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Kim SH, Kim DH, Oh DH, Clauw DJ: Characteristic electron microscopic findings in the 
skin of patients with fibromyalgia – preliminary study. Clin. Rheumatol. 27(3), 407–411 
(2008). Peripheral tissue abnormalities may contribute to the increased pain sensitivity of 
fibromyalgia (FM) patients. To address this issue, the authors obtained skin biopsies from the 
deltoid region of 13 FM patients and five healthy, pain-free control subjects. After fixation, all 
tissues were examined using electron-microscopy (EM) by an investigator who was blinded 
to the participants’ diagnosis. In contrast to healthy controls, the skin biopsies from nine out 
of 13 FM patients showed axons that were localized to the periphery of unmyelinated 
Schwann cell sheaths. These findings were associated with ballooning of Schwann cells, 
diminished folding of Schwann cell sheaths and smaller axonal size. Myelinated nerve fibers 
were unremarkable. The EM findings of this study show that the cutaneous nerve endings of 
FM patients possess unusual architecture, as well as ballooning of their associated Schwann 
cells. Similar changes were not detectable in skin biopsies of healthy pain-free controls.

The authors of this recently published study
focused on peripheral tissue contributions to
fibromyalgia (FM) pain, particularly axonal
abnormalities of cutaneous nerve endings [1].
Tissue samples were obtained through punch
biopsies and evaluated by electron microscopy.
The results showed ballooning of Schwann cells,
as well as lateralization of axons. The authors
speculate that these findings could contribute to
peripheral sensitization in FM. Although this
study was small and its findings need to be inter-
preted with great caution, it raises many impor-
tant questions related to the pathogenesis of FM;
particularly, whether consistent abnormalities
can be detected in peripheral tissues of FM
patients that are associated with the increased
pain sensitivity of these chronic pain patients.
While much attention has been focused on mus-
cles as an important source of abnormal pain
processing, there is also some evidence for
hypersensitivity of skin nociceptors in FM [2].

Small-fiber neuropathies
The differential diagnosis, clinical presentation,
evaluation and treatment of small- or C-fiber neu-
ropathies can be complex. Although such neu-
ropathies are rare, their differential diagnosis is
broad, and includes many components, including
metabolic, toxic, inflammatory, infectious and
genetic disorders. As small nerve fibers contribute
to pain signaling and autonomic functions, these
neuropathies usually present with touch or tem-
perature deficiencies, painful dysesthesias, auto-
nomic dysfunction, or a combination of each.

These neuropathies are especially challenging to
diagnose, as nerve conduction studies and electro-
myography, which help guide the evaluation of
most peripheral neuropathies, may give normal
results in patients with small-fiber neuropathies.
Tests of autonomic function, intra-epidermal
nerve-fiber analysis, microneurography and quan-
titative sensory testing are often required to con-
firm the presence of C-fiber neuropathies.
Frequent causes of such neuropathies include dia-
betes mellitus, peripheral vascular disease, and
toxins. Depending on the type of C-fiber neurop-
athy, autonomic dysfunction can be pronounced
or minimal.

Pathogenesis of fibromyalgia
Fibromyalgia is a chronic, widespread pain syn-
drome that is associated with profound tender-
ness (hyperalgesia and/or allodynia) to pressure.
As with C-fiber neuropathy patients, increased
tenderness to additional stimulus modalities,
including heat, cold, electric current and noxious
chemicals, can be detected in FM. FM represents
the extreme end of the spectrum of chronic
widespread pain (CWP) disorders, but the dif-
ference between FM and CWP is mostly quanti-
tative, not qualitative. The definition of FM
through multiple continuous variables (such as
pain and number of tender points) has created
diagnostic difficulties similar to other medically
relevant syndromes such as diabetes or hyper-
tension (i.e., lacking characteristic features or
clusters of features with a distribution clearly
demarcating afflicted patients from the rest of
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the population). Thus, it has been argued that
FM does not represent a distinct clinical entity.
However, FM clearly displays identifiable risk
factors, as well as a characteristic natural course
and prognosis. Additionally, this chronic pain
syndrome has epidemiological and mechanistic
features that are associated with important clini-
cal outcomes such as organ dysfunction [3] or
even death [4]. 

Pain in FM is consistently felt in deep tissues
and is related to sensitization of peripheral and
CNS pain pathways. Psychophysical testing of
FM patients provides convincing evidence for
peripheral [2], as well as central pain processing
abnormalities, specifically increased temporal
summation of pain in FM patients [5–9]. These
abnormalities result in excessive amplification of
painful signals from peripheral tissues and may
be responsible for the often extreme clinical pain
of FM patients. Although the initiation of cen-
tral sensitization often requires strong and per-
sistent nociceptive stimulation, much less is
necessary for its maintenance [6]. 

Neurotrophins, such as nerve growth factor
(NGF), and tachykinins, such as substance P
(SP), are elevated in the cerebrospinal fluid of FM
patients [10–12]. NGF and SP not only enhance
the sensitivity of nociceptors, but are also associ-
ated with inflammatory regulation [13]. Specifi-
cally, administration of recombinant human
NGF to pain-free volunteers can result in mild to
moderate back pain [14]. Several neuropeptides, in
particular SP, can induce the expression of
cytokines that may sensitize peripheral nerve end-
ings [15]. Not surprisingly, elevated levels of
cytokines (including IL-1ra, -8 and -6) in periph-
eral blood and skin have been reported in FM
patients [16,17]. Of these cytokines, IL-8 is of par-
ticular interest because it can not only increase
nociceptive sensitivity, but is also involved in the
activation of the sympathetic nervous system [18].
Cytokines, as well as SP, have been associated
with inflammation and may very well contribute
to the Schwann cell abnormalities discussed in
this article.

Nevertheless, most FM pain appears to
depend on impulse input from deep tissues, par-
ticularly muscles [19]. The source of peripheral
pain input (so-called ‘pain generators’) is often
difficult to detect, but can perpetuate chronic
pain syndromes. Many, albeit inconsistent, tissue
abnormalities have been reported in muscles of
FM patients, including moth-eaten fibers, rag-
ged red fibers and type II fiber atrophy [20–24]. In
addition, the blood flow to muscles, particularly

the trapezius, seems to be reduced in FM [25].
Muscle microcirculation can be measured by
Doppler ultrasound [25,26], xenon-133 clearance
[27] or oxygen multipoint electrodes on the mus-
cle surface of FM patients [28]. The trapezius and
brachioradialis muscles have been most fre-
quently studied. Abnormal tissue oxygen pres-
sures have been reported in FM patients
compared with normal controls [29]. These
results suggest abnormal capillary micro-
circulation, at least in the upper part of the body.
In addition, decreased blood flow in the tender
point areas of FM patients has also been reported
using intramuscular needle electrodes. However,
these blood-flow abnormalities do not appear to
result from diminished capillary density. On the
contrary, the capillary density of trapezius mus-
cles [30] was increased compared with lower
extremity muscles, including the vastus lateralis
[31]. Other reported muscle abnormalities
include increased thickness of the capillary
endothelium of FM patients [32]. These changes
may either be the cause or the effect of localized
hypoxia. The microcirculation of muscles is not
only regulated by locally produced metabolites
and humoral factors, but also by the autonomic
nervous system (ANS). This important role of
the ANS for chronic muscle pain was demon-
strated by stellate ganglion blockade, which
abolished pain and tender points in FM patients,
whereas sham blockade was ineffective [33].

Thus, muscular ischemia appears to be a rele-
vant mechanism for chronic muscle pain, either
focal or generalized. Hypoxia of muscle tissue,
exacerbated by contraction, is highly effective in
activating unmyelinated muscle nociceptors [34].
Furthermore, muscular blood flow in FM
patients can not only be completely abolished by
isometric or isokinetic exercise [25], but also seems
to recover very slowly [35]. Such findings may
explain why pain is abnormally increased for FM
patients during and after exercise [27,36]. Several
lines of evidence support the fact that strenuous
or intensive exercise can contribute to FM
patients’ hyperalgesia and pain. For example, iso-
metric contractions can increase the mechanical
pain sensitivity of FM patients’ exercised muscles
(hyperalgesia), but render muscles of normal
control subjects hypoalgesic [37]. Similarly, FM
patients show increased heat hyperalgesia after
exercise, whereas healthy controls become less
sensitive [38]. These findings suggest that certain
types of exercise can increase the tonic nocicep-
tive input from FM muscles, resulting in periph-
eral and central sensitization. Whereas strenuous
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exercise seems to activate powerful antinocicep-
tive mechanisms in normal control subjects, this
stress mechanism appears to be either dysfunc-
tional or insufficient to overcome tonic muscle
pain in FM.

 In genetically susceptible individuals, tonic
impulse input from muscles and other tissues can
result in peripheral sensitization as well as neuro-
plastic changes of the CNS, termed central sensiti-
zation. During central sensitization, a cascade of
transcriptional and translational events leads to
heightened sensitivity (hyperalgesia and/or allody-
nia) of second and higher order neurons and
expansion of their receptive fields. It is unclear at
this time why such changes are long-lasting or
even permanent in FM patients. One likely mech-
anism is the abnormal response of FM patients to
stressful events. Specifically, altered neuroendo-
crine and ANS function appears to play an impor-
tant role in the pathogenesis of FM [39–41].
Disturbances of neuroendocrine and ANS func-
tion can trigger many symptoms that are com-
monly observed in FM, including pain, fatigue,
insomnia, mood disorders, weakness and orthos-
tatic intolerance. A number of studies that have
examined coordinated hypothalamic–pitui-
tary–adrenal axis and ANS functioning showed
hyporeactivity to applied stress in FM [12,42–46].
This altered neuroendocrine responsiveness seems
to result from changes in hypothalamic function

and not from a primary adrenal defect. Thus,
neuroendocrine alterations are most likely
involved in the pathophysiology of FM and con-
tribute to its ongoing symptomatology. Owing to
the fact that pain is not only worsened by chronic
stress, but is also an important stressor in its own
right, reductions in stress will likely have a positive
effect on chronic pain and FM.

Future perspective
The study by Kim et al. [1] reported novel and
possibly clinically relevant cutaneous C-fiber
abnormalities in patients with FM. As many
metabolic or toxic factors can contribute to
peripheral nerve damage in chronic pain
patients, more detailed future evaluations will be
necessary. In particular, the correlation of
small-fiber changes in skin and other tissues with
clinical pain and pain sensitivity of FM patients
would be of great interest. 
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Executive summary

• C-fiber changes, including ballooning of Schwann cells, were found in the skin of fibromyalgia (FM) 
patients by Kim et al.

• As small, unmyelinated nerve fibers play a very important role in pain signaling, these abnormalities 
are of great interest, in particular for FM.

•  Although increasing evidence points towards the contribution of muscle nociceptors for FM pain, 
cutaneous nerve fibers could also be involved in the abnormal pain processing of this chronic 
pain syndrome.

• Future larger studies of patients with FM or other chronic pain syndromes are needed to clarify 
these issues.
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