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Abstract : Repetitive transcranial magnetic stimulation (rTMS) holds promise as a therapeutic 

tool in cognitive impairment in stroke. The aim of this study to evaluate the effect of different 

frequencies of transcranial magnetic stimulation combined with aerobic exercise on cognitive 

function in stroke patients. Thirty right hand stroke patients, right side hemiparesis of both 
gender  classified into three  equal groups, (GI) received (10 Hz)  frequency of  rTMS 

combined with aerobic exercise and physiotherapy program  while (GII) received (5Hz)  

frequency of rTMS combined with aerobic exercise and physiotherapy  and (G III) received 
aerobic exercise and physiotherapy program. All patients evaluated  by using Addenbrooke 

Cognitive Examination Revised  for cognitive function and  Transcrinal Doppler (TCD)for 

blood flow velocity in affected middle cerebral arterypre and post treatment and 

Neurophysiological evaluations included the intensity of motor threshold in each patient in 
both group (GI and GII) before the first session. There were significant differences in blood 

flow velocity in affected side(left MCA) in group (I, II and III) with a percentage of 

improvement (19.68, 10.98 and 7.35%), respectively. There were significant differences in 
addenbrookes cognitive examination within group (I, II and III) with a percentage of 

improvement (30.29, 26.92 and 17.79%), respectively and there were significant positive 

correlation (P>0.05) between improvement percentage of blood flow velocity in affected side 
of MCA and improvement percentage of total addenbrookes cognitive examination in groups I 

(10 HZ) and II (5 HZ), but a no correlation (P>0.05) was observed in group III (aerobic 

exercise).In our study we demonstrated that  rTMS combined with aerobic exercise play a 

major role in increasing blood flow velocity which Reflect in improvement cognitive function 
in stroke patients mainly high frequency (10HZ). 

Keywords : Stroke, Repetitivetranscranial magnetic stimulation, Aerobic exercise, Cognitive 

function. 
 

Introduction 

      Cognition is the set of all mental abilities and processes related to knowledge, attention, memory , 

judgment, evaluation, reasoning , "computation", problem solving, decision making, comprehension and 

production of language
1.
 Cognitive function reflects a set of processes that allow for the perception of a stimulus 
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and the extraction of information in order to guide thoughts and actions to ultimately achieve a desired goal 
2
.Cognitive impairments after stroke can occur in isolation or concomitantly with physical impairments 

3
.Cognitive impairment can make it difficult for the stroke survivor to follow treatment guidelines and can limit 

functional recovery
4
.Estimates of the prevalence of cognitive impairment after stroke range from 11.6 to 56.3% 

5
.Almost two thirds of these patients are affected by mild cognitive impairment 

6
. The incidence of cognitive 

deficit increases threefold after stroke and about 25% of stroke patients develop dementia. Some of the patients 

recover completely from physical disability after the stroke but are often unable to cope with activities of daily 
life because of cognitive impairment

7
. Cognitive assessments should evaluate different cognitive domains, 

including testing for language, neglect, praxis and more global cognitive function including memory, motor 

speed, executive function and attention. Addenbrooke's cognitive examination (ACE) is a brief, simple and 

reliable cognitive test. The test used for determine mild cognitive impairment and dementia 
8
. 

Transcranial Doppler (TCD) and transcranial color Doppler (TCCD) are types of Doppler 

ultrasonography that measure the velocity of blood flow through the brain's blood vessels by measuring the 
echoes of ultrasound waves moving transcranially (through the cranium)

9
.Transcranial Doppler (TCD) was used 

to assess cognition by measuring cerebral  blood flow velocity during cognition tasks in normal subject. The  

result showed that during the video gam, both middle cerebral arteries and posterior cerebral artery  had 
selective increase in the mean blood flow velocity compared with ipsilateral anterior

 10
. 

Physical activity benefits cognitive as a whole. Specifically, however, executive control processes (such 
as working memory, multitasking or planning) are more positively affected in comparison to other regions of 

the brain. This demonstrates the direct link between the improvement in memory processes and aerobic 

exercise. The prefrontal cortex is primarily responsible for supporting executive control processes, and studies 

suggest exercise may be used as an intervention to prevent age-related decline in executive control and memory 
11

. 

Transcranial magnetic stimulation (TMS) Is non-invasive brain stimulation techniques. These 
techniques interact with spontaneous brain activity and related sensory-motor and higher order cognitive 

abilities.  Transcranial magnetic stimulation uses a coil to deliver a brief (≏200 to 300 ms) and powerful (0.2 to 

4.0 T) magnetic pulse to the scalp. The stimulation-induced effects of TMS depend on several technical 

parameters, including the intensity and number of stimulations (i.e., frequency), the coil orientation, and the 
locality and depth of stimulation. The effects also depend on a number of variables related to the stimulated 

subject, including age, eventual pharmacological treatments and the state of the subject 
12

. When TMS was 

directed over the primary motor cortex, the discharges induced the activation of the corticospinal tract, which 
produced a peripheral motor response known as the motor evoked potential (MEP). Since the discovery of 

TMS, this technique has been used to investigate the state of cortical excitability, the excitability of the cortico-

cortical or corticospinal pathway
13

. TMS studies on humans were initially focused on the motor system because 
the effects of TMS on the motor system are easily discernible from peripheral muscles. In the motor cortex, the 

activation of pyramidal neurons by TMS has been suggested to predominantly occur via interneurons in the 

superficial cortical layers
14

. TMS that it is possible to evaluate the state of motor cortex excitability by 

measuring what is known as the motor threshold The motor threshold, which reflects the global excitability of 
the corticospinal motor pathway, has been defined as the intensity of TMS that produces an identifiable MEP of 

≏50 mV in at least five out of ten TMS pulses 
15

. Although threshold in human adults is largely independent of 

age, gender and hemisphere, it varies with different target muscles
16

. In the mid-1990s, technological advances 
allowed the delivery of rhythmic trains of magnetic pulses in a rapid sequence up to a 100-Hz repetition rate, 

which was referred to as repetitive TMS (rTMS). Studies have shown that rTMS interacts with cortical activity 

more effectively than TMS. Therefore, new applications began evaluating the potential benefits of rTMS in the 

treatment of psychiatric disorders 
17

. In recent years, rTMS has been rapidly developed as a potential therapeutic 
tool in many other clinical fields 

18
. Several studies in normal subjects have suggested that TMS may lead to 

enhanced cognitive performance. In healthy subjects, most of these effects were transient (in the range of 

minutes), but repeated TMS in follow-up sessions, in concert with learning and plasticity processes, may 
prolong the facilitating effects beyond the end of the stimulation period and provide important opportunities for 

long lasting positive effects
19

. Some preliminary data have shown improved picture naming or word repetition 

performance in vascular aphasia 
20

, primary progressive aphasia 
21

 and Alzheimer’s disease 
22

. Repetitive TMS 
can also be used to improve performance in sensory extinction 

23
and unilateral neglect associated with stroke 

24
. 
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Materials and Methods 

 Thirty right hand stroke patients ,right side hemiparesis of both gender participated in this study, ages 
ranged from 40 to 65 years (mean age 52,00± 9.00), mean patient’s duration (18.30 ±11.30 month), mild 

cognition impairment according to MMSE and mild degree of spasticity (grade 1 & 1+) according to Modified 

Ashworth scale. The patients were classified into three equal groups. (GI) received (10 Hz) frequency of  rTMS 
combined with aerobic exercise and physiotherapy program,  while (GII) received (5Hz) frequency of rTMS  

combined with aerobic exercise and physiotherapy and (GIII) received aerobic exercise and physiotherapy 

program. The patients selected from out –patient clinic of neurology department in Kaser El Aini Hospital, 

Cairo University and from Outpatient clinic of Faculty of physical Therapy, Cairo University in period from 
June 2016 to March 2017. The whole procedure was explained for every patient and the Patients signed on 

informed consent before beginning of study to insure complete satisfaction. Neurological assessment done 

throughout history taking from patients or near relative, general medical examination and physical examination 
conducted to each patient according to assessment sheet of Neurology Department, Faculty of physical 

Therapy, Cairo University. Addenbrooke s cognitive examination Revised test ACE-R was conducted at a 

comfortable sitting position on chair with back support and suitable seat height compared to the table in front of 

the patient. The patients were asked to write and draw by the non-affected hand if they can't do this by the 
affected one. Reading items were written and drawn in clear and suitable font and size. All items were assessed 

and scores were record for each item and then the total score were calculated. Assessment of cerebral blood 

flow velocity (middle cerebral arteries) by Transcranial Doppler, The patient was asked to remove any clothing, 
jewelry, or other objects that may interfere with the scan. The patient was lie on an examination table ,supine 

position examined with operator at head. At the start of the examination , the transtemporal acoustic bone 

window was checked for adequate ultrasonic beam penetration(if failed , the patient was considered 
inappropriate for the TCD examination and excluded from the study. Once the cerebral arteries were adequately 

visualized the detailed TCD protocol for both sides was performed. The left middle cerebral artery  wasinsonate 

through the temporal window. The window was located by applying liberal amount of acoustic coupling gel to 

the hair and skin of the temporal region in front and above the external auditory meatus.Slowly moving the 
transducer around to allow the point of best transmission to be identified. The technologist was used all possible 

comfort measures and completes the procedure as quickly as possible to minimize any discomfort .The highest 

signal was sought at a depth ranging from 50-55mm. Maximum velocity ,mean velocity, pulsatility index(PI) 
and Resistance Index(RI) were recorded bilaterally and compared with normative data  And Neurophysiological 

evaluations included the intensity of motor threshold of rTMS was determined in each patient before the first 

session in GI and GII. 

The Patients in (G1) were treated by high frequency (10HZ) of transcrinal magnetic stimulation applied 

overthe left DLPFC ,combined with aerobic exercise and physiotherapy program. High frequency (10HZ) 

rTMS with Magstim rapid magnetic stimulator, connected with a figure –of-eight coil with diameter of 70mm. 
The patients were seated in a chair that allow them to keep their arms and hands relaxed . The intensity of motor 

threshold of rTMS was determined in each patient before first session, using single –pulse stimulation over the 

primary motor cortex at the hot point of first dorsal interosseus muscle .The motor threshold represented the 
lowest intensity required to elicit a motor evoked potential in 50% of successive trials or to produce a visible 

movement of the thumb, wrist or fingers in at least half of 10 stimulation in a fully relaxed muscle. Each rTMS 

session was consisted of 6 trains, with train duration(10second ,number of plus 600 ), Each patient given high 
frequency (10HZ) and 90% of motor thresholds intensity over the dorsolateral prefrontal cortex (DLPFC). The 

total duration of rTMS session was 6minutes Treatment sessions for each patient (five times per week for two 

weeks). The stimulation parameters were chosen according to current safety guidelines Physiotherapy 

program (stretching exercise , strengthening exercise, PNF ,then aerobic exercise will performed on treadmill. 
Before starting the training procedure each patient was instructed to wear comfortable shoes and stand with 

erect back as much as possible. The exercise on treadmill was performed under supervision of therapist to 

ensure correct and accurate application of exercise intensity and duration ,Speed, all patients were walk on a 
treadmill at1.0 m/s (low speed).The first five minute of each session was dedicated to warming up exercise on 

treadmill followed physical activity exercise for 10min, and finally cooling down for five minute. With 

gradually decreased of speed until reaching the resting heart rate. All patients were provided with a progressive 

exercise prescription based on 50-70% of their predicted max heart rate .The heart rate was monitored 
continuously with polar pulse rate. 
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G (II) received (5Hz) frequency of rTMS over the left DLPFC .Each rTMS session was consisted of 6 

trains,( with train durationn10second number of pluse300), and same model of aerobic exercise was performed 

on treadmill and same physiotherapy program  and  G(III) received same model of aerobic exercise was 

performed on treadmill and same physiotherapy program. Total session of aerobic exercise and physiotherapy 
program was one hour for all groups. 

Result 

The obtained data was collected   and statistically analyzed and compared with measurable variable In 

Table (1)t-test :significant differences in blood flow velocity (Left MCA) within group I (P=0.001; P<0.05), 

group II (P=0.0001; P<0.05) and group III (P=0.017; P<0.05) with a percentage of improvement (19.68, 10.98 
and 7.35%), respectively 

Table (1): Mean values of blood flow (Left) within each group.  

Item 

Blood flow (Left) 

Group I  

(10 HZ) 

Group II  

(5 (HZ) 

Group III           (Aerobic 

exercise) 

Before  After Before  After Before  After 

Mean ±SD 44.20 ±3.99 52.90 ±5.87 42.80 ±8.17 47.50 ±8.27 40.80 ±2.65 43.80 ±4.66 

Min. – Max. 39.0 – 53.0 44.0 – 61.0 30.0 – 53.0 36.0 – 59.0 36.0 – 45.0 40.0 – 54.0 

Mean difference  8.70 4.70 3.00 

Improvement % 19.68% 10.98% 7.35% 

t-value 5.178 9.485 2.935 

P-value 0.001 0.0001 0.017 

Significant S S S 

 

In Table (2) (ANOVA test) No significant differences in before blood flow (Left) (P=0.390; P>0.05), 

while there were significant difference in after blood flow (Left) (P=0.014; P<0.05) among groups I (10HZ), II 

(5HZ) and III (aerobic exercise).  

Table (2): Mean values of blood flow (Left) among three groups (I, II and III). 

Item 
Blood flow (Left) 

Before  After  

Group I (10 HZ) 44.20 ±3.99 52.90 ±5.87 

Group II (5 HZ) 42.80 ±8.17 47.50 ±8.27 

Group III (Aerobic exercise) 40.80 ±2.65 43.80 ±4.66 

F-value 0.975 5.035 

P-value 0.390 0.014 

Significant NS S 

 

Table (3):The statistical analysis revealed that the significant difference of the means of after blood 

flow (Left) was observed between group I and III (P=0.0.004; P<0.05). 
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Table (3): Post hoc multiple comparison test (LSD) for after blood flow (Left). 

Means Groups I (10HZ) II (5HZ) III (Aerobic exercise 

52.90 I (10HZ)  0.072 0.004* 

47.50 II (5HZ)   0.210 

43.80 III (Aerobic exercise    

*: Donates pairs of groups significantly different at (P ≤ 0.05). 

In Table (4) significant differences in addenbrookes cognitive examination within group I (P=0.005; 
P<0.05), group II (P=0.005; P<0.05) and group III (P=0.005; P<0.05) with a percentage of improvement (30.29, 

26.92 and 17.79%), respectively. 

Table (4): Mean values of addenbrookes cognitive examination within each group.  

Item 

Addenbrookes cognitive examination 

Group I  

(10 HZ) 

Group II  

(5 (HZ) 

Group III           

(Aerobic exercise) 

Before  After Before  After Before  After 

Mean ±SD 
20.80 

±1.75 

27.10 

±2.33 
20.80 ±2.25 26.40 ±2.59 

20.80 

±1.87 

24.50 

±2.71 

Min. – Max. 19.0 – 23.0  23.0 – 30.0  18.0 – 23.0  23.0 – 29.0  18.0 – 23.0  21.0 – 28.0  

Mean 

difference  
6.30 5.60 3.70 

Improvement 

% 
30.29% 26.92% 17.79% 

Z-value 2.810 2.840 2.825 

P-value 0.005 0.005 0.005 

Significant S S S 

 

Table (5) (ANOVA test):No significant differences in before addenbrookes cognitive examination 

(P=1.000; P>0.05), while there were significant difference in after addenbrookes cognitive examination 
(P=0.048; P<0.05) among groups I (10HZ), II (5HZ) and III (aerobic exercise).  

Table (5): Mean values of addenbrookes cognitive examination among three groups   (I, II and III). 

Item 
Addenbrookes cognitive examination 

Before  After  

Group I (10 HZ) 20.80 ±1.75 27.10 ±2.33 

Group II (5 HZ) 20.80 ±2.25 26.40 ±2.59 

Group III (Aerobic 

exercise) 
20.80 ±1.87 24.50 ±2.71 

F-value 0.00 2.780 

P-value 1.000 0.048 

Significant NS S 

 

In Table (6) significant difference of the means of addenbrookes cognitive examination was observed 
between group I and III (P=0.031; P<0.05). 
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Table (6): Post hoc multiple comparison test (LSD) for addenbrookes cognitive examination. 

Means Groups I (10HZ) II (5HZ) III (Aerobic exercise 

27.10 I (10HZ)  0.545 0.031* 

26.40 II (5HZ)   0.107 

24.50  III (Aerobic exercise    

*: Donates pairs of groups significantly different at (P ≤ 0.05). 

Table (7):Significant positive correlation (P>0.05) between improvement percentage of blood flow 

(right and left) and improvement percentage of total addenbrookes cognitive examination in groups I (10 HZ) 
and II (5 HZ), but a no correlation (P>0.05) was observed in group III (aerobic exercise).   

Table (7): Correlation coefficients betweenaddenbrookes cognitive examination and blood flow (Right and 
left) in each group. 

Item 

Blood flow (Left) 

Correlation  

coefficient (r) 

P-

value 
Significant 

Group I   

(10 HZ) 
0.792 0.006 S 

Group II  

(5 HZ) 
0.684 0.027 S 

Group III 

(Aerobic exercise) 
-0.224 0.534 NS 

 

Disscussion: 

 In The present study the patient's age were maximally limited to 65 years in order to minimize the 

effect of age on cognition function of the participated patients. It was proved that 3% of population over 65 

years had cognitive impairment and the prevalence of the cognitive decline after stroke would increase 

exponentially as age increases after 65 years old 
25

. In this study, the limited number of females compare to 
males was due to low incidence of stroke of females compare to males in this age. It was previously 

documented that men's stroke incidence is 41% greater than women's stroke incidence and that male/female 

ratio is 5:4 at ages 55-65
26

. The results showed that group I(10HZ) frequency rTMS applied to the left  DLPFC  
was high  significant improvement in total score ACER test and  high significant improvement in blood flow 

velocity (the left  MCA) Followed by group II (5HZ) and group III (Aerobic exercise respectively). This 

improvement may attributed to physiological effect of high frequency of magnetic stimulation combined with 
aerobic exercise on brain and increase oxygen consumption ,reduce blood pressure and resting heart rate, 

strengths heart muscle which reflect on its pumping efficiency leading  to increase cerebral blood  flow . 

Agreement with this study Peter et al
26

 reported there was a maximal increase of CBFV in the middle cerebral 

artery (MCA) of 3.6% and 5.6% during 10 Hz and 20 Hz stimulation, respectively. This increase was only seen 
on the stimulated left hemisphere. It is likely that the increase of CBFV is due to dilatation of the small 

resistance vessels rather than due to vasoconstriction of the MCA.Cotelli et al. and Devi et al., 
27

 supported this 

study when they  applied daily high frequency rTMS over the left DLPFC of patients with AD .They found that 
real rTMS improved performance in cognitive tests with improvements in language abilities and general 

cognitive abilities. Vanderhasselt et al., 
28

found when stimulated the left dorsolateral prefrontal cortex (DLPFC) 

in the patients that had them perform a switching task that required the control of attention between visual and 
auditory cues. It was found patients that received active stimulation had improved reaction times, whereas those 

that received sham stimulation. Our study found there was positive   improvement in group II and group III but 

less than group I may be attributed to complexity of  some training mainly language  training  and need long of 

time  to activate cortical areas and increase blood flow. Kim et al
29

  disagree with our study when reported that 
was a positive effect on mood, but the study was not powered to detect any measurable effect on cognition and 
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had nosignificant effect on any cognitive function parameter in group applied high5-10frequency repetitive 

transcranial magnetic stimulation over the left dorsolateral prefrontal cortex (DLPFC) in contrast, resulted in 

significantly lower Beck Depression Inventory scores post stroke patients. At the end of result there were 

significant positive correlation between improvement percentage of blood flow and improvement percentage of 
total addenbrookes cognitive examination in groups I (10 HZ) and II (5 HZ), but a no correlation (P>0.05) was 

observed in group III (aerobic exercise) may be due to the improvement in blood flow in group III not enough 

to increase improvement in cognitive function like group (I &II). 

Ainslie et al.,
30

found aerobic exercise and physiotherapy program was proved to promote angiogesis, 

increase in capillary density and improved daily living activity, gait grasp function but not play positive role in 
improvement function. Ploughman et al.,

31
 recently reported that a single session of treadmill exercise improved 

grasping function in the hemiparetic hand but not cognitive function for chronic stroke. Quaney et al., 
32

examined the effects of an aerobic training program on cognitive function and reported in addition to physical 

benefits, the aerobic exercise may improve cognitive function in stroke survivors. Thus, it was concluded that 
high rTMS play a major role in increasing blood flow velocity which reflect in improvement cognitive function 

in stroke patients. Peter et al.,
26

 supported our study when reported there was a maximal increase of CBFV in 

the middle cerebral artery (MCA) of 3.6% and 5.6% during 10 Hz and 20 Hz stimulation, respectively. This 
increase was only seen on the stimulated left hemisphere.  

Conclusion 

In our study we demonstrated that  rTMS combined to  aerobic exercise play a major role in increasing 

blood flow velocity which reflect in improvement cognitive function in stroke patients mainly high 

frequency(10HZ). 
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