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Effects of Low-frequency Repetitive Transcranial Magnetic Stimulation on 
Focal Hand Dystonia: A Case Report
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A 40-year-old female patient with no medical history or family history of dystonia showed no abnormalities 
on cranial MRI. However, flexions and extensions were poor during the right arm and elbow movements, and 
tremors were observed during the finger separation movement. The tremors reduced when the left hand was 
placed on the right shoulder. The patient was, therefore, diagnosed with right hand dystonia and treated with 
repetitive transcranial magnetic stimulation (rTMS) therapy. The motor cortex regulating the right arm was 
stimulated with a 1 Hz rTMS, performed 350-500 times at an intensity 1.2 times of that of the threshold val-
ue. When involuntary movements improved after 350 times, we measured the simple test for evaluating hand 
function (STEF), and finger-bending and writing movements before and after stimulation by monitoring the 
changes in cerebral blood flow using near-infrared spectroscopy (NIRS). We also assessed the motor evoked 
potential (MEP), cortical silent period (CSP), and short-interval intracortical inhibition (SICI) before TMS 
and after 150 times and 350 times. The arm movement was recorded as a video.
After 150 stimulations of rTMS, the right arm and finger separation movements improved; after 350 stimula-
tions, movements became very quick and comparable with those of the left side. There were clear improve-
ments in STEF and writing. Although there was no significant change in MEP, we observed a prolonged CSP 
latency and a significant decrease in the SICI ratio. NIRS evaluations showed that changes in the relative 
concentrations of hemoglobin (Hb) in the left motor cortex regulating the right finger movement after rTMS 
were minimal when compared to that before rTMS; however, a significant decline was seen in the left pre-
motor and prefrontal cortexes. A decline in the writing movement was seen in the left motor, premotor, and 
prefrontal cortexes. However, symptoms improved and remained stable for a long time with low-frequency 
rTMS.
We experienced a case of upper limb dystonia where low-frequency, above-threshold rTMS on the motor 
cortex showed significant effects. Changes in plasticity were seen in long-term rTMS. NIRS was validated as 
a useful index of indirect brain function for observing the effects of rTMS. 
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INTRODUCTION

There is still no effective drug or complementary 
therapy that can cure dystonia. Dystonia is caused by 
the dysfunction of the motor loop comprising the cere-
bral cortex (sensory/motor cortex and premotor cortex, 
and supplementary motor cortex)–basal ganglia–thala-
mus–cerebellar cortex circuit [1, 2], peripheral depres-
sive disorder of the cerebral cortex [3], sensorimotor-re-
lated abnormalities [4], neuroplasticity abnormalities, 
neural network abnormalities of the cerebellum, brain 
stem, or spinal cord, and peripheral neuropathy [5-7].

Therefore, the complexity, unresolved pathophysiol-
ogy mechanisms, and ambiguous symptom expression 
patterns make the disease difficult to treat.

Neurophysiological assessments of dystonia have re-
ported a decline in cortical silent period (CSP) latency 
and short-interval intracortical inhibition (SICI) with 
transcranial magnetic stimulation (TMS), suggesting 
increased excitability of the corticocerebral motor cor-

tex [8-10].
Repetitive TMS (rTMS) is effective in persistently 

altering the excitability of the cerebral cortex; low-fre-
quency rTMS reduces the excitability. This has been 
used to improve symptoms in Parkinson’s disease [11, 
12] and depression [13].

Numerous studies have reported the use of low-fre-
quency rTMS for dystonia in sites, such as the motor, 
premotor, supplementary motor, and sensory cortexes 
[8, 14-17].

Here, we report a case of dystonia where a low-fre-
quency, above-threshold rTMS showed immediate and 
long-term effectiveness. The immediate effects were 
evaluated with near-infrared spectroscopy (NIRS).

CASE PRESENTATION

The patient was a 40-year-old woman, a housewife, 
with no family history of illness. About ten years ago, 
she noticed her right hand trembling and interfering 
with her daily life activities, including, writing and 
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cutting vegetables. A request was made to the reha-
bilitation department due to difficulty in moving 
the upper right arm and fingers. The patient had no 
medical history, including that of an injury or brain 
disorder, and no abnormalities were found in cranial 
MRI scans. However, the right wrist and elbow joints 
moved abnormally during flexion and extension, and 
effort was required to separate the fingers. Tremors 
were felt in the right arm and fingers during elbow 
extension. Placing the left hand on the right shoulder 
worked as a sensory trick and alleviated the tremors. 
Surface electromyograms showed co-contraction in the 
flexor (flexor carpi radialis and flexor carpi ulnaris) 
and extensor (extensor carpi radialis and extensor car-
pi ulnaris) muscles of the right forearm during flexion 
and extension of the right wrist joint. 

The patient was, therefore, diagnosed with focal 
hand dystonia. The patient had no previous experience 
with botulinum toxin treatment or any other treat-
ment. 

Almost no drugs have evidence to support their 
use in the treatment of dystonia, and although botu-
linum toxin therapy in muscle exhibiting abnormal 
contraction is a peripheral therapeutic option, the rate 
of remission with this treatment is not high. Moreover, 
botulinum toxin therapy can increase tonus in untreat-
ed muscles and induce abnormal posture. For these 
reasons, we chose a treatment targeting the central 
nervous system, namely low-frequency rTMS.

Approval was obtained from the ethics committee of 
Tokai University School of Medicine and consent was 
obtained from the patient.

rTMS was conducted two to three times on each of 
the stimulation sites, left prefrontal, supplementary 
motor, premotor, and motor cortexes, at 1 Hz and 
90%, 120% of the resting motor threshold. An rTMS 
above the threshold was chosen based on the patient’s 
experience with its effectiveness on the left motor cor-
tex.

SMN-1200 stimulator with eight coils (Nihon 
Kohden Corporation, Japan) was used for TMS and 
rTMS. Neuropack Micro (MEB-9104, Nihon Kohden 
Corporation, Japan) was used to derive the motor 
evoked potentials (MEP), and surface electrodes were 
placed in the left first dorsal interosseous (FDI) muscle 
for recording.

rTMS was applied to the motor cortex regulating 
the right arm at 1.2 times the resting threshold, with 
up to 500 stimulations at 1 Hz. The number of stim-
ulations continued until the upper limit of 500 times 
was reached or sufficient improvements in involuntary 
movements were seen (i.e., movements were equivalent 
to those of the left hand). 

Low-frequency rTMS at or below 1 Hz is considered 
safe up to 1,500 stimulations/week. According to in-
ternational safety standard guidelines, it is considered 
safe at up to 1,800 stimulations when performed below 
the resting motor threshold.

The Japanese Society of Clinical Neurophysiology 
committee on magnetic stimulation recommends 1,500 
stimulations/week as the upper limit when applied be-
low the resting motor threshold. Meanwhile, treatment 
with 500 stimulations/week of above-threshold low-fre-
quency rTMS has been associated with electroenceph-
alographic abnormalities in patients with involuntary 

movement.
Considering our patient would receive stimulation 

above the resting motor threshold, we set 500 simula-
tions as the upper limit and performed stimulation ses-
sions once or twice per month while observing patient 
progress. A treatment duration of at least 1 year and 6 
months was chosen because a minimum of 1 year of 
treatment was considered necessary to induce neural 
plasticity.

rTMS was performed 25 times over a period of 1 
year and 10 months.

The finger bending and writing activities (i.e., 
writing name in Kanji) of the patient were measured 
before and after stimulation (on the 10 stimulation 
sessions) to evaluate the period required for stable 
improvements with treatment. The changes in cerebral 
blood flow (relative changes in oxygenated hemoglobin 
[oxy-Hb] and deoxygenated hemoglobin [deoxy-Hb] 
levels) were measured using the NIRS machine 
(FOIRE-300, Shimadzu Corporation, Japan) (Fig. 1). 
NIRS is a technique used for detecting hemoglobin lev-
el changes in the skull using near-infrared light, which 
has high biological permeability through the skin, 
skull, and cerebral tissues. Positron emission tomogra-
phy (PET), single photon emission computed tomogra-
phy, and functional magnetic resonance imaging are 
other methods used for capturing changes in cerebral 
blood flow associated with local nerve cell activity; 
however, NIRS is advantageous because it has fewer 
constraints on the movement of the subject. Near-
infrared light passing between two fibers are used to 
measure changes in oxy-Hb and deoxy-Hb levels in 
the skull over time. NIRS evaluations conducted in our 
study measured changes in oxy-Hb and deoxy-Hb lev-
els at 54 sites, including the bilateral motor, premotor, 
supplementary motor, and prefrontal cortexes. 

Neurophysiological evaluation was performed by 
assessing the MEP, CSP, and SICI before rTMS, after 
150 times, and 350 times. MEP is a waveform recorded 
when the motor cortex is stimulated by TMS and is a 
basic index of motor cortex excitability with amplitude. 

CSP is the time period where the muscle activity is 
suppressed for hundreds of ms after MEP when TMS 
singularly stimulates the contralateral motor cortex 
and contracts voluntary muscles. It is presumed that 
the late component of CSP, 50-100 ms after TMS, is 
involved in the inhibitory mechanism of the motor 
cortex.

SICI is an intracortical inhibitory effect obtained 
by two consecutive magnetic stimulations of the mo-
tor cortex measured using the method proposed by 
Kujirai et al. [18]. As per the method, the conditioned 
stimulus was set to the resting motor threshold (RMT) 
or lesser, the test stimulus was set to an intensity that 
induces contralateral MEPs in the hand muscles, and 
the two stimuli were connected to give two consecutive 
TMS values from one stimulation coil to the motor 
cortex. In our study, the conditioned stimulus was set 
to 0.8 MT for FDI, and the test stimulus was set to 1.2 
MT with an interval of 3 ms. We calculated the SICI 
ratio by dividing the MEP value obtained with the test 
stimulus preceding the conditioned stimulus by the 
MEP value obtained with the test stimulus alone, at a 
stimulus interval of 3 ms ‒ SICI ratio = MEP amplitude 
(mV) with the test stimulus preceded by the condi-
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tioned stimulus/MEP amplitude (mV) with the test 
stimulus alone.

STEF analysis was performed to evaluate the 
functional movements of the right arm. The upper 
arm movements were recorded on video. STEF is an 
objective and simple evaluation method developed by 
Kaneko et al. [19] to evaluate the functional perfor-
mance of the upper arm. It is composed of 10 subtests 
and uses a standardized test kit to assess tasks involv-
ing reaching, grasping, pinching, and manipulating 
objects of various shapes. The time required for each 
subtest is scored according to a score profile column 
on a 10-point score, and a total score is calculated for 
the left and right sides. The total score varies from 0 to 
100 points. The advantage of this test is the objective 
quantification and evaluation of upper arm function, 
especially the speed of movement. STEF has been per-
formed six times during the treatment.

No side effects were observed before and after stim-
ulation and during the treatment.

The number of rTMS stimulations required in 25 
stimulation sessions over the course of one year and 
nine months, until an improvement in involuntary 
movements were observed and divided as follows: 
sessions 1-4, slight improvements in tremors and sep-
aration of fingers on the right hand observed at 500 
stimulations; sessions 5-14, the above improvements 
were observed at 300-375 (average = 342) stimulations; 
sessions 15-20, the above improvements were observed 
at 150-300 (average = 233) stimulations; sessions 21-
25, significant improvements were observed at 150-
250 (average = 190) stimulations. Sufficient improve-
ments at lower numbers of stimulations were seen 
gradually over the course of rTMS. However, changes 
in the resting threshold were not evident (Fig. 2).

The total STEF score improved over the course of 
treatment. The total STEF score for the tests conducted 
between at 4 months (tests 3-5), was 44-46 points 

before rTMS, which significantly improved during the 
course of treatment, to 98-99 after rTMS. The total 
STEF scores before rTMS for the test conducted at 1 
year and 8 months (test 6) , and the corresponding 
score after rTMS (Fig. 3) were higher than that of TMS 
results from the test conducted at 4 months (test 5). 

The right limb and finger separation movements im-
proved at around 150 stimulations. After 350 stimula-
tions, the patient’s movements were very quick and the 
functions were similar between the left and the right 
side; writing had also significantly improved (Fig. 4). 
TMS evaluation showed a prolonged CSP latency and 
a significant decrease in the SICI ratio (Fig. 5, 6). 
NIRS evaluations showed insignificant changes in the 
Hb levels in the left motor and supplementary motor 
cortexes determined based on finger-bending move-
ments measured before and after rTMS; however, a de-
cline was observed in the left premotor and prefrontal 
cortexes. Writing activities also resulted in reductions 
in Hb levels in the left motor, supplementary motor, 
premotor, and prefrontal cortexes.

DISCUSSION

We performed a low-frequency, above-threshold 
rTMS on the left motor cortex for right-hand dystonia 
and observed its immediate and long-term effects. No 
side effects were observed before and after rTMS and 
during the treatment.

The results of rTMS conducted on the 10 stimula-
tion sessions, showed improvements in the right arm 
function and finger separation at around 150 stimula-
tions. After 350 stimulations, movements were so quick 
that differences between the left and right side were 
negligible, and significant improvements were seen in 
the writing ability.

NIRS results showed that changes in oxy-Hb levels 
in the left motor cortex due to right finger-bending 
movements were relatively small after rTMS when 

Fig. 1 Settings and channels of the NIRS transmitting and receiving fibers are shown. Changes in oxy-Hb and deoxy-Hb 
levels in 54 locations, including the bilateral motor cortex (red dashed line), premotor cortex (yellow dashed line), 
supplementary motor cortex (green dashed line), and prefrontal cortex (purple dashed line) were measured over 
time.
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Fig. 2 The number of rTMS stimulations required until involuntary movements improved and the resting threshold 
values in the 25 stimulation sessions during the course of one year and nine months are shown. Adequate im-
provements were seen with fewer stimulations over the course of rTMS. There were no clear changes in the resting 
threshold.
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Fig. 3 The times and scores of the total STEF test conducted before and after rTMS are shown. These were conducted 
six times during the course of treatment. The total STEF score improved during the course of treatment. The total 
STEF score before rTMS conducted at 4 months (tests 3-5) was 44-46 points which significantly improved to 98-
99 points during the course of rTMS treatment. The total STEF scores before and after rTMS at 1 year and 8 
months (test 6) further improved.
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compared to that before rTMS, but the levels decrease 
in the left premotor and prefrontal cortexes. A relative 
decrease in the oxy-Hb levels was observed during 
writing activities (i.e., writing name) in the left motor, 
premotor cortex, and prefrontal cortexes.

TMS evaluations showed a prolonged CSP latency 
and a significantly decreased SICI ratio.

Immediate effects were measured as changes in the 

cerebral blood flow during finger bending movements 
and writing activities of the right hand before and af-
ter rTMS, using NIRS. The effects were also measured 
as changes in CSP and SICI scores, which evaluated 
the intracortical inhibitory neurons. 

NIRS measures change in hemoglobin levels in the 
capillaries and veins. Animal trials have shown that 
changes in cerebral blood flow were highly correlated 

Fig. 4 Changes in writing (name in Kanji) before rTMS and after 350 stimulations are shown. Clear improvements in 
writing are seen.
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Fig. 5 Changes in CSP latency are shown before rTMS, and after 150 and 350 stimulations. Eight sessions were conduct-
ed, and significant prolongation was seen after 150 and 350 stimulations compared to that before rTMS.
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with changes in oxy-Hb and oxy-Hb reflects brain 
activity.

Differences in the relative levels of oxy-Hb in fin-
ger-bending and writing movements observed in our 
case may be due to differences in brain activity in each 
task. However, reduced brain activity associated with 
the task may reflect the simplicity of the task.

Along with the functional recovery of the upper 
arms and fingers after rTMS, decreased activity of the 
intracortical inhibitory neurons (observed as changes 
in CSP and SICI) and relative decreases in the oxy-Hb 
levels revealed by NIRS suggest immediate effects.

Disorders in performing movement tasks, such as 
finger-bending and writing, are the result of abnormal 
neural activities in the cerebrum, primarily the pre-
frontal cortex. rTMS (1 Hz, 1.2 times the motor thresh-
old) in the motor cortex was able to suppress or regu-
late this abnormal neural activity. NIRS also suggested 
that the effect of rTMS in the motor cortex extended 
to sites that are distant from the motor cortex.

PET evaluations performed using the method 
proposed by Siebner et al. [14], after conducting 1 
Hz rTMS in the premotor cortex for hand dystonia, 
reported decreased blood flow in the prefrontal cortex, 
motor cortex, putamen, and thalamus. These discussed 
the possibility of rTMS effects extending to sites that 
were distant from the stimulation site, with suppression 
occurring both at the stimulation site and in the pe-
ripheral areas; our results from NIRS were in line with 
these findings.

Long-term effects were evaluated with the number 
of rTMS stimulations needed for the improvement of 
hand separation movement and based on STEF.

Twenty-five rTMS sessions were conducted over one 
year and nine months. Sessions 1-4 showed only mild 
improvements in tremor and right finger separation 

movement; however, significant improvements were 
seen from Session 5 onwards. The number of stimula-
tions required for achieving sufficient improvements 
gradually decreased. STEF also showed mild improve-
ments after the first and second rTMS sessions; how-
ever, Sessions 9-11 showed significant improvements 
even before rTMS stimulation. Besides, the improve-
ments seen after rTMS were maintained over a long 
period of time. 

We believe that this suggests a change in neuroplas-
ticity.

Various stimulation sites for low-frequency rTMS 
against dystonia have been reported, including the 
motor, premotor, supplementary motor cortexes, and 
the sensory area [8, 14-17]. Changing the stimulation 
site and stimulation intensity and conducting tests for 
site selection based on subjective symptoms result in 
subsequent treatment effects.

Selecting effective stimulation sites individually 
according to indications for rTMS in hand dystonia 
patients was reported to lead to effective treatment. In 
this context, improvements in the patient’s own subjec-
tive symptoms and evaluations according to each rTMS 
site and NIRS-based evaluations will be helpful.

In conclusion, in this study, we have reported a case 
of hand dystonia whose functions were restored early 
by low-frequency, above-threshold rTMS that targeted 
the motor cortex. Changes in plasticity due to long-
term rTMS were also suggested.

The state of neural activity of the entire cerebral 
cortex during movement tasks before and after rTMS 
treatment was indirectly observed using NIRS, suggest-
ing that it may be useful for evaluating the treatment 
technique and understanding of the pathophysiology 
of dystonia.

Fig. 6 Changes in SICI ratio before rTMS and after 350 stimulations. Eight sessions were conducted, and significant de-
creases were seen after 350 stimulations compared to those before rTMS. 
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