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Abstract 

Background: Preterm infants face a stark sensory mismatch between the contained intrauterine environment and the 

open Neonatal Intensive Care Unit (NICU), leading to physiological stress that detracts from neurodevelopment. 

Nesting the use of boundary-forming supports to maintain a flexed, midline posture is a foundational developmental 

care intervention designed to mitigate this challenge. 

Objective: This narrative review synthesizes the current evidence on the science and practice of nesting, with a 

particular focus on its profound impact on cardio-respiratory stability and its synergistic effects with therapeutic 

positioning. 

Findings: The review outlines the multi-faceted benefits of nesting, including improved thermoregulation, energy 

conservation, pain mitigation, stress reduction, and sleep organization. A core finding is its significant role in enhancing 

cardiorespiratory stability: nesting reduces pathological bradycardia and tachycardia, regularizes respiratory rate, and 

improves oxygen saturation by reducing energy expenditure and providing biomechanical support to the chest wall. 

Crucially, the benefits are position dependent. Evidence synthesis demonstrates that nesting in the supine position is 

essential for safety and stability, nesting in the prone position yields the greatest improvement in respiratory 

parameters under supervision, and nesting in the lateral position provides stable support for procedures. 

Conclusion: Nesting is a simple, cost-effective, and powerful neuroprotective intervention. It is most 

effective as a core component of a developmental care bundle. The review strongly recommends the 

universal implementation of individualized, safe nesting as a standard of care for all preterm infants to 

promote physiological stability, optimal positioning, and improved neurodevelopmental outcomes. 

Keywords: Preterm infant; Nesting; Developmental care; Cardiorespiratory stability; NICU; Positioning; 

Neuroprotection. 

 

1. Introduction 

The Preterm Infant's Dilemma and the Promise of 

Nesting 

The global burden of preterm birth remains a significant 

public health challenge, with an estimated 13.4 million 

infants born prematurely (<37 weeks' gestation) each 

year [1]. While advances in neonatal intensive care have 

dramatically improved survival rates, the focus has 

rightly shifted from mere survival to the optimization of 

long-term neurodevelopmental outcomes [2,3]. The 

extrauterine environment of the Neonatal Intensive Care 

Unit (NICU) presents a stark sensory contrast to the 

contained, fluid-filled, and kinetically dampened 
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intrauterine space [4]. This mismatch can overwhelm the 

preterm infant's immature autonomic and sensory 

systems, leading to physiological instability and 

increased stress, which are known detractors from 

optimal brain development [5,6]. 

 

Table 1: Key Challenges of the NICU Environment for a Preterm Infant vs. the Intrauterine Environment. 

Intrauterine Environment 
NICU Environment (without 

intervention) 
Potential Negative Impact 

Constant containment & 

boundaries 
Open space, lack of boundaries 

Limb extension, startles, energy loss, 

stress 

Flexed, midline posture 
Flattened, frogged posture (hips 

abducted, legs extended) 

Hip dysplasia, musculoskeletal 

maldevelopment 

Dampened sensory input (muffled 

sound, low light) 

High levels of light, sound, & 

handling 

Autonomic stress, physiological 

instability, sleep disruption 

Continuous vestibular input Static, flat surfaces 
Arousal dysregulation, poor self-

regulation 

Constant thermoregulation Thermolabile environment 
Cold stress, increased metabolic 

demand, poor weight gain 

The theoretical foundation of nesting is built upon the 

principle of developmental care, which aims to create a 

NICU environment that minimizes stress and supports 

the infant's neurobehavioral organization [7]. Nesting, 

the practice of using soft, boundary-forming materials to 

contain an infant in a flexed, midline position, is a 

fundamental intervention designed to simulate the 

comforting boundaries of the womb [8]. This review 

synthesizes the current evidence on the science and 

practice of nesting, with a particular focus on its 

profound impact on cardio-respiratory stability across 

different positions. Our objective is to provide a 

comprehensive overview that translates research into 

practical, evidence-based recommendations for clinical 

practice, ultimately advocating for the systematic 

integration of nesting as a standard of neuroprotective 

care. 
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Figure 1: The Stress–Neurodevelopment Pathway and the Role of Nesting Intervention

2. Physiological and Immediate Clinical Benefits of 

Nesting 

 

Figure 2: The Multisystem Mechanisms of Nesting. 

 



IJMSDH, (2025)                                                                                                                                                           PageNo.196-211 
www.ijmsdh.org   
 

  

IJMSDH 199 

 

2.1 Promoting Thermoregulation and Energy 

Conservation 

Preterm infants are profoundly susceptible to heat loss 

due to a high surface area-to-body weight ratio, thin skin, 

and minimal subcutaneous fat [9]. The resulting cold 

stress significantly increases oxygen consumption and 

metabolic rate, diverting precious calories away from 

growth and development [10]. Nesting aids 

thermoregulation by reducing the infant's exposed 

surface area and minimizing heat loss through 

convection and radiation [11]. By promoting a flexed 

posture, nesting decreases muscle activity and overall 

energy expenditure, allowing calories to be directed 

towards weight gain and organ maturation [12]. Studies 

have demonstrated that nested infants maintain a more 

stable body temperature and show improved weight 

gain trajectories compared to their non-nested 

counterparts [13,14]. 

2.2 Enhancing Cardiorespiratory Stability: A Core 

Benefit 

The immature autonomic nervous system of the preterm 

infant is ill-equipped to manage the stressors of the 

extrauterine world, leading to frequent episodes of 

cardiorespiratory instability, including bradycardia, 

tachycardia, and oxygen desaturations [15]. Nesting acts 

as a powerful regulator of this system. 

2.2.1 Heart Rate (HR) Stability: The containment 

provided by a nest reduces random, uncontrolled 

movements and attenuates the startle reflex, a common 

trigger for bradycardic events [16]. This promotes vagal 

tone, leading to a lower, more stable baseline heart rate 

and a significant reduction in the frequency of 

pathological tachycardia and bradycardia [17,18]. 

2.2.2 Respiratory Rate (RR) Regulation 

The preterm chest wall is highly compliant and prone to 

distortion, leading to paradoxical breathing and 

increased work of breathing [19]. By supporting the 

infant's back, shoulders, and pelvis, a nest provides 

crucial biomechanical stability to the chest wall. This 

improves the efficiency of diaphragmatic contraction, 

leading to a more regular respiratory pattern, a lower 

respiratory rate, and a reduction in the work of breathing 

[20,21]. 

2.2.3 Oxygen Saturation (SpO₂) Improvement 

The synergistic effects of reduced energy expenditure 

and improved respiratory mechanics directly translate to 

enhanced oxygenation. Nested infants experience fewer 

and less severe hypoxemic events, maintain higher 

baseline oxygen saturations, and often require lower 

levels of supplemental oxygen or respiratory support 

[22,23]. This stability is crucial for protecting the 

developing brain from hypoxic-ischemic injury [24]. 

2.3 Pain Mitigation and Stress Reduction 

NICU infants are subjected to a high number of painful 

procedures, and their immature pain processing systems 

can lead to amplified and prolonged pain responses [25]. 

Nesting is a core non-pharmacological intervention for 

pain management. The deep tactile pressure and 

containment provided by the nest are believed to 

modulate afferent sensory input, calming the infant's 

nervous system [26]. Numerous studies utilizing 

validated pain scales (e.g., PIPP, NIPS) have consistently 

shown that nested infants exhibit significantly lower 

physiological and behavioral stress responses during and 

after heel lance, venipuncture, and other procedures 

compared to non-nested infants [27,28,29]. 

2.4 Improving Sleep Organization 

Sleep is not a passive state but an active, critical process 

for brain maturation, memory consolidation, and 

synaptic pruning [30]. The disorganized sleep-wake 

cycles of preterm infants are frequently disrupted by 

NICU caregiving [31]. Nesting promotes sleep by 

dampening environmental stimuli and reducing startles. 

Studies using polysomnography and behavioral sleep 

scales have demonstrated that nested infants spend 

more time in quiet sleep, a restorative state 

characterized by regular breathing and HR, and have 

better-organized sleep-wake cycles [32,33]. 

2.5 The Synergy of Nesting and Position: A Detailed 

Analysis on Cardio-Respiratory Parameters 

The benefits of nesting are profoundly modulated by the 

infant's body position. Gravity exerts different effects on 

pulmonary function, gastric emptying, and airway 

patency, making the integration of nesting with 

positioning a critical clinical consideration [34]. 
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Figure 3: Optimal Nesting by Body Position. 

2.5.1 Physiological Rationale for Positioning 

The prone position improves ventilation-perfusion 

matching, enhances diaphragmatic function, and 

reduces energy expenditure, leading to superior 

respiratory outcomes [35]. The supine position is the 

standard for safe sleep to prevent Sudden Infant Death 

Syndrome (SIDS) but can exacerbate gastroesophageal 

reflux and startles [36]. Lateral positions are often used 

therapeutically for procedures or feeding but require 

careful support to prevent rolling and ensure safety [37]. 

2.5.2 Evidence Synthesis: Nesting in Supine Position 

The challenge of supine positioning is mitigating its 

potential to increase stress and reflux. Nesting is 

essential here. By containing the limbs and providing 

flexion, nesting in supine significantly reduces startle-

induced bradycardia and desaturation events [38]. It 

improves overall autonomic stability, making supine 

positioning safer and more tolerable, which is 

paramount for adhering to safe sleep guidelines upon 

discharge [39]. 

2.5.3 Evidence Synthesis: Nesting in Prone Position 

Prone positioning is often used as a therapeutic 

intervention for infants with respiratory distress. Nesting 

does not merely complement this; it enhances it. A nest 

in prone ensures perfect head-to-side alignment for a 

patent airway, optimal shoulder and pelvic alignment to 

maximize diaphragmatic excursion, and prevents the 

arms from sliding into a compromising position [40]. This 

supported prone position has been shown to yield 

the greatest improvement in SpO₂ and the most 

significant reduction in respiratory rate compared to all 

other positions [41,42]. It is a powerful strategy for 

improving oxygenation and reducing work of breathing 

under supervised conditions. 

2.5.4 Evidence Synthesis: Nesting in Lateral (Right/Left) 

Position 

Nesting is critical for safe and effective lateral 

positioning. Without proper support, an infant can easily 

roll into prone or supine, potentially compromising the 

airway. A nest provides firm support along the infant's 

back to maintain the desired lateral posture, ensures 

trunk alignment, and crucially, keeps the dependent arm 

free from compression to avoid impeding chest 

expansion [43]. This results in stable heart rate and SpO₂, 

making nested lateral positioning ideal for procedures, 

post-feeding, or simply providing positional variety in a 

controlled manner [44]. 



IJMSDH, (2025)                                                                                                                                                           PageNo.196-211 
www.ijmsdh.org   
 

  

IJMSDH 201 

 

Table 2: Impact of Nesting on Cardio-Respiratory Parameters by Position. 

Position 

Effect on 

Heart Rate 

(HR) 

Effect on 

Respiratory 

Rate (RR) 

Effect on 

Oxygen 

Saturation 

(SpO₂) 

Key Clinical 

Implication 

Supine + 

Nesting 

Significant 

stabilization 

(↓ 

Bradycardia/t

achycardia) 

[17,38] 

Moderate 

reduction & 

regularization 

[20,21] 

Moderate 

improvement 

(↑Baseline, 

↓Desats) 

[22,23] 

Safe sleep 

standard; 

reduces events 

related to 

startles and 

reflux 

Prone + Nesting 
Stabilization 

[41] 

Greatest 

reduction [41,

42] 

Most 

significant 

improvement [

41,42] 

Supervised 

therapy for 

respiratory 

distress; 

optimizes 

mechanics 

Lateral + 

Nesting 

Stabilization 

[43,44] 

Stabilization 

[43] 

Improvement 

[43,44] 

Stable 

positioning for 

procedures/feed

ing; provides 

variety safely 
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3. Neurodevelopmental and Musculoskeletal 

Outcomes 

 

Figure 4: The Motor Development Trajectory with and without Nesting

The physiological stability afforded by nesting provides 

the foundation for optimal neurodevelopment. The fetal 

posture of flexion and midline orientation is crucial for 

the progression of normal motor development [45]. 

Nesting facilitates this by enabling infants to bring their 

hands to the mouth and midline, a key step in self-

regulation and the development of hand-to-mouth 

coordination [46]. This containment also minimizes 

excessive, disorganized movements, allowing for more 

purposeful motor activity and reducing the risk of 

extraneous energy expenditure that can detract from 

brain growth [47]. 

 

Table 3: Neurobehavioral Assessment Findings (e.g., NNNAS). 

 

Domain 
Non-Nested Infant (Typical 

Findings) 
Nested Infant (Typical Findings) Interpretation 

Motor 

System 

Fluctuating tone, jerky 

movements, extremity 

extension 

More regulated tone, smooth 

movements, flexion 

Nesting improves motor 

organization and maturity. 
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Domain 
Non-Nested Infant (Typical 

Findings) 
Nested Infant (Typical Findings) Interpretation 

Self-

Regulation 

Poor habituation, inability to 

calm, high irritability 

Improved ability to achieve and 

maintain quiet alert state, hand-to-

mouth for self-soothing 

Nesting enhances the 

infant's capacity to 

manage stimuli. 

Stress 

Responses 

Frequent, high-intensity 

stress cues (e.g., gaze 

aversion, finger splay) 

Fewer, less intense stress cues; 

more r 

Nesting reduces autonomic 

and behavioral stress. 

Studies on neurobehavioral organization, using 

assessment tools like the NNNAS (Newborn 

Individualized Developmental Care and Assessment 

Program), consistently show that nested infants have 

better scores in the motor, self-regulation, and stress-

abatement clusters [48,49]. They exhibit less 

hypertonicity and hypotonicity and demonstrate more 

mature motor patterns [50]. Furthermore, by 

maintaining hips in adduction and flexion, nesting is a 

primary strategy for preventing musculoskeletal 

deformities like external rotation hip contracture and 

head flattening (plagiocephaly) [51,52]. While long-term 

studies are still needed, the theoretical and empirical 

evidence strongly suggests that the early support of 

nesting contributes to improved cognitive and 

behavioral outcomes by protecting the brain from stress 

and promoting organized development [53,54]. 

4. Practical Implementation in the NICU: 

Materials, Techniques, and Safety 

 

 

Figure 5: Comparison of Nesting Materials. 

4.1 Materials and Design 

Nests can be commercially produced or handmade. Ideal 

materials are soft, malleable, washable, and breathable. 

Common options include rolled cotton blankets, silicone 

bead pillows, and specialized foam supports [55]. The 

design should allow for easy shaping around the infant 

to create a "nest" with high, firm boundaries around the 

feet and lower boundaries around the shoulders and 

head [56]. 

4.2 The "How-To" of Effective Nesting 
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The goal is to achieve a posture that mimics the natural 

fetal position: neck slightly flexed, shoulders rounded 

forward, hips and knees flexed and adducted, and hands 

accessible to the face and midline [57]. The nest should 

be snug enough to provide support and containment but 

loose enough to allow for gentle movement and chest 

expansion. It must be reassessed and reshaped with 

every caregiving interaction as the infant moves and 

grows. 

 

Figure 6: Step-by-Step Guide to Creating a Nest. 

4.3 Paramount Importance of Safety Safety is the absolute priority. Nests 

must never compromise the infant's airway. 

Table 4: Safety Checklist for Nesting Practice. 

Checkpoint Yes No Action Needed 

The infant's head is free from all bedding and positioning 

devices. 
☐ ☐ Adjust nest to keep head clear. 

The airway is patent and the neck is in a neutral position. ☐ ☐ Reposition infant. 

The nest is secured to the mattress to prevent shifting and gaps. ☐ ☐ 
Tuck nest securely under 

mattress. 

The nest promotes flexion without forcing it. ☐ ☐ Loosen if too tight. 

The nest is made of breathable materials. ☐ ☐ Replace if non-breathable. 

The nest is clean and follows infection control policy. ☐ ☐ Change according to protocol. 
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The infant's head should be free from bedding and kept 

in a neutral, face-up position when supine [58]. Nests 

must be secured to the mattress to prevent them from 

being pushed aside and creating unsafe gaps. Rigorous 

infection control policies must be in place, as nests can 

become reservoirs for microorganisms if not cleaned 

properly between patients [59]. Education for all staff 

and parents on safe nesting practices is non-negotiable. 

4.4 Individualization and Assessment 

The approach to nesting must be individualized based on 

the infant's gestational age, physiological status, and 

therapeutic goals (e.g., a very tight nest for extreme 

flexion in a 25-weeker vs. a looser nest for a 35-weeker 

working on self-regulation) [60]. The infant's response to 

nesting should be continuously assessed through vital 

sign stability, behavioral cues, and physical alignment. 

5. Comparative Approaches and Integrating Nesting into Developmental Care 

Table 5: Nesting vs. Swaddling. 

Characteristic Nesting Swaddling 

Posture 

Promoted 

Flexion, midline orientation Often extension, legs adducted 

Hip Health Promotes healthy hip flexion and 

abduction 

Can predispose to hip dysplasia (DDH) if legs are 

extended and tightly wrapped 

Hand Access Allows for hands to reach mouth for 

self-soothing 

Typically restricts hand movement 

Primary Use 24/7 developmental support, 

physiological stability 

Primarily for promoting sleep in term infants 

While swaddling is a common containment technique, it 

differs fundamentally from nesting. Swaddling typically 

involves wrapping an infant tightly in a blanket with legs 

extended, which can predispose to hip dysplasia and 

does not facilitate flexion and midline orientation [61]. 

Nesting, in contrast, is designed to promote healthy hip 

flexion and abduction. 

Nesting is most effective not as a standalone 

intervention, but as a core component of a 

comprehensive developmental care bundle, such as the 

Age-Related Care Plan (ARCP) or the Core Measures for 

Developmental Care [62,63]. Its success relies on a 

multidisciplinary team: nurses for daily implementation, 

therapists for assessment and positioning guidance, and 

physicians championing its neuroprotective benefits. 

Crucially, involving parents in creating and maintaining 

their infant's nest empowers them, enhances bonding, 

and prepares them for continuing developmental 

supportive practices at home [64]. 
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Figure 7: The Nesting Cycle for Neuroprotection. 

6. Gaps in Evidence, Global Perspectives, and Future 

Directions 

Despite strong biological plausibility and encouraging 

evidence, there remains a need for larger, high-quality 

randomized controlled trials with long-term 

neurodevelopmental follow-up to solidify the evidence 

base [65]. Future research should specifically investigate 

the biomechanical effects of nested positions on 

diaphragmatic work and tidal volume using advanced 

imaging techniques [66]. Furthermore, there is a need to 

develop and validate standardized tools for assessing the 

"quality" of a nest. 

Globally, access to commercial nesting devices is limited 

by cost. Therefore, research into effective, low-cost, and 

culturally adaptable nesting solutions using locally 

available materials is a critical direction for global 

neonatal health [67]. The future may also see the 

integration of technology, such as smart textiles that can 

monitor infant position and vital signs within the nest 

itself [68]. 

Conclusion and Recommendations for Practice 

This review consolidates substantial evidence affirming 

nesting as a simple, cost-effective, and powerful 

neuroprotective intervention in the NICU, 

demonstrating its significant role in stabilizing cardio-

respiratory parameters—heart rate, respiratory rate, 

and oxygen saturation—an effect that is synergistically 

enhanced when combined with appropriate therapeutic 

positioning, most notably in the prone position for 

respiratory support. Based on this evidence, we strongly 

recommend the universal implementation of nesting as 

a standard of care for all preterm infants under 37 weeks 

gestation to promote physiological stability and 

neurodevelopment, with a strategic position-specific 

application: supine for all unsupervised sleep to ensure 

safe sleep practices, prone during supervised care to 

optimize respiratory function, and lateral for supported 
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positioning during procedures and post-feeding. 

Furthermore, unit-wide competency-based education 

for all healthcare staff and parents on safe techniques is 

mandatory, and the approach must be individualized, 

with the nest tailored to the infant's specific needs and 

reassessed frequently. In conclusion, a nest is far more 

than a comfort item; it is a fundamental therapeutic tool 

that bridges the gap between the womb and the world, 

safeguarding the developing brain and body of the 

vulnerable preterm infant by providing containment, 

support, and physiological stability, thereby paving the 

way for a healthier future. 
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