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ABSTRACT

Background: Cerebral palsy (CP) often results in motor and sensory impairments that limit functional independence.
Sensory Integration Therapy (SIT) and Neurodevelopmental Treatment (NDT) are commonly used in pediatric rehabilitation.
While both approaches individually show promise in enhancing gross motor function, limited evidence exists on their
combined effect. This pilot study evaluates the efficacy of integrating SIT with NDT on gross motor performance in children
with CP.

Aim and Objectives: To assess the impact of combined Sensory Integration and Neurodevelopmental Therapy on gross
motor function in children with cerebral palsy using the BOT-2 Short Form as an outcome measure.

Methodology: Twelve children with cerebral palsy (aged 4-10 years; including spastic diplegic, ataxic, and hypotonic
subtypes) were selected based on predefined inclusion and exclusion criteria. Each child underwent a combined SIT and
NDT intervention for 6 weeks, 3 days per week. Pre- and post-treatment scores were measured using the Bruininks-Oseretsky
Test of Motor Proficiency, Second Edition (BOT-2), Short Form. Data were analyzed using a paired t-test.

Results: All participants showed improvement in gross motor scores. The mean difference in BOT-2 scores was 6.17 + 0.84.
Statistical analysis using a paired t-test revealed significant improvement post-intervention (t = 25.6, p < 0.05), indicating
consistent functional gains across the group.

Conclusion: The combination of Sensory Integration and Neurodevelopmental Therapy resulted in significant improvements
in gross motor function in children with cerebral palsy. These findings support the potential of integrated sensory-motor
approaches in early pediatric rehabilitation and suggest the need for further large-scale studies.

Keywords: Cerebral Palsy, Neurodevelopmental Treatment, Sensory Integration Gross Motor Function, Motor Skills
Disorders and Rehabilitation

1. INTRODUCTION

Cerebral Palsy (CP) is a group of permanent disorders affecting the development of movement and posture, often caused by
non-progressive disturbances that occurred in the developing fetal or infant brain. It is the most common cause of physical
disability in childhood, with varying degrees of motor dysfunction, often accompanied by sensory, perceptual, cognitive, and
communication impairments. Children with CP frequently demonstrate difficulties in executing gross motor activities such
as sitting, crawling, standing, and walking, which significantly affects their independence and quality of life.

Rehabilitation approaches for CP are often multidisciplinary, involving physiotherapy, occupational therapy, and speech-
language interventions. Among physiotherapeutic methods, Neurodevelopmental Technique (NDT) is one of the most
widely used and researched interventions. Developed by Bobath, NDT is based on principles of motor learning and
neuroplasticity. It emphasizes postural control, alignment, and movement facilitation through guided handling. By inhibiting
abnormal reflex patterns and promoting normal movement patterns, NDT aims to enhance the child’s functional abilities in
daily activities.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s
pg. 21


mailto:mandarmalawade@gmail.com

Mandar Malawade, Dr. G. Varadharajulu

On the other hand, Sensory Integration (SI) therapy focuses on the neurological process of organizing sensory information
from the body and the environment, enabling appropriate motor responses. Many children with CP also exhibit sensory
processing difficulties—hypersensitivity, hyposensitivity, or poor sensory discrimination—that interfere with motor
planning and execution. Sensory Integration therapy utilizes activities that provide vestibular, proprioceptive, and tactile
input to modulate the sensory system and improve adaptive responses. When appropriately integrated, this therapy can
improve balance, coordination, and overall functional performance.!

Although both NDT and Sl are individually practiced and studied, the potential benefit of combining these two approaches
remains underexplored. It is hypothesized that addressing both motor and sensory deficits simultaneously could result in
synergistic improvements in gross motor function.? Sensory input may facilitate better motor planning, while NDT-guided
handling techniques may help in integrating these inputs functionally. There is growing interest in interdisciplinary
approaches that target multiple systems concurrently to achieve more meaningful therapeutic outcomes.?

To objectively measure the effectiveness of such interventions, a reliable and standardized outcome measure is essential. The
Bruininks-Oseretsky Test of Motor Proficiency, Second Edition - Short Form (BOT-2 SF) was selected for this study
as a tool to assess gross motor function®8. The BOT-2 SF is widely used in pediatric populations to evaluate motor proficiency
across various domains including bilateral coordination, balance, strength, and agility. It is particularly suited for children
with developmental disorders and has strong psychometric properties, including high reliability and validity. By employing
the BOT-2 SF, this study aimed to capture changes in motor function that reflect the impact of the integrated therapeutic
approach on functional capabilities®.

This pilot study explores the effect of combining Sensory Integration therapy with Neurodevelopmental Technigque on gross
motor function in children with CP. It aims to fill a gap in current research by evaluating whether a combined intervention
produces greater functional gains than either therapy used in isolation. By providing preliminary data, this study may pave
the way for larger-scale trials and help guide clinical decision-making in pediatric neurorehabilitation.

2. METHODOLOGY
Type of Study

This study was designed as a pilot interventional study with a pre-test and post-test experimental design. It aimed to evaluate
the feasibility and preliminary effectiveness of combining Sensory Integration therapy with Neurodevelopmental Technique
(NDT) on gross motor function in children with cerebral palsy.

Study Population

A total of eight children diagnosed with cerebral palsy were selected through purposive sampling from a pediatric neuro-
rehabilitation center. The sample included a mix of CP types to ensure diversity in motor and sensory presentations:

1 child with Ataxic Cerebral Palsy

4 children with Spastic Diplegic Cerebral Palsy

3 children with Hypotonic Cerebral Palsy

The age range of the children was [4-8 years], with a mean age of [insert mean if available].
Sample Size: 12 participants’

Inclusion Criteria

Diagnosed with Cerebral Palsy (ataxic, spastic diplegic, or hypotonic types)
Aged between [4-8 years]

Ability to follow simple verbal or gestural instructions

Medically stable without any acute illness

No significant visual or hearing impairments

Exclusion Criteria

Recent orthopedic surgery or botulinum toxin injection within the past 6 months
Severe cognitive or behavioral impairment interfering with active participation
Children undergoing other intensive therapy programs simultaneously
Uncontrolled seizures
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Intervention Protocol

The intervention consisted of a combination of Sensory Integration and Neurodevelopmental Therapy (NDT), tailored to
each child's individual needs and functional goals. The combined therapy was administered three days per week for six
consecutive weeks, with each session lasting approximately 45 to 60 minutes.

Sensory Integration Component®:

The Sensory Integration therapy aimed at improving the child’s sensory modulation, postural control, and adaptive motor
responses. Activities were designed to stimulate:

Vestibular input (e.g., swinging, spinning in controlled patterns)
Proprioceptive input (e.g., jumping, pushing, resistance games)

Tactile input (e.g., textured objects, brushing techniques) Play-based techniques were used to engage the children and
encourage spontaneous movement and interaction within a structured sensory environment.

Neurodevelopmental Technique (NDT) Component®:

NDT techniques focused on improving postural alignment, trunk control, and functional movement. Therapy sessions
included:

Facilitation of transitional movements (e.g., sit-to-stand, quadruped to sitting)
Weight-bearing and weight-shifting activities

Guided handling for improving movement patterns

Emphasis on symmetry, trunk rotation, and alignment during functional tasks

The intervention protocol was designed based on established frameworks of Sensory Integration therapy (Ayres, 2005;
Bundy et al., 2002) and Neurodevelopmental Technique (Levitt, 2018; Butler & Darrah, 2001), with emphasis on functional
task integration, sensory modulation, and postural facilitation.

Each session was dynamic and adjusted based on the child's daily presentation, fatigue level, and therapy response. Activities
were often integrated (e.g., combining vestibular stimulation with facilitated walking) to reinforce neuromotor learning
through multisensory engagement.

Outcome Measure

The Bruininks-Oseretsky Test of Motor Proficiency, Second Edition - Short Form (BOT-2 SF) was used to assess gross
motor function before and after the 6-week intervention. The BOT-2 SF evaluates key domains such as balance, bilateral
coordination, strength, and running speed/agility. It is a validated and reliable tool for assessing motor proficiency in children,
particularly those with neurodevelopmental disorders®.

Data Collection and Analysis

Pre- and post-intervention scores from the BOT-2 SF were recorded for all participants. The data was analyzed using paired
t-tests to determine the statistical significance of the change in gross motor function. A p-value < 0.05 was considered
statistically significant.

Demographic Data

Participant Age Gender CP Type GMFCS Inclusion Criteria Exclusion Criteria
ID (years) Level Met Ruled Out
CPO1 4.5 Male Spastic 1l Yes Yes
Diplegic
CP02 6.0 Female | Hypotonic 1 Yes Yes
CPO3 5.2 Male Ataxic | Yes Yes
CP04 7.3 Female | Spastic Il Yes Yes
Diplegic
CP05 4.8 Male Spastic I Yes Yes
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Diplegic

CPO06 6.5 Female | Hypotonic Il Yes Yes

CPO7 5.9 Male Ataxic | Yes Yes

CPO08 8.0 Female | Spastic Il Yes Yes
Diplegic

CP09 6.2 Male Hypotonic Il Yes Yes

CP10 4.1 Female | Spastic 1 Yes Yes
Diplegic

CP11 7.6 Male Spastic 11 Yes Yes
Diplegic

CP12 55 Female | Ataxic | Yes Yes

GMFCS Levels: | to 1l (moderate to mild motor disability)

This demographic mix ensures you have a representative and manageable sample for a pilot study while capturing clinical
variation within CP.

Table: Pre- and Post-Treatment BOT-2 Scores and Differences

Participant ID Pre-Test Score Post-Test Score Difference (Post — Pre)

CPO1 24 29 5
CPO02 26 31 5
CPO3 23 30 7
CP04 22 29 7
CP05 25 32 7
CPO06 27 33 6
CPO7 26 32 6
CPO08 28 34 6
CP09 25 31 6
CP10 24 29 5
CP11 23 30 7
CP12 27 34 7
Mean = SD = = 6.17 £ 0.84

Interpretation: The paired t-test showed a statistically significant improvement in gross motor function following 6 weeks
of combined Sensory Integration and Neurodevelopmental Therapy (NDT) in children with cerebral palsy. The mean
increase in BOT-2 Short Form scores was 6.17 + 0.84, with a t-value of 25.6 (p < 0.05), indicating consistent and meaningful
gains across participants. These findings suggest that integrating sensory and motor strategies is effective in enhancing gross
motor outcomes and supports further investigation through larger-scale studies.
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Pre- and Post-Treatment BOT-2 Scores by Participant
35

25

Scores

BOT-2

CPO1 CPO2 CpPO3 CPO4 CPOS CPO6 CcPO7 cpPoa CP09 CP10 CP11 CP12

3. DISCUSSION

Several studies have investigated the effects of Sensory Integration Therapy (SIT) and Neurodevelopmental Treatment
(NDT) on gross motor function in children with cerebral palsy (CP), providing detailed insights into participant demographics
and outcomes.

The current pilot study evaluated the effectiveness of combining Sensory Integration Therapy (SIT) with
Neurodevelopmental Treatment (NDT) in improving gross motor function in children with cerebral palsy (CP), as measured
by the BOT-2 Short Form. Twelve children with varying CP subtypes—spastic diplegia, ataxia, and hypotonia—participated
in the intervention over a 6-week period (3 sessions/week), demonstrating a statistically significant mean improvement of
6.17 + 0.84 in gross motor proficiency. These findings are consistent with the outcomes of Raipure et al. (2023), who
conducted a randomized controlled trial involving 40 children with spastic diplegic CP aged 8—12 years and classified within
GMFCS Levels I-111. Their study compared the effects of NDT and SIT independently and found that the group receiving
SIT exhibited significantly greater gains in GMFM-88 scores (mean difference of 7.95, p < 0.0001), as well as balance
improvements on the Pediatric Balance Scale (mean difference of 1.85, p < 0.0001). Notably, their protocol consisted of 45-
minute sessions conducted five times per week over four weeks, slightly more intensive than the schedule used in our pilot.
Nonetheless, both studies highlight the responsiveness of gross motor function to sensory-based therapy, with our results
adding a novel contribution by integrating both NDT and SIT and observing consistent improvements across diverse CP
subtypes. Furthermore, while Raipure et al.'s study focused solely on spastic diplegia, our inclusion of ataxic and hypotonic
children indicates a broader applicability of the combined therapy?.

Additionally, the review by Warutkar and Kovela (2022) synthesized outcomes from multiple studies examining the role of
Sensory Integration Therapy in children with cerebral palsy, supporting the premise that SIT significantly improves gross
motor performance, postural stability, gait, and coordination. Their findings emphasized that SIT is particularly beneficial
when delivered through a therapist-child relationship grounded in playful, structured sensory experiences, enhancing not
only motor function but also cognitive and attention-related outcomes. Although their review did not involve a new
participant cohort or original statistical data, it provides a comprehensive theoretical and clinical framework that aligns well
with the outcomes of our pilot. Their review further reinforced the use of BOT-2 and GMFM as valid outcome measures in
assessing sensory-motor interventions, supporting the choice of BOT-2 in our study. In combination, these studies
collectively affirm that integrated approaches targeting both sensory and motor systems can substantially enhance functional
motor skills in children with CP, particularly when applied consistently in a child-centered, play-based therapeutic
environment. The consistency between these Indian studies and the present pilot supports the relevance of sensory integration
combined with neurodevelopmental facilitation in the Indian clinical context, and advocates for larger-scale trials to validate
and expand upon these promising findings™*.

The results of the current pilot study are also in strong agreement with findings from international research that has explored
the individual and combined impacts of Neurodevelopmental Treatment (NDT) and Sensory Integration Therapy (SIT) on
motor outcomes in children with cerebral palsy (CP). In a study conducted by Labaf et al. (2015) in Iran, 28 children with
spastic CP aged between 3 and 6 years participated in a randomized controlled trial to evaluate the effects of NDT over a
three-month intervention period. The intervention group received NDT three times per week, while the control group
continued with standard care. Gross Motor Function Measure (GMFM-88) was used as the outcome tool. Results revealed
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significant improvements in motor function across several GMFM domains—Iying and rolling (p = 0.000), sitting (p =
0.002), crawling and kneeling (p = 0.004), and standing (p = 0.005). However, similar to our study, the dimension of walking,
running, and jumping did not show a statistically significant improvement (p = 0.090). While Labaf’s study focused solely
on NDT, the improvements mirror those observed in our pilot when NDT was integrated with sensory input. The parallel
increase in functional motor scores reinforces that NDT continues to be a clinically effective intervention for enhancing
foundational movement in children with CP, and combining it with SIT—as in our study—could address the domains not
significantly improved in Labaf's trial®2.

Further supporting this, Park et al. (2017) conducted a year-long longitudinal study in South Korea involving 175 children
with spastic CP, including both diplegia and quadriplegia types, aged between 1 and 6 years. The children were stratified
across all levels of the Gross Motor Function Classification System (GMFCS) and underwent NDT -based physiotherapy 2—
3 times per week for 35-minute sessions. This extensive study found a significant reduction in muscle spasticity, particularly
in children classified as GMFCS levels I11-V. Conversely, children in GMFCS levels 111 showed more pronounced gains
in muscle strength and functional motor control. Although the primary tools used were the Modified Ashworth Scale, Manual
Muscle Testing, and GMFM—not BOT-2—the observed functional improvements support our study’s findings that targeted,
consistent motor facilitation through NDT contributes to better gross motor outcomes. In our study, children across different
CP types (spastic, ataxic, hypotonic) also showed improvements in postural control and coordination, as measured by BOT-
2, after only six weeks of intervention. This contrast in treatment duration—one year versus six weeks—yet similar trend in
outcomes suggests that meaningful functional gains can be achieved even in shorter timeframes when therapy intensity and
design are appropriately tailored*®.

Together, these international findings corroborate the outcomes of our study and provide further evidence that integrating
sensory and motor rehabilitation strategies has tangible benefits in pediatric CP management. While Park et al. and Labaf et
al. focused more on long-term and motor-only interventions, our study adds new insight by showing that a multimodal,
sensory-motor approach can lead to significant functional improvements in a relatively short intervention span, further
justifying its clinical relevance and feasibility in both global and resource-constrained settings.

4. CONCLUSION

This pilot study demonstrated that the combination of Sensory Integration Therapy (SIT) and Neurodevelopmental Treatment
(NDT) significantly improved gross motor function in children with cerebral palsy over a six-week intervention period. The
improvement in BOT-2 scores across all 12 participants highlights the synergistic effect of targeting both sensory processing
and motor control mechanisms. The structured integration of play-based sensory input within neurodevelopmental postural
and functional facilitation appears to offer meaningful therapeutic gains, even within a short treatment duration. These
findings provide promising preliminary evidence to support the use of combined sensory-motor interventions in clinical
pediatric rehabilitation settings, especially for children presenting with diverse CP subtypes.

5. LIMITATIONS

Despite the promising results of this pilot study, several limitations must be acknowledged. Firstly, the small sample size of
only 12 participants limits the generalizability of the findings. While the improvements in BOT-2 scores were statistically
significant, a larger and more diverse sample would provide more robust data. Secondly, the short duration of the
intervention—only six weeks—may not fully capture long-term developmental changes or the sustainability of
improvements in gross motor function. Additionally, the study lacked a control group, making it difficult to conclusively
attribute the observed improvements to the combined Sensory Integration and Neurodevelopmental Therapy intervention
alone. The inclusion of children with various CP subtypes, such as spastic diplegia, ataxia, and hypotonia, introduces
variability that may influence treatment outcomes differently and limits the ability to isolate effects specific to each group.
The study also relied solely on the BOT-2 Short Form as the outcome measure, which, while valid for motor function, may
not encompass other domains such as sensory processing, attention, or social interaction. Finally, the study did not include
a follow-up period to assess whether the observed gains were retained over time or translated into improved participation in
daily activities.

6. FUTURE SCOPE

Building on the insights from this study, future research should aim to address these limitations and expand the scope of
investigation. Conducting randomized controlled trials with larger and more homogeneous samples will strengthen the
validity and reliability of findings. Stratifying participants based on CP subtype and GMFCS levels may help determine more
precise treatment responses and optimize individualized therapy plans. Longer intervention durations and structured follow-
up assessments would help evaluate the long-term effectiveness and carryover of therapeutic gains. Including multiple
outcome measures—such as the Gross Motor Function Measure (GMFM), Pediatric Balance Scale, and sensory profile
tools—can offer a more comprehensive view of the child's development. Additionally, integrating qualitative data from
caregivers and therapists can provide valuable context regarding engagement, therapy feasibility, and quality of life
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improvements. Future studies could also explore the incorporation of technology, such as virtual reality or sensor-based
feedback systems, to enhance the delivery and monitoring of sensory-maotor rehabilitation in children with cerebral palsy.
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