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Objective  To investigate the effect of low frequency cerebellar repetitive transcranial magnetic stimulation (rTMS) 
on balance impairment in patients with cerebral infarction.
Methods  Thirty-two patients were randomly divided into two groups: rTMS group (n=16) and control (n=16). In 
the rTMS group, treatment was performed five times per week for 2 weeks (10 sessions), and in the control group, 
a sham coil was used with the sound and sensation of scalp similar to the rTMS coil. Patients in both groups 
underwent a conventional rehabilitation program. Berg Balance Scale (BBS) was used as the primary outcome 
measurement. Timed Up and Go test (TUG), 10-m walk test (10mWT), and Activity-specific Balance Confidence 
scale (ABC) were used as the secondary outcome measurement. All scales were measured at baseline (T0), after 
10 sessions of rTMS (T1), and at 4 weeks after treatment completion (T2) by therapists with over 5 years of clinical 
experience.
Results  There were significant improvements between T0 and T1, and between T0 and T2, for all assessed items 
in the rTMS group. Whereas there were significant improvements between T0 and T1, and between T0 and T2, 
for the BBS and 10mWT in the control group. TUG (-4.87±5.05 vs. -0.50±2.97 seconds) and ABC score (8.10±8.33 
vs. 0.16±0.97) were observed significant differences in comparison of the changes from T0 to T1 between the two 
group. BBS score (4.40±3.66 vs. 1.88±3.14), TUG (-4.87±4.56 vs. -0.62±2.96 seconds) and ABC score (8.22±7.70 vs. 
-0.09±0.86) differed significantly from T0 to T2 between the two groups.
Conclusion  Our findings suggest that low-frequency cerebellar rTMS is helpful for improving balance in patients 
with cerebral infarction, and maybe a beneficial treatment for these patients.
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INTRODUCTION

Balance impairment after cerebral infarction is a com-
mon complication. Approximately 83% of stroke survi-
vors reportedly suffer from balance impairment [1]. Bal-
ance impairment causes inconvenience in walking and 
daily activities for patients with cerebral infarction. In ad-
dition, balance impairments are characterized by a short 
support time, differences on both sides of the body, and a 
slow gait speed, which may increase the risk of falls [2].

Deficiencies in motor and proprioceptive control have 
been regarded as the main mechanism for balance im-
pairment in cerebral infarction. As treatment for these 
balance impairments, whole-body vibration [3], virtual 
reality [4], mirror therapy [5], and ankle-foot orthoses [6] 
are being studied. Additionally, some studies have shown 
that stair climbing [7], trampoline training [8], etc., may 
also be helpful for improving balancing ability.

With the recent introduction of repetitive transcranial 
magnetic stimulation (rTMS) as a non-invasive treat-
ment, various studies are attempting to broaden its target 
area and therapeutic effects. Depending on the site of 
treatment, rTMS is used as an alternative treatment for 
improving muscular strength [9], depression [10], apha-
sia [11], and dysphagia [12].

In the previous study, Fierro et al. [13] reported that low 
frequency cerebellar rTMS induced a long-lasting modu-
latory effect on the excitability of the interconnected 
motor area in healthy people. They hypothesized that 
suppression mechanisms resulting from inhibition of 
the dentate thalamo-cortical pathway to the corticospi-
nal tract were induced by activation of the Purkinje cell. 
A dentate corticospinal tract emerges from the dentate 
nuclei, which receives the most input from Purkinje cell, 
and a vestibule-spinal tract from the lateral vestibular 
nuclei, which receives some input. In another study, low-
frequency cerebellar rTMS was shown to be effective for 
ataxia in patients with posterior cerebral artery (PCA) 
territory infarction [14]. Additionally, walking ability was 
improved in patients with spinocerebellar degeneration 
when low-frequency rTMS was applied to the cerebel-
lum [15,16]. Furthermore, a previous study reported the 
effect of cerebellar intermittent theta-burst stimulation 
on balance impairment in patients with unilateral cere-
bral infarction [17]. However, to our knowledge, no such 
studies have been conducted on the application of low-

frequency cerebellar rTMS when the location of stroke 
was in a lesion other than the cerebellum or PCA territory 
region.

We hypothesized that low-frequency cerebellar rTMS 
would be effective in improving balance function in 
patients with cerebral infarction except the cerebellum 
or PCA territory region. We then conducted a study to 
investigate the effects of low-frequency rTMS on the cer-
ebellum in terms of balance and function in patients with 
balance impairment after cerebral infarction.

MATERIALS AND METHODS

Study design and patients
The study was designed as a randomized, double-

blinded placebo-controlled study. Forty-three subjects 
were recruited from the inpatients and outpatients of the 
Department of Rehabilitation at Gwangju Veteran Hos-
pital between August 2021 and May 2022. We included 
the following subjects: (1) patients aged ≥19 years, (2) 
patients who had experienced cerebral infarction for the 
first time, (3) patients with unilateral cerebral infarction, 
(4) impaired balance (Berg Balance Scale [BBS] ≤45), (5) 
patients with functional ambulation categories ≥3, who 
could walk on their own, and (6) patients with a Mini-
Mental State Examination (MMSE) score of ≥24 who 
could understand and respond to questionnaires. We 
excluded those (1) who could not undergo rTMS (history 
of seizures or epilepsy, intracranial metallic or magnetic 
material, pacemakers, and other implantable medical 
devices, taking tricyclic antidepressant (TCA) and neuro-
leptics, pregnant women), (2) with balance impairment 
due to reasons other than cerebral infarction (fractures, 
peripheral nerve damage, visual impairment, vestibular 
dysfunction or disorder), (3) those where the infarction 
was located in the cerebellum or PCA territory area, and 
(4) those with cognitive disability that impeded respond-
ing to the questionnaires. Among the 43 patients, 32 pa-
tients were included, excluding those who had cerebral 
infarction in the cerebellum or PCA territory region (n=3), 
who could not understand the questions due to cognitive 
impairment (n=7), and who could not undergo rTMS due 
to a pacemaker (n=1). Among these 32 patients, 16 pa-
tients were randomly assigned to the rTMS group while 
the other 16 patients were assigned to the control group 
(Fig. 1). The therapist who conducted rTMS and the per-
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sonnel who performed outcome measurements were dif-
ferent, thereby making the protocol double blind.

This study was approved by the Institutional Review 
Board of Gwangju Veteran Hospital (No. 2021-17-2). The 
rights of all study participants were protected in accor-
dance with the ethical principles of the Declaration of 
Helsinki and informed consent was obtained in advance.

Intervention
Patients in both groups underwent a conventional reha-

bilitation program five times a week. Each day, patients 
performed passive and active mobilization exercises, 
gait training, balance training, and muscle strengthen-
ing for both upper and lower extremities for 30 minutes, 
followed by 30 minutes of training in grasp power, hand 
dexterity, and activities of daily living.

In the rTMS group, the coil of the machine used for 
treatment was placed 2 cm below and 2 cm lateral to the 
inion by targeting the cerebellar hemisphere contralat-
eral to the site of cerebral infarction [13] (Fig. 2). In one 
session, 900 pulses of 1 Hz at 90% of the resting exercise 
threshold (RMT) were delivered for 15 minutes [14]. We 
determined the RMT by stimulating a motor hotspot with 
the lowest energy capable of generating at least 5 evoked 
potentials ≥0.05 mV within 10 stimuli [18]. Sessions were 
conducted five times per week for 2 weeks (total of 10 
sessions). For rTMS treatment, Magpro R30 (Magventure, 
Farum, Denmark) and a figure-of-8 coil were used. It was 
performed by an experienced therapist. For the control 
group, a sham coil that did not induce a magnetic field 
was used, although the sound and scalp sensation were 
similar to those produced by the real rTMS coil [19].

Outcome measurements
The BBS score was used as the primary outcome mea-

sure. BBS is an objective measure of dynamic balance 
taken while performing 14 functional tasks. Items in the 
BBS are scored on a 4-point scale, with a maximum com-
bined score of 56, where higher scores indicate better 
balance and functional independence with respect to the 
activities tested [20].

The 10-m walk test (10mWT), Timed Up and Go test 
(TUG), and Activity-specific Balance Confidence scale 
(ABC) scores were used as secondary outcome measures. 
The 10mWT is a gait assessment that determines gait 

Enrollment

Allocation

Analysis

Excluded (n=11)
Cerebellar of PCA territory

infarction (n=3)
Cognitive impairment (n=7)
Have pacemaker (n=1)

Assessed for eligibility (n=43)

Randomized (n=32)

Allocated to
the rTMS

group (n=16)

Allocated to
the control

group (n=16)

Analyzed
(n=15)

Discontinued (n=1)
Vertigo (n=1)

Analyzed
(n=16)

Fig. 1. Study flowchart. rTMS, 
repetitive transcranial magnetic 
stimulation; PCA, posterior cere-
bral artery.

Fig. 2. Cerebellar repetitive transcranial magnetic stimu-
lation. The coil of the machine used for treatment was 
placed 2 cm below and 2 cm lateral to the inion by target-
ing the cerebellar hemisphere contralateral to the site of 
cerebral infarction. The photo was posted with the con-
sent of the patient.
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speed. A stopwatch is used to measure the time taken to 
walk 10 m and gait speed is calculated by dividing the 
distance walked by the time taken (m/s). The higher 
the 10mWT value, the slower is the gait speed [21]. In 
the TUG test, the patient begins in a sitting position in a 
standard armchair (seat height of 46 cm). The patient is 
then instructed to rise from the chair, walk 3 m (usually 
with a walking aid) to colored tape placed on the floor, 
turn around, return to the chair, and sit back down again. 
The stopwatch is started when the patient's hips leave the 
seat and is stopped when the hips touch the seat again. A 
higher TUG value indicates a lower gait speed [22]. The 
ABC scale consists of 16 items, each representing a vari-
ety of indoor and outdoor activities that require different 
levels of balance skills. Respondents are asked to indicate 
their level of confidence in performing each activity, us-
ing a scale distribution from 0% to 100%, and the values 
are averaged. Higher scores indicate a higher confidence 
in performing the activity [23,24]. Assessments were 
performed by the patient’s attending therapist, who did 
not know if the patient was in the rTMS or control group. 
Depending on the timepoint, all assessment items were 

recorded at baseline (T0), after 10 sessions of rTMS (T1), 
and at 4 weeks after treatment completion (T2).

Statistical analysis
All statistical analyzes were performed using R software, 

version 4.0.1 (R Foundation for Statistical Computing, Vi-
enna, Austria; http://www.R-project.org). Statistical sig-
nificance was based on a p-value of <0.05. For continuous 
variables, normality of data distribution was tested using 
the Shapiro-Wilk test. If assumptions of normality were 
satisfied, repeated-measure analysis of variance (ANOVA) 
was used. If not, the Wilcoxon test was performed. In ad-
dition, two-sample t-test and Mann-Whitney U test were 
used to compare the rTMS group and the control group.

RESULTS

Among the 16 subjects in the rTMS group, one subject 
complained of vertigo and discontinued treatment (Fig. 1).

The two groups did not differ significantly in terms of 
demographic variables, post-stroke duration, and base-
line balance and gait function (Table 1).

Table 1. Baseline characteristics of patients

rTMS group (n=15) Control group (n=16) p-value
Age (yr) 75.13±2.75 75.94±4.57 0.952

Height (cm) 164.07±6.63 162.38±6.62 0.483

Weight (kg) 67.87±9.95 68.81±8.85 0.781

BMI (kg/m2) 25.16±2.93 26.12±3.02 0.38

Post-stroke duration (mo) 35.67±43.27 35.75±45.12 0.722

Sex

    Male 15 15

    Female 0 1

Stroke region

    Right 8 5

    Left 7 11

    Supratentorium 13 13

    Infratentorium 2 3

BBS score 36.40±11.51 38.94±10.64 0.529

TUG (s) 28.07±14.41 26.12±17.97 0.743

10mWT (s) 27.27±17.54 52.50±53.01 0.088

ABC score 47.67±22.60 51.95±18.96 0.572

Values are presented as mean±standard deviation.
rTMS, repetitive transcranial magnetic stimulation; BMI, body mass index; BBS, Berg Balance Scale; TUG, Timed Up 
and Go test; 10mWT, 10-m walk test; ABC, Activity-specific Balance Confidence scale.
Two sample t-test or Mann-Whitney U test were used for continuous variables, Fisher exact tests were used for sex.
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Table 2 shows the records for all assessment items for 
the rTMS and control groups at T0, T1, and T2. In the 
rTMS group, all assessed items improved significantly 
from T0 to T1, and from T0 to T2. In the control group, 
BBS and 10mWT differed significantly from T0 to T1, and 
from T0 to T2.

Fig. 3 shows the results of the comparison of the chang-
es from T0 to T1 between the two groups. The difference 
between the rTMS (4.33±3.90) and control (1.94±3.43) 
groups was not significant for the BBS score (p>0.05), 
while the changes in the TUG score differed significantly 
(p<0.05) between the rTMS (-4.87±5.05) and control 
(-0.50±2.97) groups. The difference in the change in the 
10mWT was not significant (p>0.05) between the rTMS 
(-4.47±4.93) and control (-3.06±5.60) groups, whereas the 
difference in the changes in the ABC score between the 
rTMS (8.10±8.33) and control (0.16±0.97) groups was sig-
nificant (p<0.05).

Fig. 4 shows the results of the comparison of the 
changes from T0 to T2 between the two groups. The BBS 
changes differed significantly (p<0.05) between the rTMS 
(4.40±3.66) and control (1.88±3.14) groups, and similar 
results were observed for TUG value (rTMS -4.87±4.56 vs. 
control -0.62±2.96; p<0.05). The changes in the 10mWT 
were not significantly different (p>0.05) between the 
rTMS (-4.60±4.14) and control (-2.25±5.20) groups. On 
the other hand, the ABC score changes were significantly 
different (p<0.05) between the rTMS (8.22±7.70) and con-
trol (-0.09±0.86) groups.

DISCUSSION

Our study showed that from T1 to T2, all outcome mea-
surements differed significantly in the rTMS group. BBS 
and 10mWT in the control group improved significantly, 
but not TUG and ABC. However, the scores for the BBS, 

Table 2. Outcome measurement for each group before and after treatment

rTMS group Control group
T0 T1 T2 T0 T1 T2

BBS score 36.40±11.51 40.73±12.06* 40.80±11.53** 38.94±10.64 40.81±9.67* 40.81±9.67**

TUG (s) 28.07±14.41 23.20±12.91* 23.20±12.68** 26.12±17.97 25.62±16.57 25.50±16.57

10mWT (s) 27.27±17.54 22.80±16.38* 22.67±16.37** 52.50±53.01 49.44±48.69* 50.25±50.54**

ABC score 47.67±22.60 55.77±22.98* 55.90±21.78** 51.95±18.96 52.11±18.90 51.87±18.88

Values are presented as mean±standard deviation.
rTMS, repetitive transcranial magnetic stimulation; BBS, Berg Balance Scale; TUG, Timed Up and Go test; 10mWT, 
10-m walk test; ABC, Activity-specific Balance Confidence scale; T0, baseline; T1, 10 sessions after treatment; T2, 4 
weeks after treatment.
*p<0.05 comparison between T0 and T1 by post hoc test with Tukey method after repeated-measures ANOVA.
**p<0.05 comparison between T0 and T2 by post hoc test with Tukey method after repeated-measures ANOVA.
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10mWT, TUG, and ABC were improved, from T0 to T1 and 
T2 in both the rTMS and control groups. This seems to be 
the result of the conventional treatment in both groups.

When we compared changes from T0 to T1, the rTMS 
group differed significantly in TUG and ABC compared to 
the control group. When comparing changes from T0 to 
T2, the rTMS group differed significantly compared to the 
control group in BBS, TUG and ABC.

In previous studies, BBS and 10mWT differed signifi-
cantly when low-frequency cerebellar rTMS was applied 
to patients with PCA territory infarction [14]. However, 
our study showed that in the assessments conducted 
at T1 and T2, 10mWT, which simply assessed gait, did 
not differed significantly between the rTMS and control 
groups. In another previous study, BBS in patients with 
stroke who received cerebellar intermittent theta-burst 
stimulation improved significantly [17].

Our study showed that the change in BBS scores from 
T0 to T2 was significantly different between the two 
groups, although the BBS score change from T0 to T1 
did not differ significantly between the groups. The TUG 
and BBS reflect proprioception and a higher-level sense 
of balance, in addition to reflecting simple gait function, 
and both showed significant differences. Taken together, 
these results indicate that low frequency cerebellar 
rTMS in cerebral infarction affected balance rather than 
gait function. It is not clear why the treatment effect on 
BBS in the rTMS group was not as marked as compared 
to the control group immediately after completing the 
treatment course. However, the effect was statistically 
significant by 4 weeks after completing the treatment, 
suggesting that rTMS may have a lasting effect. ABC is an 

assessment of subjective confidence, and the rTMS group 
showed significant improvement in these scores as com-
pared to the control group, demonstrating efficacy.

In previous research, Iwata and Ugawa [25] confirmed 
changes in corticomotor excitability due to the changes 
in cerebello-cerebral inhibition after low-frequency cer-
ebellar rTMS was applied to healthy people. Additionally, 
Fierro et al. [13] also found that low- frequency cerebel-
lar rTMS induces a long-lasting modulatory effect on the 
excitability of the interconnected motor area in healthy 
people. Furthermore, Minks et al. [26] demonstrated 
that low-frequency cerebellar rTMS enhanced task per-
formance in patients with Parkinson's disease. Based on 
those previous studies, we expected that low-frequency 
cerebellar rTMS can improve balance and walking abili-
ties even in patients with cerebral infarction, not with 
cerebellar infarction.

Neurophysiologically, Purkinje cells play a role in in-
hibiting excitatory neuron transmission by releasing 
gamma-aminobutyric acid (GABA) [27], which exerts 
an inhibitory effect on the deep nucleus of the cerebel-
lum. Thus, when low-frequency rTMS of the cerebellum 
inhibits the inhibitory Purkinje cells, an excitatory effect 
may occur from the dentate nuclei and interpositus nu-
clei to the motor cortex through the ventrolateral nucleus 
of the thalamus [28,29]. Since cerebellar motor deficits 
in patients with cerebellar dysfunction arise due to an 
imbalance between excitation and inhibition of the corti-
cospinal pathway [30], we made on assumption that low-
frequency rTMS may improve the motor and balance 
ability in patients with spinocerebellar degeneration.

Symptoms of patients with cerebral infarction include 
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hemiplegic-side motor weakness, sensory deficits, speech 
impairment, ataxia, dysphagia, and dementia. In these 
patients, balance impairment may occur due to motor 
weakness, sensory deficits, and ataxia. The application of 
cerebellar rTMS may have had an effect on motor weak-
ness and ataxia in our patients, thus improving the bal-
ance impairment in patients with cerebral infarction.

Among the 16 subjects in the rTMS group, one sub-
ject discontinued treatment due to vertigo. Symptoms 
improved after discontinuation of the treatment, with 
no recurrence for at least 1 month. The side effects of 
cerebellar rTMS shown in previous studies are as fol-
lows: Satow et al. [31] reported that nausea was induced 
in two of eight healthy subjects when 900 rTMS pulses 
were applied to the right cerebellum at 0.9 Hz for 10 min-
utes. Brighina et al. [32] reported mild muscle and neck 
stiffness among two of 17 subjects with migraine. In the 
present study, side effects other than vertigo, including 
nausea and migraine, were not observed. Nevertheless, 
future studies should monitor these side effects. To the 
best of our knowledge, no previous study has investigated 
the effects of low-frequency cerebellar rTMS, delivered 
outside the cerebellum and PCA territory regions, on bal-
ance in patients with cerebral infarction.

There were several limitations to this study. First, the 
number of cases in our study is relatively small. Sec-
ond, long-term effects could not be verified due to the 
short follow-up period of 4 weeks. Third, the duration 
of cerebral infarction varied significantly among sub-
jects. Fourth, we did not evaluate the motor and NIHSS 
(National Institutes of Health Stroke Scale) in our study, 
thereby not showing the improvement was achieved. 
Fifth, we did not classify the causes of balance disorders 
after stroke. Finally, most patients in this study were man. 
In subsequent studies, it is recommended to increase the 
sample size, study the effects of rTMS after 4 weeks, cat-
egorize the infarction duration, and study the effects of 
rTMS according to sex.

In conclusion, low-frequency cerebellar rTMS is safe, 
and helpful for improving balance and confidence in 
patients with cerebral infarction. Therefore, it may be a 
beneficial treatment for these patients.
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