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Abstract
Purpose: The purpose of this study is to investigate the effects of various treatments (repetitive transcranial magnetic stimulation
and Brunnstrom movement therapy) on upper extremity proprioceptive sense and spasticity.
Methods: Twenty-one stroke patients were included in the study. The treatment group (Group 1; n=10) was administered navigated
real repetitive transcranial magnetic stimulation (rTMS), and the control group (Group 2; n=11) was administered sham rTMS by the first
researcher. The patients in both groups had upper extremity exercises according to Brunnstrom movement therapy (BMT). The patients
were assessed using the Brunnstrom recovery stages (BRS), proprioceptive sense assessment, and the modified Ashworth scale (MAS).
Results: Between the treatment group and control group patients, there were no significant statistical differences obtained from
pre-treatment and postreatment tenth day, first month, and third month by BRS wrist, hand, and upper extremity stages. The
intragroup comparison of the treatment group patients revealed a statistically significant difference between the pre-treatment
and post-treatment third month BRS-hand and BRS-upper extremity stages.The pretreatment and postreatment tenth day and
first month evaluations of the wrist proprioceptive sense of the groups presented a significant difference. There was no statistically
significant difference between the groups in terms of MAS scores before and after treatment evaluations.
Conclusion: The rTMS and BMT approaches that were implemented in the study affected the proprioceptive sense of the wrist
after the treatment and in the early period but did not change spasticity.
Keywords: Repetitive transcranial magnetic stimulation, stroke, Brunnstrom recovery stages, proprioceptive sense, spasticity

INTRODUCTION

Proprioceptive sense is the individual’s ability to perceive the position and the motion of his/her body segments in the space via
somatosensorial impulses sent by the receptors in the skin, muscles, and joints (1). Researchers have stated that the proprioceptive
sense, which is the awareness sense of the body, consists of three fundamental senses: kinesthesia, joint position sense, and neuromuscular control (2). The proprioceptive sense plays a crucial role in carrying out and controlling daily activities, maintaining posture
and balance, joint stability, and motor learning (3, 4). Neuromuscular control is affected by proprioceptive inefficiencies apart from
motor dysfunctions. It has been shown that proprioceptive knowledge is of extreme importance for the neural control of motion and
that the upper extremity proprioceptive sense is commonly decreased or evanished following stroke (5). It has been explained that
the proprioceptive deficit incidence rate is 50-65% in stroke patients, which affects daily activities and quality of life negatively (6, 7).
It has been stated that proprioceptive and motor deficits have different recovery rates in the first six months following stroke (8). In
stroke patients, sensorimotor learning calls for a sound somatosensorial impulse, which is possible through sensorimotor rehabilitation (9). The Bobath, Brunnstrom, Johnstone, and Rood proprioceptive neuromuscular facilitation techniques and the motor learning
method, commonly utilized by physiotherapists, are based upon treating sensorimotor functions (10). There exist several recent studies that report that the pain-free, non-invasive transcranial magnetic stimulation (rTMS) application decreases spasticity or that it
has no effect (11-13). Stroke rehabilitation is provided by decreasing the transcallosal inhibition from the unaffected motor cortex to
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the affected motor cortex via 1 Hz rTMS applied on the motor
cortex (14, 15). Whereas there is a limited number of studies in the
literature with various results on the effects of rTMS and physiotherapy combination on spasticity, a study dealing with the effect of rTMS and physiotherapy combination on proprioceptive
sense has not been found. This study was planned to investigate
the effect of rTMS and Brunnstrom movement therapy (BMT) on
upper extremity proprioceptive sense and spasticity (11, 12).

METHODS
Patients
Twenty-one stroke patients in the age range of 18 to 90 years
were enrolled in this study. The inclusion criteria were the following: first time unilateral ischemic stroke, >1 month after the onset
of stroke, Brunnstrom stage 2-6 for affected hand and upper extremity, muscle tone at the wrist with a modified Ashworth scale
(MAS) score >1+, and no cognitive impairment (a pre-treatment
SMMT score of >26). The exclusion criteria were hemorrhagic
stroke patients, patients who used antispasticity drugs within 6
months before treatment, history of seizure, and patients with
pathological conditions referred to as contraindications for
rTMS in the guidelines suggested by Wasserman (16). Sixty-six
of the 87 patients enrolled in the study were excluded from
the study due to reasons such as a history of epilepsy, multiple
strokes, advanced cancer stages, or cardiac pacemaker. Participants were randomized by means of a 1:1 allocation. Allocations
were stored in sealed, numbered envelopes and opened only at
the time of recruitment.
Study Design
The study was a randomized, double-blind, sham-controlled
study. In the course of the study, treatment of the patients was
performed by the first researcher while the evaluation of the
patients was carried out by the second researcher, who was
blind to navigated rTMS. The patients were not informed about
whether the rTMS was real or sham.
The treatment group (Group 1) was administered (n=10) navigated real rTMS (25 min) plus BMT (45 min) by the first researcher,
and the control group (Group 2) was administered (n=11) sham
rTMS (25 min) plus BMT (45 min). All treatments were performed
for a total of 10 days (a five-day implementation, two days off,
five-day implementation). All subjects were instructed in do-ityourself exercises and given a home program.
Application of Navigated rTMS
Prior to the rTMS, all patients underwent a 3D-T1 compatible
magnetic resonance imaging (MRI) study. The individual brain
MRI was then utilized in the navigation software. Navigated
rTMS was performed using the Nexstim eXimia TMS stimulator guided by eXimia Navigated Brain Stimulation (NBS) image-guidance system (navigation software version 3.2.2) (Nextim; Eximia, Helsinki, Finland). During the sessions, the patient
was seated on a comfortable chair. The patientreceived rTMS
over the hand area of the primary motor cortex in the unaffected
hemisphere determined with navigation by the first researcher
in the TMS laboratory after their resting motor thresholds (rMT)
were detected (MagPro X100; Medtronic, Dusseldorf, Germany).
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The rMT was determined in each patient once before treatment
and was defined as the minimum stimulus intensity able to elicit.
The optimal site of stimulation on the skull was defined as the location where the largest motor evoked potentials (MEPs). MEPs
were recorded in a belly-tendon (respectively, cathode-anode)
montage on the skin overlying the first dorsal interosseal muscle
of the unaffected hand. The patients were delivered 1 Hz rTMS at
90% of rMT for 25 min with the TMS device (1500 pulses). In each
treatment session, 1500 pulses of 1 Hz rTMS were applied to the
motor cortex in the unaffected hemisphere. Dosing parameters
were based on previous studies. Navigated rTMS application
was conducted for five consecutive days, and then it was suspended for two days and conducted for another five consecutive days. Sham stimulation was performed with a coil that imitated the sound of a real TMS coil. The stimulation parameters
were chosen in accordance with the current safety guidelines
for rTMS (16). The patientsin the control group underwent the
same application provided by the other researcher for 10 days
except that they were delivered sham rTMS, not real rTMS. The
patient in both groups had BMT (45 min) provided by the first
researcher right after the navigated rTMS (real or sham).
Brunnstrom Movement Therapy
BMT is widely used by physical and occupational therapists in
clinical practice. In the BMT method, motor synergies are created by benefiting from pathological reflexes, proprioceptive and
cutaneal impulses, extension, and positioning. Then these are
split to establish normal and functional movements (17, 18). BMT
deals with the therapy of hand functions independently from
the upper extremity as the recovery of hand function does not
always go hand-in-hand with the recovery of the arm. Since the
hand has different stages of recovery from the upper extremity,
its handling and control includes specific techniques (17, 19).
Measurements
In the evaluation of the patients, demographic features in Table 1.
Cognitive function was measured with the Mini-Mental State
Examination (MMSE), and upper extremity and hand motor
functions were measured with the Brunnstrom recovery stages
(BRS). Patients were evaluated while in a sitting position on a
stool.
Table 1. Patient demographic features

Treatment
group
(n=10)
Age, years (mean±SD)
55.70±14.92
Gender (female:male)
3:7
BMI (kg/m²)
24.72±3.54
Brain side affected by stroke R
5
L
5
Time after stroke (month)
10.45±21.80
MMSE score
28.30±2.58
rMT
45.80±5.57

Control
group
(n=11)

p

64.54±9.38
5:6
26.73±2.34
6
6
24.50±23.88
28.54±1.96
41.09±1.81

0.158
0.659
0.159
0.397
0.397
0.890
1.000
0.002*

BMI: body mass index; R: right; L: left; MMSE: Mini-Mental State Examination;
rMT: resting motor threshold
* p≤0.05
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Table 2. The Brunnstrom Recovery Stages (BRS) (wrist, hand, upper extremity) in the treatment and control group

			

Pre-treatment			Post-treatment tenth day 		Post-treatment first month

Post-treatment third month

			Median			
Median			Median			
Median
		
Mean±SD (min-max) p Mean±SD (min-max) p
Mean±SD (min-max) p Mean±SD (min-max)
BRS-wrist
BRS-hand
BRS-upper
extremity

G1
G2
G1
G2
G1
G2

3±1.15
3.5±0.97
3.2±1.14
3.9±0.99
3.4±1.17
4±0.82

3 (2-5) 0.282
4 (2-5)		
3.5 (2-5) 0.173
4 (2-5)		
3.5 (2-5) 0.251
4 (3-5)		

3.5±1.58
3.7±1.06
3.9±1.45
4±0.94
4.1±1.29
4.2±0.92

3.5 (2-6) 0.654
4 (2-5)		
4 (2-6) 0.863
4 (2-5)		
3.5 (3-6) 0.705
4.5 (3-5)		

3.5±1.51
3.8±1.14
3.8±1.48
4±0.94
3.9±1.45
4.3±0.95

3.5 (2-6) 0.605 3.7±1.64
4 (2-5)		
3.7±1.16
4 (2-6)
0.756 4.3±1.34
4 (2-5)		
4±0.94
4 (2-6)
0.512 4.2±1.23
5 (3-5)		
4.3±0.95

p

3 (2-6)
0.971
4 (2-5)		
4.5 (2-6) 0.579
4 (2-5)		
4 (3-6) 0.853
5 (3-5)		

p within
0.063
0.159
0.001*
0.981
0.003*
0.066

G1: treatment group; G2: control group; SD: standard deviation; p: p between (intergroup); p within: intragroup
* p≤0.05

Mini-Mental State Examination: The MMSE is a standardized
instrument for the bedside evaluation of cognitive function. It
consists of a questionnaire with 11 items that assess orientation,
memory (registration and recall), and attention, as well as calculation, language, and construction functions. The maximum total
score on the MSSE is 30 points (20).
The patients were measured while sitting on a chair without
back support.
Assessment of Brunnstrom Recovery Stages: The patients of the
treatment group and the control group were classified as the stages of upper extremity, wrist, and hand motor recovery (Stages 1-6),
according to the motor tests identified by Brunnstrom. The stages
were identified in accordance with the motor tests at each stage. In
BRS, spasticity development, existence of flexor and extensor synergies, change in synergies, movement independent from synergy,
and passage to normal movement were assessed for the upper
extremity (17). For the wrist, wrist stabilization for grip in elbow extension and flexion positions, wrist flexion and extension movement
while clenching the hand, and circumduction were tested. Grip
types and finger movements were assessed for the hand.
Proprioceptive Sense Assessment: Proprioceptive sense assessment was tested by getting the patient to perform passive motion
on the affected side and repeating the motion with the unaffected
side extremity or describing it (17). In our study, the sense evaluation of the patients was performed with sense tests that included
shoulder, elbow, wrist, finger proprioceptive sense, and finger touch
localization. For the evaluation of the wrist proprioceptive sense,
the patients were in a sitting position, their arms supported with
a pillow while the forearm was in pronation. A second researcher, who was doing the measurement while the patient’s eyes were
closed, moved the shoulder, elbow, wrist, and fingers of the disabled
side towards various directions (flexion, extension). The patient was
asked to reproduce the action with their sound wrist.
Finger Touch Localization Assessment: While the patient sat in
the same position, the palmar surfaces of the fingers were poked
one by one with a soft-tip pencil. The patient was asked to tell
which finger was poked as his or her eyes remained closed. To
be able to define all sense measurements numerically, points
were assigned as 0, 1, or 2 for no sense, insufficient sense, and
intact sense, respectively (19).

Muscle Tone Evaluation: The muscle tone (spasticity) measurement
of the patients was done with the MAS as the patients were in a
sitting position. The measurement was performed on the shoulder,
elbow, wrist, and finger and scored as 0, 1, 1+, 2, 3, or 4 (21, 22).
All the tests used for measurement were implemented in the
pre-treatment, post-treatment tenth day, post-treatment first
month, and post-treatment third month stages.
This study was approved by the local ethics committee (ethical committee for human research, university hospital protocol
number 2012/15-06). Informed consent was obtained from all
patients before inclusion.
Statistical Analysis
The data was analyzed with Statistical Package for Social Sciences
version 15.0 (SPSS Inc.; Chicago, IL, USA) package program. Continuous variables were given as average ± while median and categorical
variables were given is numbers (percent). For independent group
comparisons, the Mann-Whitney U test and the chi-square analysis
were used. The Wilcoxon rank test was also used. The Friedman test
and the Cochrane Q test were used for dependent group comparisons. A p<0.05 was considered statistically significant.

RESULTS

Twenty-one stroke patients were involved in this study that
aimed at evaluating the effect of navigated rTMS and BMT
combination on upper extremity and hand functions. Evaluation of all patients in the treatment group at four separate times
(pre-treatment, post-treatment tenth day, post-treatment first
month, and post-treatment third month) was completed. The
post-treatment third month evaluation of only one patient in the
control group was unable to be completed.
Before the study, a comparison of the treatment group and the
control group showed that there were no significant differences
between the score averages of age, gender, body mass index
(BMI), brain side affected by stroke, stroke time, and pre-treatment MMSE (Table 1). Our groups were homogeneous for demographic and clinical properties. A significant difference between
the pre-treatment rMT values of two groups was found. The
treatment group (45.80±5.57) was put through a higher value
of rMT than the control group (41.09±1.81). Patient demographic
features are described in Table 1.
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Table 3. Scores of wrist proprioceptive sense and finger touch llocalization in the treatment and control group

		

Insufficient-					
None
Intact
Total			

							
Group
n
%
n
%
n
Wrist proprioceptive sense pre-treatment
Wrist proprioceptive sense post-treatment tenth day
Wrist proprioceptive sense post-treatment first month
Wrist proprioceptive sense post-treatment third month
Finger touch pre-treatment
Finger touch post-treatment tenth day
Finger touch post-treatment first month
Finger touch post-treatment third month
G1: treatment group; G2: control group; p: intergroup; p within: intragroup

G1
G2
G1
G2
G1
G2
G1
G2
G1
G2
G1
G2
G1
G2
G1
G2

5
0
4
0
4
0
3
1
7
2
4
2
5
1
5
1

100
0
100
0
100
0
75
25
77.8
22.2
66.7
33.3
83.3
16.7
83.3
16.7

5
11
6
11
6
11
7
9
3
9
6
9
5
10
5
9

31.3
68.8
35.3
64.7
35.3
64.7
43.8
56.3
25
75
40
60
33.3
66.7
35.7
64.3

p
between

p within
G1

10
0.012*		
11			
10
0.035*
0.494
11			
10
0.035*		
11			
10
0.582		
10			
10
0.03*		
11			
10
0.361
0.223
11			
10
0.063		
11			
10
0.141		
10

p within
G2

0.392

0.392

* p≤0.05

Table 4. Spasticity measurements of shoulder, elbow, wrist, and hand of MAS scores of the patients

		
Pre-treatment

Post-treatment
tenth day

Post-treatment
first month

Post-treatment
third month

			
Median			
Median			 Median			
Median		 p
		 Mean±SD (min-max) p Mean±SD (min-max) p Mean±SD (min-max) p Mean±SD (min-max) p within
MAS

G1

2.9±0.57

3 (2-4)

2. 9±0.57
0.22
3 (1-3)		 2.64±0.5

3 (2-4)

2.9±0.57
0.38
3 (2-3)		 2.9±0.32

3 (2-4)

Shoulder G2 2.64±0.67

3.1±0.57
0.55
3 (1-3)		 2.64±0.67

MAS

G1

3 (2-4)

3 (2-4)

G2 2.64±0.67

2.9±0.88
0.13
3 (1-3)		 2.73±0.47

3 (1-4)
2.9±0.57
0.46
3 (2-3)		 2.9±0.32

3 (2-4)

Elbow

3±0.67
2.4±0.7

3 (2-4)

3.2±0.63
0.38
3 (1-3)		 2.64±0.67

0.97
3 (2-3)		

0.572
0.101
0.392
0.162

MAS

G1

2.5 (1-3)

2.5±1.08
0.70
3 (1-4)		 2.73±0.47

3 (0-4)

G2 2.73±0.79

2.6±0.84
0.34
3 (1-4)		 2.73±0.79

3 (1-4)

Wrist

3 (1-4)
0.585
0.43
3 (2-3)		
0.532

MAS

G1

2.5 (1-3)

3 (1-4)

2.5 (0-3)

2.5 (1-3)

Hand

G2 2.73±0.79

2.4±0.7

2.6±0.84
0.34
3 (1-4)		 2.73±0.79

2.3±0.95
0.70
3 (1-4)		 2.82±0.4

2.6±0.84
0.75
3 (2-3)		 2.9±0.32

0.97
3 (2-3)		

2.4±0.7
0.19
3 (2-3)		 2.9±0.32

0.12
3 (2-3)		

0.096
0.532

G1: treatment group; G2: control group; SD: standard deviation; p: intergroup; p within: intragroup

Between the treatment group and control group patients, there
were no significant statistical differences obtained from pre-treatment, post-treatment tenth day, post-treatment first month, and
third month BRS-wrist, BRS-hand, and BRS-upper extremity (p≥0.05).
Intragroup comparison of the treatment group patients showed a
statistically significant difference between the BRS-hand scores in
the third month before and after the treatment (p≤0.05). Intragroup
comparison of the treatment group patients showed a statistically
significant difference between the upper extremity scores in the third
month before and after the treatment (p≤0.05) (Table 2).
Due to the rareness of the patients in the treatment group and
the control group, the scores of the patients who scored 0 and 1
in proprioceptive sense measurement were evaluated together.
Between the treatment group and control group patients, there
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were significant statistical differences obtained from pre-treatment,
post-treatment tenth day, and first month wrist proprioceptive sense
evaluations (p≤0.05). On the other hand, a significant difference was
not encountered in the post-treatment third month test (p≥0.05) (Table 3). From the pre-treatment, post-treatment tenth day, post-treatment first month, and post-treatment third month evaluations of
shoulder, elbow, and finger proprioceptive sense evaluations, a statistically significant difference between the treatment group patients
and control group patients was not found (p≥0.05).
The only statistically significant difference between the treatment group and control group patients was found in the
pre-treatment finger touch localization measurements (p≤0.05).
However, there was no statistical difference in post-treatment
tenth day, first month, and third month (p≥0.05) (Table 3).
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Intragroup comparison of the patients of the treatment group
and the control group did not reveal a statistically significant
difference in terms of post-treatment tenth day, first month, and
third month shoulder, elbow, finger, and wrist proprioceptive
sense and finger touch localization assessments before and after treatment (p≥0.05).
There was not a statistically significant difference between the
shoulder, elbow, wrist, and hand MAS scores of the treatment
group and the control group in pre-treatment, post-treatment
tenth day, post-treatment first month, and post-treatment third
month evaluations (p≥0.05) (Table 4). The treatment group and
the control group did not show any statistically significant difference in terms of MAS scores from pre-treatment, post-treatment tenth day, post-treatment first month, and post-treatment
third month evaluations in their own rights (p≥0.05) (Table 4).

DISCUSSION

Though mild, an insufficiency in the upper extremity functions of
stroke patients affects the quality of life negatively, and 89% of
hemiparetic patients have been reported to have sensory deficits in upper extremities (23, 24). In stroke rehabilitation protocols,
generally motor insufficiencies are focused on. In rehabilitation,
however, sensory deficits as well as motor insufficiencies must be
identified and treated (25). Stroke rehabilitation in Turkey usually focuses on independent mobilization and walking, neglecting
rehabilitation and function due to the late recovery of the upper
extremity (26). Our study was planned with the aim of investigating the effect of various therapy methods implemented on
stroke patients on the recovery of the upper extremity. rTMS and
BMT were handled as different treatment methods. For years,
physiotherapists used the BMT, with which they planned the
treatment in accordance with clinical decision making and assessment findings, on stroke patients very frequently. However,
it can be seen that the results of BMTs performed using BRS are
not adequately involved in studies. While using BRS is short, easy,
and one-dimensional, its validity has been performed (27). In our
study, we preferred BRS for the assessment of the patients and
BMT since it focuses specifically on the treatment of the upper
extremity and the hand.
Another method, the transcranial magnetic simulation (TMS),
is also used by physiotherapists in international brain research
laboratories for treatment purposes. The TMS is a non-invasive,
pain-free, and applicable method that is used for mapping cortical motor representation in normal and pathological cases.
Also, the repeated training of the TMS leads to the betterment
of the motor functions of the nervous system and plasticity (28).
In our study, rTMS was performed as navigated rTMS under the
guidance of MRI. Our reason for using navigated rTMS was to
establish the localization of our simulation in the targeted area
on the brain. Each rTMS application was performed on the unaffected motor cortex hand region (the same region each time),
and standardization was established.
The fundamental treatment has been reported to be the activation of the affected motor cortex and the modulation of the
sensory afferents in the rehabilitation of the upper extremity in
stroke patients (29, 30). Abiding by this principle, we aimed at im-
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proving upper extremity functions via inhibiting the unaffected
motor cortex with 1 Hz rTMS.
Intragroup assessment of the patients in the treatment group
(receiving real rTMS and BTM) reveals that only the BRS-hand
and BRS-upper extremity stage score averages were significantly increased (p≤0.05) (Table 2). This shows that the upper
extremity and the motor functions of the hand were improving.
However, a statistically significant BRS difference between the
control group patients receiving only BMT was not found. Therefore, it is safe to say that our rTMS implementation contributes
to hand and upper extremity motor functions. The possible
mechanism of rTMS’s ability to improve motor functions is explained as follows: inter-hemisphere inhibition decreases in the
hemisphere impulsed with low-frequency rTMS, which results in
increased neural activity in the perilesional area (11, 14, 15).
It has been reported that the preservation of the sense of position after a stroke is associated with motor recovery of the
upper extremity and that it is a valid prognostic finding for the
prediction of the motor recovery degree in the long run (6, 7). As
an adverse opinion, it has been stated that proprioceptive deficits are independent from motor deficits (8). Even if some patients can show motor recovery, it is not safe due to insufficient
proprioceptive sense, and there is negative correlation between
them (31).
In our study, the only statistically significant difference (in favor of the control group) in the proprioceptive sense was in the
tenth day and first month before and after the treatment (Table 3). We can say that the wrist proprioceptive sense was developed via BMT in the control group subjected to sham rTMS
with BMT. In any case, the BMT approach that we used included
techniques like touching, tapping, stroking, etc., which contribute
to proprioceptive sense improvement (17, 18). A significant difference between the groups was not found in terms of shoulder
and elbow proprioceptive sense. It has been reported that poststroke motor recovery occurs usually from the proximal area
(shoulder) to the distal area (hand), yet information regarding
the direction of proprioceptive recovery was not found. Semrau
et al. (8) have set forth the differences between the robotic test
and motor and sense recovery after stroke (17). They have stated that proprioceptive sense assessment and treatment during
stroke treatment is difficult and that only one study revealed the
relationship between proprioceptive function and motor recovery regarding this matter.
Our study revealed a significant difference (in favor of the control group) between the treatment group and the control group
only in terms of pre-treatment finger touch localization (Table 3).
However, it can be seen that the wrist proprioceptive sense and
the finger touch localization of the control group has a higher
intact (sense present) percentage than the treatment group in
the pre-treatment period. According to our results, rTMS did not
contribute to proprioceptive sense.
Etoh et al. (13) have reported that the combination of 1 Hz rTMS
and repetitive facilitation exercises improves the upper extremity motor functions in chronic stroke patients as against rTMS,
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but it does not alter spasticity. As the reason for spasticity not
to change, they have specified that the suitability of the MAS is
controversial, although it is widely used. Previous studies have
reported that the reason for the decline in spasticity may be associated with the brain area that rTMS stimulates, duration, or
frequency.

long-term evaluations were not performed. The existence of a
control group, the fact that the assessor and the patients were
blind to rTMS, and that monitoring took place for up to three
months, navigated rTMS use are its advantages. Also, this is the
first study that investigates the effect of rTMS and BMT on proprioceptive sense in stroke patients.

We found in our study that the MAS scores (spasticity) of both
groups from the tenth day, first month, and third month before
and after the treatment remained the same. We believe that
more objective assessments should be used instead of valid
MAS, which is widely used in clinics. We also believe that spasticity can change during the course of the stroke, that it can
stem from the patient or the environment, and that the sooner
spasticity gets established, the faster normal movement can be
achieved.

Ultimately, it was concluded that the combination of rTMS and
BMT for stroke patients improves the motor functions of the
hand and upper extremity in treatment group cases from before the treatment to the third month after the treatment. It was
observed that the rTMS-BMT combination improved only BMT
wrist proprioceptive sense in treatment and control group cases
from before treatment to the first month after treatment, but it
had no effect on spasticity.

Kakuda et al. (11) implemented unaffected hemisphere 1 Hz rTMS
and occupational therapy combination on stroke patients for 15
days. At the end, they observed that the MAS scores (spasticity)
decreased in elbow, wrist, and finger flexor muscles. However,
they did not report any change regarding spasticity in their previous study, in which they implemented the same procedure for
6 days. However, they could not explain whether the decrease of
the spasticity was due to rTMS or occupational therapy as this
study did not include a control group.
Galvao et al. (32) implemented rTMS (1 Hz, 90% of the motor threshold, 1500 pulses, 10 sessions) on the motor cortex in
the treatment group (10 patients) and physiotherapy (3 days/
week) while they implemented sham rTMS and physiotherapy
(3 days/week) in the control group (10 patients), finding that
rTMS decreases spasticity in at least one month. They described
the possible mechanism here as in the previous studies. The inhibitor rTMS (≤1 Hz) is primarily responsible for decreasing the
unaffected hemisphere cortical excitability; it secondarily increases the affected hemisphere cortical excitability. This leads
to decreased spasticity by dilating the descending corticospinal
tracts. Moreover, they reported that the MAS is not very suitable
for spasticity assessment, although it is frequently used in clinics
and more technological, versatile methods are needed. We also
did not find a significant difference between the MAS scores of
both groups, so we did not detect any increase or decrease in
spasticity. The reason for this can derive from the assessment
of the MAS scores as well as the factors affecting spasticity
(temperature, the psychology of the patient, joint reactions, the
attitude of the assessor to the patient, tone of voice, etc). Galvao
et al. (32) also reported that the sound that needs to be in the
setting cannot be given, as in real rTMS, in the sham rTMS that
they applied on their control group, although a real implementation was not performed and that they were unable to fulfill
the conditions for a full sham rTMS. We believe that this can be
affect on the study results. We, as we did in our study, are of the
opinion that the blindness of not only the patients but also the
assessor will contribute to the results in a healthier way.
The limitations and positive aspects of our work can be expressed as follows. Even though the number of patients in our
study was low, they are consistent with the literature. In addition,
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We believe that future studies conducted with low-frequency
rTMS, and other physiotherapy rehabilitation approaches such
as constraint-induced movement therapy or the Bobath approach and involving a greater number of patients, will contribute to the rehabilitation of stroke patients.
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