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Abstract
Objective: To detect the outcome of mirror therapy on Selective Motor Control (SMC) of the upper extremities in spastic hemiplegic cerebral palsy.
Design: Randomized Controlled Trial
Setting: Different Pediatrics Rehabilitation Centers and outpatient Clinic of Misr University for science and technology.
Subjects: Forty-five children with unilateral paralysis from both genders participated in this study. They randomised equally into study or control group.
Intervention: The study group received physical therapy program combined with mirror visual feedback from non-affected upper limb. Control group received
physical therapy program only. Both groups received the intervention for three successful months.
Measures: All children were assessed using Selective control of upper extremity scale (SCUES). All outcomes were measured at the initial randomization and
then after three months of intervention.
Results: The pre-treatment mean value and SD for the total score of the SCUES in the control and study groups were 5.73 ± 1.03 and 5.46 ± 0.92 respectively.
The post-treatment mean value and SD for the same variable in the control and study groups were 9.67 ± 1.29 and 11.60 ± 1.06 respectively. So, The Selective
Control of Upper Extremity Scale (SCUES) scores revealed statistically significant differences both groups with favour to the study group.
Conclusion: Mirror therapy has a significant effect on SMC of the affected arm in spastic hemiplegic cerebral palsy.
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Introduction
Cerebral Palsy (CP) is a group of long-lasting motor problems of posture
and movement caused by brain injury that occurs before, during, or after
birth. The injury affects the motor system and results in activity limitations.
Hemiplegic CP is the most common type of CP. Children suffering from
spastic hemiplegic CP have unilateral impairment in the upper and lower
limbs on the same side of the body. This impairment is due to pyramidal
tract lesion [1].
These children have neurodevelopmental problems in form of
spasticity, poor co-ordination, impaired Selective Motor Control (SMC) and
poor balance [2].Inability to initiate the muscles activity in certain pattern
in response to the voluntary movement's demands is defined as impaired
SMC [3]. A concurrent, compulsory extensor or flexor pattern at two or more
joints interfere with the spastic patient’s ability to perform isolated joint
movements. So, those subjects produce enforced muscle co-contraction of
flexor or extensor muscles when performing the daily living activities [4-6].
Neuro-developmental technique, sensory integration therapy,
constraint-induced movement therapy, bilateral therapeutic exercises,
and mirror therapy are commonly interventions used in the rehabilitation
for children with spasticity [4]. Mirror-mediated therapy act to stimulate the
motor cortex. Studies describing the application of mirror therapy in children
with CP is so far scarce [7].
This study aimed to detect the outcome of mirror therapy on SMC of the

upper limbs in spastic hemiplegic CP. Because of its reduced cost, relative
simplicity, and high patient adherence, it could be a valuable adjunct for
children with hemiparesis as a home-based motor intervention.

Materials and Methods
Fifty-four children diagnosed with hemiplegic CP were recruited from
different paediatrics rehabilitation centres and the private out-patient clinic
of Misr University for Science. They were assessed for eligibility; four
participants did not meet the inclusion criteria and two parents refused to
participate in this study. Therefore, forty-eight hemiplegic CP children were
enrolled in this study they were from both genders, their age ranged from
six to nine years, they had mild to moderate spasticity as measured by the
Modified Ashworth Scale, and they were able to follow verbal instructions.
Children who had any visual or auditory problems, fixed deformities in upper
limb that interfere with fine motor functions, history of upper limbs surgery
for less than one year, and un-cooperative children were excluded. The
Research Ethical Committee, Faculty of Physical Therapy, Cairo University
approved this study (P.T.REC/012/003117). The parents of each child
signed an informed consent form. Our study was registered on Pan African
Clinical Trial Registry (PACTR202105527236004).
The sample size was calculated based on parameters drawn from a
prior study which published in 2017. Researchers examine the effectiveness
of mirror intervention on the gross motor function in children with spastic
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CP. The results showed that there was significant improvement in the mirror
therapy group versus the control group. The mean and standard deviation
value for pre and post intervention in the mirror therapy group was 12.29 ±
3.49 and 19.29 ± 4.11 respectively. While the mean and standard deviation
value for pre and post intervention in the control group was 12.86 ± 3.89 and
14.43 ± 3.69 respectively. There were significant differences in the scores
obtained from the children with favor to the mirror therapy group. Using
these values and our assumption (effect size=0.75 α=0.05 and power=0.8)
[8]. We estimated that a sample size of at least 20 participants per group
would be required.
The participated children were allocated randomly into two equal
groups, using random allocation software to minimize selection bias [9].
Two children dropped out of the post-therapy assessment and one child did
not complete the treatment protocol due to travel with parents to another
country. Flow chart of participants is shown in Figure 1.

Outcome measures
Upper extremity by SCUES was used to assess SMC for five joint
motions of upper limb that includes shoulder abduction/adduction, elbow
flexion/extension, forearm supination/pronation, wrist flexion/extension
and fingers/thumb grasp/release. Based on the absence or presence of
the feature of reduced selective motor control noticed while the subject
executed the movement (Limited ROM, excessive joint movement, trunk
movement mirror movements) each joint motion was scored on a fourpoints scale to normal SMC, mildly diminished, significantly diminished,
and no SMC [8]. The selective motor control for the upper limb joints were
assessed at the baseline time and after three months of interventions.

Intervention
Control group (G1): Children in the control group were given 60
minutes of a neurodevelopment-based guideline programme that included
stretching activities for the elbow flexors and forearm supinators of the
upper limbs, fine motor activities, full range of motion tasks, and finger/
forearm strengthening for the involved side for three sessions/week for
three months.
Mirror therapy group (G2): Children received mirror therapy and the

same guideline protocol, 60 minutes (30 minutes guideline protocol, 30
minutes mirror therapy three sessions/week for three months). The mirror
therapy consisted of 15 minutes basic exercise and 15 minutes functional
task.
We used bilateral movement training. The children were instructed to sit
in front of the table, put their non-involved limb in front of the mirror and the
involved upper limb behind the mirror (A size of 25 × 20 inches) positioned
in the mid-sagittal plane at a 70° angle to 80° angle to the trunk. They were
instructed to move both limbs in a synchronized manner and to look in the
mirror at the reflection of their non- involved upper limb.
For the basic exercise (the first 15 minutes) children were instructed
to perform fingers flexion/extension wrist flexion/extension, ulnar/radial
deviation forearm supination/pronation elbow flexion/extension shoulder
adduction/abduction. For the functional task for (the second 15 minutes)
children were asked to perform hand grip exercise, putting blocks into
bucket, turning cards, moving a small ball and putty palmar squeezing. To
reduce fatigue of the non-affected hand, participants were given a oneminute rest time after each set.

Statistical analysis
Within each group, the paired samples t test was employed to compare
variables before and after intervention. The independent t test was utilised
to assess pre- and post-test changes in SMC and SCUES score for five
upper-limb joint movements between the mirror treatment and control
groups.

Results
Descriptive data of age, gender distribution, and the degree of spasticity
were represented in Table 1.
Each group showed significant improvements when comparing the preand post-treatment mean values of SMC assessment (Table 2). Comparing
the post-treatment mean values of SMC for both groups represent a
significant improvement in the total score of SCUES for mirror therapy
group as (p<0.05) (Table 3).

Figure 1. Flow chart of post-therapy assessment participants.
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Table 1. General characteristics of the participated children.
Item
Group

Control
Study
Note: SD-Standard deviation.

Gender
Male
9
9

Female
14
13

Degree of spasticity
1
1+
5
11
4
9

Age
Mean ± SD
6.67 ± 0.70
6.80± 0.74

2
7
9

Table 2. Comparing the pre and post-treatment mean values of SMC for both groups.
Item

Group

Mean ±SD
MD
Pre
Post
Shoulder
Control
1.20 ± 0.41
2.53 ± 0.52
1.33
Study
1.33 ± 0.49
2.87 ± 0.35
1.53
Elbow
Control
1.13 ± 0.35
1.93 ± 0.60
0.80
Study
1.20 ± 0.41
2.27 ± 0.46
1.07
Forearm
Control
1.20 ± 0.41
1.87 ± 0.52
0.67
Study
1.20 ± 0.41
2.33 ±0.49
1.13
Wrist
Control
1.13 ± 0.35
1.93 ± 0.26
0.80
Study
0.93 ± 0.35
1.87 ± 0.34
0.94
Finger & thumb
Control
1.07 ± 0.46
1.73 ± 0.70
0.67
Study
0.86 ± 0.35
1.86 ± 0.35
1.00
Total score
Control
5.73 ± 1.03
9.67 ±1.29
3.93
Study
5.46 ± 0.92
11.6 ±1.06
6.13
Note: MD-Mean differences; Pre-Pre treatment, Post-Post treatment, *P-value<0.05(significant).

t-value

P value

Percentage of
improvement

10.583
11.500
7.483
16.000
5.292
12.475
7.483
11.000
5.292
10.247
21.647
25.947

0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*

110.83%
117.69%
60.15%
89.17%
55.83%
94.17%
60.15%
101.07%
62.62%
116.3%
68.59%
112.27%

Table 3. Comparing the pre and post-treatment mean values of selective motor control assessment in both groups.
Item
Age
Shoulder

MD
0.133
Pre
0.133
Post
0.333
Elbow
Pre
0.067
Post
0.333
Forearm
Pre
0
Post
0.467
Wrist
Pre
0.200
Post
0.400
Finger & thumb
Pre
0.200
Post
0.133
Total score
Pre
0.267
Post
1.933
Note: MD-Mean differences; Pre-Pre treatment, Post-Post treatment, *signiicant.

Discussion
This research was designed to detect the outcome of mirror therapy on
SMC of the affected upper extremity in spastic hemiplegic CP. Our results
demonstrated a significant improvement in the SMC of the affected upper
extremity in both groups with favor to the mirror therapy group [10-12].
These results stand in accordance with Smorenburg, et al. who
suggested that the optimistic outcome of mirror visual feedback in arm
motor performance for children with unilateral paralysis is not the result from
the perception of bilateral symmetrical movement of the upper extremities.
They suggested that it was a resultant of the illusion of two symmetrically
moving limbs, as well as mirror visual feedback from the unaffected limb
[13].
It also confirmed by Farzamfar, et al. who reported that mirror therapy
had higher efficiency on gross motor skill than motor training [11]. Also, Park,
et al. stated that mirror therapy had an essential role in promotingupper
extremity function anddaily living activities in stroke patients [14].
Improvements reported in the study group using Mirror feedback may be
due to the increased activation of the neural cells. This includes activation
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t-value
0.487
0.487
1.950
0.475
1.722
0
2.544
1.775
2.806
1.341
0.656
0.748
4.49

P value
0.63
0.63
0.061
0.638
0.096
1.000
0.017
0.087
0.009
0.190
0.517
0.461
0.000*

for the Anterior Cingulate Cortex (ACC) on the unaffected hemisphere and
the Dorsolateral Prefrontal Cortex (DLPFC) on the affected hemisphere
[15].
The ACC plays an important role in motor control [16], the prefrontal
cortex deals with non-routine operations [17] and the DLPFC modulate
the lower-level systems [18].The DLPFC was activated in response to
the augmented attentional request for the assimilation of the vision and
proprioception and the need to perform eye hand coordinated tasks [19].
Also, the improvements in the mirror therapy group may be due to the
activation of mirror neuron system [20,21].

Conclusion
Mirror visual feedback from the less impaired upper limb of hemiplegic
cerebral palsy has a significant effect on selective motor control of the
affected upper limb. Mirror therapy has reduced cost, relative simplicity, and
high patient [adherence; it could be a valuable adjunct as a home-based
motor intervention for children with hemiparesis. Additional research with a
longer time frame and post-treatment programme follow-up are needed to
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ensure the maintenance of the statistical results and emphasis that no loss
or relapse in all parameters.
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