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Purpose: Interdisciplinary team members interact with infants to facilitate progressive physiologic stability.
The focus of the physical therapist’s role is promotion of sensorimotor development in infants born preterm.
The aim of this review was to examine evidence for physical therapist practice in the neonatal intensive care
unit (NICU) as it relates to developmental intervention (DI) for infants born prematurely and to present the
evidence of physical therapy techniques used in the NICU. Summary of Key Points: A literature review was
performed resulting in identification of 26 articles that examined specific developmental intervention tech-
niques. The articles were critiqued based on their design. Twelve articles were rated highly, indicating that
sensory techniques implemented by physical therapists appear to be an appropriate and effective component
of DI. The general consensus was that there is a lack of large, well-controlled, randomized studies in this area
of pediatric outcome research. Conclusions: Neonatal physical therapy falls under the umbrella of DI. There is
substantial agreement about the benefits of DI, but the multimodal and interdisciplinary nature of the
evidence limits the ability to identify the effectiveness of any one healthcare professional in the provision of
DI in the NICU. (Pediatr Phys Ther 2005;17:194–208) Key words: infant, premature, infant care, treatment
outcome, developmental disabilities/prevention and control, physical therapy/methods, review

INTRODUCTION

During their hospitalizations in the neonatal intensive
care unit (NICU), infants who were born prematurely are
known to encounter many obstacles on their developmen-
tal paths. Texts, manuals, chapters, and reviews have been
written addressing these impediments. The obstacles may
be extrinsic to the infant and related to the NICU environ-
ment, including noise and lighting levels. Other obstacles
are intrinsic and related to pathologic conditions that affect
multiple organ systems. Neurologic issues include neona-
tal seizures and intraventricular hemorrhage.1 Respiratory

disorders include respiratory distress syndrome/hyaline
membrane disease and chronic lung disease, any of which
may necessitate the use of mechanical ventilation.1 Pathol-
ogies affecting the cardiac, endocrine, and gastrointestinal
systems are also commonly seen.1–3 Impairments from any
of these conditions may consist of abnormalities in tone,
range of motion, quality of movement, and an inability to
control state of arousal and automatic postural reactions.
The resulting activity limitation is delay in achieving de-
velopmental milestones. Specific examples are poor motor
abilities in activities such as midline orientation and head
control.2–4 Infants who were born prematurely have been
found to be at risk of disability at school age, demonstrated
by poor attention, lower IQ score, and behavioral prob-
lems.5–9 An interdisciplinary team of healthcare profession-
als including nurses, physicians, and speech language pa-
thologists routinely interact with these infants, and each of
these professionals has the ability to decrease the risk of
developmental delay.2

Physical and/or occupational therapists are also in-
cluded on the NICU team. In efforts to streamline and
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maximize efficiency of healthcare resources, it is important
to study the effectiveness of the physical therapist as a team
member trained to address the problem of developmental
delay in the NICU setting. The role of the physical therapist
in the NICU has been noted to have an impact by lessening
impairments and activity limitations and in the provision
of family education.2,3,10 According to the 2001 Guide to
Physical Therapist Practice, the physical therapist treats
infants born preterm and neonates under two preferred
practice patterns: cardiovascular/pulmonary pattern G (A)
and neuromuscular patterns B (B) and C (C).11 This article
only addresses the neuromuscular patterns. According to

these practice patterns, physical therapists perform treat-
ment on patients with prematurity, developmental delay
and alterations in senses (auditory and visual). Interven-
tions listed in the Guide include movement pattern train-
ing, developmental activities training, sensory training,
perceptual training, neuromuscular education, vestibular
training, and family education.11 Some of these techniques
were discussed in reviews by Tucker-Catlett and Holditch-
Davis,12 D’Apolito,13 Lotas and Walden,14 and Anderson.15

Table 1 summarizes general information from these
and other sources that address the significance of develop-
mental intervention in the growth of infants in the NICU

TABLE 1
Articles Describing of NICU Developmental Interventions for Infants Born Prematurely

Article General information Significance to developmental intervention

Hussey-Gardner4 Review of literature to support the synactive theory of
development and suggestions for handling to promote
infant organization

Useful for family education to teach parents the
signs of distress and handling techniques

Tucker-Catlett and
Holditch- Davis12

Infant physiologic responses to stress and nursing
interventions, which can help organize behavior
(review article)

Techniques to change environmental factors and
reduce stress on infants in the NICU*

D’Apolito13 Characteristics of organized versus disorganized infants;
gave principles of nursing care that can be used to promote
infant organization (review article)

Practical techniques that can be implemented to pro-
mote behavioral organization of infants in the NICU*

Lotas and Walden14 Review article of the current research on the components
and efficacy of developmental care

Although studies varied in instrumentation,
definitions, and methodology, all infants who
received individualized developmental care showed
improvement in outcomes

Anderson15 Infant sensory systems and the impact of the NICU
environment; evaluation and treatment of each
sensory system (review article)

Treatment of infants born preterm and modification
of their environment may help prevent
developmental delay

Als16 Sensory organization of infants divided into subsystems
including autonomic, motor, state, attentional-interactive
and self-regulatory (theoretical model)

Method for assessment infant’s organization
and response to stimulation

Als et al17 The development of the brain and the impact of the NICU
environment; review of the evidence for individualized
neurodevelopmental care

Framework for delivery of care to promote
infant organization and improved outcomes

Miller and Quinn-Hurst18 Theories of behavioral organization and descriptions of
neurobehavioral assessments

Provides the basis for interventions that require
the observer to modify intervention based on the
infant’s behavioral organization

Lecanuet and Schaal19 Development of sensory competencies in infants born
preterm including structural development, evidence
of fetal sensory functioning, and potential sources of
stimulation (review article)

Gestational age and infant maturity at birth are
critical for development of the preterm infant in
the NICU environment

Gorski22 Theories of NICU environmental care; compared various
developmentally based interventions

Promotion of developmental intervention can be
based on diverse models; however, they all promote
infant organization and family involvement

Fetters23 Review article of models of intervention for infants born
preterm; also gives intervention strategies for parent
involvement, improvement of muscle tone, and preventing
movement limitation

Models for intervention and interventions for
prevention of developmental delay

Fay24 Principles of positioning and handling to promote flexion
and infant organization (review article)

Infants born preterm in the NICU environment
are susceptible to developmental delay, which
can be avoided by proper positioning and handling

Bremmer et al25 Supports theories of the harmful effects of environmental
noise on the development of infants in the NICU
setting (review article)

Offers practical methods for decreasing noise
levels in the NICU

Aita and Gaulet26 Assessment of nurses’ attitudes, current behaviors, and
intention to change behaviors to promote behavioral
organization in infants born prematurely

Provides practical changes that can be implemented
in the NICU environment by nurses and other
personnel to promote infant organization

Connors and Lenke28 Implications of development of the nervous system on
motor outcomes of infants born preterm (review article)

Defines the diagnosis and forms of cerebral palsy;
offers a schedule and pertinent assessment
information for developmental clinics

*NICU, neonatal intensive care unit.
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environment. Even though the definitions varied slightly,
Lotas and Walden14 summarized developmental interven-
tion as “implementation of an individualized plan of care
based on an ongoing structured assessment of the infant’s
responses to care-giving procedures and processes.” In ad-
dition, much of the literature addressing developmental
intervention also addresses ways to identify an “organized
infant” and the theories behind systems organization. De-
tails of theories of infant organization are discussed in the
following section.

Theories of Infant Organization

Signals of Infant Organization. Since a focus of de-
velopmental intervention is to promote infant organiza-
tion, it is important to define what the term “organization”
means in a developmental context. D’Apolito13 described
infant organization as homeostasis between the physio-
logic and behavioral systems. Als et al16,17 proposed the
Synactive Theory of Development, which identified four
major subsystems: autonomic, motor, state, and atten-
tional/interactive. Each subsystem provides specific signals
to identify whether the infant is stable or unstable. The
infant’s ability to regulate these subsystems is expected to
improve with development. The signals of behavioral or-
ganization or stability can be used by interdisciplinary
team members for assessment purposes. The caregiver can
adjust the intervention based on the signals of the infant’s
tolerance. Practical handling and positioning techniques
can be implemented by caregivers and family members to
assist in promoting progression of the infant’s behavioral

organization. Refer to Table 2 for details of these sig-
nals.4,13,16,18

Systems Development. The difference between the
behavioral and physiologic organization of an infant born
preterm and one born at term is due in part to the environ-
ment in which each infant develops. The progression of
fetal sensory maturation was documented by Lecanuet and
Schaal.19 Their review contrasts the uterine and NICU en-
vironments in the development of the auditory, visual, and
tactile systems. Other authors have also documented the
progression of the response of the infant born preterm to
sensory stimulation, especially auditory and visual, in the
NICU environment.20,21 It has been established that as in-
fants develop, they are better able to tolerate stimulation
and show better organization. Observation of an infant’s
organization and progression of development are part of
the therapist’s assessment, and aid in making a treatment
plan.15

Theories of System Organization. Individuals who
interact with infants in the NICU have many models and
theories available to provide the framework for develop-
mental intervention. In a review article, Gorski22 described
three methods for providing stimulation. Those that pro-
mote supplemental stimulation give a variety of stimuli to
infants to compensate for what they miss by not developing
in the womb. Those that want to spare the infant from all
unnecessary stimulation advocate “protection at all costs.”
“Contingency-based” or “developmentally based interven-
tion” is a compromise of the two in which the infant is
provided with the necessary stimulation that will promote

TABLE 2
Signals of Behavioral Organization in Infants Born Preterm*

Signals of disorganization

Physiologic system signals Motor system signals Behavioral function signals

Changes in breathing pattern
Changes in skin color
Gag/spitting up
Hiccough
Tremore16,18

Sneeze
Yawn
Increased stools13,16

Changes in trunk and extremity tone,
either high or low tone16,18

Finger splaying
Arching of neck and trunk
Grimace
Tongue thurst
Salute signal of arms
Stretching of extremities
Hyperflexion of trunk or extremities

Indistinct sleep states
Whimpering
Twitching or jerky movements
of the extremities
Eye floating- random eye

movements with no focus
Frown
Fussy
“Hyperalert” state
Irritable
Gaze aversion
Abrupt changes in state
Staring

Signals of organization

Physiologic system signals Motor system signals Behavioral function signals

Smooth breathing pattern
No color changes
No sign of disorganization

No fluctuation of posture between
flexion and arching16,18

No fluctuations in tone16,18

Signs of “coping signals” such as
hand and foot, clasping, hand to
mouth/face, grasping, sucking

Distinct sleep states
Maintaining quiet awake state
Ability to self-console, relaxed facial

expression and extremities, “Ooh” face, pursed
lips, smile, smooth movement of extremities.
attending to stimulation (visual or auditory)

* Information presented combines and adapts findings.4,13,16,18 Specific references are cited as appropriate.
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organization while protecting the infant from undue stress.
Fetters,23 Lotas and Walden,14 Tucker-Catlett and Holditch-
Davis et al.,12 and Hussey-Gardner4 reviewed the literature
of infant organization models in which techniques and in-
terventions should be performed to promote the infant’s
tolerance to stimulation.

NICU Environment

Medical care is the primary concern of physicians and
nurses in the NICU. Equipment, lighting, and monitors are
designed to optimize their interventions. However, several
reviews suggest that the NICU environment provides ab-
normal stimuli.15 Factors such as supine positioning,24 tim-
ing of handling, and excessive light and noise levels have
been hypothesized to contribute to the brain of the infant
born preterm developing differently than the brain of the
infant born at term.17 Nurses can affect noise levels by
decreasing radio and voice volume, being aware of alarm
levels, and asking physicians to conduct discussions dur-
ing rounds farther away from the bedside.25 Adjusting
lighting levels could be difficult because procedures need
to be performed 24 hours per day. Nurses can assist by
lowering the lights when possible and by providing protec-
tion with blankets and draping the isolette.12,26

Physical therapists can promote and support nurses in
providing a developmentally appropriate environment. All
team members reinforce handling and augmentative tech-
niques, but physical therapy is often focused on techniques
that promote neuromuscular development including ves-
tibular, visual, and tactile stimulation within the tolerance
of the infant.

PURPOSE

The purpose of this review is twofold: (1) to present
the evidence for physical therapist practice under the neu-
romuscular practice pattern as it relates to developmental
intervention for infants born preterm in the NICU setting
and (2) to present the evidence of techniques used in the
NICU that can be provided by physical therapists.

METHODS

The original question of this review was “what is the
efficacy of physical therapy in the NICU?” A search of
the literature prior to 2004 was performed using both
PubMed and MEDLINE. The search was limited to arti-
cles written in English. The question was intentionally
left very broad, so the key words used during the search
were equally general in nature. The primary key word
was “premature infants.” Searches were also performed
using AND to combine “premature infants” with “early
intervention,” “physical therapy,” “functional out-
comes.” Two other reference lists were examined for
appropriate articles.4,27 Specific articles on physical ther-
apy practice in the NICU were difficult to identify; how-
ever, the search revealed articles addressing general de-
velopmental intervention, not just physical therapy
practice in the NICU.

In light of the findings, the question was modified to
“What is the strength of the evidence for developmental
intervention and does physical therapy fit under this um-
brella?” More literature searches were performed using
PUBMED with the key words including the topics dis-
cussed in the developmental intervention literature. “Pre-
mature infants” was combined using AND with �sensory
stimulation,” “sensory integration,” and various forms of
stimulation such as “visual,” “vestibular,” “kinesthetic,”
“tactile,” and “auditory,” Another search was done with
key word “premature infants” in combination with “motor
stimulation” and “motor integration.” “Developmental in-
tervention” was combined with “motor.” Only one paper, a
review by Connors Lenke,28 discussed motor outcomes.
The vast majority of these searches produced articles ad-
dressing sensory stimulation or caregiver handling tech-
niques. Consequently, this review is limited to the sensory
aspect of the neuromuscular practice patterns. A search
was also done for literature that pertained to family or
parent education in the NICU. Articles were obtained
based on their availability at three local universities with
medical libraries.

The American Physical Therapy Association’s (APTA)
template for submitting information for the “Hooked on
Evidence” initiative Web site29 was used as a framework for
collecting information from each article reviewed. Once
the articles were collected and reviewed, each was rated
based on the strength of the evidence. Several methods for
rating the strength of the evidence were reviewed.30–32

Study design including sample size, recruitment method,
and group assignment were the primary factors in evaluat-
ing the strength of the evidence. These factors were com-
bined to create an original four-level scale used in this
paper (Appendix 1).

RESULTS

Forty-nine articles were identified. Due to the scope of
this review focusing on developmental interventions be-
ginning in the NICU, eight articles were omitted. These
eight articles did not address intervention that began in the
NICU. Fifteen papers were review articles and were not
subjected to the rating scale. The resulting 26 articles were
reviewed and rated to determine the strength of the evi-
dence.

Table 3 lists 13 articles describing clinical stud-
ies5,33–44 that reported positive outcomes for infants who
were born preterm and received developmental interven-
tion. According to the criteria presented in Appendix 1,
two of these articles were highly rated at level at 1 and 11
were rated at level 2.

Ten articles described results of observations of co-
hort groups.10,20,21,45–51 Table 4 lists the evidence from these
studies, all of which reported positive outcomes. Four of
these were rated at level 3. These articles had a control or
comparative group but were descriptive in nature. The re-
maining six articles were rated level 4 as they followed the
subjects’ responses to stimulation over time but no inter-
vention was performed and they had no control group.
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Although these studies did not provide direct intervention,
they describe longitudinal infant development.

Table 5 presents the details of the three clinical stud-
ies52–54 that reported no change in outcomes after develop-
mental interventions. Of these three studies, one study was
rated level 1 and the remaining two studies were rated as
level 2.

DISCUSSION

Much of the evidence supports the physical therapist’s
role as a member of the interdisciplinary team that provides
developmental intervention. Some of the evidence showed
no significant effect on development after starting early
physical therapy intervention in the NICU. It is important
to note that none of the articles reviewed reported negative
effects as a result of developmental intervention.

The following is a discussion of interventions that can
be implemented by interdisciplinary team members in-
cluding physical therapists. The effects of developmental
intervention on the infants and the strength of the evidence
for those interventions are also discussed.

Developmental Techniques Used in Promoting
Infant Organization

Developmental intervention encompasses specific pro-
cedures used to minimize the infant’s stress and also tech-
niques used to promote infant organization. The literature
provides evidence of stimulation and handling techniques.
Tables 3 through 5 show that most of the research studies
reviewed used more than one intervention simultaneously.
This makes it difficult to determine which treatment tech-
nique is the most effective.

Handling Techniques

One purpose of handling techniques is to provide
proper positioning of the infant. Positioning procedures
include promoting the prone position or using towel rolls
to maintain flexion while the infant is side-lying. In addi-
tion to trunk flexion, authors suggest that the baby’s hands
should be brought to midline to enable the hand to reach
the mouth for self-consoling behavior.13,24 A study by
Bozynski et al49compared transcutaneous oxygen and car-
bon dioxide levels in intubated infants when placed in right
side lying, left side lying, and supine. No significant differ-
ences were found, but no detrimental effects were found
either. Side lying was reported to provide more options for
positioning in flexion. Benefits of prone positioning were
reported to include improved oxygenation, increased quiet
sleep, improved respiration and heart rates, and reduced
incidence of reflux. All these are believed to be beneficial
for promoting development.4,14 White-Traut et al44 showed
that infants with neurologic injury may have delayed de-
velopment of the autonomic system. They recommended
that handling techniques be adjusted to avoid excessive
increases in heart rate.

Augmentative Techniques

Additional techniques for promoting behavioral orga-
nization have been cited in the literature. These include
providing swaddling and containment with blanket rolls to
provide “nesting”;4,12–14,16,24 decreasing handling when the
infant displays signs of stress;12,16 bundling care procedures
together to provide longer periods of sleep;4,12,13,16 provid-
ing nonnutritive suckling with a pacifier, which helps to
both progress the infant to bottle feed faster and to decrease
energy expenditure through decreased crying;4,12–14 and
promoting social interactions when the child is awake.4,16

Sensory Techniques

Nurses typically provide most of the interventions
mentioned thus far. Nurses, parents, or other interdiscipli-
nary team members including occupational or physical
therapists can employ additional interventions. These in-
clude sensory techniques such as auditory, kinesthetic, tac-
tile, vestibular, and visual stimulation. Table 6 provides a
summary of these techniques and presents the strength of
the evidence for each sensory treatment or intervention. In
general, sensory techniques were implemented similarly in
each study. Subtle differences were noted in operational
definitions of sensory technique as found in Appendix 2.

Family Education

The evidence from the literature supported the impor-
tance of parental involvement and family education. Ap-
pendix 3 summarizes the content and method of family
involvement.

Effects of Developmental Intervention on Infants
in the NICU

The articles reviewed supported the effectiveness of
developmental intervention. The benefits fall under three
main categories: medical outcomes, cost-effectiveness, and
infant growth and development.

Medical benefits of developmental intervention in-
clude improved oxygenation and faster weaning from sup-
plemental oxygen.14,17,35–37 Infants were able to progress
faster to bottle feeding14,17,35,37,42 and showed better out-
comes in growth indicators such as weight gain, height and
head circumference.17,35,39 They also had improved medical
status with fewer complications.14,17,35,40

Treated infants had fewer complications, grew faster,
and progressed quicker. Consequently, they could be dis-
charged home sooner. Shorter length of hospitaliza-
tion14,17,35,37,42 resulted in lower nursing cost and improved
cost-effectiveness.14,17,35,37,40

One outcome measure reflective of progress in devel-
opmental milestones is state of arousal or the infant’s abil-
ity to regulate his/her sensory systems. Infants who re-
ceived developmental intervention were able to show faster
improvement in these measures.35,36,42,43 During hospital-
ization, and even after discharge, these infants demon-
strated improved performance on developmental outcome
indicators such as vital signs,36,39 growth measures35,39,41
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and motor performance.14,17,33–37,39,47 They continued to
show better performance on outcome indicators when they
reached school age, as measured by IQ, social competence,
and behavior5,7,41

The evidence supported many benefits from imple-
menting a developmental approach in the NICU. However,
other evidence provides room for discussion. Three studies
showed no significant differences in infants who received
developmental intervention. While they do not cite any
harmful side effects in the infants, they raise questions as to
the effectiveness of the intervention. Two of the three
found that infants who started intervention early in the
NICU had no difference in outcome measures compared to
infants who started treatment when they were older52,54

(Table 5). Another study noted maternal socioeconomic
factors as an obstacle to carrying over the techniques.53 The
question remains, when is the most effective time for inter-
vention to begin?

Strength of the Evidence for Implementing
Developmental Intervention

The impact of evidence is lost if findings are not inte-
grated into treatment. The rating scale used in this paper
determined which studies offered stronger evidence of
practice. The scale primarily addressed study design, sub-
ject assignment, and sample size. However, other issues of
internal and external validity were also considered.

Issues of internal validity pertinent to the reviewed
articles included the individual’s medical-surgical history
or hospital course and control of the interventions. Infants
who are born prematurely have a variable medical course.
The history of each subject in a longitudinal study is a
difficult variable to control. Hence, interventions lose their
strength because the improvements may have occurred
with the passing of time alone. In some studies, nurses who
were trained to execute developmental intervention tech-
niques were also responsible for treating infants in a con-

trol group. Environmental modifications appropriate for
the intervention group may have also been unintentionally
applied to control infants, thus biasing the results. At-
tempts were made to avoid these threats to internal validity
by putting the treatment group in a different room or hav-
ing interventions begin after the control group was dis-
charged from the hospital.

Issues of external validity include the ability to gener-
alize the outcome to the population, selection of the pop-
ulation, exposure of subject to multiple simultaneous
treatments, and the description of the experimental inter-
vention. Many of the studies had comparable inclusion
criteria for the gestational age of subjects. But birth weight
criteria varied from study to study, making it difficult to
compare results between studies. In addition, publication
bias is an important factor to consider. Authors may choose
not to submit a paper for publication if their study results
do not support the initial hypothesis.

Two articles by White-Traut et al42,43 showed good
internal validity by controlling the variables of the study
design. However, their gain in internal validity further
compromised the external validity of these studies. In ad-
dition, these studies were weakened by the small sample
sizes (N � 25 and 42, respectively).

These two articles provide important evidence that
techniques can be offered simultaneously and with great
effect. For example, after comparing auditory, tactile, vi-
sual, and vestibular stimulation, White-Traut et al42 found
vestibular stimulation is a potential moderator of the rapid
heart rate response found with tactile stimulation. In clin-
ical practice, physical therapists frequently use multisys-
tem stimulation. Time spent simply rocking the infant dur-
ing the treatment session can provide vestibular
stimulation while potentially minimizing heart rate eleva-
tion. Another finding was that the infants who had vestib-
ular stimulation added to the treatment had increased state
of arousal after the end of the session. The conclusion was

TABLE 6
Strength of the Evidence for Sensory Treatment and Family Education: Articles Rated at Each Level of Evidence for Each Treatment

Intervention No. of studies reviewed Level of evidence Articles

Auditory stimulation 6 1 White-Traut et al,43 Resnick et al34

2 Leib et al,38 White-Traut et al,42,44 Brown et al53

Kinesthetic stimulation 5 1 Resnick et al34

2 Leib et al,38 Scarr-Salapatek & Williams,41 Mathai et al39

4 Kelly et al10

Tactile stimulation 9 1 Resnick et al,34 White-Traut et al43

2 Leib et al,38 White-Traut et al,42,44 Brown et al,53 Scarr-Salapatek &
Williams,41 Mathai et al39

4 Kelly et al10

Vestibular stimulation 6 1 Resnick et al,34 White-Traut et al43

2 Leib et al,38 White-Traut et al,42,44 Brown et al53

Visual stimulation 9 1 Resnick et al,34 White-Traut et al43

2 Leib et al,38 White-Traut et al,42,44 Brown et al,53 Scarr-Salapatek & Williams41

4 Hack et al,50 Hack et al51

Family education 10 1 Resnick et al,34 Lekskulchai & Cole,33 Piper et al52

2 Achenbach et al,5 Als et al,35 Fleisher et al,37 Brown et al,53

Scarr-Salapatek & Williams,41 Saylor et al54

3 Mauradian & Als47
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that vestibular stimulation may offer the benefit of in-
creased infant organization.

The second article by White-Traut et al43 also sup-
ported the importance of multimodal stimulation. Provid-
ing nonnutritive sucking (ie, pacifier) can be beneficial for
increasing and organizing the infant’s state of arousal. The
infant then may be able to focus on other forms of stimu-
lation (ie, visual) more effectively.

The degree of detail given in the description of the
interventions was variable among the studies reviewed.
Some of the articles gave details of the intervention, en-
abling practitioners to reproduce the intervention. The
study by Kelly et al10 monitored physiologic responses of
infants born prematurely to tactile stimulation in side-ly-
ing and supported sitting positions. Specific information is
given on therapist hand placement and degrees of move-
ment for each position. Other authors gave no description
of the intervention such as the report by Brown et al.53

Of the 26 articles reviewed, only three studies demon-
strated a high level of scientific rigor (level 1). Two of the
level 1 studies found statistically significant differences be-
tween those infants receiving developmental intervention
compared to those without intervention. The third study
by Piper et al52 found no statistically significant difference
between the infant groups at their 12-month follow-up
assessment. Thus, it is apparent that there is very little
literature available that provides evidence of the effective-
ness of developmental intervention in the NICU. This in-
cludes the lack of evidence regarding specific physical ther-
apy interventions. In addition, significant differences in
inclusion/exclusion criteria, operational definitions of
terms, and training levels of caregivers/researchers limit
general comparisons of results and weaken possible recom-
mendations for clinical application.

Future Research

The paucity of well-designed pediatric outcomes re-
search including the NICU setting has been addressed else-
where. In a recent review, Forrest et al55 conclude that
outcomes research in pediatric settings is lacking “depth in
any single content area.” Their review of 39 articles pub-
lished between 1994 and 1999 in peer-reviewed journals
revealed that more research is needed to evaluate the effec-
tiveness of management and services for the pediatric pop-
ulation.

Any research done with this population has inherent
challenges. There is the ethical limitation of needing a con-
trol group that has treatment withheld. Also, the physical
therapist must have the cooperation of the interdiscipli-
nary team. This is difficult as interventions may be per-
ceived as an interruption to routine care. If nurses are re-
cruited for assistance, there is a risk of contaminating the
control group with treatments depending on staffing as-
signments.

The sample size was a limiting factor in many articles.
A multicenter trial that focuses on functional outcome in-
dicators of infants born prematurely would provide results
that may be more easily generalized to the population..

Studies should focus on unimodal treatments to determine
which one is more effective than another. Finally, the skill
level of the physical therapist providing the intervention
should be standardized. Following the criteria set forth in
the Practice Guidelines for the Physical Therapist in the
NICU is one way of providing a more consistent level of
proficient intervention.56

CONCLUSION

The Guide to Physical Therapy Practice11 under the
neuromuscular practice pattern defines what is within the
scope of the physical therapist’s practice. Many of the tech-
niques addressed in the Guide are cited in the studies re-
viewed in this paper. Consequently, these aspects of phys-
ical therapy practice fall under the umbrella of
developmental intervention.

Although rigorous study of specific techniques used
in a program of developmental intervention is still war-
ranted, there is good evidence that infants progress toward
matching the development of their full-term counterparts
earlier if they receive appropriate intervention. Physical
therapists who practice in the NICU setting should feel
empowered that what they do contributes to supporting
the development of the premature infant. Several studies
have been reported in the literature, yet larger, randomized
controlled studies are still needed to contribute to the body
of evidence related to the individual interventions.

REFERENCES

1. Joint Program in Neonatology Harvard Medical School, Beth Israel
Deaconess Medical Center, and Brigham and Women’s Hospital and
Children’s Hospital Boston. Manual of Neonatal Care, 4th ed. Phila-
delphia: Lippincott Williams & Wilkins; 1998.

2. Kahn-D’Angelo L. The special care nursery. In: Campbell SK, ed.
Physical Therapy for Children. Philadelphia: WB Saunders; 1995:787–
821.

3. Sheahan MS, Brockway NF. The high-risk infant. In: Tecklin JS, ed.
Pediatric Physical Therapy. 3rd ed. Philadelphia: Lippincott Williams
& Wilkins; 1999:71–106.

4. Hussey-Gardner B . Understanding My Signals: User’s Guide. Palo Alto,
CA: VORT Corporation; 1996.

5. Achenbach TM, Howell CT, Aoki MF, et alet al. Nine year outcome of
the Vermont intervention program for low birth weight infants. Pe-
diatrics. 1993;91:45–55.

6. Klebanov PK, Brooks-Gunn J, and McCormick MC. Classroom be-
havior of very low birth weight elementary school children. Pediat-
rics. 1994;94:700–707.

7. The Infant Health and Development Program. Enhancing the out-
comes of low-birth weight, premature infants. JAMA.
1990;263:3035–3041.

8. The Infant Health and Development Program. Results at age 8 years of
early intervention for low-birth weight premature infants. JAMA.
1997;277:126–131.

9. Ross G, Lipper EG, Auld PA. Social competence and behavior prob-
lems in premature children at school age. Pediatrics. 1990;86:391–
397.

10. Kelly MK, Palisano RJ, Wolfson MR. Effects of a developmental phys-
ical therapy program on oxygen saturation and heart rate in preterm
infants. Phys Ther. 1989;69:51–57.

11. Guide to Physical Therapist Practice, 2nd ed. Phys Ther. 2001;81:9–
744.

12. Tucker-Catlett A, Holditch-Davis D. Environmental stimulation of
the acutely ill premature infant: physiological effects and nursing
implications. Neonatal Netw. 1990;8:19–24.

206 Mahoney and Cohen Pediatric Physical Therapy



13. D’Apolito K. What is an organized infant? Neonatal Netw. 1991;10:
23–27.

14. Lotas MJ, Walden M. Individualized developmental care for very
low-birth- weight infants: a critical review. J Obstet Gynecol Neonatal
Nurs. 1996;15:681–687.

15. Anderson J. Sensory intervention with the preterm infant in the neo-
natal intensive care unit. Am J Occup Ther. 1986;40:19–25.

16. Als H. Toward a synactive theory of development: promise for the
assessment and support of infant individuality. Infant Ment Health J
1982;3:229–242.

17. Als H, Duffy FH, McAnulty GB. Effectiveness of individualized neu-
rodevelopmental care in the newborn intensive care unit (NICU).
Acta Paediatr Suppl. 1996;416:21–30.

18. Miller MQ, Quinn-Hurst, M. Neurobehavioral assessment of high-
risk infants in the neonatal intensive care unit. Am J Occup Ther.
1994;48:506–512.

19. Lecanuet JP, Schaal B. Review paper: fetal sensory competencies. Eur
J Obstet Gynecol Reprod Biol. 1996;68:1–23.

20. Neal MV. Organizational behavior of the premature infant. Birth De-
fects 1979;7:43–60.

21. Newman LF. Social and sensory environment of low birth weight
infants in special care nursery: an anthropological investigation.
J Nerv Ment Dis. 1981;169:448–454.

22. Gorski P. Promoting infant development during neonatal hospital-
ization: critiquing the state of the science. Child Health Care. 1991;
20:250–255.

23. Fetters L. Sensorimotor management of the high-risk neonate. Phys
Occup Ther Pediatr. 1986;6:217–228.

24. Fay MJ. The positive effects of positioning. Neonatal Netw. 1988;6:
23–28.

25. Bremmer P, Byers JF, Kiehl E. Noise and the premature infant: phys-
iological effects and practice implications. J Obstet Gynecol Neonatal
Nurs. 2003;32:447–454.

26. Aita M, Gaulet C. Assessment of neonatal nurse’s behaviors that pre-
vent over stimulation in preterm infants. Intensive Crit Care Nurs.
2003;19:109–118.

27. American Physical Therapy Association-Pediatric Section. Providing
Physical Therapy in the NICU: Reference Compendium. Alexandria, VA:
American Physical Therapy Association; 2001.

28. Connors Lenke M. Motor outcomes in premature infants. Newborn
Infants Nurs Rev 2003;3:104–109.

29. American Physical Therapy Association. Hooked on Evidence. Avail-
able at http://www.apta.org/hookedonevidence/index.cfm. Accessed
2002.

30. Wenger N, Froelicher E, Smith L, et alet al. Cardiac rehabilitation as
secondary prevention. Agency for Health Care Policy and Research
and National Heart, Blood and Lung Institute. Clin Pract Guidel Quick
Ref Guide Clin. 1995;Oct:1–23.

31. Field-Fote E. Weighing the evidence: using the “rules of evidence” to
guide clinical practice and critically evaluate the research literature.
Presented at rehab staff in-service at Jackson Memorial Hospital;
2002; Miami, FL.

32. Sackett D. Rules of evidence and clinical recommendations on the use
of antithrombic agents. Chest. 1986;89(suppl 2):S2–S4.

33. Lekskulchai R, Cole J. Effect of a developmental program on motor
performance in infants born preterm. Aust J Physiother. 2001;47:169–
176.

34. Resnick MB, Eyler FD, Nelson RM, et alet al. Developmental inter-
vention for low birth weight infants: improved early developmental
outcome. Pediatrics. 1987;80:68–74.

35. Als H, Lawhon G, Duffy F, et alet al. Individualized developmental
care for the very low-birth-weight preterm infant. Medical and neu-
rofunctional effects. JAMA. 1994;272:853–858.

36. Becker PT, Grunwald PC, Moorman J, et alet al. Effects of develop-
mental care on neurobehavioral organization in very-low-birth-
weight- infants. Nurs Res. 1993;42:214–220.

37. Fleisher BE, VandenBerg K, Constantinou J, et alet al. Individualized
developmental care for very low birth weight premature infants. Clin
Pediatr. 1995;34:523–529.

38. Leib SA, Benfield G, Guidubaldi J. Effects of early intervention and
stimulation on the preterm infant. Pediatrics. 1980;66:83–90.

39. Mathai S, Fernandez A, Mondkar J, et alet al. Effects of tactile- kines-
thetic stimulation in preterms: a controlled trial. Indian Pediatr. 2001;
38:1091–1098.

40. Petryshen P, Stevens B, Hawkins J, et alet al. Comparing nursing cost
for preterm infants receiving conventional vs. developmental care.
Nurs Econ. 1997;15:138–145.

41. Scarr-Salapatek S, Williams ML. The effects of early stimulation on
low-birth weight infants. Child Dev. 1973;44:94–101.

42. White-Traut RC, Nelson MN, Silvestri JM. Effect of auditory, tactile,
visual and vestibular intervention on length of stay, alertness, and
feeding progression in preterm infants. Dev Med Child Neurol. 2002;
44:91–97.

43. White-Traut RC, Nelson MN, Silvestri JM, et alet al. Responses of
preterm infants to unimodal and multimodal sensory intervention.
Pediatr Nurs. 1997;23:169–175.

44. White-Traut RC, Nelson MN, Silvestri JM, et alet al. Developmental
patterns of physiological response to a multisensory intervention in
extremely premature and high-risk infants. J Obstet Gynecol Neonatal
Nurs. 2004;33:266–275.

45. DeGroot L, Hopkins B, Touwen B. Motor asymmetry in preterm in-
fants at 18 weeks corrected age and outcomes at 1 year. Early Hum
Dev. 1997;48:35–46.

46. Majnemer A, Rosenblatt B, Riley P. Predicting outcomes in high-risk
newborns with a neonatal neurobehavioral assessment. Am J Occup
Ther. 1994;48:723–731.

47. Mauradian LE, Als H. The influence of neonatal intensive care unit
care giving practices on motor functioning of preterm infants. Am J
Occup Ther. 1994;48:527–533.

48. Santman-Wiener A, Long T, DeGangi G, et alet al. Sensory processing
of infants born prematurely or with regulatory disorders. Phys Occup
Ther Pediatr. 1996;16:1–17.

49. Bozynski MA, Naglie RA, Nicks JJ, et alet al. Lateral positioning of the
stable ventilated very-low birth weight infant. Am J Dis Child. 1988;
142:200–202.

50. Hack M, Muszynski SY, Miranda SB. State of awakeness during visual
fixation in preterm infants. Pediatrics. 1981;68:87–91.

51. Hack M, Mostow A, and Miranda SB. Development of attention in
preterm infants. Pediatrics. 1976;58:669–673.

52. Piper MC, Kunos I, Willis DM, et alet al. Early physical therapy effects
on the high-risk infant: a randomized controlled trial. Pediatrics.
1986;78:216–224.

53. Brown JV, LaRossa MM, Aylward GP, et alet al. Nursery-based inter-
vention with prematurely born babies and their mothers: are there
effects? J Pediatr. 1980;97:487–491.

54. Saylor CF, Casto G, Huntington L. Predictors of developmental out-
comes for medically fragile early intervention participants. J Pediatr
Psychol. 1996;21:869–887.

55. Forrest CB, Shipman SA, Dougherty D, et alet al. Outcomes research
in pediatric settings: recent trends and future directions. Pediatrics.
2003;111:171–178.

56. Sweeney JK, Heriza CB, Reilly MA, et alet al. Practice guidelines for
the physical therapist in the neonatal intensive care unit (NICU).
Pediatr Phys Ther. 1999;11:119–132.

Pediatric Physical Therapy Effectiveness of Intervention in NICU 207



APPENDIX 1
Scale for Rating the Strength of the Evidence

Level of evidence Description of rating level

1 Randomized, controlled
clinical study, N �100

2 Randomized, controlled clinical study,
N � 100, or controlled, nonrandom

3 Descriptive, observational study,
longitudinal with control group

4 Descriptive, observational study,
longitudinal with no control group

APPENDIX 2: Description of Sensory Techniques

Auditory stimulation

Nurses sang or talked to the infant while they were bottle
feeding or the researcher spoke to the infant during
treatment.38, 42, 43

Playing cassette recordings of human heartbeat, classical
music, or the parent’s voice.34

One article listed auditory stimulation as an intervention
but gave no specifics on the method of delivery.53

Kinesthetic stimulation

Kinesthetic stimulation was specifically defined in this ar-
ticle as having nurses hold the infant while sitting in a
rocking chair and attempting to promote eye-to-eye
contact during feeding and play time.38 Passive range
of motion exercises.34

“Baby massage” defined as tactile-kinesthetic stimula-
tion.39

Specific intervention activities to facilitate midline orienta-
tion and facilitation of trunk flexion in side-lying and
supported sitting positions.10

Tactile stimulation

Nurses provided “soothing and rubbing” during feeding.38

Researcher or nurse provided massage for 10 minutes or
other methods, which did not specify time lim-
its.34,42,43

No specific technique given except that nurses patted the
babies during feeding.41

“Baby massage” defined as tactile-kinesthetic stimula-
tion.39

Specific intervention activities to facilitate midline orienta-
tion and facilitation of trunk flexion in side-lying and
supported sitting positions.10

Observer sat next to the isolette and recorded the tactile
experience of the baby, both self-generated by reach-
ing and externally generated by family, nursing care
procedures, etc.

No specifics except that tactile (including oral) stimulation
were provided.53

Vestibular stimulation

Researcher provided five minutes of rocking.42,43

Nurses held the infant while sitting in a rocking chair dur-
ing feeding and play time defined in another article as
part of kinesthetic stimulation.38

Use of an insulated water mattress.34

No specifics for vestibular stimulation given.53

Visual stimulation

Attempting to make eye contact with the infant.42,43 Note:
This was also defined in another article38 as part of
kinesthetic stimulation.

Placing pictures of faces, mobiles, and color patterns in the
warmer or isolette.34,38

Provided visual stimulation by taking birds from a mobile
and placing them about nine inches away from the
baby.41

Assessment of the baby’s facial behavior, visual fixation,
and rating of measures of attention while they focused
on a pattern.50,51

No specifics for visual stimulation given.53

Parents were educated in and expected to carry out the devel-
opmental intervention home program.33,54

Education in the Infant Development Program.34

Parents educated infant behavioral organization and
how to modify interaction to decrease stress lev-
els.5,34,41

Promoting parental involvement in the care of the
infant.35, 37, 47

Education of the parent in specific handling, positioning, and
stimulation techniques.52,53
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