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The purpose of this study was to investigate the effect of 5Hz repetitive transcranial magnetic stimulation

(rTMS) on cortical activity and upper limb function in the etiology of chronic stroke patients. 2 patients with

ischemic stroke and 2 patients with hemorrhagic stroke who satisfied the selection criteria were selected using

the ABA’ single subjective design. The study period was applied 18 times in all 4 patients: 3 times at baseline

(A), 12 times in intervention period (B), and 3 times in baseline (A'). During intervention period(B), 5Hz rTMS

was applied 4 times a week for 3 weeks, and no intervention was performed during the 3 baseline (A) and base-

lines (A’). Electroencephalography (EEG), box and block test (BBT), and fugl-meyer assessment (FMA) were

performed to investigate changes in cortical activity and upper limb function. As a result, EEG and BBT were

changed after intervention (B) in ischemic stroke patients than in hemorrhagic stroke patients, and there was

no difference in FMA of all stroke patients. Through this, it is thought that 5 Hz r TMS can help to improve

cortical activity and upper limb function in ischemic stroke rather than hemorrhagic stroke.

Keywords : repetitive transcranial magnetic stimulation, ischemic stroke, hemorrhagic stroke, cortical activity, upper

limb function 

1. Introduction

Stroke is a vascular disease in which the supply of

oxygen and nutrients is interrupted due to the abrupt

blockage or bursting of some cerebral blood vessels,

leading to necrosis of the brain tissue. It can largely be

classified into ischemic and hemorrhagic stroke [1, 2].

Previous studies have emphasized that early ischemic and

hemorrhagic patients should be provided with neuro-

rehabilitation at an early stage because it may not only

strengthen the neurological response due to neuro-

plasticity, but also activate a dynamic response with the

spontaneous recovery of the brain [3]. Recently, non-

invasive brain stimulation has been proposed as a method

to activate the cerebral cortex and promote upper limb

function in stroke patients, and repetitive transcranial

magnetic stimulation (rTMS) using a magnetic field has

been applied to achieve this [4]. rTMS is an approach that

promotes the depolarization of neurons in the cerebral

cortex by applying magnetic stimulation to the outermost

part of the skull using an electromagnetic coil that creates

a magnetic field within a short space of time. The

generated magnetic field wave applies an electric current

directly to the brain cells [5]. In 1831, Faraday suggested

that a time-varying current could create a magnetic field,

thereby inducing an electric field as well as a secondary

current in a nearby conductor. Barker established the

basic theory of transcranial magnetic stimulation (TMS)

that could be applied to patients using the magnetic field

principle and proposed the first magnetic stimulator that

could stimulate the human brain using magnetic fields

[6]. rTMS promotes cortical activity excitability or

inhibition through stimulation of neural synapses. High

frequency rTMS (HF-rTMS) increases cortical excitability

by decreasing the motor threshold (MT) and increasing

the amplitude value of the motor evoked potential (MEP),
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whereas low frequency rTMS (LF-rTMS) inhibits the

excitability of the cerebral cortex and has the opposite

effect on MEP and MT [5]. Lomarev et al. (2007)

confirmed the improvement of electroencephalography

(EMG) and finger strength by applying HF-rTMS to

chronic stroke patients [7], while Ameli et al. (2009)

applied 10 Hz HF-rTMS to stroke patients and used

functional magnetic resonance imaging (fMRI) to confirm

the differences in the cerebral cortex [8]. Khedr et al.

(2009) applied HF-rTMS, LF-rTMS, and sham-rTMS to

36 patients with early ischemic stroke and confirmed the

activity and motor function of the cerebral cortex [9]. In

particular, by confirming the positive effect of LF-rTMS

on the motor cortex, it was suggested that LF-rTMS

rather than HF-rTMS could be beneficial in the functional

recovery of early stroke patients. In the Framingham

study, cerebral infarction due to arterial thrombosis and

embolism occurred in 84.6 % of people with strokes, and

cerebral hemorrhage, including subarachnoid hemorrhage,

occurred in 14 % of people with strokes. Ischemic stroke

accounts for 70 %-80 % of all strokes, and different

treatment methods, such as antithrombotic drugs, are used

due to differences in the major risk factors of hemo-

rrhagic stroke [10, 11]. Although previous studies have

suggested the rTMS effect by focusing on the onset of

stroke patients, a few studies have noted the rTMS effect

according to the cause of stroke. Through a single case

study of four people, the purpose of applying 5 Hz rTMS

according to the cause of the chronic stroke was therefore

to determine how it helps the cortical activity and upper

limb function and to confirm the effects of rTMS.

2. Materials and Methods

2.1. Subjects

In this study, two patients with ischemic stroke and two

patients with hemorrhagic stroke who were admitted to

the Department of Rehabilitation Medicine at B Hospital

in G area were selected for this study based on the results

of magnetic resonance imaging (MRI). The inclusion

criteria were patients who actively consented to participate

in the study, chronic stroke patients with an onset period

of more than six months but less than 24 months after

stroke diagnosis, and a Korean-Montreal cognitive assess-

ment (K-MoCA) score of 23 or higher for normal

cognitive level and communication. The patients were

also required to understand the study instructions. On the

other hand, those with contraindications to the application

of rTMS and those with clinically unstable medical

disorders such as seizures were excluded from the study.

The subjects who participated in the study underwent

physical and occupational therapy, followed by the

intervention for an additional four weeks and evaluations.

2.2. Study design

In this study, a single-subject research design was

applied as ABA'. A full treatment course consisted of 18

sessions.: The baseline phase (A) with 3 sessions, the

intervention phase (B) with 12 sessions, and the baseline

phase (A') with 3 sessions. No intervention was

performed in the baseline phases (A and A'). In the

intervention phase, 5 Hz HF-rTMS treatment was

administered 3 times a week over the course of four

weeks. Each treatment session lasted for 15 minutes. For

the evaluation of upper limb function, the box and block

test (BBT) and fugl-meyer assessment (FMA) were used,

and the evaluations in the baseline phases (A) and (A')

were performed three times each and 12 times after the

intervention. Electroencephalography (EEG) was used to

measure cortical activity. The first measurement was

performed at the baseline, the second measurement was

performed in the 15th session of the experiment, and the

third measurement was performed in the 18th session

(Fig. 1).

2.3. Assessment methods 

In this study, EEG, BBT, and FMA were performed to

investigate changes in activity in the cerebral cortex and

upper limb function.

2.3.1. EEG 

Fig. 1. Flow chart of the study process in patients with isch-

emic stroke and hemorrhagic stroke. EEG, electroencephalog-

raphy; BBT, box and block test; FMA, fugl-meyer test.
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EEG is a method used to measure electrical signals

caused by nerve excitability between the neurons in the

cerebral cortex [12]. EEG is known as a neuroimaging

technique that measures the activity of electrical signals

generated in the cerebrum through the placement of a

terminal on the scalp and can measure the electrical

activity of normal and damaged brains [13]. Unlike other

neuroimaging techniques, EEG is a non-invasive method

that does not harm the human body. It has the further

advantages of allowing functional changes in the brain to

be observed within a short period of time and of providing

various data that can be analyzed after the examination,

so it is widely used by clinicians [14]. EEG is divided

into various areas from low frequency (LF) to high

frequency (HF) depending on the frequency, namely, delta

wave (δ-wave), theta wave (θ-wave), alpha wave (α-

wave), beta wave (β-wave), and gamma wave (γ-wave)

[15]. In this study, the sensorimotor rhythm (SMR) was

set to 12-15 Hz for the β-waves measured. SMR occurs

when a subject opens their eyes, and the activity of the

cerebral cortex is passive. The subject pays attention to

external stimuli in a relaxed and stable manner, including

when solving a problem that requires sustained attention

[16]. In this study, a total of 21 channels were assessed

using the 10/20 international electrode arrangement

method (Fig. 2). A computerized brain wave analyzer

QEEG-21 (LXE5208, Laxtha Inc, Korea) was used for

the measurement. For the EEG measurement, the subjects

were allowed to rest for three minutes before the

measurement, and when it started, they were asked to

look at the action image presented on the 13-inch monitor

in front of them for one minute and 30 seconds. To

minimize any noise caused by frontal lobe eye movements

during the measurement, the subjects were controlled not

to blink frequently (Fig. 2). The raw data were collected

using TeleScan version 3.2.9.0 (Laxtha Inc, Korea),

which is a real-time data collection program, and the

relative SMR wave value for each channel was visualized,

and a relative power analysis was performed.

2.3.2. BBT 

BBT is an evaluation tool used to measure hand agility

and to evaluate patients with physical disabilities. The

method requires the subject to move a one-inch-sized

block from one box to the other, and the number of

blocks moved by each hand in one minute is scored [17].

The test-retest reliability is reportedly r = 0.98 for the

right hand and r = 0.94 for the left hand, while the inter-

examiner reliability has been established as r = 1.00 for

the right hand and r = 0.99 for the left hand [18]. In this

study, only the injured hand was examined.

2.3.3. FMA

The FMA is performed to evaluate the degree of

recovery of upper limb function in stroke patients. The

evaluation items are given 0-2 points depending on the

degree of performance, where 0 = not performing, 1 =

performs partially, and 2 = performs fully. Thirty-three

items corresponding to upper limb function are tested to

evaluate the hemiplegic side. The total score is 66 points,

and the degree of recovery is expressed as a percentage

[19]. The items consist of the shoulder, elbow, and

forearm (18 items), the wrist (five items), the hand (seven

items), and upper extremity coordination ability (three

items). The inter-inspector reliability of the test has been

reported as 0.96 [20].

2.3. Procedure

2.3.1. 5 Hz HF-rTMS 

The rTMS equipment used in this study was ALTMS®

(Remed, Korea, 2018) and consisted of a 70 mm Fig. 8

coil device. While seated, the subject was asked to fix

their head on the headrest, place both arms comfortably

on a pillow or cushion, keep the forearms in a neutral

Fig. 2. (Color online) A total of 21 channels measured with the International 10/20 system for the area of EEG measurement in this

study (A), and EEG measured using the motion observation image of the front 13-inch monitor (B).
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state, and position themselves with the forearm propped

up and the fingers extended. The coil stimulator was

placed on the subject’s head over the injured cerebral

hemisphere and 2 cm lateral to the center line at an angle

of 45°. When measuring the MEP, the position of the

motor area was confirmed through the first dorsal intero-

sseous muscle. During the MEP measurement, the resting

motor threshold (RMT) was set as the stimulus intensity

at which an MEP of 50 μV or more was recorded in at

least five out of 10 stimuli. A frequency of 5 Hz was

applied to activate the cerebral cortex on the injured side

with an intensity of 120 % RMT at 900 pulses [21].

2.4. Data analysis

The general characteristics of the subjects were described

in this study, and the K-MoCA and MFT results were

indicated as scores. The BBT and FMA, which were

conducted to investigate the subjects’ upper limb function

before and after the intervention, were analyzed by

converting them into graphs using descriptive statistics. In

addition, the treatment effect was determined to be

improved when the average value and standard deviation

were measured twice consecutively during the interven-

tion period based on the average value obtained from the

baseline of the existing study. The lasting effect of the

intervention was set to be significant when the average

value of the baseline (A') was higher than the average

value of the baseline (A) [22, 23]. To investigate the

activity of the cerebral cortex, EEG was used to measure

baseline (A), the intervention period (B), and the baseline

(A') three times. The measured values were converted to

brain mapping using Telescan software, and the cerebral

cortex activity was then compared.

3. Results

3.1. General characteristics of the subjects

Subject 1 was a 52-year-old male who complained of a

sudden severe headache after stroke onset and was

diagnosed with left hemiplegia due to ischemic stroke.

Subject 1 had no specific diseases and had no difficulty

with the therapist’s instructions or their implementation.

He had a K-MoCA score of 29 points. The subject scored

9/32 points on the left and 30/32 points on the right in the

MFT. Subject 2, a 60-year-old male who had an ischemic

stroke, complained of sudden muscle weakness. Although

his pronunciation was slurred, his communication was not

limited. He scored 25 points on the K-MoCA, which

indicated that he had no difficulty understanding or

carrying out the therapist's instructions. His MFT scores

were 31/32 points on the left and 15/32 points on the

right. Subject 3 was a 55-year-old male who had an onset

period of 20 months and was diagnosed with left

hemiplegia due to cerebral hemorrhage. No other diseases

were present, and the subject had no difficulty under-

standing or carrying out the examiner’s instructions. His

K-MoCA score was 24 points. The subject had an initial

unilateral neglect symptom, but that subsequently improved,

and the results of the MFT showed that the left side was

11/32 points and the right side 32/32 points. Subject 4

was a 43-year-old female who had been diagnosed with

left hemiplegia due to a cerebral hemorrhage following a

sudden loss of consciousness 14 months prior. With a

score of 28 points on the K-MoCA, the subject had no

difficulty understanding or carrying out the examiner’s

instructions. The subject’s scores on the MFT were 14/32

points on the left side and 29/32 points on the right side

(Table 1).

3.2. Comparison of changes in cerebral cortex activity

before and after the intervention

Differences in the regions F3, Fz, C3, Cz, C4, P3, and

T3 were noted in the EEG conducted to investigate

cortical activity before and after the intervention in subject

1. In subject 2, differences were evident in the regions

C3, Cz, and C4, while for subject 3, only a difference in

Cz was apparent. Subject 4 showed a difference in Cz and

Pz (Table 2).

Table 1. General haracteristics of subjects.

Variables Subject 1 Subject 2 Subject 3 Subject 4

Sex/age M/52 M/60 M/55 F/43

Side of stroke Left Right Left Left

Type of stroke Ischemic Ischemic Hemorrhagic Hemorrhagic

Lesion Parietal lobe Basal ganglia Thalamus Parietal lobe

Time from stroke to rehab (months) 12 8 20 14

K-MoCA (score) 28 25 24 28

MFT (Rt/Lt, score) 9/30 31/15 11/32 14/29

K-MoCA: korean-montreal cognitive assessment, MFT: manual function test
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Table 2. Comparison of EEG changes at baseline (A) intervention (B) baseline (A') of study subjects.

Variables Baseline A Intervention B Baseline A’

Ischemic

stroke

Subject 1

Subject 2

Hemorrh-agic

stroke

Subject 3

Subject 4

Fig. 3. (Color online) Comparison of BBT changes at baseline (A) intervention (B) baseline (A') of study subjects. 
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3.3. Comparison of changes in upper limb function

before and after the intervention

For the BBT, which was applied to examine changes in

upper limb function, the ischemic stroke subject 1 showed

improvement: baseline (A) = 11.000 ± 1.00 points, inter-

vention (B) = 12.583 ± 0.99 points, and baseline (A') =

12.666 ± 0.57 points. In subject 2, who had an ischemic

stroke, there was improvement in baseline (A) (23.333 ±

0.57 points), intervention (B) (24.166 ± 0.93 points), and

baseline (A') (25.000 ± 1.00 points). Subject 3, who had a

hemorrhagic stroke, showed no improvement in baseline

(A) (16.333 ± 1.15 points), intervention (B) (15.500 ±

0.79 points), and baseline (A') (16.333 ± 0.57 points).

Similarly, there was no improvement in subject 4 (hemo-

rrhagic stroke patient) for baseline (A) (22.333 ± 0.57

points), intervention (B) (21.333 ± 0.98 points), and baseline

(A') (22.000 ± 1.00 points) (Fig. 3).

The results of the FMA showed no improvement in any

of the subjects (Fig. 4): subject 1 (ischemic stroke),

baseline (A) = 36.000 ± 1.00 points, intervention (B) =

36.919 ± 1.08 points, baseline (A') = 37.000 ± 1.00 points;

subject 2 (ischemic stroke), baseline (A) = 41.333 ± 0.57

points, intervention (B) = 41.083 ± 0.99 points, baseline

(A') = 42.333 ± 0.57 points; subject 3 (hemorrhagic stroke),

baseline (A) = 42.333 ± 1.52 points, intervention (B) =

43.183 ± 0.99 points, baseline (A') = 43.166 ± 0.57 points;

subject 4 (hemorrhagic stroke), baseline (A) = 28.000 ±

1.00 points, intervention (B) = 31.750 ± 4.26 points, baseline

(A') = 28.666 ± 0.57 points.

4. Discussion

Ischemic stroke occurs when a part of the brain that is

supplied with blood is damaged due to the blockage of

blood vessels by arterial thrombus or embolism, while

hemorrhagic stroke occurs when blood pools in the brain,

or the brain is damaged by the rupture of a cerebral blood

vessel, for example, via a subarachnoid or cerebral hemo-

rrhage [24]. And Diabetes, atrial fibrillation, previous

myocardial infarction, previous stroke, and intermittent

arterial claudication can be the main causes of ischemic

stroke or cerebral hemorrhagic stroke [25]. The limitations

in functional movement in stroke patients may result from

ischemic or hemorrhagic damage to the motor cortex,

premotor cortex, motor pathways, or related descending

pathways of the cerebrum or cerebellum. Among these

types of stroke, cerebral infarction (84.6 %) and cerebral

hemorrhage (14 %), including subarachnoid hemorrhage,

have ischemic rather than hemorrhagic causes. It has been

reported that the prognosis for motor function after the

onset of ischemic stroke is more positive than that for

hemorrhagic stroke [26]. In general, compared to ischemic

stroke, hemorrhagic stroke is associated with a considerable

increase of mortality in the early period after stroke onset,

which is highly correlated with the hemorrhagic nature of

the lesion. These different pathophysiologies have different

long-term cerebral and functional implications [27]. After

stroke onset, improvements through decreased edema and

reperfusion of the ischemic penumbra not only affect the

Fig. 4. (Color online) Comparison of FMA changes at baseline (A) intervention (B) baseline (A') of study subjects.
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reorganization of the ischemic region of the brain, but

rapidly applied neurorehabilitation after onset can also

greatly help patients with rapid recovery and neuro-

plasticity. In addition, differentiated neurorehabilitation

programs and various interventions are required for effec-

tive function recovery after stroke. Various interventions

are applied to improve the movement restrictions that

occur after stroke. In addition, methods such as constraint-

induced movement therapy, sensory biofeedback, mental

practice with motor imagery, and robotic assisted therapy

have been suggested to restore upper limb function during

neurorehabilitation [26]. However, very few studies have

applied the pathophysiological differences of stroke

patients, and many studies have been conducted with the

onset period of ischemic stroke. In a previous study,

rTMS was applied to recover upper limb function in

stroke patients [28]. The effect of upper limb function

was confirmed by comparing HF-rTMS, LF-rTMS, and

sham-rTMS in ischemic stroke. Based on the results, it

was suggested that rTMS can help activate the motor area

of the cerebral cortex and improve upper limb function in

stroke patients. rTMS may play an important role in

improving the prognosis and cerebral activity of stroke

patients [29]. In particular, rTMS induces depolarization

and action potential generation in the stimulated regions

of the cerebral cortex, which can modulate cortical

excitability and induce positive neuroplasticity depending

on the characteristics of the stimulus, such as the frequency,

coil direction, and stimulus intensity [30]. In this study,

four subjects were designed as a single case, and it was to

investigate the difference in cortical activity and upper

limb function of 5 Hz rTMS based on the pathophysio-

logical differences of stroke patients. First, EEG was

applied to determine the activity of the cerebral cortex. In

subject 1, an ischemic stroke patient, there were differences

in the regions F3, Fz, C3, Cz, C4, P3, and T3, while in

subject 2, also an ischemic stroke patient, differences

were seen in C3, Cz, and C4. In subject 3, a hemorrhagic

stroke patient, a difference was evident in Cz, and in

subject 4, who was also a hemorrhagic stroke patient, the

differences were in Cz and Pz. An improvement in

cerebral cortex activity was confirmed in all the subjects,

and cortical activity was confirmed in all four subjects in

Cz, which corresponds with the motor area. Activation

was observed in a wider area of the cerebral cortex in the

ischemic subjects than the hemorrhagic subjects. Khedr et

al. (2010) reported the recovery of upper limb function in

an early stroke patient as a result of applying HF-rTMS

for 10 days at 3 Hz and 120 % RMT intensity to the

damaged motor area [31]. With the exception of the

patients with infarcts in large areas of the cerebral cortex,

it was possible to confirm the initial effects of rTMS on

cortical excitability by following the patients for one year.

Ameli et al. (2009) applied 10Hz HF-rTMS to 29 stroke

patients with damage to the middle cerebral artery, includ-

ing either the primary or secondary cortical sensorimotor

areas, and used fMRI to assess index finger and hand

tapping movements [8]. Improvements in cerebral cortex

activity and hand function were confirmed. In addition, in

a systematic review of four studies conducted to deter-

mine whether the application of HF-rTMS to the ipsilateral

hemisphere would recover upper limb movement in

ischemic stroke patients compared with sham rTMS, 10

Hz HF-rTMS was used for the damaged upper limbs and

was confirmed to increase motor function [26]. It is

thought that rTMS can promote cerebral cortex activation

not only in early stroke patients, but also in chronic stroke

patients and that it may be more effective in cerebral

activation, especially in ischemic stroke patients. In this

study, activation was observed in the Cz, C3, and C4

regions of the ischemic subjects. These regions are adjacent

to the primary sensorimotor cortex and may affect hand

function. As a result, the application of rTMS according

to pathophysiological differences requires a more diverse

approach to treatment strategies according to stroke

diagnosis. In addition, it is judged that neurorehabilitation

according to the cause of stroke patients can have a

positive effect on cerebral cortex activity in stroke patients

in connection with treatment strategies and HF-rTMS. In

addition, using the neurorehabilitation approach with HF-

rTMS and classifying the causes of chronic stroke in

patients may help restore upper limb function. The positive

effects of HF-rTMS can be confirmed through the

recovery of hand function in subjects 1 and 2 who both

had ischemic stroke and were assessed via the BBT,

which was conducted to investigate changes in upper

limb function [32]. Notwithstanding, Kim et al. (2006)

showed an improvement in the MEP by applying 10 Hz

HF-rTMS to 15 chronic stroke patients, but no significant

change in upper limb function could be confirmed [33].

These results may suggest that the linkage of neurorehabi-

litation via occupational therapy for the recovery of upper

limb function is important. This study has limitations in

generalizing the results due to the case study design, and

it is necessary to make the equipment that evaluates hand

function improvement more objective. In future studies,

the effectiveness of the rTMS intervention could be

assessed by considering different variables, such as the

onset period and lesion site as well as the cause of the

disease, in many subjects.
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5. Conclusion

This case study, which was based on an ABA' design,

investigated the effect of 5 Hz HF-rTMS on cerebral

cortex activity and upper limb function based on the

cause of chronic stroke in four subjects. Two subjects

with ischemic stroke and two subjects with hemorrhagic

stroke were selected for the study. Baseline (A) was

measured three times, the intervention period (B) 12

times, and baseline (A') three times. rTMS at 5 Hz was

performed four times a week for three weeks. As a result,

EEG confirmed that the ischemic stroke subjects gained

more cerebral activity than the hemorrhagic stroke subjects.

Meanwhile, BBT, which was performed to examine upper

limb function, revealed a difference in the ischemic stroke

patients, but no difference was apparent with FMA in any

of the subjects. It can therefore be confirmed that 5 Hz

HF-rTMS produced differences in cortical activity and

upper limb function depending on the cause of the stroke.
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