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Purpose: Increasing evidence suggests that fibromyalgia most likely

a neurological dysfunction. We previously hypothesized that at least some fibromyalgia

represents

cases may be caused by irritation of nerve root fibers and sensory neurons due to moderately
increased cerebrospinal pressure. Because of the rostro-caudal hydrostatic pressure gradient,
neurogenic abnormalities are expected to be most pronounced in sacral nerve roots. The
purpose was to review electrodiagnostic tests of patients with fibromyalgia.

Methods: A retrospective review of electrodiagnostic test results, including the lumbar and
sacral nerve root myotomes of patients diagnosed with fibromyalgia according to the 1990
criteria of the American College of Rheumatology was done.

Results: All 17 patients were female. Sural nerve responses could not be elicited in 12% and
S1-Hoffmann reflex latencies were increased in 41%. In 12% of the patients, fibular motor
nerve distal latency and conduction velocity were outside normal limits. Needle-EMG
revealed neurogenic motor unit potentials in 0% of L2, 6% of L3, 29% of L4, 71% of L5,
47% of S1, 94% of S2, and 76% of S3-S4 myotomes. S3-S4 nerve-supplied anal reflexes
were delayed in 94%.

Conclusion: This is the first time that electrodiagnostic data of both lumbar and sacral nerve
root myotomes in fibromyalgia patients are presented. All patients showed neurogenic
abnormalities that were more pronounced in the sacral than in the lumbar myotomes with
a rather patchy distribution pattern. We propose that, in addition to skin punch biopsies to
assess small fiber neuropathy, assessment of the anal reflex may be a useful part of the
diagnostic pathway in patients with fibromyalgia.

Keywords: large fiber neuropathy, anal reflex, sacral nerves, nerve conduction studies,
needle EMG

Introduction
The cause of fibromyalgia (FM) remains elusive. Increasing evidence, however,
indicates that at least some FM cases are probably due to a neurological dysfunc-
tion. Up to 94% of patients with FM (PFM) present with neurological complaints,
such as paresthesia (prickling, needles, numbness), electric shocks and bursts,
evoked pain when wearing tight clothes or when touching the skin, hot and burning
pain sensations, sensitivity to temperature, severe pressure pain, and weakness in
the arms and legs.'

Moreover, in PFM, multiple objective neurological symptoms can be detected,
such as sensory abnormalities (impairments in vibration, temperature, or pinprick
sensation), elevated temperature and mechanical detection thresholds, muscle

weakness, poor balance, and walking difficulties (sensory ataxia).'**™®
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Since 2013, microscopic studies of skin biopsies, cor-
neal confocal microscopy and electrodiagnostic (EDX)
studies have detected small fiber neuropathy (SFNP) in
up to 50% of PFM.>%%'* Recently, EDX evidence for
large nerve involvement in 90% of PFM was reported.”

Previously, we hypothesized that at least some FM cases
may be caused by moderately longstanding or intermittently
increased cerebrospinal fluid pressure, forcing cerebrospinal
fluid (CSF) into the nerve root sheaths. This increased pres-
sure inside the nerve root sheaths may irritate or damage the
nerve root fibers and the sensory neurons in the dorsal root
ganglion (DRG), causing widespread radicular pain.'’
Because of the human upright position, hydrostatic pressure
is the highest in the lowest nerve roots; therefore, according
to this hypothesis, EDX abnormalities are expected to be
more pronounced in sacral nerve roots.

The aim of this study was to retrospectively review
EDX tests of PFM, which included lumbar and sacral

nerve roots.

Materials and Methods

The electronic database of a physiatrist outpatient clinic
for patients consulting for musculoskeletal pain was
searched to identify patients previously diagnosed with
FM according to the 1990 criteria of the American
College of Rheumatology.

Patients were referred because of pain and/or paresthe-
sia in the low back, the pelvis, the legs and/or perineal
pain. None of the patients showed EDX evidence of poly-
neuropathy or suffered diabetes.

Only those who had undergone EDX tests of the lum-
bar and sacral nerve root myotomes conducted by the
same expert eclectrophysiologist skilled in pelvic floor
and foot muscle EDX (FB) were selected.

A Natus Synergy EMG machine (Natus Medical
Incorporated 6701 Koll Center Parkway, Suite 120,
Pleasanton, CA 94566 USA) with filter settings from 20
hertz (low) to 20,000 hertz (high) and Natus disposable
concentric needle electrodes, 25 mm in length and 30G,
0.33 mm in diameter, were used.

The submitted study was approved by the institutional
review board AZ Rivierenland Bornem. Because of the retro-
spective nature of the study, patient consent to review their
medical records was not required by the AZ Rivierenland
Bornem IRB. Patient data were anonymized and were treated

in compliance with the Declaration of Helsinki.

Nerve Conduction Studies
Nerve conduction studies included the sural nerves (con-
taining fibers from nerve roots S1 and S2), the motor
fibular nerves and the S1 Hoffmann reflexes (the electro-
physiological equivalent of the Achilles tendon reflex).

For the sural nerves, the stimulation site was slightly
lateral to the calf midline, 14 cm from the detecting
electrode, which was placed posteroinferior to the lateral
malleolus. The local skin temperature was > 30°C. The
latencies to onset and onset-to-peak amplitude were calcu-
lated. The reference values for normal latency were < 3.6
milliseconds (ms) and amplitude > 6 microvolts (LV).

For the motor fibularis profundus nerve, the detecting
electrode was placed on the extensor digitorum brevis
muscle. The stimulating site at the ankle was 5-8 cm
proximal to the recording electrode, lateral to the tendon
of the m. tibialis anterior muscle and below the knee, and
2-5 cm distal to the proximal part of the caput fibulae.
Distal motor latencies, baseline-to-peak amplitudes, and
nerve conduction velocities were recorded. The reference
values for normal conduction velocity were > 39 m/sec,
latency < 6 ms and amplitude > 1000 pV.'¢

To obtain the S1 Hoffmann reflex, the stimulating
electrode was placed over the popliteal tibial nerve in the
popliteal fossa with the leg stretched and the recording
electrode placed on the medial head of the gastrocnemius
muscle. The reference values were a latency < 32 ms for
body length <1.80 m, or a left-right difference of <2 ms."”

Needle Electromyography (EMG)

Needle EMG included lumbar and sacral myotomes: vas-
tus medialis muscle (L3); vastus lateralis muscle (L4);
extensor digitorum longus muscle (L5); tibialis anterior
muscle (L4-L5); medial head of the gastrocnemius muscle
(S1); tibial nerve-supplied intrinsic foot muscles (S2); and
external anal sphincter (S3-S4).

During needle EMG, the presence of abnormal spon-
taneous activity during muscle relaxation as a sign of
axonal motor irritation or denervation and/or the pre-
sence of at least 50% polyphasic motor unit potentials
(MUPs) during muscle contraction were considered
abnormal. Most muscles normally show only 5-25%
polyphasic MUPs. '

We doubled the highest amount to 50% polyphasic
MUPs as the cutoff value to avoid overestimating the
findings at 25%.
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Anal Reflex

The S3-S4 nerve-supplied external anal sphincter guarding
reflex (anal reflex) is the electrophysiological equivalent of
the anocutaneous reflex, a reflexive contraction of the exter-
nal anal sphincter upon stroking the perianal skin. The anal
reflex is imperative for bowel continence. A reflex arc con-
sists of both a motor (efferent) and a sensory (afferent) limb.
Needle EMG of the anal sphincter evaluates only the motor
limb, whereas when assessing the anal reflex, the sensory
limb would also be included. Because both the external anal
sphincter and urethral sphincter are innervated by the S3-S4
nerves, this perineal reflex also indirectly provides informa-
tion about the urethral sphincter.?’

The patients lay on their left side. The needle was first
inserted on the left side and then on the right side of the
sphincter (3 and 9 o’clock positions) at the mucocutaneous
junction at a depth of approximately 3 mm. Electrical stimu-
lation with a maximal pulse (300 V, 35mA) and 1-ms dura-
tion on the midline of the sacrum, just caudal of the
sacrococcygeal joint, evokes a reflex contraction of the exter-
nal anal sphincter mediated via the sacral nerve roots 3 and 4.
The latency was measured from the onset of the stimulation
artifact to the onset of the clearly defined reflex response at
the external anal sphincter (Figure 1). The reference value for

anormal latency was <40 ms (or < 45 ms in women who had
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given vaginal birth) and/or a left-right difference < 6.0 ms or
left-right difference in amplitude < 500 pV.!

Figure 1 shows an example of a significantly delayed
anal reflex response of 66.80 ms.

Results

EDX studies that included lumbar and sacral nerve root
myotomes of seventeen patients (all female) were
retrieved. The mean age was 45.8 + 9.9 years (range:
35-67 years). Table 1 shows the results of the nerve

conduction studies and needle EMG.

Nerve Conduction Studies
The sural nerve response could not be elicited in 12% of the
PFM. In 88% of the patients, the amplitude was < 12 pV.
Hoffmann reflex latencies were delayed in 41% (35%
unilaterally and 6% bilaterally).
In 12% of the patients, fibular motor nerve conduction
latency and conduction velocity were not within normal limits.

Needle EMG

Neurogenic MUPs were observed in 0% of L2 myotomes,
6% of L3 myotomes, 29% of L4 myotomes, 71% of L5
myotomes, 47% of S1 myotomes, 94% of S2 myotomes,
and 76% of S3-S4 myotomes.

Figure | Example of a significantly delayed anal reflex response of 66.80 ms (cutoff for latency < 40 ms or < 45 ms in women who had given vaginal birth). The blue vertical

cursor indicates the onset of the anal reflex response.
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Table | Results of Nerve Conduction Studies and Needle EMG
in Patients with Fibromyalgia

Nerves Number and
Percentage of

Patients with

EMG
Abnormalities
(Total N =17)
Nerve Conduction Studies
Sural nerve 2 12%
Latency: >3.6 ms (14 cm)
Fibular nerve 2 12%
Conduction velocity: <39 m/sec; latency: >6 ms;
amplitude: <1000 pV
Hoffmann reflex 7 41%

Latency: >32 ms; left/right difference >2 ms
Anal reflex 16 94%
Latency: >40 ms or >45 ms in women who had

given vaginal birth; left/right difference > 6 ms;

amplitude: left-right difference 2500 pVv

Needle EMG

250% neurogenic motor unit potentials

L2 0 0%

L3 | 6%

L4 5 29%
LS 12 71%
Sl 8 47%
S2 16 94%
S3-S4 13 76%

Abnormal spontaneous activity, including prolonged
insertional activity, fibrillation potentials, positive sharp
waves, and isolated or repetitive fasciculation potentials,
was detected in 82% of S2 myotomes, in 6% of L5
myotomes and in 18% of S1 myotomes.

Anal Reflex
Ninety-four percent of the PFM showed delayed S3-S4
nerve root-supplied anal reflexes: unilaterally delayed in
47% and bilaterally delayed in 47%.

Three of the patients with a unilaterally delayed anal
reflex did not show significant needle EMG abnormalities
in the external anal sphincter on that side.

Discussion

This review of EDX studies of a cohort of 17 PFM
revealed nerve conduction and needle EMG abnormalities
in multiple lumbar and sacral myotomes in all patients. All
but one patient showed delayed S3-S4 nerve root-supplied

anal reflex. Because the sacral nerve roots are more
affected than the lumbar nerve roots, these findings indi-
cated that the abnormalities may have been caused by
increased hydrostatic pressure in the nerve root sheaths.

Nerve Conduction Studies
Sural nerve responses could not be elicited in 12%. In 88%
of the PFM, the amplitude was < 12 pV. In an EMG study
in patients clinically suspected of having SFNP,
a relationship was observed between mild degrees of
large fiber dysfunction and small fiber loss. According to
the authors, this indicated that in patients with SFNP, small
fiber dysfunction was accompanied by discrete alterations
in large fiber function that fell within normal ranges. For
example, in their study, a sural nerve action potential <12
nV was associated with SFNP, although the amplitude was
>6 uV. This threshold value of <12 puV defined SFNP
cases with 80% sensitivity and 72%  specificity.**
Similarly, Caro et al® found mixed small and large fiber
neuropathy in most PFM. An explanation may be that
intraepidermal nerve fibers are unmyelinated axons
extending from small DRG neurons. Indeed, patients
with sensory neuronopathy (sensory neuron disease) can
show a loss of the small fibers at the limbs.*?
Martinez-Lavin'* proposed that an alternative hypoth-
esis for FM is stress-related dysautonomia with neuro-
than
syndrome. The author assumed that the DRG may be the
This
assumption is partly in accordance with our hypothesis in

pathic pain features rather centralized pain

key autonomic-nociceptive short-circuit site.'*
which we proposed that neuropathic pain features are
caused by increased cerebrospinal pressure inside the
DRG. Longstanding moderately or intermittently increased
cerebral and spinal pressure forces CSF into the nerve root
sheaths, thereby irritating or compressing the nerve fibers
(axons) in the nerve roots and the sensory neurons in the
DRG. Due to the upright position, hydrostatic pressure is
highest in the sacral dural sac.® Therefore, according to our
hypothesis, the sacral nerves would be predominantly
affected, which would be reflected in more prevalent
EMG abnormalities in the lowest nerve root myotomes.
This pattern of findings was confirmed in our EDX study.

We detected discrete abnormalities in the fibular nerve
conduction latency and amplitude in 2 PFM (12%). This
percentage is in accordance with the nerve conduction
studies of Ersoz,>* who found significantly prolonged fib-
ular distal motor latencies and decreased fibular motor
conduction in 5 of 33 (15%) PFM. The fibularis longus
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muscle is innervated by L5. According to Ersoz,>* these
findings may have been due to nerve entrapment from
multifactorial origins. The position of the fibular nerve at
the fibular head and at the ankle are superficial and cov-
ered only by subcutaneous tissue and skin. Thus, the
fibular nerve is more vulnerable to external compression,
such as prolonged periods of immobilization or incorrect
positioning of the legs, which may be more common in
these patients.”*

Additionally, in our cohort, Sl-innervated Hoffmann
reflexes were delayed in 41% of the PFM, which was in
accordance with the findings of Caro et al,”> who detected
delayed Hoffmann reflexes in 35% of PFM. Delayed
Hoffmann reflexes may be due to sensory S1 radiculopa-
thy. According to our hypothesis, this delay may be caused
by increased pressure in the DRG containing the sensory
neurons of S1 nerve roots.

Needle EMG

Needle EMG examination is more sensitive to axonal loss
than nerve conduction studies.”> Needle EMG examination
of the sacral nerve roots is an underutilized tool.
Electrophysiologists are uncertain of how to interpret
observed abnormalities in the S2-supplied intrinsic foot mus-
cles, especially in the absence of external compressive
pathology, eg, cauda equina syndrome. The major reason is
that earlier published studies have reported abnormalities in
the intrinsic foot muscles of normal subjects in the form of
prolonged insertional activity.”*2® However, none of these
studies had demonstrated sustained positive sharp waves or
fibrillation potentials, which are the only true denervated
spontaneous single muscle fiber discharge configurations.
A later published EMG study by Dumitru et al*’ examining
intrinsic foot muscles in 50 asymptomatic subjects demon-
strated these sustained fibrillation potentials and positive
sharp waves in only 2% (1/50) of the subjects.*

Another type of pathological activity that may be found
in relaxed muscles during needle EMG is fasciculation
potentials. These fasciculation potentials may be a sign
of irritation of the axons but not a sign of denervation, as
the axons are not interrupted. They can be seen in radicu-
lopathies due to compression causing irritation without
interruption of the axons.>' We found fasciculation poten-
tials in the foot muscles in 41% of PFM.

It can be argued that the S2-innervated plantar foot
muscles show more EMG abnormalities because foot mus-
cles are prone to normal “wear and tear” from walking and
standing. However, abnormalities should be symmetrical

in both feet. In our patients, EMG abnormalities in the
intrinsic foot muscles were more pronounced in one foot
compared to the other in 10 (60%) of PFM, suggesting
a more proximal pathology.

Because of the above relative difficulties with the inter-
pretation of needle EMG, it is a prerequisite that the
electrophysiologist is experienced in EMG of sacral
nerve root myotomes, as was the case in our study.

In our retrospective study, in the S2-innervated intrin-
sic foot muscles, irritation of the nerve roots was detected
in 94% (all except one) of the PFM. This percentage of
PFM showing EMG abnormalities was higher than that in
the EMG study of Caro et al.> However, the authors had
not examined the S2 and S3-S4 myotomes.

Caro et al” studied two insertions in the lumbar myo-
tomes: the tibialis anterior and quadriceps femoris muscle,
and detected abnormal spontaneous activity in 61% of 28
patients. This percentage is much higher than in our EMG
study of the leg muscles. We found abnormal spontaneous
activity in only 1 (6%) patient in the L5 myotomes and in
3 (17%) patients in the S1 myotomes (total of 23%). The
explanation is possibly that our study group was 11-13
years younger on average. Our oldest patient was 67 years
old, whereas in the study by Caro et al, the eldest patients
were 84 and 90 years old. In fact, the only patient with
abnormal spontaneous activity in the L5-innervated mus-
cle in our study was 67 years old. During aging, FM pain
involves an increasing number of body areas,*” probably
because neurogenic abnormalities emerge after years of
nerve irritation.

According to our hypothesis, our higher percentage of
EDX abnormalities in the S2 myotomes compared to the
lumbar myotomes may be explained by the rostro-caudal
gradient of increased hydrostatic pressure in the dural sac,
causing higher pressure inside the sacral nerve root
sheaths.

In our study, EMG abnormalities during muscle con-
traction were more pronounced in the sacral than in the
lumbar nerve root myotomes. However, neurogenic
abnormalities in L5 myotomes were more prevalent than
in S1 myotomes. One explanation may be that the gastro-
cnemius muscle is a large muscle. Therefore, more dener-
vated nerve fibers are needed to detect abnormalities with
the EMG needle. Another explanation based on our
hypothesis may be the anatomical position of the DRG
in the lateral recessus and the neural foramen. The LS5
DRG has an intraforaminal location in 76% of individuals,
and the S1 DRG has an intraforaminal location only in
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4-14% of individuals.*® Thus, the lateral recessus of the
L5 DRG is narrower compared to the wider space avail-
able for the S1 DRG. According to our hypothesis, when
hydrostatic pressure forces CSF into the S1 nerve root
sheath and the DRG, this sheath has the capability to
distend more easily, as it is not hindered by the bony
foramen. Consequently, the pressure inside the S1 DRG
may not rise as high as the pressure in the L5 DRG,
resulting in less irritation or compression of S1 nerve
root fibers and neurons.

Further supporting the hypothesis of increased cere-
brospinal pressure in PFM is that several authors have
reported on radicular pain in idiopathic intracranial hyper-
tension patients.>* >’ Moreover, nerve roots can be mark-
edly dilated, as has been observed in a patient with
intracranial hypertension during CT myelography as well
as during surgery.>* In a study of 101 patients with idio-
pathic intracranial hypertension, pain, paresthesia, and
lower back pain resolved immediately following lumbar
puncture with spinal fluid evacuation.*® In a study in PFM,
spinal fluid evacuation immediately relieved radicular pain
for a few hours to a few weeks in 70% of the patients.*

Additionally, several authors have reported radiculopa-
thy and delayed F-waves in the median, fibular and tibial
nerves in patients with intracranial hypertension.’’
F-waves are responses produced by motor neurons acti-
vated by antidromic peripheral nerve stimulation and are
particularly convenient for the diagnosis of polyneuropa-
thies at a very early stage and for the diagnosis of prox-
imal nerve lesions (near the DRG).*’ Caro et al” detected
abnormal F-waves in 21% of PFM. Unfortunately,
F-waves were not assessed in our retrospective study.

According to our hypothesis, absent or delayed
F-waves in PFM may indicate that increased intracranial
pressure is transmitted to the dural sac and to the subar-
achnoid space of the peripheral nerves at the dorsal root
ganglion, irritating the axons inside the nerve root sheaths.

Anal Reflex

The anal reflex is supplied by nerve roots S3 and S4. The
anal reflex response was delayed in almost all (94%) of
our PFM. A delayed anal reflex response compromises
bowel continence.

In a study in 100 PFM and 100 controls, significantly
more PFM reported fecal incontinence (45% versus 25%)
and more anorectal pain (43% versus 6%) than controls.*'
The EMG abnormalities found in the anal sphincter in our
patients indicate in FM has

may that anal pain

a neuropathic component from irritated or compressed
axons or sensory neurons.

Nerve roots S3 and S4 also supply the external urinary
sphincter and the pelvic floor muscles. This finding of
a delayed S3,S4-supplied anal reflex response may also
explain why a higher percentage of PFM suffer urinary
incontinence compared to age-matched women. In a study
in 62 PFM and 64 controls between 19 and 65 years of
age, PFM exhibited weaker pelvic floor muscle strength
compared to controls. Additionally, 64% of PFM reported
urinary incontinence versus 26% of controls.*?

Three of our PFM showed a significantly delayed anal
reflex response without significant needle EMG abnorm-
alities in the external anal sphincter. This can only be
explained by damage to the sensory (afferent) limb of
the reflex arc. This is in accordance with the assumption
that FM is a neuropathy affecting the small fibers and/or
the sensory nerves.'*'”

From these retrospective findings of prevalent anal reflex
abnormalities in PFM, we propose that the anal reflex may
be an additional objective diagnostic marker for the diag-
nosis of FM. The test is minimally invasive and is easier to
interpret than needle EMG of the external anal sphincter and
is capable of detecting sensory abnormalities of the S3-S4
reflex arc. Future prospective studies should link the findings
of this delayed anal reflex response with symptoms of anal
and urinary incontinence, neuropathic anal pain (such as
stabbing pain, painful pressure and anal spasms) and clinical
assessment of perianal sensitivity.

Limitations

Though the current study highlights a potentially impor-
tant role of nerve conduction studies and needle EMG in
the determination of diagnostic protocols in PFM, it does
have limitations.

First, this was a retrospective study that was suscepti-
ble to selection bias. However, we considered all available
EDX tests of patients in whom both the lumbar and sacral
myotomes were assessed.

Second, the sample size was rather small, and there
was no control group. However, our data were compared
to reference data obtained from healthy subjects from the
literature. In future prospective studies, a matched control
group of healthy subjects or subjects with low back, pelvic
and/or leg pain due to other conditions, such as spondylar-
thropathy or disc hernia, should be included.

Third, we were not able to link the EMG findings to the
patients’ complaints and clinical symptoms, such as
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sphincter continence, anal pain, sensitivity and strength of
the lumbar and sacral nerve root myotomes. Unfortunately,
these clinical data were lacking. Linking these data to
blinded assessed EDX results would be useful for future
prospective research.

Fourth, EDX studies of the upper limbs that were
executed by the same expert electrophysiologist were lack-
ing. Evaluating the findings of upper limb EDX is essential
in studying the presence of a rostro-caudal gradient.

Conclusions
This is the first time that data from EDX studies of both
lumbar and sacral nerve root myotomes in PFM have been
presented. In these myotomes, all PFM showed neurogenic
abnormalities in a patchy distribution that were more pro-
nounced in the sacral than in the lumbar myotomes. Most
striking was the delay of the anal reflex response in all but
one patient.

We propose that in addition to skin punch biopsies to
assess SFNP, assessment of the anal reflex may be a useful
diagnostic pathway in PFM.
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CSF, Cerebrospinal Fluid; DRG, Dorsal Root Ganglion;
EDX, Electrodiagnostic; EMG, Electromyography; FM,
Fibromyalgia; puV, pu-Volts; MUPs, Motor Unit Potentials;
ms, Milli-seconds; PFM, Patients with Fibromyalgia;
SFNP, Small Fiber Neuropathy.
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