COMPETITOR:
JURNAL PENDIDIKAN KEPELATIHAN OLAHRAGA

COMPETITOR /" e-ISSN: 2657-0734 & p-ISSN: 2085-5388 || Volume 18, Number 1, 2026 || P.0518-0530

The Effect of a Combination of Neurodevelopmental Treatment and Core
Stability Exercise on Gross Motor Skills in Children with Developmental Delay

Tyas Kusumaningrum'*, Nurul Halimah?®®, Yohanes Deo Fau®®", Angria Pradita“®"

1234 nstitute of Technology, Science, and Health, Dr. Soepraoen Kesdam V/Brawijaya Hospital, Jawa
Tengah, Indonesia

tyaskusuma7145@gmail.com™, nurul.halimah@itsk-soepraoen.ac.id?, yohanes.deo@itsk-
soepraoen.ac.id®, pradita@itsk-soepraoen.ac.id”

ARTICLE HISTORY
Received: 2026/01/10
Accepted: 2026/01/15
Published: 2026/02/09

ABSTRACT

This study aimed to determine the effect of a combined Neurodevelopmental
Treatment (NDT) and Core Stability Exercise (CSE) program on gross motor
functionin children with Developmental Delay at Kids Care Clinic, Mataram. A
quantitative pre-experimental study with a one-group pretest-posttest

design was conducted over an eight-week intervention period (October-
December 2025). Seventeen children aged 1-5 years who met the inclusion
criteria were recruited using purposive sampling. Gross motor ability was

KEYWORDS
Developmental Delay;
Gross Motor Skills;

assessed before and after the intervention using the Gross Motor Function
Measure-88 (GMFM-88). The intervention consisted of structured and
individualized NDT and CSE sessions delivered twice weekly, with a total of 16
sessions. Data were analyzed using descriptive statistics, the Shapiro-Wilk
normality test, and a paired sample t-test. The results demonstrated a
significant improvement in gross motor function following the intervention,
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with the mean GMFM-88 score increasing from 56.84 + 20.07 at baseline to AUTHORS'FONTRIBUTION
63.39 + 19.10 after treatment, yielding a mean difference of 6.53 + 2.93 (p < A-Eho”cfp;'on and design of
e study;

0.001). These findings indicate that the combination of NDT and CSE has a
statistically significant positive effect on gross motor performance in
children with Developmental Delay. The results support the application of a
multimodal physiotherapy approach in pediatric rehabilitation settings and
suggest potential benefits for clinical practice. Further research using
randomized controlled designs with larger samples and longer follow-up
periods is recommended to strengthen evidence and improve
generalizability.

B.Acquisition of data;
C.Analysis and

interpretation of data;
D.Manuscript preparation;
E. Obtaining funding

Cites this Kusumaningrum, T.; Halimah, N., Fau, Y.D.; Pradita, A. (2026). The Effect of a

Article Combination of Neurodevelopmental Treatment and Core Stability Exercise on Gross Motor
Skillsin Children with Developmental Delay. Competitor: Jurnal Pendidikan Kepelatihan
Olahraga. 18( 1), p.0519-0530

INTRODUCTION

Developmental Delay (DD) is a developmental delay characterized by a discrepancy
in a child's ability to perform basic physical activities such as sitting, crawling, standing,
and walking compared to normal developmental milestones for their chronological age.
This delay not only reflects motor impairments but also correlates with impairments in
cognitive, language, and socio-emotional development, as well as independence in daily
living activities. Recent literature confirms that DD is a multidimensional child health and
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developmental problem that has along-term impact on anindividual's quality of life (Khan
& Leventhal, 2023).

Etiologically, DD is influenced by a combination of biological, environmental, and
behavioral factors. Several key risk factors consistently reported over the past decade
include lack of movement stimulation, excessive screen time exposure, inadequate
nutritional status, and limited exploration of the physical environment during the golden
period of child development (Andriyani et al., 2023). These conditions directly impact
neuromuscular system maturation, sensorimotor integration, and the formation of basic
movement patterns that form the foundation for advanced motor skills.

Epidemiological data indicates that developmental delay (DD)is a significant global
problem. The World Health Organization reports that approximately 1-3% of children
under the age of five experience developmental delay, and globally, it is estimated that
more than 50 million children live with various forms of developmental disorders
(Mithyantha et al., 2017; Salomone et al., 2019). In Indonesia, the estimated prevalence of
DD ranges from 5-10%, with approximately 1-3% of young children exhibiting clinically
significant developmental delays. Furthermore, approximately one in twenty school-age
children experiences motor coordination difficulties, which impact academic
performance and participation in physical activities (Putu et al., 2022). However,
comprehensive national prevalence data are limited due to low rates of early screening
and variations in assessment methods.

This phenomenon has also been identified at the local level, including in West Nusa
Tenggara Province, particularly in Mataram City. Although official prevalence data are not
yet available, field findings from child development services indicate alarming
indications. A preliminary study conducted in July 2025 at the Mataram Kids Care Clinic
revealed that an average of 20-25 children per month underwent therapy for
developmental delays, with the majority experiencing impairments in gross motor skills
such as sitting, standing, walking, and balance. This fact underscores the urgency of
developing effective, contextual, and evidence-based therapeutic interventions.

Gross motor skills are a key indicator of child development because they serve as
the foundation for independence, social participation, and readiness for school-age
learning. Gross motor activities such as postural control, dynamic balance, and body
coordination involve complex integration between the central nervous system,
musculoskeletal system, and sensory systems. Children with developmental delays often
exhibit deficits in muscle strength, postural stability, and motor control, which impact
long-term functional limitations (Lamria et al., 2022; Zainovita et al., 2024).

In clinical practice, Neurodevelopmental Treatment(NDT)is one of the most widely
used approaches to address motor disorders in children with developmental delays. NDT
focuses on facilitating normal movement patterns, inhibiting abnormal reflexes, and
improving postural control through structured therapeutic management (Tekin et al.,
2018). Numerous studies have shown that NDT is effective in improving movement
quality and gross motor function, especially in children with mild to moderate
neurological impairments.
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Conversely, active exercise-based approaches such as Core Stability Exercise
(CSE) have gained increasing attention in the last decade. CSE emphasizes
strengthening core muscles including the abdominal, lower back, and pelvic muscles,
which play a crucial role in postural stability and dynamic balance. Empirical evidence
shows that improving core stability significantly contributes to limb movement
efficiency and balance control in children with motor impairments (Mohamed et al.,
2025). This approach is considered more functional and participatory because it actively
involves children in the training process.

Although NDT and CSE have been extensively researched separately, most studies
focus on specific populations, limited intervention duration, and a single outcome.
Furthermore, there is considerable variation in intervention protocols and evaluation
instruments used, making it difficult to generalize research results to broader clinical
contexts, particularly in developing countries.

Although the literature demonstrates the effectiveness of NDT and CSE in
improving gross motor skills in children with developmental delays, several significant
research gaps remain. First, there is limited research that comparatively or integratively
examines the effectiveness of NDT and CSE approaches within a single, systematic
intervention framework. Most studies tend to position these two methods separately,
without exploring the synergistic potential between neuromotor facilitation and core
stability strengthening.

Second, contextual research in Indonesia, particularly in community clinic-based
child development service settings, remains very limited. Variations in child
characteristics, socioeconomic backgrounds, and parenting patterns in Indonesia have
the potential to influence response to therapeutic interventions, but have not been
widely addressed in empirical studies. Third, the lack of longitudinal data and the use of
comprehensive functional indicators have led to a less-than-optimal understanding of
the impact of interventions on children's independence and quality of life.

Therefore, research is needed that not only evaluates the clinical effectiveness of
interventions but also considers contextual relevance, method integration, and
meaningful functional outcomes for the daily lives of children with developmental delays.

Based on these research issues and gaps, the primary objective of this study is to
analyze the effectiveness of Neurodevelopmental Treatment and Core Stability Exercise-
based interventions in improving gross motor skills in children with developmental delays in
a child development clinic setting. Specifically, this study aims to evaluate changes in
sitting, standing, walking, and balance skills as key indicators of gross motor function.

The novelty of this study lies in the conceptual and empirical integration of the
neuromotor approach (NDT) and core stability exercises (CSE) into a single, contextual
and applicable intervention model. Furthermore, this study contributes empirical data
from the Indonesian context, which has been underrepresented in the international
literature. Therefore, the research findings are expected not only enrich the scientific
body of knowledge in the field of child development therapy but also serve as a basis for
developing more effective, evidence-based, and locally tailored intervention practices.
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METHODS
Research Design

This study employed a quantitative experimental approach using a pre-
experimental one-group pretest-posttest design to investigate the effect of acombined
Neurodevelopmental Treatment (NDT) and Core Stability Exercise (CSE) intervention on
gross motor skills in children with Developmental Delay. This design is widely used in
pediatric rehabilitation research when randomization or control groups are ethically or
practically constrained, particularly in clinical service settings (Portney & Watkins, 2015;
Creswell & Creswell, 2018). The pretest-posttest format enables within-subject
comparison, allowing detection of functional changes attributable to the intervention
while controlling for individual baseline variability (Kazdin, 2017).

The selection of this design is consistent with previous intervention studies
focusing on motor rehabilitation in children with developmental disorders, which
demonstrated its adequacy in capturing short-term functional improvements following
therapeutic exercise programs(Tekin et al., 2018; Mohamed et al., 2025).

Setting and Participants

The study was conducted at Kids Care Clinic, Mataram, a pediatric growth and
development service center, over two months from October to December 2025. The
target population consisted of children diagnosed with Developmental Delay (DD) who
received physiotherapy services during the study period.

From a total population of 20 eligible children, 17 participants were recruited using
purposive sampling, a non-probability sampling technique appropriate for clinical
intervention studies where participants must meet specific diagnostic and functional
criteria (Etikan et al., 2016).

Inclusion criteria were: children aged 1-5 years, clinical diagnosis of Developmental
Delay with mild to moderate gross motor impairment, and parental or guardian written
informed consent. Exclusion criteria included: severe neurological disorders (e.qg., cerebral
palsy GMFCS level IV-V), uncorrected visual or auditory impairments, and behavioral or
medical conditions that limited participation in structured therapy sessions.

This age range was selected based on evidence indicating that early childhood
represents a critical period for neuroplasticity, during which motor interventions yield
optimal functional outcomes(Kolb et al., 2017; Hadders-Algra, 2018).

Intervention Protocol

The intervention consisted of a structured combination of Neurodevelopmental
Treatment and Core Stability Exercise, delivered individually by licensed pediatric
physiotherapists. The program was implemented over eight weeks, with two sessions
per week, totalling 16 sessions. Each session lasted 45-60 minutes, in accordance with
recommended pediatric therapy dosage for motor learning and neuromuscular
adaptation(Morgan et al., 20186).

Neurodevelopmental Treatment (NDT)

The NDT component focused on task-oriented functional movement training,

postural control facilitation, and inhibition of maladaptive movement patterns.
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Therapeutic activities included crawling, kneeling, sitting, standing, reaching, and
transitional movements, delivered using graded facilitation and manual guidance as
needed. This approach aligns with contemporary NDT principles emphasizing active
participation, repetition, and variability to promote motor learning and functional
carryover (Novak et al., 2017; Tekin et al., 2018).

Core Stability Exercise (CSE)

The CSE component targeted activation and strengthening of core musculature,
including the abdominal, lumbar, and pelvic muscles, which are essential for postural
stability and balance control. Exercises were progressed according to each child's
tolerance and functional level and included abdominal activation, bridging, quadrupod
positions, supported sitting on a therapy ball, and balance tasks on unstable surfaces.
Evidence indicates that improved core stability enhances proximal control, thereby
facilitating efficient distal movement and gross motor performance in children with
motor delays (Zemkova & Zapletalova, 2022; Mohamed et al., 2025).

The integration of NDT and CSE was designed to synergistically address both
neuromotor control and musculoskeletal stability, reflecting current recommendations
for multimodal pediatric motor rehabilitation (Damiano et al., 2017; Morgan et al., 2020).
Outcome Measure

Gross motor function was assessed using the Gross Motor Function Measure-88
(GMFM-88), a standardized observational instrument widely used to evaluate gross motor
abilities in children with developmental disorders. The GMFM-88 assesses performance
across five dimensions: lying and rolling, sitting, crawling and kneeling, standing, and
walking/running/jumping. The instrument has demonstrated high validity, reliability, and
responsiveness to change in pediatric populations with motor impairments (Russell et
al., 2013; Ko & Kim, 2019). Assessments were conducted by trained evaluators at two time
points: before the first intervention session (pretest) and after completion of the eight-
week intervention program (posttest). To minimize measurement bias, evaluators
followed standardized administration procedures.

Data Analysis

Data were analyzed using SPSS software. Descriptive statistics were used to
summarize participant characteristics and baseline motor performance. Data normality
was examined using the Shapiro-Wilk test, which isrecommended for small sample sizes
(Ghasemi & Zahediasl, 2012). As the data were normally distributed, differences between
pretest and posttest GMFM-88 scores were analyzed using a paired sample t-test.
Statistical significance was set at p < 0.05, consistent with conventions in clinical
rehabilitation research (Field, 2018).

Ethical Considerations

Ethical principles were strictly adhered to throughout the study. Parents or
guardians provided written informed consent before participation. Participant
anonymity and data confidentiality were ensured, and all procedures complied with
ethical standards for research involving human subjects, particularly children, as
outlined in the Declaration of Helsinki(World Medical Association, 2013).
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RESULTS AND DISCUSSION
Result
Table 1.
Frequency distribution of subject characteristics
Subject Characteristics n %
Gender
Male 5 29,4
Female 12 70,6
Total 17 100,0
Age
a. lyear 4 23,5
b.1,5years 1 59
C.2years 5 29,4
d.2,5years 1 59
e. J years 6 35,3
Total 17 100,0

Table 1 shows the frequency distribution of research subject characteristics by
gender and age. Based on gender, most subjects were female (12 subjects)(70.6%), while
5 were male (29.4%). By age group, the largest number of subjects were 3 years old (6
subjects)(35.3%), followed by 2 years old (5 subjects)(29.4%), and 1year old (4 subjects)
(23.5%). Meanwhile, subjects aged 1.5 years and 2.5 years each had 1subject (5.9%).

Table 2.
Data Normality Test
Saphiro-Wilk n %
Gross motor skills before intervention 17 0,194
Gross motor skills after intervention 17 0,397

Table 2 shows the results of the normality test for gross motor ability data before
and after the intervention using the Shapiro-Wilk test on 17 subjects. The test results
showed a significance value of 0.194 for the pre-intervention dataand 0.397 for the post-
intervention data. Since all significance values were greater than o = 0.05, it can be
concluded that the gross motor ability data before and after the intervention were
normally distributed, thus meeting the requirements for parametric statistical tests.
Therefore, further statistical analysis used a paired t-test.

Table 3.
The effect of NDT and CSE on gross motor skills in children with developmental delay
Saphiro-Wilk n mean SD p-value
Gross motor skills before intervention 17 56,84 0,194 <0,001*
Gross motor skills after intervention 17 63,39 0,397
Difference before and after 17 6,53 2,925

Table 3 shows the effect of Neurodevelopmental Treatment (NDT) and Core
Stability Exercise (CSE) on gross motor skills in children with developmental delay.
Analysis using a paired t-test on 17 subjects showed that the average gross motor skill
score after the intervention (mean = 63.39; SD = 19.097) was higher than before the
intervention (mean = 56.84; SD = 20.065). The mean difference in gross motor skills
before and after the intervention was 6.53 (SD = 2.925).
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A p-value <0.001 indicates a statistically significant difference between gross
motor skills before and after the combination of NDT and CSE. Therefore, it can be
concluded that the intervention significantly improved gross motor skills. The paired t-
test results obtained a p-value <0.001, indicating a statistically significant difference
between gross motor skills before and after the combination of NDT and CSE. Therefore,
it can be concluded that the intervention significantly improved gross motor skills.

Discussion

The present study examined the effect of a combined Neurodevelopmental
Treatment (NDT) and Core Stability Exercise (CSE) program on gross motor skills in
children with Developmental Delay. The findings demonstrated a statistically and
clinically meaningful improvement in gross motor performance following the
intervention. Specifically, the mean GMFM-88 score increased from 56.84 at baseline to
63.39 post-intervention, with a mean difference of 6.53 points and a highly significant
paired t-test result (p < 0.001). These results indicate that the integrated intervention
produced measurable functional gains in gross motor abilities over eight weeks.

From a clinical perspective, an improvement of this magnitude in GMFM-88 scores
is considered relevant, as previous studies have suggested that even modest score
increases may reflect meaningful changes in functional independence, balance control,
and mobility in children with developmental disorders (Russell et al., 2013; Ko & Kim,
2019). The normal distribution of pretest and posttest data further supports the
robustness of the observed intervention effect within this sample.
Neurodevelopmental Treatment and Motor Learning Mechanisms

The positive effect observed in this study can be partly explained by the underlying
principles of Neurodevelopmental Treatment. NDT emphasizes facilitation of normal
movement patterns, enhancement of postural control, and inhibition of maladaptive
motor strategies through sensorimotor input and task-specific practice. These
mechanisms are closely aligned with contemporary theories of neuroplasticity and
motor learning, which highlight the importance of repetition, task relevance, and
structured feedback in reshaping neural pathways during early childhood (Hadders-
Algra, 2018; Kolb et al., 2017).

Empirical evidence supports the role of NDT in improving gross motor outcomes,
particularly when interventions are delivered intensively and in a structured manner.
Khanna et al. (2023) reported significant improvements in GMFM domains and postural
stability among children receiving NDT-based interventions, emphasizing that gains are
most pronounced when therapy targets functional tasks such as sitting, standing, and
transitional movements. Similarly, Novak et al.(2017) argued that modern interpretations
of NDT, which prioritize active participation and goal-directed movement, are more
effective than passive handling approaches.

Contribution of Core Stability Exercise

In parallel, Core Stability Exercise addresses a complementary but equally critical

component of gross motor development, proximal stability. Core musculature plays a
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central role in maintaining midline control, regulating trunk alignment, and optimizing
force transmission to the extremities during movement. Deficits in core stability have
been consistently associated with impaired balance, inefficient gait patterns, and
delayed acquisition of motor milestones in children with developmental delays(Zemkova
& Zapletalova, 2022).

Recent systematic reviews and meta-analyses provide strong support for the
inclusion of core-focused training in pediatric motor rehabilitation. Zhou et al. (2024)
reported that core stability interventions significantly improved dynamic balance and
functional mobility in children with special needs, although effect sizes varied depending on
intervention duration, frequency, and outcome measures. The present study’s findings align
with this body of evidence, suggesting that structured core training contributes to
improvements in standing balance and locomotor-related tasks captured by the GMFM-88.
Synergistic Effects of Combined NDT and CSE

A key contribution of this study lies in demonstrating the potential synergistic
effect of combining NDT and CSE within a single intervention framework. Conceptually,
NDT facilitates the acquisition and refinement of efficient movement patterns through
sensorimotor integration, while CSE provides the mechanical and neuromuscular
foundation necessary to sustain these patterns during functional activities. This dual
approach addresses both movement quality and movement capacity, which are often
treated separately in pediatric rehabilitation research.

This interpretation is supported by previous empirical studies. Anwar et al. (2023)
found that combining Bobath-based NDT with core stability exercises resulted in greater
improvements in sitting balance compared to conventional therapy alone in children with
cerebral palsy. Furthermore, systematic reviews by Te Velde et al. (2022) and Tekin et al.
(2018) concluded that NDT-based posture and balance training conducted over
approximately eight weeks effectively enhanced functional motor skills by improving
postural control and movement coordination. Similarly, Mohamed et al. (2025)
demonstrated that core stability training produced superior gains in balance, standing
ability, and walking performance compared to standard physiotherapy in children with
spastic diplegic cerebral palsy.

Although the current study focused on children with developmental delay rather
than cerebral palsy, the consistency of findings across these populations suggests
shared underlying mechanisms related to trunk control, balance regulation, and motor
planning. This supports the broader applicability of combined NDT and CSE approaches
in pediatric motor rehabilitation.

Clinical Implications

The findings of this study reinforce the value of a multimodal, task-oriented
rehabilitation strategy for children with developmental delay. In clinical settings such as
Kids Care Clinic Mataram, the integration of NDT and CSE offers several practical
advantages. The approach is adaptable to individual functional levels, allows graded
progression of exercise intensity, and can be seamlessly incorporated into routine therapy
sessions and home-based programs. By enhancing both sensorimotor integration and
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postural stability, the combined intervention facilitates more effective transfer of motor
gains to daily functional activities, including standing, walking, and play.
Limitations and Future Directions

Despite these promising findings, several limitations must be acknowledged. The
relatively small sample size and pre-experimental one-group design limit causal
inference and generalizability. Additionally, the short intervention duration and
heterogeneity in participant characteristics—such as age range, severity of delay, and
presence of comorbidities—may have influenced the magnitude of observed effects.
These limitations are consistent with challenges reported in similar pediatric
rehabilitation studies (Damiano et al., 2017; Morgan et al., 2020).

Future research should employ randomized controlled trial designs with larger sample
sizes, standardized intervention protocols, and medium-to long-term follow-up to evaluate
the sustainability of motor improvements. Incorporating effect size analysis and functional
outcome measures related to participation and quality of life would further strengthen the
evidence base and clinical relevance of combined NDT and CSE interventions.

CONCLUSION

This study demonstrates that a combined Neurodevelopmental Treatment (NDT)
and Core Stability Exercise (CSE) program has a significant positive effect on gross
motor function in children with Developmental Delay treated at Kids Care Clinic,
Mataram. Gross motor performance, as measured by the GMFM-88, showed a meaningful
improvement following the intervention, with post-intervention scores exceeding
baseline values. These findings indicate that integrating sensorimotor facilitation
through NDT with postural control training via CSE can enhance functional motor
outcomes in early childhood rehabilitation.

Based on the study findings and their clinical implications, physiotherapy
practitioners are encouraged to consider the integration of NDT and CSE as part of
individualized intervention programs for children with Developmental Delay, particularly
to support improvements in gross motor function. Health care institutions, especially
pediatric growth and development clinics, should facilitate the implementation of such
combined programs by providing adequate infrastructure, standardized treatment
protocols, and trained personnel.
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