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Abstract:  Preterm infants are exposed to an atypical sensory environment in the neonatal intensive care unit 

(NICU), which places them at risk for disrupted neurobehavioral development. Emerging evidence highlights 

the crucial role of early physiotherapy-led sensory modulation strategies in promoting organized brain 

development and optimizing behavioral outcomes. This narrative review explores the current understanding 

of sensory modulation, reviews physiotherapy-based interventions in NICU, discusses their impact on 

neurobehavioral outcomes, and identifies future directions. Although the body of evidence remains limited 

and heterogeneous, findings support the integration of structured sensory-based physiotherapy practices 

within NICU care to improve long-term developmental trajectories in preterm infants. 

Index Terms - preterm infants, physiotherapy, sensory modulation, neurobehavioral development, neonatal 

intensive care unit. 

1. INTRODUCTION 

Preterm birth, defined as delivery before 37 weeks of gestation, affects approximately 10% of live births 

worldwide.(1) The premature infant’s brain is especially vulnerable to the stresses of extrauterine life, and 

neurodevelopmental impairments, including cognitive, behavioral, and sensory processing disorders, are 

common.(2) While medical advances have improved survival rates, neurobehavioral morbidity remains high 

among NICU graduates.(3) The NICU, despite lifesaving interventions, exposes preterm infants to a highly 

stimulating environment characterized by bright lights, loud noises, frequent handling, and painful 

procedures.(4) These stimuli are often mismatched with the immature sensory systems of preterm infants, 

potentially leading to maladaptive neural organization.(5) Physiotherapists, traditionally involved in motor 

support, are increasingly recognized as key contributors to sensory modulation within the NICU.(6) This 

narrative review aims to examine the role of physiotherapy-led sensory modulation strategies in promoting 

neurobehavioral organization in preterm infants, discuss their theoretical underpinnings, summarize available 

evidence, and identify areas for future research. 

2. SENSORY DEVELOPMENT AND VULNERABILITY IN PRETERM INFANTS 

Sensory systems develop in a sequential and overlapping manner during fetal life.(7) Tactile, vestibular, and 

proprioceptive systems mature early (by 20–24 weeks gestation), whereas auditory and visual systems 

develop later.(8) Preterm birth disrupts this carefully orchestrated process, exposing infants to excessive and 

inappropriate stimuli during critical periods of brain development.(9) The synactive theory proposed by Als 

emphasizes that neurobehavioral development depends on balanced interactions among autonomic, motor, 
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state, attention, and self-regulatory subsystems.(10) Sensory modulation plays a central role in maintaining 

these balances. Disruptions in sensory processing during the NICU stay have been linked to later challenges 

including sensory processing disorders, learning difficulties, and emotional regulation problems.(11) The 

NICU environment can create conditions where sensory input is misaligned with the developing neural 

architecture, leading to sensory processing difficulties and neurobehavioral challenges in the long term. 

3. IMPACT OF THE NICU ENVIRONMENT ON SENSORY AND NEUROBEHAVIORAL 

DEVELOPMENT 

Traditional NICU environments are often over-stimulating for preterm infants. Excessive noise levels (>45 

dB) and continuous bright lighting have been shown to disturb sleep-wake cycles, increase stress responses, 

and delay neurological maturation.(12) Moreover, frequent painful procedures and irregular handling practices 

further contribute to sensory dysregulation.(13) Neuroimaging studies demonstrate altered brain connectivity 

and reduced cortical volumes in preterm infants subjected to high levels of stress during NICU 

hospitalization.(14) The cumulative effect of these environmental stressors can impede the infant's ability to 

regulate physiological states and maintain neurobehavioral organization. Given this vulnerability, 

interventions targeting environmental modification and sensory input optimization are critical during this 

period of rapid brain development. 

4. ROLE OF PHYSIOTHERAPY IN SENSORY MODULATION 

Physiotherapists working in the NICU traditionally focus on positioning, promoting motor development, and 

preventing deformities.(15) However, emerging roles now include direct involvement in sensory regulation 

through hands-on therapies and environmental modifications.(16) Physiotherapists utilize a variety of sensory 

modulation strategies designed to promote neurobehavioral organization in preterm infants. Key sensory 

modulation strategies that physiotherapists employ include: 

 Tactile modulation: Gentle containment, facilitated touch, and massage therapy. 

 Vestibular stimulation: Rocking and dynamic handling to promote balance system maturation. 

 Proprioceptive input: Midline positioning, swaddling, and gentle joint compression. 

 Environmental control: Advising on light and noise reduction and facilitating protected sleep. 

These interventions aim to improve behavioral organization, autonomic stability, and promote self-

regulation.(17) By providing these sensory inputs, physiotherapists are able to simulate a more developmentally 

appropriate sensory environment, aligning with the needs of preterm infants in a NICU setting. 

5. REVIEW OF PHYSIOTHERAPY-LED SENSORY MODULATION STRATEGIES 

Tactile Interventions: Facilitated tactile interventions, such as containment holding and massage, have been 

shown to promote parasympathetic activation, enhance weight gain, and improve sleep quality.(18) McAnulty 

et al. demonstrated that individualized developmental care, including tactile support, led to improved 

neurobehavioral outcomes at 9 months corrected age.(19) Gentle, graded touch reduces pain reactivity, supports 

autonomic regulation, and improves the infant’s ability to achieve calm states.(20) Physiotherapists integrate 

tactile work into handling routines, positioning, and therapeutic activities, often customizing interventions 

based on individual infant needs. 

Vestibular and Proprioceptive Stimulation: Vestibular input is essential for balance, spatial orientation, and 

postural control. Controlled vestibular stimulation through rocking or facilitated dynamic positioning 

promotes sensory system maturation.(21) Similarly, proprioceptive input via swaddling, midline alignment, 

and gentle compressions helps organize somatosensory experiences.(22) These strategies are particularly 

important for promoting postural control and stability, which are often underdeveloped in preterm infants. 

Physiotherapists utilize these techniques to simulate the in-utero environment, fostering secure sensory 

experiences that promote developmental progress. 

Environmental Modulation: While primarily a nursing responsibility, physiotherapists increasingly advocate 

for optimizing sensory environments. Recommendations include dimming lighting around the infant’s bed 

space, controlling auditory exposure (e.g., parental voices over ambient noise), and scheduling care to protect 
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sleep cycles.(23) Minimizing noxious sensory exposures such as loud noises and bright lights helps create an 

environment that supports sensory regulation. These environmental controls enable infants to engage more 

effectively during physiotherapy sessions, which can lead to improvements in behavioral organization and 

overall developmental progress. 

6. OUTCOMES OF SENSORY MODULATION STRATEGIES 

Neurobehavioral Organization: Early sensory-focused physiotherapy interventions have demonstrated 

improvements in state regulation (alertness, sleep-wake cycles)(24), motor organization (smoother movements, 

postural control)(25), and autonomic stability (heart rate variability improvements).(26) White-Traut et al. found 

that structured sensory interventions, such as the SENSE program, improved vagal tone and behavioral 

organization compared to standard care.(27) These outcomes are particularly relevant for preterm infants, who 

often struggle with the regulation of basic physiological processes. Sensory modulation can help these infants 

achieve greater stability in their states, supporting better engagement in care and fostering 

neurodevelopmental progress. 

Long-term Neurodevelopmental Outcomes: Limited but promising evidence suggests that early sensory-

focused physiotherapy may have lasting impacts on cognitive and motor development.(28) Infants receiving 

structured sensory modulation demonstrate better executive functioning in early childhood (29) and a reduced 

incidence of sensory processing disorders.(30) These findings suggest that early interventions not only support 

immediate neurobehavioral stability but may also lead to improved long-term developmental trajectories. 

However, large randomized trials are still needed to confirm these preliminary findings and establish 

definitive evidence of the long-term benefits of sensory modulation strategies. 

7. CHALLENGES IN IMPLEMENTING PHYSIOTHERAPY-LED SENSORY MODULATION 

Despite promising results, several challenges limit the widespread adoption of physiotherapy-led sensory 

modulation strategies. The heterogeneity of interventions, with variation in techniques, intensity, and timing 

across NICUs, makes it difficult to standardize approaches.(31) Additionally, many physiotherapists do not 

receive formal education in sensory integration or developmental care, creating a gap in knowledge that limits 

effective implementation.(32) Staffing constraints in many NICUs also affect the consistency of sensory 

modulation interventions.(33) Furthermore, the involvement of parents in sensory strategies is often 

overlooked, despite its critical role in ensuring the success of interventions both during and after NICU 

discharge.(34) There is a clear need for training programs that address these gaps and promote the integration 

of sensory modulation strategies into routine NICU care. 

8. FUTURE DIRECTIONS 

Future research should focus on developing standardized sensory modulation protocols specific to 

physiotherapy practice, which would ensure consistent and evidence-based interventions across NICUs. 

Large-scale randomized controlled trials evaluating long-term outcomes of physiotherapy-led sensory 

modulation interventions are needed to confirm the benefits observed in smaller studies. Additionally, 

exploring technology-assisted sensory interventions, such as wearable sensor feedback to monitor handling 

quality, could provide new insights into optimizing sensory input for preterm infants. Enhancing 

interdisciplinary collaboration between physiotherapists, neonatologists, and nurses is also crucial for 

ensuring that sensory modulation strategies are integrated into all aspects of NICU care. Finally, increasing 

parental training programs focusing on home-based sensory care post-discharge would help extend the 

benefits of early interventions beyond the NICU setting and into the infant's home environment. 

9. CONCLUSION 

Physiotherapy-led sensory modulation strategies in the NICU represent a promising, yet underutilized, 

approach to optimize neurobehavioral development in preterm infants. By providing developmentally 

appropriate tactile, vestibular, and proprioceptive input and advocating for environmental modifications, 

physiotherapists can mitigate the adverse sensory experiences associated with NICU hospitalization. 

Although preliminary evidence supports positive impacts on short- and long-term outcomes, further rigorous 
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research is required. The integration of sensory modulation into early physiotherapy practice could play a 

critical role in shaping healthier neurodevelopmental trajectories for vulnerable preterm populations. 
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