) comorbid
diabetes, connective tissue
disorder, autoinflammatory

syndrome
!

Possible

d small fiber neuropathy
Clinical Diagnosis: 2010 Diagnostic testing available:
Diagnosi Modified ACR criteria (protocol Skin biopsy?2
agnosis for pediatric patients) QST
QSART
[
i v v
Non-pharmacologic Idiopathic SFN SFN with known
Exercise Pharmacologic - in adults etiology
Treatment Physical therapy +  SNRIs Etiology specific
Cognitive behavioural «  Anticonvulsants treatment
therapy (pregabalin,
l gabapentin)
. Tricyclic
If non- antidepressants
pharmacologic
therapy is

ineffective, consider
SFN as possible
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Figure | Proposed diagnostic approach to the investigation of JFM and SFN.

Note: a: Gold standard.

Abbreviations: IBS, irritable bowel syndrome; ACR, American College of Rheumatology; SFN, small fiber neuropathy; QST, quantitative sensory testing; QSART,
quantitative sudomotor axon reflex test; SNRI, serotonin—norepinephrine reuptake inhibitor.

The characterization of the clinical utility of IENFD in pediatric patients with fibromyalgia remains limited. Another
avenue for further research would be to elucidate whether patients with fibromyalgia with and without small fiber
pathology respond differently to therapeutic strategies.

There is also conflicting research regarding the clinical significance of small fiber pathology amongst adult patients
with fibromyalgia as it pertains to the burden of disease.*> More data is likely needed to conclusively determine an
association. As much of the current data is cross-sectional, a longitudinal prospective study may be better suited to
prospectively characterize how an individual patient’s IENFD varies with morbidity. The results of such investigation
could elucidate the possibility of tracking disease progression in a quantitative prognostic manner. As there is evidence
that corneal denervation parallels intraepidermal denervation, a corneal confocal microscopy could potentially be used as
a surrogate for skin biopsy as a minimally invasive procedure for such monitoring.**

Conclusion
In summary, JFM is a chronic pain condition that is predominantly idiopathic and syndromic in nature. Recent research
has uncovered the existence of pathology involving small nerve fibers, in a pattern resembling SFN.>”’

The clinical significance and pathogenesis of these findings are currently ambiguous and deserve to be elucidated.
However, it is important to be aware of these two distinct conditions and their diagnostic modalities, as the treatment and
prognosis are different.

Broadly, if a pediatric patient presents with chronic pain and a symptom profile suggestive of small fiber neuropathy,
skin biopsy is indicated for the diagnosis of this condition. Additionally, in patients previously diagnosed with
fibromyalgia which is refractory to non-pharmacologic therapy, it may be useful to consider SFN as a possibly missed
diagnosis prior to beginning pharmacologic treatment.
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The authors report no conflicts of interest in this work.
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