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ABSTRACT 
Background: Developmental delays affect motor function and trunk control in 
children, impacting their overall development and daily activities. Virtual reality 
(VR) interventions have the potential to enhance motor abilities through 
engaging, personalized therapies. 
Objective: This study aimed to determine the effectiveness of virtual reality-
based neurodevelopmental treatment with trunk control exercises (VR-NDT-TCE) 
in improving trunk control and cognitive functions in children with developmental 
delays. 
Methods: A single-blinded randomized controlled trial was conducted with 22 
children aged 2-8 years diagnosed with developmental delays. Participants were 
randomly assigned to Group A (NDT-TCE) or Group B (VR-NDT-TCE) for a six-week 
intervention, three times per week. Trunk control was measured using the Trunk 
Control Measurement Scale (TCMS), and cognition was assessed through the 
Hammersmith Infant Neurological Examination (HINE) Performa. Data analysis 
was performed using SPSS version 27 with paired t-tests and Mann-Whitney 
tests. 
Results: Significant improvements were observed in trunk control (TCMS score: 
20.18 ± 2.40 in Group A vs. 24.18 ± 4.67 in Group B, p = 0.017). Group B showed 
notable gains in cognitive parameters, including conscious state (p < 0.001), 
emotional state (p = 0.012), and social orientation (p = 0.031). 
Conclusion: VR-NDT-TCE significantly improved trunk control and cognitive 
outcomes, offering an effective intervention for children with developmental 
delays.

INTRODUCTION 
Developmental delays in children are complex conditions 
that disrupt the normal trajectory of growth, particularly in 
motor, cognitive, language, and socio-emotional domains. 
The concept of "developmental delay" emerged prominently 
in mid-20th century research, reflecting the systematic 
study of child development and the identification of atypical 
progress in achieving key milestones. This ongoing 
developmental process, beginning at conception and 
continuing into adulthood, is influenced by a multitude of 
factors, including genetics, environment, nutrition, and 
chronic illnesses, which may result in delayed milestones. 
Such delays are typically assessed across various domains, 
including gross and fine motor skills, social interaction, and 
language acquisition, with significant delays in one or more 
areas often categorized as developmental delay (1). 
Globally, developmental delays affect a considerable 
proportion of children, with prevalence rates varying by 
region and socio-economic context. In low- and middle-
income countries, the prevalence is notably high, with the 
World Health Organization estimating that approximately 
10% of the global population has some form of disability. 
Developmental delays are estimated to affect between 10% 
to 15% of children, with variations seen across different 
regions and demographics (2). 

Motor development, particularly trunk control, is crucial in 
early childhood as it underpins the ability to perform more 
complex motor tasks. Impaired trunk control, often 
observed in children with developmental delays and 
conditions like cerebral palsy, significantly hampers motor 
function, coordination, and stability, thus affecting daily 
activities and overall functional independence. Trunk 
control is foundational for children's motor development, 
enabling stabilization of the head and limbs, which is 
essential for achieving higher developmental milestones, 
such as stable hand movements and effective object 
manipulation. These abilities are intricately linked to 
cognitive skills and play opportunities, which further 
influence a child's overall development. However, children 
with developmental delays often exhibit slower and less 
coordinated trunk movements, leading to challenges in 
motor skill development, cognition, and daily functioning 
(3). Traditional interventions such as neurodevelopmental 
treatment (NDT), particularly the Bobath approach, have 
been widely used to enhance trunk control in children with 
such conditions. NDT focuses on improving postural control 
and muscle activation to support trunk stability. Despite its 
effectiveness, the limitations of conventional therapies 
highlight the need for innovative approaches that can 
engage children more effectively and cater to their individual 
needs. 
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Recent advancements in virtual reality (VR) technology have 
introduced new possibilities in pediatric rehabilitation, 
offering personalized, immersive experiences that align with 
the principles of neuroplasticity. VR-based interventions 
provide real-time feedback and create engaging 
environments that motivate children to participate in 
repetitive, goal-directed activities, thereby enhancing motor 
learning and functional recovery. The integration of VR with 
traditional NDT techniques could potentially address the 
limitations of conventional therapy by providing a more 
stimulating and adaptive approach to rehabilitation. This 
study aims to investigate the effectiveness of a VR-based 
neurodevelopmental treatment on trunk control in children 
with developmental delays. The focus on trunk control is 
crucial, as it is a key determinant of gross motor function, 
balance, and overall motor coordination in children. 
Furthermore, the study seeks to explore the broader impact 
of VR interventions on cognitive and motor outcomes, 
considering the complex interplay between various 
developmental domains in children with delays (4). 
Given the growing prevalence of developmental delays, 
particularly in regions with limited access to advanced 
therapeutic interventions, this study is poised to contribute 
valuable insights into the potential benefits of integrating VR 
into pediatric rehabilitation. The findings may have 
significant implications for enhancing practical approaches 
in regions like Pakistan, where traditional interventions are 
often underutilized, and innovative therapies like VR hold 
promise for improving the quality of care for children with 
developmental delays (5). By focusing on trunk control as a 
critical component of motor development, this study aims 
to fill a gap in the existing literature and provide a foundation 
for future research on the use of VR in pediatric 
rehabilitation. The outcomes of this study could lead to the 
development of more effective, child-centered therapeutic 
strategies that enhance motor function, cognition, and 
overall quality of life for children with developmental delays. 

MATERIAL AND METHODS 
This study utilized an experimental design with a single-
blinded randomized clinical trial format to assess the 
effects of virtual reality-based neurodevelopmental 
treatment on trunk control in children with developmental 
delays. A total of 22 participants were included in the study, 
with the sample size determined using Epitool. Participants 
were randomly assigned to two groups, Group A and Group 
B, using a chit and draw method. Group A received 
traditional neurodevelopmental treatment-based trunk 
control exercises, while Group B underwent a virtual reality-
based rehabilitation intervention combined with trunk 
control exercises based on the principles of handling and 
facilitation. The study was conducted at the Children 
Hospital & Institute of Child Health Care, Faisalabad, 
specifically within the Physical Therapy Department's 
outpatient setting. 
Participants were recruited consecutively, meeting specific 
inclusion criteria: children aged 2-8 years, both male and 
female, diagnosed with developmental delays, and capable 
of following visual and verbal commands. Additionally, 

participants had to be classified within Gross Motor 
Function Classification System (GMFS) levels II, III, or IV and 
scored between 0 to 2 on the Modified Ashworth Scale. 
Exclusion criteria included children who were 
uncooperative, had visual or intellectual impairments, were 
using anti-epileptic or anti-spasticity medications, or had 
conditions such as quadriplegic, ataxic, athetoid, or mixed 
cerebral palsy. Children with severe mental abnormalities, 
cardiac anomalies affecting exercise tolerance, recent 
orthopedic surgeries (less than four months post-
operation), use of botulinum toxin injections, bony 
malalignments, or contractures were also excluded. Parents 
were informed of their right to withdraw their child from the 
study at any time, and participants with gravitational 
insecurity were included as withdrawal criteria. 
Ethical approval was obtained from the Ethical Review 
Committee of The University of Faisalabad before the 
commencement of data collection. The study was also 
registered on the Iranian Registry of Clinical Trials with the 
trial ID IRCT20240307061203N1. All procedures were 
conducted in accordance with the ethical standards 
outlined in the Declaration of Helsinki. Data collection 
involved a series of baseline assessments followed by post-
intervention evaluations after a six-week intervention 
period. Trunk control was measured using the Trunk Control 
Measurement Scale (TCMS), while primitive reflexes were 
assessed through a screening questionnaire that 
categorized reflexes as present, absent, or overcome. 
Cognition was evaluated using the Hammersmith Infant 
Neurological Examination (HINE) Performa, Section III. 
The intervention for Group A involved traditional 
neurodevelopmental techniques focusing on trunk control 
exercises, progressing through stages of muscle 
stimulation, weight shift, dynamic co-activation, and trunk 
rotation with elongation. Group B received a virtual reality-
based intervention that combined neurodevelopmental 
trunk control exercises with immersive VR therapy, 
incorporating interactive games designed to enhance trunk 
control and motor function. Both groups participated in their 
respective interventions three times a week for six weeks, 
with sessions delivered by experienced pediatric 
physiotherapists who provided verbal and visual cues to 
facilitate motor skill development. 
Statistical analysis was performed using SPSS version 27. 
Data normality was assessed using the Shapiro-Wilk test. 
Depending on the distribution of data, parametric tests such 
as paired t-tests and independent t-tests were used for 
normally distributed variables, while non-parametric tests, 
including Wilcoxon Signed Ranks and Mann-Whitney tests, 
were applied for variables that did not follow a normal 
distribution. The analysis aimed to compare the effects of 
neurodevelopmental treatment and virtual reality-based 
interventions on trunk control, gross motor function, 
cognition, and primitive reflexes within and between the 
intervention groups (1). Results were considered 
statistically significant if the p-value was less than 0.05. All 
statistical tests were performed by the same researcher to 
maintain consistency in data handling and analysis 
procedures. 
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This comprehensive approach ensured a thorough 
evaluation of the interventions' effectiveness, providing 
robust data on the impact of VR-based therapy compared to 
traditional neurodevelopmental methods in improving trunk 
control and related functional outcomes in children with 
developmental delays. 

RESULTS 
The study analyzed the effects of traditional 
neurodevelopmental treatment (NDT) and virtual reality-

based neurodevelopmental treatment (VR-NDT) on trunk 
control, cognition, and primitive reflexes in children with 
developmental delays. Statistical analysis was conducted 
using SPSS version 27, with data normality assessed 
through the Shapiro-Wilk test. 
Based on the normality results, appropriate parametric and 
non-parametric tests were applied to evaluate the 
outcomes within and between the groups. Below are the 
detailed results presented in a tabulated format, followed by 
a descriptive analysis. 

 

Table 1: Between-Group Analysis of Trunk Control Measurement Scale (TCMS) and HINE Performa 

Variable Assessment Group A (NDT-TCM) 

(mean ± S.D.) 

Group B (VR-NDT-

TCM) (mean ± S.D.) 

t-Value/Z-

Value 

P-

value 

Trunk Control 

Measurement Scale 

Pre-TCMS 13.81 ± 1.64 13.45 ± 3.49 0.308 0.761 

 
Post-TCMS 20.18 ± 2.40 24.18 ± 4.67 -2.59 0.017 

HINE Performa 

(Conscious State) 

Pre 9.95 ± 109.50 13.05 ± 143.5 -1.244 0.213 

 
Post 10.27 ± 80.0 15.73 ± 173.0 -3.350 <0.001 

HINE Performa 

(Emotional State) 

Pre 12.14 ± 133.5 10.86 ± 119.5 -0.540 0.589 

 
Post 8.27 ± 91.0 14.73 ± 162.0 -2.515 0.012 

HINE Performa (Social 

Orientation) 

Pre 12.50 ± 137.5 10.50 ± 115.5 -0.866 0.386 

 
Post 8.86 ± 97.50 14.14 ± 155.5 -2.153 0.031 

Analysis: The analysis revealed that prior to the intervention, 
there were no significant differences in trunk control or 
cognitive parameters (conscious state, emotional state, and 
social orientation) between the NDT and VR-NDT groups. 
However, after the intervention, the VR-NDT group 
demonstrated significantly higher TCMS scores (p = 0.017), 
indicating superior improvement in trunk control compared 

to the NDT group. Additionally, significant improvements 
were observed in the VR-NDT group for cognitive 
parameters, including conscious state (p < 0.001), 
emotional state (p = 0.012), and social orientation (p = 
0.031), suggesting a more pronounced impact of VR 
interventions on these outcomes compared to NDT.

 

Table 2: Within-Group Analysis of Primitive Reflexes 

Primitive Reflexes Assessment Group A 

(NDT-TCM) (mean 

ranks ± sum of ranks) 

Group B 

(VR-NDT-TCM) (mean 

ranks ± sum of ranks) 

Z-

Value 

P-

value 

Moro Reflex Pre 11.50 ± 126.50 11.50 ± 126.50 0.000 1.000 

Post 9.30 ± 93.00 12.55 ± 138.00 -1.62 0.105 

STNR (Symmetric Tonic 

Neck Reflex) 

Pre 11.00 ± 121.0 12.00 ± 132.00 -1.00 0.317 

Post 11.50 ± 115.0 10.55 ± 116.00 -0.953 0.340 

Palmar Grasp Reflex Pre 11.50 ± 126.5 11.50 ± 126.50 0.000 1.000 

Post 11.00 ± 110.50 11.00 ± 121.00 0.000 1.000 

ASTNR (Asymmetric 

Tonic Neck Reflex) 

Pre 12.50 ± 137.50 10.50 ± 115.50 -0.866 0.386 

Post 11.00 ± 110.50 11.00 ± 121.50 0.000 1.000 

TLR (Tonic Labyrinthine 

Reflex) 

Pre 11.50 ± 126.50 11.50 ± 126.50 0.000 1.000 

Post 11.00 ± 110.50 11.00 ± 121.50 0.000 1.000 

Analysis: The analysis of primitive reflexes indicated no 
significant changes between the NDT and VR-NDT groups 
before and after the intervention. Both interventions did not 
result in statistically significant alterations in the responses 
of Moro, STNR, Palmar Grasp, ASTNR, and TLR reflexes, 
indicating that neither the NDT nor the VR-NDT interventions 
had a notable impact on primitive reflex integration in this 
study population  
Summary of Results: The VR-NDT intervention 
demonstrated a significantly greater improvement in trunk 

control and cognitive outcomes (conscious state, emotional 
state, and social orientation) compared to traditional NDT, 
highlighting its potential as an effective rehabilitation 
strategy for children with developmental delays. However, 
both interventions showed similar effects on primitive 
reflexes, with no significant changes observed. These 
findings suggest that while VR-based neurodevelopmental 
treatment can enhance motor and cognitive functions, its 
impact on reflex integration may require further investigation 
or longer intervention durations to yield significant results. 
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DISCUSSION 
The findings of this study provide valuable insights into the 
effectiveness of virtual reality-based neurodevelopmental 
treatment (VR-NDT) compared to traditional 
neurodevelopmental techniques (NDT) in improving trunk 
control and cognitive functions in children with 
developmental delays. The significant improvement 
observed in the VR-NDT group, particularly in trunk control, 
conscious state, emotional state, and social orientation, 
underscores the potential of VR-based interventions as an 
innovative and effective approach to pediatric rehabilitation 
(13). These results align with previous research that has 
demonstrated the positive impact of VR on motor functions 
and cognitive outcomes in children with various 
developmental disorders, including cerebral palsy and 
developmental coordination disorder (1). The interactive 
and engaging nature of VR, which leverages principles of 
neuroplasticity, likely contributed to the enhanced 
outcomes observed in this study, as it promotes active 
participation and provides real-time feedback, essential for 
motor learning and functional recovery (2). 
In contrast, the study found no significant differences 
between the NDT and VR-NDT groups concerning primitive 
reflex integration, indicating that neither intervention had a 
notable impact on these reflexes. This finding is consistent 
with earlier studies suggesting that while VR can effectively 
enhance motor skills and cognitive functions, its influence 
on primitive reflexes, which are deeply rooted in the early 
stages of neurological development, may be limited or 
require longer intervention periods to observe significant 
changes (3). The persistence of primitive reflexes, such as 
the Moro and Palmar grasp reflexes, in children with 
developmental delays is often associated with underlying 
neurological conditions that may not be fully addressed by 
motor-based interventions alone (4). Therefore, the lack of 
significant change in primitive reflexes in this study suggests 
that additional or alternative therapeutic approaches may 
be necessary to target these aspects of neurodevelopment 
(15, 16). 
The strengths of this study include its randomized controlled 
trial design, which minimizes bias and enhances the 
reliability of the findings. Additionally, the use of validated 
outcome measures, such as the Trunk Control 
Measurement Scale (TCMS) and HINE Performa, ensured 
that the improvements observed in trunk control and 
cognitive functions were accurately assessed (12). The 
study's innovative approach, integrating VR into 
neurodevelopmental treatment, also represents a 
significant advancement in pediatric rehabilitation, offering 
a personalized and engaging therapy option for children with 
developmental delays (17). 
However, several limitations must be acknowledged. The 
relatively small sample size (n=22) may have limited the 
generalizability of the findings, as it may not fully represent 
the diverse population of children with developmental 
delays. Additionally, the short intervention period of six 
weeks may not have been sufficient to observe long-term 
effects, particularly concerning primitive reflex integration, 
which may require prolonged exposure to therapeutic 

interventions. Future studies should consider larger sample 
sizes and extended follow-up periods to better understand 
the long-term benefits and potential limitations of VR-based 
interventions in this population (5). 
Furthermore, the study's exclusion criteria, which omitted 
children with severe mental abnormalities, visual 
impairments, and significant intellectual disabilities, may 
have limited the applicability of the findings to a broader 
range of children with developmental delays. Including 
these populations in future research could provide a more 
comprehensive understanding of the effectiveness of VR-
NDT across different subgroups of children with varying 
levels of developmental impairments (6, 9). 
In conclusion, this study demonstrated that VR-NDT is an 
effective intervention for improving trunk control and 
cognitive functions in children with developmental delays, 
offering a promising alternative to traditional NDT methods. 
However, the limited impact on primitive reflexes suggests 
that additional therapeutic approaches may be necessary to 
address these specific aspects of neurodevelopment. 
Further research with larger sample sizes, longer 
intervention periods, and more inclusive criteria is 
recommended to fully explore the potential of VR-based 
interventions in pediatric rehabilitation and to optimize 
therapeutic strategies for children with developmental 
delays (6). 
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