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Abstract : Background: Impairment of the upper limb function in stroke patients is the main 

problem of those patients. Attention concentration also has an impact on the performance of 

the upper limb function. Finding new method for improvement of the upper limb function and 
attention concentration is main target of this paper. Purpose of the study: to compare the 

effectiveness of bilateral versus unilateral reaching forward on attention concentration and arm 

function in stroke patients Methods:Thirty male chronic stroke patients with moderate 
impairment of function of the left upper extremity were assigned into two equal groups. 

Patients in group 1(G1) received  task oriented in form of unilateral reaching forward in 

addition to attention concentration by rehacome training while patients in group 2(G2) 

received task oriented in form of bilateralreaching forward in addition to attention 
concentration by rehacome training. Assessment of the  impairment of the upper limb function 

and attention concentration were done two times before and after eighteen sessions of training 

by Fugle-Meyer motor performance scale(FMAS) and rehacomResults :The training program 
of the patients in G2 showed a significant decrease of the time needed for  attention 

concentration after bilateral reaching forward.The training program of the patients in G2 

showed also a significant increase of the motor performance of the affected upper extremity 

after bilateral reaching forward .Conclusion: Bilateral reaching forward has a favorable effect 
on the motor performance of the affected arm and also on the attention concentration in 

patients suffering from chronic stroke. 

Key words: Bilateral reaching forward – Unilateral reaching forward – Rehacom- FMAS- 
Attention concentration. 

 

Introduction 

Stroke is a major cause of functional disabilities and decrease in quality of life .cerebral vascular 

accident (CVA) results in chronic limitations of upper-limb use even after several months of 
rehabilitation

1
.Decreasing in the attention concentration is a common problem also after stroke and one of the 

leading cause of impairment of the function and decreasing the response of the rehabilitation
2,3,4

. 

Bimanual movement training (BMT) is a complimentary tool in neuro-rehabilitation of patients with 

stroke. It includes multiple bilateral training techniques all of them requiring the simultaneous use of both 

upper-limbs in rehabilitation. Advanced justifications for BMT were grounded on the existence neurally-
mediatted dependencies between limbs and also on  interhemispheric interactions along with the occurrence of 

bimanually triggered activation of similar neural distributed networks in both hemispheres  as forward 

reaching
5,6,7

. 
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The primary aim of BMT strategies has been to enhance the recovery of the paretic limb and also the 

concentration of the patients. Bimanualreaching forward is closer than unimanual practice to everyday 

tasks
8,9,10

.However, BMT as bimanual reaching forward is expected to maximize functional recovery, 

Consistent findings regarding bimanual reaching forward are still lacking especially for its effect on attention 
concentration so it is the purpose of this study . 

2.Subjects and Methods: 

2.1.subject selection: 

The study was conducted on two groups: 

Group I (G1): Consists of fifteen male of left chronic stroke patients. The patients in this group were treated by 

unilateral reaching forward in front of mirror from a sitting position in addition to attention concentration 
training by rehacom apparatus. The Physiotherapist helped the patients to do action of reaching if the patient 

could not perform it. 

Group II (G2): Consists of fifteen male of left chronic stroke patients. The patients in this group were treated 

by bilateral reaching forward in front of mirror from a sitting positionin addition to attention concentration 

training by rehacom apparatus. The Physiotherapist helped the patients to do action of reaching if the patient 

could not perform it. 

  All the patients of both groups were referred from a neurologist. The diagnosis was confirmed by MRI 

or CT scan. The patients were selected from the Out-Patient Clinic, Faculty of Physical Therapy, 
CairoUniversity. After receiving an extensive explanation about the protocol, all the patients were gave an 

informed consent to the study.  

The inclusion criteria were:  

An ischemic stroke started since twelve to twenty months at the time of involvement to this study. The 
age of the patients ranged from 45-60 years old. Each patient had a sustained single cerebro-vascular accident 

(CVA) of an ischemic type at the right hemisphere .The diagnosis based on the medical history and confirmed 

by CT scan or MRI. The patients had the ability to follow the simple instructions .All the patients were right 

handiness. The patients had a volitional control of the non- paretic arm, and can press the button of the rehacom 
apparatus. All the patients had a moderate impairment for the upper extremity according to Fugle –Myer 

assessment scale (FMAS). The scores of upper limb impairment were ranged from (19-40)
11

. 

The exclusion criteria were:  

Patients with aphasia, symptomatic cardiac failure or unstable angina. Patients with uncontrolled 
hypertension (>190/110 mm Hg), significant orthopedic or chronic pain conditions. Patients with significant 

musculotendinous or bony restrictions of the affected upper limb like (Severe elbow or finger contractures that 

would preclude passive ROM of the arm). Patients had an affected sided neglect, perceptuomotor or visual field 

deficits, apraxia and shoulder subluxation. 

2.2.The assessment tool: 

All the patients were subjected to complete neurological examination of detailed medical history, 

motor, sensory and ADL examination. The impairment of the function of the affected upper limb was assessed 

by FMAS while the attention concentration was measured by rehacom apparatus. 

Fugle-Meyer assessment scale (FMAS):  

 The upper extremity section test of (FMAS) was used to assess the degree of impairment of the upper 

limbmotor function. It is a valid and reliable test. It correlates well with inter joint UE coordination of stroke 

patients. It has a top score of 66 for UE section 
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Rehacom system which is a comprehensive and sophisticated system of procedures for computer –assisted 

cognitive assessment and rehabilitation. Rehacom is soft ware package that helps to assess and train different 

cognitive areas.  The procedures had been developed for the assessment and treatment dimension of attention 

concentration. The patients were sitting in the front of Rehacom screen at the level of the key board of Rehacom 
to be able to use it easily. At every session after arm training of both groups  ,attention concentration of the 

patients was assessed for 60 min, 30 min with break of about 10 min between the first and second 30 min and at 

the next session every times the test was repeated with instruction for the patient to have a score  higher than the 
previous session. 

2.3. Training Procedure: 

Training procedures for group I: 

The patient received the inhibitory techniques first for the spastic muscles. These techniques were 
applied inform of prolonged stretch to relax the spastic muscles. The patients were treated from a sitting 

position and in front of mirror where the patient performed unilateral reaching forward with assistance of 

physiotherapist if needed. 

Training procedures for group II : 

 The patients received the same program as G1 but the patients were instructed to move both limbs 

syncronsily so the affected limb reached to the same level of the non affected one. Also the patients moved the 

both limbs at the same speed. The researcher assisted the patients’ limb to reach to the level of the non affected 
one as the patients need. 

Rehacom training for both groups: 

After training of each group by unilateral and bilateral reaching forward the patients went to do 

concentration attention test as atrainingexercise by asking the patients to correct the mistakes done in the 

previous session. 

2.4.Data analysis[12]:  

For each patient, the following data was collected: 

1-The demographic characteristics of the patients were collected and statistically (descriptive statistics) 
analyzed.                                                                                      

2-Paired and unpaired sample t-testswere used to evaluate the statistical difference within and between the two 

groups in the attention concentration variable. 

3- Mann-whitney U test,it tests whether the samples originate from the same distribution. This test is similar to 

the parametric unpaired T test. It is used for comparing between two independent samples. Mann-whitney U 
test was used in this study to detect the significant difference between two groups in the motor of performance 

from FMAS. 

4-The wilcoxon matched pairs test, it tests whether the samples originate from the same distribution. This test is 

similar to the parametric paired T test. It is used for comparing between two dependent samples. wilcoxon 

matched pairs test was used in this study to detect the significant difference within each group in the motor of 
performance from FMAS. 

3.Results: 

3.1.General demographic data of the patients of (G1) and (G2): 

The mean value of age in G1 and G2 were (51.67 ± 4.50) and (51 ± 5.4) years respectively. The mean 
value of stoke duration in G1 and G2 were (17.57±3.08) and (17.29±2.88) months respectively. Comparison of 

the mean values of the age (T=.193 and P≤.847) and duration of stroke (T=.150 and P≤.877) between G1 and 

http://en.wikipedia.org/wiki/Parametric_statistics
http://en.wikipedia.org/wiki/Parametric_statistics
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G2 revealed that there were no statistically significant differences in the mean values of age or duration of 

stroke between the two groups of this study (G1and G2). 

3.2. The mean values of Fugle-Meyer upper extremity motor performance of pre and post tests in each 

group: 

The mean values of motor performance of G1 at pre and post tests were 25.4±3.77 
and25.8±3.17respectively. Comparison of the mean values of motor performance of G1 at pre and post tests 

showed no significant changing of motor performance over the two period of assessment(P≤.097) ( table 1 and 

fig.1 ). 

The mean values of motor performance ofG2 at pre and post tests were 25.1±3.1 

and27.86±2.1respectively. Comparison of the mean values of motor performance of G2 at pre and post tests 

showed a significant changing of motor performance over the two period of assessment(P≤.025) ( table 1 and 

fig.1 ). 

3.3. Comparison of the mean values of Fugle-Meyer upper extremity motor performance of pre and post 

tests between the two groups: 

The mean values of motor performance of pre test at G1 and G2 were 25.4±3.77and 
25.1±3.1respectively. Comparison of the mean values of motor performance at G1 and G2 showed no 

significant difference of motor performance between the two groups (P≤.98) (table 1 and fig.1). 

The mean values of motor performance of post test at G1 and G2 were 25.8±3.17and 

27.86±2.1respectively. Comparison of the mean values of motor performance at G1 and G2 showed a 

significant difference of motor performance between the two groups (P≤.005) with best performance for 

G2(table 1 and fig.1).  

It is to be concluded that theresults of FMAS for the motor performance of upper extremity (UE) that the 

training program of G2 had a significant effect on increasing the motor performance of the affected UE in the 
chronic stroke patients . 

Table (1): The mean values of FMAS for the affected upper extremity(UE) of each group: 

FMS for affected 

UE 

Mean± SD Mann-whitney 

U test 
P value 

G1 G2 

Pre test 25.4±3.77 25.1±3.1 .506 .98 

Post test 25.8±3.17 27.86±2.1 5.368 .005* 

Wilcoxontest .177 3.111 
 

P value .097 .025* 

SD =Standard deviation                                                 *= significant P<.05 

 

(Fig.1)The mean values of FMAS for the affected upper extremity (UE) of each group 

0

5

10

15

20

25

30

m
e
a
n

 v
a
lu

e
s
 o

f 
F

M
A

S
 f

o
r 

U
E

G1 G2

Pre test

Post test



Walaa M Ragab et al /International Journal of ChemTech Research, 2017,10(5): 341-348. 345 

 

3.4. The mean values of attention concentration (rehacom) of pre and post tests in each group: 

The mean values of attention concentration of G1 at pre and post tests were 11.92±2.77 and 

11.55±2.17respectively. Comparison of the mean values of attention concentration of G1 at pre and  post tests 
showed no significant changing of attention concentration over the two period of assessment(P≤.19) ( table 2 

and fig.2 ). 

The mean values of attention concentration ofG2 at pre and post tests were 11.82±2.77 and 

8.86±2.66respectively. Comparison of the mean values ofattention concentration of G2 at pre  and post tests 

showed a significant changing of attention concentration over the two period of assessment(P≤.005) ( table 2 

and fig.2 ). 

3.5. Comparison of the mean values of attention concentration (rehacom) of pre and post tests between 

the two groups: 

The mean values of attention concentration of pre test at G1 and G2 were 11.92±2.77 and 

11.82±2.77respectively. Comparison of the mean values of attention concentration at G1 and G2 showed no 
significant difference of attention concentration between the two groups (P≤.18) (table 2 and fig.2). 

The mean values ofattention concentrationof post test at G1 and G2 were 11.55±2.17and 
8.86±2.66respectively. Comparison of the mean values of attention concentration at G1 and G2 showed a 

significant difference of attention concentration between the two groups (P≤.005)(table 2 and fig.2).  

It is to be concluded that the results of attention concentration by  rehacom that the training program of G2 

had a significant effect on decreasing the time needed for attention concentration and so improvement in 

attention concentration in chronic stroke patients. 

Table (2): The mean values of attention concentration time  by rehacom of each group: 

Attention 

concentration  

Mean± SD 
P value 

G1 G2 

Pre test 11.92±2.77 11.82±2.77 .18 

Post test 11.55±2.17 8.86±2.66 .005* 

P value .19 .005*  

SD =Standard deviation                                        *= significant P<.05 

 

Fig.2The mean values of attention concentration time of each group 

4.Discussion: 

In the current study, the patients’ age ranged from 45-60 years old. It is a common age of the ischemic 

stroke patients. The degree of plasticity and recovery differs according to patients’ age or decades; the younger 
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patients have a greater plasticity rate than the older one. Age negatively correlates with the functional return so 

all the patients in the current study were matched for age
13,14

. 

The selection of the patients was depended also on the side of the stroke. All the patients were left 
hemiplegia so all the patients in the current study were matched for the site of stroke. The function of the left 

brain differs from the right one and this affects the level of the motor performance of UE in the chronic stroke 

patients
15,16,17

. 

The recruitment of the bilateral brain regions during the bilateral reaching forward provides evidence 

for an excitatory function of the corpus callosum. It integrates the information between the two hemispheres. 
Bimanual arm movements enhance interhemispheric facilitation between the primary motor cortex and the 

premotor cortex. Facilitation of motor learning induces the motor recovery by directly or indirectly increasing 

the excitability in the ipsilesional motor cortex.  This might explain why there is an improvement in arm 

performance and concentration in this study. This is agreed byCarson
18

. 

It was observed also in other studies that the dorsal premotor cortex (PMd)in monkeys is involved in 

the control of synergistic axio-proximal movement, cognitive functions such as coding space and associative 
learning. Reversible inactivation of PMd resulted in an increased number of movement direction errors when 

the monkey had to respond to a conditional cue with limb flexion or extension as forward reaching in the 

current study. Bilateral reaching  forward increases the excitability of PMd so it is a good method to decrease 
movement errors in stroke patients and increase the attention and concentration as approved by the results of the 

current study. This is agreed by Rose and Winstein
19

 and Kidgell et al.
20

. 

Bilateral am training especially reaching forward and back -word retract increases proximal muscles 
control mainly and has some  non significant effect on distal muscles because the proximal muscles at  all the 

time are active . This neurophysiology basis may explain the cause of significant improvement of the affected 

upper extremity (UE)in the current study This is agreed also byCalautti and Baron
21

 and Burgess et al.
22

. 
Repetitive bilateral arm training increases learning skill and M1 representation so it may presume GABAergic 

M1 disinhibition. Neurons responsible for long-latency intracortical inhibition (LICI) are neuromodulatory 

controlling of GABA area. They inhibit neurons responsible for Short-latency intracortical inhibition (SICI) 
pre-synaptically, and also directly inhibit corticospinal output neurons post-synaptically so increasing the 

learning skill and and attention concentration as in the current study. This physiological explanation of neural 

excitability and learning skill are agreed also by Stinear and Byblow 
23

 and Desrosiers  et al.
24

 andVardy et 

al.
25

. 

The reason of improving attention concentration in the current study was explained also byAmeli et 

al.
26

 who explained the physiological effect of bilateral arm training .Cerebral blood flow of the ipsilesional 
motor cortex is increased after decreasing the excitability of the unaffected hemisphere which occurs by 

bilateral reaching forward. This results in wide spreading in the neural plasticity and motor learning where the 

metabolic changes of the brain promote the neural plasticity and motor recovery after stroke. This metabolic 
change was proved also by a study of Johansen-Berg et al.

27
who used the functional neuroimaging for 

investigation. This is agreed also by Takeuchi et al.
28

 and Conchou et al.
29

 and Rizzo et al.
30

and Grefkes et 

al. 
31

and Takeuchi and Ikoma
32

 and  Di Lazzaro et al.
33

. 

The results consistent also with Cunningham et al.
34

who reported that coupling in the bimanual 

training elicited the smoother movement of the paretic limb when it was coupled with the nonparetic limb in 

elbow extension movements. This improvement may be due to the Kinematic features of each hand motion that 
are found in the trajectory of the other hand. The nonparetic limb would exhibit temporal adaptation to that of 

the paretic limb in both anticipatory and motor control domains for a bimanual symmetrical aiming task. This is 

consistent withKwakkelet al.
35

 and Hesse et al.
36

and Luft et al.
37

. 
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