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Early Goal Directed Training vs Passive Therapy for 
Functional Independence of Infants with Cerebral 
Palsy: Systematic Review and Meta-Analysis   

Background: Cerebral palsy (CP) is the leading cause of childhood 
motor disability, especially in LMICs. Early intervention is critical, yet 
the efficacy of goal-directed training compared to passive/standard 
therapies remains debated.

Objective: This study aims to evaluate the effectiveness of early goal-
directed interventions on improving functional independence in infants 
and children with or at high risk of CP.

Methods: This systematic review and meta-analysis were conducted 
in accordance with PRISMA guidelines. A comprehensive literature 
search was performed to identify randomized controlled trials (RCTs) 
comparing goal-directed training with passive therapy or standard 
care. Methodological quality was assessed using the Cochrane Risk 
of Bias 2 (RoB 2) tool. Data were synthesized using a random-effects 
model to calculate the Standardized Mean Difference (SMD).

Results: Five RCTs involving 302 participants were included. Meta-
analysis revealed that goal-directed training showed a positive trend 
toward improved functional outcomes compared to passive therapy, 
although it did not reach statistical significance (SMD 0.19; 95% CI -0.09 
to 0.47; p=0.1398). Heterogeneity across studies was remarkably low 
(I2 = 0), indicating a consistent intervention effect across diverse age 
groups and therapeutic modalities. Risk of bias assessment identified 
“some concerns” in three studies primarily due to missing outcome 
data, while two trials were rated as low risk. 

Conclusion: Goal-directed training demonstrates a promising and 
consistent clinical trend in enhancing functional independence for 
children with CP. Despite the current lack of statistical significance, 
the negligible heterogeneity supports the integration of active, goal-
focused exercises as a potentially effective and stable strategy for early 
neurorehabilitation.
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Introduction
Cerebral palsy (CP) is the most common permanent 
motor disability in children worldwide. The prevalence 
of CP ranges from 1.6 cases per 1,000 people in high-
income countries to 4 cases per 1,000 people in lower-
middle-income countries (LMICs). Many children with CP 
still do not receive adequate intervention or therapy.1 
The global impact of this condition has far exceeded 
expectations. According to data from the World Health 
Organization (WHO) and the 2019 Global Burden of 
Disease Study, approximately 8 million children in 204 
countries live with Cerebral Palsy (CP). The majority of 
these children, 96%, are concentrated in LMICs.1 This 
condition shows that CP is not only a clinical problem 
for each individual country, but rather an urgent global 
problem that needs to be addressed, especially in 
developing countries.

The effects of Cerebral Palsy (CP) are not limited to 
motor skills but encompass the entire spectrum of a 
child’s life. According to the International Classification 
of Functioning, Disability and Health (ICF) framework, 
this condition disrupts bodily functions and limits a 
child’s involvement in daily activities, education, and 
social interactions. Collectively, these barriers reduce 
the quality of life for both the child and their family.2 
Furthermore, there is significant evidence that increasing 
the autonomy of children with CP in daily activities 
contributes to reducing the psychological burden on 
caregivers. This directly impacts the overall quality of life 
of the family.3 Thus, functional independence is a central 
clinical outcome that should be the primary goal in any 
rehabilitation program for children with CP.

The strongest scientific basis for early intervention in CP 
is neuroplasticity. Evidence shows that the developing 
brain is highly responsive to the quality, quantity, 
and timing of early sensorimotor experiences, and 
the infant’s active participation is an indispensable 
element in promoting this neuroplasticity.4 Most lesions 
underlying CP occur in the second half of gestation, 
when brain development is at its peak the variations in 
the timing of injury result not only in different lesions but 
also in different neuroplastic responses.5 Interventions 
initiated early, during the critical period of brain plasticity 
and before musculoskeletal and central nervous system 
maladaptations occur, are believed to offer the best 
opportunity to optimize the developmental trajectory of 
children with CP.6

For decades, the dominant rehabilitation approach used 
in infants and children with CP has been passive therapy, 

particularly Bobath-based Neurodevelopmental 
Therapy (NDT), which focuses on normalizing muscle 
tone and providing external movement facilitation by a 
therapist. However, the effectiveness of this approach 
has been increasingly questioned. A meta-analysis 
published in the journal Pediatrics (2022) concluded 
that activity-based interventions were more effective 
than NDT in improving motor function, NDT was no 
more effective than a control group, and increasing the 
dose of NDT did not result in greater improvement; a 
strong recommendation was made to discontinue the 
use of NDT in the management of CP.7 Similarly, global 
CP experts have unequivocally stated that the available 
evidence indicates Bobath/NDT is ineffective and should 
therefore be de-implemented in clinical practice.8 Such 
passive approaches also align with the principles of 
neuroplasticity, as evidence suggests that excessive 
use of external facilitation or physical guidance during 
children’s movement is not recommended, and 
treatment techniques aimed at inhibiting muscle tone 
have not been shown to be effective.9

In response to these limitations, the rehabilitation 
paradigm has shifted to active, goal-directed training 
(GDT) approaches. Current literature positions GDT as 
a method for improving function in children with CP, in 
which the child actively practices a desired goal or task; 
this approach uses varied and repetitive activities to 
promote neuroplasticity and functional improvement 
and is now considered a standard of care for CP.9 One 
GDT program specifically designed for infants is GAME 
(Goals–Activity–Motor Enrichment), which combines 
intensive goal-based motor training, parent education, 
and environmental enrichment. Unlike NDT, this program 
focuses on task feasibility and environmental context, 
with the therapist acting as a “change agent” facilitating 
the infant’s exploration of motor solutions.10 The LEAP-
CP RCT, published in Pediatrics (2024), in infants with 
CP in a low-income country, found that although there 
was no overall effect size, a modified intention-to-treat 
analysis showed that the goal-directed intervention 
resulted in significant improvements in motor skills in 
ambulatory children with CP, consistent with what is 
known about targeted goal-based training.11

However, several critical gaps in scientific evidence 
remain unaddressed. To date, data on the efficacy 
of early intervention in infants with CP remains very 
limited, as the diagnosis of CP is typically not made until 
between 12 and 24 months of age, often missing the 
most critical intervention window.12 More importantly, 
despite the proven effectiveness of GDT, variability in 
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its implementation has contributed to the gap between 
research evidence and daily clinical practice.13 Research 
directly and head-to-head comparing early goal-
directed training with passive therapy in infants with CP 
particularly with functional independence as the primary 
focus remains very limited, particularly in LMIC contexts. 
Recent guidelines from China (2024) also emphasize that 
structured, goal-based rehabilitation is the backbone 
of CP management, but its implementation remains 
uneven.14

This gap is the primary justification for this research. The 
current situation reflects a reality where passive therapy 
is still widely practiced in various rehabilitation facilities, 
while scientific evidence consistently and increasingly 
demonstrates that active, goal-based approaches from 
an early age are superior in maximizing neuroplasticity 
and increasing functional independence. This study 
aims to generate stronger comparative evidence 
regarding the superiority of early goal-directed training 
over passive therapy for functional independence in 
infants with CP, thus providing a basis for updating 
clinical guidelines and pediatric rehabilitation practices 
globally.

Method
Study Design and Protocol Registration
This study was designed as a systematic review and 
meta-analysis to compare the effectiveness of early 
goal-directed training with passive therapy for functional 
independence in infants with cerebral palsy. This review 
integrates evidence from randomized controlled trials to 
provide a comprehensive summary of the existing data. 
Reporting of the study results follows the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to ensure transparency, 
completeness, and reproducibility of the methods.15 

The review protocol was established in advance to 
guide the methodological approach of this study. It was 
prospectively registered in the International Prospective 
Register of Systematic Reviews (PROSPERO) under the 
registration number (CRD420261394788). The protocol 
was registered to ensure transparency throughout the 
review process and to limit the possibility of reporting 
bias. Any modifications to the original protocol were 
clearly stated and justified in the final report.16

Eligibility Criteria
Studies were selected according to the Population, 

Intervention, Comparison, Outcome, and Study Design 
(PICOS) framework. Eligible studies were randomized 
controlled trials involving infants and children 
diagnosed with cerebral palsy or identified as being at 
high risk of developing cerebral palsy. The intervention 
group consisted of early goal-directed or activity-
based rehabilitation programs aimed at improving 
motor function and functional independence. These 
interventions included structured active therapies such 
as Goals–Activity–Motor Enrichment (GAME), Baby-
CIMT, Baby-BIM, LEAP-CP, and other task-oriented 
training approaches.

Comparator groups included passive therapy, 
conventional neurodevelopmental treatment, standard 
rehabilitation, or other non-goal-directed therapeutic 
approaches. The primary outcomes assessed were 
functional independence, activity performance, 
participation, and motor function measured using 
validated assessment instruments, including the Gross 
Motor Function Measure (GMFM), Pediatric Evaluation of 
Disability Inventory (PEDI/PEDI-CAT), Hand Assessment 
for Infants (HAI), Canadian Occupational Performance 
Measure (COPM), or comparable standardized 
functional outcome tools.

Only full-text articles published in English between 
January 2016 and May 2026 were included. Conference 
abstracts, review articles, case reports, editorials, study 
protocols, animal studies, and non-comparative studies 
were excluded. Studies with insufficient quantitative 
data for effect size calculation were also excluded from 
the meta-analysis.

Information Sources and Search Strategy
Relevant studies were identified through searches 
of multiple electronic databases, including PubMed, 
ScienceDirect, ProQuest, Wiley Online Library, and 
MedRxiv. MedRxiv was included to capture gray 
literature, identify emerging evidence, and minimize 
potential publication bias. To systematically address 
the lack of peer review in preprint studies, a sensitivity 
analysis using a leave-one-out approach was planned 
a priori to evaluate whether the inclusion of these 
preprint data significantly or systematically distorted 
the primary pooled meta-analysis findings. Studies 
published from January 2016 until the final search date 
(7 May 2026) were considered for inclusion. To ensure 
comprehensiveness, the reference lists of all included 
studies and relevant review articles were manually 
screened, and a snowballing approach was applied to 
identify additional eligible studies. 
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The search strategy was developed using database-
specific search strings that incorporated controlled 
vocabulary (where applicable), free-text terms, and 
Boolean operators (“AND” and “OR”). Search terms 
were related to cerebral palsy, high-risk infants, goal-
directed interventions, and functional independence 
outcomes. Search strategies were adapted according 
to the indexing structure and search requirements of 
each database. The complete database-specific search 
strategies, including all search terms, Boolean operators, 
and MeSH headings, are presented in Supplementary 
Appendix 1.

Study Selection and Data Collection
Two reviewers independently screened titles and 
abstracts of all retrieved records according to the 
predefined eligibility criteria. Potentially eligible studies 
subsequently underwent full-text assessment by 
the same reviewers. Any disagreements regarding 
study selection were resolved through discussion and 
consensus.

Data extraction was performed independently by 
two reviewers using a standardized extraction form. 
Extracted data included study characteristics, participant 
demographics, intervention details, outcome measures, 
and study outcomes. Any discrepancies were resolved 
through discussion and review of the original articles 
until consensus was reached. Risk of bias assessment 
was conducted independently by two reviewers using 
the Cochrane Risk of Bias 2 (RoB 2) tool. Disagreements 
were resolved through discussion and consensus.

Risk of Bias Assessment
The RCT study was assessed using the Cochrane 
Risk of Bias tool version 2 (RoB 2.0) and visualized 
using the ROBVIS visualization.17,18 The assessment 
covered five key domains, including the randomization 
process, deviations from intended interventions, 
missing outcome data, measurement of the outcome, 
and selection of the reported results. The results of 
the assessment were explicitly used to interpret the 
strength of the clinical evidence and were visualized 
using specialized tools to maintain transparency in the 
quality of the included studies.

Statistical Analysis
A quantitative synthesis was performed using meta-
analysis to evaluate the effectiveness of early goal-
directed and activity-based interventions on functional 
independence and motor outcomes in infants and 

children with or at high risk of cerebral palsy. All statistical 
analyses and quantitative poolings were conducted 
using Review Manager (RevMan) software, version 5.4 
(The Cochrane Collaboration, 2020).  To evaluate the 
overall impact of the intervention on functional capacity, 
data from diverse outcome measures (including GMFM 
for gross motor function, HAI for upper limb function, 
and PEDI-CAT or COPM for comprehensive functional 
domains) were pooled using the Standardized Mean 
Difference (SMD) with corresponding 95% confidence 
intervals (CI). The use of SMD is justified as it standardizes 
heterogeneous scales into a uniform metric, allowing 
for an aggregate estimation of global functional 
improvement. To minimize conceptual bias, data were 
hierarchically selected based on the primary domain 
targeted by the intervention when a study reported 
multiple scales. 

A random-effects model was applied to account for 
anticipated clinical and methodological heterogeneity 
among studies, including differences in intervention 
protocols, treatment duration, participant 
characteristics, and outcome measurement tools. 
Statistical heterogeneity was assessed using the I² 
statistic, with values above 50% considered indicative 
of substantial heterogeneity. Statistical significance was 
defined as a two-tailed p-value < 0.05.

As an exploratory measure, publication bias was 
evaluated qualitatively through visual inspection of 
funnel plot asymmetry. Although visual inspection 
of the plot may demonstrate relative symmetry, this 
interpretation must be treated with extreme caution. 
Standard methodological guidelines indicate that 
publication bias assessments using funnel plots are 
unreliable and lack statistical power when a meta-
analysis includes fewer than 10 studies. Therefore, the 
presence of small-study effects or selective publication 
cannot be definitively ruled out based on our limited 
sample size.  Sensitivity analysis was conducted using a 
leave-one-out approach to assess the robustness and 
stability of the pooled effect estimates.

Result
Study Selection
A systematic literature search was conducted across five 
electronic databases, including PubMed, ScienceDirect, 
Wiley Online Library, ProQuest, and medRxiv. A total 
of 314 records were identified through database 
searching, consisting of 191 records from ProQuest, 
99 from ScienceDirect, 12 from Wiley, 10 from medRxiv, 
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and 2 from PubMed.

After removal of 8 duplicate records, 306 studies 
underwent title and abstract screening. Of these, 
286 records were excluded due to irrelevance to the 
study objectives. Subsequently, 20 full-text articles 
were sought for retrieval, of which 18 articles were 
successfully assessed for eligibility, while 2 reports could 
not be retrieved.

During full-text assessment, 12 studies were excluded 
for the following reasons: inappropriate study duration 
(n = 4), irrelevant population (n = 6), and unsuitable 
study design (n = 3). Ultimately, 5 studies met the 
eligibility criteria and were included in the systematic 
review and meta-analysis. The study selection process 
is summarized in the PRISMA flow diagram (Figure 1).

Study Characteristics
The baseline and methodological characteristics of the 
five included trials are systematically summarized in 
Table 1.

Risk of Bias Analysis
The methodological quality and risk of bias included 
randomized controlled trials were independently 
assessed by the Cochrane Risk of Bias 2 (RoB 2) tool.19 
Each study was evaluated across five distinct domains: 
(1) bias arising from the randomization process; (2) bias 
due to deviations from intended interventions; (3) bias 
due to missing outcome data; (4) bias in measurement 
of the outcome; and (5) bias in selection of the reported 
result. The assessment of the risk of bias for the five 
included studies was conducted using the Cochrane 
Risk of Bias 2 (RoB 2) tool, as illustrated in Figures 2 and 
3. 

Overall, the studies demonstrated a high level of 
methodological quality, with two trials (Boyd et al., 
2025 and Armstrong et al., 2020) achieving a “low risk 
of bias” across all evaluated domains. These studies 
implemented robust randomization and allocation 
concealment procedures, alongside effective blinding 
of outcome assessors.

In contrast, three studies (Morgan et al., 2016; Eliasson 
et al., 2018; Benfer et al., 2024) were identified as having 

Figure 1: PRISMA Flowchart
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“some concerns” in their overall judgment. In Benfer 
et al. (2024) and Eliasson et al. (2018), these concerns 
were primarily related to Domain 3 (bias due to missing 
outcome data) and Domain 2 (deviations from intended 
interventions), often due to participants being excluded 
after randomization or high attrition rates. Similarly, 
Morgan et al. (2016) was noted for “some concerns” 
in Domain 3 due to the loss of follow-up data in the 
intervention group. Despite these specific issues, none 
of the included studies were rated as “high risk,” and 
the measurement of primary outcomes remained 
consistently at low risk of bias across the evidence base.

Quantitative Synthesis
Functional Motor Outcomes
A random-effects meta-analysis using standardized 
mean difference (SMD) was performed due to 
differences in outcome scales across studies. The 
pooled analysis demonstrated a small positive effect 
favoring early goal-directed and activity-based 
interventions compared with passive therapy or 
standard care (SMD = 0.19; 95% CI: −0.09 to 0.47). 
However, the overall effect was not statistically 
significant because the confidence interval crossed the 
null value (0). Heterogeneity among studies was low (I² 

= 0%), indicating consistent findings across included 
studies. These findings suggest that activity-based and 
goal-directed interventions demonstrate promising 
trends toward improving  modest improvements in 
functional motor outcomes compared with passive 
therapy, although current evidence remains insufficient 
to demonstrate definitive effectiveness.

Forest Plot Interpretation
The forest plot demonstrated that most included 
studies favored the intervention group, as indicated by 
positive SMD values. According to Cohen’s convention, 
the pooled estimate (SMD = 0.19; 95% CI: −0.09 to 0.47) 
represents a small effect size magnitude. The studies 
by Morgan et al. (2016) and Eliasson et al. (2018) showed 
the largest positive effects.20,21 Visual inspection of the 
plot reveals a substantial overlap among the confidence 
intervals of individual trials, indicating statistical 
consistency. However, several studies exhibited wide 
confidence intervals crossing the line of no effect, 
reflecting limited statistical precision and uncertainty 
driven by the small cumulative sample size. The pooled 
diamond slightly favored the intervention group but 
crossed the null line, indicating non-significant overall 
findings. The study weights ranged from 7.3% to 
33.4%, with Boyd et al. (2024) and Benfer et al. (2024) 

Figure 2: Risk of Bias domains of RCT studies

Figure 3: Overall risk of bias of RCT studies
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contributing the greatest influence to the pooled 
analysis due to larger sample sizes.22, 23

Publication Bias
Visual inspection of the funnel plot did not demonstrate 
marked asymmetry. However, interpretation should 
be approached cautiously because the number of 
included studies was small (<10 studies), limiting the 
reliability of publication bias assessment.

Sensitivity Analysis
Leave-one-out sensitivity analysis demonstrated 
stable pooled estimates across all iterations. Exclusion 
of individual studies did not substantially alter the 
overall effect size, suggesting that no single study 
disproportionately influenced the meta-analysis results. 
The pooled effect sizes after sequential omission of 
studies ranged from SMD 0.14 to 0.28, with all analyses 
remaining statistically non-significant. Heterogeneity 
remained consistently low (I² = 0%). The exact step-
by-step omitted-study analysis, detailing the shifting 
SMD values and specific confidence intervals for each 

iteration, has been comprehensively tabulated and 
provided in Supplementary Table S1.

Overall Interpretation
Overall, early goal-directed and activity-based 
interventions demonstrated a trend toward improved 
functional motor outcomes in infants with cerebral 
palsy or high risk of cerebral palsy compared with 
passive therapy or standard care. Nevertheless, the 
pooled effect did not reach statistical significance.

Despite this, the consistently positive direction of 
effect and low heterogeneity \suggest potential clinical 
benefits of active, goal-oriented early intervention 
approaches. Additional high-quality randomized 
controlled trials with larger sample sizes and 
standardized outcome measures are needed to clarify 
the magnitude of benefit.

Discussion
The findings of this meta-analysis reveal a consistent 
and positive but non-significant trend toward the 

Figure 4: Forest Plot of Functional Motor Outcomes

CI: Confidence Interval; SMD: Standardized Mean Difference; SE: Standard Error.

Figure 5: Funnel Plot for Publication Bias Assessment 

Horizontal axis represents Standardized Mean Difference (SMD); vertical axis represents Standard Error (SE) to 
assess small-study effects.
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Figure 6: Sensitivity Analysis Chart

Omitted-study analysis applying a leave-one-out framework to assess the robustness of the pooled estimate.

efficacy of early active interventions for infants at high 
risk of cerebral palsy. Although the pooled analysis falls 
short of demonstrating definitive clinical superiority,  
several studies by  Armstrong et al. (2020), Benfer et 
al. (2024), Choudhary et al. (2013), Boyd et al. (2025), 
Eliasson et al. (2018), and Morgan et al. (2016) Reported 
an undeniable increase in motor function, such as the 
upper limb movements and cognitive outcomes.20-22,24,25 
However, this therapeutic benefit may vary depending 
on the child’s baseline functional severity, therefore an 
adjusted interpretation of result according to this study 
is mandatory. Benfer et al. (2024) reported that LEAD-
CP appeared to provide greater benefits than HA, 
particularly in ambulant children with cerebral palsy.23

Application of Early Active Goal-based 
Intervention in Pathophysiology of Cerebral 
Palsy (CP)
The superiority of early active, goal-directed training 
(GDT) over passive modalities like Neurodevelopmental 
Treatment (NDT)/Bobath lies in its alignment with 
activity-dependent neuroplasticity. Cerebral palsy (CP) 
arises from a non-progressive injury to the developing 
brain during peak developmental activity, directly 
disrupting the normal activity-dependent synaptic 
competition of the corticospinal tract (CST). Variations 
in the timing of injury result not only in different lesions 
but also in different neuroplastic responses.26 While 
passive therapies fail to trigger neural reorganization 
because they lack deliberate CST activation from the 
infant, active GDT explicitly exploits motor learning 
mechanisms. By motivating self-initiated, repetitive 
movements, GDT repeatedly activates remaining 
CST axons, thereby strengthening weak synaptic 
connections, inducing white and gray matter changes 
such as increased myelination, and preventing the 
pathological cycle of learned non-use.26

The most relevant neuroplasticity mechanism in the 
context of CP rehabilitation is activity-dependent 
plasticity, the nervous system’s capacity to reorganize 
itself structurally and functionally in response to active, 
repetitive motor experiences. The basic principles 
of experience-dependent neural plasticity have 
been comprehensively formulated by Kleim & Jones, 
encompassing specificity, repetition, intensity, and 
functional relevance. Understanding these principles is 
highly relevant for optimizing rehabilitation strategies 
after brain injury.27 Motor interventions during the early 
years of life are considered critical for optimizing this 
activity-dependent neuroplasticity, but it is important 
to emphasize that activity-dependent reorganization 
can be both adaptive and maladaptive, so it is also the 
child’s active role in the process.9 This fundamentally 
differentiates active, goal-based therapy from passive 
therapy. In passive therapy approaches such as NDT/
Bobath, the therapist physically guides or facilitates 
movement while the infant plays a passive role. This 
kind of approach fails to trigger activity-dependent 
plasticity because it does not produce a deliberate CST 
activation pattern from the child himself, and has been 
shown to be ineffective in harnessing neural plasticity.28

Neuroplasticity and the Response to Goal-
Directed Training
The strongest pathophysiological argument for 
early intervention rests on the concept of the critical 
period of neuroplasticity, a specific window during 
early development where brain plasticity peaks and 
sensory experiences are necessary to build optimal 
cortical representations.29 Outside this period, 
plasticity capacity is significantly reduced, and the 
same intervention produces a much weaker response. 
Data from gross motor function development curves 
indicate that the gross motor potential of most children 
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with CP plateaus before age 5, depending on GMFCS 
level. For example, three-quarters of children with 
GMFCS levels I and II achieve 90% GMFM scores by 
age 5, while children with GMFCS level IV plateau at 
around 30% by the same age.30 Plasticity in the motor 
system has been shown to be more robust in the early 
years than in later years, and maladaptive changes 
that occur after CNS injury are difficult to reverse once 
established.30 Neuroimaging studies confirm that 
children with CP possess cortical plasticity that can 
be beneficial.32 Delayed intervention, such as waiting 
until a definitive diagnosis at 12–24 months of age, 
pathophysiologically misses part of this critical window 
of greatest responsiveness.

Early goal-directed training (GDT) is explicitly designed 
to take advantage ofmotor learning mechanisms 
that optimally utilize neuroplasticity. The developing 
brain is highly responsive to the quality, quantity, 
and timing of early sensorimotor experiences, and 
the infant’s active participation is essential to foster 
this process.31 Evidence from experimental models 
suggests that early intensive rehabilitation reverses 
locomotor impairments, reduces brain inflammation, 
and induces neuroplasticity. Structural MRI confirms 
that activity-based and goal-directed interventions 
induce changes in gray and white matter properties 
in the brain, including increased myelination.32 
Conversely, without encouragement to actively move, 
infants with cerebral palsy are at risk of a learned non-
use phenomenon in which infants learn not to use their 
weaker limbs due to the lack of positive reinforcement, 
which becomes increasingly difficult to correct with 
age. This condition can initiate a pathological cycle 
that deteriorates structure and function and produces 
maladaptive plasticity. Therefore, it is critical to initiate 
active interventions early to prevent permanent 
musculoskeletal and central nervous system 
maladaptations.33

Different Assessments through Different 
Measurement Tools
Motor function in children with cerebral palsy can be 
assessed using different types of interventions and 
outcome measures. Because each assessment tool 
examines different areas of function, the outcomes 
reported across studies may vary. This suggests 
that no single assessment can be regarded as the 
best overall tool, as each instrument has its own 
purpose and evaluates specific aspects of a child’s 
abilities. Importantly, motor outcomes and functional 

independence should be interpreted as distinct but 
complementary constructs. In this review, motor 
outcomes primarily refer to improvements in gross 
motor abilities and upper-limb function, whereas 
functional independence reflects to broader domains, 
including participation and independence in activities 
of daily living.

Boyd et al. (2024) found that Baby-CIMT did not show 
greater effectiveness compared with Baby-BIM, as both 
interventions produced similar improvements in hand 
function and upper limb development.22 These findings 
indicate that different intervention approaches may still 
lead to comparable outcomes in children with cerebral 
palsy. In addition, Armstrong et al. (2020) reported 
that GMFM was not necessarily superior to PEDI-
CAT because both assessments measure different 
dimensions of motor function.24 GMFM is mainly used 
to evaluate gross motor abilities, including movement-
related activities such as cycling. Meanwhile, PEDI-CAT 
places greater emphasis on the child’s ability to carry 
out everyday activities independently. Therefore, 
variations in study outcomes may be influenced not 
only by the intervention itself but also by the specific 
focus of the assessment tool used in each study.

Cerebral palsy affects not only motor function but also 
sensory function. A study conducted by Chorna et al. 
(2015) combined 6 hours of daily modified Constraint-
Induced Movement Therapy (CIMT) with high-intensity 
tactile enrichment. Specifically, the intervention 
utilizes sensory-motor kits where infants search for 
objects in textured media and “sticky mittens” to 
facilitate successful reaching, providing the consistent, 
non-noxious afferent feedback required to rewire 
damaged thalamocortical pathways. To validate the 
impact of these therapies, the study employed several 
assessment tools, such as the use of high-density 
event-related potentials (ERP) and kinematic motion 
analysis. These measures quantify changes in cortical 
sensory processing and movement smoothness that 
traditional behavioral scales might overlook. By aligning 
parent-driven sensory exercises with objective cortical 
tracking, this approach suggests that the remediation 
of “developmental disregard” is best achieved when 
clinical therapy is paired withassessments capable 
of tracking the brain’s evolving ability to register and 
utilize tactile information for motor control.34

Strengths and Limitations
A key strength of this systematic review and meta-
analysis is its strict focus on the critical “window 
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of opportunity” in early development, specifically 
targeting children. By evaluating goal-directed, 
activity-based interventions against traditional 
passive handling, this study provides a highly 
specialized synthesis of how active motor learning 
drives functional independence, measured through 
variations of standardized tools. Furthermore, the 
relationship between pathophysiology, neuroplasticity, 
and the response to early goal-directed training 
is clearly described. However, several limitations 
must be acknowledged. The overall number of pure 
randomized controlled trials in this specific age bracket 
remains relatively small, resulting in an underpowered 
pooled sample size that may limit the statistical power 
to detect significant differences. Moreover, there is a 
notable clinical heterogeneity across the literature; 
this is reflected in the high variability of intervention 
protocols—specifically the variations in total dosage, 
frequency, and duration—alongside the inclusion of 
mixed-severity populations and differing outcome 
measures. Finally, the short follow-up duration across 
the included studies limits our ability to determine 
whether the functional gains achieved in infancy are 
sustained into later childhood.

Clinical Implication and Future Direction
The findings of this study support a significant trend 
shift in pediatric rehabilitation, moving away from 
traditional, passive neuromotor handling, such as 
passive stretching or isolated NDT without functional 
goals, toward active, task-specific, and goal-directed 
interventions. For clinicians and physical therapists, the 
evidence underscores that motor learning in infants 
is experience-dependent. Therefore, therapeutic 
sessions should be structured around self-initiated 
movements where the infant must actively solve a motor 
problem to achieve a rewarding outcome. Successful 
protocols like GAME and Small Steps heavily rely on 
environmental enrichment and parental coaching, so 
clinical practiceinto a more family-centered model is 
highly encouraged. Clinicians should prioritize training 
parents as active co-therapists who can seamlessly 
integrate goal-directed activities into the infant’s daily 
home routine, thereby maximizing therapeutic dosage 
and enhancing the infant’s real-world functional 
independence. 35,36

To address the clinical heterogeneity observed in 
current literature, future studies should directly 
compare holistic, whole-body active interventions 
against targeted approaches, such as Baby-CIMT, to 

determine which protocols yield the highest efficacy 
for specific subgroups of cerebral palsy. Additionally, 
researchers should incorporate long-term longitudinal 
follow-ups to track the trajectories of functional 
independence and neuroplastic adaptation as these 
infants transition into school age. Furthermore, given the 
heavy reliance on home-based therapy, future studies 
should explore secondary outcomes more thoroughly, 
particularly looking into the cost-effectiveness of 
these interventions and their psychological impact on 
parental stress and quality of life

Conclusion
In conclusion, early goal-directed and activity-based 
interventions demonstrate a promising and consistent 
trend toward improving functional independence and 
motor outcomes in infants and children with or at 
high risk of cerebral palsy. Although the pooled meta-
analysis did not reach statistical significance, the overall 
positive direction of effect, negligible heterogeneity, and 
robust sensitivity analysis support the potential clinical 
value of active, goal-oriented rehabilitation compared 
with passive therapy approaches. These findings 
reinforce the neuroplasticity-based rationale that early, 
repetitive, and self-initiated motor experiences are 
critical during the developmental window of maximal 
brain plasticity. Furthermore, the evidence highlights 
the importance of family-centered and environmentally 
enriched interventions, such as GAME and Baby-CIMT, 
in optimizing functional outcomes. Nevertheless, the 
limited number of high-quality randomized controlled 
trials, variations in intervention protocols, and lack of 
long-term follow-up data indicate that further large-
scale and standardized studies are still required to 
establish definitive clinical recommendations and 
determine the long-term sustainability of these 
therapeutic benefits.
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Database Keywords Records 
Retrieved

PubMed ((“Cerebral Palsy”[MeSH Terms] OR “Cerebral Palsy” OR “High Risk Infant” OR “High Risk 
Infants”)) AND ((“Goal-Directed Training” OR “goal-directed” OR “activity-based” OR 
“GAME intervention” OR “Small Step” OR “task-oriented”)) AND ((“PEDI” OR “PEDI-CAT” 
OR “functional independence” OR “functional outcome”))

19

ScienceDirect (“Cerebral Palsy” OR “High Risk Infant”) AND (“goal directed” OR “activity-based” OR 
“task-oriented” OR “GAME intervention”) AND (“PEDI” OR “functional outcome”)

299

WILEY (Abstract:”Cerebral Palsy” OR Abstract:”high risk infant”) AND (Abstract:”goal 
directed” OR Abstract:”activity-based” OR Abstract:”GAME”) AND (Abstract:”PEDI” OR 
Abstract:”functional”)

12

ProQuest noft((“Cerebral Palsy” OR “High Risk Infant”) AND (“goal directed” OR “activity-based” OR 
“task-oriented” OR “GAME intervention”) AND (“PEDI” OR “functional outcome”))

232

MedRXiv “Cerebral Palsy” AND “goal-directed” AND “infant” 10
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