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Effects of Repetitive Transcranial Magnetic
Stimulation Over Trunk Motor Spot on
Balance Function in Stroke Patients

Cheol-Min Choi, MD, Jin-Hong Kim, MD, June-Kyung Lee, MD, Bong-Yeon Lee, MD,
Hoi-Sung Kee, MD, Kwang-Ik Jung, MD, Seo-Ra Yoon, MD

Department of Rehabilitation Medicine, Gwangju Veterans Hospital, Gwangju, Korea

Objective To assess the efficacy of high-frequency repetitive transcranial magnetic stimulation (rTMS) on balance
function in patients with chronic stroke.

Methods Thirty participants with chronic stroke were enrolled in this study. High frequency (10 Hz) rTMS was
delivered with butterfly-coil on trunk motor spot. Each patient received both real and sham rTMS in a random
sequence. The rTMS cycles (real or sham) were composed of 10 sessions each, administered over two weeks, and
separated by a 4-week washout period. Balance function was measured by Berg Balance Scale and computerized
dynamic posturography to determine the effect of r-TMS before and one day after the end of each treatment period,
as well as at a 1-month follow-up.

Results The balance function was significantly improved after high frequency rTMS as compared with that after
sham rTMS (p<0.05). There was no serious adverse effect in patients during the treatment period.

Conclusion In the chronic stroke patients, high frequency rTMS to the trunk motor area seems to be a helpful
way to improve balance function without any specific adverse effects. Further studies are needed to identify the
underlying mechanism and generate a detailed protocol.

Keywords Transcranial magnetic stimulation, Stroke, Postural balance, Hemiplegia

INTRODUCTION in adults [1,2]. Balance deficits are frequently seen in
stroke patients [3,4] and associated with gait dysfunc-
Stroke is one of the reasons for death and disability tion, disability to perform independent daily living, and
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increased risk of falling [5,6]. As falling accidents can lead
to severe outcomes such as bone fracture and traumatic
brain injury, restoring the balance function is one of the
important goals of rehabilitation [3,7-9].

Recently, use of transcranial magnetic stimulation
(TMS) has received immense attention in stroke rehabili-
tation. Noninvasive brain stimulation techniques such
as repetitive transcranial magnetic stimulation (rTMS)
and transcranial direct current stimulation (tDCS) have
been investigated as therapeutic interventions for vari-
ous neurological disorders like motor deficits, aphasia
and hemispatial neglect after stroke [10-14]. However,
until date, there exists no study investigating the ef-
fects of rTMS on balance function in chronic stroke pa-
tients. Only, one study by Sohn et al. [15] demonstrates
improvement in postural stability and lower extremity
strength upon application of tDCS to hemiplegic stroke
patients. The trunk muscles play an important role in
postural balance and have a significant effect on the re-
covery of balance in case of stroke patients [16,17].

Therefore, this study aims to investigate therapeutic
effect of application of high frequency rTMS on balance
function in patients with chronic stroke. We assumed that
restoration of balance function is expedited by perform-
ing r'TMS on trunk motor spot, and this operation is safe.
In this regards, the study was performed with an aim to
establish the clinical knowledge, which can be applied to
chronic stroke patients with balance impairment through
research of ' TMS treatment paradigm.

MATERIALS AND METHODS

Subjects

Forty patients with balance impairment after stroke
were enrolled in this study and 33 patients met the inclu-
sion criteria. The inclusion criteria were as follows: (1)
brain lesion detectable by magnetic resonance imaging
or computed tomography which were taken at the onset
of the symptom; (2) the location of subcortical lesion was
in middle cerebral artery (MCA) territory; (3) the time
gap between enrollment in the present study and occur-
rence of cerebral infarct was a minimum of 6 months and
a maximum of 10 years; (4) mild to moderate balance
impairment (score of Berg Balance Scale [BBS] was >20
and <46; and (5) Korean version of Mini-Mental State Ex-
amination score was >24, indicative of cognitive ability,

which was sufficient to understand the nature of study.
The exclusion criteria were as follows: (1) having other
neurologic problems, which can affect balance ability; (2)
intake of drugs that can affect balance function; and (3)
presence of contraindications for rTMS (pacemaker, co-
chlear implants, metal in the brain or skull, or history of
epilepsy).

The ethics committee of Gwangju Veterans Hospital ap-
proved the study protocol, and written informed consent
was obtained from all patients before the initiation of
study.

Study design

Cross-over study design was used, and thereby all
subjects participated in the experiments with both real
stimulation and sham stimulation. The subjects were
randomized by other healthcare professional who did not
participate in this study, and were randomly divided into
two groups considering their treatment order (real-sham
or sham-real). There was an interval of 2 weeks between
the treatment cycles to avoid interference of previous
stimulation on next stimulation. Therefore, one group
received the real-sham and another, the sham-real treat-
ment sequence. Each treatment cycle lasted 2 weeks for
10 high-frequency rTMS sessions (Fig. 1).

Intervention

The figure-eight coil (MCF-B70; MagVenture, Farum,
Denmark) and a Magstim Rapid stimulator (Magventure)
were used as a real rTMS. Before rTMS, resting motor
threshold (RMT) was measured after positioning the fig-
ure-eight coil over the cortex on the optimal location for
obtaining trunk motor response (contralateral 9th tho-
racic erector spinae muscle). RMT was defined as a mini-
mum intensity to induce motor evoked potential (MEP)
>50 peak-to-peak amplitude in 5 of 10 consecutive trials
on the contralateral 9th thoracic erector spinae muscles
using needle electrode. If the motor response did not
showed up at maximal stimulation, a symmetric position
(mirror region) of the contralateral motor hotspot was
decided as an alternative motor hotspot.

The patients were seated in a comfortable chair, and
were asked to relax with their arms placed on the armrest
in a comfortable position. Moreover, they stayed awake
during the intervention. The stimulation coil was tangen-
tially positioned over the motor cortical area of the 9th
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thoracic erector spinae muscles. Real rTMS was delivered
at 10 Hz and 90% of RMT for 5 seconds with 25-second
inter-train interval. A total of 1,000 pulses were delivered
over a period of 10 minutes. For sham rTMS, the treat-
ment cycles were same as that of real rTMS; however,
sham coil (MCF-P-B70, MagVenture) which provides
sound and the sensation of scalp similar to the real rTMS
coil, but does not induce a magnetic field was used. In
addition, the patients were not allowed to recognize
whether it is the sham rTMS or not.

Safety

Occurrence of any possible adverse events in the pa-
tients was monitored by medical and neurological ex-
amination throughout the study. Vital signs, including
blood pressure, heart rate, respiratory rate, and level of
consciousness were checked before and after rTMS. Dur-
ing rTMS, a healthcare professional and a caregiver con-
tinuously monitored adverse events such as seizure.

Balance test

Quantified balance assessment was performed using
computerized dynamic posturography, SMART Balance
Master system (NeuroCom Inc., Clackamas, OR, USA).
The SMART Balance Master system consists of three parts:
two force platforms, a screen, and a main body of the com-
puter. The patients were made to take off their shoes and
stand in the middle of the force platform. Subsequently,
they were asked to stare at the screen in front of them. On
the day before the examination, the assessment method
was fully explained to the patients, and the sensory orga-
nization test (SOT) for sensory limitation assessment and
the rhythmic weight shift test for motor limitation assess-
ment were performed.
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out period. T, time of evaluation;
rTMS, repetitive transcranial
magnetic stimulation.

Table 1. Six conditions of sensory organization test

Force platform  Eyes Screen
Condition 1 Fixed Open Fixed
Condition 2 Fixed Closed  Fixed
Condition 3 Fixed Open Movement
Condition 4 Sway Open Fixed
Condition 5 Sway Closed  Fixed
Condition 6 Sway Open Movement

Sensory limitation assessment

SOT was performed for the assessment of sensory limi-
tation. SOT represents the postural ability of the patients
as an altering sway value when the patients were made
to stay in a standing position under six conditions for 20
seconds (Table 1). After measurement of each condition
thrice, the average of SOT was recorded and the mea-
sured sway was expressed as an equilibrium score.

Motor limitation assessment

In this study, rhythmic weight test was performed for
the motor limitation assessment. The rhythmic weight
test quantifies the patient’s ability to move their center
of gravity from forward to backward and left to right. It
measures on-axis velocity (°/s) of the center of gravity
according to the moving velocity (fast & slow) and direc-
tional control (%). In the present case, it was measured as
one-axis movement of the body centerline per 3 seconds
(3-second transitions) was regarded as low velocity and
a one-axis movement of the body centerline per second
(1-second transition) was regarded as a high velocity.
On-axis velocity is dynamic weight movement in the in-
tended direction and is expressed as an angular velocity
per second. Directional control (DCL) is a variation of
movement in the intended direction and is expressed as
percentage (%). They were measured thrice and averaged
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in a manner similar to sensory limitation assessment.

Outcome measures

The same levels of conservative treatments (muscle
strengthening exercise, range of motion training) were
executed for the patients during the treatment. The bal-
ance function assessment was executed three times using
the SMART Balance Master system: one day before each
treatment cycle, one day after, and one month after the
end of treatment. Moreover, BBS was measured at the
same time.

Statistical analysis

All analyses were performed with the SPSS ver. 18.0
(SPSS Inc., Chicago, IL, USA). The normal distribution
was proved by Shapiro-Wilks test, and after that paramet-
ric test was used. A significance level was set at p<0.05
in all analysis. After real or sham treatment, clinical out-
comes were measured over time and analyzed by one-
way analysis of variance (ANOVA) for repetitive mea-
sures.

For comparing the difference of effect between the real
and the sham treatment, the results, which were from the
treatment right after the end of the study and the follow-
up values, which were obtained one month later, were
calculated as percentages.

The ANOVA for repeated measures was performed
using the treatment (sham, real) and time (end of treat-
ment, follow-up) as a factor. When any significant effect
was observed, the post-hoc comparisons were performed
with paired Student t-test.

RESULTS

Patient characteristics

From a total of 33 patients, 3 were excluded from the
study due to the following reasons: occurrence of latest
cerebral infarction in one patient, occurrence of benign
paroxysmal positional vertigo in one patient, worsening
of general condition in one patient. Thereby 30 patients
underwent the complete study until the final stage.

Out of 30 patients, 27 were male, 3 were female, and the
age at the time of hospitalization was 60-85 years. In 15
patients, right hemisphere was affected; whereas other 15
patients had a lesion in the left hemisphere. Demograph-
ic details of each patient are summarized in Table 2. Sex,

age, height, affected side, duration of symptoms, stroke
subtype, and BBS did not show any significant differences
between the two groups, which had a different treatment
sequence.

Adverse effects

None of the patient experienced serious adverse event
such as seizure. In addition, vital signs, including blood
pressure, respiratory rate did not show any significant
changes during the study. Two patients complained of
scalp dysesthesia but it was not severe to the extent to
stop the study and the symptoms disappeared in a few
days after the completion of study.

Balance function

There was no statistical difference in the baseline of
clinical measurements of two groups which had a differ-
ent treatment order (p>0.05). After real treatment, the
factor ‘time’ statistically affected SOT, DCL left-right,
on-axis velocity front-back, on-axis velocity left-right
(p<0.05) in a significant manner, but no statistically sig-
nificant effect was observed on DCL front-back (p=0.079).
On the other hand, there was no significant difference
in clinical measurements after sham treatment (p>0.05).
Post-hoc analysis showed significant improvement in

Table 2. Demographic characteristics of patients

Real-sham Sham-real

group group p-value”
(n=15) (n=15)
Gender 14:1 13:2
(male:female)
Age (yr) 67.1£3.8  68.7+5.2 0.342
Height (cm) 165.4+5.9  162.7+10.4  0.382
Hemiplegia 7:8 8:7 0.715
(right:left)
Duration (mo) 49.6+28.3  44.0+29.9 0.603
Stroke subtype 11:4 9:6 0.439
(CL:.ICH)
K-MBI 71.317.4 71.217.5 0.961
BBS 34.1+6.7 32.9+7.0 0.637

Values are presented as meantstandard deviation.

CI, cerebral infarction; ICH, intracerebral infarction; K-
MBI, Korean version of Modified Barthel Index; BBS,
Berg Balance Scale.

“Student t-test.
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SOT score by comparing between baseline and the 2 time
point of after treatments (baseline vs. end of treatment,
p=0.003; baseline vs. follow-up, p<0.05) (Fig. 2). On-axis
velocity and DCL left-right also showed results with the
same aspects and they sustained for a month at the time
point of follow-up. In case of DCL left-right and BBS,
improvement in the results at the end of treatment was
observed compared with those of sham treatment, but
this effect did not reach statistical significance (p=0.132,
p=0.087). Moreover, the results of the follow-up showed
statistically significant improvement (Table 3). The per-
centage increases in clinical measures ware significantly
greater for real rTMS than sham rTMS (p<0.05). Further-
more, progress in improvement was noted between the
end of treatment and follow-up (Fig. 3).

DISCUSSION

This study aims to investigate the effect of :TMS on the
balance function when rTMS is applied to trunk motor
area of chronic stroke patients. The muscles of trunk play
an important role for maintaining appropriate body’s
posture, hence these muscles are highly affected with
restoration of functions for patients with neurological

damage after brain injury [16,17].

Numerous studies have been carried out with emphasis
on improvement of balance function. Karatas et al. [18]
reported that strength of trunk muscles is related to the
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Fig. 2. Changes in sensory organization test (SOT) scores
in accordance with treatment sequence (black diamonds,
real-sham treatment; gray squares, sham-real treatment).
In both groups, SOT score significantly improved after
real treatment and improvement persisted for 1 month
after treatment.

Table 3. Clinical evaluations according to treatment sequence (n=30)

p-value
Treatment Baseline Post Follow-up Post vs. Follow-up vs.
baseline baseline
SOT Real rTMS 75.1+8.8 82.319.1 86.119.3 <0.05* <0.05*
Sham rTMS  81.5+11.3 80.1+10.2 78.519.5 0.616 0.265
On-axis velocity left-right Real rTMS 3.8%1.1 4.8+1.2 5.1%1.1 <0.05* <0.05*
Sham rTMS 4.6+1.3 4.4+1.2 4.3+1.2 0.660 0.370
On-axis velocity front-back Real r-TMS 2.3+0.8 2.7+0.8 3.0+0.8 <0.05* <0.05*
Sham rTMS 2.6+0.9 2.940.9 2.810.9 0.312 0.384
DCL left-right Real rITMS 73.3+10.3 78.719.1 81.8+8.7 <0.05* <0.05*
Sham rTMS  77.8+10.4 77.219.9 76.419.7 0.819 0.581
DCL front-back Real rTMS 47.0+18.3 54.0+17.1 58.5+17.4 0.132 <0.05*
Sham rTMS  53.6+18.4 52.2+17.8 50.7+17.6 0.776 0.534
BBS Real rTMS 33.5+6.8 36.616.7 37.916.4 0.087 <0.05*
Sham rTMS  35.5+7.1 35.617.2 35.4+£7.0 0.943 0.957

Values are presented as meantstandard deviation.

SOT, sensory organization test; DCL, directional control; BBS, Berg Balance Scale; rTMS, repetitive transcranial mag-

netic stimulation.
*p<0.05.
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Fig. 3. The percentage improvement in clinical measures. (A) SOT, significant improvement at the end of treatment as
well as at follow-up. Other clinical measures also showed similar results. (B) On-axis velocity left-right, (C) on-axis ve-
locity front-back, (D) DCL left-right, and (E) DCL front-back. SOT, sensory organization test; DCL, directional control.

*p<0.05.

balance function in the cerebral infarction patients. Few
other studies have demonstrated that control of trunk
muscles is associated with balance function and activi-
ties of daily living [19-21]. It means that the restoration of
trunk muscle positively influences the balance function
in the patients with cerebral infarction. Park et al. [22]
reported that the expression patterns of evoked potential
of trunk muscles in patients with unilateral hemispheric
stroke are different from that of normal people, and is
accompanied with damage of motor nerve pathway of
trunk muscles after stroke. Therefore, we assumed that
rTMS could induce positive effect on the balance func-
tion when rTMS is applied to the trunk area of the pri-
mary cortex as it influences damaged motor nerve circuit
of trunk muscles.

In the study involving normal adults, activity of thoracic

erector spinae muscles increased when they maintain
balance in unstable physical posture [23]. In a study car-
ried out by Dickstein et al. [24], which compared trunk
muscle strength between normal people and hemiplegic
stroke patients using surface electrode, hemiplegic stroke
patients showed significantly weak activity in erector
spinae muscles but not in bilateral rectus abdominis, ex-
ternal abdominis oblique, and latissimus dorsi muscles.
Another study showed delay in latency of erector spinae
muscles in hemiplegic stroke patients as compared with
normal people when arms were bent in sitting position
[25]. Also, the study which investigated probability of
occurrence of MEP in the contralateral side when TMS
was applied to the affected cerebral hemisphere in stroke
patients, revealed that MEP of 9th thoracic erector spinae
muscles occurred in 80% of subjects and the frequency
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was same or of higher level when compared with that of
other trunk muscles [22]. Based on the reported studies,
we applied rTMS on the cortical motor area of 9th tho-
racic erecter spinae muscles.

To the best of our knowledge, until date there exists no
study about applying therapeutic rTMS over the trunk
motor spot of the stroke patient with balance deficits.
There was a report stating improvement in balance and
lower limb strength upon application of tDCS to the
patients with hemiplegic stroke [15], and another study
reported improvement in lower limb function when high
frequency rTMS using H-coil was applied to the chronic
stroke patients with effect lasting for more than a month
[26].

This study suggests that the therapeutic effect of rTMS
treatment in patients lasts not only right after the treat-
ment, but also after a month from the initiation of study.
However, our results showed a tendency to decline for
SOT of T4 and T5 for real-sham rTMS group, although the
result of the 2 time points (T4, T5) significantly improved
as compared with that of baseline (T1) (Fig. 2). We believe
that the effect of rTMS on balance function might fade
away with time after 1 month. Further studies on effect of
duration and mechanism of rTMS are necessitated.

Application of rTMS over the motor cortex is based on
the interhemispheric competition model after cerebral
infarction [10,27,28]. Subcortical stroke studies reveal
that imbalance of interhemispheric inhibition occurs in
chronic stroke patients [27,29]. After the occurrence of
cerebral infarction, the intact motor cortex was disin-
hibited by decreased transcallosal inhibition from the
affected motor cortex. Therefore, decreased excitability
was observed in affected motor cortex as compared with
intact motor cortex in chronic hemiparetic patients [30].
Previous studies consider that these abnormal interhemi-
spheric inhibitions impede functional motor recovery in
stroke patients [27] and motor function can be restored
by decreasing transcallosal inhibition from intact motor
[10,31]. Avenanti et al. [32] reported that the use-depen-
dent motor plasticity can be promoted and motor excit-
ability of interhemisphere can be readjusted when rTMS
is applied to chronic stroke patients. In this context, our
results support the results from the previous reported
studies.

This study has some limitations. First, because the low-
er extremity motor cortex is close to the trunk motor cor-
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tex, rTMS might affect not only trunk but also lower ex-
tremity. Therefore, there is a possibility that the balance
function would be improved by effect of rTMS on lower
extremity motor cortex. However, manual muscle test
(MMT) grades of lower extremity did not show significant
change between before and after treatments. Therefore, it
was hard to believe that lower extremity motor cortex was
affected in this study. Second, the sample size was small
(i.e., n=30). Third, there was a limitation for measuring
the precise effect of the real rTMS since both the wash-
out period and the follow-up period were short. Thus,
future studies involving longer follow-up and wash-out
period are required. Even if the present study had a rela-
tively short wash-out period of four weeks, it was aimed
to reduce errors by performing both the real rTMS and
sham rTMS in all patients through the cross-over study.
Fourth, this study covered patients with mild to moderate
balance impairment. Nevertheless, we could not evaluate
the balance function in patients with severe balance defi-
cits using computerized dynamic posturography. There-
fore, another evaluation method is required to evaluate
the balance function.

In conclusion, to the best of our knowledge, this is the
first study to investigate the therapeutic effects of rTMS
over the trunk motor cortex on balance function in stroke
patients. Our results show that high frequency rTMS may
be used as one of the strategies for treating chronic stroke
patients with balance impairment. Further studies are
required to assess not only underlying mechanisms but
also detailed protocol.
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