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Whether or not the detected alteration of the
diaphragmatic response in our study is of prognostic
significance has yet to be established. Under clinical
conditions with a reduced vital capacity in ALS, the
voluntary drive from the motor cortex probably
plays a significant role to facilitate respiration during
a period of disease progression. From this point of
view, involvement of the motor cortex may further
hasten the clinical deterioration in the later stages of
respiratory failure.
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REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION OVER BILATERAL
HEMISPHERES ENHANCES MOTOR FUNCTION AND TRAINING EFFECT OF
PARETIC HAND IN PATIENTS AFTER STROKE

Naoyuki Takeuchi, MD, PhD', Takeo Tada, MD, PhD?, Masahiko Toshima, MD?3, Yuichiro
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Objective: The interhemispheric competition model propos-
es that the functional recovery of motor deficits in patients
after stroke can be achieved by increasing the excitability of
the affected hemisphere or decreasing the excitability of the
unaffected hemisphere. We investigated whether bilateral
repetitive transcranial magnetic stimulation might improve
the paretic hand in patients after stroke.

Design: A double-blind study.

Patients: Thirty patients with chronic subcortical stroke.
Methods: The patients were randomly assigned to receive
1 Hz repetitive transcranial magnetic stimulation over the
unaffected hemisphere, 10 Hz repetitive transcranial mag-
netic stimulation over the affected hemisphere, or bilateral
repetitive transcranial magnetic stimulation comprising
both the 1 Hz and 10 Hz repetitive transcranial magnetic
stimulation. All patients underwent motor training following
repetitive transcranial magnetic stimulation.

Results: Bilateral repetitive transcranial magnetic stimula-
tion and 1 Hz repetitive transcranial magnetic stimulation
immediately improved acceleration in the paretic hand.
Compared with 1 Hz repetitive transcranial magnetic stimu-
lation, bilateral repetitive transcranial magnetic stimulation
decreased the inhibitory function of the affected motor cor-
tex and enhanced the effect of motor training on pinch force.
Moreover, this effect of motor training lasted for one week.
On the other hand, 10 Hz repetitive transcranial magnetic
stimulation had no effect on the motor function.
Conclusion: Bilateral repetitive transcranial magnetic stim-
ulation improved the motor training effect on the paretic
hand of patients after stroke more than unilateral stimula-
tion in pinch force; this might indicate a new neurorehabili-
tative strategy for stroke.

Key words: repetitive transcranial magnetic stimulation, motor
training, stroke, neuronal plasticity, rehabilitation.
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INTRODUCTION

Repetitive transcranial magnetic stimulation (+TMS) is
a non-invasive method that can change the excitability of
the human cortex for at least several minutes. The nature of
the after-effect depends on the frequency, intensity, and pat-
tern of stimulation. High-frequency rTMS (more than 5 Hz)
increases cortical excitability, whereas low-frequency rTMS
(1 Hz or less) leads to suppression of cortical excitability
(1.

The interhemispheric competition model proposes that
motor deficits in patients after stroke are due to a reduced
output from the affected hemisphere and excess transcallosal
inhibition of the affected hemisphere from the unaffected
hemisphere (2, 3). Therefore, improvement of motor deficit
could be achieved by increasing the excitability of the af-
fected hemisphere or decreasing the excitability of the unaf-
fected hemisphere by using rTMS. Research has demonstrated
that low-frequency rTMS over the unaffected hemisphere
decreased the excitability of the unaffected hemisphere and
improved the motor function of the paretic hand in patients
after stroke (4, 5). High-frequency rTMS over the affected
hemisphere also improved the motor function of the paretic
hand by increasing the excitability of the affected motor cortex
(6). Moreover, low-frequency rTMS over the unaffected hemi-
sphere improved the motor training effect (7). Therefore, the
application of r”TMS has been proposed to promote functional
recovery of the paretic hand in stroke patients owing to the
induced neuroplasticity.

Considering the interhemispheric competition model of
patients after stroke, adding high-frequency rTMS over
the affected hemisphere along with low-frequency rTMS
over the unaffected hemisphere might improve the motor
function of the paretic side in the patients after stroke by
a greater degree than would unilateral rTMS alone. To our
knowledge, there is no report that has combined both high-
frequency and low-frequency rTMS in patients after stroke.
In the present study, we hypothesized that bilateral rTMS
might improve the motor training effect on the paretic hand
in patients after stroke.

J Rehabil Med 41
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METHODS

The study population comprised 30 patients after stroke. The inclusion
criteria were as follows: (i) first-time stroke of more than 6 months
duration; (/i) only subcortical lesion confirmed by magnetic resonance
imaging (MR1); (/i) motor deficits of the unilateral upper limb that
had improved to the extent that patients could perform pinching tasks;
and (/v) normal Mini-Mental State Examination score. The exclusion
criteria included the following: (7) severe internal carotid artery steno-
sis; (if) seizure; and (iif) an intracranial metallic implant, Participants
were randomly divided into 3 groups (Table I). The unaftected rTMS
group received rTMS over the unaffected hemisphere, the affected
rTMS group received rTMS over the affected hemisphere, and the
bilateral rTMS group received rTMS over both the unaffected and
affected hemispheres. All the subjects gave their written informed
consent, and the protocol was approved by the local ethics committee
of the Hokkaido University Graduate School of Medicine,

The measurements for assessing the motor function {acceleration
and pinch force) were performed at pre-r'TMS and post-rTMS (Post 1:
immediately after the rTMS; Post 2: after motor training; and Post 3: 7
days after rTMS). The parameters of TMS (i.e. resting motor threshold
(rMT), amplitude of motor evoked potentials (MEPs), and intracortical
inhibition (ICI)) were evaluated at pre-r'TMS, Post 1, and Post 3. We did
not evaluate the tMT, MEPs, and ICI immediately after motor training
(Post 2) because the motor performance modulates the excitability of
the motor cortex and ICI (9). Patients and the experimenter performing
the evaluations were blinded to the type of stimulation.

Single-pulse TMS was performed using a 70-mm figure-of-8 coil
and Magstim 200 (Magstim Co., Dyfed, UK), and r'TMS was applied
using the same coil and a Magstim Rapid stimulator (Magstim Co.).
The coil was placed tangentially over the motor cortex at an optimal
site for the first dorsal (FDI) muscle. The optimal site was defined as
the location where stimulation at a slightly suprathreshold intensity
elicited the largest MEPs in the FDI. This position was marked on the
scalp and used throughout the experiment. The rtMT was determined
separately for each stimulator and defined as the lowest stimulator
output that could produce MEPs with a peak-to-peak amplitude greater
than 50 microvolts in at least half of the 10 trials. The peak-to-peak
amplitude of 10 averaged FDI responses obtained at 120% rMT was
also determined by using the Magstim 200 (Magstim Co.).

Paired-pulse stimulation was performed to investigate ICI in the
affected motor cortex. To apply paired pulses, a figure-of-8 coil was
connected to a Bistim device (Magstim Co.) that triggered 2 magnetic
stimulators. The stimulus intensity of the first conditioning shock was
80% rMT and that of the second pulse was 120% rMT. We performed
the tests at interstimulus intervals (ISI) of 2 and 3 msec. Ten trials were

Table I. Clinical characteristics of patients after stroke

Bilateral Unaffected  Affected
rTMS group rTMS group r'TMS group
n=10 n=10 n=10
Age, years, mean (SD) 60.9 (12.4)  58.1(12.3) 59.0 (12.7)
Gender, n
Male 8 7 7
Female 2 3 3
Paretic side, n
Right 6 7 5
Left 4 3 5
Duration after stroke, 26.1 (28.0)  24.7(28.9) 35.6 (38.7)
months, mean (SD)
Fugl-Meyer scale, mean (SD)
Total, % 66.4(17.5) 71.8(17.3)  66.2(21.5)
Hand, % 67.1(26.2) 71.7(23.9) 64.4(4.2)

Fugl-Meyer scale (8) (percentages of maximum points in the upper limb
(66 points) and in hand (24 points)).

rTMS: repetitive transcranial magnetic stimulation; SD: standard
deviation.
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recorded for each 1SI, and unconditioned trials (controls) were recorded
during complete relaxation. The paired stimulation with each IS] was
randomly mixed with the control stimulation. The MEPs amplitudes
obtained by paired-pulse stimulation were expressed as a percentage
of the mean control MEPs amplitude, and the ICI was then calculated
by averaging these values. We obtained ipsilesional TMS data from
19 patients. The exclusion of patients with no ipsilesional TMS data
might have weakened the power of the ipsilesional TMS parameter
analysis. However, we excluded patients who did not display MEPs
in the affected hemisphere from the ipsilesional TMS study section,
i.e. patients in whom MEPs were not induced even at 100% stimulator
output (4 patients in bilateral rTMS group, 3 patients in unaffected
rTMS group, and 4 patients, affected rTMS group).

We alternatively applied the 1 Hz rTMS over the unaffected hemi-
sphere and 10 Hz rTMS over the affected hemisphere by using 2 Magstim
Rapid stimulators (Magstim Co.). This was because it was difficult to ap-
ply rTMS over the affected and unaffected hemispheres simultaneously
due to the mechanical limitation of the overlap of the 2 figure-of-8 coils
in the patient’s head. Fig. 1 shows the rTMS protocols. In the bilateral
rTMS group, the patients were stimulated at 90% rMT, 1 Hz, and 50 sec
train duration over the unaffected hemisphere (50 stimuli) alternating
with 90% rMT, 10 Hz, and 5 sec train duration over the affected hemi-
sphere (50 stimuli), with an interval of 5 sec for 20 times, resulting in
1000 stimuli for each hemisphere. High-frequency rTMS protocols
with a lower stimulator intensity are desirable for preventing seizures in
patients after stroke (10). The rMT of the affected hemisphere is often
higher than that of the unaffected hemisphere in patients after stroke.
Therefore, we used the stimulation power according to the rMT of the
unaffected hemisphere at both the 1 Hz and 10 Hz tTMS in order to
avoid a risk of seizure. In the event that MEPs of the affected hemisphere
could not be elicited at the maxima!l stimulator output, the coil was
fixed at a location over the affected hemisphere that was homologous to
the optimal site of the unaffected hemisphere. In the unaffected rTMS
group, active rTMS was applied over the unaffected hemisphere and
sham stimulation was applied over the affected hemisphere at the same
frequency and intensity used for bilateral rTMS. Sham stimulation was
applied over the optimal site by positioning the coil perpendicular to
the scalp (11). Similarly, in the affected rTMS group, active rTMS was
applied over the affected hemisphere and sham stimulation was applied
over the unaffected hemisphere. After rTMS, the patients performed a
pinching task for 15 min as motor training, as described in a previous
report (12). During the pinching task, the patients were asked to perform
a metronome-paced pinch of their index finger and thumb of the affected
hand as fast as possible (frequency individualized between 0.3 and 0.5
Hz). For assessing the motor function, we checked the pinch force and
acceleration as described previously (5). In each session, 10 pinch force
values and 15 acceleration values were averaged. The patients were
allowed to familiarize themselves with this motor evaluation on the
previous day of the rTMS experiment.

The clinical characteristics data (Table I) were compared between
the bilateral rTMS, unaffected rTMS, and affected rTMS groups by
analysis of variance (ANOVA) or the % test, depending on the variable
type. The effects of rTMS and motor training were evaluated using
an ANOVA for repeated measures with TIME as a within-subjects
factor and CONDITION (bilateral rTMS, unaffected rTMS, and af-
fected rTMS) as a between-subjects factor. A post-hoc analysis was
performed with Bonferroni’s correction. Any possible correlation
between the changes in the various parameters was determined by
Pearson’s correlation coefficient test as an exploratory analysis. All
data were normalized by conversion to percentage change from the
mean values of pre-r'TMS.

RESULTS

The subjects did not report any adverse side-effects during the
course of the study. No difference was observed between the
bilateral, affected, and unaffected rTMS groups with regard
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Fig. 1. The protocol of repetitive
transcranial magnetic stimulation
(rTMS). In the bilateral rTMS group,
the patients were stimulated at 1 Hz
and 50 sec train duration over the
unaffected hemisphere, alternating

s  with 10 Hz and 5 sec train duration

over the affected hemisphere, with an

HE: interval of 5 sec for 20 times, In the
unaffected rTMS group, active rTMS
(solid grey bar) was applied over
the unaffected hemisphere and sham

stimulation (hashed grey bar) was
applied over the affected hemisphere at
the same frequency and intensity used
for bilateral rTMS. Similarly, in the
affected rTMS group, activerTMS was
applied over the affected hemisphere
and sham stimulation was applied over

LA TS 2SS,

to age, gender, paretic side, the duration after stroke, or the
Fugl-Meyer scale (Table I). There was no difference between
the bilateral, affected, and unaffected rTMS groups with regard
to acceleration, pinch force, amplitude of the contralesional
MEPs, amplitude of the ipsilesional MEPs, ICI of the affected
hemisphere, rMT of unaffected hemisphere, or tMT of affected
hemisphere in pre-rTMS (Table II).

Fig. 2 shows the change in motor function after rTMS
and motor training. A repeated-measures ANOVA showed a
significant interaction between TIME and CONDITION with
respect to acceleration (F6,81=2.743, p=0.018) and pinch
force (F6,81=5.539, p<0.001). It also showed a significant
effect of TIME on both acceleration (F6,81=21.014, p<0.001)
and pinch force (F6,81=31.191, p<0.001). The post-hoc test
revealed an improvement in acceleration immediately after
bilateral rTMS (pre-rTMS vs Post 1: p=0.002) and unaffected
r'TMS (pre-rTMS vs Post 1: p=0.008). The motor training did
not induce an additional improvement in acceleration after
bilateral rTMS or unaffected rTMS. These improvements in
acceleration lasted for one week after bilateral rTMS (pre-
r'TMS vs Post 3: p<0.001) and unaffected irTMS (pre-rTMS vs
Post 3: p<0.001). Compared with unaffected rTMS, bilateral

the unaffected hemisphere.

r'TMS increased the acceleration during all the sessions, albeit
not significantly. In the affected tTMS group, the post-hoc test
did not show a significant improvement in acceleration after
r'TMS or motor training. Bilateral rTMS (Post 1: p=0.034; Post
2: p<0.001; Post 3: p=0.001) and unaffected rTMS (Post 2:
p<0.001; Post 3: p=0.022) resulted in a greater increase in
acceleration than affected rTMS.

The post-hoc test did not show a significant improvement
in pinch force immediately after bilateral rTMS or unaffected
r'TMS. However, the motor training induced an improvement
in pinch force after bilateral rTMS (pre-rTMS vs Post 2:
p<0.001; Post | vs Post 2: p<0.001) and unaffected rTMS
(pre-rTMS vs Post 2: p=0.008). These improvements in pinch
force also lasted for one week after bilateral rTMS (pre-rTMS
vs Post 3: p<0.001) and unaffected rTMS (pre-rTMS vs Post 3:
p=0.009). The effect of motor training after rTMS on pinch
force was more enhanced by bilateral rTMS than by unaffected
t'TMS (Post 2: p=0.004; Post 3: p=0.010). In the affected rTMS
group, the post-hoc test did not show a significant improve-
ment in pinch force after rTMS or motor training. Bilateral
rTMS increased the pinch force compared with affected rTMS
(Post 2: p<0.001; Post 3: p<0.001).

Table IL. Physiological parameters of pre-repetitive transcranial magnetic stimulation (rTMS)

Bilateral rTMS group Unaffected rTMS group Affected rTMS group
Acceleration, m/sec?, mean (SD) 1.9(L.7) 1.9(1.2) 2214
Pinch force, N, mean (SD) 25.7(10.3) 27.7(10.2) 30.1 (14.2)
Amplitude of contralesional MEPs, 11V, mean (SD) 696.3 (619.7) 797.4 (828.8) 664.6 (585.5)
Amplitude of ipsilesional MEPs, 1V, mean (SD) 337.0(293.2) 401.3 (320.7) 432.0 (307.3)
ICT of affected hemisphere, %, mean (SD) 59.2 (16.6) 63.4(24.7) 70.7 (28.3)
rMT of unaffected hemisphere, %, mean (SD) 48.1(7.4) 48.3 (14.5) 50.5(8.3)
rMT of affected hemisphere, %, mean (SD) 62.0 (12.5) 55.3(14.4) 56.0 (16.1)
ICI: intracortical inhibition; MEPs: motor evoked potentials; rtMT: resting motor threshold: SD: standard deviation.
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Fig. 2. The effects of repetitive transcranial magnetic stimulation (\TMS) and motor training; (a) acceleration; (b) pinch force. Bilateral and unaffected
rTMS improved the acceleration of the paretic hand (pre-TMS vs Post 1 : bilateral, p=0.002; unaffected, p=0.008) and this improvement in acceleration
tasted for one week after rTMS and motor training (pre-TMS vs Post 3: bilateral, p<0.001; unaffected, p<0.001). The motor training improved the
pinch force of the paretic hand after bilateral rTMS (pre-rTMS vs Post 2: p<0.001; Post | vs Post 2: p<0.001) and unaffected rTMS (pre-tTMS vs
Post 2: p=0.008). This improvement in pinch force also lasted for one week after rTMS and motor training (pre-rTMS vs Post 3: bilateral, p<0.001;
unaffected, p=0.009). The effect of motor training on pinch force was more enhanced by bilateral rTMS than by unaffected rTMS (Post 2: p=0.004;
Post 3: p=0.010). ¥p<0.05; **p<0.01 (asterisk without a line indicates a p-value comparison with pre-rTMS); error bar, standard deviation.

Fig. 3 shows the change in the corticospinal excitability
after 'ITMS. A repeated measures ANOVA for MEPs showed
a significant interaction between TIME and CONDITION
(contralesional MEPs: F4,54=3.277, p=0.018; ipsilesional
MEPs: F4,32=3.654, p=0.015) and a significant effect of
TIME on MEPs (contralesional MEPs: F4,54=4.188, p=0.020;

ipsilesional MEPs: F4,32=9.012, p <0.001). The post-hoc test
revealed that a decreased amplitude of contralesional MEPs
was produced immediately by unaffected rTMS (p=0.001)
but not by bilateral rTMS or affected rTMS. The post-hoc
test revealed that an increased amplitude of ipsilesional MEPs
was produced immediately by unaffected rTMS (p <0.001)

a) b)
B Bilateral rTMS

] Unaffected rTMS
] Affected rTMS

140+ 140+

1201

(% of the pre-rTMS)

Amplitude of the ipsilesional MEPs

Pre-rTMS Post 1 Post 3 Pre-rtMS

Post 1

Amplitude of the contralesional MEPs
(% of the pre-rTMS)

Fig. 3. The change in the corticospinal excitability after repetitive transcranial magnetic stimulation ('TMS). (a) Amplitude of the contralesional MEPs. (b)
Amplitude of the ipsilesional motor evoked potentials (MEPs). Unaffected rTMS decreased the amplitude of contralesional MEPs (pre-rTMS vs Post 1:
p=0.001) and increased the amplitude of ipsilesional MEPs (pre-tTMS vs Post 1: p<0.001). Bilateral rTMS increased the amplitude of ipsilesional
MEPs (pre-tTMS vs Post 1: p=0.021). However, the changes induced by rTMS were observed to be diminished at 7 days after rTMS. *p<0.05;
** p<0.01, error bar, standard deviation.
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Fig. 4. Thechange in the intracortical inhibition after repetitive transcranial
magnetic stimulation (f'TMS). A decreased intracortical inhibition of
the affected hemisphere was produced by bilateral rTMS (pre-rTMS vs
Post 1: p=0.002). However, the change induced by rTMS was observed
to be diminished at 7 days after rTMS. **p<0.01; error bar, standard
deviation.

and bilateral rTMS (p=0.021), but not by affected rTMS.
There was no significant difference in the ipsilesional MEPs
changes between bilateral rTMS and unaffected rTMS. The
MEPs changes diminished at 7 days after bilateral rTMS and
unaffected rTMS.

Fig. 4 shows the change in the inhibitory function of affected
hemisphere after r-TMS. A repeated measures ANOVA for ip-
silesional ICI showed a significant interaction between TIME
and CONDITION (F4,32=3.021, p=0.032) and a significant
effect of TIME on ipsilesional ICI (F4,32=3.398, p=0.046).
The post-hoc test revealed that a decreased ipsilesional ICI
was produced immediately by bilateral rTMS (pre-rTMS vs
Post 1: p=0.002) but not by unaffected rTMS or affected
'TMS. However, the ICI change diminished at 7 days after
bilateral rTMS.

A repeated-measures ANOVA for contralesional and ip-
silesional rMT did not show a significant interaction between
TIME and CONDITION; furthermore, no significant effect
of CONDITION or TIME was observed. In both the bilateral
and unaffected r'TMS groups, the improvement in the motor
function after 'rTMS (Post 1) or motor training (Post 2) showed
no significant correlation with the age, duration after stroke,
the Fugl-Meyer scale, and the changes in ipsilesional MEPs
and ICI.

DISCUSSION

This study reports that bilateral rTMS and unaffected rTMS
therapy can improve the motor training effect in the paretic
hand of patients after stroke. Moreover, bilateral rTMS could
improve the motor function more than unaffected rTMS. Our
study results suggest that stimulating the affected hemisphere
along with inhibition of the unaffected hemisphere by bilateral
'TMS appears to improve the motor function of the paretic
side in patients after stroke, while the procedure remains safe
and well tolerated.

Bilateral rTMS and motor training 1053

We found that 1 Hz rTMS over the unaffected hemisphere
increased the corticospinal excitability of the affected hemi-
sphere; this result is in agreement with previous reports (7).
The inhibition of the excitability of the unaffected hemisphere
by 1 Hz r'TMS would result in a decrease in the transcallosal
inhibition from the unaffected to the affected hemisphere and
an increase in the excitability of the affected hemisphere (5,
7). The enhancement of motor cortex excitability appeared to
be a necessity for motor learning (13). Therefore, artificially
increasing cortical excitability with rTMS could facilitate mo-
tor learning and recovery after stroke (6, 7). However, bilateral
r'TMS could increase the corticospinal excitability of the affected
hemisphere as well as could unaffected rTMS, despite the fact
that bilateral rTMS could improve the motor training effect
in the paretic hand more than unaffected rTMS. Therefore, in
addition to increasing the cortical excitability of the affected
hemisphere, bilateral 'rTMS might have another mechanism that
could improve the motor function. By this other mechanism, the
disinhibition induced by bilateral *TMS might contribute to the
functional improvement of the paretic hand. Kobayashi et al. (14)
have reported that 1 Hz rTMS over the motor cortex induced
the disinhibition of the contralateral motor cortex, which might
be induced by the disruption of transcallosal inhibition (14).
High-frequency rTMS could also induce the disinhibition of the
stimulated motor cortex (15). In this study, only affected rTMS
or unaffected rTMS caused no change in the inhibitory function
of the affected hemisphere, but bilateral rTMS could decrease
the inhibitory function of the affected hemisphere by using 2
'TMS protocols that had the ability to induce disinhibition. A
decrease in the inhibition unmasks the pre-existing, functionally
latent neural networks around the lesion, thereby contributing
to cortical reorganization (16). Based on these findings, the
increased excitability and decreased inhibitory function of the
affected motor cortex after bilateral 'TMS might contribute to
a more suitable environment for reorganization of the affected
motor cortex by motor training,.

A previous study (6) reported that high-frequency rTMS
over the affected hemisphere improved the motor function of
a paretic hand. However, in the present study, 10 Hz rTMS
over the affected hemisphere had no effect on motor function.
There are several possible reasons for this, as follows. First,
we did not use a stereotactic system with integrated MRI data
to stimulate the affected motor cortex; this might have resulted
in inadequate stimulation because of the anatomical changes
that occur after stroke. Secondly, we conducted a sham stimu-
lation to ensure that the conditions between affected rTMS
and bilateral 'TMS were as similar as possible. However, it is
possible that the patients could differentiate between the active
and sham stimulations based on the physical scalp sensations;
this might influence the results of affected rTMS. Thirdly,
the stimulation power according to the rtMT of the unaffected
hemisphere might be too weak to increase the cortical excit-
ability by only affected rTMS. This is because the rMT of the
unaffected hemisphere is often lower than that of the affected
hemisphere in stroke patients. Thus, the fact that affected rTMS
had no effect on the motor function might also be because of
the insufficient stimulation power.
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Nevertheless, the method used in our study has some advan-
tages. First, the use of a low-power stimulation for the affected
hemisphere increased the safety of bilateral :TTMS. Theoretically,
compared with unaffected rTMS, bilateral rTMS involving di-
rect high-frequency stimulation of the affected hemisphere can
increase the excitability of the affected hemisphere to a greater
extent; this is because high-frequency rTMS is known to increase
the cortical excitability (1), However, there was no significant
difference in the excitability of the affected hemisphere between
bilateral rTMS and unaffected rTMS. Thus, bilateral rTMS may
be a safe and well-tolerated procedure because it does not cause
excessive excitability of the affected hemisphere. The fact that
we did not perform affected rTMS and unaffected rTMS simul-
taneously is another advantage of our study. Nitsche et al. (17)
had demonstrated that homeostatic plasticity acted when both
excitability-changing protocols were applied simultaneously.
If affected rTMS and unaffected rTMS are applied simultane-
ously, homeostatic plasticity might work to maintain the global
network function within the normal physiological range, thereby
nullifying the effects of both affected rTMS and unaffected
¥TMS. Future studies should therefore aim to clarify whether
homeostatic plasticity can develop with simultaneous applica-
tion of rTMS and transcranial direct current stimulations, which
can stimulate small areas and can alter the cortical excitability
as efficiently as rTMS.

In conclusion, our results have demonstrated that the
combination of 1 Hz rTMS over the unaffected hemisphere
and 10 Hz rTMS over the affected hemisphere could lead to
an improvement in the motor function of the paretic hand of
patients with chronic stroke. These findings will probably be
pertinent to the design and optimization of neurorehabilitative
strategies for stroke.
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ABSTRACT: Needle electromyography (EMG) of the tongue is traditionally
used as a key to the diagnosis of amyotrophic lateral sclerosis (ALS),
although relaxation of the tongue is often difficult to achieve. Recently,
frequent abnormalities in the EMGs of the sternocleidomastoid (SCM) and
upper trapezius muscles in ALS have been reported. To elucidate the
diagnostic utility of these muscles we performed a multicenter prospective
study to examine EMGs of the tongue (genioglossus), SCM, and trapezius
in 104 ALS or suspected ALS patients. We also examined EMGs of the SCM
and trapezius in 32 cervical spondylosis (CS) patients. We mainly evaluated
fibrillation potentials/positive sharp waves (Fib/PSWs) and fasciculation po-
tentials. Complete relaxation was achieved in 85% of ALS patients in the
trapezius, but in only 8% of patients in the tongue. Fib/PSWs were observed
in 8%, 13%, and 45% of ALS patients in the tongue, SCM, and trapezius,
respectively, whereas fasciculation potentials were observed in 1%, 7%, and
39%, respectively. Abnormal spontaneous activity of any type was found in
9%, 17%, and 63% of patients, respectively. The high frequency of abnormal
spontaneous activity in the trapezius was similar among the different diag-
nostic categories, and even 72% of clinically suspected ALS (progressive
muscular atrophy) patients showed them in their trapezius. We did not
observe Fib/PSWs or fasciculation potentials in any of our CS patients, thus
these findings have excellent specificity. Tongue EMG added little utility over
the clinical sign of tongue atrophy. Abnormal spontaneous activity in the
trapezius would be more useful for the early diagnosis of ALS.
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Trapezius EMG in ALS

must be sufficiently sensitive and specific. Needle
electromyography (EMG) plays an important role in
the diagnosis of ALS both by confirming LMN dys-
function in clinically affected regions and detecting
evidence of LMN dysfunction in clinically unin-
volved regions. The revised El Escorial Criteria
(EEC)* for the diagnosis of ALS include electro-
physiologic criteria that require evidence of dener-
vation and reinnervation in at least two of four re-
gions of the neuraxis (cranial, cervical, thoracic, and
lumbosacral) to assure widespread LMN involve-
ment.

One drawback of the EEC is its rather low sensi-
tivity in early stages of the disease.?2%:3% One reason
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for this low sensitivity is the low frequency of EMG
abnormalities in the cranial nerve region.'*2% EMG
of the tongue (usually genioglossus) has been tradi-
tionally considered an important key for documen-
tation of bulbar involvement in ALS,2¢ and it is fre-
quently performed in clinical practice. However,
achieving relaxation of the tongue is often difficult,
and thus an evaluation of spontaneous activity may
be difficult in this muscle.!®1427.3 Very limited data
are available on how frequently patients can actually
relax the tongue muscles to allow for accurate deter-
mination of spontaneous activity.!*3% Accordingly,
whether EMGs of the tongue are helpful in docu-
menting subclinical LMN involvement remains con-
troversial.1:13:23

Recently, some investigators have reported fre-
quent abnormalities in EMG of the sternocleidomas-
toid muscle (SCM) or the upper trapezius muscle in
ALS patients.®1%27 However, the relative utility of
these muscles in comparison with the tongue in the
diagnosis of ALS has not been investigated fully, nor
is it clear whether these muscles can be relaxed more
easily than the tongue. In order to clarify these issues
we conducted a multicenter prospective study to
compare the EMG findings of these three muscles in
a large number of patients with ALS or suspected
ALS. Because one of the important roles of EMG of
cranial muscles in ALS is the exclusion of cervical
spondylosis, 1930 we evaluated the specificity of the
EMG findings in the trapezius and SCM by examin-
ing these muscles in patients with cervical spondylo-
sis (CS) who presented with overt atrophy of upper-
limb muscles.

MATERIALS AND METHODS

Patients and Clinical Evaluation. Consecutive pa-
tients with ALS or CS were enrolled from 1 February
2007 to 31 January 2008 at EMG clinics of eight
tertiary medical centers and related institutes (The
Tokyo Metropolitan Neuromuscular Electrodiagno-
sis Study Group). All patients gave informed consent
to the study design and experimental procedures.
For the ALS group, we made a clinical diagnosis
of ALS or suspected ALS after full neurological ex-
aminations and standard systemic needle EMG ex-
aminations. Other diagnoses were excluded by ap-
propriate imaging studies, laboratory tests, and
nerve conduction studies. We classified each ALS
patient into the following diagnostic categories ac-
cording to the EEC: clinically definite, probable,
probable laboratory supported, possible, and sus-
pected. The EMG findings of the tongue were con-
sidered in determining the EEC category, but those
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of the SCM and trapezius were not, because these
muscles have been considered to have both cranial
and cervical innervations.®?? The “clinically sus-
pected” category had been defined in the first ver-
sion of the El Escorial criteria,*? corresponding to
pure lower motor neuron disease, or progressive
muscular atrophy (PMA). This category was deleted
in the revised EEC, but we continued to use this term
in this study for convenience. We included patients
with such a lower diagnostic certainty because we
wanted to investigate the possible role of EMGs of
these muscles for the early diagnosis of ALS. For the
clinically suspected category, we required that all of
the following conditions be met: (1) a history of
relentlessly (in months) progressive muscle weak-
ness; (2) LMN involvement suggested clinically or
electrophysiologically in at least two body regions;
and 3) other diagnoses were excluded by the appro-
priate tests. Patients in the clinically possible or clin-
ically suspected categories were followed up as long
as possible. A rise in the category to clinically prob-
able (including laboratory supported) or higher, the
development of respiratory dysfunction requiring ar-
tificial ventilation, or the need for a gastrostomy
feeding tube were regarded as validating the diagno-
sis of ALS. The other clinical information recorded
for the ALS patients included the duration of illness,
the site of symptom onset (bulbar or nonbulbar),
and the presence or absence of tongue atrophy as a
marker for bulbar, and not pseudobulbar, signs.

The inclusion criterion for the CS patients was
that the patient presented with overt atrophy and
weakness of the upper limb muscles due to CS with
confirmation by clinical features and corresponding
magnetic resonance imaging (MRI) findings. They
usually had sensory symptoms and long-tract signs
suggestive of cervical myelopathy, but some of them
lacked both and presented with a pure LMN syn-
drome typical of CS amyotrophy. The latter is mainly
reported in Japan.!820:8L37 Such cases would be the
most confused with ALS because of the lack of sen-
sory symptoms. In the patients with CS amyotrophy,
the clinical course was abortive and often showed a
slight improvement, but it never showed the typical
relentlessly progressive course of ALS. The muscle
atrophy and EMG changes of these patients were
strictly confined to a segmental distribution even
within the upper limb muscles.

Electromyography. All of the EMG examiners were
board-certified neurologists and were proficient
electromyographers with at least 10 years of profes-
sional EMG experience. Concentric needle EMG ex-
aminations were performed in standard settings us-
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ing EMG machines at each institute. Three muscles,
the tongue (genioglossus), SCM, and upper trape-
zius (hereafter simply called “trapezius”) were exam-
ined in all patients from the ALS group, whereas the
SCM and trapezius were examined for the CS pa-
tients.

For the tongue examination the needle was in-
serted through the submandibular triangle with the
patient in the supine position. Thus, to be accurate,
we investigated the genioglossus muscle, but we call
this muscle the “tongue” hereafter for simplicity.
Special care was taken to relax this muscle, which
may be the best possible tactic for this purpose (Jun
Kimura, personal communication). Specifically, we
told the patient that we would examine “the muscle
under the jaw,” and not the tongue itself, in order to
draw his or her attention away from the tongue. In
addition, we instructed the patient to freely swallow
saliva when he or she noticed its pooling.

For each muscle, spontaneous activity was ex-
plored in at least 10 different sites. Only regularly
firing potentials that lasted more than 3 s were ac-
cepted as fibrillation potentials or positive sharp
waves (Fib/PSWs). These activities were judged to be
pathological only when they were identified at a
minimum of two different sites within the muscle.
Fasciculation potentials were defined as motor unit
potential (MUP)shaped potentials that fired in a
highly irregular pattern, often with a clustering of
discharges.?? We observed a completely relaxed mus-
cle for at least 30 s to determine the presence or
absence of fasciculation potentials. Any persistence
of voluntary MUPs was considered to render the
identification of fasciculation potentials impossible.

The level of relaxation achieved for each muscle
was classified into three grades: complete relaxation
(no remaining voluntary MUPs), partial relaxation,
and no relaxation. Partial relaxation indicated that
some voluntary MUPs remained, but identification
of Fib/PSWs was possible by paying attention to the
regularly firing sound. Fasciculation potentials were
evaluated only for complete relaxation, whereas Fib/
PSWs were evaluated for complete and partial relax-
ation.

In this study we relied primarily on observation of
spontaneous activity as evidence of abnormality. Vol-
untary activity was also evaluated for each muscle
using ordinary methods of qualitative assessment.
We regarded the following features as abnormal
signs that indicated LMN dysfunction: (1) giant
MUPs, (2) reduced recruitment pattern, and (3)
polyphasic and unstable MUPs.*
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Statistical Analysis. The frequency of specific EMG
parameters was compared between different patient
groups using the Chi-square test for independence
or Fisher’s exact probability test. For comparisons
regarding three or more categories with rank order,
such as relaxation levels or diagnostic categories, we
used the two-sample Wilcoxon test.

RESULTS

Clinical Features. One hundred and four ALS pa-
tients were included. They consisted of 56 men and
48 women ranging in age from 45 to 83 years (imean,
66.5 years). At the time of examination the duration
of illness ranged from 3-52 months (median 11
months). The region of symptom onset was bulbar
(including pseudobulbar) in 40 and nonbulbar in 64
(upper limb in 40, lower limb in 20, respiratory
muscles in two, thoracic in one, neck muscles in
one). Tongue atrophy was evident in 41 patients.
The number of patients in each diagnostic category
was as follows: clinically definite, 6; clinically proba-
ble, 21; clinically probable-laboratory supported, 18;
clinically possible, 34; and clinically suspected, 25.
Among the 59 patients in the clinically possible or
suspected categories, sufficient follow-up informa-
tion for more than 3 months was available in 47
patients, and the diagnostic category rose to clini-
cally probable (including laboratory supported) or
higher in 16 patients. Nine additional patients de-
veloped respiratory failure that caused death or re-
quired ventilatory support or gastrostomy tube feed-
ing. Six of these 25 patients died. For the remaining
22 patients the diagnostic level did not reach clini-
cally probable or higher, and they did not develop
such critical problems over 3-14 months of follow-
up.

For the CS group, 32 patients were included, they
consisted of 29 men and 3 women ranging in age
from 33-85 years (mean, 62.2 years). The distribu-
tion of weakness was mainly proximal (C5-C6 inner-
vation) in 21 patients, mainly distal (C7-T1 innerva-
tion) in nine patients, or a combination of both in
two patients.

Electromyography. The levels of relaxation achieved
for each muscle are presented in Table 1. The tra-
pezius had the highest level of complete relaxation
(85% of ALS and 97% of CS patients). Similar levels
of relaxation were achieved in 43% of ALS patients
for the SCM and only 6% for the tongue. A level of
relaxation that enabled identification of Fib/PSWs
was achieved in all patients for the trapezius, but it
was achieved in slightly more than half of ALS pa-
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Table 1. Relaxation level and summary of EMG findings.

Tongue SCM Trapezius
Amyotrophic lateral sclerosis
(n=104)
Relaxation level
Complete 6 (6%) 45 (43%)* 88 (85%)%
Partial 54 (52%) 50 (48%) 16 (15%)
No relaxation 44 (42%) 9 (9%) 0 (0%}
EMG findings
Fib/PSWs 8 (8%) 13 (13%) 47 (45%)%
Fasciculation potentials 1 (1%) 7 (7%)* 41 (39%)%
Any abnormal
spontaneous activity” 9 (9%) 18 (17%) 65 (63%)°
MUP changes't 52 (50%) 62 (60%) 67 (64%)!
Both Fib/PSWs and MUP
changes
(Revised El Escorial
criteria) 8 (8%) 11 (11%) 40 (38%)%
Both abnormal
spontaneous activity
and MUP changes
(Awaiji criteria) 9 (8%) 16 (15%) 50 (48%)%
Cervical spondylosis (n=32)
Relaxation level
Complete notdone 14 (44%) 31(97%)
Partial notdone 18 (56%) 1 (3%)
No relaxation not done 0O (0%) 0 (0%)
EMG findings
Fib/PSWs notdone 0 (0%) 0(0%)
Fasciculation potentials not done 0 (0%) 0 (0%)
Any abnormal
spontansous activity” not done 0 (0%) 0 (0%)
MUP changest notdone 2 (6%) 6 (19%)

Fib/PSWs, fibrillation potentials and/or positive sharp waves; SCM,
sternocleidornastoid.

*Any abnormal spontaneous activity, either Fib/PSWs or fasciculation
potentials, or both.

TMUP changes, changes in the shape or recruitment of the motor unit
potentials (MUPs).
*p < 0.05 for tongue vs. SCM (Wilcoxon’s two sample test was used for
comparisons between the ranked relaxation levels of any two muscles).
SP < 0.05 both for tongue vs. trapezius and SCM vs. trapezius.

I P < 0.05 only for tongue vs. trapezius.

tients for the tongue. The differences in the relax-
ation level between the different muscles were highly
significant.

The EMG findings of the patients are also sum-
marized in Table 1. The frequency of abnormal
spontaneous activity in the ALS patients was mark-
edly different between the three muscles. Both Fib/
PSWs and fasciculation potentials were much more
frequently identified in the trapezius than in the
tongue or SCM. Any type of abnormal spontaneous
activity was observed in 62% of the ALS patients for
the trapezius, but it was observed in only 17% of
patients for the SCM and 8% for the tongue. In
contrast, the frequency of MUP changes (changes in
the MUP shape or recruitment) was not very differ-
ent between the three muscles.
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The frequency of abnormal spontaneous activity
for each ALS subgroup is summarized in Table 2. In
general, there was little difference in frequency be-
tween the different subgroups; significant differ-
ences were observed only for the tongue. Patients
who had tongue atrophy or were in categories with a
higher diagnostic certainty had a significantly higher
frequency of Fib/PSWs in the tongue, although even
patients with overt tongue atrophy had a rather low
frequency of Fig/PSWs (15%). Notably, the findings
for the trapezius, in which abnormal spontaneous
activity was most frequently observed, were similar
between the different subgroups, particularly be-
tween the different diagnostic categories. Even clin-
ically suspected ALS patients presented with a simi-
larly high frequency of Fib/PSWs, fasciculation
potentials, or any type of abnormal spontaneous
activity (72%) as compared to the higher diagnostic
categories.

The EMG findings of the CS patients are also
shown in Table 1. Neither Fib/PSWs nor fascicula-
tion potentials were observed in any CS patient,
although MUP changes were infrequently observed.

DISCUSSION

Methods of the EMG Assessment. Usually, LMN dys-
function in ALS is confirmed by the presence of both
Fib/PS5Ws and MUP changes.? In the present study,
however, we relied primarily on spontaneous activity,
including fasciculation potentials. We also recorded
changes of MUP shape and recruitment, but we did
not use them as a primary marker for abnormality.
Qualitative assessment remains the most popular
method employed for the evaluation of voluntary
activity in daily EMG practice. Many previous studies
that investigated EMGs of the cranial muscles in ALS
also employed qualitative assessment®27-% or gave no
detailed description on the method of evaluation for
voluntary activities.>®1028 A qualitative method
would be sufficiently reliable if performed by a
trained examiner,?!2 but it would not be free from
subjective biases. In contrast, the judgment of spon-
taneous activity is a clear-cut dichotomy: it is either
present or absent, and is sufficiently reliable, partic-
ularly because we employed strict definitions to iden-
tify spontaneous activity. We admit that establishing
the neurogenic nature of the overall disease process
by evaluating MUP shape and recruitment is manda-
tory for the diagnosis of ALS, but this is usually
achieved in the limb muscles for most cases.

There remains controversy regarding the signifi-
cance of fasciculation potentials in the diagnosis of
ALS. One conventional view is that fasciculation po-
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Table 2. Frequency of abnormal spontaneous activities for ALS subgroups.

Fib/PSWs Fasciculation potentials Any abnormal
spontaneous activity” Tongue SCM Trapezius  Tongue SCM Trapezius  Tongue SCM Trapezius
Bulbar onset (n = 40) 3 (8%) 5 (13%) 16 (40%) 0 (0%) 2 (5%) 13 (33%) 3 (8%) 6 (15%) 22 (65%)
Non-bulbar onset (n = 64) 5 (8%) 8(13%)  31(48%) 1(2%) 5(8%) 28(44%) 6 (9%) 12 (19%) 43(67%)
Tongue atrophy

Present {n = 41) 6 (15%)7  8(20%) 22 (54%) 0 (0%) 3(7%) 1537%) 6{15%) 10(24%) 27 (66%)
Absent (n = 63) 2 (3%) 5 (8%) 25 (40%) 1{2%) 4(6%) 26(41%) 3 (5%) 8 (13%) 38 {60%)
Diagnostic category

according to the

Revised E1 Escorial

criteria
Definite (n = 6) 1(17%)F  1(17%) 5 (83%) 0 (0%) 0 (0%) 1 (17%) 1(17%) 1(17%) 5 (83%)
Probable (n = 21) 3 (14%) 4 (19%) 7 (33%) 0 (0% 1 (5%} 9 (43%) 3 (14%) 5 (24%) 12 (57%})
Probable-laboratory

supported (n = 18) 3(17%) 1(6%) 12 (67%) 0 {0%) 1 (6%) 8 (44%) 3{17%) 1{6%) 13 (72%)
Possible (n = 34) 0 (0%) 3 (9%) 12 (35%) 1 (3%) 3 (9%) 12 (35%) 1(3%) 6 (18%) 17 (50%;)
Suspected (PMA; n = 25) 1{4%) 4 (16%) 11 (44%) 0 (0%) 2 (8%) 11 (44%) 1 (4%) 5 (20%) 18(72%)

Fib/PSWs, fibrillation potentials and/or positive sharp waves; SCM, sternocleidomastoid; PMA, progressive muscular atrophy.
*Any abnormal spontaneous activity, either Fib/PSWs or fasciculation potentials, or both.

TP < 0.05 (present vs. absent).

*P < 0.05 (Wilcoxon'’s two sample test on whether the categories with higher diagnostic certainty had a higher incidence of abnormality).

tentials are nonspecific findings, since they occur
not only in various disorders but also in normal
individuals.®23 Other authors, including the present
authors, however, have argued that fasciculation po-
tentials have an important role for diagnosis, given
their high specificity for ALS.%#2:3%3 The recent
Awaji criteria, which were proposed as the revised
criteria for ALS diagnosis,!! gave fasciculation poten-
tials a similar significance as Fib/PSWs. In the
present stucdy we observed no fasciculation potentials
in the SCM or trapezius muscles in any CS patients.
The specificity of fasciculation potentials was excel-
lent in this regard, and these results support the new
Awaji criteria.

Limitations of Tongue EMG. The present results
clearly revealed the limitations of tongue EMG. The
probability of obtaining complete relaxation was very
low, and even partial relaxation was achieved in only
approximately half of the subjects. Fib/PSWs were
identified in only 8% of ALS patients, and fasciculation
potentials were even less. Difficulty in relaxing the
tongue has been mentioned by several authors,10.14.27.39
but few reports have presented the actual frequency of
this problem. Preston et al.3¢ reported that the relax-
ation of the tongue was insufficient in two out of 21
ALS cases. Finsterer et al.!> stated that they found any
type of spontaneous activities in the tongue in 60%-—
63% of patients, and they could not accurately assess
spontaneous activity in the remaining patients. We be-
lieve our high frequency of nonrelaxation was not due
to poor technique, but rather it was due to the fact that
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we gave greater attention to this issue with an effort to
maintain adequate quality control to standardize our
findings.

We identified Fib/PSWs in the tongue in only 3%
of the subjects who lacked overt tongue atrophy and
in 15% of the subjects with atrophy. Thus, contrary
to prevalent belief,1!%1% tongue EMGs rarely de-
tected subclinical LMN involvement of the bulbar
muscles,?® and they provided little additional utility
over the clinical sign of tongue atrophy.

Most previous studies reported a higher fre-
quency of Fib/PSWs or fasciculation potentials in
the tongue than the present study.®1527.30 The
earlier clinical stage in our study may be the rea-
son for the lower frequency,!® but it is unlikely to
be the main reason. The frequency of abnormal
spontaneous activity in patients with a higher di-
agnostic certainty was also low in the present study
(Table 2). We hypothesize that the more rigorous
conditions we used to identify abnormal spontane-
ous activity must be the major reason for our lower
figure, because small voluntary MUPs may be dif-
ficult to distinguish from fibrillation potentials in
the cranial nerve muscles.!%!* De Carvalho et al.!?
found no Fib/PSWs in bulbar muscles (masseter,
tongue, or SCM) of 68 ALS patients. However, one
drawback of their study may be that they looked
for spontaneous activity in only four different sites
in each muscle. We explored at least 10 different
sites, which must be a minimum requirement as
the standard EMG technique.?
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Utility of the Trapezius EMG. Our results revealed
that it was easier to achieve complete relaxation in
the upper trapezius muscle, and the frequency of
Fib/PSWs and fasciculation potentials in ALS pa-
tients was by far the highest in this muscle among the
three muscles investigated. A similar superiority of
the trapezius muscle has been reported by Cho et
al.¢ in a smaller number of subjects, although they
did not differentiate between abnormalities in spon-
taneous activity and those in voluntary activity.

We observed abnormal spontaneous activity far
more frequently in the trapezius than in the SCM, in
spite of the fact that both muscles are innervated by
the spinal accessory nerve.!%-2141 Similarly, low fre-
quency of fibrillation potentials in the SCM have
been reported by other authors.!®27 This discrep-
ancy between the trapezius and SCM cannot be com-
pletely explained by better relaxation in the trape-
zius because a relaxation level that enabled
identification of Fib/PSWs was achieved for most
patients even in the SCM. A study in the rat demon-
strated that the SCM was innervated rostrally from
C1 to C3 motoneurons, whereas the trapezius was
innervated caudally from C3 to Cb.22 However, it is
hard to explain the observed discrepancy by a differ-
ent location of neuronal soma, because there was no
difference in the findings between patients with bul-
bar-onset (caudal progression) and nonbulbar onset
(rostral progression). A similar preferential involve-
ment or appearance of fibrillation potentials in ALS
has been described for other muscles such as the
tibialis anterior, thenar muscles, or first dorsal inter-
osseus muscle. 2425363840 Although the pathophysio-
logical basis for such selectivity is unknown, the up-
per trapezius should be added to the list of muscles
that are preferentially affected in ALS, at least re-
garding spontaneous activity.

In the present study we observed no abnormal
spontaneous activity in the SCM or trapezius muscles
in any of the 32 CS patients. In CS patients, normal
EMGs of the SCM have been reported by a few
authors,!?-27 but we could not find any previous re-
ports for trapezius EMG. Considering the location of
the motoneurons for the SCM and upper trapezius,
as mentioned above, the SCM may well be spared in
CS patients, but the trapezius, with cell bodies at C3
to C5, may be involved because the C3-4 vertebral
level (C4-5 spinal level) is the upper limit of cord
compression in cervical spondylotic myelopathy.!?
Some of the cervical spondylotic amyotrophy cases
may be actually motor radiculopathies,?®?! and the
spinal accessory nerve ascending within the spinal
canal would not be affected by the radiculopathy. In
addition, the anterior portion of the upper trapezius
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muscle, which we usually select as the needle inser-
tion site during the examination in the supine posi-
tion, may be innervated by the rostral group of the
spinal motoneurons for this muscle.?? In any case, we
can conclude from the present results that the ab-
normal spontaneous activity in the upper trapezius
(and SCM) indicates widespread LMN involvement
that is rarely seen in CS and is highly suggestive of
ALS.

We observed abnormal spontaneous activity, in-
cluding fasciculation potentials, in the trapezius in
clinically possible or even “suspected” ALS patients
(PMA patients) as frequently as in patients with a
higher diagnostic certainty. More than half (25/47)
of patients with such lower diagnostic categories for
whom sufficient follow-up information was available
later went up to the higher categories or developed
life-threatening respiratory dysfunction or dysphagia
despite rather short follow-up periods. Traynor et
al.? reported that patients who were initially classi-
fied into lower diagnostic categories showed no bet-
ter prognosis than those who were classified into
higher diagnostic categories, and 67% of them even-
tually fulfilled higher categories. A further 15% re-
mained trial ineligible until death. These facts sug-
gest that most patients classified into lower
diagnostic categories in the present study actually
suffered from ALS. In this regard, observation of
abnormal spontaneous activity in the trapezius will
contribute to the early diagnosis of ALS.

Considering the predominantly high-to-middle
cervical location of motoneurons for the SCM and
trapezius, it is not appropriate to classify these mus-
cles as bulbar muscles.!%-1* However, we can at least
define them as cervical muscles, and examination of
the trapezius EMG with its high frequency of abnor-
mality would contribute to reducing the number of
muscles examined until the EEC regarding the cer-
vical region is satisfied.

*The Tokyo Metropolitan Neuromuscular Electrodiagnosis Study
Group: Teikyo University: Dr. Eiichi Ito; Chiba University: Drs.
Kazuaki Kanai, Setsu Sawai, and Sagiri Isose; Tokyo Metropolitan
Neurological Hospital: Drs. Yasuhiro Kagamihara, and Yumi
Awatsu; Saitama Medical School: Drs. Sayaka Kondo, and Takato
Taguchi; Saitama Prefectural Rehabilitation Center: Drs. Tadashi
Ichikawa, and Hiroyuki Yamada; Yokosuka Kyosai Hospital; Jichi
Medical University Hospital: Dr. Mikio Sawada; Sapporo Azabu
Neurosurgical Hospital: Dr. Haruo Uesugi.
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