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Outpatient Application of Repetitive Transcranial Magnetic Stimulation and
Occupational Therapy for Upper Limb Hemiparesis after Stroke :
A Pilot Study
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ABSTRACT
Purpose : The purpose of this pilot study was to provide an initial evaluation of the clinical effects of combination therapy with low-frequency repetitive transcranial magnetic stimulation (rTMS)
and intensive occupational therapy (OT) as a daily treatment at an outpatient clinic for patients with
upper-limb hemiparesis after stroke. Subjects and Methods : The subjects were 4 patients with
mild upper limb hemiparesis after stroke. All patients were able to visit our clinic daily without undue efforts. For 5 to 11 consecutive days at our clinic, these patients received 30 minutes of lowfrequency (1 Hz) rTMS followed by 60 minutes of one-to-one occupational therapy. Patients were
instructed to perform home self-exercise daily and to give us feedback the following day. For motor
functional evaluation of the affected upper limb, the Fugl-Meyer Assessment, the Wolf Motor Function Test, and the Ten-Second Test were used. Results : The protocol of daily outpatient treatment
was completed without adverse effects and did not interfere with the patients’ work schedule. All
patients showed improvements in the motor function of the affected upper limbs. Conclusion :
Daily application of rTMS and intensive OT at an outpatient clinic is a novel treatment for patients
(Jikeikai Med J 2011 ; 58 : 103-8)
with mild upper-limb hemiparesis after stroke.
Key words : r epetitive transcranial magnetic stimulation, occupational therapy, stroke, upper-limb
hemiparesis

5-7

al consecutive days .

Introduction

On the other hand, intensive occu-

pational therapy (OT), such as constraint-induced move-

Local application of repetitive transcranial magnetic

ment therapy, has been also shown to significantly improve
8,9

stimulation (rTMS) influences neural excitability in select-

the motor function of the hemiparetic upper limb .

ed brain areas.

Low frequency (≤ 1 Hz) rTMS suppress-

underlying mechanism of the improvement, both interven-

es local neural activities whereas high-frequency (≥ 5 Hz)

tions have been reported to activate perilesional areas in

-

1-4

rTMS activates them .

Recently, low frequency rTMS
-

As an

the lesional hemisphere, leading to motor recovery of the
10-12

applied to the nonlesional hemisphere has proven beneficial

affected upper limb

in randomized controlled studies for treating upper limb

of these 2 interventions might facilitate the development of

hemiparesis after stroke, especially when applied for sever-

plastic changes in the lesional brain, we developed the com-

-

.

Because simultaneous application
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bination therapy of low-frequency rTMS and intensive OT

be hospitalized for treatment, because they held important

as a 15-day inpatient protocol for treating upper-limb hemi-

positions at work and could not take time off. Because all

13

During 15 days of hospitalization,

patients were independent in activities of daily living and

we provided 22 sessions of combination treatment, except

had no cognitive impairment, they were able to visit our

for the days of admission and discharge and Sundays.

paresis after stroke .

All

clinic frequently without undue effort. Most patients could

patients completed the 15-day in-hospital protocol without

travel from their homes to our clinic by car or subways by

adverse effects and showed improvements in motor func-

themselves in less than 1 hour.

tion at discharge.

The combination therapy should be pro-

onset of stroke and the start of the present treatment was

vided at a clinic as an outpatient intervention, because hos-

more than 12 months, and the severity of motor functional

pitalization is inconvenient for many patients.

On the

impairment in the affected upper limb was categorized as

basis of the acceptable results of the combination therapy

Brunnstrom stage of 4 to 5 for hands-fingers in all patients.

for hospitalized patients, we modified our protocol so that

Although all patients had regularly received conventional

the combination therapy can be provided as a daily outpa-

OT for more than 5 months after the onset, the Fugl-Meyer

tient treatment and introduced the modified protocol for pa-

Assessment (FMA) score, which was determined monthly,

tients with mild upper-limb hemiparesis after stroke who,

had shown no increases in the 3 months before study en-

for various reasons, could not be hospitalized.

try.

We here

The interval between the

Thus, we believed that before treatment the motor

describe our modified protocol of combination therapy for

functional recovery of the affected upper limb had likely

outpatients and report the clinical courses of 4 post-stroke

reached a plateau state.

patients who were treated with the protocol.

after the onset of stroke, and electroencephalograms ob-

The patients had had no seizures

tained 1 month before admission showed no abnormal epileptiform discharges.

Subjects and Methods

In addition, no pathological condi-

tions identified as contraindications for repetitive rTMS in
14

the guidelines of Wasserman were found in any patient .

Subjects
The subjects were 4 patients with mild upper-limb

Therefore, we believed that all patients met the clinical cri-

At the beginning, the

teria for our proposed combination treatment with low-fre-

patients were referred to our department as potential candi-

quency rTMS, which was described in our previous report .

dates for combination therapy with rTMS and intensive OT

However, providing 2 sessions of combination treatment

for upper-limb hemiparesis.

per day at the clinic, as is provided for hospitalized patients,

hemiparesis after stroke (Table 1).

All patients preferred not to

Table 1.
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Clinical characteristics of subjects

Patient 1

Patient 2

Patient 3

Patient 4

52 years

58 years

61 years

56 years

Male

Female

Male

Male

13 months

14 months

41 months

45 months

Intracerebral hemorrhage
(right putamen)

Cerebral infarction
(left corona radiata)

Intracerebral hemorrhage
(left thalamus)

Cerebral infarction
(right corona radiata)

Left hemiparesis

Right hemiparesis

Right hemiparesis

Left hemiparesis

5/5

4/5

5/5

5/5

Handedness

Right

Right

Right

Right

Scheduled duration of
treatment

5 days

6 days

11 days

5 days

Occupation

Dentist

College professor

Shopkeeper (pharmacy)

Veterinary surgeon

Age at treatment
Sex
Time between onset of
stroke and treatment
Type of stroke
(lesion location)
Neurological findings
Brunnstrom stage at entry
(hand-finger/upper limb)
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Therefore, we modified the protocol

where the stimulation evoked the largest motor-evoked po-

of combination treatment, and all patients were scheduled

tentials (MEPs) in the first dorsal interosseous (FDI) mus-

to receive a single session of 30 minutes of low frequency

cle of the unaffected upper limb.

rTMS to the nonlesional hemisphere followed by 60 min-

(MT) of the FDI muscle of the unaffected upper limb was

utes of one-on-one OT at the clinic of our department daily

defined as the lowest intensity of stimulation that could ac-

from January 1 to August 31, 2010. In addition, at the end

tivate MEPs of the muscle.

of each OT session patients were instructed to undertake

MT levels, the intensity of stimulation was set at 90% of

self-exercise at home according to their functional sta-

the MT of the FDI muscle.

tus.

marked with black ink after the first session so that the se-

seemed impossible.

-

The durations of treatment were determined on the

basis of the patients’ work schedules.

The motor threshold

According to the measured
The stimulation site was

lected site was consistent across sessions.

During the rTMS

For safety

application and OT sessions, we monitored the patient for

monitoring, a physician of our department briefly examined

the possible development of adverse effects and new neuro-

each patient before and after each rTMS session, paying at-

logical symptoms.

Motor function in the affected upper

tention to the possible development of known adverse ef-

limb was evaluated at the beginning and end of treat-

fects of rTMS (e.g., headache, nausea, and convulsion), the

ment.

At the end of treatment, patients were asked

development of new neurological symptoms (e.g., motor

whether they had completed their home self exercises and

disturbance of the unaffected upper limb), and worsening of

whether the treatment had interfered with their work.

the upper-limb hemiparesis. All patients were required to

Our therapeutic protocol of low frequency rTMS plus OT

immediately inform us by telephone if adverse effects de-

for outpatients was approved by the local ethics review

veloped outside of the clinic, e.g., at home.

-

-

committee, and informed consent was obtained from all paRehabilitative program of OT

tients before treatment.

The 60-minute one-to-one training consisting of shapTherapeutic application of low frequency rTMS

ing and repetitive task practice techniques was individually

-

provided by the occupational therapist daily in a separate

Low-frequency (1 Hz) rTMS was applied to the primary motor areas of the nonlesional hemisphere for 30 min-

room of the clinic, following daily application of rTMS.

utes daily with a 70-mm figure-8 coil and a MagPro R30

with the one-to-one training in our previously reported in-

stimulator (MagVenture Company, Farum, Denmark).

patient protocol , the shaping technique concentrated on

Stimulus pulses were delivered to the site on the skull

the use of the affected upper limb in functional tasks chosen

Table 2.

Patient 2

Patient 3

Patient 4

treatment
start

treatment
end

treatment
start

treatment
end

treatment
start

treatment
end

treatment
start

treatment
end

57

59

41

48

48

55

59

60

Performance
time
(seconds)

39

24

381

117

79

58

42

33

FAS
(points)

67

71

49

53

49

58

59

65

FIMT

26

45

2

4

25

30

11

21

HPST

19

24

8

10

12

15

15

16

FTT

26

42

0

0

7

10

15

30

23.0

24.0

4.7

7.0

14.0

14.0

14.7

20.0

FMA (points)

Ten-Second
Test (times)
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Clinical evaluation of motor function in the affected upper limb

Patient 1

WMFT

As

Grip strength (kg)

FMA, Fugl-Meyer Assessment ; WMFT, Wolf Motor Function Test ; FIMT, Finger Individual Movement Test ; HPST, Hand Pronation
and Supination Test ; FTT, Finger Tapping Test
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by the patient and the occupational therapist according to

the dorsum and palm of the affected hand ; each pronation

the patient’s lifestyle and the severity of paresis.

The

or supination is counted as a single movement), and the fin-

tasks included reaching forward to move a cup from one

ger tapping test (tapping the palm of the unaffected hand

place to another, wiping the surface of a table with a towel,

with the fingers with the dorsum upward on the affected

writing letters with a pen, and using chopsticks to pick up

side using the wrist as a fulcrum ; each tap is counted as a

small objects.

single movement).

Repetitive task practice typically included

making a fist, squeezing clay, griping a small ball, and pinching small coins.

In addition, grip strength was mea-

sured with a standard jamar dynamometer and recorded.

Although training time during the one-to-

one training program was basically divided equally between

Results

shaping techniques and repetitive task practice techniques,
the program was tailored by the occupational therapist to
suit individual patients.

After each OT session, patients

Before treatment, the period of treatment was selected
to be 5 to 11 days for study subjects.

All patients complet-

were given written instructions to undertake self-exercise

ed the scheduled outpatient treatment.

at home for more than 1 hour.

effects nor deterioration of neurological symptoms devel-

The content of home self

-

Neither adverse

exercise was basically the same as that provided in one-to-

oped with treatment in any patient.

At the end of treat-

one training at the clinic, and the problems associated with

ment, all patients reported that the outpatient treatment

the tasks in the self-training were aggressively addressed

had not interfered with their work schedules, that they had

on the following day.

performed home self-exercise according to the instructions
daily, and that the training was not particularly stress-

Evaluation of motor function in the affected upper limb

ful.

The primary measures used to evaluate motor function

All patients expressed higher satisfaction with this

outpatient protocol than with any previous treatment.

In

in the affected upper limb were the FMA, the Wolf Motor

all patients, the score increases were seen in both the FMA

Function Test (WMFT), and the Ten Second Test.

The

(1-7 points) and the FAS of WMFT (4-9 points), and the

FMA is a performance-based quantitative measure that as-

performance times of the WMFT decreased (Table 2). The

-

15

The

results of 3 tests of Ten-Second Test showed an improve-

section on motor function of the upper limbs in FMA con-

ment in upper-limb dexterity with treatment. Increases in

sists of 33 items. Because each item is rated on a 3 point

grip strength were also found in all patients.

ordinal scale, the maximum possible motor performance

treatment, patient 2 was able to hold a pen and wash her

score for the upper limbs was 66 points.

sesses various impairments in patients after stroke .
-

At the end of

In the WMFT,

face with both hands, and patient 3 reacquired the ability to

the performance time of 15 timed tasks was recorded, and

use the affected upper limb to put on a necktie, trim the fin-

the sum of all performance times was calculated as the total

gernails of the unaffected hand, and hold an umbrella.

16

time .

When a task was not completed within 120 sec-

onds, the performance time of the task was recorded as 120
seconds.

In addition, the functional ability scale (FAS) of

WMFT, which is a 6-point ordinal scale, was evaluated for
15 tasks.

The Ten Second Test was also used to evaluate
-

17

upper-limb dexterity .

During the evaluation, patients

Discussion
To our knowledge, this is a first report describing the
daily application of low-frequency rTMS combined with OT
as an intensive outpatient treatment for patients with mild

were asked to perform 3 types of movements as quickly as

hemiparesis after stroke.

The beneficial effects of low-

possible for 10 seconds, and the number of movements was

frequency rTMS to the nonlesional hemisphere in patients

recorded.

The 3 tests of movement performed were the

with hemiparesis after stroke are thought to be due to in-

finger individual movement test (flexing the fingers from

creased neural activation in the lesional hemisphere caused

the thumb towards the little finger and extending in reverse

by reduced interhemispheric inhibition towards it .

order ; the flexion or extension of each finger is counted as

the other hand, intensive OT, such as constraint-induced

a single movement), the hand pronation and supination test

movement therapy for upper-limb hemiparesis after stroke,

(tapping the palm of the unaffected hand alternately with

has also been reported to activate perilesional areas in the

5,6

On

December, 2011
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lesional hemisphere

11,12
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. On the basis of these reports, we

stroke patients with hemiparesis . Azab et al. have shown

developed a combined protocol of low-frequency rTMS and

that the addition of home-based constraint-induced move-

intensive OT as an inpatient treatment for patients with up-

ment therapy program to traditional therapy helps improve

per-limb hemiparesis.

impaired upper-limb motor function in patients with chronic

In the previously reported 15-day

19

inpatient protocol, combination therapy consisting of 20

upper-limb hemiparesis after stroke .

minutes of low-frequency rTMS, 60 minutes of one-to-one

nation therapy is introduced as an outpatient treatment, the

training, and 60 minutes of self-training was applied twice a

duration of OT must be decreased to achieving acceptable

day during hospitalization.

feasibility.

As a result, 15-day inpatient

When the combi-

The results of the present study indicate that

combination therapy was shown to be feasible and produced

home self-exercise in cognitively intact patients can substi-

some functional improvement in the affected upper limbs of

tute for one-to-one training with a therapist at a hospital.

13

the studied subjects .

However, many patients with

In addition, we emphasize the importance of a daily feed-

hemiparesis after stroke prefer not to be hospitalized be-

back system for home self-exercise which allows therapists

cause of work schedules and other reasons but are able to

to check how the patient performed self-exercise the previ-

frequently visit a clinic without undue effort.

ous day.

Therefore,

However, the optimal duration of a single treat-

we modified our inpatient protocol of combination therapy

ment session at the clinic needs to be determined, because

so that it can be provided at our clinic as a daily, less time-

the duration of sessions in our protocol was arbitrary.

consuming outpatient therapy.

The design of this pilot

Longer treatment sessions might produce greater improve-

study did not allow dissection of the separate effects of each

ments in motor function, although attempts should be made

treatment—low-frequency rTMS and intensive OT—on the

to minimize the effects of treatment on work schedules.

motor function of the affected upper limb.

Clarifying the

Our study had several limitations.

First, this was a

difference in clinical effects between patients treated with

pilot study with a small number of patients and did not in-

this combined protocol (low-frequency rTMS and intensive

clude a control group.

OT) and those treated with only intensive OT would be de-

controlled design and a control group should be performed

sirable.

to clarify the efficacy of treatment.

However, we view our proposed protocol of com-

Further study with a randomized
Second, the study pa-

bination therapy as a single treatment rather than 2 sepa-

tients represented a heterogeneous group with regard to

rate treatments.

the subtype of stroke and the time after onset of stroke.

The main difference between the protocols for inpa-

Multivariate analysis, including these baseline characteris-

tients and for outpatients included the frequency per day

tics, should be performed with a large number of patients to

and duration of rTMS session (1 session of 30 minutes of

determine which factors influence the effects of treat-

rTMS per day for outpatients), the frequency per day and

ment.

Third, follow-up evaluation of the subjects was not

the duration of OT (1 session of 60 minutes of one to one

performed after the completion of the daily outpatient pro-

training per day for outpatients), and the daily home self-

tocol.

exercise (for outpatients).

In all study patients, our pro-

tion (e.g., application of TMS followed by OT once a week)

posed protocol of outpatient combination therapy was com-

might be needed to maintain or to further improve motor

pleted without adverse effects and did not interfere with

function.

work schedules.

paretic stroke patients who are eligible for both of inpatient

-

-

In addition, all patients receiving the out-

Regular rTMS or OT after intensive daily applica-

Fourth, it is expected that there are some hemi-

patient treatment showed objective improvement in upper-

and outpatient protocol of combination treatment.

limb function.

For

All subjects, who were without cognitive

such patients, which intervention should be recommended

impairment before treatment, reported that they had per-

still remains unknown. Taking account for cost-effective-

formed home self exercise daily as instructed.

ness with the treatment, this issue should be investigated.

-

Several

studies have demonstrated the importance of home self-exercise in patients with chronic upper-limb hemiparesis after
stroke.

Alon et al. have found that daily home-based reha-

Conclusions

bilitative treatment consisting of a task-specific stimulation

Our proposed outpatient protocol featuring low-fre-

program improves hand and upper-limb functions in chronic

quency rTMS and intensive OT was performed at a clinic
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for 4 patients with upper-limb hemiparesis after stroke.
All patients completed the protocol without adverse effects
and showed some improvement in motor function in the affected upper limb.

Our proposed protocol of combination

10.

therapy is a novel treatment that has the potential to improve the motor function of affected upper limbs in patients
after stroke, although the efficacy of the protocol should be

11.

confirmed in a larger number of patients.
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