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ABSTRACT 

Background: The traditional inhibition of contralesional primary motor area (cM1) with low frequency 

repetitive transcranial magnetic stimulation (rTMS) fails to improve post-stroke severe motor impairment. 

The role of contralesional motor areas in post-stroke motor recovery is still questionable. While the previous 

data suggested that cM1 exerts transcallosal inhibitory effect on ipsilesional M1 (iM1) following stroke, there 

isan evidence that contralesional motor areas, particularly the contralesional dorsal premotor area (cPMd), 

have compensatory roles in severely impaired patients who have extensive ipsilesional damage. 

Objectives: To study whether facilitating cPMd  with high frequency rTMS as a novel approach, instead 

of conventionally suppressing cM1, has beneficial effect on motor recovery of post-stroke severely impaired 

upper extremity (UE) or not. 

Patients and Methods: Forty right handed, first ever stroke patients (3 months post event) with severe stroke 

symptoms, severe motor deficit, and radio logically evident massive right cerebral infarctions at baseline 

were randomly assigned to two equal groups, to receive, as adjunct to ordinary rehabilitation techniques, ten 

consecutive sessions of either: (1) High frequency rTMS at 5 Hz on cPMd; or (2) Sham rTMS. The Medical 

Research Council (MRC) for muscle strength and UE- Fugl Meyer Assessment (UE-FMA) were assessed 

before and after the intervention. 

Results: By using the one way analysis of covariance (ANCOVA), we found significant improvements in 

grand means of MRC in the active rTMS group in relation to the sham group. The improvements included in 

particular the mean proximal MRC, whereas no significant improvement in the mean distal MRC. Similarly, 

we found that the UE-FMA totals were markedly improved in the active group in relation to the sham group, 

mainly in the proximal UE-FMA.   Stepwise regression showed that lower baseline MRC of the affected UE 

muscles is an independent predictor of better response to the novel rTMS approach. 

Conclusion: Applying high frequency rTMS to cPMd can improve motor functions of the disabled UE, 

mainly proximal functions, in more severely impaired stroke patients.  

Keywords: Contralesional, High Frequency, Repetitive Transcranial Magnetic Stimulation, Stroke, Severe 

Motor Impairment 
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INTRODUCTION 

     Stroke is a leading cause of mortality 

and a long-term disability worldwide. 

Despite the current downswing in the 

incidence worldwide, the prevalence of 

stroke and its long term sequels are still 

increasing over time and the number of 

post-stroke survivors worldwide exceeded 

the 80 million (Gorelick, 2019). 

Contralateral hemiparesis is the most 

prevalent neurological deficit occurs after 

stroke, accounting for more than 80% 

acutely, and more than 40% chronically 

(Hatem et al., 2016). 

     New era in neuro-rehabilitation has 

been started with the emergence of non-

invasive brain stimulation (NIBS) as a 

new neuro-rehabilitation tool that can be 

used as adjunctive to the traditional 

techniques. The last decade has been 

reported to have an increasing interest in 

using NIBS in the different domains 

neuro-rehabilitation (Finisguerra et al., 

2019). The current methods of NIBS in 

post-stroke motor rehabilitation is to 

facilitate iM1 with high frequency rTMS 

or anodal transcranial direct current 

stimulation, or, relying on post-stroke 

transcallosal interhemispheric inhibition 

(IHI), to suppress the cM1 with low 

frequency rTMS or cathodal transcranial 

direct current stimulation (Hatem et al., 

2016). 

     The healthy human brain has a cross-

inhibition relationship between motor 

areas of both hemispheres. Each M1 has 

inhibitory effect towards the other one via 

transcallosal fibers. This is known as IHI, 

and is thought to play a crucial role during 

the intended unilateral voluntary hand 

movements through preventing the 

involuntary mirrored movements of the 

non-intended hand (Genc et al., 2015). 

The IHI can be assessed functionally with 

TMS through measurement of the 

ipsilateral silent period, which is defined 

as momentary disruption in EMG activity 

after applying single pulse TMS to M1 

during ipsilateral volitional movements, 

and is thought to be mediated through IHI 

(Hübers et al., 2019). 

     After brain insult such as stroke, the 

cross-inhibition between M1 of both 

hemispheres may be shifted out of 

balance. Because iM1 may lose its 

inhibitory drive on cM1, cM1 is more 

activated and exerts more inhibition on 

cM1. Relying on that, one of the currently 

used NIBS techniques in post-stroke 

motor rehabilitation is to inhibit cM1 

(Boddington and Reynolds, 2017). 

     The previous trials found no 

considerable benefit from using the 

current techniques of NIBS in severe post-

stroke motor disability (Cunningham et 

al., 2015). On the other side, inhibition of 

cM1 may be associated adverse effects. 

Takeuchi et al. (2012) found that applying 

low frequency rTMS to contralesional 

motor areas interferes with bimanual 

motor coordination in post-stroke 

survivors. The other major concern is that 

uncrossed corticospinal pathway of the 

unaffected side may be recruited in 

recovery of severe stroke (Alawieh et al., 

2017), so inhibiting the contralesional 

motor cortex could interfere with motor 

recovery of severe cases.  

     Di pino et al. (2014) have proposed a 

new concept regarding the role of 

contralesional hemisphere in post-stroke 

recovery; the bimodal balance-recovery 

model. They launched a new term, 

structural reserve, to describe the 
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remaining ipsilesional functional motor 

output, and determine the effect of 

contralesional hemisphere on iM1. With 

good structural reserve, the IHI model will 

predominate. Therefore, cM1 will 

suppress iM1. In contrast, with poor 

structural reserve, the contralesional 

motor areas, specifically cPMd, will 

compensate for the ipsilesional lost 

functions. 

     The present work aimed to study the 

effect of facilitating the cPMd as a novel 

approach, instead of suppressing cM1, on 

motor recovery of severely impaired 

stroke patients. 

SUBJECTS AND METHODS 

     A randomized double-blinded sham-

controlled study was conducted in 40 right 

handed patients between the ages of 40 

and 70 years old, who developed first ever 

ischemic stroke and had severe baseline 

stroke symptoms; the National Institute of 

Health Stroke Scale (NIHSS) ≥ 15 

(Walcott et al., 2014), post-stroke severe 

left UE paresis; the MRC for muscle 

strength ≤ 1 (Hendricks et al., 2002), and 

radiologically-evident massive right 

cerebral infarction; infarct volume ≤ 60 

mL. The massive infarct volume cut-off 

was based on previous reports (Walcott et 

al., 2014). The study compared the effect 

of applying either high-frequency rTMS 

or sham rTMS to cPMd three months post 

event, as adjunctive therapies to outpatient 

ordinary rehabilitation techniques, on the 

recovery from severe motor impairment.  

Exclusion criteria: 

1. Concomitant head injury or 

neurological illness. 

2. Patients who were expected not to 

complete the study or to be cooperative 

during the study (e.g. altered 

consciousness, bad general condition 

and cognitive impairment “Mini-

mental State Examination < 24”). 

3. Contraindication to rTMS (e.g. unstable 

arrhythmias, epilepsy, presence of 

intracranial ferromagnetic material '' 

e.g. cochlear implant, or presence of 

cardiac pacemaker). 

4. Inability to give consent. 

The study was passed through the 

following phases:  

Phase (1): Baseline assessment and 

patient selection (3 days post event): 

     452 stroke patients were enrolled in the 

initial assessment. They were subjected to 

the following: 

1. Complete clinical assessment. 

2. Assessment of stroke severity using the 

NIHSS. 

3. Assessment of the affected UE motor 

power, using the MRC Scale. 

4. Brain MRI: for assessment of brain 

infarction including volume 

measurement. 

5. Measurement of motor threshold and 

TMS induced Motor Evoked Potentials 

(MEPs) of iM1. 

     After completing this phase, 54 

patients fulfilled the study criteria, while 

398 patients were excluded. From the 

selected 54 patients, 8 patients died, 6 

patients refused to give consent. The 

remaining 40 passed to the next phase 

after giving a written consent. The study 

goals were explained to all of them before 

giving the consent. All the selected 
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patients underwent a unified rehabilitation 

program and were given an appointment 

for the next study phase. 

Phase (2): Assessment of the studied 

patients before applying rTMS (3 

months post event): 

     The studied patients (N=40) were 

subjected to the following: 

1. Assessment of the MRC scale for 

muscle strength of the paralyzed UE. 

2. Measurement of the paralyzed UE-

FMA. The UE-FMA scores (total 

scores: 0-66) were divided in to 

proximal (0-42 points) and distal (0-24 

points) (Lee et al., 2015). 

Phase (3): rTMS application:  

     The studied patients were randomly 

divided into two equal groups: 

1. Active rTMS group: were submitted to 

10 consecutive sessions of high 

frequency rTMS on the cPMd. 

2. Sham rTMS group: were submitted to 

10 consecutive sessions of sham rTMS. 

     The rTMS was delivered using The 

Magstim® Rapid² system with a 70 mm 

figure-of-eight uncoated flat coil. Sham 

rTMS was delivered using a sham 

Magstim coil that delivers only 5% of the 

stimulator output (Magstim Company, 

UK). The stimulator was producing a 

maximum output of 3.5Tesla at the coil 

surface (output type: biphasic; pulse 

width: 400μs). It was used for stimulation 

at a frequency of 5Hz. Each train of pulses 

consisted of five single pulses with an 

interstimulus interval of 100ms, thus 

lasting for 400ms. A clicking sound was 

produced mechanically by the sham coil 

with each TMS pulse. The stimulator was 

set to 40% of the maximum stimulator 

output during sham stimulation, with 

sound level of 87dB. The sound level of 

the active coil at 80% of the maximal 

stimulator output (MSO) setting (the 

highest settings) was 86 dB. 

     By using the EEG 10-20 system, right 

M1 and right PMd were identified. Right 

M1 was located at 20% of the distance 

from Cz to right A2, beginning the 

measurement at Cz. Right PMd was 

defined relative to M1 position. We 

calculated 8% of the distance from nasion 

to inion (typically about 3cm), and 

defined the PMd area as being located at 

the same distance anterior to M1. 

     MEP pod was connected to the 

machine universal interface, where the 

EMG surface electrode was attached to it. 

The TMS motor threshold (MT) was 

determined for each subject as the lowest 

intensity of the MSO necessary to elicit a 

visible contraction of the contralateral 

thumb or fingers or at least 50 μV peak-to 

peak amplitude of MEP contralateral to 

single TMS pulses delivered over the M1 

in at least 5 of 10 trials. 

Phase (4): Assessment of patients one 

week after applying the rTMS: 

     The two groups were subjected to: 

1. Reassessment of MRC of the paralyzed 

UE. 

2. Reassessment of the paralyzed UE-

FMA. 

Ethical Considerations: 

     The study protocol was approved by 

the Ethics Committee of Al-Azhar Faculty 

of Medicine on April 2015. The study was 

performed in accordance with the ethical 

standards laid down in the 1964 
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Declaration of Helsinki and its later 

amendments. 

Statistical Analysis: 

     Statistical analysis was done using 

SPSS for windows version 21 (IBM Corp. 

Armonk, NY, USA). The study groups 

were compared as regard to demographic 

characteristics, stroke risk factors, and 

baseline assessment, using unpaired t test 

for continuous variables normally 

distributed and the Mann–Whitney test for 

abnormally distributed continuous 

variables, whereas chi-squared test was 

used for categorical variables. One way 

analysis of covariance (ANCOVA) was 

used to compare post-intervention scores 

of the used measures between the two 

groups after controlling for the difference 

in the pre-intervention scores. Pearson 

correlation coefficient and Stepwise linear 

regression were done within the active 

rTMS group to find the best predictive 

model of good response to the novel 

rTMS approach, using baseline measures 

of motor impairment (MRC, and TMS-

induced MEPs amplitude of iM1) as 

independent variables, and the change 

scores in the outcome measures (MRC 

and UE-FMA) as dependent variables. 

Multicollinearity among the independent 

variables was excluded by the variance 

inflation factor (VIF) of 1. All the used 

statistical tests were done with 

significance at P<0.05. 

 

RESULTS 

 

Demographic characteristics and stroke 

risk factors: 

     Both the active and sham rTMS groups 

were comparable as regard to the 

demographic characteristics and the stroke 

risk factors. The mean age of the active 

group was 58.70±5.58 years, while that of 

the sham group was 60.20±5.33 years.  

We found that 65% of the active group 

patients were males and 35% were 

females, while the other group included 

55% males and 45% females. The mean 

weight of the active and sham group 

patients were 89.9 kg and 87.6 kg 

respectively, while the mean heights of 

the two groups was 170.6 cm and 168.9 

cm in the same order. The mean body 

mass index was 31.12±3.03 in the active 

rTMS group, and 30.70±2.61 in the sham 

group. The majority of the active group 

patients (70%) were educated, while only 

45% the other group were educated. We 

found also that 80% of the active group 

patients were diabetic, while frequency of 

diabetes in the sham group was 55%. 60% 

of the active group were hypertensive, 

while frequency of hypertension in the 

sham group was 70%, 45% of the active 

group were smokers, while frequency of 

smoking in the sham group was 30%, 95% 

of the active group were dyslipidemic, 

while frequency of dyslipidemia in the 

sham group was 85%, 70% of the active 

group were obese, while frequency of 

obesity in the sham TMS group was 55%, 

15% of the active group were cardiac 

patients, while frequency of heart disease 

in the sham group was 35. There were no 

significant statistical differences between 

the two groups as regard to all mentioned 

risk factors and demographic 

characteristics (P> 0.05) (Table.1). 
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Table (1): Comparison between the studied groups as regard to general 

characteristics and stroke risk factors 

Groups 

Demographic data  
Active TMS 

Sham TMS 

group 

P 

value 

Age(years)(mean± SD) 58.70±5.58 60.20±5.33 0.390 

Sex 
Male 

Female 

13 (65%) 

7 (35%) 

11 (55%) 

9 (45%) 
0.519 

Weight(Kg)(mean ± SD) 89.90±9.18 87.55±7.53 0.382 

Height(Cm)(mean ± SD) 170.75±4.14 168.90±3.31 0.127 

Body Mass Index(Cm)(mean ± 

SD) 
31.12±3.03 30.70±2.61 0.642 

Education 
Educated 

Non-educated 

14 (70%) 

6 (30%) 

9 (45%) 

11 (55%) 

 

0.110 

Diabetes 
Positive 

Negative 

16 (80%) 

4 (20%) 

11 (55%) 

9 (45%) 

 

0.176 

Hypertension 
Positive 

Negative 

12 (60%) 

8 (40%) 

14 (70%) 

6 (30%) 

 

0.507 

Smoking 
Positive 

Negative 

9 (45%) 

11 (55%) 

6 (30%) 

14 (70%) 

 

0.327 

Dyslipidemia 
Positive 

Negative 

19 (95%) 

1 (5%) 

17 (85%) 

3 (15%) 

 

0.292 

Obesity 
Positive 

Negative 

14 (70%) 

6 (30%) 

11 (55%) 

9 (45%) 

 

0.327 

Heart Disease 
Positive 

Negative 

3 (15%) 

17 (85%) 

7 (35%) 

13 (65%) 

 

0.144 

 

Baseline assessment: 

     Both the active and the sham rTMS 

groups were comparable as regard to the 

baseline assessment using Mann Whitney 

U test. Clinically, no significant statistical 

difference was found between NIHSS of 

both groups (P=0.102). Similarly no 

significant statistical differences between 

the grand mean MRC (P=0.547).  Radio 

logically, the infarct volume was also 

comparable in both groups () (Table. 2). 

Lastly, no significant statistical difference 

was found regarding the TMS-induced 

MEPs amplitudes of both groups.
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Table (2): Baseline clinical, radiological and electrophysiological characteristics of the 

study groups 

Groups 

Assessment measures 
Active TMS Sham TMS group 

P 

value 

Baseline NIHSS  20 .0 (18.25 - 22.75) 18.5 (18.25 -22.75) 0.102 

Baseline 

MRC 

Fingers 00.0 (00.0 - 1.00) 0.00 (0.00 – 1.00) 0.799 

Wrist 00.0 (00.0 - 1.00) 1.00 (0.00 – 1.00) 0.602 

Mean distal 00.5 (00.0 – 0.88) 0.50 (0.00 -1.0) 0.583 

Elbow 00.5 (00.0 – 1.00) 1.00 (0.00 – 1.00) 0.602 

Shoulder 01.0 (00.0 – 1.00) 1.00 (0.250 – 1.00) 0.799 

Mean proximal 00.5 (0.125 –1.00) 0.50 (0.13 – 1.00) 0.547 

Grand mean 0.38 (0.25 – 0.75) 0.75 (0.25 – 1.00) 0.547 

Baseline infarct volume (mL) 161.5 (132.5 – 195.2) 136.5 (106.0 -174.3) 0.134 

Baseline TMS-induced MEP 

amplitude of iM1 (μV) 
0.8 (0.60 – 1.18) 1.10 (0.83 – 1.30) 0.081 

 

Pre- and post rTMS motor assessment: 

     Assessments of muscle power and 

motor performance of the affected UE, 

using the MRC and UE-FMA 

respectively, were performed before and 

after rTMS application. Descriptive 

statistics for the measured scores are 

demonstrated in (Table 3). By using on-

way ANCOVA, we found significant 

improvements of the MRC and UE-FMA 

scores in the active group as compared to 

the sham group, mainly in the proximal 

domain. (Table. 4) There was significant 

improvements in grand means of MRC in 

the active rTMS group in relation to the 

sham group (F=56.093, P<0.0005, Partial 

2=0.603) (Figure4A). The improvement 

includes in particular the mean proximal 

MRC (F=85.551, P<0.0005, Partial 

2=0.698) (Figure4B), no significant 

improvement in the mean distal MRC 

(F=6.380, P=0.016, Partial 2=0.147) 

(Figure4C). Similarly, we found that the 

UE-FMA totals were markedly improved 

in the active group in relation to the sham 

group (F=130.331, P<0.0005, Partial 

2=0.779) (Figure.4D), mainly in the 

proximal UE-FMA (F=169.915, 

P<0.0005, Partial 2=00.821) (Figure.4E), 

whereas no significant improvement in the 

distal UE-FMA (F=3.030, P=0.090, 

Partial 2=0.076). (Figure (4 F). 

 

Table (3): Descriptive statistics for pre- and post-rTMS motor assessment (MRC and 

UE-FMA – Meam+sd. 

Groups 

 

Assessment  

Measures  

Active rTMS group Sham rTMS group 

Pre-rTMS Post-rTMS Pre-rTMS Post-rTMS 

MRC 

Mean distal 1.20±0.44 1.40±0.48 1.40±0.50 1.43±0.47 

Mean 

proximal 
1.80±0.50 4.00±0.81 1.78±0.44 1.95±0.60 

Grand total 1.50±0.44 2.70±0.44 1.59±0.45 1.79±0.50 

UE-

FMA 

Distal 1.30±2.13 2.20±3.29 2.00±3.08 2.35±3.63 

Proximal 16.85±2.92 31.65±4.09 15.30±3.05 15.95±3.44 

Total 18.15±4.43 33.85±5.28 17.30±5.68 18.30±6.59 
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Figure (1) Comparison of adjusted mean of post-rTMS means of (A) mean distal 

MRC; (B) mean proximal MRC; (C) grand mean MRC; (D) distal UE-

FMA; (E) proximal UE-FMA; (E) total UE-FMA of the affected side 
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Table (4): Comparisons of Post-rTMS motor assessment (MRC and UE-FMA) in the 

study groups after adjustment for pre-rTMS scores, using one-way 

ANCOVA 

 

Relationship between baseline severity 

of motor impairment and post-rTMS 

improvement: 

     Relaying on the bimodal balance-

recovery model, we assumed that patients 

with more severe motor impairment might 

have better improvement after cPMd 

facilitation with high frequency TMS. 

Therefore, the stepwise regression 

analysis was done within the active rTMS 

group, using the baseline grand mean 

MRC of the disabled UE and baseline 

TMS-induced MEPs amplitudes of iM1 as 

independent variables, and post-rTMS 

improvement in the disabled UE proximal 

motor functions as dependent variables. 

Post-rTMS improvement (change scores) 

in the mean proximal MRC and the 

proximal UE-FMA was defined as the 

post-rTMS minus pre-rTMS scores, and 

were referred to as ΔMRC-proximal and 

ΔFMA-proximal respectively. 

Multicollinearity among the independent 

variables was excluded by VIF of 1. 

Figure (2): Relationship between baseline grand mean MRC of the disabled UE and 

(A)ΔMRC-proximal; (B) ΔFMA-proximal 

Groups 

 

Assessment 

Measures 

Adjusted post-rTMS means 

F value P value 
Partial 

2 
Active rTMS 

group 

Sham rTMS 

group 

MRC 

Mean 

distal 
1.49 ± 0.04 1.33 ± 0.04 6.380 0.016 0.147 

Mean 

proximal 
3.99 ± 0.16 1.96 ± 0.16 85.551 <0.0005 0.698 

Grand 

mean 
2.73 ± 0.09 1.76 ± 0.09 56.093 <0.0005 0.603 

UE-

FMA 

Total 

distal 
2.63 ± 0.29 1.92 ± 0.29 3.030 0.090 0.076 

Total 

proximal 
31.24 ± 0.79 16.35 ± 0.76 169.915 <0.0005 0.821 

Total 33.48 ± 0.92 18.67 ± 0.92 130.331 <0.0005 0.779 
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     Pearson correlation revealed significant 

negative correlations between baseline 

grand mean MRC of the disabled UE from 

one side and ΔMRC-proximal (r=-0.740, 

P<0.01) and ΔFMA-proximal (r=-0.771, 

P<0.01) from the other side (Figure. 2). 

Conversely, no significant correlation was 

found between baseline TMS-induced 

MEPs amplitudes of iM1 from one side 

and neither ΔMRC-proximal (r=0.092, 

P=0.699) nor ΔFMA-proximal (r=0.175, 

P=0.462) from the other side (Figure. 3). 

Figure (3): Relationship between baseline TMS-induced MEPs amplitudes of iM1 and 

(A) ΔMRC-proximal; (B) ΔFMA-proximal 

     Stepwise multivariate regression 

revealed that lower grand mean MRC of 

the disabled UE is independent predictor 

of better post-rTMS improvement in 

proximal functions of the disabled UE 

(higher ΔMRC-proximal and ΔFMA-

proximal), whereas baseline TMS-induced 

MEPs amplitudes of iM1 is not predictive 

for neither ΔMRC-proximal nor ΔFMA-

proximal, and it was removed by the 

analysis. (Table 5) 

 

Table (5): Stepwise regression analysis of ΔMRC-proximal and ΔMRC-proximal 

within the active rTMS group 

Observations Predictor Beta P-value 

ΔMRC-proximal 

(R2=0.547; F(1,18)=21.753; P<0.001) 

baseline grand 

mean MRC 

-2.050 <0.001 

ΔFMA-proximal 

(R2=0.594; F(1,18)=26.373; P<0.001) 

baseline grand 

mean MRC 

-10,900 <0.001 
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DISCUSSION 

     The present study found that cPMd 

facilitation, using high frequency rTMS, 

improved the disabled UE motor functions 

of severely impaired stroke survivors, 

particularly the proximal functions. The 

lower degree of motor power of the 

disabled UE was an independent predictor 

of better post-rTMS improvement in the 

proximal motor power and performance of 

the disabled UE. 

     These results were consistent with a 

recently released crossover trial, while our 

study was still going on 

(Sankarasubramanian et al., 2017). They 

found that facilitation of cPMd was 

associated with better improvement in 

severely disabled patients, while the 

traditional approach was associated with 

more improvement in mildly disabled 

patients. The cutoff of severity that 

separates between the candidates for the 

tradition approach vs. cPMd facilitation 

was identified as Fractional Anisotropy 

(FA) of 0.5 and UE-FMA (proximal) of 

26-28.   

     For more understanding of the role of 

contralesional hemisphere in post-stroke 

motor control of the paretic UE in patient 

with low structural reserve, two trials 

examined the perturbation effect of 

applying TMS to different contralesional 

motor areas on proximal reaching 

movement of the paretic UE. Mohapatra 

et al. (2016) have found that applying 

TMS to cM1 or cPMd during the period 

between a "Go" cue and the onset of 

reaching movement was associated with 

significant increase in reaching movement 

time, as well as decreased peak velocity, 

acceleration and movement smoothening 

regardless of which area was stimulated. 

Harris-Love and Harrington (2017) have 

found that the effect of contralesional 

TMS perturbation on proximal reaching 

movement of the paretic UE is greater in 

patients with poor structural reserve, 

particularly when applied to cPMd. These 

findings supported the results of the 

present study and the assumption that 

contralesional hemisphere, particularly 

cPMd, has a compensatory role in 

severely impaired patients. 

     The reported improvement in motor 

functions of the paretic limb after cPMd 

facilitation might be attributed to 

alleviation of the IHI. Two trials found 

that applying high frequency rTMS to 

cPMd generated more reduction in 

ipsilateral silent period, or less IHI 

imposed on iM1, in more severely 

impaired patients, whereas no significant 

reduction was reported in patients with 

mild impairment (Sankarasubramanian et 

al., 2017 and Liao et al., 2019). The other 

mechanism that could explain our findings 

is increased connectivity of ipsilateral 

motor pathways to the paretic limb. There 

is evidence from previous experiments 

that the ipsilateral motor pathways control 

the paretic limb following brain insults 

through uncrossed pyramidal projections 

and alternate motor fibers. Therefore 

facilitation of contralesional motor areas 

could positively influence the ipsilateral 

motor output to paretic UE. The structural 

and functional connectivity of the 

ipsilateral corticospinal pathway were 

studied by using diffusion tensor imaging 

(DTI) and TMS-EMG respectively. It has 

been found that stroke patients have 

increased structural and functional 

connectivity of the ipsilateral corticospinal 

pathway to the paretic limb, and this 

increase was higher in patient with more 
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severe motor impairment (Jayaram et al., 

2012). Post-stroke increased connectivity 

of contralesional pathway includes not 

only corticospinal tract, but also the 

alternate motor pathways. Rüber et al. 

(2012) have reported post-stroke increased 

integrity of the ipsilateral cortico-rubro-

spinal pathway to the paretic limb as 

measured by DTI. 

     While the previous data has shown that 

the traditional inhibition of cM1 could 

worsen the bimanual coordination, 

another very recently released crossover 

trial found that post-stroke facilitation of 

cPMd was associated with improving 

bimanual coordination in severe cases, 

while mildly impaired patients were 

improved with traditional iM1 facilitation 

(Liao et al., 2019). 

     We did not report any adverse effects 

after repetitive facilitation of cPMd.  

While the risk of seizure, which is the 

most serious side of effect of rTMS, is 

extremely rare, it has been found that this 

risk increases with stroke preexistence. 

Additionally, the risk of seizures varies 

according to the stimulation site. It has 

been reported that facilitation of the M1 

carries a higher risk of seizures (67% of 

the reported seizures) than facilitation of 

prefrontal areas (29% of the reported 

seizures) (Lerner et al., 2019). So the 

novel technique that includes PMd 

facilitation might be associated with a 

lower risk of seizures. Another probable 

advantage of our technique is avoiding 

rTMS application ipsilesionally, which 

may add additional risk of seizure.  Future 

studies using rTMS-EEG are needed to 

compare the EEG changes that may result 

from facilitation of ipsilesional versus 

contralesional motor areas. 

     We selected right handed patients with 

non-dominant cerebral infarctions to avoid 

poor communication and bias that could 

occur with cortical manifestations, such as 

aphasia, in dominant hemisphere strokes. 

The other important concern is that 

handedness might be associated with 

asymmetric functional connectivity of 

both hemispheres. It has been reported 

that right handers have different 

functional interhemispheric connectivity 

and hemispheric asymmetries of brain 

networks in relation to left handers 

(Raemaekers et al., 2018). 

     The present study was restricted to 

severe cases. This did not allow us to 

detect the cutoff points for applying 

facilitatory vs. inhibitory NIBS to the 

contralesional motor areas. Further 

studies, including wide range of severity, 

are needed to define the poor structural 

reserve accurately in three axes; clinical 

severity, structural integrity using DTI, 

and functional motor output using TMS-

EMG. 

CONCLUSION 

     Applying high frequency rTMS to 

cPMd can improve motor functions of the 

paretic UE, mainly proximal functions, in 

more severely impaired stroke patients. 

Future studies are needed to explain our 

findings and to accurately define the 

severity cutoff for facilitation vs. 

inhibition of contralesional motor areas 

with rTMS. 
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تأثير التحفيز المغناطيسي المتكرر عالي التردد عبر الجمجمة 
للقشرة الحركية المقابلة لإلصابة على التعافي من االعاقة 

 د السكتة الدماغيةالحركية الشديدة بع
 1، محمد جابر محمود جبر2، محمد أحمد زكي1عصام مهدي ابراهيم

 ، مصر2، القاهرة1قسم طب المخ و األعصاب، كلية طب األزهر دمياط

فشللللللب ط التلللللللم ط ا الللللللألس  ية  للللللة ط صابللللللة ط    لللللللة ط ي   اللللللة    لللللل  ة  خلفيةةةةةةة البحةةةةةة   

دد عتللللللا ط فيفيللللللة فللللللت  صنللللللل     للللللالألطف ط اصمللللللل  ط يكة  لنللللللت ط يا للللللا   للللللةلم  ط اللللللا

ط ضللللللللد  ط شللللللللألدأل  دللللللللأل ط نلللللللل اة ط أل  الللللللللة    دلللللللل ط  د   ط يةلللللللل    ط صابلللللللللة ط ي   اللللللللة 

   للللللل  ة فلللللللت ط ادللللللل فت ط صابلللللللت  دلللللللأل ط نللللللل اة ط أل  اللللللللة  شللللللل  ب  فلللللللل   فلللللللت  لللللللل     

ط تل نلللللل ب ط نلللللل   ة  شلللللللا ة للللللة     ة  للللللة ط صابللللللة ط    لللللللة ط ي   اللللللة    لللللل  ة   يلللللل    

 ة  للللللة ط صابللللللة ط    لللللللة ط ي   اللللللة    لللللل  ة  دللللللأل ط نلللللل اة ط أل  الللللللة  للللللتثلاط  لتل لللللل  عاللللللة 

عتللللللا ط  للللللل ال ط لمةلللللللة  ة   نلةلللللل  بتد للللللة عاللللللة    ط يةلللللل    ط صابلللللللة  ط ي   اللللللة    لللللل  ة  

خ  لللللة  ة  لللللة   للللل ف ط صابللللللة ط رلادلللللة ط ننللللللة   لللللل  د    د دضلللللت فلللللت ط يا لللللة   س 

 .طإلع ق ب ط شألدألة   ط اا  ط يياأل  فلة ط    ة

د ط لللللة  للللل  ة ط ب نلللللا نشللللللم  ة  لللللة   للللل ف ط صابللللللة ط رلادلللللة ط ننللللللة ط للللل   ف البحةةةةة  هةةةةةد

ق  الللللللة    للللللل  ة  للللللل  اصمل  ط يكة  لنلللللللت ط يا لللللللا  عللللللل  ت ط الللللللادد عتلللللللا ط فيفيلللللللة بلللللللةل  

جألدلللللأل   لللللأل    للللل   لتللللللم  ة  لللللة ط صابلللللة ط    للللللة ط ي   الللللة    للللل  ة ط ا اللللللألس   للللل   لللللتثلا 

س ط يصلللللل    ضللللللد  كللللللألدأل  دللللللأل ط نلللللل اة  ملللللللأل عاللللللة ط ادلللللل فت ط صابللللللت  ا للللللاال ط دالللللل 

 .ط أل  الة  ف  

للللللل   صللللللل  ل   يلللللللا  ط نللللللل اة  المرضةةةةةةةا وطةةةةةةةر  البحةةةةةةة    للللللل  د ط لللللللة    دلللللللل  كلص 

 اة ط أل  الللللللة  ايللللللاة ط   للللللة اثةثللللللة  كلللللللا  دللللللأل ط  لللللل  ة   ددلللللل ن    لللللل   عللللللاط  ط نلللللل

ط أل  الللللللة ط شللللللألدألة  ط دفلللللل  ط شللللللألدأل فللللللت ط صابللللللة   ط  اشلللللل   ط للللللأل  ات ط ل  للللللب ط  ط لللللل  

 للللل  ط ة  للللللة طإلكلللللد علة عةلللللأل خلللللم ط  للللل    ط لللللة  فيللللل عال   انللللل  دال       للللل   اا لللللت  

  ط اصملللللللللل  1ة للللللللل فة  ا ةلللللللللل ب ط ات للللللللللب ط عال ددلللللللللة  عشلللللللللا جانللللللللل ب  اا  للللللللللة  للللللللل   ا

 ا لللللل  عاللللللة  5فيفيللللللة ع  لللللللة ط اللللللادد عةللللللأل ط يكة  لنللللللت ط يا للللللا  علللللل  ت ط اللللللادد عتللللللا ط 

  ط اصمللللللللللل  2 ة  للللللللللة   لللللللللل ف ط صابلللللللللللة ط رلادللللللللللة ط ننلللللللللللة ط ي   اللللللللللة    لللللللللل  ة     ا
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ط يكة  لنلللللللت ط يا لللللللا  ط للللللل  يت   قلللللللأل  للللللل    للللللللل  ط يا لللللللة    لللللللالألطف   لللللللل    فاللللللل  

 .ط تص ث ط  تلة    ة ط دضةب     لل  فلفب   دا قتب    دأل ط األخب

اد للللللة ط اتلللللل د  ط يصلللللل  ح  جللللللألن   صنلللللللة ب  اص  للللللة فللللللت    للللللالألطف    نتةةةةةةاحث البحةةةةةة  

 ا  للللللل  ب   لللللللل    فاللللللل  ط تصللللللل ث ط  تللللللللة   للللللل ة ط دضلللللللةب ط  تلللللللا    ط ألطنللللللللة فلللللللت 

 في عللللللة ط اصمللللللل  ط ص ل للللللت     نللللللة  يفي عللللللة ط اصمللللللل  ط لللللل  يت  فللللللت  للللللل   لللللل  د جللللللأل 

 صنللللللل   اصللللللل   فلللللللت ط يا  للللللل  ب ط    للللللللة       يللللللللب  جلللللللألن     ط يفللللللل  ل  ط  اللللللللة   

 ا لللللللل  فلفلللللب  لللللل دا  ا لللللاال ط دالللللل س قلللللأل  صنللللللةا  شللللل ب  اصلللللل   فلللللت  في عللللللة  ط ألطنللللللة

ط اصمللللللل  ط ص ل لللللللت     نلللللللة  يفي علللللللة ط اصملللللللل  ط لللللل  يت  فلللللللت  لللللللل   للللللل  د جلللللللأل  صنللللللل  

 اصلللللل   فللللللت ط يفلللللل  ل  ط    لللللللة      لللللللا ط نصللللللألط  ط اللللللأل دفت    ط للللللأل ج ب ط قللللللب  لللللل  

كللللللا  نللللللا ب   للللللل    فالللللل  ط تصلللللل ث ط    للللللت  دضللللللةب ط  للللللاال ط دالللللل س ط ياللللللتثا   

 .عاة ط اف  ة  فضب  ةل  ط اصمل  ط يكة  لنت ط يا ا  عتا ط فيفية ط فألدأل

دي لللللل     دلللللل دس  ةشلللللللم ط  شللللللاة   لللللل ف ط صابلللللللة ط رلادللللللة ط ننلللللللة    ف نللللللح   االسةةةةةةت تا 

ط ي   للللللب    لللللل  ة ة للللللة  صنللللللل  ط   لللللل    ط صابلللللللة  ا للللللاال ط دالللللل س ط يدلللللل    خ  للللللة 

  الة ط كأل طعاة  ط       ط ألطنلة  أل   ا ة ط ن اة ط أل 


