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Effect of using adaptive seating equipment
on grasping and visual motor integration in
children with hemiparetic cerebral palsy: a
randomized controlled trial
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Abstract

Background: Adaptive seating is commonly used as an intervention method to enhance postural control. The aim
of this study is to investigate the effect of using therapy ball as a seat alternative to using typical chair on grasping
and visual motor integration in the children with hemiparetic cerebral palsy. For this aim, thirty children with
hemiparetic cerebral palsy from both sexes were included in this study. The children ages ranged from 3 to 6 years
old. The degree of spasticity was 1 to 1+ according to modified Ashworth scale. The children were able to sit
independently and follow instructions. Children were randomly assigned into two groups (experimental group and
control group). Each child was evaluated before and after 3 successive months of selected occupational therapy
exercises program. All the children of both groups received the same selected occupational therapy exercises
program, but the children in the experimental group performed the exercises while sitting on therapy ball, and the
children in the control group performed the exercises while sitting on typical chair.

Results: There was a significant improvement in the measured variables for both groups after treatment. The post-
treatment results of the two groups of grasping and visual motor integration for age equivalent scores revealed
significant difference (p=0.008 and p=0.011 respectively) in favor of the experimental group.

Conclusions: Therapy ball could be used as a seat alternative to using typical chair to facilitate visual motor
integration and grasping in the children with hemiparetic cerebral palsy.
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Background
Dysfunction of the upper extremity is a common disab-
ling consequence of cerebral palsy particularly in hemi-
plegic cerebral palsy. Common disorders which affect
upper extremity function include spasticity, weakness,
limited forearm supination, and muscle shortening.
These impairments lead to problems in reaching, grasp-
ing, releasing, and manipulating objects [1].

Postural control involves orientation of the body in
space to provide a stable base for function and task per-
formance. Proper postural control is fundamental for
execution of controlled coordinated and symmetrical
movement of the upper extremity [2].
In the children with cerebral palsy, the dysfunction in

the ability to coordinate trunk muscles in the proper se-
quence leads to postural instability and affects the per-
formance of the upper limbs [3]. Stimulating proper
control of posture results in better functional execution
of activities. The children with hemiparesis benefit from
the modification of seating surface to improve postural
control and the quality of upper limb reaching [4].
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Adaptive seating devices help to maintain head and
trunk stability. Physical therapists are involved in the re-
habilitation of individuals with multiple handicaps fre-
quently recommend a suitable chair to facilitate
functional position, to increase sitting comfort and to
improve performance of manipulative skills [5].
Adaptive seating is commonly used as an interven-

tion method to enhance postural control in the chil-
dren with cerebral palsy. These adaptive seating
devices have the ability to improve the physical func-
tion. This improvement is maintained even after the
end of the intervention [6].
Since 1991, there has been an increasing informa-

tion about the benefits of using balls as an adaptive
seating to replace chairs in schools of Europe. It was
found that active seating has many benefits in pre-
venting back injury, improving poor hand writing,
helping hyperactive children to be calmer, and focus-
ing for longer time as well as helping other children
to concentrate better with better understanding of
subject materials [7]. Therapy balls as an alternative
seating device help to facilitate positive classroom be-
haviors, mental health, and fitness [8].
The previous studies are focusing on using therapy

balls as a replacement for chairs to improve posture,
back health, and school performance. In Switzerland
where Swiss balls originated, they have a program called
“Moving students are better learners.” This program has
the philosophy that moving students become less bored
and having the ability to focus more on classroom activ-
ities. It helped the children to move from place to an-
other without moving the furniture and causing noise.
This makes the classroom environment calmer and helps
the children to concentrate better [9].
Therapy balls also were used as a seat alternative to

using office chairs. They helped to maintain active
seating posture to maintain the balance during sitting
on the ball as it keeps the abdominal and back mus-
cles active [10].
Therapy ball chairs are increasingly used with chil-

dren’s sensory and motor impairments. It has the bene-
fits of improving balance, addressing postural control,
attention, and improving vestibular and proprioceptive
sense [11].
There are a few studies applied to assess the effect of

using therapy ball as a seat alternative to using chairs in
handicap children. The focus was on its effect on behav-
ior and participation in the special education classroom.
The majority of these studies were applied on attention
deficit hyperactivity disorder [8, 12–14] and autism
spectrum disorder [9, 11]. Also, other studies were done
on normal students to assess the effect of therapy ball
seating on sitting discomforts, task behavior, and aca-
demic achievement [8, 10, 15].

The aim of this study is to investigate the effect of
using therapy ball as a seat alternative to using typical
chair on grasping and visual motor integration in chil-
dren with hemiparetic cerebral palsy.

Methods
Study design
A randomized controlled trial. Children were assigned
randomly (simple randomization; closed envelopes) into
two groups with fifteen children in each group (experi-
mental group and control group). The first author gen-
erated the randomization. This study adheres to
CONSORT guidelines.

Participants
Thirty children with hemiparetic cerebral palsy were in-
cluded in this study. Both sexes were considered. The
age of the children was from 3 to 6 years old. All the
parents of the children were informed about the purpose
of the study and provided their written consent before
participating in this study.
Inclusion criteria: Children were included in this study

if they were diagnosed as children with hemiparetic
cerebral palsy, the age was from 3 to 6 years old, and the
degree of spasticity was from 1 to 1+ according to modi-
fied Ashworth’s scale [16]. They were able to sit inde-
pendently and to follow instructions.
Exclusion criteria: Children were excluded if they had

visual or auditory defects that may affect their perform-
ance, had fixed upper limb deformities that hinder the
assessment and training procedures, or had an injection
with botulinum toxins in the last 6 months before
enrollment.
As represented in Fig. 1, children were assigned ran-

domly (simple randomization; closed envelopes) into
two groups with fifteen children in each group (experi-
mental group and control group). Evaluation was carried
out before and after three successive months, 3 times/
week for 1 h for the experimental and the control
groups. All the children of both groups received the
same selected occupational therapy exercises program
but the children in the experimental group performed
the exercises while sitting on therapy ball seating and
the control group performed the exercises while sitting
on typical chair. Intervention was conducted and data
was collected in the outpatient clinic of Faculty of phys-
ical therapy, Cairo University.

Materials
For the evaluation of grasping and visual motor
integration
Peabody developmental motor scal 2 [17, 18] is used. It
is a norm-referenced gross and fine motor scale that is
used for the evaluation of motor development in the
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children with motor development delay. The scale con-
sists of 98 fine motor items which are divided into two
subtests (26-item grasping and 72-item visual-motor in-
tegration). It has an excellent validity and reliability as a
discriminative measure [17, 18]. Separate scores could
be obtained for visual-motor integration and grasping to
assess the ability of the child to perform eye-hand coord-
ination tasks and to use his or her hands respectively.
The testing scores could be represented as standard
scores or age equivalent scores which are used in this
study to assess the improvement in fine motor abilities
of the children and the improvement in their develop-
mental age.

For the treatment
For the experimental group: different sizes of therapy
balls were used as an adaptive seating equipment
during intervention according to the child height.
Adjustable rubber ring was placed under the ball to
increase its stability. The child should sit on the ball
with right angles at the hip and the knee joints with
his or her feet rested on the ground. The child sat in
front of a table adjusted to his or her height to allow
right angles of the elbows while the forearms rested
on the table.

For the control group: Wooden armless chairs with dif-
ferent heights and sizes according to the child height
were used during intervention. The child should sit on
the chair with right angles at the hip and the knee joints
with his or her feet rested on the ground. The child sat
in front of a table adjusted to his or her height to allow
right angles of elbows while the forearms rested on the
table.
For both experimental and control groups: the follow-

ing tools were used to administer the selected exercises
program: shoelace, card with holes, hair brushes, rattles,
scissors, bottles with screw-on caps, large button strip,
cups and spoons, cubes, puzzle, sheets, markers, tooth-
brushes, toys, penny, sponge, and different sized beads.

Procedures
For the evaluation of grasping and visual motor
integration
Test scoring: Peabody developmental motor scale 2 [17,
18] is applied as follows. The child scored 2 if the testing
item was performed according to the criteria specified
for mastery. The child scored 1 if the testing item was
performed with a clear resemblance to the item mastery
criteria but did not fully meet the criteria. The child
scored zero if he or she could not attempt the item.

Fig. 1 Flowchart of the study
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Test administration: Entry/start point, basal level and
ceiling level should be used for all subtests:
Item administration begins at the point appropriate for

the child’s age (entry point). The child should receive a
score of (2) on the first 3 consecutive items to go for-
ward. If the child scored (0) or (1) on any of the first 3
items conducted starting from the entry point, we tested
backward until the child scored 2 on three items in a
row (basal level). Once the basal has been established,
the examiner administered progressively more difficult
items until a ceiling is established. The ceiling is deter-
mined when the child scored (0) on each of 3 items in a
row (ceiling level). A child was given a maximum of 3
trials for each item before scoring. Each item was given
a score of (0), (1), or (2). The child’s total raw score for
each subtest was computed by adding the total score for
all items in the subtest.
Interpreting the results: The scale has 5 types of scores:

raw scores, percentiles, standard, age equivalent scores
for the subtests, and quotients for the composites. The
raw scores calculated from each subtest, the standard
scores and the age-equivalent scores are obtained from
the norm’s tables provided in the manual.

For the treatment
Children were assigned randomly (simple
randomization; closed envelopes) into two groups with
fifteen children in each group (experimental group and
control group). All the children of both groups received
the same selected occupational therapy exercises pro-
gram but the children in the experimental group per-
form the exercises while sitting on therapy ball seating
and the control group perform the exercises while sitting
on chair.
Each exercise was explained and presented first by the

therapist, then the child was allowed to perform the task
by him or herself with continuous instruction and cor-
rection administered by the therapist. The whole inter-
vention session was 1 h long for each child. The study
design did not include the collection of any information
on harms
The following purposeful tasks were used: inserting

different shapes in the correct hole, stringing beads,
copying square and triangle, dropping pellets, folding
and crumpling paper, closing and opening a bottle, using
scissors to cut a paper, reaching above the level of shoul-
der, tracing line and connecting dots, reaching across
the midline, buttoning and unbuttoning button, squeez-
ing water out of a sponge, clapping, lacing string, turn-
ing book’s pages, using fine finger movements to pick up
a small piece of food, removing socks, manipulating a
penny from fingers to palm and vice versa, using a
toothbrush, and using colorful blocks with different tex-
tures and weights to build towers.

Statistical analysis
Statistical analysis of the results was performed through
the statistical package for social sciences (SPSS) version
25 for windows. Wilcoxon matched signed rank-test was
used to evaluate the differences between the results be-
fore and after the treatment program within each group
(experimental and control groups). Mann-Whitney test
was used to evaluate the differences between post treat-
ment program results for the experimental and control
groups. The level of significance for all statistical tests
was set at p < 0.05.

Results
Thirty spastic children with hemiparetic cerebral palsy
were included in this study. They were randomly
assigned into two groups (experimental and control
groups) with 15 children (6 females, 11 left hand af-
fected) in the control group and 15 children (5 females,
9 left hand affected) in the experimental group. The age
of the children in the control and experimental groups
ranged from 3 to 6 years old with mean range in months
51±10.2 and 50.53±10.51 respectively. Data obtained
from both groups before and after 3 successive months
of intervention was statistically treated to analyze the
scale scores including grasping subtest standard scores,
grasping subtest age equivalent, visual motor integration
subtest standard score, and visual motor integration sub-
test age equivalent. Comparing the results of age in
months of the children of both groups revealed that
there were no significant differences found between both
groups in the chronological age (p=0.903).
As presented in Table 1, the comparison between the

data collected from both groups before the beginning of
the treatment revealed that there was no significant dif-
ference between both groups.
As presented in Table 2, the comparison between pre-

treatment and post-treatment results of the control
group revealed that there was significant difference be-
tween the results.
As presented in Table 3, the comparison between pre-

treatment and post-treatment results of the experimental
group revealed that there was significant difference be-
tween the results.
As presented in Table 4 and Fig. 2, the comparison be-

tween the results of both groups after treatment revealed
that there was significant difference between both
groups in all results.

Discussion
This study was conducted to investigate the effect of
using therapy ball as a seat alternative to using typical
chair on grasping and visual motor integration in the
children with hemiparetic cerebral palsy. For this pur-
pose, 30 children with hemiparesis participated in this
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study. All the children were assessed before starting
the intervention and immediately after the last treat-
ment session by Peabody Developmental Motor Scales
2 [17, 18].
All the pre-treatment results revealed that there was

no significant difference between the children of the ex-
perimental and the control groups which demonstrates
the homogeneity between both groups before the start-
ing of the study.
The chronological ages of the children in the control

and the experimental groups in months were 51±10.2
and 50.53±10.51 respectively. However, the assessment
results of their developmental age before intervention re-
vealed that they had developmental delay in their
grasping, visual motor integration abilities as the devel-
opmental ages of the children in the control group were
(9 (6–10) and 14 (12–18)) respectively, and the experi-
mental group were (9 (7–14) and 13 (11–16)) respect-
ively. The children found difficulties in bilateral
activities, in movements which need fine finger move-
ments and grip strength like grasping pellets, markers,
touching fingers, removing pegs, imitating strokes, and
using tools like scissors and spoons. This agrees with the
results of the study by Sakzewski et al. [19] who studied
the relation between unilateral manual capacity and bi-
lateral performance. They concluded that there was a
strong relationship between unimanual capacity and bi-
manual performance (r=0.83). Also, this study men-
tioned that hemiplegic cerebral palsy had difficulties in
achieving bilateral such as using knife, fork, and tying
shoe laces [19].
The delayed development of grasping and visual motor

integration activities might be as a result of decreased
muscle strength and motor control of the upper limb of

the hemiparetic children which affect performing tasks
properly and interfere with the children development
[20]. The movement of the upper limbs of the child is
asymmetric and the affected limb is slower than the
non-affected arm with a delay in the movement initi-
ation [21].
After intervention, the children of the experimental

and the control groups improved significantly in their
age equivalent scores in grasping and visual motor inte-
gration subtest scores (P value=0.001, 0.001 respectively
for the experimental group) and (P value=0.001, 0.001
respectively for the control group). This significant im-
provement may be as a result of the children in the pre-
school age could progress rapidly in hand function de-
velopment with intervention at this age. This comes in
agreement with Hanna [22] and Fedrizzi et al. [23] who
concluded that the hand function development in the
children with cerebral palsy progresses during the pre-
school period, but stabilizes or even decreases as the
children develop. Also these results come in agreement
with Azzam [24] who studied the effect of an occupa-
tional therapy program on the hand function improve-
ment in the children with hemiparesis (children age
range from 4 to 6 years old) and concluded that the chil-
dren in the experimental group improved significantly in
their hand grip (P=0.001).
The post-treatment results reflect the efficacy of the

selected program for hand functions in form of play ac-
tivities from functional position instead of isolated tasks
without meaning. This agreed with Volman et al. [21]
who studied the effect of task context intervention pro-
gram on the quality of reaching, and concluded that
functional relevant tasks may enhance the reaching qual-
ity than non-functional tasks.

Table 1 Comparison of pre-treatment results of experimental and control groups

Control group (median and IQR) Experimental group (median and IQR) P-value Sig.

Grasping subtest (standard score) 1 (1–1) 2 (1–2) 0.101 NS

Grasping subtest (age equivalent score) 9 (6–10) 9 (7–14) 0.628 NS

Visual motor integration (standard score) 3 (2–3) 2 (2–3) 0.335 NS

Visual motor integration (age Equivalent score) 14 (12–18) 13 (11–16) 0.585 NS

IQR interquartile range, NS non-significant, P-value probability value, Sig. significance

Table 2 Comparison of pre-treatment and post-treatment results of the control group

Pre-treatment (median and IQR) Post-treatment (median and IQR) P-value Sig.

Grasping subtest (standard score) 1 (1–1) 3 (2–5) 0.006 S

Grasping subtest (age equivalent score) 9 (6–10) 18 (11–34) 0.001 S

Visual motor integration (standard score) 3 (2–3) 3 (3–3) 0.008 S

Visual motor integration (age Equivalent score) 14 (12–18) 18 (14–22) 0.001 S

IQR interquartile range, P-value probability value, S significant, Sig. significance
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Table 3 Comparison of pre-treatment and post-treatment results of the study group

Pre-treatment (median and IQR) Post-treatment (median and IQR) P-value Sig.

Grasping subtest (standard score) 2 (1–2) 7 (6–8) 0.001 S

Grasping subtest (age equivalent score) 9 (7–14) 37 (22–43) 0.001 S

Visual motor integration (standard score) 2 (2–3) 4 (4–4) 0.001 S

Visual motor integration (age Equivalent score) 13 (11–16) 24 (21–26) 0.001 S

IQR interquartile range, P-value probability value, S significant, Sig. significance

Table 4 Comparison of post-treatment results of experimental and control groups

Control group (median and IQR) Experimental group (median and IQR) P-value Sig.

Grasping subtest (standard score) 3 (2–5) 7 (6–8) 0.007 S

Grasping subtest (age equivalent score) 18 (11–34) 37 (22–43) 0.008 S

Visual motor integration (standard score) 3 (3–3) 4 (4–4) 0.005 S

Visual motor integration (age Equivalent score) 18 (14–22) 24 (21–26) 0.011 S

IQR interquartile range, P-value probability value, S significant, Sig. significance

Fig. 2 Comparison of post-treatment results of experimental and control groups
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When comparing between post-treatment results of
the experimental and the control groups, there was sig-
nificant difference in the post-treatment results in favor
of the experimental group in grasping and visual motor
integration subtest scores (P < 0.05)
This significant improvement in post-treatment results

of the experimental group may be attributed to the use
of adaptive therapy ball seating which encouraged chil-
dren to improve their performance of the selected train-
ing tasks through maintaining active sitting. Good erect
posture helped to provide a stable base for efficient hand
function activities. Also, sitting on ball as an alternative
to chair helped to reduce sitting discomfort and im-
proved the concentration of the children on the task
performance.
This agreed with Al-Eisa et al. [15] who studied the ef-

fect of using therapy ball as an adaptive seating equip-
ment on the academic performance and sitting
discomfort. They concluded that the sitting discomfort
and academic performance were improved in the study
group when compared to the control group using the
typical classroom chairs.
Previous studies conducted on the effects of therapy

balls in the school-age children instead of typical chairs
focused mainly on the special education students, in-
cluding students with attention deficit hyperactivity dis-
order [12–14] and the children with autism spectrum
disorder [9, 11]. These studies concluded that using
therapy ball in the classroom has positive effects on at-
tention, participation, and in-seat behavior [9, 11–14].
The limitation of this study is the small number of the

included sample so the results cannot be generalized.
From this study, it is concluded that therapy ball could
be used as an alternative for typical chair seating to fa-
cilitate grasping and visual motor coordination in chil-
dren with hemiparetic cerebral palsy. It is recommended
to conduct studies with larger samples and studies to in-
vestigate the effect of therapy ball on postural control
and attention in the children with cerebral palsy.

Conclusion
Therapy ball could be used as an alternative for typical
chair seating to facilitate grasping and visual motor inte-
gration in the children with hemiparetic cerebral palsy.
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