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ABSTRACT

Background: Children with spastic cerebral palsy commonly experience impaired balance, postural
control, and functional independence. Task-Specific Training (TST) emphasizes repetitive practice of
functional activities, whereas Neurodevelopmental Therapy (NDT) uses therapist-guided facilitation of
posture and movement. Objective: To compare the effects of TST and NDT on balance, postural control,
and functional independence in children with spastic cerebral palsy. Methods: This parallel-group
randomized controlled trial included 40 children aged 5-12 years with GMFCS levels I-III, allocated
equally to TST or NDT. Both groups received 30-minute sessions three times weekly for six weeks.
Outcomes were assessed using the Pediatric Balance Scale (PBS), Trunk Control Measurement Scale
(TCMS), and Wee Functional Independence Measure (WeeFIM). Paired- and independent-samples t-tests
were used. Results: Both groups demonstrated significant within-group improvements in all outcomes
(p < 0.001). At six weeks, TST produced higher post-intervention scores than NDT for PBS (48.20 + 3.41
vs 43.10 + 3.86; mean difference 5.10, 95% CI 2.77-7.43), TCMS (50.85 + 4.08 vs 45.25 + 4.47; mean
difference 5.60, 95% CI 2.86-8.34), and WeeFIM (101.70 + 5.81 vs 92.45 + 6.36; mean difference 9.25, 95%
CI 5.35-13.15), all p < 0.001. Conclusion: Both interventions were associated with improvement, while
TST resulted in higher six-week balance, postural-control, and functional-independence scores than
NDT. Keywords: Cerebral palsy; Task-Specific Training; Neurodevelopmental Therapy; Balance;
Postural control; Functional independence; Pediatric Balance Scale; Randomized controlled trial.

INTRODUCTION

Cerebral palsy (CP) comprises a group of permanent disorders of movement and posture resulting from
disturbances in the developing fetal or infant brain. Although the underlying neurological lesion is non-
progressive, its functional manifestations may change across childhood as growth, muscle weakness,
altered muscle tone, secondary musculoskeletal adaptations, and limitations in selective motor control
interact to influence mobility and participation. Children with CP therefore commonly experience
impairments in balance, postural stability, coordination, gait, transfers, and performance of activities of

daily living, making rehabilitation an important component of long-term management (1).
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Spastic cerebral palsy is characterized by increased muscle tone together with varying degrees of muscle
weakness, impaired selective motor control, restricted range of motion, and abnormal movement
strategies. These impairments can compromise the ability to maintain the body's center of mass within
the base of support and to generate effective anticipatory and reactive postural responses during
functional activity. Trunk dysfunction is particularly relevant because adequate proximal stability is
required for coordinated upper- and lower-extremity movement, weight shifting, reaching, transfers,
standing, and walking. Interventions directed toward trunk control and postural stability have
consequently been associated with improvements in gross motor function and balance in children with
CP (2).

Balance and postural control are closely related to functional independence. Difficulties maintaining
alignment or adapting posture during movement may restrict sit-to-stand transfers, stair negotiation,
walking, reaching, self-care, and other daily activities. Rehabilitation strategies that repeatedly expose
children to meaningful functional challenges may therefore provide benefits extending beyond
impairment-level outcomes to participation in everyday tasks. Evidence from systematic review and
meta-analysis indicates that task-oriented training can improve gross motor function, balance, and
activities of daily living in children with CP, although intervention protocols and treatment intensity
vary considerably between studies (3).

Task-Specific Training (TST) is based on repeated practice of goal-directed activities that resemble tasks
encountered in everyday life. Examples include sit-to-stand transfers, stepping, walking, obstacle
negotiation, reaching, stair climbing, weight shifting, and balance activities. Repetition, active problem
solving, feedback, task progression, and practice within meaningful contexts are central principles of
motor learning and provide opportunities for children to refine movement strategies through
experience. Reviews focusing specifically on task-related balance interventions suggest that task-specific
approaches can produce clinically relevant improvements in functional balance in children with CP (4).
Comparative clinical studies have likewise reported improvements in motor function and balance when
task-oriented approaches are incorporated into pediatric physiotherapy programs (5).

Neurodevelopmental Therapy (NDT), commonly associated with the Bobath concept, remains widely
used in pediatric neurorehabilitation. NDT emphasizes facilitation of more efficient movement
strategies, postural alignment, trunk control, weight transfer, and management of atypical movement
patterns through therapist-guided handling and functional activities. However, contemporary evidence
has questioned whether NDT provides superior outcomes when compared with interventions
characterized by active, intensive, task-specific practice. A meta-analysis evaluating NDT for cerebral
palsy found limited evidence supporting its superiority over alternative approaches, highlighting the
importance of comparing facilitation-based treatment with interventions involving greater amounts of
active functional practice (1). More recent clinical evidence nevertheless suggests that NDT may
improve gross motor function and activities of daily living, indicating that its effects should be assessed
comparatively rather than regarded as absent (6).

The increasing emphasis on activity-based rehabilitation has strengthened interest in interventions that
directly practice functional goals. Randomized evidence has demonstrated that task-specific training can
facilitate acquisition of functional skills when training is closely matched to the activity being learned,
reinforcing the principle of task specificity in children with CP (7). Nevertheless, differences among
previous studies in cerebral palsy subtype, functional severity, intervention content, training intensity,
treatment duration, and selected outcome measures make it difficult to determine whether task-specific
practice consistently provides greater benefit than NDT across multiple clinically relevant domains. In
particular, direct comparisons incorporating balance, trunk-related postural control, and functional
independence within the same trial remain clinically relevant because these domains collectively

influence mobility and participation.
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Accordingly, the present study aimed to compare the effects of Task-Specific Training and
Neurodevelopmental Therapy on balance, postural control, and functional independence in children
with spastic cerebral palsy. It was hypothesized that children receiving Task-Specific Training would
demonstrate greater improvement in Pediatric Balance Scale, Trunk Control Measurement Scale, and
Wee Functional Independence Measure outcomes after six weeks of intervention than children receiving
Neurodevelopmental Therapy.

MATERIALS AND METHODS

A prospective, parallel-group randomized controlled trial was conducted in 40 children with spastic
cerebral palsy. Participants were recruited using convenience sampling and subsequently allocated to
two treatment groups of equal size, with 20 children receiving Task-Specific Training and 20 receiving
Neurodevelopmental Therapy. Eligible participants were 5-12 years of age, had a diagnosis of spastic
cerebral palsy, were classified within Gross Motor Function Classification System (GMFCS) levels I-III,
could understand and follow simple verbal commands, and were able to participate in a structured
physiotherapy program. The GMFCS is a five-level classification system developed to categorize gross
motor function in children with cerebral palsy according to functional abilities and limitations in sitting,
transfers, and mobility (8).

Children were excluded if they had uncontrolled epilepsy, a history of orthopedic surgery or botulinum
toxin injection during the preceding six months, severe visual or hearing impairment affecting
participation or assessment, fixed musculoskeletal deformities that restricted performance of the
intervention activities, or an additional neurological disorder affecting motor function. Forty
participants completed the six-week intervention and post-intervention assessment, and all were included
in the reported analysis.

Participants assigned to the Task-Specific Training group received 30-minute treatment sessions three
times per week for six weeks. Training consisted of repeated practice of functional motor activities
including sit-to-stand transfers, stair climbing, obstacle walking, balance-beam walking, standing
reaching activities, step-up and step-down exercises, weight-shifting exercises, and functional walking
tasks. These activities were selected to provide repeated practice of balance, postural adjustment,
transitional movements, and functional mobility within task-oriented contexts. Evidence from pediatric
CP research supports the use of repetitive task-oriented activity for improving balance and gross motor
function (3-5,7).

Participants assigned to the Neurodevelopmental Therapy group received treatment of identical session
duration and frequency: 30 minutes per session, three times weekly for six weeks. The NDT program
incorporated trunk facilitation, postural-alignment activities, weight-shifting exercises, approaches
directed toward management of abnormal muscle tone, balance facilitation, transitional movement
practice, gait facilitation, and positioning. The intervention therefore emphasized therapist-guided
facilitation of postural control and movement quality. NDT remains an established rehabilitation
approach for children with CP, although evidence regarding its comparative effectiveness relative to
active task-oriented interventions remains mixed (1,6).

The principal outcomes were balance, postural control, and functional independence. Outcomes were
assessed before initiation of treatment and again at completion of the six-week intervention by an
independent evaluator. Functional balance was evaluated using the Pediatric Balance Scale (PBS). The
PBS is a pediatric adaptation of functional balance assessment and has demonstrated high inter-rater,
intra-rater, and test-retest reliability in children with cerebral palsy (9).

Postural control was evaluated using the Trunk Control Measurement Scale (TCMS). The TCMS was
developed specifically to evaluate trunk control in children with cerebral palsy and assesses clinically
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relevant components of static and dynamic trunk performance. It has demonstrated acceptable validity

and high reliability for assessment of trunk control in this population (10).

Functional independence was assessed using the Functional Independence Measure for Children
(WeeFIM). The WeeFIM evaluates functional performance across self-care, mobility, and cognitive
domains and has demonstrated strong reliability and validity in children with cerebral palsy (11). The
same three outcome instruments—PBS, TCMS, and WeeFIM—were used at baseline and at the end of
the six-week intervention period.

Data were analysed using IBM SPSS Statistics version 26.0. Continuous variables were summarized as
mean and standard deviation, while categorical variables were reported as frequencies and percentages.
Baseline continuous characteristics were compared between groups using independent-samples t-tests,
whereas categorical baseline characteristics were compared using the chi-square test.

CONSORT Flow Diagram
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w
=
|
- Excluded (n = 12)
8 N Not meeting inclusion criteria (n = 7)
=2 Declined to participate (n = 3)
w Other reasons (n = 2)
v
[ Randomized (n = 40) ]
4
- ! !
-
S
o Task-Specific Training (TST) Neurodevelopmental Therapy (NDT)
-
&' Allocated to intervention (n = 20) Allocated to intervention (n = 20)
Received allocated intervention (n = 20) Received allocated intervention (n = 20)
Did not receive allocated intervention (n = 0) Did not receive allocated intervention (n = 0)
v v
( Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
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Excluded from analysis (n = 0) Excluded from analysis (n = 0)

All 40 participants completed the 6-week intervention and were included in the final analysis.

Figure 1 CONSORT Flowchart

Within-group pre-intervention and post-intervention differences in PBS, TCMS, and WeeFIM scores were
evaluated using paired-samples t-tests. Between-group comparisons of the reported post-intervention
outcome scores were performed using independent-samples t-tests. Statistical significance was defined
as a two-sided p-value <0.05.
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All 40 children enrolled in the trial completed the six-week intervention and were included in the
analysis, with 20 participants in the Task-Specific Training group and 20 in the Neurodevelopmental
Therapy group. Baseline demographic and clinical characteristics are presented in Table 1. The groups
were comparable in age, sex distribution, GMFCS level, and baseline PBS, TCMS, and WeeFIM scores,
with no statistically significant between-group differences at baseline.

Table 1. Baseline Demographic and Clinical Characteristics of Participants

Characteristic Task-Specific Training (n = 20) Neurodevelopmental Therapy (n=20)  Test statistic p-value
Age, years, mean + SD 8.20 + 211 8.35+1.98 t=-0.23 0.818
Sex, n (%) x2=0.10 0.749
Male 12 (60.0) 11 (55.0)

Female 8 (40.0) 9 (45.0)

GMECS level, n (%) x*=0.14 0.934
Level I 7 (35.0) 6 (30.0)

Level I 8 (40.0) 9 (45.0)

Level III 5(25.0) 5(25.0)

PBS baseline, mean : SD 36.90 + 4.52 36.70 + 4.44 t=014 0.888
TCMS baseline, mean + SD 3915 +5.11 3940 + 4.98 =-0.16 0.876
WeeFIM baseline, mean + SD 8245 + 6.92 8210+ 7.16 t=0.16 0.876

GMEFCS, Gross Motor Function Classification System; PBS, Pediatric Balance Scale; TCMS, Trunk Control
Measurement Scale; WeeFIM, Functional Independence Measure for Children. Continuous variables
were compared using independent-samples t-tests and categorical variables using Pearson chi-square
tests.

Following six weeks of treatment, mean scores increased on all three outcome measures in both
intervention groups (Table 2). In the Task-Specific Training group, the PBS score increased from 36.90 +
452 to 4820 + 341, corresponding to an observed mean increase of 11.30 points. The
Neurodevelopmental Therapy group increased from 36.70 + 4.44 to 43.10 + 3.86, an observed increase of
6.40 points. Within-group pre-post comparisons were statistically significant in both groups (p < 0.001).

TCMS scores increased from 39.15 + 5.11 to 50.85 + 4.08 in the Task-Specific Training group, representing
an observed mean increase of 11.70 points, compared with an increase from 39.40 + 4.98 to 45.25 + 4.47
in the Neurodevelopmental Therapy group, corresponding to an observed increase of 5.85 points. Both
within-group comparisons were statistically significant (p < 0.001).

Functional independence also increased in both groups. Mean WeeFIM scores increased from 82.45 +
6.92 at baseline to 101.70 + 5.81 after Task-Specific Training, an observed increase of 19.25 points. In the
Neurodevelopmental Therapy group, mean WeeFIM scores increased from 82.10 + 7.16 to 92.45 + 6.36,
corresponding to an observed increase of 10.35 points. Both within-group comparisons were statistically
significant (p < 0.001).

Table 2. Pre- and Post-Intervention Outcome Scores Within Each Treatment Group

Outcome Group Baseline, Post-intervention,  Observed Within-group p-valuet
mean + SD  mean + SD mean change*

PBS Task-Specific Training 36.90 £ 452 4820 + 341 +11.30 <0.001
Neurodevelopmental Therapy 36.70 + 444 43.10 + 3.86 +6.40 <0.001

TCMS Task-Specific Training 3915+511 50.85 + 4.08 +11.70 <0.001
Neurodevelopmental Therapy 39.40 + 498 45.25 + 4.47 +5.85 <0.001

WeeFIM  Task-Specific Training 8245+6.92 101.70 + 5.81 +19.25 <0.001
Neurodevelopmental Therapy 8210+716 92.45+6.36 +10.35 <0.001

Observed mean change was calculated as post-intervention mean minus baseline mean. Because the SDs
of paired change scores were unavailable, confidence intervals and effect sizes for within-group change
were not calculated. $Within-group p-values are those reported for paired-samples t-tests.
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Table 3. Between-Group Comparison of Post-Intervention Outcomes

Outcome Task-Specific Neurodevelopmental Therapy, Mean difference 95% CI t(df= p-value Hedges'g
Training, mean + SD mean + SD (TST — NDT) 38)

PBS 48.20 + 341 43.10 + 3.86 5.10 277t0 443  <0.001 137
743

TCMS 50.85 + 4.08 45.25 + 447 5.60 286t0 414 <0.001 128
8.34

WeeFIM  101.70 + 5.81 92.45 + 6.36 9.25 535to0 480 <0.001 149
13.15

Positive mean differences favor Task-Specific Training. Between-group comparisons were based on
independent-samples t-tests. Hedges’ g was calculated from the reported group means, standard
deviations, and sample sizes; positive values indicate higher post-intervention scores in the Task-Specific
Training group.

At the six-week assessment, the Task-Specific Training group had higher scores than the
Neurodevelopmental Therapy group for all three outcomes (Table 3). For PBS, the post-intervention
mean difference was 5.10 points (95% CI 2.77 to 7.43), with a corrected independent-samples t value of
4.43 (p < 0.001). The standardized between-group effect was large (Hedges’ g = 1.37). For TCMS, the post-
intervention mean difference was 5.60 points (95% CI 2.86 to 8.34; t = 4.14; p < 0.001), corresponding to
a large standardized effect (Hedges’ g = 1.28). The WeeFIM difference was 9.25 points in favor of Task-
Specific Training (95% CI 5.35 to 13.15; t = 4.80; p < 0.001), with Hedges’ g = 1.49.

Overall, both treatment groups demonstrated statistically significant within-group increases in balance,
trunk control, and functional independence over six weeks. At post-intervention assessment, Task-
Specific Training was associated with significantly higher PBS, TCMS, and WeeFIM scores than
Neurodevelopmental Therapy, with large standardized between-group differences across all three
outcomes. Because the available summary data do not provide the variance of individual change scores,
these analyses establish differences in post-intervention scores but do not constitute a direct inferential
test of whether the magnitude of pre-post change differed significantly between groups.

DISCUSSION

The present randomized controlled trial compared Task-Specific Training (TST) with
Neurodevelopmental Therapy (NDT) for balance, postural control, and functional independence in
children with spastic cerebral palsy. Both groups demonstrated statistically significant within-group
improvements in PBS, TCMS, and WeeFIM scores after six weeks of treatment. At the post-intervention
assessment, however, children receiving TST had higher scores than those receiving NDT for PBS (mean
difference 5.10 points, 95% CI 2.77-7.43; Hedges’ g = 1.37), TCMS (mean difference 5.60 points, 95% CI
2.86-8.34; Hedges' g = 1.28), and WeeFIM (mean difference 9.25 points, 95% CI 5.35-13.15; Hedges' g =
1.49). These large standardized differences indicate a substantial separation between the groups at six
weeks, although the available aggregate data support inference regarding post-intervention scores rather
than a formal between-group test of individual change.

The higher post-intervention PBS score in the TST group is consistent with evidence supporting task-
oriented and task-specific approaches for functional balance in children with cerebral palsy. Systematic
review evidence indicates that task-oriented training can improve balance, gross motor function, and
activities of daily living, while reviews focused specifically on balance have emphasized the value of
repetitive functional practice in developing postural responses during meaningful movement (3,4).
Comparative clinical studies similarly report improvements in balance and functional mobility when
children repeatedly practice goal-directed tasks rather than relying exclusively on impairment-focused
treatment (5,12,13). A systematic review of task-oriented training also supports improvements in motor
performance following repeated practice of functionally relevant activities (14). The present findings
are therefore clinically plausible because activities such as sit-to-stand transfer, obstacle negotiation, stair
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climbing, step-up and step-down exercises, reaching, weight shifting, and functional walking repeatedly

challenge the limits of stability during tasks resembling those encountered in everyday life.

Postural control, measured using the TCMS, also demonstrated a marked between-group difference at
six weeks. Trunk control is fundamental to the maintenance of proximal stability during reaching,
transfers, standing, gait, and other coordinated extremity movements, and interventions directed toward
the trunk have demonstrated beneficial effects on balance and gross motor performance in children
with cerebral palsy (2,10). Randomized evidence involving proprioceptive neuromuscular facilitation
has likewise shown that interventions requiring coordinated trunk activation can improve trunk control
and functional skills (15). More intensive programs combining functional task practice with movement-
pattern training have also reported improvements in postural control and gross motor performance (16).
In the present intervention, repeated reaching, transfers, stepping, obstacle negotiation, and dynamic
weight shifting required ongoing anticipatory and reactive adjustments of the trunk, providing a
plausible functional explanation for the higher TCMS scores observed after TST.

Functional independence was another important outcome because the ultimate objective of pediatric
rehabilitation extends beyond improvement of isolated impairments to greater independence in daily
activities. WeeFIM scores increased in both treatment groups but were substantially higher after six
weeks in the TST group. The WeeFIM has established psychometric utility for assessing functional
abilities in children with cerebral palsy (11). Previous task-oriented rehabilitation research has reported
improvement not only in balance and gross motor function but also in activities of daily living and
functional independence (3,17). Interventions integrating sensory, perceptual, and motor practice have
similarly demonstrated that structured functional training can influence activities of daily living in
children with cerebral palsy (18). Because TST directly rehearses actions used in mobility and everyday
activities, the skills practiced during treatment may have greater opportunity to transfer to functional
performance than exercises performed primarily at an impairment level.

The pattern observed across PBS, TCMS, and WeeFIM is also compatible with contemporary principles
of motor learning. Task-specific rehabilitation emphasizes repeated performance of meaningful actions,
active participation, problem solving, feedback, and adaptation of movement strategies to task demands.
Randomized task-specific training has demonstrated that children with cerebral palsy can acquire
functional motor skills when practice is closely aligned with the target activity (7). Other active
rehabilitation approaches, including dual-task exercise and game-based training, also support the use of
repeated, goal-directed motor challenges to improve functional performance and balance (19,20).
Comparisons between task-oriented training and other active therapeutic approaches have reported
gains in mobility and balance (21), while task-oriented upper-extremity practice similarly illustrates the
broader principle that repeated practice of the targeted functional activity can facilitate motor
performance (22). These observations support a motor-learning interpretation of the present findings,
although neuroplastic changes were not directly measured in this trial and should therefore be
considered a plausible mechanism rather than a demonstrated biological outcome.

The significant within-group improvements observed after NDT are also clinically relevant and should
not be overlooked. NDT emphasizes postural alignment, facilitated movement, weight transfer, trunk
control, and management of atypical movement patterns. Evidence regarding its comparative
effectiveness remains mixed: meta-analytic findings have not established consistent superiority of NDT
over active alternative interventions, whereas individual studies continue to report improvements in
gross motor function and activities of daily living following NDT-based treatment (1,6). Contemporary
trials of active balance interventions, including gamified and virtual-reality approaches, further
demonstrate that children with cerebral palsy can improve balance and postural control through several
rehabilitation modalities rather than through a single therapeutic model (23,24). The present findings
therefore do not indicate that NDT is ineffective; rather, they show that under the treatment conditions

evaluated, the TST group achieved higher post-intervention scores across all three assessed domains.
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The broader rehabilitation literature increasingly supports active, repetitive, and functionally oriented
exercise for children with cerebral palsy. Programs combining balance exercises with locomotor training
have demonstrated improvements in mobility and balance (25), while task-oriented training has also
produced favorable functional mobility outcomes when compared with alternative circuit-based
approaches (26). Recent systematic reviews examining exercise-based and mobility-oriented
interventions emphasize the potential value of active rehabilitation while also identifying heterogeneity
in treatment protocols, treatment dose, outcome selection, and methodological quality (27,28).
Additional task-oriented exercise research has reported improvements in gross motor function in
children with spastic cerebral palsy (29). Taken together, these findings support the clinical relevance of
task-based practice but also indicate that the optimal dose, progression, combination of activities, and
long-term sustainability of treatment effects remain incompletely established. The observed differences
have practical implications for pediatric physiotherapy. TST can be structured around common
functional activities and adapted according to a child's mobility level without necessarily requiring
specialized equipment. Incorporating repeated sit-to-stand practice, reaching, stepping, weight shifting,
obstacle negotiation, stair-related activities, and walking tasks into rehabilitation may provide a
pragmatic method of directly targeting balance, trunk control, and functional independence.
Nevertheless, the present results should support integration rather than universal replacement of other
therapeutic approaches. Treatment selection should remain individualized according to motor severity,
functional goals, associated impairments, participation priorities, and the child's capacity to engage
safely in task practice. Current evidence favors active functional rehabilitation while showing that
several exercise-based strategies can contribute to motor improvement (1,3,17,27,28).

Several methodological strengths support interpretation of the findings. The study used a randomized
parallel-group design, equal group sizes, identical treatment frequency and duration, standardized
assessment time points, and established clinical measures of balance, trunk control, and functional
independence. All 40 participants completed the six-week intervention, eliminating attrition between
enrollment and post-treatment assessment. The inclusion of PBS, TCMS, and WeeFIM also allowed
treatment response to be evaluated across three complementary domains rather than through a single
motor outcome.

The findings should nevertheless be interpreted in light of important limitations. The sample comprised
only 40 children and recruitment was confined to a single rehabilitation center, limiting external
generalizability. Treatment lasted six weeks and no follow-up assessment was conducted, preventing
conclusions regarding persistence of the observed differences after treatment cessation. Gait
characteristics, muscle strength, participation, and quality of life were not assessed, and therefore the
findings cannot be generalized to these outcomes. The available aggregate results permit accurate
comparison of post-intervention group means but do not provide the variance of individual change
scores required for a direct inferential comparison of pre—post change. A baseline-adjusted analysis such
as ANCOVA would provide a stronger estimate of the comparative intervention effect. In addition,
details required for a complete assessment of risk of bias—including the random-sequence generation
method and allocation concealment—were not available in the study information used for the present
analysis. Future trials should therefore include larger multicenter samples, clearly reported
randomization and allocation procedures, prospectively justified sample sizes, standardized intervention
progression and fidelity measures, and longer follow-up periods. Inclusion of objective gait analysis,
muscle-strength assessment, participation measures, and quality-of-life outcomes would provide a more
comprehensive assessment of rehabilitation effects. Analysis using baseline-adjusted treatment
estimates with confidence intervals would also improve precision and clinical interpretability. Within
these limitations, the present findings support further evaluation of TST as an active functional
rehabilitation strategy for children with spastic cerebral palsy.
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CONCLUSION

Both Task-Specific Training and Neurodevelopmental Therapy were associated with significant within-

group improvements in balance, postural control, and functional independence after six weeks in

children with spastic cerebral palsy. At the post-intervention assessment, the Task-Specific Training

group had significantly higher PBS, TCMS, and WeeFIM scores than the Neurodevelopmental Therapy

group, with large standardized between-group differences across all three outcomes. These findings

support Task-Specific Training as a promising function-oriented rehabilitation approach for improving

balance, trunk control, and independence in this population. Larger, rigorously reported trials with

baseline-adjusted analyses and longer follow-up are required to determine the durability and

generalizability of these comparative effects.

REFERENCES

1.

10.

11.

12.

Te Velde A, Morgan C, Finch-Edmondson M, McNamara L, McNamara M, Paton MCB, et al.
Neurodevelopmental therapy for cerebral palsy: a meta-analysis. Pediatrics. 2022;149(6).

Lim MS, Yoo BG, Lim HW. The effects of trunk intervention on gross motor function, balance, and
spasticity in cerebral palsy: systematic review and meta-analysis. Medicina. 2025;61(8):1324.

Zai W, Xu N, Wu W, Wang Y, Wang R. Effect of task-oriented training on gross motor function,
balance and activities of daily living in children with cerebral palsy: a systematic review and meta-
analysis. Medicine (Baltimore). 2022;101(44):e31565.

Karnadipa T, Xin W, Pickering D, Carrier J. Effectiveness of task-specific training for improving
balance performance in children with cerebral palsy: a narrative systematic review. Physiother Q.
2024;32(1):15-24.

Chughtai MDB, Ahmad S, Masood E, Khan S, Nawaz A, Igbal M, et al. Comparing the effectiveness
of task-oriented training and traditional physiotherapy on motor function in children with cerebral
palsy. ] Health Wellness Community Res. 2025:e394-e.

Pratama AD, Izdihar HN, Moffat M. Effect of neurodevelopmental treatment on gross motor
function and daily living in children with cerebral palsy. Afr J Disabil. 2025;14:1758.

Toovey RA, Harvey AR, McGinley JL, Lee K], Shih ST, Spittle AJ. Task-specific training for bicycle-
riding goals in ambulant children with cerebral palsy: a randomized controlled trial. Dev Med Child
Neurol. 2022;64(2):243-252.

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B. Development and reliability of a
system to classify gross motor function in children with cerebral palsy. Dev Med Child Neurol.
1997;39(4):214-223. doi:10.1111/j.1469-8749.1997.tb07414.x.

Her JG, Woo JH, Ko J. Reliability of the Pediatric Balance Scale in the assessment of children with
cerebral palsy. ] Phys Ther Sci. 2012;24(4):301-305. doi:10.1589/JPTS.24.301.

Heyrman L, Molenaers G, Desloovere K, Verheyden G, De Cat J, Monbaliu E, et al. A clinical tool to
measure trunk control in children with cerebral palsy: the Trunk Control Measurement Scale. Res
Dev Disabil. 2011;32(6):2624-2635. doi:10.1016/j.ridd.2011.06.012.

Tur BS, Kiiciikdeveci AA, Kutlay $, Yavuzer G, Elhan AH, Tennant A. Psychometric properties of the
WeeFIM in children with cerebral palsy in Turkey. Dev Med Child Neurol. 2009;51(9):732-738.
doi:10.1111/j.1469-8749.2008.03255.x.

Roy GJ, Parveen U, Saeed F. Effects of task-oriented learning on the functional mobility and balance
of kids with cerebral palsy. Int J Biol Sci. 2025;7:20-27.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

JHWCR | 2026;4(2) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 10

Sivakumar K, Kandaswami K, Natarajan SK, Rajendiran K. Comparative study of lower limb
intensive functional training (LIFT) versus task-oriented training (TOT) for children with spastic
bilateral cerebral palsy. Physiother Pract Res. 2025;46(1):16-20.

Mazumdar C. Effect of task-oriented training on motor function in children with cerebral palsy: a
systemic review. Lithuanian Sports University; 2021.

Adiguzel H, Kirmaci ZIK, Gogremis M, Kirmaci YS, Dilber C, Berktas DT. The effect of
proprioceptive neuromuscular facilitation on functional skills, muscle strength, and trunk control
in children with cerebral palsy: a randomized controlled trial. Early Hum Dev. 2024;192:106010.

Mungara V. Efficacy of proprioceptive neuromuscular facilitation diagonal patterns integrated with
task-oriented circuit training on gait speed, postural control, and gross motor function in children
with spastic diplegic cerebral palsy: a prospective, single-blind randomized controlled trial. Int Arch
Integr Med. 2026;13(5):1.

Zeb U, Nadeem S, Balgias H, Rauf A, Khan SH. Effectiveness of task-oriented training versus
conventional physiotherapy on gross motor function, balance, and functional independence in
children with spastic cerebral palsy: a randomized controlled trial. ] Health Wellness Community
Res. 2026:1-12.

Mohsen Abd-Elfattah H, Othman Shokri Morsi Galal D, Abdel Ghafar MA, Aly SM, Taha SI, Sayed
Dawood R. Effect of sensory-perceptual-motor training on activities of daily living and hand
functions in unilateral cerebral palsy: a randomized control trial. Disabil Rehabil. 2026:1-14.

Uysal i, Ozden F, Tiimtiirk i, imerci A. The effectiveness of dual task exercise training on balance,
mobility, physical performance, and quality of life in children with cerebral palsy: a single-blind
randomized controlled trial. Ir ] Med Sci. 2024;193(2):813-821.

Szturm T, Parmar ST, Mehta K, Shetty DR, Kanitkar A, Eskicioglu R, et al. Game-based dual-task
exercise program for children with cerebral palsy: blending balance, visuomotor and cognitive
training: feasibility randomized control trial. Sensors (Basel). 2022;22(3):761.

Panneerselvam S. Efficacy of task-oriented training vs proprioceptive neuromuscular facilitation on
mobility and balance in spastic cerebral palsy. Biomedicine. 2021.

Srilakshmi M, Selvi A, Kumar M. Comparison between task-oriented training and proprioceptive
neuromuscular facilitation exercise on upper extremity function in spastic cerebral palsy. Int J Exp
Res Rev. 2024;39:109-117.

Ayoub HS, Tawfik RM, Draz AH, Anwar Habib DA, Said SM. Effect of gamified balance training
using virtual reality on postural control in children with spastic diplegic cerebral palsy: a
randomized controlled study. NeuroRehabilitation. 2026;58(1):41-49.

Ziab H, Saleh S, Talebian S, Olyaei G, Mazbouh R, Sarraj AR, et al. Effectiveness of virtual reality
training compared to balance-specific training and conventional training on balance and gross
motor functions of children with cerebral palsy: a double blinded randomized controlled trial. J
Pediatr Rehabil Med. 2024;17(3):353-368.

Bania T, Sxiza M. Effect of treadmill gait training combined with balance exercises on functional
mobility and balance in children with cerebral palsy: a randomized controlled trial. Pediatr Exerc
Sci. 2025;38(2):131-136.

Bhandaru S, Neelima D, Neelam S, Swathi S, Senthil P. Efficacy of task oriented training vs group
circuit training programme to improve functional mobility in children with cerebral palsy. ] Pharm
Res Int. 2021;33:154-160.



27.

28.

29.

JHWCR | 2026;4(2) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 11
Nafti CR, Fauza SN. Exercise-based interventions for balance and motor function in cerebral palsy:

a systematic review. Majalah Ilmiah Fisioterapi Indonesia. 2026;14(2):565-571.

Shinde S, Qureshi MDI, Raghuveer R, HV S. Physiotherapy interventions to improve mobility in
children with spastic diplegic cerebral palsy: a systematic review. ] Clin Diagn Res. 2026;20(2).

Srabone FA. Effectiveness of task-oriented exercise to improve gross motor function in spastic
cerebral palsy children. Bangladesh Health Professions Institute, Faculty of Medicine; 2024.



