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ABSTRACT

Background: Unilateral spastic cerebral palsy (USCP) is a neurological condition that primarily affects motor function on one
side of the body, leading to significant impairments in hand and arm coordination, daily activities, and overall quality of life.
Conventional rehabilitation approaches often focus on unimanual training, limiting the development of bimanual skills
necessary for functional independence. Hand and Arm Bimanual Intensive Therapy (HABIT) has emerged as a promising
intervention aimed at improving bilateral coordination through structured, task-oriented activities by leveraging
neuroplasticity.

Objective: This study aimed to evaluate the effects of HABIT on motor function, functional independence, and quality of life
in children with USCP, providing evidence for its therapeutic efficacy.

Methods: A randomized controlled trial was conducted on 20 children diagnosed with USCP, recruited from Children's
Hospital Faisalabad using a non-probability sampling technique. Participants were randomly allocated into two groups: Group
A received HABIT, while Group B served as the control group and underwent conventional therapy, including passive range
of motion exercises and stretching. The intervention was administered over 12 weeks, with three sessions per week. Outcome
measures included the Bimanual Performance Test (BPM), Functional Independence Measure (FIM), and Quality of Life Score
(QoL). Data were analyzed using SPSS, with statistical significance set at p < 0.05.

Results: Post-intervention assessments demonstrated significantly greater improvements in Group A compared to Group B.
The BPM scores increased from 25.6 = 4.2 to 32.1 £ 3.9 in Group A, while Group B showed a lesser improvement from 24.8
+ 3.8 t0 27.5 £ 4.0 (p < 0.001). FIM scores improved from 40.2 + 5.3 to 48.7 £+ 4.8 in Group A, whereas Group B increased
from 39.7 £ 5.1 to 43.1 £ 5.0 (p < 0.001). Similarly, QoL scores improved from 65.3 + 7.4 to 72.9 &+ 6.2 in Group A, compared
to 64.2 £ 7.1 to 66.8 = 7.0 in Group B (p < 0.001).

Conclusion: The findings support the efficacy of HABIT in significantly improving bimanual motor function, functional
independence, and quality of life in children with USCP. The structured, intensive nature of the intervention suggests its
potential as an effective rehabilitation strategy for pediatric neurorehabilitation.

Keywords: Activities of daily living, Cerebral palsy, Children, Functional independence, Motor skills, Quality of life,
Rehabilitation.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 433



4+,

INSIGHTS-JOURNAL OF
INSIGHTS-JHR

HEALTH AND REHABILITATION INSIGHTS-JOURNAL OF HEALTH

AND REHABILITATION ® = &

INTRODUCTION

Unilateral spastic cerebral palsy (USCP) is a subtype of cerebral palsy that primarily affects one side of the body, leading to motor
impairments that hinder the ability to perform essential developmental tasks. Children with USCP experience difficulties in hand and
arm movement, reduced strength, impaired bimanual coordination, and challenges in executing tasks requiring bilateral hand use. These
limitations significantly impact their quality of life, affecting learning, interpersonal relationships, and personal care (1-3). Cerebral
palsy remains the most prevalent childhood motor disability, occurring in approximately 2 to 3 per 1,000 live births worldwide,
translating to an estimated 17 million affected individuals globally (4). In Pakistan, the prevalence mirrors global statistics, yet limited
access to healthcare leads to underreporting and delayed diagnosis and interventions, exacerbating the condition’s long-term impact (5—
7). In recent years, advancements in rehabilitation have shifted focus from traditional approaches to functional, neuroplasticity-based
interventions designed to optimize motor function and independence (8, 9). Among these, Hand and Arm Bimanual Intensive Therapy
(HABIT) has emerged as an evidence-based approach that targets bimanual coordination through structured, goal-oriented training.
Unlike conventional therapies that emphasize unimanual task performance, HABIT engages both hands simultaneously to facilitate
functional improvement in everyday activities (10—12). This therapy capitalizes on neuroplasticity by reorganizing neural pathways
through repetitive, meaningful activities, fostering motor skill development, and promoting self-sufficiency (11, 13, 14).

Research has demonstrated that HABIT leads to notable improvements in bilateral hand use, making tasks such as dressing, eating, and
playing more manageable while reducing frustration in children with USCP (15). By enhancing motor function and self-care abilities,
this therapy not only promotes independence in activities of daily living but also alleviates caregiver burden, ultimately contributing to
a more supportive and less stressful family environment. However, despite its established benefits, HABIT remains underutilized,
particularly in regions with limited access to specialized rehabilitation services. This study aims to evaluate the impact of HABIT on
functional outcomes in children with USCP, addressing gaps in existing research and reinforcing the significance of bimanual training
in neurorehabilitation.

METHODS

This randomized controlled trial was conducted to evaluate the effectiveness of Hand and Arm Bimanual Intensive Therapy (HABIT)
in children with unilateral spastic cerebral palsy (USCP). A total of 20 children diagnosed with USCP were recruited from Children’s
Hospital Faisalabad using a non-probability sampling technique. Participants were aged between 6 and 12 years, classified as Level 11
on the Gross Motor Function Classification System (GMFCS), and had the ability to follow instructions and actively participate in
therapy sessions. Those who had received intensive hand or bimanual therapy within the preceding six months, had severe cognitive
impairments or significant neurological comorbidities affecting their ability to engage in the study, had undergone upper limb orthopedic
surgery or botulinum toxin injection within the past six months, or had advanced contractures and deformities significantly limiting
upper limb motion were excluded. Additionally, children unable to attend therapy consistently were not considered for participation.
Participants were randomly assigned into two groups. Group A received HABIT, focusing on task-specific, goal-oriented bimanual
activities, while Group B served as the control group and received conventional therapy consisting of passive range of motion exercises
and stretching. Both groups underwent therapy for a duration of 12 weeks, with three sessions per week. The study strictly adhered to
ethical guidelines, ensuring informed consent was obtained from parents or legal guardians before participation. Ethical approval was
granted by the institutional review board (IRB) of the respective institution.

Outcome measures included the Bimanual Performance Test (BPM) to assess hand function, the Functional Independence Measure
(FIM) to evaluate self-care and daily living activities, and the Quality of Life Score (QoL) to determine the impact of therapy on overall
well-being. Data collection was conducted at baseline and post-intervention to assess functional improvements. Statistical analysis was
performed using SPSS, with appropriate statistical tests applied to determine the significance of differences between the intervention
and control groups. The study was conducted from March 2024 to November 2024. Randomization was conducted using a computer-
generated random sequence to ensure unbiased allocation of participants into the intervention and control groups. Allocation
concealment was maintained through sealed opaque envelopes to prevent selection bias. Blinding of assessors was implemented to
enhance the reliability of outcome evaluations. Data analysis was performed using SPSS, with descriptive statistics used to summarize

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 434



Zohls:zg i/{lg;t;il: Habit for Motor Function in Unilateral Spastic Cerebral Palsy + * INSIGHTS-JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

baseline characteristics and inferential statistics, including paired and independent t-tests, applied to compare pre- and post-intervention
outcomes. A p-value of <0.05 was considered statistically significant.

RESULTS

The study included 20 children diagnosed with unilateral spastic cerebral palsy (USCP), with a mean age of 8.4 + 1.2 years in the
intervention group and 8.6 + 1.4 years in the control group. Gender distribution was comparable, with 12 males and 8 females in the
intervention group, while the control group comprised 10 males and 10 females. The affected side distribution was slightly varied, with
left-sided involvement in 14 participants and right-sided involvement in 6 participants in the intervention group, whereas the control
group had 13 left-sided and 7 right-sided cases. All participants were classified as Level II on the Gross Motor Function Classification
System (GMFCS). Within-group analysis demonstrated significant improvements in all outcome measures following the intervention.
The intervention group showed an increase in Bimanual Performance Test (BPM) scores from 25.6 + 4.2 at baseline to 32.1 & 3.9 post-
intervention, whereas the control group exhibited a more modest improvement from 24.8 + 3.8 to 27.5 + 4.0. Functional Independence
Measure (FIM) scores improved from 40.2 £ 5.3 to 48.7 + 4.8 in the intervention group, while the control group recorded a lesser
increase from 39.7 + 5.1 to 43.1 + 5.0. Similarly, the Quality of Life Score (QoL) rose from 65.3 + 7.4 to 72.9 + 6.2 in the intervention
group, compared to a more limited increase from 64.2 + 7.1 to 66.8 £+ 7.0 in the control group.

Between-group analysis further highlighted the superiority of the intervention. The mean change in BPM scores was significantly higher
in the intervention group (6.5 £ 1.5) compared to the control group (2.7 + 1.3), with a p-value of <0.001. Similarly, FIM scores improved
by 8.5 + 1.2 in the intervention group versus 3.4 £ 1.1 in the control group (p < 0.001). The intervention group also exhibited greater
improvements in QoL scores (7.6 £ 1.4) than the control group (2.6 £ 1.2), with statistical significance (p < 0.001). These findings
indicate that Hand and Arm Bimanual Intensive Therapy (HABIT) led to substantial functional and quality-of-life improvements
compared to traditional therapy.

Table 1: Demographic Characteristics

Characteristics Group A (HABIT) Group B (Control)
Age (years) 84+1.2 8.6+14

Gender (M/F) 12/8 10/10

Affected Side (Left/Right) 14/6 13/7

Gross Motor Function Classification 11 11

System (GMFCS) Level

Table 2 within-group analysis of outcome measures before and after the intervention.

Outcome Measures Group A (Pre) Group A (Post) Group B (Pre) Group B (Post)
Bimanual Performance 25.6+4.2 32.1+39 24.8+3.8 27.5+4.0

Test (BPM)

Functional 40.2+5.3 48.7+4.8 39.7+5.1 43.1+5.0
Independence Measure

(FIM)

Quality of Life Score 653+7.4 72.9+6.2 64.2+7.1 66.8+7.0
(QoL)
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Table 3: between-group analysis of changes in outcome measures, including statistical significance (p-values).

Outcome Measures Group A Group B p-value
Bimanual Performance Test 6.5+1.5 27+13 <0.001
(BPM)
Functional Independence 8.5+ 1.2 34+1.1 <0.001
Measure (FIM)
Quality of Life Score (QoL) 7.6+t14 26+12 <0.001
Between-Group Analysis (Post-Intervention Changes) Within-Group Analysis (Pre vs Post)
Group A (HABIT) Group A Pre
8t Group B (Control) 701 Group A Post
B Group B Pre
7+ 60| Group B Post
o
S6f
(]
=
o T
2
24f
(9]
=
2 =
1 |
0 BPM FiM QoL 0 BPM FIM QoL
Outcome Measures Outcome Measures
Figure 1 Group Analysis of Post Intervention Changes Figure 2 Group Analysis Pre Vs Post
DISCUSSION

The present randomized controlled trial evaluated the effects of Hand and Arm Bimanual Intensive Therapy (HABIT) on functional
outcomes in children with unilateral spastic cerebral palsy (USCP). Both intervention and control groups were comparable in baseline
characteristics, including age, gender distribution, and affected side, ensuring a balanced comparison and minimizing bias. All
participants had mild to moderate motor impairments classified as GMFCS Level II, further supporting the reliability of outcome
assessments. The within-group analysis revealed significant improvements in bimanual performance, functional independence, and
quality of life following HABIT. The intervention group exhibited a substantial increase in Bimanual Performance Test (BPM) scores,
from 25.6 + 4.2 to 32.1 + 3.9, whereas the control group demonstrated a comparatively lower improvement from 24.8 + 3.8 to 27.5
4.0. Functional Independence Measure (FIM) scores improved by 8.5 £ 1.2 points in the intervention group, while the control group
showed an increase of only 3.4 + 1.1 points. Similarly, Quality of Life (QoL) scores increased by 7.6 + 1.4 points in the intervention
group, in contrast to 2.6 + 1.2 points in the control group. These findings align with prior research emphasizing the effectiveness of
HABIT in enhancing motor skills, daily functional independence, and overall well-being in children with USCP (17, 18).

Between-group comparisons further reinforced the efficacy of HABIT, with statistically significant differences observed across all
outcome measures. The mean change in BPM (6.5 + 1.5 vs. 2.7+ 1.3), FIM (8.5+ 1.2 vs. 3.4+ 1.1), and QoL (7.6 + 1.4 vs. 2.6 + 1.2)
underscored the superiority of HABIT over conventional therapy. The statistical significance of these improvements (p < 0.001)
highlights the strong impact of intensive bimanual training on functional recovery in USCP (19, 20). The study’s strengths include its
randomized controlled design, ensuring a rigorous assessment of the intervention’s efficacy. The structured application of HABIT, with
targeted task-oriented activities, provided a consistent framework for evaluating bimanual improvements. The use of standardized
outcome measures, including BPM, FIM, and QoL scores, enhanced the reliability of findings. However, certain limitations warrant
consideration. The small sample size may limit generalizability, necessitating further studies with larger cohorts. Additionally, the short
intervention period of 12 weeks, while demonstrating significant results, does not account for long-term sustainability of improvements.
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Future research should incorporate extended follow-up periods to evaluate the persistence of gains and potential regression over time.
Another limitation pertains to the lack of neuroimaging or objective biomarkers to substantiate the neuroplastic changes associated with
HABIT. Incorporating advanced imaging techniques in future studies could provide deeper insights into the underlying neural
mechanisms facilitating functional recovery.

Despite these limitations, the study reinforces the role of HABIT as a promising rehabilitation strategy for children with USCP, offering
significant advantages over conventional therapy. Future research should explore individualized treatment protocols, incorporating
variations in intensity and duration to optimize functional outcomes. The integration of home-based HABIT programs, coupled with
caregiver training, may further enhance accessibility and adherence, ensuring sustained benefits beyond clinical settings.

CONCLUSION

The findings of this study strongly support the efficacy of Hand and Arm Bimanual Intensive Therapy (HABIT) in enhancing motor
performance, functional independence, and overall quality of life in children with unilateral spastic cerebral palsy. The intervention
demonstrated significant therapeutic potential by addressing bimanual coordination deficits through structured, task-oriented activities.
These results highlight the importance of incorporating intensive bimanual training into rehabilitation programs as a targeted approach
to improve daily functional abilities and promote greater independence. By reinforcing motor learning principles and harnessing
neuroplasticity, HABIT offers a valuable strategy for optimizing long-term outcomes in pediatric neurorehabilitation.
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