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Background: Motor function impairment occurs in approximately two-thirds 

of patients with subcortical stroke. Repetitive transcranial magnetic stimulation 

(rTMS) is a noninvasive technique for modulating cortical excitability.  

Objectives: The present study was designed for assessing the efficacy of high-

frequency rTMS (5 Hz) on ipsilesional primary motor cortex in patients with 

subcortical stroke. 

Materials and Methods: Thirty participants who had subcortical stroke in the 

previous four weeks to four months were enrolled in this randomized double 

blinded clinical trial. Participants were divided into experimental and control 

groups and their motor ability of both upper and lower extremities were 

assessed using Fugl-Meyer assessment of motor recovery after stroke (FMA) 

before and after intervention. The study intervention rTMS (5 Hz) was 

administered in six 10-minute sessions on the ipsilesional primary motor cortex 

in the experimental group and on the vertex in the control group. 

Results: Mean change in FMA score after rTMS sessions was significantly 

higher in the experimental group than in the control group (p = 0.00). Mean 

time interval between the stroke and rTMS intervention had a weak and 

insignificant (ρ = 0.097; p = 0.61) correlation with changes of FMA score. 

Conclusions: High-frequency (5 Hz) rTMS effectively improved motor 

function in patients with subcortical stroke.  
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Introduction  

troke is the third leading cause of death 

in the world, as well as the most 

common cause of long-term 

neurological impairment (1-3). Following 

stroke, approximately two-thirds of patients 

experience motor function impairment (4). 

Previous studies reported that decreased upper 

extremity function in patients with subcortical 

stroke may lead to significant functional 

disability and to an increase in caregiving 

responsibilities (5, 6). Different patterns of 

neural reorganization occur in patients with 
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stroke; neuroplasticity plays a major role in 

the improvement of these individuals (7, 8). 

  Repetitive transcranial magnetic stimulation 

(rTMS) is a noninvasive technique that can 

modulate cortical excitability. Low-frequency 

rTMS decreases cortical excitability of the 

stimulated hemisphere and increases the 

cortical excitability of the non-stimulated 

hemisphere (9-12).  

  Different studies have assessed the impact of 

rTMS on upper extremity function in patients 

following subcortical stroke. The results are 

inconsistent, and there is a lack of consensus 

on the effectiveness of rTMS. Some studies 

have reported that rTMS has beneficial impact 

on the unaffected hemisphere, on hand 

dexterity, pinch acceleration, grip force and 

finger tapping (13-18). However, other studies 

did not report significant therapeutic impacts 

of rTMS on the motor function of patients 

with stroke (19-21). The aim of the present 

study was to determine the motor effect of 

administering six 10-min sessions of high-

frequency (5 Hz) rTMS on ipsilesional 

primary motor cortex functioning following a 

subcortical stroke above the brainstem. 

  

Materials and Methods 
 

Study participants: 
 

  In the present randomized double blinded 

study, we enrolled 30 patients with subcortical 

stroke (higher than brainstem) occurring one 

to four months before the study began. 

Clinical features confirmed by computerized 

tomography (CT) scan and/or magnetic 

resonance imaging (MRI) identified eligible 

participants. We excluded patients with severe 

motor deficits (muscle force     or less) or 

any other clinically significant medical 

comorbidity, history of seizure, head trauma in 

the previous 30 days, pregnancy, stent or coil 

in cerebral vascular system, artificial heart 

valves or pace maker, and use of 

antipsychotics. None of the participants had 

prior experience with rTMS.  

  The Ethics Committee of Shahid Beheshti 

University of Medical Sciences approved the 

study protocol. All study participants or their 

legal representative provided informed 

consent. 
 

Study design: 
 

  We entered the participants every other one 

into experimental and control groups. We used 

the Fugl-Meyer assessment of motor recovery 

after stroke (FMA) to evaluate the motor 

functioning of both upper and lower 

extremities of all participants. FMA is a 126-

point scoring system that includes a range of 

motion, pain, sensation, upper- and lower-

extremity motor function and balance. The 

sensory component of the test comprises 26 

points and the motor component 100 points 

(22). FMA provides a reliable and valid 

measure of the specific motor function that is 

sensitive to change (22-24).   

  Every other day, we administered six 10-min 

sessions of ipsilesional rTMS (5 Hz) to every 

participant in both the experimental and 

control groups. In the experimental group, the 

treatment was administered to each subject’s 

primary motor cortex, whereas in the control 

group, treatment was administered to each 

subject’s vertex. Following rTMS sessions, we 

used FMA to assess the subject’s motor 

activity in all four extremities and recorded 

each score. All participants were blind to 

rTMS conditions, and the study examiner did 

not know the group to which the participants 

were assigned. We evaluated the motor 

situation in participants who had been 

assessed before and after rTMS sessions. 
 

Statistical analysis:  
 

  In this study, student paired t-test was used 

for analyzing quantitative data between study 
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patients before and after rTMS sessions. 

Standard student t-test was used for comparing 

other quantitative variables between patients 

of experimental and control groups. All p 

values < 0.05 were assumed significant. Non-

parametric statistical test (Mann–Whitney U) 

was used for some variables without normal 

distribution.    

 

Results  
 

  Twenty-three male and seven female patients 

were included in the present study. Male to 

female ratio between patients of experimental 

and control groups was not significantly 

different (p = 0.66). Mean age of patients in 

experimental and control groups was not 

significantly different (59.4 ± 13.8 years vs. 

61.3 ± 6.9 years; p = 0.65).  

  Changes in FMA score after rTMS sessions 

in patients of the experimental group was 

significantly higher than that of patients in the 

control group (7.9 ± 2.6 vs. 0.26 ± 1.2; p = 

0.00). 

  In the experimental group, mean of FMA 

score after intervention was significantly 

higher than that before intervention (78.47 ± 

8.01 vs. 70.53 ± 7.13; p = 0.00). FMA mean 

score was not significantly different between 

patients of control group after and before 

rTMS intervention (70.27 ± 7.66 vs. 70.0 ± 

8.08; p = 0.41). Interval mean between stroke 

and rTMS sessions was not significantly 

different between experimental and control 

groups (62.53 ± 21.87 vs. 52.27 ± 22.89; p = 

0.22). Interval mean between stroke event and 

rTMS intervention had a weak and 

insignificant correlation with changes of FMA 

score (ρ = 0.097; p = 0.61). Patient age had a 

weak negative and insignificant association 

with changes of FMA score (ρ = 0.12; 

p = 0.53). Mean change in FMA motor 

function scores before and after rTMS was 

insignificantly different between male and 

female patients (3.65 ± 4.59 vs. 4.43 ± 5.06; 

p = 0.70). 

 
Table 1. Demographic Features of Participants 

 Control 

Group 

Interventional 

Group 

       p 

Sex (%)      

M  12(80) 11(73.3)  

F   3(20)     42(26.7) - 

Total  15(100) 15(100)  

Age:  Mean(SD)  61.33(6.9)                                     59.47(13.88)     0.034 

Mean F-M 

Score(SD) 

   

Pretest 70.27(7.66) 70.53(7.13)  - 

Posttest 70.00(8.08) 78.47(8.01) - 

Mean change -0.266(1.2)        7.9(2.6)   <0.001* 

M: Male, F: Female, SD: Standard deviation , F-M: Fugl-Meyer.*p < 

0.05 significant 

 

Discussion 
 

  The results of the present study showed that 

FMA scores in the experimental group 

significantly increased compared with the 

control group’s scores. This finding confirmed 

the effectiveness of six sessions (held every 

other day) of 10-min ipsilesional 5 Hz rTMS 

on the primary motor cortex as a therapeutic 

modality in patients following subcortical 

stroke.  

  These findings are compatible with Kheder et 

al. whose study found that motor function in 

stroke patients significantly improved after 

ipsilesional rTMS (at frequencies of 3 Hz and 

10 Hz) when compared with patients in the 

control group. Although their report confirmed 

the effectiveness of rTMS on motor weakness 

and dysphagia in patients with stroke, their 

findings did not recommend a specific 

appropriate session frequency or interval 

between the stroke occurrence and the onset of 

rTMS treatment (25). Emara et al. reported 

that motor function in 60 patients following 

the brain infarction improved after 10 daily 

sessions of ipsilesional 5 Hz rTMS compared 

with control patients. Although the number, 

duration and interval between rTMS sessions 

differed from those in the present study (26). 

Chang et al. and Kakuda also confirmed the 

effectiveness of rTMS to improve motor 
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function in patients with stroke (27–31). To 

develop a treatment protocol designed to 

achieve an optimal response in each patient, 

further studies are necessary to determine the 

specific characteristics used during rTMS, 

including frequency, duration and timing of 

onset following the stroke event. In a recent 

meta-analysis of the impact of rTMS on upper 

extremity function among patients with stroke, 

investigators reported that motor improvement 

was more pronounced in protocols that applied 

low-frequency rTMS to the unaffected 

hemisphere (32). Previous studies reported 

that interhemispheric competition altered after 

stroke (13, 33). Hemispheric imbalances may 

be compensated by a decrease in cortical 

excitability in the unaffected hemispheres (14, 

26). Only Kheder et al. reported that stronger 

effects of low-frequency rTMS (1 Hz) resulted 

in improved motor function after stroke (34). 

Generally, literature has confirmed the 

effective therapeutic role of rTMS in motor 

recovery following stroke. Nevertheless, 

further studies are required to compare the 

efficacy and side effects between low and 

high-frequency rTMS protocols.  

  In the present study, FMA scores did not 

have significant association with the time 

interval between stroke and when rTMS 

treatment was initiated. From these data, one 

could argue that the interval used in this study 

(4 weeks to 4 months after the stroke event) 

was ideal for initiating rTMS. However, 

further properly designed studies are required 

to confirm or rule out this hypothesis.  

  Moreover, previous studies reported that 

rTMS had a clinically significant effect on 

motor function for each stage of stroke event. 

All such findings must be viewed with caution 

because few studies specifically recruited 

patients according to the duration between the 

stroke and rTMS therapy (32). As expected, 

rTMS effectiveness in the present study was 

not associated with the gender of patients. 

This is an expected finding because possible 

effective mechanisms of rTMS could not be 

related to the gender of patients. There is little 

evidence for assessment of relationship 

between rTMS effectiveness and age of 

patients. We believe that neuroplasticity is one 

possible rTMS mechanisms of effectiveness 

and older patients had lower plasticity in their 

neural system. Future studies should target the 

relationship between patients’ age and rTMS 

effectiveness.  

  In the present study, none of the patients 

experienced seizure during rTMS sessions. 

This observation may be due to lower rTMS 

frequency and the subcortical site of the 

lesions in the participants. This finding 

suggests that six 10-min rTMS sessions at 5 

Hz can be considered to be a safe protocol in 

patients with subcortical stroke. 

  The present study had some limitations. First, 

our study was performed in one medical 

center; future multi-center studies should 

focus on investigating additional treatment 

variables. Second, we assessed motor function 

among patients according to the FMA scale. 

Assessment of motor function in patients with 

stroke using other techniques, preferably 

quantitative tests, may help to determine the 

treatment role of rTMS and its effectiveness in 

rehabilitation of patients following subcortical 

stroke. 

  Future studies investigating the use of 

therapeutic rTMS with different frequency and 

time intervals between the stroke event and 

treatment are recommended for more accurate 

assessment of the effectiveness of this method. 

 

Conclusion  
 

  High frequency (5 Hz) rTMS was effective in 

causing motor improvement in patients 

following stroke.  

 



 rTMS and Subcortical Stroke                                                                                                                                                                           Ashrafi F et al. 

5 
 

Conflict of Interest 
 

  No conflict of interest. 
 

References 

1. Kolominsky-Rabas PL, Weber M, Gefeller O, 

Neundoerfer B, Heuschmann PU. 

Epidemiology of Ischemic Stroke Subtypes 

According to TOAST Criteria: Incidence, 

Recurrence, and Long-Term Survival in 

Ischemic Stroke Subtypes: A Population-

Based Study. Stroke 2001; 32(12):2735-40. 

2. Lavados PM, Hennis AJ, Fernandes JG, 

Medina MT, Legetic B, Hoppe A, et al. Stroke 

Epidemiology, Prevention, and Management 

Strategies at a Regional Level: Latin America 

and the Caribbean. Lancet Neurol 2007; 6(4): 

362-72.  

3. Naidech AM, Weisberg LA. Treatment of 

Chronic Hypertension for the Prevention of 

Stroke.  South Med J 2003; 96(4):359-62. 

4.  Broeks  JG, Lankhorst GJ, Rumping K,  Prevo 

AJ.The Long-Term Outcome of Arm Function 

After Stroke: Results of a Follow-Up Study. 

Disabil Rehabil 1999; 21(8):357-64.  

5. Feigin VL, Lawes CM, Bennett 

DA,  Anderson CS. Stroke Epidemiology: A 

Review of Population-Based Studies of 

Incidence, Prevalence, and Case-Fatality in the 

Late 20th Century. Lancet Neurol 2003; 2(1); 

43-53.  

6. Page SJ, Sisto S, Levine P, McGrath RE. 

Efficacy of Modified Constraint-Induced 

Movement Therapy in Chronic Stroke: A 

Single-Blinded Randomized Controlled Trial. 

Arch Phys Med Rehabil 2004; 85(1):14-8.  

7. Rijntjes M. Mechanisms of Recovery in Stroke 

Patients with Hemiparesis or Aphasia: New 

Insights, Old Questions and the Meaning of 

Therapies. Curr Opin Neurol 2006; 19(1):76-

83. 

8. Weiller C, Chollet F, Friston KJ, Wise 

RJ, Frackowiak RS. Functional Reorganization 

of the Brain in Recovery from Striatocapsular 

Infarction in Man.  Ann Neurol 1992; 

31(5):463-72. 

9. Maeda F, Keenan JP, Tormos JM, Topka 

H, Pascual-Leone A. Modulation of 

Corticospinal Excitability by Repetitive 

Transcranial Magnetic Stimulation. Clin 

Neurophysiol 2000; 111(5):800-5.  

10. Kobayashi M, Hutchinson S, Theoret H, 

Schlaug G, Pascual-Leone A. Repetitive TMS 

of the Motor Cortex Improves Ipsilateral 

Sequential Simple Finger Movements. 

Neurology 2004, 62(1):91-8.  

11. Rossini PM, Rossi S. Transcranial Magnetic 

Stimulation: Diagnostic, Therapeutic, and 

Research Potential. Neurology 2007; 68(7); 

484-8. 

12. Ziemann U. TMS Induced Plasticity in Human 

Cortex. Rev Neurosci 2004; 15(4):253-66.  

13. Liepert J, Zittel S, Weiller C. Improvement of 

Dexterity By Single Session Low-Frequency 

Repetitive Transcranial Magnetic Stimulation 

Over the Contralesional Motor Cortex in Acute 

Stroke: A Double-Blind Placebo-Controlled 

Crossover Trial. Restor Neurol Neurosci 2007; 

25(5-6):461-5. 

14. Takeuchi N, Chuma T, Matsuo Y, Watanabe 

I, Ikoma K. Repetitive Transcranial Magnetic 

Stimulation of Contralesional Primary Motor 

Cortex Improves Hand Function After Stroke. 

Stroke 2005; 36(12):2681-6.  

15. Takeuchi N, Tada T, Toshima M, Chuma 

T, Matsuo Y, Ikoma K. Inhibition of the 

Unaffected Motor Cortex By 1 Hz Repetitive 

Transcranical Magnetic Stimulation Enhances 

Motor Performance and Training Effect of the 

Paretic Hand in Patients with Chronic Stroke. J 

Rehabil Med 2008; 40(4):298-303.  

16. Fregni F, Boggio PS, Valle AC, Rocha 

RR, Duarte J, Ferreira MJ, et al. A Sham-

Controlled Trial of a 5-Day Course of 

Repetitive Transcranial Magnetic Stimulation 

of the Unaffected Hemisphere in Stroke 

Patients. Stroke 2006; 37(8): 2115-22. 

17. Mansur CG, Fregni F, Boggio PS, Riberto 

M, Gallucci-Neto J, Santos CM, et al. A Sham 

Stimulation-Controlled Trial of rTMS of the 

Unaffected Hemisphere in Stroke Patients. 

Neurology 2005; 64(10):1802-4.  

18. Nowak DA, Grefkes C, Dafotakis M, Eickhoff 

S, Küst J, Karbe H, et al. Effects of Low-

Frequency Repetitive Transcranial Magnetic 

Stimulation of the Contralesional Primary 

Motor Cortex on Movement Kinematics and 

Neural Activity in Subcortical Stroke. Arch 

Neurol 2008; 65(6):741-7.  

19. Malcolm MP, Triggs WJ, Light KE, Gonzalez 

Rothi LJ, Wu S, Reid K, et al. Repetitive 

Transcranial Magnetic Stimulation as an 

Adjunct to Constraint-Induced Therapy: An 



Caspian J Neurol Sci 2015 March; 1(1): 1-6 

 

6 
 

Exploratory Randomized Controlled Trial. Am 

J Phys Med Rehabil 2007; 86(9):707-15. 

20. Pomeroy VM, Cloud G, Tallis RC,  Donaldson 

C, Nayak V, Miller S. Transcranial Magnetic 

Stimulation and Muscle Contraction to 

Enhance Stroke Recovery: A Randomized 

Proof-of-Principle and Feasibility 

Investigation. Neurorehabil Neural Repair 

2007; 21(6):509-17.  

21. Theilig S, Podubecka J, Bosl K,  Wiederer 

R, Nowak DA. Functional Neuromuscular 

Stimulation to Improve Severe Hand 

Dysfunction After Stroke: Does Inhibitory 

rTMS Enhance Therapeutic Efficiency?. Exp 

Neural 2011; 230(1):149-55.  

22. Fugl-Meyer AR, Jaasko L, Leyman I, Olsson 

S, Steglind S. The Post-Stroke Hemiplegic 

Patient. 1. A Method for Evaluation of 

Physical Performance. Scand J Rehabil Med 

1975; 7(1):13-31.  

23. Duncan PW, Propst M, Nelson SG. Reliability 

of the Fugl-Meyer Assessment of 

Sensorimotor Recovery Following 

Cerebrovascular Accident. Phys Ther 1983; 

63(10):1606-10.  

24. Badke MB, Duncan PW. Patterns of Rapid 

Motor Responses during Postural Adjustments 

When Standing in Healthy Subjects and 

Hemiplegic Patients. Phys Ther 1983; 

63(1):13-20.  

25. Khedr EM, Fetoh NA. Short- and Long-Term 

Effect of rTMS on Motor Function Recovery 

after Ischemic Stroke. Restor Neurol Neurosci 

2010; 28(4):545-59.  

26. Emara TH, Moustafa RR, Elnahas NM, 

Elganzoury AM, Abdo TA, Mohamed SA, et 

al. Repetitive Transcranial Magnetic 

Stimulation at 1Hz and 5Hz Produces 

Sustained Improvement in Motor Function and 

Disability After Ischaemic Stroke. Eur J 

Neurol 2010; 17(9):1203-9.  

27. Chang WH, Kim YH, Bang OY, Kim ST, Park 

YH, Lee PK. Long-Term Effects of rTMS on 

Motor Recovery in Patients After Subacute 

Stroke. J Rehabil Med 2010; 42(8):758-64.  

28. Kakuda W, Abo M, Kobayashi K, Momosaki 

R, Yokoi A, Fukuda A, et al. Combination 

Treatment of Low-Frequency rTMS and 

Occupational Therapy with Levodopa 

Administration: An Intensive 

Neurorehabilitative Approach for Upper Limb 

Hemiparesis After Stroke. Int J Neurosci 2011; 

121(7):373-8.  

29. Kakuda W, Abo M, Momosaki R, Yokoi 

A, Fukuda A, Ito H, et al. Combined 

Therapeutic Application of Botulinum Toxin 

Type A, Low-Frequency rTMS, and Intensive 

Occupational Therapy for Post-Stroke Spastic 

Upper Limb Hemiparesis. Eur J Phys Rehabil 

Med 2012; 48(1):47-55. 

30. Kakuda W, Abo M, Kobayashi K, Momosaki 

R, Yokoi A, Fukuda A, et al. Application of 

Combined 6-Hz Primed Low-Frequency rTMS 

and Intensive Occupational Therapy for Upper 

Limb Hemiparesis After Stroke. 

NeuroRehabilitation 2011; 29(4):365-71.  

31. Kakuda W, Abo M, Kobayashi K, Momosaki 

R, Yokoi A, Fukuda A,  et al. Anti-Spastic 

Effect of Low-Frequency rTMS Applied with 

Occupational Therapy in Post-Stroke Patients 

with Upper Limb Hemiparesis. Brain Inj 2011; 

25(5):496-502.  

32. Hsu WY, Cheng CH, Liao KK, Lee IH, Lin 

YY. Effects of Repetitive Transcranial 

Magnetic Stimulation on Motor Functions in 

Patients with Stroke: A Meta-Analysis. Stroke 

2012; 43(7):1849-57. 

33. Ferbert A, Priori A, Rothwell JC, Day BL, 

Colebatch JG, Marsden CD. Interhemispheric 

Inhibition of the Human Motor Cortex. J 

Physiol 1992; 453:525-46.  

34. Khedr EM, Abdel-Fadeil MR, Farghali A, 

Qaid M. Role of 1 and 3 Hz Repetitive 

Transcranial Magnetic Stimulation on Motor 

Function Recovery After Acute Ischaemic 

Stroke. Eur J Neurol 2009; 16(12):1323-30.  

 

 

 


