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Study Objectives: Restless legs syndrome, also known as Willis-Ekbom disease (RLS/WED), is a frequent condition, though its pathophysiology is not
completely understood. The diagnosis of RLS/WED relies on clinical criteria, and the only instrumental tool, the suggested immobilization test, may lead to
equivocal results. Recently, neurophysiological parameters related to F-wave duration have been proposed as a diagnostic aid. The aim of this study is to
assess and compare the diagnostic values of these parameters in diagnosis of RLS/WED.

Methods: Fifteen women affected by primary RLS/WED and 17 age- and sex- matched healthy subjects. A complete electroneurographic evaluation,
including nerve conduction studies (NCS), cutaneous silent period (CSP), and F-wave parameters, namely amplitude, F-wave duration (FWD), and the ratio
between FWD and duration of the corresponding compound muscle action potential (FWD/CMAPD).

Results: No subject showed alterations of the NCS. However, FWD and FWD/CMAPD of both upper and lower limbs were significantly longer in patients
than controls. Tibial FWD/CMAPD best discriminated RLS/WED patients from controls. A cutoff of 2.06 yielded a sensitivity of 69.2%, a specificity of 94.1%,
a positive predictive power of 90%, and a negative predictive power of 80% (area under the curve = 0.817; 95% confidence interval = 0.674—0.959). The
combination of ulnar or tibial FWD/CMAPD increases the sensitivity (85.7%) while slightly decreasing the specificity (87.5%, positive predictive value: 85.7%,

negative predictive value: 87.5%).

Conclusions: Lower limb FWD/CMAPD ratio may represent a supportive diagnostic tool, especially in cases of evening lower leg discomfort of unclear

interpretation.
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INTRODUCTION

Restless legs syndrome (RLS), also known as Willis-Ekbom
disease (WED), is a sensorimotor disorder characterized by
the need to move the legs, generally associated with unpleas-
ant sensations. Its symptoms typically appear during rest
and show a circadian rhythm, occurring or worsening in
the evening.'* The diagnosis of RLS/WED is based on the
criteria set in 1995, revised in 2003,* and recently updated
in order to improve the sensitivity in the diagnosis.* The
suggested immobilization test (SIT)® has been developed to
assess RLS/WED symptoms, but to date no instrumental ex-
amination allows a clear-cut diagnosis of RLS/WED. The
pathophysiology of RLS/WED has not been fully elucidated;
an alteration of the spinal hypothalamic dopaminergic tract
that modulates the excitability of various neuronal popula-
tion is suggested.”"?

Different studies carried out on spinal excitability assessing
reflexes in patients affected by RLS-PLMD has led to contrast-
ing results, with some showing an increase in spinal excitabil-
ity,"*!> while others showed no differences between patients
and controls.'*2

BRIEF SUMMARY

Current Knowledge/Study Rationale: Currently, the diagnosis of
RLS/WED is based on clinical criteria and exclusion of secondary
causes and mimicking conditions; there are no instrumental tools
able to distinguish between subjects affected by RLS/WED and other
conditions characterized by leg discomfort, especially at night. The
aim of this study is to evaluate the sensibility and the specificity of
some F-wave parameters, easily obtainable during routine nerve
conduction study, in the diagnosis of primary RLS/WED.

Study Impact: The introduction of these parameters may represent
a new diagnostic instrumental tool that is easy to perform and that
may contribute to a correct diagnosis of primary RLS/WED and
therefore to the most appropriate therapy.

Recently, Isak et al.”! suggested that the exploration of some
parameters, namely the F-wave duration (FWD), the ratio
between FWD and the duration of related compound muscle
action potential (CMAPD), FWD/CMAPD, and the silent pe-
riod ratio (SPR) would be helpful in the diagnosis of primary
RLS/WED. CMAP is the early response due to activation of
muscle fibers by electrical stimulation of a peripheral motor or
mixed nerve. These measures are believed to evaluate spinal
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Table 1—Demographic and clinical data of patients with
restless legs syndrome/Willis-Ekbom disease.

Parameters RLS/WED
Age (y) 575%72
Duration of disease (y) 9.1+£76
Frequency of symptoms (days per w) 59+14
IRLSSS 264+78

Values are expressed by mean + standard deviation. RLS/WED =
restless legs syndrome/Willis-Ekbom disease, IRLSSS = International
Restless Legs Syndrome Severity Scale.

segmental motor neurons excitability,”** although some recent
reports suggested that F waves offer a flawed measure of motor
neuron excitability.>*%

In the current study, to further explore the role of these pa-
rameters in the diagnosis of RLS/WED, we aimed to assess the
accuracy and compare the diagnostic values of each of these
measures in a group of patients affected by primary RLS/
WED.

METHODS

Among 86 patients affected by RLS referred to the outpatient
service of Sleep Disorders Center — University of Cagliari be-
tween 2008 and 2012, 15 female subjects affected by primary
RLS were consecutively enrolled in the study (Table 1 shows
demographic and clinical data of patients). The clinical diag-
nosis of RLS/WED was made according to standard diagnostic
criteria at the time of the study.* A1l RLS patients were affected
by chronic-persistent RLS/WED. They did not have any dis-
orders that could affect dopaminergic transmission or spinal
excitability, they were drug free, and the experimental design
was performed before starting a treatment. The control sub-
jects were 17 volunteers, matched for sex and age and acquired
in similar circadian conditions to RLS/WED patients, previ-
ously recruited to a set normative database among medical,
technical, and administrative staff members of our hospital or
their relatives (mean age 52.5 + 8.7 y, range 42—65). None was
complaining of RLS/WED symptoms. The Ethical Commit-
tee approved the study, and informed consent was obtained by
participants.

Exclusion criteria in both patients and controls were: his-
tory of radiculopathies and peripheral neuropathies, rheuma-
toid arthritis or other autoimmune diseases, diabetes, and renal
failure. To rule out these conditions, all subjects underwent a
complete hematologic evaluation including hematocytomet-
ric test, iron and glycometabolic state, and hepatic and renal
function, as well as neurophysiological examination of the pe-
ripheral nervous system through the study of nerve conduction
velocity.

Clinical and Instrumental Evaluation

All subjects underwent a clinical examination by a physician
expert in sleep medicine at our sleep disorder center, and they
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subsequently underwent nerve conduction studies (NCS) at the
electromyography (EMG) laboratory. NCS included: (1) motor
nerve conduction velocity and F responses of the left median
nerve, right ulnar nerve, left peroneal nerve, and right tibial
nerve; (2) sensory nerve conduction velocity of the left super-
ficial radial nerve and right sural nerve; and (3) bilateral soleus
H reflex.

The neurophysiological study was carried out with a Nico-
let-Viking II electromyograph through conventional cup sur-
face electrodes. Data from nerve conduction velocity were
compared with the normative data of our laboratory. All exam-
inations were performed between 15:00 and 18:00 (for organi-
zational reasons); room temperature was maintained constant
(22°C); and skin temperature varied between 32°C and 34°C.
For all nerves, two sessions were carried out to verify the re-
producibility of the responses. After assessing nerve conduc-
tion parameters (namely latencies, amplitudes of motor and
sensory potentials, and conduction velocities), we assessed F
responses and the cutaneous silent period (CSP).

The F wave® parameters evaluated were: amplitude (mea-
sured from peak to peak); minimum latency (measured as the
shortest latency to the onset of the first deflection in the 32
consecutives traces); maximum latency (measured as the lon-
gest latency to the onset of the first deflection for the 32 traces);
mean latency (mean F-waves latency of all traces); FWD (mea-
sured from the onset of the deflection to the final return to the
baseline), and persistence (percentage of stimuli that evoke a
F response)””® (Figure 1). For each parameter, we have first
measured the value for each single F response, and then we
have calculated the mean value. F waves were recorded in upper
limbs by stimulating the right ulnar nerve and recording from
the abductor digiti minimi, and in lower limbs by stimulating
the right tibial nerve and recording from the abductor hallucis.
In our laboratory the mean persistence of F-waves for ulnar
and tibial nerves was 85% and 98%, respectively, in contrast to
50% in median and peroneal nerves. For that reason, only the
parameters coming from the first two nerves were considered.
Stimulation has been carried out with a bar stimulator with su-
pramaximal intensity at 1 Hz frequency. Sensitivity was 5 mV/
division for M response and 0.5 pV/division for F responses.
The filter setting was 2 Hz—10 KHz, and 32 sweeps were re-
corded for each nerve. F parameters correlated to spinal excit-
ability were FWD, the ratio between FWD and the CMAPD
(measured from the onset of the deflection to the final return to
the baseline), and the amplitude of F waves (FWA) (Figure 1).

For all subjects, the CSP* has been recorded in the lower
limbs from the right anterior tibialis muscle during constant
maximal contraction, by stimulating the dorsolateral branch of
the homolateral sural nerve with 50 mA intensity. We assessed
the following CSP parameters: initial latency, terminal latency,
and duration (time interval between the beginning and end of
CSP) (Figure 2). In the upper limbs, CSP has been recorded
from the left abductor pollicis brevis muscle by stimulating
the digital branch of the median nerve at the second finger
homolaterally with 25 mA intensity. The filter setting was
20 Hz—10 KHz. We evaluated the initial and final latency of
the CSP, its duration, and the ratio between duration in upper
and lower limbs, named the SPR (Figure 2).
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Figure 1—F waves of tibial nerve in a patient with restless legs syndrome (RLS) and in a control subject.
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CMAP = compound muscle action potential, CMAPD = compound muscle action potential duration, FWD = F-wave duration.

Statistical Analysis

Sample size has been estimated according to recommendations
by Cohen, who has defined effect size (ES, difference between
the means divided by standard deviation) bounds as: small (ES:
0.2), medium (ES: 0.5), and large (ES: 0.8, “grossly perceptible
and therefore large™). We calculated that 17 subjects per group
would be necessary to highlight an ES equal to 1 for a type I
error o = 0.05 (two-tailed) and statistical power of 80%, which
corresponds to a minimal difference for tibial FWD/CMAPD
value equals 0.3 points (for a standard deviation at 0.3, accord-
ing to Isak et al.?!). In order to assess the gaussian distribu-
tion of FWD data, the FWD/CMAPD and CSP ratios of both
groups, the D’Agostino and Pearson normality test was per-
formed. We compared data between the two groups with the
unpaired Student #-test, in case of gaussian distribution, and
with the Mann-Whitney U test in case of nonparametric distri-
bution, with significance level at a = 0.05. The frequency of ab-
normal ulnar and tibial responses was compared in RLS/WED
patients and controls by means of the two-sided Fisher exact
test. Finally, the relationships between both ulnar and tibial
FWD as well as FWD/CMAPD responses and age and RLS/
WED duration were assessed by the Pearson product-moment
correlation test or by the Spearman rank correlation test, for
variables that were not normally distributed. In order to evalu-
ate the ability of these parameters to discriminate between
RLS/WED patients and control subjects, a receiver operating

characteristic (ROC) analysis was performed, and thresholds
were determined according to estimation of usual indexes,
namely Liu, Yuden, and statistical distribution. Area under the
curve (AUC), sensitivity, specificity, and positive and negative
predictive values were expressed with 95% confidence interval
(CI). Sensitivity analysis was performed in order to verify if
the missing data would affect results: (1) analysis on the whole
data (per protocol), (2) imputation of missing data for the pa-
rameters whose data were missing, namely ulnar and tibial
FWD. As proposed by some statisticians, we chose to report all
the individual p values without any mathematical correction.’'
A particular focus was given to the magnitude of differences
and to the clinical relevance.®

RESULTS

Age and sex composition of the two groups of subjects were not
significantly different. All nerve conduction velocity data (la-
tencies, amplitudes of motor and sensory potentials, and con-
duction velocities normalized per age and height) were within
the normal limits in both patients and controls, as shown in
Table S1 in the supplemental material. Ulnar F-wave param-
eters were available in 14 of 15 RLS patients and in 16 of 17
healthy controls, whereas tibial F-wave parameters were col-
lected in 13 of 15 RLS patients and in 17 of 17 healthy controls.
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Figure 2—Cutaneous silent period (CSP) of the anterior tibialis muscle (AT) in a patient with restless legs syndrome (RLS) and

in a control subject.
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One patient did not tolerate the procedure and F-wave param-
eters were not assessed; tibial or ulnar F-wave both duration
and amplitude (but not its latency) was not clearly identified in
one patient and one control, respectively, due to noise artifact.
There were no differences between patients and controls in the
mean amplitude of F-wave as well as in minimum latency of
F-wave in both tibial and ulnar nerve, indicating the absence of
alterations in the distal and proximal conduction.

Table 2 illustrates CSP and F-wave parameters in RLS/
WED patients and controls. No significant differences were
found in either CSP parameters or F-wave amplitude between
patients and controls, whereas a significant increase of the F-
wave duration was observed in RLS/WED patients. Indeed,
mean FWD and mean FWD/CMAPD ratio in both ulnar and
tibial nerves were significantly higher in patients compared to
controls.

After ROC curve analysis, the following thresholds
were determined for the FWD-related parameters: ul-
nar FWD = 15.5 msec, ulnar FWD/CMAPD = 1.30, tibial
FWD = 23.3 msec, tibial FWD/CMAPD = 2.06. According
to these cutoff values, the frequency of abnormal ulnar FWD
was higher in RLS/WED than controls (n = 7 of 14 (50.0%)
versus n = 1 of 16 (6.25%), Fisher exact p = 0.01), as well as
that of the abnormal ulnar FWD/CMAPD ratio (n = 6 of 14
(42.86%) versus n =1 of 16 (6.25%) between patients and con-
trols (p = 0.031). Likewise, the frequency of abnormal both
FWD and FWD/CMAPD ratio in tibial nerve were higher in
patients than controls (n = 9 of 13 (69.2%) versus n = 2/17
(11.8%), and n = 9/13 (69.2%) versus n = 1/17 (5.9%), respec-
tively) (p = 0.002 and p < 0.001).
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Figure 3 illustrates the ROC curves for ulnar and tibial
nerves FWD-related parameters. Tibial FWD/CMAPD ratio
best discriminated RLS/WED patients from controls (AUC:
0.87 [95% CI: 0.74; 1.00]).

Table 3 shows AUC, sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) for each
FWD-related parameter, as well as in combination (ulnar and
tibial FWD/CMAPD and ulnar or tibial FWD/CMAPD). Spec-
ificity of each FWD-related parameter was always greater than
88% in both ulnar and tibial nerves. Tibial FWD/CMAPD ratio
showed a sensitivity of 69.2%, a specificity of 94.1%, a PPV of
90%, and a NPV of 80%. The combination of either ulnar or
tibial FWD/CMAPD yielded to a sensitivity of 85.7%, a speci-
ficity of 87.5%, a PPV of 85.7%, and a NPV of 87.5%. After
performing sensitivity analysis per protocol and imputation of
missing data, we found that results were analogous and their
interpretation was not modified by the weight of the missing
data. Finally, in RLS/WED patients, no significant correlation
was found between both ulnar and tibial FWD or the FWD/
CMAPD ratio, and age or duration of RLS.

DISCUSSION

RLS/WED is a very frequent condition, but currently, there are
no instrumental investigations that can establish or support the
diagnosis of primary RLS/WED. The SIT¢ was developed to
assess RLS/WED symptoms, but it has some limitations, lead-
ing to false-negative results in patients with RLS who happen
to experience fewer or no symptoms during the test.*3*
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Table 2—Cutaneous silent period and F-waves variables in patients with restless legs syndrome/Willis-Ekbom disease and in

control subjects.

Parameters RLS/WED
Ulnar FWD (msec) 16.00 £ 4.47
Tibial FWD (msec) 2441+451
Ulnar FWD/CMAPD 1.31+£0.32
Tibial FWD/CMAPD 223+0.31
FWA ulnar nerve (mV) 0.12+0.04
FWA tibial nerve (mV) 0.24 +0.11
Ulnar CMAPD (msec) 1219 £ 1.47
Tibial CMAPD (msec) 10.89 + 1.54
CSP duration APB 50.5 £ 13.00
CSP duration AT 46.51 £ 11.26
CSP ratio 0.98 +£0.35

Controls p value
13.21+2.4 0.039
18.48 £ 4.69 0.001

1.07 £0.19 0.02

1.68 £ 0.40 0.0006

0.14 £0.02 0.17

022+0.14 0.66
12.58 + 1.81 0.5285
11.16 £ 1.94 0.6724
53.55 + 14.87 047
47.82 £13.00 0.81

0.91+0.23 0.51

Values are expressed by mean + standard deviation. APB = abductor pollicis brevis muscle, AT = anterior tibialis muscle, CMAPD = compound muscle
action potential duration, CSP = cutaneous silent period, CSP ratio = ratio of lower extremity to upper extremity of CSP duration, FWA = F wave amplitude,

FWD = F-wave duration, RLS = restless legs syndrome.

Table 3—Sensitivity, specificity, positive predictive value, and negative predictive value for the F-wave duration parameters.

Parameters AUC (95% CI) Sensitivity (95% ClI)
Ulnar FWD 0.67 (0.46-0.87) 50.0% (23.0-77.0)  93.8% (69.8-99.8)
Ulnar FWD/CMAPD 0.67 (0.47-0.87) 42.9% (17.7-711.1)  93.8% (69.8-99.8)
Tibial FWD 0.85 (0.72-0.99) 69.2% (38.6-90.9)  88.2% (63.6-98.5)
Tibial FWD/CMAPD 0.87 (0.74-1.00) 69.2% (38.6-90.9)  94.1% (71.3-99.9)
Ulnar AND tibial FWD/CMAPD ND 28.6% (8.39-58.1) 100% (80.5-100)
Ulnar OR tibial FWD/CMAPD ND 85.7% (57.2-98.2)  87.5% (61.7-98.4)

Specificity (95% Cl) PPV (95% Cl) NPV (95% CI)

87.5% (47.3-99.7)  68.2% (45.1-86.1)
85.7% (42.1-99.6)  65.2% (42.7-83.6)
81.8% (48.2-97.7)  78.9% (54.4-93.9)
90.0% (55.5-99.7)  80.0% (56.3-94.3)
100% (39.8-100)  63.0% (42.4-80.6)
85.7% (57.2-98.2)  87.5% (61.7-98.4)

AUC = area under the curve, Cl = confidence interval, CMAPD = compound muscle action potential duration, FWD = F-wave duration, ND = not determined,

NPV = negative predictive value, PPV = positive predictive value.

Moreover, several conditions may mimic RLS symptoms,
such as myalgia, neuropathic pain, venous stasis, leg cramps,
positional discomfort, and akathisia, and some patients with
RLS/WED may also have one or more of these comorbidities.
According to the International RLS Study group, “this situ-
ation requires focus on the differentiating characteristics of
each condition for both diagnosis and assessment of effect.
Then, the clinician can use this information to reach appropri-
ate treatment decisions.”> Omitting the co-occurring diagnosis
of RLS/WED in these patients may have a significant effect on
treatment choices.

In view of this particular need, a diagnostic tool with a
high specificity, together with a good sensitivity, would be
required. In a 2011 study, Isak et al.?! proposed the use of
some parameters to help the diagnosis of primary RLS/WED,
namely FWD, FWD/CMAPD ratio, and SPR. Results of the
present study confirm these important findings, showing that
the first two parameters are very useful for the diagnosis of
RLS/WED. Indeed, FWD and FWD/CMAPD values, which
are easily inferred from the F responses carried out during
the clinical routine EMG examination, were significantly in-
creased in patients compared to controls. More specifically,
in our study, tibial FWD/CMAPD ratio showed a very high
specificity (94%), a good sensitivity (69%), as well as a very
high PPV (90%) and NPV (80%), so that a positive result in

373

Figure 3—Receiver operating characteristic curves for
tibial and ulnar nerve F-wave duration parameters.
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these parameters appears to signal with a great degree of cer-
tainty that RLS/WED is present; a negative result highly pre-
dicts the absence of RLS/WED. In addition, tibial and ulnar
FWD/CMAPD together (the presence of at least one altered
FWD/CMAPD ratio in ulnar or tibial nerve) yielded to a very
higher sensitivity, a slightly lower specificity and PPV, and a
higher NPP. Based on the current results, the exploration of
ulnar nerve in addition to the tibial nerve may improve the
sensitivity while slightly reducing the specificity, although the
main limitation of the procedure is that in some individuals,
F waves cannot be evoked, especially when CM AP amplitude
is small. Tibial FWD/CMAPD ratio assessment alone (com-
pared to the extensive ulnar and tibial assessment) maintains
the best specificity, and has the advantage of requiring less
time and having higher patient acceptance.

Concerning tibial FWD/CMAPD parameter, despite the
relative moderate sample size, the statistical power seems
satisfactory with a high ES of 1.47 (95% CI [0.64; 2.27]).
With 17 controls and 13 patients, the statistical power was
greater than 95% to show the difference 1.68 + 0.40 versus
2.23 +£0.31.

Moreover, consistent with previous observations,?' this
study confirms that RLS/WED patients have a prolongation
of FWD and of the FWD/CMAPD ratio, suggesting an in-
creased motoneuronal excitability. FWD is primarily a func-
tion of the number of motoneurons recruited by means of
an antidromic pathway, and its prolongation suggests that,
at normal persistence (i.e., the ratio between the number
of recorded F-waves and the number of delivered stimuli),
the recruitment of motoneurons is altered, mainly due to an
alteration of the recruiting pattern.”’ Effectively, the sub-
stantial increase in FWD and in the FWD/CMAPD ratio
may suggest an altered modulation of spinal motoneurons.
In fact, the substantial increase in FWD and in the FWD/
CMAP ratio may suggest an altered modulation of spinal
motoneurons, particularly those of smaller size and lower
velocity, which would be no longer inhibited by the small
interneurons located in the anterior spinal cord.”

Moreover, similar to what has been observed by Isak et
al.,”! an alteration of these aforementioned parameters was
present in both lower and upper limbs, even though the pa-
tients under examination complained of symptoms almost
exclusively in the lower limbs. Furthermore, in the current
study, no correlation was observed between either the ulnar
or tibial FWD or FWD/CMAPD, and age and duration of
RLS, showing that in primary RLS the spinal hyperexcit-
ability is unrelated to demographic variables or duration of
the disorder.

In the current study, patients with RLS/WED did not show
significant abnormalities in the CSP, perhaps because of the
relatively narrow number of subjects or the method of stimu-
lation. To date, there have been few studies about the CSP in
RLS/WED reporting conflicting results that may be due to
small sample size or small differences in methodology. These
findings may concern the intensity of the painful stimuli
(standard fixed versus based on individual sensory thresh-
old) or the condition of painful stimulus administration (e.g.,
during 100% versus 50% of voluntary contraction).!$:21:3536
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CONCLUSIONS

Our data bring new evidence that these parameters, namely
tibial FWD/CMAPD ratio, can be used as instrumental sup-
port in the diagnosis because they have high specificity and
sensitivity and accuracy in discriminating patients affected by
RLS/WED from controls. The possibility of easily obtaining
such parameters in routine NCS, together with their high spec-
ificity (more than 88% for all parameters and 94% for tibial
FWD/CMAPD ratio) support the utility of this procedure in
the differential diagnosis of those forms of evening discomfort
in the lower limbs presenting with diagnostic doubts.

Further studies including more subjects are warranted to
corroborate the current findings, so that the FWD and FWD/
CMAPD ratio may become an instrumental diagnostic tool.
Moreover, future studies assessing spinal excitability before
and after treatment with dopamine agonists in these patients
might help to shed light into the pathophysiology of RLS/WED.

ABBREVIATIONS

APB, abductor pollicis brevis muscle

AT, anterior tibilis muscle

AUC, area under the curve

CI, confidence interval

CMAP, compound muscle action potential

CMAPD, compound muscle action potential duration

CSP, cutaneous silent period

CSP ratio, ratio of lower extremity to upper extremity of CSP
duration

CV, conduction velocity

EMG, electromyography

ES, effect size

FWA, F-waves amplitude

FWD, F-waves duration

FWD/CMAPD, the ratio between FWD and the duration of
the corresponding CMAP

IRLSSS, international restless legs syndrome severity scale

NCS, nerve conduction studies

ND, not determined

NPV, negative predictive value

PLMD, periodic limb movement disorder

PPV, positive predictive value

RLS, Restless legs syndrome

ROC, receiver operating characteristic

SAP, sensitive action potential

SIT, suggested immobilization test

WED, Willis-Ekbom disease
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