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Abstract

Objectives—1) To describe the use of occupational therapy (OT), physical therapy (PT) and 

speech-language pathology (SLP) services in a level IV neonatal intensive care unit (NICU), 2) to 

describe predictors of early therapy usage, and 3) to test the hypothesis that more NICU-based 

therapy will relate to better neurobehavioral outcomes.

Methods—Seventy-nine infants born ≤ 32 weeks gestation had therapy interventions, as standard 

of care, tracked across NICU hospitalization. Infants received neurobehavioral testing prior to 

NICU discharge.

Results—All (100%) received OT and PT, and 41 (51%) received SLP. The average age at 

initiation of OT, PT, and SLP was 30.4 ± 1.4, 30.3 ± 1.4, and 35.9 ± 2.3 weeks postmenstrual age, 

respectively. Infants received therapy an average of 1.8 ± .44, 1.8 ± .4 and 1.1 ± .53 times per 

week for OT, PT and SLP, respectively. There were 56 different therapeutic interventions 

performed. There was overlap in the interventions provided by different NICU therapists; however, 

interventions unique to each discipline were identified. More therapy was not related to better 

neurobehavioral outcomes, but rather more frequent therapy could be attributed to more complex 

medical conditions (p<0.05).

Conclusion—Early therapy services in the NICU can start early in gestation and continue 

routinely until NICU discharge in order to optimize outcomes. These findings can aid our 

understanding of how neonatal therapy services are implemented in a level IV NICU.

Address correspondence to: Roberta Pineda, PhD, OTR/L, Washington University School of Medicine, Program in Occupational 
Therapy, 1 Children’s Place, St. Louis MO, 63110, USA, [ Pineda_R@kids.wustl.edu], Phone: 314-286-1304, Fax: 314-286-1261. 

Financial Disclosure: Authors have indicated they have no financial relationships to disclose.

Conflict of Interest: Authors have indicated there are no conflicts of interest to report.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Res Dev Disabil. Author manuscript; available in PMC 2018 May 01.

Published in final edited form as:
Res Dev Disabil. 2017 May ; 64: 108–117. doi:10.1016/j.ridd.2017.03.009.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Prematurity is a serious public health concern affecting 1 in 9 infants, amounting to 

approximately a half million infants per year in the United States alone 1. Complications of 

premature birth include long-term developmental problems, such as attention deficit 

hyperactivity disorder, learning disabilities, motor delays, visual perception and visual-

motor problems, executive functioning deficits, cerebral palsy, and vision and hearing 

impairments 2–7. Up to 74% of extremely low birth weight infants experience alterations in 

functional outcome at five years of age 8. While the use of therapy is well-understood 

following neonatal intensive care unit (NICU) discharge, developmental alterations are 

already present by term equivalent age, which warrants intervention during NICU 

hospitalization 9–11.

Developmental challenges are present prior to NICU discharge12–16. Compared to their full 

term counterparts, preterm infants at term equivalent age are more likely to demonstrate 

alterations in neurobehavior with abnormal reflexes, more hypotonia and hypertonia, poorer 

quality of movement, poorer orientation, more abnormal signs, lower tolerance of handling, 

poorer self-regulation, more excitability, and more stress 15–17. Therefore, a 

multidisciplinary team of occupational therapists (OT), physical therapists (PT), and speech-

language pathologists (SLP) can potentially impact alterations in early experiences that can 

influence development as well as can promote foundational skills for optimizing outcomes 

in high risk infants in the NICU.

The American Academy of Pediatrics (AAP) has defined guidelines that require a neonatal 

therapist (OT or PT) to be on staff in NICUs with level III or IV designation 18. A level III or 

IV designation signifies the highest level of neonatal care, including care of infants at any 

gestational age at birth and with complex medical and surgical needs. The roles of OT, PT, 

and SLP in the NICU have been defined, and the use of different therapeutic interventions 

carried out by neonatal therapists with high-risk infants in the NICU have been 

described 19–37, 38,39. Due to the vulnerability of premature infants, NICU-based therapists 

necessitate advanced skills to optimize outcomes of the infant, while understanding and 

adapting to medical interventions that occur simultaneous to therapy 

interventions 29,35,38–40. Despite the growing number of therapists involved in treating 

infants in the NICU 41 and growing evidence on the benefits of specific interventions, no 

studies to our knowledge have identified the usage of therapy services in the NICU.

The aims of this study were to describe the type, timing, and frequency of therapy services 

in a level IV NICU and to determine if there are relationships between NICU-based therapy 

services and demographic and medical factors as well as preterm infant neurobehavior. It 

was hypothesized that infants who received more therapy would demonstrate better 

neurobehavioral outcomes.

Methods

This study consisted of a cohort of 79 premature infants who were prospectively enrolled at 

birth as part of an overarching study investigating the effects of neonatal positioning 42. 
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Infants received routine medical care and therapy services, which were documented in the 

electronic medical record. Infants underwent neurobehavioral testing at >/= 35 weeks 

postmenstrual age (PMA). This study was approved by the Washington University Human 

Research Protection Office, and parents signed informed consent.

Participants

Consecutive admissions of preterm infants born ≤ 32 weeks estimated gestational age (EGA) 

in 2011 were recruited. The study site was a 75-bed, level IV NICU, and infants were 

excluded if they had a congenital anomaly. The parent study enrolled an additional 12 

infants admitted to a secondary level III NICU, but those infants were excluded from this 

investigation.

Infant and Medical Factors

Infant factors collected included EGA at birth, multiple birth (twin or triplet), race 

(Caucasian or non-Caucasian), mother’s marital status, PMA at discharge, length of stay 

(LOS), and gender. Medical factors included days on ventilation, days on continuous 

positive airway pressure (CPAP), days on oxygen (including days on a ventilator, CPAP and 

oxygen delivered via a nasal cannula), presence of necrotizing enterocolitis (NEC; all 

stages), confirmed sepsis, and presence of brain injury (having either a grade III-IV 

intraventricular hemorrhage, cystic periventricular leukomalacia, or cerebellar hemorrhage 

from routine cranial ultrasound or magnetic resonance imaging).

NICU-Based Therapy

At the study site, automatic orders for OT and PT were generated from the medical team at 

birth for infants born ≤ 32 weeks EGA. Routine therapy services were not initiated until 30 

weeks PMA, but for those born <30 weeks EGA OTs and PTs provided positioning and 

parent education consults prior to routine, continuous therapy services that started at 30 

weeks PMA. SLPs received referrals from the medical team on a case-by-case basis, most 

often related to the infant demonstrating feeding or swallowing dysfunction.

Positioning consultations were often the first time the infant was seen by therapy and 

occurred much earlier than the initiation of continuous therapy. Therefore, positioning 

consults were documented separately from the initial evaluation that led to subsequent 

initiation of continuous therapy. Positioning consults included education on positioning 

equipment needed to promote optimal development, as well as education on developmental 

care, sensory development, appropriate touch, reading behavioral cues, and therapy in the 

NICU.

Each discipline used an electronic form to document services, in which there were 

prewritten options of common types of therapy. Therapists also had an option to type in 

specific intervention(s) that were not listed (see Table 1 for a complete list of interventions). 

At the study site NICU, there were 6 OTs, 6 PTs, 2 SLPs, and 1 physical therapy assistant 

(PTA) dedicated to the NICU in 2011, for a total of 2 full time equivalent (FTE) positions 

for OT, 3 FTEs for PT and 1 FTE for SLP. Therapy services that were provided as part of 

routine care and documented in each infant’s medical record were tracked. Because each 
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therapy evaluation and treatment session was a different length of time, the number of 

sessions along with the time for each were collected.

The following neonatal therapy variables were collected for each infant during NICU 

hospitalization:

Type of therapy: Whether the infant received OT, PT, and/or SLP

Timing of therapy initiation: PMA at initial evaluation completed

Duration of initial evaluation: Minutes documented for the initial evaluation

Administration of positioning consult: Whether the infant received a positioning 

consult; PMA at first positioning consult visit, number of sessions, average minutes, 

and discipline(s) completing the positioning consult

Frequency of therapy: Average number of minutes (total therapy time/number of 

sessions) and total number of sessions an infant received OT, PT, and/or SLP at each 

PMA across hospitalization; total minutes and number of therapy sessions

Specific interventions administered: The types of interventions documented in the 

medical record were identified. Whether each infant received each identified 

intervention; PMA and the total number of times that an infant received a specific 

intervention were documented. These variables were collected for all therapies 

combined and separately.

Infant Neurobehavior

The NICU Network Neurobehavioral Scale (NNNS) was administered at the infant’s 

bedside prior to NICU discharge (starting at 35 weeks PMA or when the infant was able to 

tolerate the assessment, whichever came first), by a certified evaluator (author, RP). During 

the neurobehavioral exam, the infant is placed in different positions, reflexes are tested, and 

behavior is observed. The NNNS was chosen, because it is a comprehensive assessment of 

infant neurobehavior with 13 subscales: Habituation, Orientation, Tolerance of Handling, 

Arousal, Self-Regulation, Asymmetry, Excitability, Lethargy, Hypotonia, Hypertonia, 

Quality of Movement, Stress Signs, and Non-Optimal Reflexes 43. Habituation items were 

not administered. Neurobehavioral impairment, defined as having ≥ 3 NNNS summary 

scores more than 2 standard deviations from the mean, based on established norms, was also 

documented for each infant 44,45.

Statistical Analyses

IBM Statistical Package for the Social Sciences (SPSS 21, IBM, Chicago IL) was used for 

statistical analyses. Relationships between medical factors and the timing of therapy 

initiation and usage were investigated using regression models and independent samples t-

tests. Relationships between therapy initiation and frequency of therapy (that was provided 

until 35 weeks PMA) and neurobehavioral outcomes were investigated using univariate and 

multivariate linear regression (controlling for EGA, brain injury, and PMA at time of 

neurobehavioral testing). Relationships between early therapy and neurobehavioral 
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impairment were also investigated using logistic regression models. All factors were 

explored using p= 0.05.

Results

Eighty-eight infants from the study site’s level IV NICU were enrolled. Of those, four 

infants expired prior to NICU discharge, three withdrew, and two transferred to a different 

facility. Sample characteristics are summarized in Table 2. Seventy-nine (100%) infants 

received OT, and 79 (100%) infants received PT prior to NICU discharge. Forty-one (51%) 

infants received a SLP evaluation with 4 (10%) of those receiving no further intervention 

following the initial SLP evaluation.

OT, PT, and SLP Provided During NICU Hospitalization

See Table 3 for descriptives outlining the average timing of therapy initiation, the amount of 

time spent on the evaluation and treatment sessions, the total number of sessions and hours 

of treatment over NICU hospitalization, and the frequency of therapy visits. See Figure 1 for 

the patterns of average frequency of therapy visits per week across PMA.

Positioning Consults

In this cohort of preterm infants, 51(65%) received a positioning consult with the PMA at 

time of positioning consult ranging between 23–32 weeks PMA with a mean (standard 

deviation) of 26.8 ± 2.1 weeks PMA. The time spent on positioning consults ranged from 10 

to 45 minutes with a mean of 17.0 ± 7.7 minutes.

Provision of Therapeutic Interventions

A total of 56 different interventions were documented in the medical record among the 

cohort (see Table 1). To understand which interventions were exclusively provided by each 

discipline and which were provided by more than one discipline, interventions that were 

conducted by a discipline (>1% of the time) were identified. PTs were the only discipline to 

document functional motor skills (3.5%), gross motor skills (1.3%), and stretching (2%). 

OTs were the only discipline to document upper extremity functioning (7.9%), visual 

development (6.4%), head control (6.2%), and non-nutritive sucking (9.9%). SLP’s were the 

only discipline who documented swallowing (26.6%). After consolidation into 11 groupings 

of interventions (see Table 1), OTs completed all categories of interventions except for 

neurodevelopmental and strengthening, and PTs completed all intervention categories except 

for feeding and oral motor. SLP’s delivered interventions including behavioral organization, 

feeding, oral motor, and parent and team involvement. All three disciplines documented 

behavioral organization and parent and team involvement. The provision of therapeutic 

interventions for OT, PT, and SLP across PMA are shown in Figure 1.

Medical and Infant Factors and Associations with NICU Therapy Initiation and Therapy 
Sessions and Time

See Table 4 for the relationships of medical and demographic factors with timing of therapy 

initiation and therapy sessions and time. Those that reached statistical significance (p< .05) 

are listed in the table, and there were no other significant relationships.
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Associations between Timing of Therapy Initiation, Frequency of Therapy, and 
Neurobehavior

See Table 2 for descriptives of neurobehavioral outcome of the sample. Earlier initiation of 

SLP was related to better self-regulation (p= .02), and higher PMA at SLP initiation was 

related to more stress (p= .02). Better self-regulation remained significant in the multivariate 

regression (p= .04). There were no significant relationships between PMA at OT or PT 

initiation and neurobehavior in either the univariate or multivariate analyses. More minutes 

of total therapy were associated with greater tolerance of handling (p= .04), poorer self-

regulation (p= .04), and more lethargy (p= .03). There were no longer significant 

relationships after controlling for EGA, brain injury, PMA at time of neurobehavioral 

testing, and frequency of therapy. There were no relationships between the total therapy 

sessions and neurobehavior. Infants who had neurobehavioral impairment had more sessions 

(p= .04) and minutes (p= .04) of SLP and more minutes of OT across the LOS (p= .05). 

There were no further relationships between early therapy and neurobehavioral outcomes. 

Controlling for treatment arm (based on grouping of alternative neonatal positioning versus 

standard infant positioning, from the overarching study) did not alter the findings.

Discussion

The key findings of this study are: 1) OTs, PTs, and SLPs have a role in providing 

therapeutic interventions to high risk infants hospitalized in the NICU, 2) therapy in the 

NICU was conducted early in gestation and done in concert with concurrent medical 

interventions, 3) neonatal therapists provided a diverse repertoire of developmentally-

appropriate interventions for infants born premature in the NICU, and 4) there was some 

overlap in the interventions provided by each discipline, but each discipline also provided 

interventions unique to their profession.

We were unable to support our hypothesis that infants who received more therapy would 

have better neurobehavior. Few associations between neonatal therapy usage and 

neurobehavioral outcomes were observed, but this was a challenging relationship to 

untangle. Provision of therapy services could be confounded by multiple factors including 

earlier discharge, poor tolerance due to medical stability, delayed discharge, and/or 

medically complex infants with significant impairment. In addition, 100% of infants in the 

cohort received therapy, making this relationship difficult to untangle in a unit where therapy 

services are standard of care.

While the role of OT, PT, and SLP has been well described in the literature 41, no studies to 

date have reported neonatal therapy usage in a US-based, level IV NICU. In the current 

study, 100% of infants received PT, 100% received OT, and 51% received SLP in the NICU. 

The patterns of therapy involvement are consistent with AAP recommendations; however, 

more research is needed to identify the patterns of therapy in NICUs of different sizes, 

demographic make ups, levels, and in different locations. Additionally, further work is 

needed to determine how many neonatal therapists should be used to adequately address the 

needs of high risk infants in different sizes and levels of NICUs. In the current study, there 

was 1 FTE of an OT for every 37.5 beds, 1 FTE of a PT for every 25 beds, and 1 FTE of a 

SLP for the entire 75-bed unit. Understanding gaps in the use of neonatal therapy, as well as 
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ways to improve continuity of services following NICU discharge, can aid in consistent 

provision of therapy services for infants at risk of or already demonstrating signs of impaired 

development.

While there may be variations in practice across settings, our findings demonstrated that 

neonatal therapy can be initiated early in gestation, with OT and PT being initiated at 30 

weeks PMA. SLP was initiated later in PMA at 36 weeks, which coincides with the timing 

of oral feeding, a common focus of SLP intervention. It also remains unclear if the later time 

at SLP initiation may be related to differences in referral patterns (automatic orders versus 

case-by-case referral). This warrants more research to determine if automatic referrals may 

generate more timely therapeutic interventions in the NICU in order to promote optimal 

outcomes. Although our findings may be confounded by the fact that therapy was initiated at 

different times, it is interesting to note that sicker infants (those on respiratory supports, 

sepsis, and brain injury) received more therapy services before discharge and had an earlier 

initiation of OT and PT services. Some NICUs may be wary of using neonatal therapy 

because of the infant’s vulnerable state, particularly if they have neurologic involvement or 

are dependent on respiratory supports; however, this study identified that OT and PT can be 

initiated at an early PMA, despite the presence of medical challenges. Recently, a process of 

neonatal therapy certification was implemented that can ensure a standard of appropriate 

knowledge and expertise for neonatal therapists working with high risk infants (ntncb.com). 

Advanced training ensures that therapists have the skill-set to address complex infant 

behaviors at a vulnerable time in development. The high incidence of neurobehavioral 

impairment (48%) in the current cohort further warrants the multidisciplinary team of 

neonatal therapists.

It is important to note that a wide repertoire of therapeutic interventions were provided by 

neonatal therapists in the NICU. Fifty-six different interventions were identified. The 

overlap and duplication of interventions provided by neonatal therapists in the present study 

falls in line with previous reports aimed at defining and delineating the roles of neonatal 

therapists 41,46. In 2012, the NANT Professional Collaborative, a group of neonatal 

therapists who work to help define guidelines for practice, found that practice guidelines 

outlining the role of each neonatal therapist exhibit overlap of skills, but also illustrate skills 

unique to their scope of practice; an important distinction when many institutions view some 

of the therapy disciplines as interchangeable 41,46. Just as therapists working with other 

populations have a unique role to play in the rehabilitation process, each therapy discipline 

has a unique role in optimizing outcomes of vulnerable preterm infants in the NICU. The 

current study offers a glimpse at role delineation among neonatal therapists by identifying 

specific interventions provided exclusively by each therapy discipline. OTs were the only 

discipline to address components of development aimed at optimizing occupational 

participation for infants born premature including upper extremity functioning, visual 

development, head control, and non-nutritive sucking. PTs aimed to optimize movement, 

addressing functional motor skills, gross motor skills, and stretching 47. SLPs were the only 

discipline to address swallowing performance in preterm infants. How the NICU team 

functions influences infant outcomes, as use of a multidisciplinary care team can improve 

patient and caregiver satisfaction; promote collaboration, coordination, quality improvement, 
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communication, continuity, and competence among healthcare providers; and facilitate a 

positive outlook towards the provision of developmental care 48–50.

This study provides preliminary data describing the neonatal therapist’s role within an urban 

Level IV NICU environment, identifies when neonatal therapy was initiated, and gives 

insight into which therapeutic interventions were being conducted across PMA. Gaining an 

understanding of how neonatal therapy is structured within the NICU, as well as how the 

developmental team can operate successfully with the inclusion of an OT, PT, and SLP is a 

positive step toward better integration of neonatal therapists in NICUs and progress toward 

addressing the unique developmental needs of preterm infants in an effort to reverse the high 

rates of morbidity.

Limitations of the present study include that it was a descriptive study. Data on therapy 

usage was derived from therapy documentation consisting of prewritten treatment modalities 

and those added in by the therapist, however, additional interventions may have been 

described in expanded text form and could have been missed. In addition, a large number of 

the interventions discovered were those that had been written in by the therapist, and it 

remains unclear if a comprehensive list of interventions to choose from would have changed 

the findings. Additionally, data was gathered from a single study site with a diverse and large 

number of neonatal therapists delivering care, and this may not be representative of all 

NICUs, although the AAP has formulated a recent guideline requiring an OT or PT to be on 

staff in all Level III and IV NICUs 18. The findings should be interpreted carefully, as they 

may not be generalizable. Findings may not be applicable in settings that have different 

demographic populations where there are lower rates of single mothers, lower rates of 

diverse infant populations or lower rates of medically complex preterm infants. To gain a 

better understanding of the provision of neonatal therapy, as well as increase 

generalizability, further directions should expand on the current findings by looking at 

NICUs across the country, the timing of specific interventions, and how specific 

interventions relate to outcome. Finally, studies that aim to understand the effects of NICU-

based therapy on outcomes are warranted. Due to the significant influence of co-morbid 

conditions on neurobehavior during the neonatal period, exploring long term outcomes is 

ideal.
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NICU neonatal intensive care unit
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OT occupational therapy

PT physical therapy

SLP speech-language pathology

AAP American Academy of Pediatrics

EGA estimated gestational age

CPAP continuous positive airway pressure

PMA postmenstrual age

LOS length of stay

NEC necrotizing enterocolitis

PTA physical therapy assistant

NNNS NICU Network Neurobehavioral Scale

NANT National Association of Neonatal Therapy
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What’s Known on this Subject

Current AAP guidelines stipulate that an OT or PT should be on staff in level III and IV 

NICUs. Despite the growing numbers of neonatal therapists, no studies to date have 

defined the use of early therapy in the NICU.

What This Study Adds

This is the first study to identify when therapy is initiated in the NICU, to define the 

amount of therapy and types of therapeutic interventions provided, and to explore how 

different medical factors relate to provision of NICU-based therapy services.
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Figure 1. 
Differences in the provision of therapeutic services across PMA including the average 

number of therapy sessions provided each week of hospitalization from 30 to 46 weeks 

PMA and differences in the provision of therapeutic interventions by OT, PT, and SLP for 

each week of hospitalization from 30 to 46 weeks PMA.
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Table 1

Categorization of NICU therapy interventions documented in the medical record.

Behavioral Organization Developmental Interventions

Behavioral Organization Balance and Proprioception Skills Training

Calming Developmental Skills

Regulation/State Developmental Abilities

Response to the Environment Developmental Progression

Fine Motor Skills

Functional Mobility

Functional Motor Skills

Gross Motor Skills

Head Control

Midline Orientation

Midline Movement

Upper Extremity Functioning

Visual

Visual Motor/Perceptual

Feeding Handling and Activity Tolerance

Feeding Activity Tolerance/Endurance

Swallowing Diaper Change

P.O. Feeding Skills Graded Handling

Therapeutic Tasting Handling Tolerance

Holding

Neurodevelopment Oral Motor

Joint Approximation Non Nutritive Sucking

Handling Skills Oral Motor

Weight Bearing Oral Sensory-Motor

Parent and Team Involvement Positioning

Educated Parents on P.O. Readiness and Cue- Boundaries

Based Feeding Containment

Parent/Caregiver Education Positioning

Team Conference Tolerance of Prone

Tolerated Semi-Prone Position

Range of Motion Sensory Motor Activities

Isolated Extension in Prone Deep Pressure

Range of Motion Graded Touch

Splinting Tolerance INFANIB Assessment

Stretching Manual Lymphatic Drainage
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Behavioral Organization Developmental Interventions

Strengthening Scar Massage

Strength Training/Therapeutic Exercise Sensory-Motor

Strengthening Therapeutic Massage

Vestibular Stimulation

a
56 interventions found in the electronic medical record were categorized into the eleven central groupings based on their similarities

b
Interventions in italics are those that were written in as an intervention by the therapists. All others were part of the electronic drop down menu

c
Cognition, ADL’s, general, gait training, transfer training, splinting (splint fabrication and training), pain management, receptive language, 

expressive language, speech/articulation, voice/resonance/fluency, and cognition/memory were additional interventions prewritten into the 
electronic treatment form but were not documented by therapists in this study
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Table 2

Characteristics of the cohort and therapy factors.

Infant factors Mean ± S.D.; n (%)

Estimated gestational age 28.3 ± 2.7

Multiple 20 (25%)

Non Caucasian race 47 (60%)

Single mother 65 (82%)

PMA at discharge 38.7 ± 3.6

Length of stay (in weeks) 11.4 ± 5.6

Female gender 46 (58%)

Medical factors Median (IQ range); n (%)

Days on ventilation 1 (1–8)

Days on CPAP 1 (0–4)

Days on oxygen 18 (7–84)

Necrotizing enterocolitis 7 (9%)

Sepsis 26 (33%)

Cerebral injury 17 (22%)

Developmental factors Mean ± S.D.; n (%)

Neurobehavioral impairment 38 (48%)

Orientation 3.5 ± 1.0

Tolerance to Handling 0.7 ± 0.1

Quality of Movement 3.1 ± 0.7

Self–regulation 4.0 ± 0.8

Non-Optimal Reflexes 7.4 ± 2.3

Stress Signs 0.4 ± 0.1

Arousal 3.7 ±1.0

Hypertonia 1.7 ± 1.3

Hypotonia 1.2 ± 1.2

Asymmetry 2.9 ± 2.0

Excitability 6.0 ± 2.8

Lethargy 7.6 ± 3.0

Occupational Therapy Min-Max Mean ± SD

PMA at initiation 26–34 30.4 ± 1.4

Time spent on evaluation 15–45 29.3 ± 5.8

Time of treatment sessions (minutes) 24–38 28.8 ± 2.7

Total treatment sessions 2–44 17.0 ± 9.2

Total treatment hours 1–23 8.2 ± 4.7

Average number of sessions per week 0.7–3 1.8 ± 0.4

Physical Therapy Min–Max Mean ± SD

PMA at initiation 26–34 30.3 ± 1.4
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Time spent on evaluation 15–45 30.3 ± 1.4

Time of treatment sessions (minutes) 23–31 27.2 ± 1.8

Total treatment sessions 2–50 16.8 ± 8.8

Total treatment hours 0.9–23 7.7 ± 4.3

Average number of sessions per week 1–2.9 1.8 ± 0.4

Speech Language Pathology Min–Max Mean ± SD

PMA at initiation 31–43 35.9 ± 2.3

Time spent on evaluation 15–45 31.0 ± 8.2

Time of treatment sessions (minutes) 18–45 28.5 ± 3.9

Total treatment sessions 1–22 6.5 ± 4.9

Total treatment hours 0.5–11 3 ± 2.2

Average number of sessions per week 0.1–2 1.1 ± 0.5

a
Oxygen defined as days on a ventilator in addition to days on CPAP, and oxygen delivered via a nasal cannula

b
Multiple; if the infant was a twin or a triplet

c
Single mother; unmarried mother

d
CPAP indicates continuous positive airway pressure

e
‘Moderate to severe cerebral injury’ is defined as having a grade III-IV intraventricular hemorrhage, cystic periventricular leukomalacia, or 

cerebellar hemorrhage from routine cranial ultrasound or magnetic resonance imaging.

f
Neurobehavioral impairment defined as having ≥ 3 summary scores from the NNNS more than 2 SD from the mean based on established 

norms 53; NNNS subscale scores can be referenced in the NNNS manual 54
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