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Small fiber pathology in fibromyalgia syndrome

Claudia Sommer, Nurcan Ugeyler

Abstract \
About 50% of women with fibromyalgia syndrome have reduced skin innervation. This finding is consistent in patient cohorts from
different regions of the world. Small fiber function may also be affected, as shown by various studies using different methods, such
as quantitative sensory testing or special small fiber neurophysiology such as C-fiber microneurography. Microneurography in
particular has shown increased spontaneous activity, mechanosensitivity, and enhanced activity-induced slowing in C fibers of
patients with fioromyalgia. Generalized reduction of skin innervation, ie, proximally and distally, was associated with higher symptom
severity and more pronounced central nervous system changes as seen in magnetic resonance tomography. The question whether
peripheral or central nervous system changes come first, or whether both are signs of an underlying pathology, has not been
resolved yet. For clinical practice, it isimportant to note that reduced skin innervation in fibromyalgia must not be confused with small
filber neuropathy, which is a separate entity with different characteristics and pathophysiology. Further prospective research is
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warranted to transfer these findings in the peripheral nervous system into clinical fibromyalgia patient management.
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1. Introduction

The first description of reduced small nerve fiber function and
density in skin of patients with fioromyalgia syndrome (FMS)®”
was rapidly confirmed by other groups.®122%:37:4€ Since then, the
discussion has been ongoing, whether there are communalities
between FMS and small fiber neuropathy (SFN),'0:42:53.56
whether small fiber pathology in FMS is primary or second-
ary,263342 and whether it has an impact on FMS symptomatol-
ogy."®*? We, therefore, did a systematic literature search using
the key words “fibromyalgia” AND “small fiber,” where we found
118 articles published between 2013 and 2024. In this narrative
review, we summarize data on small fiber pathology in FMS,
provide evidence that FMS and SFN are distinct entities, and
discuss further implications of malfunction of small nerve fibers for
the pathophysiology of FMS.
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2. Small fiber pathology in fibromyalgia: data from
skin biopsy studies

In our first case—control study, the marked reduction of intra-
epidermal nerve fiber density (IENFD) in the skin of the lower and
upper leg of patients with FMS came by surprise.®” In this study,
we had systematically applied 3 small fiber tests in women with
FMS and found that indeed IENFD was lowered. This finding was
paralleled by elevated thermal perception thresholds in quanti-
tative sensory testing (QST) and findings indicating A-delta fiber
malconduction in pain-related evoked potentials (PREP). When
regarding the group medians, no reduction in skin innervation
was found in healthy persons and in a disease control group
consisting of women with major depression and no pain. Initially,
these data were received very skeptically by the scientific
community because FMS was regarded mainly as a disorder of
central pain processing, if a disease at all. However, the finding of
reduced skin innervation in FMS was confirmed rapidly by
a number of independent groups, 12258746 gch that there was
no more doubt that this was a valid and reproducible finding.
Later studies showed that IENFD is reduced in about 50% of
women with FMS, as confirmed by a recent meta-analysis
including 20 articles involving 903 patients with FMS.2®

Going further, we used electron microscopy to analyze skin
nerve fibers in FMS in more depth. In a new cohort of patients with
FMS, compared with healthy controls and with patients with SFN,
we obtained skin biopsies from both distal and proximal areas of
the leg, as well as the index finger."® These biopsies underwent
processing for immunofluorescence and electron microscopy. To
gauge the diameter of small unmyelinated nerve fibers, we
meticulously measured 10 transversely cut axons from each
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biopsy, the investigator being blinded as to the allocation of
samples. Our findings revealed a noteworthy reduction in the
mean axon diameter among patients with FMS, as compared to
those with SFN and the healthy control group. Of note, this finding
was present at all biopsy sites, indicating a general and not
length-dependent process. In addition, we corroborated pre-
vious observations of disrupted small fiber function by QST and
reduced IENFD in women with FMS.

In a later, comprehensive study involving 117 women with
FMS, we conducted various assessments, including skin punch
biopsy, corneal confocal microscopy (CCM), microneurography,
QST, and PREP. Results revealed a significant reduction in IENFD
at different biopsy sites in 63% of patients with FMS, compared
with 10% in those with major depressive disorder and pain and
18% in healthy controls. Different patterns of skin innervation
were identified in patients with FMS, and microneurography
indicated distinct abnormalities, emphasizing the extent of small
fioer pathology in FMS.'™® Of note, those individuals with
generalized small fiber loss had a more severe form of FMS. We
then investigated potential pathophysiological factors underlying
the small fiber pathology. In 128 patients and 26 healthy controls,
skin punch biopsies were investigated, revealing elevated
expression of transforming growth factor-B1 (TGF-31),
hyperpolarization-activated cyclic nucleotide-gated ion channel
2, ephrin-A4, and ephrin receptor-A4 in fibroblasts and keratino-
cytes. We concluded from these findings that skin cells may
contribute to cutaneous nociception by differentially expressing
membrane-bound and soluble pain mediators and axon path-
finders and that a disturbance in attractant and repellant ephrins
in the epidermis might contribute to reduced IENFD in FMS.#°
This could also be an explanation for the reduced number of
regenerating fibers in the epidermis as indicated by immunore-
activity for growth-associated protein 43 (GAP43).%”

As to dermal and blood-vessel innervation in FMS, data are
scarce. In our first cohort with reduced IENFD, we found reduced
numbers of dermal unmyelinated fibers and normal numbers of
dermal myelinated fibers, indicating a C-fiber-associated patho-
logical process.®” In a second cohort, dermal myelinated and
dermal peptidergic fibers were not different between patients with
FMS and controls, but patients with FMS had a markedly reduced
density of nerve fibers alongside blood vessels.'® In an earlier
study, the innervation of arteriole-venule shunts of glabrous
hypothenar skin was assessed in patients with FMS and healthy
controls revealing that patients with FMS had excessive peptider-
gic innervation.” In addition, arteriole-venule shunt profiles from
patients with FMS were larger in size compared with those in age-
matched control subjects. This finding was not present in thoracic
skin, but thoracic skin had a mildly reduced IENFD compared with
controls. Interestingly, the authors observed that neurovascular
sensory innervation is estrogen-dependent in rats,® that females
normally have twice the sensory innervation to arterioles and
arteriole-venule shunts as males, and that this might predispose
women to developing the excessive sensory innervation of the
arteriole-venule shunts observed in patients with FMS ." See also
Table 1 for a summary of findings.

3. The difference between small fiber pathology in
fibromyalgia and small fiber neuropathy

Although a reduced IENFD can be found in about 50% of female
patients with FMS, this does not automatically imply that they
suffer from an additional SFN or that SFN is even the cause of
fioromyalgia symptoms. First of all, FMS and SFN are clinically
distinct®’; see Table 2. A recent cross-sectional study on 158
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women with FMS and 53 with SFN showed that patients with FMS
were younger at symptom onset, had higher pain intensities, and
had more generalized pain. In FMS, pain was accompanied by
irritable bowel syndrome or sleep disturbances, and in SFN, pain
was accompanied by paresthesias, numbness, and impaired
glucose metabolism. Family history revealed chronic pain and
affective disorders in FMS and other neurological disorders in
patients with SFN. Also, the pattern of small fiber loss was different,
with patients with FMS mainly showing proximally reduced skin
innervation and patients with SFN often having distally accentu-
ated small fiber loss.®" It is plausible that patients with SFN could
develop a widespread pain phenotype over time, as suggested in
Reference 17. However, as highlighted in Reference 31, there are
notable differences in the assessment of symptoms and additional
symptoms between the 2 entities when examined in greater detail.
Of note, skin denervation as an isolated finding is not sufficient to
make the diagnosis of SFN'®'7 and that up to 18% of healthy
controls have impaired skin innervation.’” The finding of reduced
IENFD needs to be evaluated in context of the patient’s pain history
and the results of the neurological examination.

Although some patients with FMS have a length-dependent
reduction of skin innervation, as in length-dependent SFN,9:%°
many have proximally accentuated or even generalized fiber
loss.™ In one study, IENFD was reduced at the thigh in 85% of
patients with FMS and in only 12% of patients at the lower leg.?®
The finding of a proximal reduction of skin innervation is surprising
in view of the normally distal-to-proximal spread of a peripheral
neuropathy. The underlying pathophysiological mechanism
remains to be explored.

Previous studies have shown important physiological and
anatomical differences in C fibers between FMS and SFN.
Activity-induced slowing, a hallmark of C fibers in microneurog-
raphy, was markedly increased in FMS, but not in SFN.%? As
speculation, this may be related to the finding that dermal C fibers
were considerably thinner in FMS, compared with SFN and with
healthy controls, irrespective of the biopsy site (lower leg, upper
leg, and finger); see Figure 1.81°

A study using QST found more pronounced abnormalities in
temperature perception thresholds of patients with SFN than in
patients with FMS, regardless of whether the latter had reduced
IENFD or not.® Interestingly, mild deficits in temperature
sensation were also present in patients with FMS with normal
IENFD, indicating a potential dysfunction that is present even
before overt morphological fiber loss. Furthermore, when
comparing FMS and SFN, there is always the risk of mis-
diagnosis, because of overlapping phenotypes, as shown by
some patients later detected to harbor sodium channelopa-
thies.?? In addition, QST abnormalities related to thermal thresh-
olds in patients with FMS mostly did not cross the normal ranges
(ie, 0 = 1.96). This may be different from what is usually seen in
patients with SFN as was also shown recently.®’

RNA sequencing of keratinocytes obtained from patients with
SFN, FMS, and healthy controls showed 141 deregulated
protein-coding genes between patients with SFN and healthy
controls and none between patients with FMS and healthy
controls.®® When comparing patients with SFN with patients
with FMS, 167 differentially expressed protein-coding genes
(129 upregulated and 38 downregulated) were detected.
Inflammatory pathways were particularly enriched. Validation
in an independent cohort confirmed higher expression of the
proinflammatory mediators interleukin-8, C-X-C motif chemo-
kine 3, endothelin receptor type A, and the voltage-gated
sodium channel 1.7 in SFN compared with FMS. Thus, a distinct
keratinocyte transcriptome signature in SFN, compared with
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Overview of selected studies on small fiber pathology in fibromyalgia syndrome.

Author, y Reference IENFD QST indicates small EP indicates dysfunction of CCM MN Other tests/comments
reduced fiber dysfunction small fibers or their pathological pathological
(leg) ascending tracts
Ugeyleretal. %7 Yes Yes Yes — —
2013
Oaklander 6 Yes — — — —
etal. 2013
Albrecht etal. ! — — — — — Excessive peptidergic
2013 innervation in dermal
arteriovenous shunts
de Tommaso 2 Yes — Yes — —
etal. 2014
Caro and ° Yes — — — —
Winter 2014
Giannoccaro % Yes — — — —
etal. 2014
Kosmidis et al. %" Yes — — — —
2014
Serraetal. %2 — — — — Yes
2014
Doppleretal. '° Yes Yes — — — Electron microscopy reveals
2015 reduced axonal diameters
Evdokimov 19 Yes Yes Yes Yes Yes
etal. 2019
Evdokimov B — — — — — Dermal blood vessel innervation
et al. 2020 reduced
Fasolino etal. % Yes* Yes* Yes* — — SFP not related to
2020 somatosensory function
Vecchioetal. ° Yes — No — — LEPs indicative of central
2020 impairment
Van Assche %8 — — No — — LEPs not pathologic in FMS
etal. 2020
Pickering etal. *’ — Yes — — — Sudomotor function impaired
2020
Leoneetal. Yes Yes — — —
2023
Quitadamo ~ *° Yes — — — — IENFD not changed over time
et al. 2023 (18 mo)
Falcoetal. 2 Yes — — — — Innervation of piloerector
2024 muscles and sweat glands

reduced

CCM, corneal confocal microscopy; EPs, evoked potentials; FMS, fibromyalgia syndrome; IENFD, intraepidermal nerve fiber density; LEPs, laser-evoked potentials; MN, microneurography; QST, quantitative sensory testing;
SFP, small fiber pathology; —, not performed.

* Partially.

controls, indicates a pathological process in the keratinocytes in
this disorder, but notin FMS. Although data interpretation needs
caution because of the low number of subjects investigated,

these findings support the notion of different pathophysiological
mechanisms potentially involving the neurocutaneous unit in
SFN and FMS pain.®®

Differences between fibromyalgia syndrome and small fiber neuropathy.

Parameter FMS SFN References
Age at onset (median, range) 35 (4-65) 47 (12-67) &
Pain localization Proximal, generalized Distal, feet st

Accompanying symptoms

IBS, sleep disturbance

IGT, numbness

31

Pattern of small fiber loss

Generalized

Length-dependent

31

QST

Mild deficits in temperature detection

Strong deficits in temperature detection

40

Activity-induced slowing (MN)

Increased

Regular

52

Gene expression in keratinocytes

Not different from controls

Inflammatory genes upregulated

33

FMS, fibromyalgia syndrome; IBS, irritable bowel syndrome; IGT, impaired glucose tolerance; MN, microneurography; QST, quantitative sensory testing; SFN, small fiber neuropathy.
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diameter (arrows) are found in a patient with FMS (A), but not in a normal control (B). Bar = 2 mm. FMS, fibromyalgia syndrome. Figure from Reference 15,
RightsLink licence number 5817811230620.

A microRNA expression study in patients with FMS identified
aberrantly expressed microRNAs (miR) in white blood cells,
particularly miR-let-7d, which correlated with reduced small
nerve fiber density. The investigation further revealed miR-let-7d
and its downstream target, insulin-like growth factor-1 receptor
(IGF-1R), as being aberrantly expressed in the skin of patients
with FMS with small nerve fiber impairment. Although again
caution is needed when interpreting the data obtained in a small
patient cohort, these findings may establish a link between
systemic miR expression and small fiber pathology in FMS
subgroups.®® No data are available for comparison of the miR and
IGF-1R data in SFN. Interestingly, serum levels of IGF-1 were
reduced in patients with FMS and related to some symptoms,®
supporting the notion of disturbance of the IGF system in FMS.

Interestingly, reduced skin innervation does not seem to be
progressive in FMS. A study with 62 patients with FMS observed
over 18 months found no further decrease in IENFD over time.*°
This is in line with the findings of our cross-sectional study, where
IENFD was not age-related in patients with FMS.'® By contrast,
IENFD is age-dependently reduced in healthy people®® and in
idiopathic and diabetic SFN.3%41:63

4. Small fiber dysfunction in fibromyalgia:
neurophysiological studies

A case—control study examined the function and morphology of
small nerve fibers in 25 patients with FMS, revealing impaired
small fiber function through quantitative sensory testing and
PREP. Patients exhibited abnormal N1 latencies when stimulated
at the feet, and reduced PREP amplitudes at all stimulation sites
compared with healthy and disease controls, indicating abnor-
malities in smalll fibers or their central afferents.®’ In a later study
with also larger control groups, findings on latencies were
reversed, although the finding of reduced amplitudes was
confirmed.'®

Similarly, using laser-evoked potentials (LEPs), mean N2-P2
amplitudes were reduced in FMS, in comparison with healthy
controls and disease controls with migraine.’? Intraepidermal
nerve fiber density correlated with LEP amplitudes when
stimulated at the hand or at the chest tender point, and LEP
habituation correlated with pain at tender points. Not all studies
confirm this finding. In one cohort, no reduction in LEP amplitudes
in FMS was found; however, this was a retrospective analysis.>®
These authors found an age-related decrease in LEP N2-P2
amplitudes in both patients with FMS and healthy controls.

Patients with FMS with and without small fiber pathology were
compared using multichannel LEPs.">  Amplitudes, and

particularly those of the P2 response, were reduced in patients
with distal or proximal reduction of skin innervation. Not all the
authors’ findings were coherent with epidermal nerve fiber
density loss, they, therefore, emphasize the complexity of FMS
and assume additional CNS mechanisms in FMS.®°

Microneurography is a powerful tool to assess the function and
characteristics of C fibers.

Silent nociceptors, ie, C fibers that are not active in healthy
conditions, exhibited abnormalities in 77% of patients with FMS in
one cohort.®2 Spontaneous activity was detected in 31% of FMS
silent nociceptors in FMS, whereas it was present in only 2% in
controls. About 24% of the silent nociceptors in FMS exhibited
sensitization to mechanical stimuli. Both these findings were
similar to those in a cohort of patients with SFN. However,
abnormally high slowing of conduction velocity upon stimulation
at 0.25 Hz (“activity-induced slowing”) was markedly enhanced in
FMS but not in SFN.>? These findings could later be confirmed in
a larger, independent cohort.™®

Impaired sudomotor function has been shown in a subgroup of
patients with FMS.*” A later study set out to assess a possible
association between central sensitization and small nerve fiber
impairment in patients with FMS.'® Using measurements of
electrochemical skin conductance, 20% of patients with FMS
had reduced values. These patients were more severely affected
by the FMS and had higher scores in the central sensitization
inventory. The authors concluded that in FMS, peripheral and
central pathologies coexist and might even promote each other.

In arecent investigation, innervation of piloerector muscles and
sweat glands was reduced in patients with FMS that had
a reduced IENFD, but not as much as in patients with SFN.?
Measures of the autonomic innervation were not correlated with
the severity of autonomic symptoms.

5. Relation of small fiber pathology or dysfunction
and fibromyalgia symptoms

Measures of FMS symptom severity and impact show that
patients with severely and generally reduced IENFD have higher
FMS symptom load than those without.'® The finding that the
subgroup of patients with FMS with reduced skin innervation is
more severely affected by the disease was also confirmed in
another cohort.®° Furthermore, the FMS subgroup with generally
reduced IENFD has a higher degree of CNS pathology as shown
by different methods of magnetic resonance imaging.® Specifi-
cally, the subgroup with reduced skin innervation showed
hyperconnectivity between the inferior frontal gyrus, the angular
gyrus, and the posterior parietal gyrus. Cortical thickness was
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decreased in regions of the frontal, temporal, and parietal of
patients with FMS and further decreased in the bilateral
pericalcarine cortices in the subgroup with smalll fiber pathology.®
Although some of these findings were also described by others
independent of skin innervation patterns,? their pathophysiolog-
ical impact and clinical relevance remain to be elucidated.

Some investigators use CCM parameters to define small fiber
pathology in FMS. Applying this method in a small cohort, CCM
findings were not associated with neuropathic-like symptoms.*?
However, although we also had pathological findings in CCM of
our cohorts, not all patients concomitantly have reduced skin
innervation and CCM abnormalities,'®®® such that findings
derived from each method need to be regarded separately.

It should be mentioned that some studies did not use skin
biopsy, but nevertheless looked for and found small fiber
dysfunction in FMS, eg, applying screening tools for neuropathic
pain'*®" or electrodiagnostic tests of lumbar and sacral nerve
root myotomes.®° Also, in a study testing the ratings for pleasant
touch, patients with FMS rated this slow brushing less pleasant
than controls.”"'® Because the authors found no differences in
brain activity during the touch, the underlying issue might be one
of peripheral innervation, but this was not tested in the study. It is
of note that impairment of small caliber nerve fibers may also lead
to autonomic dysfunction such as dyshidrosis, sexual dysfunc-
tion, or gastrointestinal symptoms. In a recent study, correlations
with small nerve fiber pathology and FMS-associated autonomic
symptoms were described.?' Although not specific and lacking
a disease control group, these data may shed light on the
potentially multifaceted impact of small fiber damage to FMS
symptoms.

Fibromyalgia syndrome pain has been labeled as “nociplastic”
because of the central sensitization component. In this context, it
would be interesting to ask whether small fiber pathology is also
present in other disorders with a nociplastic component, such as
complex regional pain syndrome (CRPS), chronic primary low
back pain, or chronic primary visceral pain. There is little
information on this question. In CRPS, some but not all groups
found a reduced skin innervation,?2® and a condition similar to
SFN has been suspected in a small number of patients with
irritable bowel syndrome, but without biopsy verification.*®

6. What comes first, the brain or the peripheral
nervous system?

Neuroimaging studies identified increased glutamate levels in the
insula of patients with FMS, suggesting a link between
fioromyalgia symptoms and heightened central excitatory neu-
rotransmission.*® A study using a glutamate transport inhibitor in
rats provided preliminary evidence that insular hyperactivity might
be a causal factor in the development of small fiber pathology in
FMS.?” Increasing endogenous glutamate in the insula was
associated with decreases in mechanical paw withdrawal
thresholds and thermal paw withdrawal latency in the rats, as
well as increased aversion to noxious mechanical stimuli. In
parallel, the treated rats had a decrease in IENFD at the paw. The
authors concluded that the reduction in multimodal pain
behaviors and lowered density of skin innervation support the
notion of insular hyperactivity contributing to small fiber pathol-
ogy. These findings still need to be confirmed and, in particular,
verified in patients.

Although it might be tempting to speculate that abnormalities in
the autonomic system, which have been described in FMS to
varying degrees,'"®? influence skin innervation, no evidence for
this has not been shown yet. If physical activity improves skin
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innervation, as suggested by a small study,?* physical decondi-
tioning might do the opposite, but this also has not been
shown yet.

7. Are fibromyalgia syndrome skin findings relevant
for treatment?

Given that about 50% of patients with FMS have small fiber
pathology, it is conceivable that there is a “neuropathic” subtype
of FMS. Accordingly, we hypothesized that those with and
without small fiber pathology would differ in their response to
drugs with good efficacy for neuropathic pain, such as pregabalin
or duloxetine, which are also approved for FMS treatment by the
Food and Drug Administration in the United States. Although no
data from prospective studies are available to answer this
question, we did a retrospective analysis of our own database
and did not find a relation between reduced IENFD and a good
response to antineuropathic drugs.* However, our study was
performed in Germany, where none of these drugs is approved
for FMS treatment, such that fewer patients may have access
to them.

Another question is whether the reduced IENFD in FMS may
improve upon adequate treatment. This has occasionally been
observed in other disorders, although not in all diseases studied,
even under causally oriented treatment,2%-344851.54 It is there-
fore, surprising to see that in a small study using a home-based
multicomponent physical activity intervention that was con-
ducted twice a week, not only measures of disease impact
improved, but also IENFD increased after 18 months.2* Changes
in IENFD were plus 1 fiber at the proximal and plus 2 fibers at the
distal biopsy site in the intervention group, whereas IENFD
remained unchanged in the control group. The increase in IENFD
correlated with improvement in the Fibromyalgia Impact Ques-
tionnaire. Although these data are promising, they need to be
replicated in a larger patient group. Also, such studies need to be
controlled for test-retest reliability.

A small cohort of patients with FMS and reduced IENFD were
treated with intravenous immunoglobulins (IVIg) in a retrospective
pilot study.** Skin punch biopsies were performed, assessing
nerve fiber density and symptoms through a fibromyalgia
questionnaire. After 6 months of IVIg therapy, patients reported
fewer fibromyalgia symptoms, accompanied by improvement in
skin biopsy results. This study suggests IVIg as a potential therapy
in a subset of fiboromyalgia patients with SFN.

8. Discussion

The finding of small fiber pathology in subgroups of women with
FMS has opened up a new area in FMS research and has helped
recognize FMS as a disease. The fact that findings of small fiber
pathology have been confirmed by very many independent
research groups worldwide strengthens the notion that the
peripheral nervous system is involved in subgroups of patients
with FMS and adds to the evidence of a peripheral contribution to
FMS pain.

However, 11 years after its first description, there are still
substantial blind spots and open questions as for the patho-
physiological mechanisms and the clinical relevance of small
nerve fiber impairment in patients with FMS. Hence, long-term
studies and prospective trials assessing a potential diagnostic
relevance of skin punch biopsy assessment in patients with FMS
are warranted and also demanded by patients with FMS who
have high hopes and expectations regarding the advent of an
objective diagnostic tool to be used in clinical practice.
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Fibromyalgia syndrome may be rich in its clinical presentation,
and itis obvious that peripheral nervous system alterations are not
sufficient to explain all aspects of FMS pain, let alone the entire
syndrome. To categorize patients with regard to the peripheral
nervous system, findings may help not only to improve
diagnostics but also to stratify analgesic treatment options.
Analgesic treatment attempts often remain insufficient in applying
the same algorithms and drugs to all patients despite overt
phenotypic heterogeneity spanning a spectrum from focal to
generalized pain and pain accompanied by sensory symptoms
and without small fiber pathology.*® This is also reflected by
heterogeneity in treatment responses, which is a common
observation in clinical practice. Integration of small nerve fiber
assessment into the clinical management of patients with FMS
may help improve treatment stratification when proven efficient in
prospective studies. Furthermore, analgesics recommended by
national and international FMS guidelines do have strong central
effects, and novel developments are warranted to target
peripheral pathology.

When assessing current studies on the small-caliber nerve
fibers, critical appraisal is necessary as for the size of study
cohorts and the statistical analysis performed on each. Here,
small patient groups, the lack of appropriate healthy and disease
control groups, low statistical power, and the application of
inappropriate statistical tests are some aspects to be considered
in future studies to obtain more robust data. Particularly, the
choice of the control groups is essential because small fiber tests
may have divergent results depending on this exact fact as, eg,
we reported for QST. 957 Also, the fact that all findings described
to date are based on group effects and not on an individual basis
needs to be considered. This hampers transfer of the small fiber
tests into clinical practice of FMS management.

The major question about the “why” of small fiber degeneration
and sensitization in FMS is still unsolved. Research is advancing
rapidly, and it is encouraging to see the increase in state-of-the-
art basic science approaches in FMS research including in vivo
animal and human in vitro studies adding substantially to the
careful clinical work that has been performed over decades. The
assessment of potential cellular mechanisms and the impact of
immunological processes will hopefully help to link and un-
derstand the currently many different, mainly single findings
reported in a myriad of articles published on FMS pathophysiol-
ogy. Particularly, the effect of serum autoantibodies recently
raised considerable attention.?® Although the exact mechanisms
remain to be elucidated, the induction of peripheral denervation in
a murine model is encouraging for future studies.

Eleven years after the first description of small fiber pathology in
FMS, there are further crucial questions to be answered. One is,
whether the small caliber nerve fibers are also affected in men
with FMS. This question has not yet been addressed systemat-
ically and data reported from few male study participants in
studies mainly investigating women are not adequately informa-
tive. Furthermore, the longitudinal development of small nerve
fiber degeneration and sensitization needs close attention in
sufficiently powered prospective studies including disease and
healthy controls. Such studies will shed light on the pathophys-
iological impact small fiber impairment may have in FMS. Also, the
riddle of the different skin innervation patterns ranging from
normal to generalized loss needs a solution. Here, the primary
proximal loss of intraepidermal nerve fibers is a particularly
interesting finding of unknown pathophysiology. Finally, data on
the peripheral nervous system need to be linked with the central
nervous system because FMS can only be explained and
understood when focusing on both.
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Still, the finding of small nerve fiber impairment marks
a milestone in FMS research and management. Not only has it
extended our objective view on a condition otherwise challenging
to get a handle on, but even more so: It has helped to
destigmatize patients suffering from a condition that was
marginalized or even assumed nonexistent for decades.
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