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The pathogenesis of fibromyalgia (FM) has not been clearly elucidated, but central sensitization, which plays an important role in the development of neuropathic pain, is considered
to be the main mechanism. The cutaneous silent period (CSP), which is a spinal reflex
mediated by A-delta cutaneous afferents, is useful for the evaluation of sensorimotor integration at the spinal and supraspinal levels. To understand the pathophysiology of FM, we
compared CSP patterns between patients with FM and normal healthy subjects. Twentyfour patients with FM diagnosed in accordance with the 1990 American College of Rheumatology classification system and 24 age- and sex-matched healthy volunteers were
recruited. The CSP was measured from the abductor pollicis brevis muscle. Demographic
data, number of tender points, and visual analog scale and FM impact questionnaire scores
were collected. The measured CSP and clinical parameters of the patient and control
groups were compared. In addition, possible correlations between the CSP parameters and
the other clinical characteristics were analyzed. Mean CSP latencies did not differ between
patients (55.50 ± 10.97 ms) and healthy controls (60.23 ± 11.87 ms; p = 0.158), although
the mean CSP duration was significantly longer in patients (73.75 ± 15.67 ms) than in controls (63.50 ± 14.05 ms; p = 0.021). CSP variables did not correlate with any clinical variables. The significantly longer CSP duration in FM patients suggests central dysregulation
at the spinal and supraspinal levels, rather than peripheral small fiber dysfunction.
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Introduction
Fibromyalgia (FM) is a syndrome characterized by chronic widespread pain and variable
symptoms such as sleep disturbances, fatigue, depression, and cognitive dysfunction[1]. The
mechanism underlying chronic pain in FM remains unclear, but cumulative evidence has suggested that central pain amplification plays a key role in the fundamental pathogenesis of FM.
Pain amplification refers to augmented pain and sensory processing within the spinal cord and
brain, and is sometimes termed “central sensitization”[2]. Recent neuroimaging studies have
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contributed greatly to our understanding of functional and morphological changes of the brain
structures involved in pain systems in FM. A functional magnetic resonance imaging (fMRI)
study showed that, in response to painful stimuli, FM patients have increased neuronal activation in pain-related brain regions, including the primary and secondary somatosensory cortex,
insula, and anterior cingulate cortex[3]. Voxel-based morphometry (VBM) has demonstrated
reduced gray matter volumes in 3 regions: the anterior, mid-cingulate, and mid-insular cortices
[4]. In addition to a number of neuroimaging studies, various electrophysiological tools such as
nociceptive flexion reflex and transcranial magnetic stimulation have been used to examine
central pain processing in patients with FM. Nociceptive flexion reflex studies in FM show a
decreased pain threshold in patients with FM compared with healthy individuals[5, 6]. Furthermore, two recent studies using transcranial magnetic stimulation have reported decreased
intracortical inhibition in patients with FM, suggesting the presence of deficient central inhibitory mechanisms[7, 8].
The cutaneous silent period (CSP) is a useful tool for investigating pain processing in both
the central and peripheral nervous systems. The CSP is a brief pause in muscle action potentials
following strong stimulation of the cutaneous nerve during a sustained voluntary contraction
[9], and is considered a protective reflex mediated by the spinal inhibitory circuit and reinforced by parallel modulation of the motor cortex[10]. To our knowledge, only two studies
have used the CSP to investigate the processes underlying the pain in FM[11, 12]. These studies
showed significantly prolonged CSP onset latencies in patients with FM compared to controls,
but did not report any differences in CSP duration between groups. On the basis of these
results, the pain mechanism in FM is thought to be associated with a dysfunction of A-delta
fibers, which is in contrast to previous work suggesting a pathophysiological role of the central
nervous system (CNS) in FM. Since FM is diagnosed based on certain criteria and the exclusion
of other possible causes, these discrepancies might have resulted from methodologic flaws
related to the patient inclusion criteria. In both studies, patients were grouped according to
symptoms and nerve conduction study (NCS) findings, and thus FM patients in those two
studies may have included patients with small fiber neuropathies (SFNs).
Based on the assumption that central sensitization is the main mechanism of pain processing in FM, this study compared the CSP in patients with FM confirmed not to have peripheral
nerve dysfunction including small fiber through assessment using NCSs, needle electromyography (EMG), and the quantitative sudomotor axonal reflex test (QSART), with that in healthy
control subjects.

Materials and Methods
Subjects
Patients with FM were recruited from the neurology clinic at a university-affiliated hospital
from September 2013 to October 2014. FM was diagnosed by history-taking and clinical assessment according to the 1990 American College of Rheumatology criteria for FM[13]. Any
patient who had a history of distal symmetric paresthesia or who exhibited abnormal sensory
examination results (pinprick and thermal sensory loss) indicative of small fiber dysfunction
was initially excluded. Patients were also excluded if they had a history of any specific muscle
disease, neuromuscular junction disorder, spinal surgery, or medical condition associated with
peripheral neuropathy such as diabetes mellitus, alcohol abuse, metabolic disorders, malignancy, or long-term drug use. All participants were given the NCS/EMG and QSART, and
patients who had any abnormal findings were excluded. Twenty-four healthy volunteers without any neurological or medical problems were recruited as control subjects.
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Ethics statement
Written informed consent was obtained from all participants before study inclusion. All procedures were in accordance with the Declaration of Helsinki and approved by the Korea University Medical Center Institutional Review Board (IRB no. ED13139).

Clinical evaluation for FM
Demographic data, including age, sex, height and weight, medical history, and disease duration
were recorded. The severity of pain was assessed using a visual analog scale (VAS) of 0 to 100
and tender point count. The Korean version of the FM impact questionnaire (K-FIQ), which
consists of 10 items, was used to assess disease severity, functional disability, and quality of life
[14].

Measurement of CSP and other electrodiagnostic studies
NCS and CSP measurements were performed using standard electrodiagnostic equipment
(Viking Select; Viasys Healthcare, Madison, WI, USA). During NCS and measurement of CSP
parameters, each patient’s skin temperature on the dorsum of the hands and feet was confirmed to be 32°C. NCS was performed using a 1-cm-diameter, disposable, flat-surface electrode in both upper and lower extremities of all patients and healthy controls. Motor NCSs
were performed by stimulating the median, ulnar, peroneal, and posterior tibial nerves at the
wrist, ankle, and knee, with recording at the abductor pollicis brevis (APB), abductor digiti
minimi, extensor digitorum brevis, and abductor hallucis. Sensory NCSs were performed with
median, ulnar, superficial peroneal and sural nerve stimulation. F-waves and H-reflexes were
measured. To minimize the effects of confounding variables, NCS performance was controlled
and regulated in a standard electrodiagnostic laboratory environment[15].
The CSP was recorded by an electromyographer using previously published methodology
[10, 16, 17]. Ring electrodes were used to stimulate the index finger. Electromyographic activity
was recorded using surface electrodes from the APB, with a filter setting of 2 Hz–10 kHz. To
obtain steady maximal contraction, the subject was asked to contract against resistance, and an
EMG audiosignal was used to monitor muscle contraction. During maximal voluntary contraction, a single painful stimulus (80-mA intensity) with a 0.5-ms duration was delivered to the
index finger until a complete silent period of reproducible latency and duration was obtained.
Before measurement, we provided the subject with instructions, and then repeated the test at
least 20 times until we obtained five optimal recordings showing complete silencing of the
motor unit potential with the longest duration and shortest latency (Fig 1). To decrease possible variation in CSP parameters, we used the mean value of the five best CSPs as the final value
for CSP parameters in each subject. CSP latency was defined as the time between the stimulation and beginning of the silent period. CSP duration was defined as the time between the
beginning and endpoint of the silent period. The beginning and endpoint latencies of each CSP
were identified by visual inspection at the beginning of an abrupt decrease or upon return of
EMG activity. The latencies, durations, and endpoints of CSPs were used in the final analysis.
In addition, we rectified each of the CSP traces to reduce artifacts and analyzed the mean CSP
parameters of longest duration and shortest latency.
To evaluate SFN according to the Herrmann diagnostic criteria[18], QSART was performed
using an automatic function test system (Q-Sweat; WR Medical Electronics, Maplewood, MN,
USA), which was controlled and regulated by the standards of an electrodiagnostic laboratory
environment[19]. The stimulus consisted of 10% iontophoresed acetylcholine with a constant
current generator at 2 mA for 5 minutes. Sweat volumes were recorded in the central compartment of a multicompartmental sweat cell from the following 4 sites: the proximal forearm
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Fig 1. An example of CSP waves in a subject. The raw EMG signal was recorded from the APB muscle
after stimulation of the index finger at an 80-mA intensity. We repeatedly measured the CSP waves a
minimum of 20 times. Five traces with a complete silent period were selected.
doi:10.1371/journal.pone.0149248.g001

(25% of the distance from the ulnar epicondyle to the pisiform bone), distal forearm (75% of
the distance from the ulnar epicondyle to the pisiform bone), proximal leg (5 cm distal to the
fibular head), and distal leg (5 cm proximal to the medial malleolus). The QSART results were
considered abnormal if sweat volume was lower than age- and sex-specific reference values.

Statistical analysis
Comparisons of CSP parameters and demographic data between patients with FM and control
subjects were performed using the independent t-test (for CSP parameters, age, and height) or
the chi-square test (for gender). Pearson correlation was used to analyze correlations between
the CSP parameters and clinical data, such as VAS score, K-FIQ score, age, and height. Paired
t-tests were used to analyze the differences between CSP parameters measured by visual inspection and by rectification. Statistical analyses were performed using the Statistical Package for
the Social Sciences (SPSS; release 22.0; Chicago, IL, USA), and p-values <0.05 were considered
to indicate a statistically significant difference.

Results
Clinical characteristics of the subjects
Data for 24 patients with FM and 24 healthy subjects were included in the analysis. Age, height,
CSP onset latency, and CSP duration followed a normal distribution in both patient and control groups.
Women composed 95.8% (23/24) of the patient group and 87.5% (21/24) of the control
group. The mean age for the patient and control groups was 45.2 years (range 20–72 years) and
48.5 years (range 21–69years), respectively. The mean height for the patient and control group
was 159.3 cm and 157.4 cm, respectively. There were no significant differences in age, sex, or
height between the two groups (Table 1).
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Table 1. Demographic data of patients with fibromyalgia and controls.
Patient group (n = 24)

Control group (n = 24)

p-value

Sex (female, %)

23 (95.8%)

21 (87.5%)

0.609

Age (years)

45.21 ± 14.38

48.54 ± 11.84

0.385

Height (cm)

159.25 ± 5.75

157.42 ± 6.14

0.291

TPC (range)

16.9 (11–18)

-

VAS (range)

63.8 (50–80)

-

FIQ (range)

60.7 (32–91)

-

TPC, tender point count; VAS, visual analog scale; FIQ, ﬁbromyalgia impact questionnaire.
Data are presented as mean ± standard deviation. A p-value < 0.05 is considered signiﬁcant
doi:10.1371/journal.pone.0149248.t001

Comparison of CSP parameters between the patient and control groups
CSP onset latencies did not differ significantly between the patient (55.50 ± 10.97 ms) and control groups (60.23 ± 11.87 ms; p = 0.158). However, CSP durations in the patient group
(73.75 ± 15.67 ms) were significantly longer than those in the control group (63.50 ± 14.05 ms;
p = 0.021) (Table 2). CSP parameters did not correlate with clinical parameters, such as VAS
score, K-FIQ score, age, or height.

Comparison of CSP parameters between raw EMG data and rectified
data
There were no significant differences in the mean CSP onset latency and mean CSP duration
between raw EMG data and rectified data (p = 0.218 and p = 0.379, respectively).

Discussion
Mean CSP duration was significantly prolonged in our patients with FM. The circuitry for CSP
is configured such that afferent limbs of the CSP derive from A-delta fibers and the motor neurons receive postsynaptic inhibition through spinal inhibitory interneurons during the CSP[9].
Although the central processing in the CSP circuitry is not fully understood, the CSP might be
modulated by the descending fiber from the motor cortex to the spinal cord[10]. Several studies
have investigated the CSP in patients with central nervous disorders. Pullman et al. reported
that CSP durations were significantly longer in patients with brachial dystonia than in controls,
while CSP onset latencies did not differ between groups[20]. The prolonged duration of CSP in
patients with Parkinson’s disease was significantly lower after L-dopa treatment[21]. Patients
with multiple system atrophy also show prolonged CSP duration[22]. In addition, Han et al.
found significantly longer CSP duration in patients with restless legs syndrome (RLS), which is
considered a central sensitization syndrome[10]. These previous studies suggest that CSP duration may reflect dysfunction of supraspinal control, which exerts modulatory influences on
Table 2. The onset latency and duration of patients with fibromyalgia and controls.
Patient group(n = 24)

Control group(n = 24)

p-value

CSP latency (msec)

55.50 ± 10.97

60.23 ± 11.87

0.158

CSP duration (msec)

73.75 ± 15.67

63.50 ± 14.05

0.021

CSP, cutaneous silent period.
Data are presented as mean ± standard deviation. A p-value < 0.05 is considered signiﬁcant
doi:10.1371/journal.pone.0149248.t002
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spinal excitability. Therefore, our results support the notion that FM is associated with dysfunction of pain modulation mechanisms in the CNS.
We found that the mean CSP latency in patients with FM did not differ from that in healthy
controls. CSP onset latency might be determined by three segments involving different parts of
the circuitry: the peripheral conduction time from stimulation site to spinal cord via A-delta
fibers, the central time required for processing inhibition, and the efferent time from the spinal
cord to muscle motor fibers[23, 24]. The delayed onset latency of CSP has been attributed primarily to a long afferent conduction time, rather than a long central delay[23]. Many clinical
studies have demonstrated a delayed CSP latency in patients with peripheral neuropathies, suggesting that dysfunction of afferent A-delta fibers is responsible for prolonged CSP latency.
Patients with diabetes with small fiber neuropathy experience a significant delay in CSP latency
[17, 25, 26]. A prolonged CSP latency is also observed in patients with HIV-related peripheral
neuropathies[27]. In addition, studies of entrapment neuropathies such as carpal tunnel syndrome have reported significantly prolonged CSP latency in patients compared to healthy control subjects[16, 28]. These previous studies indicate that CSP onset latency could be primarily
affected by afferent impulses from A-delta fibers rather than by supraspinal control in the
CNS. In contrast, we found no significant differences in CSP latency between FM patients and
controls, and suggest that FM may not be associated with dysfunction of afferent A-delta
fibers.
Converging evidence from functional neuroimaging studies has provided a robust basis for
the hypothesis of central pain amplification in the fundamental pathogenesis of FM. A singlephoton emission computed tomography study showed decreased regional cerebral blood flow
in the thalamus and caudate nucleus in 10 patients with FM, suggesting that abnormal pain
perception in FM is associated with functional abnormality within the CNS[29]. Two recent
studies using fMRI have also shown increased brain activation within pain-related regions[3],
and decreased connectivity within the descending pain inhibitory network in FM[30]. In a
VBM study of 10 patients, Kuchinad et al. demonstrated reduced gray matter density in the
cingulate, insular, and medial frontal cortices, and parahippocampal gyrus[31]. In addition to
gray matter abnormalities, a recent study using diffusion tensor imaging demonstrated
increased fractional anisotropy in the postcentral gyri, amygdalae, hippocampi, superior frontal gyri, and anterior cingulate gyri of 30 FM patients, reflecting microstructural white matter
changes of brain areas related to endogenous pain inhibition[32]. Cerebrospinal fluid biochemical studies also support the hypothesis of central pain amplification in FM. Cerebrospinal fluid
of patients with FM contains higher levels of substance P and glutamate[33, 34], but lower levels of serotonin, norepinephrine, and dopamine, compared to controls[35]. Either increased
levels of neurotransmitters that facilitate pain transmission or decreased levels of neurotransmitters that inhibit nociceptive stimulation could augment central pain processing[36].
Although the pathophysiology of FM is not yet fully elucidated, central sensitization is considered the main pathogenesis of FM based on previous studies. Our results further support this
hypothesis.
To the best of our knowledge, only two studies have previously investigated the CSP in FM,
comparing CSP parameters to controls in 28[11] and 32[12] patients and controls, respectively
[11, 12]. In contrast to our findings, both observed longer CSP latency, but no difference in
CSP duration, in patients compared to healthy normal subjects. This discrepancy may be
related to the patient inclusion criteria. SFN is a well-known cause of chronic symmetric pain
and often remains undiagnosed because its symptoms are wide-ranging, largely non-specific,
and not detected by diagnostic testing using NCSs[37]. Quantitative sensory testing, skin
biopsy and quantification of intradermal nerve fiber density, sympathetic skin response or
QSART are used for evaluation of SFN[37–39]. We excluded all patients with indications of
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SFN based on clinical features and QSART findings. SFN and FM share clinical characteristics,
including not only chronic pain, but also fatigue, headache, and gastrointestinal symptoms.
Many patients with SFN are diagnosed with FM before a final diagnosis of SFN is reached. One
study identified SFN in 59% of patients with childhood-onset chronic widespread pain who
were initially diagnosed with FM[40].
Recently, several studies have suggested that SFN could be the cause of, or at least a contributing factor to, pain in FM. Some studies using skin biopsy showed decreased intraepidermal
nerve fiber density in patients with FM[41–45]. Impaired quantitative sensory testing and
pain-related evoked potentials were also observed in FM patients[41]. In addition, a corneal
confocal bio-microscopy study revealed that 17 FM patients have thinner corneal stromal
nerves and diminished sub-basal plexus nerve density[46]. Although recent findings suggested
the potential role of small fibers in FM, small fiber involvement seems to be limited to a subset
of patients with FM. In previous studies using skin biopsy, a minority of FM patients (11 of 27
patients in Oaklander’s study, 6 of 20 patients in Giannoccaro’s study, and 15 of 46 patients in
Kosmidis’s study) had diminished intraepidermal nerve fiber density[43–45]. In addition,
Uceyler et al. recently suggested that it is essential to distinguish between SFN and small fiber
pathology[47]. Small fiber lesions can be found not only in SFN, but also in various diseases
such as RLS and complex regional pain syndrome[48, 49]. Although some patients with FM
have small fiber lesions, whether small fiber pathology is pathogenic or represents a secondary
change in FM remains controversial. It is also possible that SFN represents a comorbid disease
in some cases of FM. Future study is needed to clarify these relationships.
In our patients, CSP parameters did not correlate with clinical parameters such as VAS
score, K-FIQ score, age, and height. It remains controversial whether the CSP is reliable for
evaluating disease severity. Umay et al. reported that prolonged CSP latency in the lower
extremities correlated with FIQ score and the physical health subscale of Short Form-36,
although there was no correlation between CSP latency in the upper extremities and other clinical parameters[12]. However, most studies have not suggested the possibility that CSP could
be useful for evaluating pain severity. Koo et al. found no statistically significant correlation
between CSP parameters and scores on clinical symptom questionnaires in patients with carpal
tunnel syndrome[16]. Han et al. reported that CSP parameters of patients with RLS did not
correlate with clinical variables, including the International Restless Leg Severity Scale score
[10]. Inghilleri et al. reported no changes in CSP parameters after administration of fentanyl in
healthy subjects, even though the painful sensation evoked by electrical stimulation was significantly decreased[50]. Given these results, CSP parameters appear not to be correlated with
pain severity. Further studies with larger numbers of subjects will be needed to investigate the
relationship between CSP parameters and clinical data.
This study was limited by the small number of subjects. Because the measured CSP values
were inconsistent on repeated measurement, a larger number of subjects are needed to reduce
random error. To overcome this limitation, we measured CSPs repeatedly, at least 20 times in
each subject. The CSP measurements were obtained by an expert electromyographer who carefully selected five traces with a complete silent period.
In conclusion, dysfunction of supraspinal control may be responsible for pain in FM, providing further evidence that central sensitization underlies the pathogenesis of FM.

Acknowledgments
This work was supported by a National Research Foundation of Korea (NRF) grant funded by
the Korean Government (MSIP; no. NRF-2015R1A5A7037674) and the Technology Innovation Program (or the Industrial Strategic Technology Development Program) (10049743,

PLOS ONE | DOI:10.1371/journal.pone.0149248 February 12, 2016

7 / 10

Lengthened CSP in FM Suggesting Central Sensitization

“Establishing a medical device development open platform, as a hub for accelerating close
firm-hospital communication”) funded by the Ministry of Trade, Industry and Energy (MI,
Korea).
In addition, we would like to thank our colleagues in the Department of Neurology, Korea
University Medical Center, for their enthusiastic assistance.

Author Contributions
Conceived and designed the experiments: BJK. Performed the experiments: SHB. Analyzed the
data: SHB HYS YSK BJK. Contributed reagents/materials/analysis tools: HYS BJK. Wrote the
paper: SHB HYS BJK.

References
1.

Schmidt-Wilcke T, Clauw DJ. Fibromyalgia: from pathophysiology to therapy. Nat Rev Rheumatol.
2011; 7(9):518–27. Epub 2011/07/20. doi: 10.1038/nrrheum.2011.98 PMID: 21769128.

2.

Yunus MB. Fibromyalgia and overlapping disorders: the unifying concept of central sensitivity syndromes. Semin Arthritis Rheum. 2007; 36(6):339–56. doi: 10.1016/j.semarthrit.2006.12.009 PMID:
17350675.

3.

Gracely RH, Petzke F, Wolf JM, Clauw DJ. Functional magnetic resonance imaging evidence of augmented pain processing in fibromyalgia. Arthritis Rheum. 2002; 46(5):1333–43. Epub 2002/07/13. doi:
10.1002/art.10225 PMID: 12115241.

4.

Robinson ME, Craggs JG, Price DD, Perlstein WM, Staud R. Gray matter volumes of pain-related brain
areas are decreased in fibromyalgia syndrome. J Pain. 2011; 12(4):436–43. Epub 2010/12/15. doi: 10.
1016/j.jpain.2010.10.003 PMID: 21146463; PubMed Central PMCID: PMCPmc3070837.

5.

Desmeules JA, Cedraschi C, Rapiti E, Baumgartner E, Finckh A, Cohen P, et al. Neurophysiologic evidence for a central sensitization in patients with fibromyalgia. Arthritis Rheum. 2003; 48(5):1420–9.
Epub 2003/05/15. doi: 10.1002/art.10893 PMID: 12746916.

6.

Banic B, Petersen-Felix S, Andersen OK, Radanov BP, Villiger PM, Arendt-Nielsen L, et al. Evidence
for spinal cord hypersensitivity in chronic pain after whiplash injury and in fibromyalgia. Pain. 2004; 107
(1–2):7–15. Epub 2004/01/13. PMID: 14715383.

7.

Mhalla A, de Andrade DC, Baudic S, Perrot S, Bouhassira D. Alteration of cortical excitability in patients
with fibromyalgia. Pain. 2010; 149(3):495–500. Epub 2010/04/02. doi: 10.1016/j.pain.2010.03.009
PMID: 20356675.

8.

Schwenkreis P, Voigt M, Hasenbring M, Tegenthoff M, Vorgerd M, Kley RA. Central mechanisms during fatiguing muscle exercise in muscular dystrophy and fibromyalgia syndrome: a study with transcranial magnetic stimulation. Muscle Nerve. 2011; 43(4):479–84. Epub 2011/02/10. doi: 10.1002/mus.
21920 PMID: 21305574.

9.

Floeter MK. Cutaneous silent periods. Muscle Nerve. 2003; 28(4):391–401. Epub 2003/09/25. doi: 10.
1002/mus.10447 PMID: 14506711.

10.

Han JK, Oh K, Kim BJ, Koh SB, Kim JY, Park KW, et al. Cutaneous silent period in patients with restless
leg syndrome. Clin Neurophysiol. 2007; 118(8):1705–10. Epub 2007/06/26. doi: 10.1016/j.clinph.2007.
04.024 PMID: 17587642.

11.

Sahin O, Yildiz S, Yildiz N. Cutaneous silent period in fibromyalgia. Neurol Res. 2011; 33(4):339–43.
Epub 2011/05/04. doi: 10.1179/016164110x12767786356516 PMID: 21535931.

12.

Umay E, Ulas U, Unlu E, Akgun H, Cakci A, Odabasi Z. Importance of cutaneous silent period in fibromyalgia and its relationship with disease characteristics, psychological disorders and quality of life of
patients. Rev Bras Reumatol. 2013; 53(3):288–95. Epub 2013/09/21. PMID: 24051912.

13.

Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL, et al. The American College of Rheumatology 1990 Criteria for the Classification of Fibromyalgia. Report of the Multicenter Criteria Committee. Arthritis Rheum. 1990; 33(2):160–72. Epub 1990/02/01. PMID: 2306288.

14.

Kim YA, Lee SS, Park K. Validation of a Korean version of the Fibromyalgia Impact Questionnaire. J
Korean Med Sci. 2002; 17(2):220–4. Epub 2002/04/19. PMID: 11961307; PubMed Central PMCID:
PMCPmc3054848.

15.

Koo YS, Cho CS, Kim BJ. Pitfalls in using electrophysiological studies to diagnose neuromuscular disorders. Journal of clinical neurology (Seoul, Korea). 2012; 8(1):1–14. Epub 2012/04/24. doi: 10.3988/
jcn.2012.8.1.1 PMID: 22523508; PubMed Central PMCID: PMCPmc3325427.

PLOS ONE | DOI:10.1371/journal.pone.0149248 February 12, 2016

8 / 10

Lengthened CSP in FM Suggesting Central Sensitization

16.

Koo YS, Park HR, Joo BE, Choi JY, Jung KY, Park KW, et al. Utility of the cutaneous silent period in the
evaluation of carpal tunnel syndrome. Clin Neurophysiol. 2010; 121(9):1584–8. Epub 2010/04/10. doi:
10.1016/j.clinph.2010.03.012 PMID: 20378398.

17.

Kim BJ, Kim NH, Kim SG, Roh H, Park HR, Park MH, et al. Utility of the cutaneous silent period in
patients with diabetes mellitus. J Neurol Sci. 2010; 293(1–2):1–5. Epub 2010/04/27. doi: 10.1016/j.jns.
2010.03.032 PMID: 20417526.

18.

Thaisetthawatkul P, Fernandes Filho JA, Herrmann DN. Contribution of QSART to the diagnosis of
small fiber neuropathy. Muscle Nerve. 2013; 48(6):883–8. Epub 2013/05/08. doi: 10.1002/mus.23891
PMID: 23649502.

19.

Low PA, Tomalia VA, Park KJ. Autonomic function tests: some clinical applications. Journal of clinical
neurology (Seoul, Korea). 2013; 9(1):1–8. Epub 2013/01/25. doi: 10.3988/jcn.2013.9.1.1 PMID:
23346153; PubMed Central PMCID: PMCPmc3543903.

20.

Pullman SL, Ford B, Elibol B, Uncini A, Su PC, Fahn S. Cutaneous electromyographic silent period findings in brachial dystonia. Neurology. 1996; 46(2):503–8. Epub 1996/02/01. PMID: 8614522.

21.

Serrao M, Parisi L, Valente G, Martini A, Fattapposta F, Pierelli F, et al. L-Dopa decreases cutaneous
nociceptive inhibition of motor activity in Parkinson's disease. Acta Neurol Scand. 2002; 105(3):196–
201. Epub 2002/03/12. PMID: 11886364.

22.

Stetkarova I, Kofler M, Majerova V. Cutaneous silent periods in multiple system atrophy. Biomed Pap
Med Fac Univ Palacky Olomouc Czech Repub. 2013. Epub 2013/11/13. doi: 10.5507/bp.2013.081
PMID: 24217019.

23.

Leis AA. Cutaneous silent period. Muscle Nerve. 1998; 21(10):1243–5. Epub 1998/09/15. PMID:
9736051.

24.

Svilpauskaite J, Truffert A, Vaiciene N, Magistris MR. Electrophysiology of small peripheral nerve fibers
in man. A study using the cutaneous silent period. Medicina (Kaunas). 2006; 42(4):300–13. Epub 2006/
05/12. PMID: 16687902.

25.

Yaman M, Uluduz D, Yuksel S, Pay G, Kiziltan ME. The cutaneous silent period in diabetes mellitus.
Neurosci Lett. 2007; 419(3):258–62. Epub 2007/05/08. doi: 10.1016/j.neulet.2007.04.018 PMID:
17481812.

26.

Onal MR, Ulas UH, Oz O, Bek VS, Yucel M, Taslipinar A, et al. Cutaneous silent period changes in
Type 2 diabetes mellitus patients with small fiber neuropathy. Clin Neurophysiol. 2010; 121(5):714–8.
Epub 2010/02/09. doi: 10.1016/j.clinph.2009.12.024 PMID: 20138004.

27.

Osio M, Zampini L, Muscia F, Valsecchi L, Comi C, Cargnel A, et al. Cutaneous silent period in human
immunodeficiency virus-related peripheral neuropathy. J Peripher Nerv Syst. 2004; 9(4):224–31. Epub
2004/12/03. doi: 10.1111/j.1085-9489.2004.09400.x PMID: 15574135.

28.

Svilpauskaite J, Truffert A, Vaiciene N, Magistris MR. Cutaneous silent period in carpal tunnel syndrome. Muscle Nerve. 2006; 33(4):487–93. Epub 2006/01/05. doi: 10.1002/mus.20496 PMID:
16392119.

29.

Mountz JM, Bradley LA, Modell JG, Alexander RW, Triana-Alexander M, Aaron LA, et al. Fibromyalgia
in women. Abnormalities of regional cerebral blood flow in the thalamus and the caudate nucleus are
associated with low pain threshold levels. Arthritis Rheum. 1995; 38(7):926–38. PMID: 7612042.

30.

Jensen KB, Loitoile R, Kosek E, Petzke F, Carville S, Fransson P, et al. Patients with fibromyalgia display less functional connectivity in the brain's pain inhibitory network. Mol Pain. 2012; 8:32. Epub 2012/
04/28. doi: 10.1186/1744-8069-8-32 PMID: 22537768; PubMed Central PMCID: PMCPmc3404927.

31.

Kuchinad A, Schweinhardt P, Seminowicz DA, Wood PB, Chizh BA, Bushnell MC. Accelerated brain
gray matter loss in fibromyalgia patients: premature aging of the brain? J Neurosci. 2007; 27(15):4004–
7. doi: 10.1523/JNEUROSCI.0098-07.2007 PMID: 17428976.

32.

Lutz J, Jager L, de Quervain D, Krauseneck T, Padberg F, Wichnalek M, et al. White and gray matter
abnormalities in the brain of patients with fibromyalgia: a diffusion-tensor and volumetric imaging study.
Arthritis Rheum. 2008; 58(12):3960–9. doi: 10.1002/art.24070 PMID: 19035484.

33.

Russell IJ, Orr MD, Littman B, Vipraio GA, Alboukrek D, Michalek JE, et al. Elevated cerebrospinal fluid
levels of substance P in patients with the fibromyalgia syndrome. Arthritis Rheum. 1994; 37(11):1593–
601. PMID: 7526868.

34.

Sarchielli P, Mancini ML, Floridi A, Coppola F, Rossi C, Nardi K, et al. Increased levels of neurotrophins
are not specific for chronic migraine: evidence from primary fibromyalgia syndrome. J Pain. 2007; 8
(9):737–45. doi: 10.1016/j.jpain.2007.05.002 PMID: 17611164.

35.

Russell IJ, Vaeroy H, Javors M, Nyberg F. Cerebrospinal fluid biogenic amine metabolites in fibromyalgia/fibrositis syndrome and rheumatoid arthritis. Arthritis Rheum. 1992; 35(5):550–6. PMID: 1374252.

36.

Smith HS, Harris R, Clauw D. Fibromyalgia: an afferent processing disorder leading to a complex pain
generalized syndrome. Pain Physician. 2011; 14(2):E217–45. PMID: 21412381.

PLOS ONE | DOI:10.1371/journal.pone.0149248 February 12, 2016

9 / 10

Lengthened CSP in FM Suggesting Central Sensitization

37.

Samuelsson K, Kostulas K, Vrethem M, Rolfs A, Press R. Idiopathic small fiber neuropathy: phenotype,
etiologies, and the search for fabry disease. Journal of clinical neurology (Seoul, Korea). 2014; 10
(2):108–18. Epub 2014/05/16. doi: 10.3988/jcn.2014.10.2.108 PMID: 24829596; PubMed Central
PMCID: PMCPmc4017013.

38.

Park SY, Kim YA, Hong YH, Moon MK, Koo BK, Kim TW. Up-regulation of the receptor for advanced
glycation end products in the skin biopsy specimens of patients with severe diabetic neuropathy. Journal of clinical neurology (Seoul, Korea). 2014; 10(4):334–41. Epub 2014/10/18. doi: 10.3988/jcn.2014.
10.4.334 PMID: 25324883; PubMed Central PMCID: PMCPmc4198715.

39.

Erdem Tilki H, Coskun M, Unal Akdemir N, Incesu L. Axon count and sympathetic skin responses in
lumbosacral radiculopathy. Journal of clinical neurology (Seoul, Korea). 2014; 10(1):10–6. Epub 2014/
01/28. doi: 10.3988/jcn.2014.10.1.10 PMID: 24465257; PubMed Central PMCID: PMCPmc3896643.

40.

Oaklander AL, Klein MM. Evidence of small-fiber polyneuropathy in unexplained, juvenile-onset, widespread pain syndromes. Pediatrics. 2013; 131(4):e1091–100. doi: 10.1542/peds.2012-2597 PMID:
23478869; PubMed Central PMCID: PMC4074641.

41.

Uceyler N, Zeller D, Kahn AK, Kewenig S, Kittel-Schneider S, Schmid A, et al. Small fibre pathology in
patients with fibromyalgia syndrome. Brain. 2013; 136(Pt 6):1857–67. Epub 2013/03/12. doi: 10.1093/
brain/awt053 PMID: 23474848.

42.

Caro XJ, Winter EF. Evidence of abnormal epidermal nerve fiber density in fibromyalgia: clinical and
immunologic implications. Arthritis Rheumatol. 2014; 66(7):1945–54. Epub 2014/04/11. doi: 10.1002/
art.38662 PMID: 24719395.

43.

Oaklander AL, Herzog ZD, Downs HM, Klein MM. Objective evidence that small-fiber polyneuropathy
underlies some illnesses currently labeled as fibromyalgia. Pain. 2013; 154(11):2310–6. Epub 2013/06/
12. doi: 10.1016/j.pain.2013.06.001 PMID: 23748113; PubMed Central PMCID: PMCPmc3845002.

44.

Giannoccaro MP, Donadio V, Incensi A, Avoni P, Liguori R. Small nerve fiber involvement in patients
referred for fibromyalgia. Muscle Nerve. 2014; 49(5):757–9. Epub 2014/01/29. doi: 10.1002/mus.24156
PMID: 24469976.

45.

Kosmidis ML, Koutsogeorgopoulou L, Alexopoulos H, Mamali I, Vlachoyiannopoulos PG, Voulgarelis
M, et al. Reduction of Intraepidermal Nerve Fiber Density (IENFD) in the skin biopsies of patients with
fibromyalgia: a controlled study. Journal of the neurological sciences. 2014; 347(1–2):143–7. Epub
2014/10/12. doi: 10.1016/j.jns.2014.09.035 PMID: 25304055.

46.

Ramirez M, Martinez-Martinez LA, Hernandez-Quintela E, Velazco-Casapia J, Vargas A, MartinezLavin M. Small fiber neuropathy in women with fibromyalgia. An in vivo assessment using corneal confocal bio-microscopy. Seminars in arthritis and rheumatism. 2015; 45(2):214–9. Epub 2015/06/22. doi:
10.1016/j.semarthrit.2015.03.003 PMID: 26094164.

47.

Uceyler N, Sommer C. Reply: Small fibre neuropathy, fibromyalgia and dorsal root ganglia sodium
channels. Brain: a journal of neurology. 2013; 136(Pt 9):e247. Epub 2013/06/05. doi: 10.1093/brain/
awt115 PMID: 23729475.

48.

Polydefkis M, Allen RP, Hauer P, Earley CJ, Griffin JW, McArthur JC. Subclinical sensory neuropathy
in late-onset restless legs syndrome. Neurology. 2000; 55(8):1115–21. Epub 2000/11/09. PMID:
11071488.

49.

Oaklander AL, Rissmiller JG, Gelman LB, Zheng L, Chang Y, Gott R. Evidence of focal small-fiber axonal degeneration in complex regional pain syndrome-I (reflex sympathetic dystrophy). Pain. 2006; 120
(3):235–43. Epub 2006/01/24. doi: 10.1016/j.pain.2005.09.036 PMID: 16427737.

50.

Inghilleri M, Conte A, Frasca V, Berardelli A, Manfredi M, Cruccu G. Is the cutaneous silent period an
opiate-sensitive nociceptive reflex? Muscle Nerve. 2002; 25(5):695–9. Epub 2002/05/08. doi: 10.1002/
mus.10101 PMID: 11994963.

PLOS ONE | DOI:10.1371/journal.pone.0149248 February 12, 2016

10 / 10

