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Abstract---Cerebral palsy is broad term constituting motor disorders,
functional impairments and gait disturbance. CP also causes upper
limb impairments in children making them unable to perform daily life
activities. Numerous rehabilitation techniques are being used for
improving upper limb functions. Upper limb children action
observation training is a novel, activity-based rehabilitation technique
being used for upper limb impairments in children with cerebral
palsy. The objective of this study is to determine the effects of upper
limb children action observation training with and without visual
feedback in children with cerebral palsy. This was a randomized
controlled trial, non-probability sampling technique was utilized to
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gather samples. Computer randomization was used to divide patients
into two groups; experimental group received upper limb children
action observation training with visual feedback while control group
received upper limb children action observation training only. Both
groups received interventions for four weeks straight; five days a week
and one hour per day. Melbourne Unilateral Upper Limb Assessment
Tool and ABILHAND-kids were used for assessment. Assessment were
conducted at the baseline and after four-week of treatment. The data
was analyzed by using statistical software for social sciences (SPSS
25). For within statistics of MUUL assessment of Group A and group
B’s pre intervention meant S.D was 51.38420.48 and 53.84+22.29
respectively while post intervention for group A and Group B’s meant
S.D was 104.61+13.07 and 84.89+23.89 respectively with p value of
.000. For within statistics of ABILHAND-kids assessment of group A’s
Z value was -3.11 and p value .002 and group B’s Z value was -3.183
and p value was .002. Between group studies of pre intervention
MUUL assessment, p value was .772 and after intervention p value
was .000. Pre intervention ABILHAND-kids Z value was -1.631 and p
value was .103 while post intervention Z value was -4.089 and p value
was .000. Both groups showed improvements in upper limb functions
but upper limb children action observation training combined with
visual feedback resulted in more significant improvements.

Keywords---Activities of daily living, Cerebral palsy, Rehabilitation,
Upper extremity.

Introduction

Cerebral palsy (CP) encompasses a wide range of motor disorders resulting from
early brain injury, affecting movement, posture, and muscle tone (2). The term
was first introduced 170 years ago by British orthopedic surgeon William Little
(1). The incidence of CP in industrialized countries is about 1.4-1.8 per 1000 live
births, while in middle-income regions it ranges from 2.95-3.4 per 1000 (3). Along
with movement abnormalities, CP is often associated with cognitive, behavioral,
visual, and speech impairments (4). Risk factors are classified as pre-
conceptional, prenatal, perinatal, neonatal, and infant-related (5). Common
causes include periventricular leukomalacia, intracranial hemorrhage, infection,
hydrocephalus, neonatal stroke, chromosomal defects, and brain malformations
(6). Depending on brain injury site, CP is classified as spastic, dyskinetic, or
ataxic (9). Based on limb involvement, it is further divided into quadriplegic,
diplegic, hemiplegic, and monoplegic types (1). Diplegia is most prevalent, followed
by hemiplegia (20-30%) and quadriplegia (10-15%) (7). Children with hemiplegic
CP often experience reduced quality of life (11), upper limb dysfunction, and
spastic movement patterns that hinder daily tasks and self-care (12). Around 60%
of children with CP have impaired hand function (14). Sensory deficits, including
impaired tactile and proprioceptive functions, and visual problems further affect
motor performance (16). The primary goal of management is to enhance
independence, communication, and participation in daily activities (15). CP
treatment is multidimensional, emphasizing motor rehabilitation tailored to each
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child. It is grounded in neuroplasticity, the brain’s ability to reorganize and adapt
structurally and functionally to stimuli (1). Key objectives include improving
posture, movement, coordination, upper limb use, and gait (19). Unilateral spastic
CP particularly affects bimanual coordination and sensorimotor integration,
limiting performance of activities of daily living (ADLs) (20). The ICF model
provides a framework for understanding impairment, activity limitation, and
participation restriction (18). Motor and sensory impairments contribute to weak
grip, low dexterity, and decreased movement velocity in the affected limb (21).
Bimanual therapy involves repetitive use of both hands during functional tasks
and is effective for improving coordination in unilateral CP (22). Since most ADLs
require bimanual use, poor unimanual performance leads to difficulty in everyday
activities (21). As CP has no cure, therapy focuses on symptom control,
prevention of secondary complications, and functional enhancement (23).
Engagement, motivation, and goal setting with families play a crucial role in
improving outcomes (24). Common interventions include neuromuscular
stimulation, botulinum toxin injections, occupational therapy, and orthoses, all
targeting functional independence (18). Goal-directed therapies such as
constraint-induced movement therapy (CIMT), hand-arm bimanual intensive
therapy (HABIT), and action observation therapy (AOT) have shown promise in
improving upper limb function (25). CIMT involves restricting the unaffected limb
to encourage intensive use of the affected side, strengthening motor ability in
unilateral spastic CP (8, 27). Bobath or neurodevelopmental therapy (NDT),
though widely used, is considered less effective than task-oriented approaches
but remains common in “usual care” (28, 29). Assistive technologies like virtual
reality (VR) have emerged as engaging, effective tools for enhancing motor skills in
children through interactive games (30). Video game-based therapy (VGBT)
further increases motivation and allows personalized, immersive rehabilitation
(23, 32). Transcranial direct current stimulation (tDCS) is another promising non-
invasive technique that uses mild brain stimulation to enhance motor training
effects (31). Combinations such as intramuscular BoNT-A injections with
orthotics and motor training effectively reduce spasticity and improve upper limb
function (33). Additionally, core stability exercises targeting deep trunk muscles
support posture and upper limb control, facilitating manual dexterity (34). Robot-
assisted interventions are gaining popularity in pediatric rehabilitation. Devices
such as the Hybrid Assistive Limb (HAL) support desired upper limb movements
and help restore motor control (35). AOT is based on activation of the mirror
neuron system, involving regions such as the inferior parietal lobule, inferior
frontal gyrus, and superior temporal sulcus, which facilitate motor learning
through observation and imitation (36-38). The Upper Limb Children Action
Observation Training (UP-CAT) is a recent adaptation designed for pediatric CP
rehabilitation (39). Similarly, mirror therapy (MT) uses visual illusion—reflecting
the unaffected limb’s movement—to stimulate the motor cortex and encourage
use of the affected hand (40). MT is simple, cost-effective, and non-invasive,
making it ideal for routine home-based rehabilitation (41). In recent years,
numerous studies have explored the principles and clinical applications of Action
Observation Therapy (AOT) for upper limb rehabilitation in children with cerebral
palsy (CP). In June 2023, E. Beani et al. conducted a randomized controlled trial
titled “Effectiveness of the Home-Based Training Program Tele-UPCAT”, which
implemented telemonitored AOT for unilateral CP. Thirty children were assigned
to two groups and received individualized, home-based therapy for three weeks,
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five days per week. Evaluations at baseline, 3, 8, and 24 weeks demonstrated
significant improvement in goal-directed upper limb skills (42). In the same year,
von Gunten et al. published “Action Observation Training to Improve Upper Limb
Function in Infants with Unilateral Brain Lesion”. This feasibility study on eight
children with spastic CP used home-based AOT combined with motion sensors,
revealing its potential to objectively record and enhance upper limb performance
(43). In 2022, Errante et al. examined AOT using virtual reality (VR) for motor
rehabilitation in pediatric stroke patients. Forty-seven children aged 3—-18 months
received VR-based AOT, with assessments up to six months post-treatment. The
combination enhanced engagement and treatment effectiveness (44). Similarly,
Borges et al. conducted a Cochrane systematic review including 16 RCTs (574
participants) and reported significant post-AOT improvements in hand function
(45). Sadek et al. explored mirror therapy in S0 children with unilateral CP (aged
6-12 years) over 12 weeks, finding sustained improvement in hand activity after
six months (46). A meta-analysis by Allen (2022) compared AOT and constraint-
induced movement therapy (CIMT), concluding that CIMT produced superior
functional outcomes in CP children (47). Shamili et al. (2021) demonstrated AOT’s
effectiveness in a 58-year-old stroke patient, highlighting improved upper limb
function after therapist-led and self-administered AOT (48). Earlier, Jung et al.
(2020) combined AOT with whole-body vibration (WBV) to enhance gross motor
function, balance, and gait in children with spastic CP, showing greater
improvements than WBV alone (49). Narimani et al. (2019) evaluated mirror
therapy combined with occupational therapy in 30 hemiplegic CP children and
found positive effects on dexterity and grasp strength (50). G. Sgandurra et al.
(2018) introduced the Tele-UPCAT protocol for home-based AOT, reporting
encouraging outcomes in promoting goal-directed motor learning and upper limb
function in unilateral CP (51). Despite strong evidence supporting UP-CAT and
related AOT methods, there remains limited documentation on their combined
effects with visual feedback, which may further enhance self-awareness and
motor learning. Thus, the present study aims to investigate Upper Limb Children
Action Observation Training with and without visual feedback in children with
cerebral palsy.

Material and Methods

Study Design
This study was a randomized controlled trial (RCT) registered under trial number
NCT06198179.

Sample Size & Sampling Technique

Sample size was calculated using G*Power software, yielding 26 participants.
After adding a 10% attrition rate, the total sample size was 28 (13). The
calculation used an effect size of 1.16 from a previous study, with a significance
level of 0.05 and 80% power. A non-probability purposive sampling technique was
used.
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Central and noncentral distributions Protocol of power analyses

critical t = 2.0639

-

Test family Statistical test
t tests = Means: Difference between two independent means (two groups) >
Type of power analysis

A priori: Compute required sample size - given «, power, and effect size =

Input Parameters Output Parameters
Tailis) Two el Noncentrality parameter & 2.9574313

Determine => Effect size d 1.16 Critical t 2.0638986

« err prob 0.05 Df 24

Power (1-B err prob) 0.80 Sample size group 1 13
Allocation ratio N2/N1 1 Sample size group 2 13
Total sample size 26

Actual power 0.8098509

Study Setting & Duration

The study was conducted at the Physiotherapy Department of DHQ Hospital,
Narowal. The study was completed within six months following approval from the
Board of Advanced Studies and Research (BASR).

Sample Selection

Inclusion Criteria

Participants were children with

Hemiplegic cerebral palsy (25)

Age 5-15 years, both genders included

Spasticity graded +1 on the Modified Ashworth Scale

House Functional Classification System (HFCS) score of 4-8, indicating
moderate upper limb impairment (52)

el el e

Exclusion Criteria

Children were excluded if they had

Other neurological deficits

Visual impairments (15)

Upper limb disabilities unrelated to hemiplegic CP

Uncontrolled epileptic seizures in the past three years

Non-cooperative behavior (15)

Recent BoNT-A injection or orthopedic surgery in the last six months (8,
39, 52)

caRLb-

Screening Tools

House Functional Classification System (HFCS):

A reliable tool to assess bimanual upper limb use in children with CP, rated on a
9-point scale from nonuse to independent use. It shows excellent interrater (ICC =
0.94) and intrarater (ICC = 0.92) reliability (51).



648
Assessment Tools

Melbourne Assessment of Unilateral Upper Limb Function (MUUL):

Used to assess unilateral motor function in children aged 5-15 years. It includes
16 items on a 3-5-point ordinal scale, covering reach, grasp, release, and
manipulation. Scores (0-122) are converted to percentages, with excellent
reliability (ICC = 0.97) (25).

ABILHAND-Kids Questionnaire:

A parent-reported measure assessing bimanual daily activities in children aged 6—
15 years. It contains 21 items scored on a 3-point scale (impossible—difficult-
easy). It has strong reliability (R = 0.94) and repeatability (R = 0.91) (25).

Data Collection Procedure

Participants were recruited using purposive sampling and screened using the
HFCS for eligibility. After obtaining informed consent from parents or guardians,
participants were randomly allocated into two groups using computerized
randomization:

Group A: UP-CAT with visual feedback (experimental)

Group B: UP-CAT without visual feedback (control)

Each child received 1-hour sessions, 5 days per week for 4 weeks. Assessments
were conducted at baseline and after 4 weeks using MUUL and ABILHAND-Kids
tools.

Recruitment & Randomization

Eligible participants were enrolled post-consent and equally assigned to both
groups. A computerized randomization process was applied to ensure equal
distribution.

Blindness
This was a single-blinded trial where the assessor remained blinded to group
allocation.

Intervention

Group A (Experimental Group — UP-CAT with Visual Feedback)

Following baseline evaluation, participants underwent Upper Limb Children
Action Observation Training (UP-CAT) with mirror-based visual feedback.
Sessions lasted 1 hour, involving 15 functional tasks of increasing complexity —
the first 8 unimanual and the next 7 bimanual. Each task consisted of a 2-minute
observation phase followed by 2 minutes of execution, totaling 4 minutes per
task. Children performed actions while watching themselves in a mirror for
feedback. The therapist supervised and assisted when necessary (51). Activities
included tasks like tossing coins, manipulating blocks, pouring water, sorting
colored cards, folding cloth, making clay shapes, and decorating papers. Tasks
were stratified into three levels of difficulty (1-3) according to each child’s
capability, emphasizing gradual progression in both unimanual and bimanual
coordination.
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Group B (Control Group — UP-CAT without Visual Feedback)

Participants performed the same 15 structured activities as Group A, following
identical timing and supervision, but without mirror feedback. Each child
watched pre-recorded action videos for 2 minutes, then replicated the activity for
2 minutes. The therapist monitored the child’s performance closely (51). Activities
followed the same three difficulty levels and progression pattern as in Group A.

Data Analysis Procedure

Data were analyzed using SPSS version 25. Descriptive statistics (mean, standard
deviation, percentages) were used for demographic variables. Normality was
assessed through the Shapiro-Wilk test. For normally distributed data (MUUL),
parametric tests were applied: Independent t-test for between-group comparisons,
Paired t-test for within-group analyses. For non-normally distributed data
(ABILHAND-Kids), non-parametric tests were used: Mann-Whitney U test for
between-group comparisons, Wilcoxon Signed Rank test for within-group
changes. A p-value < 0.05 was considered statistically significant.

Results & Discussion

Results

A total of 26 children with hemiplegic cerebral palsy participated in the study,
comprising 11 males and 15 females. Participants were equally divided into two
groups: Group A (experimental) receiving upper limb children action-observation
training (UP-CAT) with visual feedback, and Group B (control) receiving UP-CAT
without visual feedback. The mean age of participants in both groups was 8.30 *
2.98 years for Group A and 8.30 * 2.13 years for Group B, with an overall age
range of 5-13 years. Gender distribution showed 6 males and 7 females in Group
A, while Group B included 5 males and 8 females. The Shapiro-Wilk test of
normality indicated that data for the Melbourne Assessment of Unilateral Upper
Limb Function (MUUL) were normally distributed (p = 0.793 > 0.05), whereas the
ABILHAND-Kids data were not normally distributed (p = 0.000 < 0.05). Therefore,
parametric tests were applied for MUUL and non-parametric tests for ABILHAND-
Kids. For within-group analysis, the paired sample t-test was used for MUUL
outcomes. Group A showed a pre-intervention mean * SD of 51.38 £ 20.48 and
post-intervention mean * SD of 104.61 + 13.07, indicating a statistically
significant improvement (p = 0.000). Similarly, Group B showed pre-intervention
mean = SD of 53.84 + 22.29 and post-intervention mean * SD of 84.89 + 23.89,
also statistically significant (p = 0.000). These findings demonstrate that both
interventions improved upper limb function within their respective groups. For
ABILHAND-Kids, the Wilcoxon Signed Rank Test was applied due to non-normal
data distribution. Group A demonstrated a sum of ranks = 90, Z = -3.111, and p
= 0.002, while Group B showed sum of ranks = 91, Z = -3.183, and p = 0.001,
confirming a statistically significant difference within both groups after
intervention. For between-group comparisons, the independent t-test and Mann—
Whitney test were applied to assess post-treatment differences. In MUUL
assessment, there was no significant difference between groups before treatment
(p = 0.772), indicating comparable baseline scores. However, after four weeks of
therapy, the post-intervention mean score of Group A (104.61 * 13.07) was
significantly higher than that of Group B (84.89 + 23.89), with p = 0.015,
confirming that UP-CAT with visual feedback produced superior outcomes. For
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ABILHAND-Kids, the Mann-Whitney test revealed that pre-intervention scores
were not significantly different (Z = -1.631, p = 0.103), while post-intervention
scores showed a highly significant improvement in the experimental group (Z = -
4.089, p = 0.000). The mean rank of Group A increased from 15.92 to 19.38,
compared to Group B, which decreased from 11.08 to 7.62, indicating that
bimanual task performance improved more substantially in the group that
received visual feedback.

Table 1 Descriptive statistics of Age

Group name N Minimum Maximum Mean Standard Deviation
Age in | Group A 13 S 13 8.307 2.982
years | Group B 13 9] 13 8.307 2.136

Table 2 Descriptive statistics of Gender
Groups Frequency Percentage
Group A Male 6 23.07%
Female 7 26.92%
Group B Male S 19.23%
Female 8 30.76%
Total 26 100
Table 3 Shapiro-Wilk test for Normality
Variables Statistics df Sig.
preMUUL 977 26 .793
preABILHAND-kids .325 26 .000
Table 4 paired sample T test
Variables Groups N Mean Std. deviation | p value
Pre Group A 13 51.384 20.483 .000
interventio
n
MUUL Group B 13 53.846 22.296 .000
Post Group A 13 104.615 13.073 .000
interventio
n MUUL
Group B 13 84.461 23.890 .000
Table 5 Wilcoxon signed rank test
Groups Variables N Mean | Sum of | Z value P
ranks ranks value
Experimental preABILHAND- 13 7.50 90 -3.111 .002
group kids-
postABILHAND-
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Groups Variables N Mean | Sum of | Z value P
ranks ranks value
kids
Control PreABILHAND- 13 7 91 -3.183 .001
group kids-
postABILHAND-
kids
Table 6 Independent t Test for MUUL assessment
Variables Groups N Mean Std.Deviatio | p value
n
Pre- Group A 13 51.384 20.483 772
intervention Group B 13 53.846 22.296
MUUL
assessment
Post- Group A 13 104.615 13.073 .015
intervention | Group B 13 84.890 23.890
MUUL
assessment
Table 7 Mann-Whitney Test for ABILHAND-kids assessment
Variables Groups N Mean Sum of | Z value P
ranks ranks value
Pre- Group A 13 15.92 207 -1.631 .103
intervention Group B 13 11.08 144
ABILHAND-
kids
Post Group A 13 19.38 252 -4.089 .000
intervention | Group B 13 7.62 99
ABILHAND-
kids
Discussion

Within the context of this randomized controlled trial, individuals were assigned
to either the experimental group (Group A) or the control group (Group B) by a
random selection process. The interventions were administered to each group for
a total of twenty days, with two days of evaluation occurring at the beginning and
the conclusion of the treatment programme. One hour of therapy was provided to
each of the two groups on a daily basis. During each session, each patient
participated in a total of 15 exercises, which included 8 unimanual tasks and 7
bimanual activities. Patients who were part of the experimental or Group A
received visual feedback while they were participating in the training session. The
purpose of this research was to investigate the effects of engaging in upper limb
action observation training (UP-CAT) in children with cerebral palsy, both with
and without the provision of visual feedback. Within the context of the
rehabilitation of the upper limb in children who have cerebral palsy, the data
analysis of this study indicated that upper limb children action observation
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training (UP-CAT) displayed more promising outcomes when paired with visual
feedback. The results of this study suggest that action observation training for
children with upper limbs that includes visual feedback may have potential
benefits in terms of enhancing upper limb functions, particularly fine motor
abilities. Patients were also motivated to attain a certain function through the use
of visual feedback, which played a certain role. According to earlier research,
children with cerebral palsy benefit from upper limb children action observation
training (UP-CAT) in terms of increased upper limb functioning. All studies based
on action observation training or treatment carried out between 2010 and 2020
were gathered in this study, which is a notable systematic evaluation of
randomized controlled trials of action observation training. 2507 papers were
initially included in the evaluation; however, duplicates were removed, leaving 9
randomized controlled trials with 234 individuals. The duration of treatments was
the same for both the control and experimental groups in every study. Each
training session lasted anywhere from 20 to 60 minutes. The end result of this
randomized experiment demonstrated the usefulness of action observation
training/therapy, which was found in 7 out of 9 papers, in encouraging activities
and involvement in children with unilateral cerebral palsy. This study supported
the idea that children with hemiplegic cerebral palsy can benefit from action
observation training to improve their motor function (25). Current study showed
that upper limb children action observation training combined with visual
feedback give potential benefits for upper limb impairments in cerebral palsy
children.

Previous studies investigated the effects of action observation training on the
stiffness, gross motor function, and balance of children who were diagnosed with
cerebral palsy. Studies conducted in the past have consistently demonstrated that
children with cerebral palsy (CP) have statistically significant improvements in
their balance and gross motor abilities respectively (53). In the context of cerebral
palsy treatment, there has been a limited amount of research conducted on upper
limb children action observation training (UP-CAT). Both the previous research
and the action observation training for children with upper limbs are based on
the same idea, but the outcomes of the two sets of investigation are different.
Moreover, numerous studies are conducted on the upper limb rehabilitation in
cerebral palsy; one of them is by Bingol et al,. (11); in order to find out how the
two activity-based rehabilitation approaches affect children with cerebral palsy's
upper limb training, they compare them. For a 10-week intervention program,
they enrolled thirty children with hemiplegic cerebral palsy, aged seven to eleven.
When comparing bimanual intensive movement therapy (BIM) with modified
constraint induced movement therapy (mCIMT) for upper limb rehabilitation, they
discovered that both treatments were statistically significant. This study added
literature for activity based therapy protocol specifically upper limb. Further
researchers identified 15 different interventions for cerebral palsy rehabilitation.
According to this study constraint induced therapy (CIMT) is statistically
significant but NDT is ineffective (54). With advancement in technology,
rehabilitation techniques also being advanced in technology and virtual reality
based rehabilitation is one example. Goyal et al,. investigated different modes of
virtual reality for upper limb rehabilitation (55). In this study, therapy protocol
was activity based and it was more engaging due to visual feedback and children
did not lost interest and urged to complete treatment. Action observation therapy
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is adapted for use with children in upper limbs. In order to find out how
constraint-induced movement therapy and action observation treatment affected
the upper limb kinematics of people with cerebral palsy, Simon-Martinez et al.
carried out a randomized controlled experiment. Thirty-six kids were divided into
two groups. The experimental group had 15 hours of action observation treatment
from mCIMT. They watched films and carried out single-handed chores. They
came to the conclusion that the benefits of constraint-induced movement
treatment combined with action observation therapy on upper limb kinematics
were minimal (52). But in this study unimanual as well as bimanual activities
were performed by both groups and outcomes showed potential benefits of upper
limb children action observation training on upper limb functions. In previous
studies conducted, there is a lot of literature available on action observation
therapy but there is limited literature available on upper limb children action
observation training (UP-CAT) particularly.

Conclusion

Both groups showed improvements in upper limb functions but upper limb
children action observation training combined with visual feedback resulted in
more significant improvements.
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