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Abstract This pilot study aimed to assess the effect of
dual-task training, compared to conventional therapy on
the hand functional ability and visual perception in children
with cerebral palsy. It was a pretest-posttest control group
design, conducted for 4 weeks with ten children ranged
between 5-13 years old. Participants were randomly
allocated either to the experimental group (dual-task
training) or the control group (conventional treatment). The
experimental group received the usual physical therapy
session and dual-task training sessions 3 sessions/week for
4 weeks. The control group received only the conventional
physical therapy 3 sessions/week for 4 weeks. Fine and
gross motor hand function were assessed by the
Jebsen-Taylor hand function test and the Motor-free Visual
Perception Test 3™ edition was used to assess visual
perceptual ability before intervention and at 4 weeks after
intervention. Only the experimental group showed an
improvement in hand function (p<0.05) and no significant
differences were observed between the groups (p>0.05).
Statistically significant changes were noticed in three of the
five subscales of the visual perception in the experimental
group (p<0.05) with the experimental group superior to the
control group. These findings suggest that dual-task
training conducted with a precise goal to achieve
(problem-solving) and including cognitive tasks is
beneficial in means of improving hand function and visual
perceptional ability of children with hemiplegic cerebral

palsy with a short-term effect. However, further studies on
children with cerebral palsy with a similar approach are
warranted.

Keywords Cerebral Palsy, Dual-Task Training, Hand
Function, Visual Ability

1. Introduction

Cerebral palsy (CP) is widely known as the most
common cause of the neuropediatric disorder and physical
impairment affecting children. It is an umbrella term
describing a group of non-progressive impairments which
occurs in the very early days of child development [1,2]. It
results from prenatal, perinatal, or postnatal static brain
lesions or abnormal brain development followed by a
group of neurodevelopmental disorders [2]. Cerebral palsy
has been classified variously according to movement
abnormality/degree of muscle tone (spastic, ataxic,
dyskinetic, mixed), by the most affected region
(monoplegia, hemiplegia, diplegia, triplegia, quadriplegia)
or by the gross motor ability using the Gross Motor
Function Classification System (GMFCS) [3,4,5]. Despite
the fact that children may have varied symptoms according
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to the type of cerebral palsy. Common conditions are
movement disorder, abnormal posture, sensory, cognition,
coordination,  mental  disorder,  epilepsy, and
musculoskeletal impairment [6,7].

Among children with cerebral palsy, around 25% have
spastic hemiplegia [8]. Besides, children with hemiplegic
cerebral palsy have been reported to have a high level of
cognition, capable of self-ambulation, and less affected
functional abilities [8,9,10]. However, hemiplegic cerebral
palsy usually affects more gravely the upper extremity than
the trunk and lower extremity [11]. Children may have an
abnormal hand posture with excessive thumb adduction
and flexion and restricted active wrist extension [11,12].
This results in difficulty in using hand functions in daily
activities such as reaching, holding, and grasping.

Generally, abnormal brain development may involve a
decrease in visual perspicacity and visual field, oculomotor
dysfunction, and complex associative disorders usually
referred visual perception ability impairment [13].
Perceptional and cognitive disorder, the visual perceptional
ability is an essential element for a successful self-care task
performance and participation in society-related activities.

Visual perception ability is reported to have a significant
correlation with the dominant upper limb ability in children
with cerebral palsy [14]. The same correlation was found in
older adults as impaired visual perception ability may
influence hand function in general and manual dexterity in
particular [15]. Moreover, a poor upper limb-hand function
may lead to a decrease in visuospatial and visuo-temporal
ability resulting in difficulties in activities of daily life.
Besides, most daily activities require simultaneous
execution of 2 or more functional tasks. Though, dual-task
training which is the performance of more than one task
different from nature at the same time has been proved to
be effective for postural control (involving attention, eye
movement, muscle recruitment, etc.) in children with
hemiplegic cerebral palsy [16]. Furthermore, it has been
reported effective for hand function in children with
hemiplegic cerebral palsy [17]. However, there is no study
that investigated the effect of cognitive-motor dual training
on hand function and visual perception ability in children
with hemiplegic cerebral palsy. Therefore, the aim of the
present study was to examine the effects of dual-task
training compared to conventional therapy on hand and
visual function in children with cerebral palsy. We
hypothesized that dual-task training would enhance hand
function and visual perception ability and be superior to
conventional therapy for children with cerebral palsy.

2. Materials and Method

2.1. Study Design

This study was a pre-test-post-test control group design,
single-center conducted in a pediatric center located in
Seoul, Korea and approved by the Institutional Review

Board of Sunmoon University. Prior to participation, all
children’s parents/legal guardians received explanations
regarding the details of the study, and conscious consent
was obtained.

2.2. Participants

Ten (10) children ranging from 5 to 14 years old, 7
boys and 3 girls were recruited for this study. Participants
were included after receiving written consent from
parents/legal guardians who voluntarily accepted their
children to participate in the study. The inclusion criteria
were children diagnosed with hemiplegic cerebral palsy,
those with upper extremity muscle tone scores less than
three (3) on the modified Ashworth scale, those able to
hear, understand, and follow basic tasks, those who did
not receive injections of anti-spastic to reduce rigidity
within the last 2 months. Those who did not satisfy the
above-required selection criteria were excluded.
Participants were equally and randomly allocated to either
the experiment group (n=5) or the control group (n=5).

The randomization was performed by an independent
hospital personnel (receptionist) using Microsoft Excel
who assigned participants to their respective groups
without knowing the nature of the intervention
(experiment or control).

Table 1. General characteristics of participants
Experimental group Control group
(n=5) (n=5)
4boys, 3boys,
Gender .y .y
1girls 2girls
Age 10.3+£3.9 10.8+3.6
Height(cm) 128.8+18.4 129.5+21.2
Weight(kg) 29.4+12.7 31.1+12.4
. 3left hemiplegia, 4left hemiplegia,
Diagnoses . ] . . ] .
2right hemiplegia 1right hemiplegia
MAS 1.90+.87 2.00+.66

meantstandard deviation, MAS: Modified Ashworth Scale

2.3. Measurements

In this study, the measurement was conducted twice,
one before and one after the intervention program. All the
measurements were performed by a therapist blinded to
the participants’ group allocations. We used the
Jebsen-Taylor Hand Function (JTHF) to assess hand
function and the Motor-free Visual Perception Test 3™
edition (MVPT-3).

The Jebsen-Taylor Hand Function Test is one of the
standardized hand function tests which is a task
performance-based measurement with good to excellent
test-retest reliability [18,19]. It consists of seven (7)
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subtests (1) Writing; (2) Simulated page turning, (3)
Lifting small, common objects; (4) Simulated feeding; (5)
Stacking checker; (6) Lifting large, light object; (7)
Lifting large, heavy object, evaluating overall the function
of the upper limbs, especially the fine and gross motor
ability. However, in the present study, only 6 subtests were
assessed excluding the “writing” subtest since some
children unable to write were included in the experiment.

The Motor-free Visual Perception Test 3rd edition is a
measurement tool designed to evaluate visual perceptual
ability regardless of any motor skill involvement which is
totally adapted to the present study’s participants. It is a
reliable and valid screening tool [20]. The MVPT-3 is
used specifically to assess (1) spatial relationship, (2)
visual discrimination, (3) figure-ground (4) visual closure,
and (5) visual memory.

2.4. Intervention

2.4.1. Experimental group

The children allocated to the experimental group
received a goal-centered dual-task training program added
to the basic hand function training program given to the
control group. The training session lasted 30min/session,
plus 15 min for the dual-task training all for 4 weeks. The
tasks were goal-centered problem solving designed in a
simple way to be easily followed by the participants and
included activities involving functional hand movement
while performing simultaneously a cognitive task
associated with visual perceptional ability. The training
consisted primarily of passive stretching of wrist and elbow
flexor and forearm pronator muscles, neurodevelopmental
training using proximal and distal key points of control for
the upper extremity, and protective extensor thrust to
improve protective reactions. Secondary, griping, reaching,
holding, and object manipulation exercises were performed
with a goal to achieve while training for visual perception
ability. At the therapist’s verbal and gesture command,
participants were instructed to pick objects from a toy bag
and to range them according to their colors, shapes
(triangles, rectangle, circular), and size (small, medium,
big) and naming each object with their color and shape.
Prior to the execution of the task, the therapist in charge
demonstrated the task and explained the procedure to
facilitate understanding.

2.4.2. Control group

All the children allocated to the control group received
a 30min session of usual physical therapy conducted by
the therapist in charge. The hand training session
consisted of a neurodevelopmental treatment program
using proximal and distal key points of control for the
upper limbs, gentle and gradually prolonged passive
stretching of the muscle liable to be tight (wrist flexors,
elbow flexor, forearm pronator), wrist and elbow extensor
strengthening, upper limbs weight-bearing exercise,
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protective extensor thrust to improve protective reactions,
basic handgrip with various objects with different size,
shape, and weight (ball, cup, toy, bowl, spoon, etc.),
reaching and holding exercises. They all received
additional electrical stimulation on the wrist extensor
muscles to stimulate wrist extension. The program was
conducted 3times a week for 4 weeks. Figure 1 below
displays the flow diagram outlining the study procedure.

Enrollment

‘ Assessed for eligibility (n= 10 )

Excluded (n=0)
+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=10 )

Randomized (n=10 )

Allocation

[ |

Allocated to experimental group
(n=5)

Allocated to control group
(n=5)

[ Assessment at Baseline week 0 J

Conventional therapy
3times/week

Dual-task training
3timesiweek

[Assessment Post-intervention week 4]

!

Analysed (n=5) Data analysis
Excluded from analysis (n=0)

Figure 1.

Analysed (n=5)

Excluded from analysis (n=0)

Study procedure

3. Data Analysis

Data were analyzed using IBM SPSS Statistics Version
26.0. Armonk, NY for windows. Descriptive statistical
analysis was conducted for the general characteristics of
the participants and expressed as mean standard deviation.
Because the participant’s most affected side (hemiplegic
side, diplegic) was not distributed normally and the sample
size was very small, a nonparametric Wilcoxon
signed-rank test was used to define changes within the
groups, and a Mann—Whitney U-test was chosen to
compare the difference of values between the groups.
P<0.05 was set to indicate statistical significance.

4. Results

The mean age of the experiment group was 10.3+3.9
years, 80% were boys and 20% were girls with 60% left
hemiplegic, and 40% right hemiplegic. In the control group,
the mean age was 10.843.6 years, 60% were boys and 40%
were girls with 80% left hemiplegic and 20% right
hemiplegic. The comparison of pre-intervention and
post-intervention of hand function within each group and
between group differences are shown in Table 2. We
observed a significant difference in almost all JTHF
variables (p<0.05) in the experimental group (both right
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and left side) expecting staking checker (p>0.05).
Regarding the changes in hand function in the control
groups, we observed a significant difference between the
pre-intervention and post-intervention in almost all JTHF
variables (0<0.05) expecting staking checker and lifting
large heavy object (p>0.05). Moreover, the between groups
comparison did show a significant difference in Lifting
large heavy object (right and left) and lifting large light
object (right) (p<0.05). All the other variables on both the
right and left sides did not show a significant difference
(p>0.05). The comparison of the within group pre-post
intervention and the between group comparison of visual

perception ability is shown below in Table 3. The result
showed a significant difference between the
pre-intervention and post-intervention in the experimental
group in the spatial relationship, visual discrimination, and
figure-ground (p<0.05). In the control group, a significant
difference was observed only in the spatial relationship
(p<0.05). Moreover, during the comparison of the two (2)
groups, there was not a significant difference in almost all
variables expecting spatial relationship and visual
discrimination which were superior in the experimental
group to the control group (p<0.05).

Table 2. Changes in hand function ability within group and between group

Experimental group Control group
Variables Side Pre-test Post-test t Pre-test Post-test t p
Simulated Rt 10.50+8.83 14.48+7.58 -2.023* 9.20+2.89 13.39+5.80 -2.023* .841
page turning 13.46+14.19 18.87+13.63 -2.023%* 13.46£14.19 15.02+13.40 -2.023%* 151
1.000
Lifting small Rt 12.93+£7.25 21.30+10.88 -2.023* 14.26+7.04 21.46+7.14 -2.023*
objects
Lt 20.99+18.55 34.21+£25.27 -2.023* 20.99+18.55 26.44+17.03 -2.023* .548
Simulated Rt 19.71£5.68 24.35+4.65 -2.023* 23.66+5.74 29.14+6.27 -2.023* 421
feeding Lt 15.15+44.85 20.34£66.18 2.023%  23.35:7.81 29.78+6.70 -2.023* 151
Stacking Rt 11.18+9.33 10.32+8.7 -.674 8.8444.59 6.71£3.40 -1.753 1.000
checker Lt 11.73+10.31 12.17421.43 -1.214 11.85+11.22 12.31+10.88 -.944 841
Lifting large Rt 8.95+7.04 14.50+8.39 -2.023* 9.91+6.45 5.85+1.48 -2.023* .008*
lightobject ¢ 11.55+12.07 2244426 82 2.023% 13554772 18.25+8.53 -2.023* 690
Lifting large Rt 9.17+8.70 13.45+8.06 -2.023* 8.05+3.86 7.54+3.89 -1.483 .008*
heavyobject  py  1320+17.99 32.32423.67 -2.023* 9.20£9.08 9.79+8.82 -1.483 008*
meandtstandard deviation, Rt: right, Lt: left, t: Wilcoxon signed-rank test, p: Mann—Whitney U-test, *p<0.05
Table 3. Changes in visual perception ability within group and between group
Experimental group Control group
Variables Pre-test Post-test t Pre-test Post-test t p
Spatial relationship 2.40+1.67 6.00+1.41 -2.032* 3.60+1.51 7.40+1.51 -2.060* .841%*
Visual discrimination 5.60+2.88 10.60+2.88 -2.041* 5.60+£2.07 6.00+1.87 -1.000 .016*
Figure-ground 3.40+1.51 8.00£1.00 -2.060%* 3.20£1.48 3.80+1.64 -1.342 .008
Visual closure 6.00+£3.39 6.40+4.33 -.5552 6.40+£2.96 6.80+3.42 -.816 1.000
Visual memory 5.40+£2.19 5.40+2.70 .000 6.40+1.67 6.60+1.51 577 1.000

mean+standard deviation, t: Wilcoxon signed-rank test, p: Mann—Whitney U-test, *p<0.05
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5. Discussion

The current pilot study aimed to evaluate the effect of
goal-oriented dual-task training and compared it to
conventional physical therapy training on hand function
and visual perception ability of children with hemiplegic
cerebral palsy. The main findings of this study are that
dual-task training and conventional training were both
beneficial for hand function rehabilitation, but only
dual-task training influenced visual perception ability.

Children having hemiplegic cerebral palsy usually have
muscle weakness in the wrist extensor muscles and high
muscle tone in flexors [21]. Apart from muscle weakness
and spasticity, children struggle with active movement of
hand reported to be caused by a lack of motor unit
recruitment. [16,22]. However, studies have proved that
restricted use of the less affected hand (uninvolved side) to
the detriment of the most affected side (involved hand)
referred as constraint-induced movement therapy (CIMT)
facilitates motor unit recruitment and improves hand
function in hemiplegic cerebral palsy [23,24,25].

In the present study, our result was similar between the
experimental group and the control group for the hand
function except for lifting a large heavy object (right and
left side) and lifting a large and light object (right side).
This improvement of hand function in children of both
groups without a major difference between them can be
explained by the similarity of basic hand function training
they received. Passive gradually maintain stretching of
wrist flexors, elbow flexors, and forearm pronation
accompanied with extensors strengthening are the basic
training related to hand muscle condition [26].
Additionally, restricted use of less affected hand and
intensive use of affected hand during the training in both
groups may explain the present results. A similar
explanation was found in a previous study declaring the
forced use of the affected hand enhances the improvement
of hand function [11].

The improvement of visual perception ability in the
experiment group may be attributed to the consistency of
the added cognitive task, which was consisted of the
organization by color, shape, and size of the different
objects while naming each object according to its color and
shape. This did not have a beneficial effect on visual
closure and visual memory but affected visual spatial skills
(e.g., depth, distance), visual discrimination skills (e.g.,
discerning differences between object shape, color, size),
figure-ground skills (understanding what they see, e.g.,
differentiate picture from its background). The explanation
of why visual closure which is the ability to recognize an
object/picture and visual memory which is the ability to
register a piece of visual information did not improve may
be due to decreased intellectual ability of participants of
this study. Previous studies have shown a correlation
between intellectual capacity and visual memory which
supports the result of our study [27,28]. Moreover,
repetitive practice of a certain exercise or movement may
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enhance brain reorganization which may also be
considered as a part of motor learning.

In a previous study on hemiplegic patients, authors
reported that repetitive training may have limited effect if
performed without any goal to achieve or problem to solve
[29]. We also notice that children with cerebral palsy as the
majority of children with developmental disorders need
constant stimulation and motivation helping in physical
and social participation. In other words, goal-oriented,
problem-solving repetitive training conducted
simultaneously with cognitive training as performed in the
present study facilitates movement execution and
improvement of hand function as well as some ability of
visual perception.

However, this study has several limitations. First, the
sample size was very small, the gender repartition was not
equal and the distribution of the side of the hemiplegia was
not equal. Thus, it reduces the possibility to generalize the
result to a large sample size. Secondly, the intervention was
conducted just 3 times a week for 4 weeks for a total of 12
sessions without a follow-up. Future research is needed to
investigate the long-term effect of dual-task training on
hand function and visual perception ability in children with
hemiplegic cerebral palsy. However, despite these
limitations, the results of this pilot study were able to assess
the differences between dual-task training and
conventional physical therapy training for this population.

6. Conclusion

The main conclusion of the present study is that the
dual-task training conducted with a precise goal to achieve
(problem-solving) and including cognitive tasks does not
have only a beneficial effect on hand functions but also on
visual perception ability, especially on spatial relation,
visual discrimination, and figure ground. Moreover,
conventional physical therapy training for hand function
has a statistically significant effect on hand function but
does not influence visual perception ability in children with
cerebral palsy. Besides, these findings represented a
promising treatment approach for hand management in
children with cerebral palsy and further studies are needed
to investigate rigorously a long-term effect.
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