Effect of combining different visual feedbacks on hand control in hemiparetic children:
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ABSTRACT
The purpose of the study was to determine the effect of combining different visual feedback on hand control in hemiparetic children. A total of 30 hemiparetic children divided randomly into two groups (A and B) of equal number, (N of each =15).  Eligibility criteria to our study were age ranged from 4-8 years, ability to score more than 50 % of grasps and associated domains of quality of upper extremity skills test and grade 2 in manual ability classification system, assessment done by baseline hand held dynamometer for hand palmar grasp and pinch grasp strength, Tardieu scale and geniometer for elbow flexors and wrist extensors spasticity at start (0 week), reassessed at 4 & 8 weeks. The treatment protocol for two groups include: 2 months total time, 3 sessions\week, and 1.5 hour\session. Children in study group (A) received an occupational therapy program with modified mirror apparatus while children in control group (B) without modified mirror apparatus. Non-statistically significant differences in the palmar , pinch grasp strength , elbow flexors and wrist extensors spasticity in study group (A) than control group (B) due to short duration of application , short duration of home program and (combining of uni-manual and bi-manual rehabilitation improved hand control in 2 groups). Combining different visual feedbacks could help in improvement of hand control in hemi paretic children. 
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INTRODUCTION 
Cerebral palsy (CP) is an umbrella term for the effects of damage to a developing brain by various causes. It is connected with a range of symptoms, including muscle weakness and movement problems. The damage to the brain usually occurs early in its development, either in the baby during pregnancy or during the period soon after birth. Symptoms may include difficulties in walking, balance and motor control, eating, swallowing, speech or coordination. Some people affected by cerebral palsy also have some level of intellectual disability. No two people with cerebral palsy are affected in exactly the same way (Euro Stem Cells conference, 2014).
20–30% of patients who suffer from cerebral palsy are suffering from spastic hemiplegia, due to brain damage; the brain is constantly sending action potentials to the neuromuscular junctions on the affected side of the body. The affected side of the body is rigid, weak and has low functional abilities. In most cases, the Upper extremity is much more affected than the lower extremity. This could be due to preference of hand usage during early development. The severity of spastic hemiplegia is dependent upon the degree of the brain or nerve damage (Brashear and Allison, 2010).
Hemiparesis, means a weakness on one side of the body.  In children with hemiplegia, the paralysis in the body occurs on the side opposite the affected part of the brain.  For example, if the left side of the child’s brain is injured, then the paralysis will be on the right side of the child’s body (Chasa, 2014).
Impaired hand control is a major disability in children with hemiplegic cerebral palsy. As a result, children with hemiplegic CP often fail to use the involved upper extremity and learn to perform most tasks exclusively with their non involved upper extremity (Duff and Gordon, 2003).
The visual illusion of a functional limb provided by the mirror may also promote the recovery of hemiparesis after stroke. Through modified vision and perception, mirror visual feedback was expected to enhance reorganization and stimulate plasticity of the premotor cortex (Wisdom et al., 2009).
The bimanual intervention is  a form of functional training that takes the advantage of the key ingredient of constraint induced movement therapy (CIMT){intensive practice}, but focuses on improving coordination of the two hands by introducing bimanual training activities using structured task practice embedded in bimanual play and functional activities with intensive practice (6h per day for 10-15 days) .It uses principles of motor learning (practice specificity) which suggest that the most functional way to balance the cortical activity and improve bimanual control would be to practice bimanual activities directly and principles of neuroplasticity, practice-induced brain changes arising from repetition, increasing movement complexity, motivation and reward (Nudo, 2003) .
The bimanual intervention for children with hemiplegia named Hand Arm Bimanual Intensive Training (HABIT), which was developed in response to the limitations of constraint induced movement therapy (Charles and Gordon, 2006).

Hand Arm Bimanual Intensive Training (HABIT) developed to address the  use   of  bilateral arm movements with many  activities of daily living (A.D.Ls)  and is hypothesized to be more functional training than uni-lateral training , through enabling activation of the damaged hemisphere via interhemispheric connections (Latimer et al., 2008).

Mirror therapy involves repetitive bimanual, symmetrical movement practice in which the patient moves the affected limb as much as she/he could while watching the reflective illusion of the unaffected limb from a mirror (Michielsen et al., 2011).

SIGNIFICANCE OF THE STUDY:

Hemiplegic forms are the most common type of CP (more than 38 % of cases) and the second in terms of frequency, after diplegia in premature infants is around 20% of cases (Himmelmann et al., 2005).

Combining both mirror therapy and hand arm bilateral intensive training might facilitate the sensory motor cortex that controls movement and might augment somatosensory input efficacy (Weiss et al., 2006).

Few studies combined both mirror therapy and hand arm bilateral therapy for determination of their effect on hand control in cerebral palsy in general or effect of them on spasticity.

Hand control in hemiparetic form of cerebral palsy represents a major problem in rehabilitation process, so this study was concerned with detecting the effect of mirror and glass visual feedbacks (Combining HABIT and MIRROR THERAPY) on hand control in hemi paretic children.

Helpful objective data about duration of meaningful changes in hand control in children with hemiparesis may be beneficial in rehabilitation process of them.
METHODS:

Study design and participants:

We recruited thirty hemiparetic children participated in this study (age 4-8 years, 19 males and 11 females).

· Our inclusive criteria were mild to moderate spasticity (grade one to two according to Tardieu scale), level two of bilateral hand use according to MACs scale and able to follow simple verbal commands or instructions included in the evaluation and treatment procedures.
· We excluded participants with Visual impairments, acute pain in either of upper limbs, fixed deformities of the upper limbs. And Botulinium-toxin injections (BT-A) in the past 6 months pre measurements.

· The following data were collected: age, sex, height, weight, strength of palmar , pinch grasps , elbow flexion and wrist extension angle of spasticity of both affected and non affected.

All participants and their parents provided their written consent; the local 

Ethics committee approved the study.
INTERVENTION:

· The children were randomly allocated in two groups of 15: Study group (A), received an occupational therapy program with modified mirror apparatus while Control group (B), received the same occupational therapy program but without modified mirror apparatus.

Duration of the Study: In group A, each child was received the selected occupational therapy program for 1.5 hours per session with modified mirror apparatus, 3 sessions per week plus 1 hour of daily training at home with mirror and bilateral hand training for total of 8 weeks while in group B, each child received the same occupational therapy program for 1.5hours per session at 3 sessions per week, beside home program for 1 hour daily for 8 weeks.

For evaluation:

1- Basline Hand Held Dynamometer:  used for assessment and re-assessment of hand pinch and palmar grasp strength by the smallest bulb. Scale is calibrated in an international unit of energy (bar).

Both affected and non affected hand assessed by Baseline Pneumatic Bulb Hand Dynamometer (Fig.1).

2-TARDIEU SCALE AND GENIOMETER: measuring elbow flexion and wrist extension spasticity angle and level using Tardieu scale and a geniometer.
· The affected hand grip and pinch assessed and re-assessed at 0-4-8 weeks post intervention by baseline pneumatic bulb hand dynamometer (Gygax et al., 2011).
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                                Fig. (1): Baseline® Pneumatic Bulb Hand Dynamometer.
· The patients performed the test while sitting comfortably with shoulder adducted and neutrally rotated forearm, elbow flexed to 90 degrees, and forearm and wrist in neutral position. The patients were instructed to perform a maximal isometric contraction. The test was repeated within 30 seconds and the mean value of three tests was used for the analysis (fig. 2 ,3 &4).
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[image: image27.emf]Fig. (2):  Palmar grasp assessment

Fig. (3) Pinch grasp assessment
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              Fig (4) Measuring angle of spasticity of elbow flexors
For treatment: 

1-  Modified mirror apparatus is wooden box consists of combination of 2 slidded mirrors 50 cm length and 50 width each one with a glass screen in-between (fig 5&6).
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Fig. (5): Modified mirror apparatus.
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Fig. (6): Modified mirror apparatus with slide screens

2- Occupational therapy equipments like small balls, pens, cubes and pins (fig 7).
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Fig. (7): Materials used in occupational therapy program.

PROCEDURES:

For Treatment:

Study Group (A):
Children received an occupational therapy program with modified mirror apparatus consisted of:

· Squeezing a ball by less affected hand in front of mirror while child look at hand reflection (uni-manual),Squeezing 2 balls with both hands with glass screen in between, Moving 2 wooden handles with both hands with glass screen in-between (bi-manual movement),Moving a handle by less affected hand in front of mirror while child look at hand reflection, making a circular movement with less-affected hand with mirror and making a circular movement with both hands (bi-manual) with glass screen in-between.
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Fig. (8): Visual feedback using mirror.
	Fig. (9): Visual feedback by glass screen.
	Fig. (10): Making circular mov. with less affected hand in front of mirror.


Control Group (B):

Children received the same occupational therapy program as in study group but without modified mirror apparatus (fig. 11 &12):
Squeezing a ball by affected hand, Squeezing 2 balls by 2 hands, Making circular movements by affected hand, Making circular movements by both hands together at the same time, moving a cube by affected hand foreword and moving 2 cubes by both hands foreword.
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Fig. (11): Squeezing 2 balls by 2 hands.   


Fig. (12): Circular mov. by 2 hand
DATA STATISTICAL ANALYSIS:
- 
Descriptive statistics and t-test for comparison of the mean age, weight, and height between both groups.

- 
T-test for comparison of pinch grasp, palmar grasp, elbow angle of spasticity, and wrist angle of spasticity between both groups.

- 
ANOVA with repeated measures for comparison between pre, post I, and post II treatment mean values of pinch grasp, palmar grasp, elbow angle of spasticity, and wrist angle of spasticity in each group.

- 
The level of significance for all statistical tests was set at p < 0.05.

- 
All statistical measures were performed through the statistical package for social studies (SPSS) version 19 for windows.
Pre treatment, post I, and post II mean values of pinch grasp of the affected side of study group:

The mean ± SD pinch grasp of the affected side of study group pre treatment was 0.86 ± 0.51 Ib, while at post I was 1.5 ± 0.77 Ib and at post II was 2.2 ± 1.14 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in pinch grasp of the affected side between the three time intervals (p = 0.0001). (Table 1 & figure 12).

Table (1): Comparison between pre treatment, post I and post II mean values of pinch grasp of the affected side of study group:

	Pinch grasp of the affected side (lb)
	F- value
	p- value
	Sig.
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±SD
	
	
	

	Pre treatment
	Post I
	Post II
	
	
	

	0.86 ± 0.51
	1.5 ± 0.77
	2.2 ± 1.14
	36.23
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	-0.64
	74.41
	0.0001
	S

	Pre- post II
	-1.34
	155.81
	0.0001
	S

	Post I- post II
	-0.7
	46.66
	0.0001
	S
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Fig. (12): Pre, post I, and post II treatment mean values of pinch grasp of the affected side of study group 

II. Pre treatment, post I, and post II mean values of pinch grasp of the non affected side of study group:

The mean ± SD pinch grasp of the non affected side of study group pre treatment was 2.23 ± 0.77 Ib, while at post I was 2.8 ± 0.94 Ib and at post II was 3.5 ± 1 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in pinch grasp of the non affected side between the three time intervals (p = 0.0001). (Table 2 & figure 13).
Table (2): Comparison between pre treatment, post I and post II mean values of pinch grasp of the non affected side of study group:

	Pinch grasp of the non affected side (lb)
	F- value
	p- value
	Sig.

	
[image: image3.wmf]C
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	Pre treatment
	Post I
	Post II
	
	
	

	2.23 ± 0.77
	2.8 ± 0.94
	3.5 ± 1
	36.84
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig.

	Pre- post I
	-0.57
	25.56
	0.005
	S

	Pre- post II
	-1.27
	56.95
	0.0001
	S

	Post I- post II
	-0.7
	25
	0.0001
	S
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Fig. (13): Pre, post I, and post II treatment mean values of pinch grasp of the non affected side of study group.
III. 
Pre treatment, post I, and post II mean values of palmar grasp of the affected side of study group:
The mean ± SD palmar grasp of the affected side of study group pre treatment was 2 ± 0.82 Ib, while at post I was 2.56 ± 1.01 Ib and at post II was 3.13 ± 1.02 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in palmar grasp of the affected side between the three time intervals (p = 0.0001). (Table 9 & figure 14).

Table (9): Comparison between pre treatment, post I and post II mean values of palmar grasp of the affected side of study group:

	Palmar grasp of the affected side (lb)
	F- value
	p- value
	Sig.
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	Pre treatment
	Post I
	Post II
	
	
	

	2 ± 0.82
	2.56 ± 1.01
	3.13 ± 1.02
	47.04
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p-value
	Sig.

	Pre- post I
	-0.56
	28
	0.0001
	S

	Pre- post II
	-1.13
	56.5
	0.0001
	S

	Post I- post II
	-0.57
	22.26
	0.001
	S
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Fig. (14): Pre, post I, and post II treatment mean values of palmar grasp of the affected side of study group.

IV. Pre treatment, post I, and post II mean values of palmar grasp of the non affected side of study group:

The mean ± SD palmar grasp of the non affected side of study group pre treatment was 4.66 ± 1.34 Ib, while at post I was 5.3 ± 1.19 Ib and at post II was 6.23 ± 1.34 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in palmar grasp of the non affected side between the three time intervals (p = 0.0001). (Table 10 & figure 15).

Table (10): Comparison between pre treatment, post I and post II mean values of palmar grasp of the non affected side of study group:

	Palmar grasp of the non affected side (lb)
	F- value
	p- value
	Sig.
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	Pre treatment
	Post I
	Post II
	
	
	

	4.66 ± 1.34
	5.3 ± 1.19
	6.23 ± 1.34
	45.76
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig.

	Pre- post I
	-0.64
	13.73
	0.003
	S

	Pre- post II
	-1.57
	33.69
	0.0001
	S

	Post I- post II
	-0.93
	17.54
	0.0001
	S
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Fig. (15): Pre, post I, and post II treatment mean values of palmar grasp of the non affected side of study group
Comparison between pre treatment,, post I and post II mean values of elbow angle of spasticity of study group:
The mean ± SD elbow angle of spasticity of study group pre treatment was 29.44 ± 11.84 degrees, while at post I was 23.33 ± 6.61 degrees and at post II was 18.33 ± 5 degrees. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in elbow angle of spasticity between the three time intervals (p = 0.001). (Table 11 & figure 16).

	Elbow angle of spasticity (degrees)
	F- value
	p- value
	Sig
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	Pre treatment
	Post I
	Post II
	
	
	

	29.44 ± 11.84
	23.33 ± 6.61
	18.33 ± 5
	12.41
	0.001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	6.11
	20.75
	0.09
	NS

	Pre- post II
	11.11
	37.73
	0.01
	S

	Post I- post II
	5
	21.43
	0.02
	S
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	NS
	:Non significant
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Figure (16): Pre, post I, and post II treatment mean values of elbow angle of spasticity of study group.
Comparison between pre treatment, post I and post II mean values of wrist angle of spasticity of study group:
The mean ± SD wrist angle of spasticity of study group pre treatment was 20.55 ± 8.07 degrees, while at post I was 17.77 ± 5.06 degrees and at post II was 13.33 ± 4.33 degrees. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in wrist angle of spasticity between the three time intervals (p = 0.002). (Table 12 & figure 17).

	Wrist angle of spasticity (degrees)
	F- value
	p- value
	Sig
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±SD
	
	
	

	Pre treatment
	Post I
	Post II
	
	
	

	20.55 ± 8.07
	17.77 ± 5.06
	13.33 ± 4.33
	9.82
	0.002
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	2.78
	13.52
	0.2
	NS

	Pre- post II
	7.22
	35.13
	0.02
	S

	Post I- post II
	4.44
	24.98
	0.02
	S
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	: Mean
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	: Mean difference
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	:Significant
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	: Standard deviation
	p value
	: Probability value
	NS
	:Non significant
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Figure (17): Pre, post I, and post II treatment mean values of wrist angle of spasticity of study group
Pre treatment, post I, and post II mean values of pinch grasp of the affected side of control group:
The mean ± SD pinch grasp of the affected side of control group pre treatment was 0.66 ± 0.32 Ib, while at post I was 1.12 ± 0.52 Ib and at post II was 1.7 ± 0.72 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in pinch grasp of the affected side between the three time intervals (p = 0.0001). (Table 13 & figure 18).

Table (13): Comparison between pre treatment, post I and post II mean values of pinch grasp of the affected side of control group:

	Pinch grasp of the affected side (lb)
	F- value
	p- value
	Sig.
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±SD
	
	
	

	Pre treatment
	Post I
	Post II
	
	
	

	0.66 ± 0.32
	1.12 ± 0.52
	1.7 ± 0.72
	29.27
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig.

	Pre- post I
	-0.46
	69.69
	0.002
	S

	Pre- post II
	-1.04
	157.57
	0.0001
	S

	Post I- post II
	-0.58
	51.78
	0.007
	S
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Fig. (18): Pre, post I, and post II treatment mean values of pinch grasp of the affected side of control group.

II. Pre treatment, post I, and post II mean values of pinch grasp of the non affected side of control group:

The mean ± SD pinch grasp of the non affected side of control group pre treatment was 2.37±1.08 Ib, while at post I was 3.16 ± 1.19 Ib and at post II was 3.7±1.38 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in pinch grasp of the non affected side between the three time intervals (p = 0.0001). (Table 14 & figure 19).
Table (14): Comparison between pre treatment, post I and post II mean values of pinch grasp of the non affected side of control group:

	Pinch grasp of the non affected side (lb)
	F- value
	p- value
	Sig.
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±SD
	
	
	

	Pre treatment
	Post I
	Post II
	
	
	

	2.37 ± 1.08
	3.16 ± 1.19
	3.7 ± 1.38
	27.13
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig.

	Pre- post I
	-0.79
	33.33
	0.0001
	S

	Pre- post II
	-1.33
	56.11
	0.0001
	S

	Post I- post II
	-0.54
	17.08
	0.04
	S
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Fig. (19): Pre, post I, and post II treatment mean values of pinch grasp of the non affected side of control group.

III. Pre treatment, post I, and post II mean values of palmar grasp of the affected side of control group:

The mean ± SD palmar grasp of the affected side of control group pre treatment was 1.54±0.72 Ib, while at post I was 2.25 ± 0.96 Ib and at post II was 2.83±0.74 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in palmar grasp of the affected side between the three time intervals (p = 0.0001). (Table 15 & figure 20).

Table (15): Comparison between pre treatment, post I and post II mean values of palmar grasp of the affected side of control group:

	Palmar grasp of the affected side (lb)
	F- value
	p- value
	Sig
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	Pre treatment
	Post I
	Post II
	
	
	

	1.54 ± 0.72
	2.25 ± 0.96
	2.83 ± 0.74
	25.73
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	-0.71
	46.1
	0.004
	S

	Pre- post II
	-1.29
	83.76
	0.0001
	S

	Post I- post II
	-0.58
	25.77
	0.02
	S
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Fig. (20): Pre, post I, and post II treatment mean values of palmar grasp of the affected side of control group.
IV. Pre treatment, post I, and post II mean values of palmar grasp of the non affected side of control group:

The mean ± SD palmar grasp of the non affected side of control group pre treatment was 4.45±1.77 Ib, while at post I was 5.16±1.77 Ib and at post II was 5.88±1.65 Ib. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in palmar grasp of the non affected side between the three time intervals (p = 0.0001). (Table 16 & figure 21).
Table (16): Comparison between pre treatment, post I and post II mean values of palmar grasp of the non affected side of control group:

	Palmar grasp of the non affected side (lb)
	F- value
	p- value
	Sig.
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	Pre treatment
	Post I
	Post II
	
	
	

	4.45 ± 1.77
	5.16 ± 1.77
	5.88 ± 1.65
	24.56
	0.0001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	-0.71
	15.95
	0.0001
	S

	Pre- post II
	-1.43
	32.13
	0.0001
	S

	Post I- post II
	-0.72
	13.95
	0.02
	S
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Fig. (21): Pre, post I, and post II treatment mean values of palmar grasp of the non affected side of control group.
Comparison between pre treatment, post I and post II mean values of elbow angle of spasticity of control group:
The mean ± SD elbow angle of spasticity of control group pre treatment was 26.87 ± 11.63 degrees, while at post I was 26.25 ± 12.17 degrees and at post II was 21.25 ± 9.54 degrees. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in elbow angle of spasticity between the three time intervals (p = 0.001). (Table 17 & figure 22).
	Elbow angle of spasticity (degrees)
	F- value
	p- value
	Sig
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±SD
	
	
	

	Pre treatment
	Post I
	Post II
	
	
	

	26.87 ± 11.63
	26.25 ± 12.17
	21.25 ± 9.54
	13.1
	0.001
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	0.62
	2.3
	1
	NS

	Pre- post II
	5.62
	20.91
	0.02
	S

	Post I- post II
	5
	19.04
	0.02
	S

	
[image: image22.wmf]Χ


	: Mean
	MD
	: Mean difference
	S
	: Significant

	SD 
	: Standard deviation
	p value
	: Probability value
	NS
	: Non significant



Figure (22): Pre, post I, and post II treatment mean values of elbow angle of spasticity of control group
Pre treatment, post I, and post II mean values of wrist angle of spasticity of control group:

The mean ± SD wrist angle of spasticity of control group pre treatment was 20.62 ± 7.76 degrees, while at post I was 19.37 ± 6.78 degrees and at post II was 16.87 ± 5.3 degrees. Comparison between pre treatment, post I, and post II measurements revealed a significant difference in wrist angle of spasticity between the three time intervals (p = 0.008). (Table 18 & figure 23).

Comparison between pre treatment, post I and post II mean values of wrist angle of spasticity of control group:

	Wrist angle of spasticity (degrees)
	F- value
	p- value
	Sig
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±SD
	
	
	

	Pre treatment
	Post I
	Post II
	
	
	

	20.62 ± 7.76
	19.37 ± 6.78
	16.87 ± 5.3
	7
	0.008
	S

	Multiple comparison (Bonferroni test)

	
	MD
	% of improvement
	p- value
	Sig

	Pre- post I
	1.25
	6.06
	0.17
	NS

	Pre- post II
	3.75
	18.18
	0.04
	S

	Post I- post II
	2.5
	12.9
	0.09
	NS
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Figure (23): Pre, post I, and post II treatment mean values of wrist angle of spasticity of control group.
DISCUSSION:
The effect of combining different visual feedbacks on hand control in hemi paretic cerebral palsy was the issue of this study.
Firstly, we concerned our study on Hemi paretic cerebral palsy as Smorenburg et al., 2011 stated that it accounts for 30% of all CP cases and results in motor impairments that are lateralized to one side of the body (the impaired side of the body, contra lateral to the lesion hemisphere).  In general, the upper limb is more severely affected than the lower limb; it is therefore not surprising that the manual abilities of the impaired body side in SHCP have been studied extensively.

We choose to concern our study about Hemi paretic cerebral palsy hand control  problems in  rather than any other problem, Bax et al., 2005 reported that Children with spastic hemi paretic cerebral palsy which occurred due to brain damage during early development, these children have motor disorders (i.e. loss of motor function) on one side of the body (i.e. one arm and one leg), As a result of this unilateral impairment these children experience problems with the performance of daily movements, predominantly of movements that require the involvement of both arms, which severely hampers their capacities and functional independence. 

Also, we decided to work in our study on examination of both affected and non-affected hand as Steenbergen and Meulenbroek, 2006 stated that  despite the unilateral character of the disorder, the other side of the body (ipsilateral to the lesion hemisphere) is not completely free of impairments i.e. less-impaired side of the body. 

Regarding HABIT, Gordon and Steenbergen, 2008 stated that despite the deficits of the less impaired arm, individuals with SHCP usually tend to avoid the use of their impaired arm and are remarkably adapt to reach with the less-impaired extremity towards objects that are located in the contra lateral hemi sphere. In fact, these children actually may have never learned to use their impaired arm for certain motor tasks or may only use it in the simplest manner. The result is that individuals with SHCP tend to perform inherently bimanual tasks of daily living with the less impaired arm only rather than with both arms.
So we combined  both HABIT with mirror therapy as Charles and Gordon, 2006 said that taking into account that a proportion of our daily tasks can be performed with one hand only, the unilateral impairments itself may not largely hamper these children in daily life. Moreover, children with hemiplegic often develop compensation strategies in order to overcome the unilateral impairment (i.e. they can perform movements with one hand that healthy individuals perform with two hands).
The length and width of mirror and glass screens was 50 cm * 50 cm in a study done by Mancini et al., 2011 concerning the enlarging mirror to see if the magnification of the mirror reflection has an impact on the effectiveness of mirror virtual feedback (MVF). The enlarging mirror does not seem to affect right to left hand recognition, but the body image might be affected.

Regarding the duration of our study and total time of our treatment program, Gordon et al., 2011 stated that 40 hours of therapy was adequate to yield meaningful clinical changes in upper limb and individualized out comes.

So we considered these studies in our study and allow length of full treatment program to be 8 weeks with total of 36 hours of therapy , together home program of 1 hour daily of application , where in these studies done by Novak et al., 2009 , between 50 % to 80 % of the anticipated dose was achieved across studies on home practice depending on five steps in developing home program including collaborative partnerships between therapist and caregiver, mutually agreed-upon goals ,supporting care giver and evaluating outcome .

 We introduced home program beside our sessions , a study  by Rostami and Malamiri, 2012 compared home with clinical-based mirror therapy in a small group of children with hemparesis found some additional benefits of home-over clinic-based therapy in continued improvement in upper limb function to 3 months post intervention.

 We choose pinch and palmar grasps strength in our study to determine improvement in the hemi paretic children, to properly evaluate functional improvement in hand performances following an UMN lesion, assessment tools need to be measured within the participation. Few quantitative tools exist to measure the behavior of spastic muscle during functional activity. Measurement of grip strength is a well established method for investigating hand function, providing insight into the combined action of extrinsic and intrinsic muscle groups, Hand-held dynamometers record the maximal grip strength attained during a period of effort, thereby assessing a subject’s hand strength against normative data with excellent inter-rater and test-retest reliability.

In a study done by Ivanhoe and Reistetter, 2004 stated that occupational therapists have commonly used hand grip and pinch strengths as baseline measures to evaluate hand function. Grip strength required to perform most occupations of daily living. Strength measurements are commonly combined with dexterity evaluations to provide a picture of hand function.

 Our inclusive age in our study was ranged between 4-8 years as Green and Wilson, 2012 stated that children between 4-8 years seemed to be with nearly normal intellectual abilities as many children with intellectual disabilities will not readily identify the goals of the activity and will therefore be unable to set up an appropriate motor response , also a study done by  Azzam , 2012  stated that the children in this age were able to reach forward to an elevated position in front with mid range shoulder flexion ,child was able to grasp a cube from a table top and released it in a large container , able to attend to tasks and follow simple one stage commands .

 We choose QUEST & MACs for eligibility which is validated between 18 months and 8 years, since this test as stated by Smorenburg et al., 2011 is more extensive than other tests that measure the functioning of the upper limbs, so we used it for eligibility of the hemiparetic child to enter our study together with manual ability classification test (MACs) for bilateral hand use, grade 2 which means that the child handles most objects but with somewhat reduced quality or speed of achievement.
We choose the spasticity level as a parameter in our study as Felham et al., 2010 stated that the positive effects of mirror visual feedback on neuromuscular activity and bimanual symmetry were the result of the illusion that the impaired arm had been substituted by the less impaired arm. The amount of neuromuscular activity in the Biceps muscle of the impaired arm was higher when receiving mirror visual feedback of the impaired arm than when receiving mirror visual feedback of the less-impaired arm.
We used bilateral training as Mudie and Matyas, 2000 discussed that possible mechanisms underlying improvement from bilateral training include recruitment of the ipsilateral corticospinal pathways, increased control from the contralesional hemisphere and a normalization of inhibitory mechanisms, these neural mechanisms are described as ipsilateral corticospinal pathway, it is well established that there are corticospinal pathways which do not cross at the pyramidal decussation. The estimated percentage of uncrossed pathways is approximately 10–20%. These uncrossed, ipsilateral pathways have been implicated as a possible post-stroke recovery mechanism, and some researchers suggested they could be facilitated with bilateral training.
The pretreatment mean values of elbow and wrist angles of spasticity of affected hand in both study and control group revealed non significant differences with high values which coincided with Miller, 2005 who stated that in hemiplegic children, the muscles of the contra lesion body-side are spastic, reflected in increased sensitivity to the normal stretch reflex and velocity-dependent resistance to motion.
An alternative explanation made by Ramachandran, 2005 for the effect of mirror visual feedback on neuromuscular activity, which might not be mutually exclusive. Based on findings from mirror feedback studies in amputees, it was hypothesized that the paretic and/or spastic movements in people with acquired unilateral motor disorders are at least partially ‘learned’ through an atypical interaction between the internal copy of the motor commands (i.e., efference copy) and the signals relayed back from the peripheral senses to the brain {i.e. afferent feedback}.
      The higher pretreatment mean values of elbow angle of spasticity and wrist angle of spasticity of affected hand in study and control group compared with post treatment mean values coincided with a study by Ledebt et al., 2010 who aimed to examine the contribution of mirror visual feedback on neuromuscular activation during a symmetrical circular bimanual task in children with SHCP. It was found that children with SHCP had higher mean EMG intensities in the muscles around the elbow and shoulders of both the less and more affected arm, compared to typical developing (TD) children.
In the study group and control group, pinch grasp and palmar grasp of affected and non-affected hand revealed significant difference between pretreatment value, post I (4 weeks reassessment) and post II (8 weeks reassessment).

Although the percentage of improvement higher in study group than control group but still non-statistically significance difference between both groups when we compared both study and control groups.
In the study group, the elbow flexion angle of spasticity revealed significant difference between pretreatment value, post I (4 weeks reassessment) and post II (8 weeks reassessment) with maximum percentage of improvement when we compared pretreatment value with post II (8 weeks reassessment).

In the control group, the elbow flexion angle of spasticity revealed significant difference between pretreatment value, post I (4 weeks reassessment) and post II (8 weeks reassessment) with no significant difference between pretreatment value and post I (4 weeks reassessment), with maximum percentage of improvement when we compared pretreatment value with post II (8 weeks reassessment).

In the study and control groups , the wrist extension angle of spasticity revealed significant difference between pretreatment value, post I (4 weeks reassessment) and post II (8 weeks reassessment) with no significant difference between pretreatment value and post I (4 weeks reassessment), with maximum percentage of improvement when we compared pretreatment value with post II (8 weeks reassessment).
In 2 patients with right hemiparesis, the care giver reported that the quality of speech of the child increased after 8 weeks of application which needs to be more investigated and can be discussed by the adherence of broca's area (motor area of speech) with the mirror neurone system.

In 1 patient with right hemiplegia and scheduled to take botulinum toxin in elbow flexors and wrist extensors within next 6 months, the physician reported that the child not in need for botulinium toxin injection for at least 1 year.

The palmar and pinch grasp strength increased in study group more than control group coincided with several studies done by Utley and Steenbergen, 2006 showed that reaching and grasping with the impaired arm and hand is characterized by an increased movement time, decreased peak velocity, irregular and more segmented movement pattern, and increased trunk involvement. However, a very large variety within and between subjects was reported.

Steenbergen et al., 2008 said that as a result of these deficits, the movements of the more impaired arm are often slow and jerky. Although SHCP is typically considered a unilateral condition, reorganization in the central nervous and neuromuscular systems affect movement on both sides of the body, particularly in manual tasks. For instance, it was found that when children with hemiplegic cerebral palsy reach and grasp an object, the force variables in the more impaired arm benefited when it performed the task concurrently with the less impaired arm bilaterally. However, the temporal aspect of the movement for the less impaired arm was influenced adversely when the task was performed bimanually.
In a study done by Ledebt et al., 2010 Children with SHCP performed the task with longer phases of concentric and eccentric activity, indicating more co-activation, especially in the more impaired arm. In addition, higher intensities of mean neuromuscular activity were found in both the more impaired and the less impaired arm.
The results of this study revealed that pinch and palmar grasp strength in study group higher than that in control group although still non statistically significance  difference which disagreed with a study done by Fukumura et al., 2007 who stated that viewing the illusion of a functional paretic upper limb in a mirror seemed to have an immediate effect on motor unit recruitment, since maximal grasp strength tests performed behind the mirror were highly significantly stronger than those performed with the paretic limb under direct visual control. This suggests that the visual illusion of mirror therapy may enhance activity in the primary motor cortex, thereby increasing the descending neural drive from the brain to the muscles. This is congruent with the three studies using transcranial magnetic stimulation that identified an improvement of primary motor cortex excitability in healthy participants observing their movements in a mirror. Bimanual training improved hand strength significantly with trends towards a stronger effect of mirror training on grasp and of bilateral training on pinch. 
Also , a study done by Gygax et al., 2011 concerned with effect of mirror therapy in children with hemiplegia, which compared effect of mirror therapy on maximal grasp strength and maximal pinch strength with traditional occupational therapy, they assessed and reassessed at 0-3-6-9 weeks of application, Maximal grasp and pinch strength increased significantly during the first half of training, followed by a plateau during the second half and a decrease in strength towards baseline 3 weeks after interrupting treatment.

The results of this study also revealed that pinch and palmar strength revealed increased percentage of development in study group more than control group coincided with the study done by Garry et al., 2005 studied the effect of perceptual information on the excitability of the motor cortex. When vision of the inactive arm was obscured and replaced by a mirror reflection of the active ipsilateral arm, the excitability of primary motor area of the inactive contralateral arm was increased beyond that produced by ipsilateral arm movement alone. This effect may be particularly interesting for patients with unilateral brain damage, such as children with SHCP.

A lot of new interventions have been extensively researched but we decided in our study to focus on mirror therapy and hand-arm bilateral hand use (HABIT) rather than other interventions as Hoare et al., 2013 stated that New trends in non-surgical management in upper limb of hemiparetic cerebral palsy included mirror therapy, constraint induced movement therapy (CIMT), modified constraint induced movement therapy (MCIMT) and botilinum toxin combined with traditional occupational therapy , where a study compared an average of 114 hours of MCIMT to 47 hours of bimanual occupational therapy and another study compared 72 hours of MCIMT to 44 hours of bimanual O.T  found great improvement in first study , although we don't find statistically significant differences between both groups which disagreed with the previous findings and agreed with a study done by Azzam, 2012  which stated that 45 to 60 minutes session time ,3 times per week for 12 weeks full time of application combined with 3 hours daily of home routine program was the accurate dose for significant changes in hand palmar and pinch grasp strength  .
The results of this study revealed that elbow and wrist angles of spasticity more decreased in study group more than control group coincided with a study done by Ramachandran and Altschuler, 2009 stated that mirror feedback of the less impaired arm may facilitate damaged or ‘dormant’ components of the sensorimotor network and thus reduce the neural drive required to perform a movement.

Also, a study done by Summers et al., 2007 who reported significantly greater improvements in subjects receiving bilateral training on the motor assessment scale–upper limb items, the unilateral group made no improvement. Training was task specific and consisted of reaching and placing a wooden dowel. Transcranial magnetic stimulation (TMS) was used to measure the volume of a bordered map {a measure of cortical excitability} representing the extensor communis on both hemispheres. The cortical map volume of the unaffected hemisphere significantly decreased in the three bilateral subjects who were evaluated with TMS. This decrease in map volume indicates that the contralesional hemisphere became less excitable, possibly because of the normalization of intra hemispheric and inter hemispheric inhibition.
So, in our study we concerned on detecting spasticity angle change in muscles around elbow and wrist muscles through tardieu scale which is valid and reliable method for detecting spasticity angle changes, where decrease in the difference between V1 & V3 angle over treatment period is an indicator for decreasing spasticity in hemiplegic c.p children.

The study revealed that the angle of spasticity in elbow and wrist decreased in the study group more than control group whatever still non statistically significance which agreed with the founding of   Feltham et al., 2010 that  the manipulation of visual information can affect motor  control in people with and without neuromuscular disorders .
During our treatment program for both study and control group, we emphasized on circular movement unimanual and bimanual where in a study done by Feltham et al., 2010  showed that children with SHCP required higher amounts of neuromuscular activity than TD children during bimanual circle drawing, and that the EMG intensities were similar for the more and less impaired arm.

In a study done by Ledebt et al., 2010, mirror visual feedback induced lower EMG intensities of the shoulder muscles in the less impaired arm of children with SHCP compared to the other visual conditions, especially the glass condition. Similar attenuating effects of the mirror were found for the relative durations of eccentric and concentric activity in the elbow muscles of the more impaired arm. In combination with the kinematic results of previous research the current findings suggest that replacing veridical visual information of the more impaired arm with a mirror reflection of the less impaired arm might improve motor control in children with SHCP. 
A study done by Gordon et al., 2006 proved that the possible durable improvement in function after cessation of therapy points towards neuronal mechanisms that go beyond an isolated increase in primary motor cortex towards activation of the mirror neuron system. Nevertheless, only functional magnetic resonance imaging study of the effect of mirror feedback in stroke patient failed to detect any significant increase in the activity of the motor or mirror neuron systems, but showed enhanced activity in the precuneus and the posterior cingulated cortex, associated with awareness of self and spatial attention. The possible increase of awareness of the paretic upper limb through mismatch between action and observation may decrease learnt non-use or even stimulate new learning, closer to the concept surrounding the effects of constraint-induced movement therapy.

In my opinion the main cause of non statistically significant difference between study and control group was the short duration of the treatment time besides the presence of bimanual coordination, cross talks and bimanual coupling ,so what is the meaning of interlimb coordination and bimanual coupling as stated by Francesca et al., 2015, When humans simultaneously perform different movements with both hands, each limb movement interferes with the contralateral limb movement (bimanual coupling). Previous studies on both healthy volunteers and patients with central or peripheral nervous lesions suggested that such motor constraints are tightly linked to intentional motor programs, rather than to movement execution. in a study aim to investigate this phenomenon, by using a circles-lines task in which, when subjects simultaneously draw lines with the right hand and circles with the left hand, both the trajectories tend to become ovals (bimanual coupling effect). In a first group, the researcher immobilized the subjects’ left arm with a cast and asked them to try to perform the bimanual task. In a second group, the researcher   passively moved the subjects’ left arm and asked them to perform voluntary movements with their right arm only. If the bimanual coupling arises from motor intention and planning rather than spatial movements, we would expect different results in the two groups. In the Blocked group, where motor intentionality was required but movements in space were prevented by immobilization of the arm, a significant coupling effect (i.e., a significant increase of the ovalization index for the right hand lines) was found. On the contrary, in the Passive group, where movements in space were present but motor intentionality was not required, no significant coupling effect was observed. These results confirmed, in healthy subjects, the central role of the intentional and predictive operations, already evidenced in pathological conditions, for the occurrence of bimanual coupling.
CONCLUSION
From the obtained results of this study, it can concluded that combining different visual feedbacks through mirror therapy and hand arm  bilateral intensive therapy (HABIT) can improve hand grasp strength and hand pinch grasp of both affected and non affected hand of hemi paretic cerebral palsy children but still non-statistically significance difference due to short period of application, short duration of home program and combining of uni-manual and bi-manual rehabilitation improved hand control in 2 groups.
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