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Introduction
Children with cerebral palsy (CP) have impairment to the
motor system during neonatal or infantile phase. As a
result, the child has poor balance, poor coordination,
aberrant movement patterns, or a combination of these
traits.1 Hemiplegic CP is found in >39% of CP children.2

Children with hemiplegic CP have central deficiencies in
their ability to integrate several skills. They have significant
debilitated in visual-motor integration (VMI) which
rebound the interaction of main items  motor, visual
perceptual, and visual skills.3 The degree of coordination
between visual recognition and finger-hand development
is what defines visual-motor integration.4 Since it is linked
to the execution of many practical skills, VMI is crucial for
children’s development.5 Effective eye-hand coordination
is essential for the productive execution of visual and
spatial activities of everyday living.6 The most widely
recognised issue in hemiplegic children is visual
perception.7 Visual perception, eye-hand coordination, fine
motor skills, speed, and VMI are just a few of the many
elements that make up the visual-motor function.8 As a

result, assessing visual-motor performance can be
challenging because poor visual-motor execution might be
caused by deficiencies in one or more of these areas. Hand
affliction in hemiplegic CP is distinguished by excessive
thumb adduction and flexion, and minimal active wrist
extension. Hand function problems are exacerbated by
somatosensory, visual and developmental disorders.
Progressive soft tissue and bone alterations may occur as
a result of a lack of practice, culminating in contracture,
which further impairs the hand function. Early intervention
can delay or stop this process, but the quality of
intervention has to be carefully examined.9

Rehacom incorporates 3 basic treatment strategies:
psycho-education and awareness of cognitive functions,
enhancement of motivational functions, and training of
compensatory and adaption skills. It is designed to improve
attention, concentration, learning and executive functions.
This results in better control of adaptive abilities.10

The current study was planned to determine how cognitive
treatment combined with the rehacom visual-motor
module affects the hand function of children with
hemiplegic CP.

Materials and Methods
The randomised case-control study was conducted at
Kafrelsheikh University, Egypt, from September 2021 to
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February 2022. After approval from the institutional ethics
review committee, the ample size was calculated using
G*power 3.0.10 calculator with effect size 0.9, which was
worked on the basis of a pilot study comprising 10 subjects.
Power level was set at 80% and alpha level at 0.05.11. In
order to make the sample comprehensive, all patients who
met the study criterion were included. All children aged 6-
8 years with spastic hemiplegic CP were assessed randomly
at the outpatient clinic of the Faculty of Physical Therapy.
The assessment included visual-motor coordination and
fine motor skills. Spasticity was evaluated using the
modified Ashwar Scale (MAS)12, while level of attention and
concentration was assessed according to the rehacom
system10. Those included had values ranging 1-3, were able
to sit alone with good equilibrium reactions with
considerable co-contraction around shoulder joints, did
not demonstrate significant perceptual defects, had no
surgical interventions on the affected side, and the upper
limbs were free from any structural deformities or
contractures. The rest were excluded and so were those
whose parents did not volunteer to participate in the study.

After taking informed consent from parents/caregivers, the
subjects were randomised using closed-envelope method
into control group A and intervention group B. Subjects in
group A received designed physical therapy and hand
function training, while those in group B additionally
received visual-motor coordination training with the help
of rehacom system.  Each subject was assigned an identity
number to ensure confidentiality.

The rehacom system comprised a patient panel, a mouse
and a central processing unit (CPU) that ran a variety of
software programmes. A unique input panel with a very
basic keyboard and large, sturdy reaction keys enabled safe
operation even for anyone with limited or insufficient
manual dexterity. The panel consisted of 6 big keys, special
keys, and 1 joystick. Evaluation of visual-motor
coordination abilities of hemiplegic children was carried
out through the application of the rehacom system
attention and concentration programme. The subjects
were given instructions on how to use the device and the
right application so that they could use the test and
provide accurate answers while seated comfortably.

With every level, it became more difficult to pick the right
image in the matrix. According to the degree of difficulty, the
matrix had 3, 6 and 9 photographs.  The difficulty level is
automatically adjusted. At the time, the technique has 448
images. There were 8 phases, each with several records of 16
images, ranging from minimal item similarity (easy work) to
high resemblance (hard task). There were 24 levels of difficulty
altogether. The computer report showed the amount of focus
and attention used as well as the speed of the response.

Evaluation of fine motor skills was done using the Peabody
Developmental Motor Scale-2 (PDMS-2)13 which evaluates
motor abilities in children from birth to five years of age. It
has 6 subtests. The first is ‘Reflexes’ (birth to 11 months)
which assesses the child’s ability to automatically react to
environmental events. The second was ‘Stationary’ (all ages)
which assesses the child’s ability to maintain balance and
control of the body inside its centre of gravity. The third is
‘Locomotion’ (all ages) which measures crawling, walking,
running, hopping and jumping forward. The fourth is
‘Object manipulation’ (12 months and older) which
measures the child’s abilities to catch, throw and manipulate
the ball. The fifth is ‘Grasping’ (all ages) which measures the
child’s abilities to use hands to hold an object, and progress
to the use of finger of both hands. The sixth subset is ‘VMI’
(all ages) which measures the child’s abilities to perform
eye-hand coordination tasks, such as reaching, grasping and
copying designs. The subjects were given a thorough
description of the processes while sitting in a comfortable
position. The subjects were seated on a chair in front of an
adjustable table. Factors of height, back support, seat depth
and seat to floor armrest were considered to provide the
proper and comfortable sitting position for the child. The
examiner was positioned adjacent to the children or
opposite them. The table only included the items needed
to administer a single process, and extraneous objects were
kept out of the child’s line of sight.13

After taking informed consent from parents/caregivers,
the subjects were randomised using closed-envelope
method into control group A and intervention group B.
The intervention lasted 6 months during which the two
groups were given the prescribed training three days per
week. Each subject was assigned an identity number to
ensure confidentiality. Subjects in group A received
designed physical therapy and hand function training,
while those in group B additionally received visual-motor
coordination training with the help of rehacom system.
The screen was divided into two parts; one part contained
a picture of an object, while the other represented a
matrix of pictures containing a number of pictures
according to the level of difficulty. The separate picture
was to be compared to the matrix, and the one picture
resembling it in every detail was to be found. The matrix
comprised symbols, abstract figures and animals. The
selection was to be made by means of big buttons. After
selecting a picture, the system evaluated the choice and
showed up a green sign if the choice was correct or a red
sign if the choice was not correct. The performance bar
changed according to the reaction quality.  The
performance bar grew or shrank with every correct or
incorrect answer. This continued till three incorrect trails
or time >30 minutes.
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Both the groups were evaluated for visual-motor
coordination and fine motor skills at baseline and all the
assessments were repeated after the 6-month intervention.
SPSS version 26 was used to analyse the raw data of the
current study

Baseline and post-intervention data were expressed as
mean and standard deviation. Level of significance
between the two sets of readings within each group was
evaluated using paired t-test. Intergroup differences were
assessed using unpaired t-test. P<0.05 was considered
statistically significant. 

Results
Of the 70 subjects initially assessed, 40(57%) were included;
20(50%) in each of the two groups (Figure). There were
13(65%) boys and 7(35%) girls with mean age 66±4.01
months in group A, and 9(45%) boys and 11(55%) girls with
mean age 67±4.06 months in group B (p>0.05). There was
no significant variation with respect to age, weight and
height between the groups (Table 1).

Both groups showed improvement related to grasping, VMI
and fine motor quotient post-intervention, but
improvement in group B was significantly higher on each
count (Tables 2-4). 

Discussion
The post-intervention findings in both groups showed
significant increase in standard scores of VMI which may be
attributed to improvement in the sensory integration
process; the ability to promote optimal neuronal
integration, organise, and connect with the environment
with sensory inputs. Using tools of different textures and
sizes during treatment gave the children continuous
sensory information. This sensory information is critical for
adapting and acclimatisation of movements and is used to
correct errors during the execution of movements,
ensuring accuracy during the final portions of the
movements.14

The age range of the children in the present study was 6-8
years, which was similar to earlier reports15,16. A child may
assume a hand grasp with a regular effort by the time they
are 5-7 years of age to lift or grab an object without letting
it slip through their fingers17. Tarakci et al.18 concluded that
children aged 5 months to 2 years can develop the ability
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Items control study p-value t-value

Age (months) Mean ± SD Mean ± SD 0.4 0.7837
66 ± 4.01 67±4.06

Weight(kg) 26.9±0.85 26.8±0.95 0.72 0.3508
Height(cm) 116±4.05 117.37± 4.5 0.3179 1.0120

n  (%) n (%)
Gender Female 13 (65) Female 11 (55)

Male  7 (35) male 9 (45)
Affected side Right 11 (55) Right 11 (55)

Left 9 (45) Left 9 (45)

Table-1: General characteristics of the patients control and study groups.

SD: Standard deviation.

Experimental Control t-value p-value Level of 
group group significance

Mean ± SD Mean ± SD

Pre- treatment 20.50±1.94 19.55±1.03 1.9342 0.0606 NS
Post -treatment 33.07±2.5 28.45±1.04 7.6306 <0.0001 S

Table-2: Pre- and post-intervention differences for grasping.

SD: Standard deviation, NS:  Non-significant, S: Significant.

Experimental Control t-value p-value Level of 
group group significance

Mean ± SD Mean ± SD

Pre -treatment 21.45±1.14 22.05±1.05 1.7313 0.0915 Ns
Post-treatment 34.5±1.07 28.3±1.02 18.7565 <0.0001 *

Table-3: Pre- and post-intervention differences for visual motor integration.

SD: Standard deviation, NS:  Non-significant, S: Significant.

Experimental Control t-value p-value Level of 
group group significance

Mean ± SD Mean ± SD

Pre- treatment 2.5±1.4 2.7±1.4 0.4518 0.6540 Ns
Post- treatment 14.05± 2.3 10. 7±1.7 5.2382 <0.0001 *

Table-4: Pre- and post-intervention differences for fine motor quotient.

SD: Standard deviation, NS:  Non-significant, S: Significant.
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to detect the various features that make objects unique.
They develop the ability to discriminate and reorganise
various objects and begin to notice the similarities and
differences among them.  

CP children frequently have difficulty reaching, grasping,
moving, releasing and manipulating things, which is critical
for the quality and performance of activities of daily living
(ADLs).19 Children with hemiplegic CP have a limited ability
to connect with others and their surroundings, which limits
involvement and participation. Motor dysfunction in CP
children impair physical activities and result in a lack of
general experience.20,21

Deficits in fine motor abilities in the current study’s
hemiplegic children could be attributed to abnormal motor
control, abnormal muscle tone, poor synchronisation with
motor techniques, and diminished cutaneous sensation.
Furthermore, the upper limb proprioception is altered, and
the visual system is affected. It has been discovered that
repeating certain motor activities improves visual-motor
coordination as well as the ability to anticipate individual
patterns of movement. It has also been demonstrated that
visuospatial abilities are required for visual-motor skills to
work correctly. When an individual is unable to judge the
distance and location of the point where the object is to be
placed, hand-eye coordination improves.22-24

The delayed development of gripping and VMI activities in
hemiparetic children may be due to diminished muscular
strength and motor control of the upper limb, which affects
task performance and interferes with the children’s
development.25 The child’s upper limb movement is
asymmetric, and the affected limb moves slower than the
non-affected arm, with a delay in movement initiation.25

The performance of the upper limbs was enhanced by
combining cognitive training, which stimulates several
functions with upper limb therapy. This was demonstrated
by the fact that the therapy recipients outperformed the
controls, who only got normal rehabilitation techniques.
When combined with standard motor training, Rehacom-
based cognitive therapy may engage many cortical areas
at the same time. This speeds up compensatory processes,
resulting in faster improvement of a patient’s motor
capabilities, and, as a result, a shorter rehabilitation period
for hemiplegic CP patients.

The current study’s findings were consistent with those of
a study26, which hypothesised that bilateral manipulative
abilities were more significantly impacted by the visual
perceptual disorder than the child’s fundamental
apprehension pattern. This impacted the child’s ability to
use tools and release materials to other children. Cutting,

colouring and building with different types of blocks were
all impacted by this problem with visual perception.26

In all age groups there were a strong relation between
visual motor integration and cognitive development,
therefore the improvement of VMI after the training
programme caused eye and hand movements to interact
with and influence each other, that help the child meet all
of ADL requirements perceived.27

Conclusion
The addition of VMI programme by rehacom system was
found to be more effective than the effect of routine
physiotherapy training alone in children with hemiplegic
CP.
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