UDC 616.8-092:612.741.16

N. SEMERDIJIEVA,' D. ATANASOVA,' G. HRANOV,' and I. MILANOV'

F-WAVE IN THE UPPER EXTREMITIES OF PATIENTS WITH PRIMARY
TORSION DYSTONIA

INTRODUCTION

Dystonia is

a movement

Received January 10, 2014

We investigated characteristics of the F-waves in the upper limbs of patients suffering
from primary torsion dystonia (PTD) by means of surface-electrode electromyography.
Single electric stimulation was used to obtain optimum M-responses from the m. abductor
pollicis brevis (median nerve) and m. abductor digiti minimi (ulnar nerve). Ten consecutive
supramaximum electrical stimuli were applied to each nerve to obtain F-waves from the
wrist. In general, the registered M-response latencies and amplitudes, as well as conduction
velocities via all inspected nerves, demonstrated no significant deviations from the normal
ranges. Nearly all investigated patients, except one, had normal F-wave minimal latencies.
The mean amplitudes of F-waves from both median and ulnar nerves were higher than the
average F-wave amplitudes described in the literature. The frequency of occurrence of
F-waves in both median and ulnar nerves was greater than in the norm. According to our
results, it can be concluded that the amplitude and, to some extent, frequency rather than the
latency of F-waves are important in the studies of patients with PTD. Increased amplitudes
and frequencies reveal changes in the excitability of alpha motoneurons, which could be
accepted as a measure of a disturbed interneuronal balance probably caused by alterations in
the suprasegmental control mechanisms related to PTD.

Keywords: surface electromyography, F-wave, upper extremities, primary torsion
dystonia, latency, amplitude, frequency of occurrence.

researchers with valuable information on the state of
spinal reflexes. There is some evidence suggesting

disorder characterized that F-wave studies could provide an independent

by intermittent or sustained simultaneous muscle
contractions of opposing muscles, which result in
twisting and repetitive movements, abnormal posture,
or both. When no etiological factor can be identified,
this type of dystonia is referred to as primary torsion
dystonia (PTD) [1]. The disorder may affect any part
of the body (neck, face, trunk, or extremities) [1, 2],
often causing serious disability.

Electrophysiological studies significantly contribute
to revealing the pathophysiology of PTD. Most of the
results, however, are not routinely used in clinical
practice [3]. Therefore, we decided to investigate
the spinal F-waves in the upper extremities of PTD
patients; surface-electrode electromyography was
used. This technique is widely available, non-
invasive, and safe; at the same time, it can provide
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assessment of the excitability of motor neurons [4, 5].
An increase in this index is reflected in the increased
F-wave amplitude, although this relationship is not
always straightforward [6].

METHODS

We used coupled two-channel EMG devices from Teca
Synergy and Medtronic (USA) connected to personal
computers for amplification and analysis of the
signals. Surface electrodes for electrical stimulation
of the median and ulnar nerves were located on the
respective projections.

For stimulation of the median (C7-8) and ulnar (C8-
Th1) nerves, supramaximum single electrical stimuli
(40-60 mA, 0.2 msec) were used to obtain optimum
M-responses from the m. abductor pollicis brevis and
m. abductor digiti minimi, respectively. Then, we
applied 10 supramaximum (80-100 mA, 0.2 msec)
consecutive electrical stimulations for each nerve to
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obtain F-waves recorded from the wrist level [7].

As the normal range of the median F-wave minimal
latency in the wrist, we used the mean value of
26.6 (24.4-28.8) msec, up to 31 msec, and as the
respective range of the ulnar F-wave latency, 27.6
(25.4-29.8) msec, up to 32 msec [8].

As the normal range of frequency of occurrence of
F-waves for both median and ulnar nerves, we took
into account a value of 55-79% [7]. The maximum
amplitude of the F-wave varies from 0.4 to 0.6 mV
[14]; thus, for the F-wave average amplitude we used
the range 0.15-0.3 mV [7, 8]. According to different
authors, the average median F-wave amplitude in the
wrist is about 288.3 (155.0-421.6) uV or about 225
uV [7]. The same values for the ulnar F-wave were
reported to be from 150 puV to 209 uV [7].

Numerical data were statistically analyzed using
SPSS (version 13.0) software. The parametric
independent-sample ¢-test and nonparametric
Kolmogorov—Smirnov, Shapiro—Wilk, and Mann—
Whitney tests were used for intergroup comparisons;
P = 0.05 was taken as the index of statistical
significance of the difference.

RESULTS

A total of 36 patients with PTD was examined;
their mean age was 53 £ 14 years(mean + s.d.). The
group included 23 women and 13 men. The average
duration of the disease was 3.8 + 0.6 years. Thirteen
investigated patients suffered from cervical dystonia;
blepharospasm was diagnozed in 78 patients, oro-
mandibular dystonia in two patients, and upper limb
dystonia, also in two patients. Nine patients suffered
from segmental dystonia, and two patients from
generalized dystonia.

The distal latency of M-responses recorded from the
m. abductor pollicis brevis (median nerve) varied within
the range 3.1 to 4.75 msec (average 3.7 + 0.6 msec).
The proximal latency of the M-response from this muscle
varied between 6.2 and 8.8 msec (7.5 = 0.95 msec).
The conduction velocity via the median nerve varied
between 48.0 and 70.2 m/sec, average 58.6 + 6.3 m/sec.
The distal amplitude of median M-response was 2.0 to
11.5 mV, average 6.0 = 2.9 mV; there was one patient
with a distal amplitude of 2.0 mV and decreased
proximal amplitude (2.0 mV). This patient suffered
from axonal neuropathy of the right median nerve.

The proximal amplitude of the median M-response
varied from 2.0 to 9.6 mV (4.6 £ 2.4 mV). Only one
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patient, the one mentioned above, demonstrated an
amplitude of 2.0 mV.
The distal latency of the M-response recorded from
the m. abductor digiti minimi (ulnar nerve) was within
the range of 2.3 to 4.5 msec, average 2.9 £ 0.5 msec. The
proximal latency of the M-response from this muscle
varied between 5.8 and 7.9 msec (7.2 £ 0.9 msec).
The conduction velocity via the ulnar nerve varied
between 52.0 and 80.6 m/sec (58.8 + 8.2 m/sec). The
distal amplitude of the ulnar M-response was within
the range from 1.8 to 10.5 mV (mean 6.6 + 2.4 mV),
and there was one patient with a distal amplitude of
1.8 mV. The proximal amplitude of the ulnar
M-response was from 4.0 to 9.2 mV (5.7 £ 1.5 mV).
The minimum latencies of the F-wave for the median
nerve varied from 22.5 to 33.0 msec (mean 26.64 +
+ 2.2 msec). In one patient, a minimal F-wave latency
over 33.0 msec was observed, and the frequency of
occurrence of the F-wave in this patient was only 30%.
One patient had an F-wave latency of 22.5 msec. In all
other patients, the F-wave latencies were within the
normal range, 24.4 to 28.8 msec [8].
The frequency of F-wave occurrence in the median
nerve varied from 30 to 100% (average 77.1 + 25.4%).
In 20 patients, the F-wave recorded from the median
nerve was found in about 80% of the cases, while in 15
patients this wave was recorded in all cases (Fig. 1).
The amplitude of the median F-wave varied from
0.35to 1.2 mV (mean 0.68 = 0.27 mV; Fig. 2).
The minimum latencies of the F-wave for the ulnar
nerve were from 22.2 to 30.7 ms (mean 26.9 + 2.4 msec).
Two patients demonstrated F-wave latencies shorter
than the norm (22.2 and 23.5 msec). In other patients,
this index was within the normal range (25.4 to
29.8 msec [8]).
The frequency of F-waves from the ulnar nerve
varied between 40 to 100%, with mean 79.1 + 28.8%.
In 22 patients, the F-wave from the ulnar nerve was
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n. medianus.
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registered in about 80% or more, while in 16 subjects
it was found in 100% of the patients (Fig. 3). The
amplitude of the ulnar F-wave varied from 0.19 to 1.4
mV (0.58 £ 0.32 mV; Fig. 4).

The mean median nerve F-wave latency was 26.6 +
+ 2.2 msec and did not differ significantly (P =
=0.912) from the values described in the literature [8].
The mean amplitude of this wave (0.68 £ 0.27 mV),
however, differed significantly (P < 0.0001) from the
mean value of this amplitude mentioned in the literature
(0.3 mV).
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The average value of the ulnar F-wave minimum
latency was 26.9 + 2.4 msec and did not differ
significantly (P = 0.111) from the “normal” described
value (27.6 msec [8]). The mean value of the ulnar
F-wave amplitude (0.58 £ 0.32 mV) also differed
significantly (P < 0.0001) from the reported data
(0.15-0.2 mV).

In summary, almost all observed M-responses in
our sampling were, according to their latencies and
amplitudes, within the normal range. The same can be
said of the conduction velocity along both examined
nerves. Only one patient (2.8% of the sampling)
demonstrated a prolonged F-wave minimum latency.
There were no patients with pathologically low F-wave
amplitudes. The mean values of the F-wave amplitude
in PTD patients were, for both the median and ulnar
nerves, significantly higher than the mean normal
amplitude values described in the literature (even
higher than the maximum mentioned values). The
frequency of generation of F-waves in PTD patients
was noticeably greater than the norm; for the median
nerve, it was about 55.6%, while that for the ulnar
nerve was about 58.3%.

DISCUSSION

The amplitude and frequency of the F-waves can be
considered EMG indicators for the excitability of
motoneurons [7, 8]. The characteristics of F-waves
change under conditions where there are some central
neuronal lesions. In the cases where motoneurons
are characterized by hyperexcitability, F-waves
demonstrate longer durations and increased amplitudes
and frequencies [9, 10]. The F-wave amplitude,
however, may increase also at peripheral nerve lesions
[8, 11]. In our sampling, there was one patient with
“giant” median and ulnar F-waves, but generated with
a significantly lower frequency; this case was related
to the presence of a cervical pathology.

Using surface electromyography, Wohlfarth
et al. [12] investigated patients with torticollis
and graphospasm before and after applications of
botulinum toxin. The authors found unchanged
M-responses and conduction velocities, but shorter
minimum and average F-wave latencies and higher
F-wave amplitudes before the botulinum toxin
treatment. The authors [12] explain modifications
of the F-wave amplitude and latency as results of
alterations in the system of recurrent inhibition.
Administrations of a few myorelaxants (baclofen,
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tetrazepam, tizanidine, etc.) could also change the
parameters of F-waves, mostly their amplitude and
duration [13-16].

According to our results it can be said that
the amplitude and, to some extent, frequency of
occurrence, rather than latency of F-waves, are
important indices in the studies of patients with
PTD. Increased amplitude and frequency of these
EMG phenomena reveal the existence of changes in
the excitability of the respective alpha motoneurons.
This phenomenology can be accepted as a measure
of disturbances in segmental interneuronal networks,
caused probably by alterations in the suprasegmental
control mechanisms under conditions of PTD.

Informed written consent was obtained from all subjects
involved in the tests and from attending physicians.
All experimental protocols were in agreement with the
internationally accepted ethical norms and with the guidelines
of the Ethics Committe of the UMHATNP “St. Naum,” Sofia,
Bulgaria.
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F-XBWJIA V BEPXHIX KIHIIBKAX ITALIIEHTIB 13
[NEPBMHHOIO TOPCIOHHOIO JUCTOHIEIO

" UMHATNP “Cs. Haym”, Codis (Boarapis).
Peszwome

Mpu nociimKyBanu XapakTepUCTHKN F-XBmIIl B HEpBax BepXHIX
KIHIIBOK NaIi€HTIB, IO CTpa)XXJaJlu Ha IEPBUHHY TOPCIOHHY
nuctonito (IIT[); BHKOpUCTOBYBadM CTAaHIAPTHY TEXHIKY
enekTpomiorpadii 3 BiIBEJCHHSIM TOBEPXHEBUMH CJIICKTPOJIAMH.
3acTOCOBYBaJlM MOOAMHOKI CyNpaMaKCHMaldbHI €IeKTPHUHI
CTUMYIH IS OTPUMaHHS ONTHMAalbHHUX M-BiamoBine# m.
abductor policis brevis (monpasneHHs n. medianus) Ta m.
abductor digiti minimi (nonpaszueHus n. ulnaris); F-xBuii
BIIBOAWIN Ha piBHI 3am’scTka. B mimomy 3apeecTpoBaHi
JIATEHTHI Mepiou Ta aMIUTITyqu M-BiAnoBiieil, K i MIBUIKOCTI
NPOBEJEHHsS IO MOCIIIKEHHX HEpBaX, HE JAEMOHCTPYBaIH
JIpaMaTHYHHUX BiJIXUIICHD BiJl HOPMAJIbHUX J1alla30HIB 3HAYCHbD.
Cepenni ammuitynu F-xBunb y n. medianus ta n. ulnaris 6ynn
BUIIMMH, HiX omucaHi B jiteparypi. Yactora peectpamii
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F-xBunp B 000X HepBax Oyna BHIIOIO, HIX y HOpMi. 3TigHO 3
HaIlMMU pe3yibTaTaMu, aMILTITyAa Ta (10 JesAKOoi MipH) 4acToTa
peectpanii F-xBuap € mapamerpaMmu, IO 3aCIyroBYIOTh Ha
yBary npu oOctexeHHi manienTtiB i3 [ITJ. Bumi 3HaueHHsS
aMIITITy[ Ta YaCTOTH BUHHUKHEHHS F-XBUIIb BKa3ylOTh HA 3MiHU
30yanuBocTi anbda-moToHEHpoHiB. Taki 3HaYCHHS MOXYTb
pPO3TIAAATUCH SIK MOKA3HUKH AMCOaTaHCy B IHTEpHEHPOHHHX
cHCTeMax, BIpOTiJHO, OB’ sA3aHi 31 3pyHICHHAMH B MeXaHi3Max
cynpacermentapHoro kourpouto npu IIT/.
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