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Abstract: Background: Physiotherapy exercises administered to preterm infants in the NICU can
enhance motor skills and expedite the discharge process for infants born before 30 weeks of
gestational age. The research delves into the influence of physiotherapy programs on these preterm
infants' activity and participation levels. Methods: The intervention group received a one-month
physiotherapy program including massage around the mouth, mobilization and weight-bearing
exercises, and massage therapy for the extremities, while the control group did not. The motor skills
were evaluated by the Test of Infant Motor Performance (TIMP), Dubowitz Neurological
examination, and Preterm Oral Feeding Readiness Scales (POFRAS). Results: There was a
significant difference in The TIMP, Dubowitz Optimal Score, Type of Non-Invasive Ventilation,
TIMP Range, and POFRAS scores in the physiotherapy group rather than the control group (p<0.05).
There were no differences in the length of stay in the NICU, respiration rate, heart rate, body
temperature, oxygen saturation, body weight on the evaluation day, body weight at discharge, head
circumference at discharge between the groups (p>0.05) Discussion: We conclude that
physiotherapy in NICU improves the motor outcomes, activity and participation in preterm infants
rather than the body functions and structure like vital signs and infants” body weight.
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1. Introduction

Annually, approximately 15 million infants are born prematurely around the world [1].
Although advanced perinatal care has led to a decrease in the mortality rate among preterm infants
in recent years, the incidence of developmental morbidity remains notably high [2]. Long-term
follow-up studies conducted on preterm infants have revealed significant developmental disorders
such as cerebral palsy, hearing impairment, visual deficits, and growth delays [3]. According to a
recent study, over 25% of neonates born between 28 and 32 weeks of gestation exhibit developmental
disorders by the age of 2 [4]. Neurological care involves employing strategies aimed at averting
neuronal cell death. [5]. These interventions are designed to safeguard the developing brain and
mitigate neuron loss following detrimental events while enhancing their function by establishing
new communication pathways. The vulnerability of the infant's brain increases as its maturity
decreases, making neurological care all the more crucial [6]. To mitigate these complications,
researchers have proposed and applied diverse methods over the past few decades. Many of these
approaches involve developmental interventions or care for infants admitted to the Neonatal
Intensive Care Unit (NICU). Developmental care methods aim to modify the NICU environment to
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reduce stress, enhance behavioral organization, improve physiological stability, maintain sleep
patterns, and foster neural growth and infant maturation [7,8]. Beyond medical care services, there
arises a need for diverse physiotherapy techniques aimed at promoting the typical maturation and
growth of sensorimotor organization while minimizing risks that could adversely impact the baby's
neurodevelopmental progress. These physiotherapy approaches, designed to enhance the baby's
neuromuscular development and reduce stress and discomfort, encompass techniques such as
protecting natural joint movement, appropriate positioning, massages, fostering holding patterns,
timely gravity-resistant exercises, and oral motor training [9].

The International Classification of Functioning, Disability, and Health (ICF) framework and its
Children and Youth Version (ICF-CY), as put forth by the World Health Organization (WHO), draw
from various perspectives on human development. They embody a biopsychosocial approach that
recognizes the interplay between Health Conditions, Contextual Factors (including Environmental
and Personal Factors), Body Functions and Structures, as well as Activity and Participation. Even
though the ICF-CY was introduced in 2007, following the ICF, it shares an identical framework and
concept with the ICF, including the same chapters or first-level categories (Figure 1). The primary
distinction between the two lies in the ICF-CY's incorporation of additional or revised lower-level
categories, specifically designed to capture changes associated with growth and development [10,11].
One potential clinical application of the ICF-CY is to use it as a framework to describe the
impairments in body functions and structures, limitations in activities and participation, and the
environmental barriers experienced by children with developmental delays and disabilities. This
approach provides a comprehensive view of the child's health condition and the factors affecting
their well-being [12]. We aimed to examine whether the one-month NICU physiotherapy
intervention could lead to improved outcomes, employing the ICF biopsychosocial model for
assessment.

Health condition

(disorder or disease)

Body funclions p Activity p Participation

& structure T T

Environmental Personal
factors factors

Contextual factors

Figure 1. International Classification of Function.

2. Materials and Methods

This randomized-controlled study consisted of preterm infants born at 30 weeks of gestational
age or earlier who were admitted to the NICU at Ondokuz Mayis University Health Practice and
Research Center from December 2021 to May 2023. Preterm infants followed in the NICU and whose
vital signs were stable were assigned to two groups, as physiotherapy group and the control group.
The intervention commenced once the infant's vital signs stabilized, around the 31st week of post-
conceptional age. A centralized web-based randomization system was employed to facilitate the
randomization process. Infants were allocated to either the physiotherapy group or the control group,
as illustrated in Figure 2.
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Figure 2. Flow diagram of the study.

Infants with major congenital abnormalities, invasive mechanical ventilation, sepsis, and NEC
were excluded from the study. The Physiotherapy group received 25-30-minute sessions 3 days a
week for 1 month including massage of the mouth and swallowing muscles, mobilization exercises
in all positions for the whole body, weight-bearing exercises to the body parts, and massage therapy
for the extremities. Daily standard care and supine, prone, and side-lying positions were applied to
the control group.

All procedures were conducted according to the principles outlined in the Declaration of
Helsinki. Additionally, all protocols were approved by the Ethics Committee of Ondokuz Mayis
University (2021/608). The data were collected after informed parental consent and written informed
consent was gathered from all participants.

Infants were included in intervention programs after around the first month of life in which
there were major health problems. After obtaining the demographic information of the infants in the
first evaluation, the baby's vital signs were recorded; in the second evaluation phase, after one month
of physiotherapy, the infant's vital signs, motor skills, and feeding skills were evaluated. We made
the same evaluation procedure for the control group. After the vital signs were stable of the infants
in the control group we waited for one month and made evaluations for each baby. In the control
group, the infants did not receive physiotherapy and only got daily standard care and positioning.

Sociodemographic data of the infants, including sex, gestational age, postnatal age, Apgar score,
birth weight, mode of delivery, maternal birth information, and parental information such as age,
occupation, and educational status, were documented. Vital signs, encompassing oxygen saturation,
blood pressure, and heart rate, were also recorded. Changes in the baby's height and weight were
monitored, and their growth and development were closely tracked and saved.

Test of Infant Motor Performance (TIMP)

The TIMP (Test of Infant Motor Performance) is capable of detecting changes in motor
development at two-week intervals, spanning from 34 weeks Post Menstrual Age to five months of
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Corrected Age (CA) [13,14]. The TIMP evaluated various aspects of movement and postural control,
including assessments in prone, supine, supported sitting and standing positions [14].

The Dubowitz neurological assessment of the preterm and full-term infant- Dubowitz

The Dubowitz Scale for Neurological Assessment of Preterm and Full-term Infants ([15]) is a
scale that has been standardized for preterm infants as well as full-term infants, whose item validity
and reliability have been demonstrated and is frequently used in the neurological examination of
newborn infants [16,17].

Preterm Oral Feeding Readiness Assessment Scale (POFRAS)

POFRAS, developed by Fujinaga et al. [18], is a tool designed to assess readiness for oral feeding
in preterm infants.

An outcome model based on the ICF-CY framework

Among the components of the ICF-CY, Activity and Participation is considered the most
important outcome for young children ([19]). Young children’s general development was assessed
with a comprehensive developmental test, designed to capture the ICE-CY component of Activity
and Participation ([20]). In our study, we have used Dubowitz, TIMP, and POFRAS to identify the
Activity and Participation of the Infants. Health Condition, Body Function and Structures,
Environmental Factors, and Personal Factors were identified as the multiple predictors of children’s
developmental outcomes [19]. For measuring Health Condition in the NICU, premature birth was
identified as one of the indexes. For Body Functions and Structures, many studies have demonstrated
the impact of movement-related factors on developmental outcomes, such as sitting balance, muscle
power function, muscle tone function, seeing function hearing functions, and attention [21]. In our
study, we used birth weight, and gender for personal factors, RDS, IVH for body functions and
structures, maternal age, and twin pregnancy for environmental factors (Figure 3).

Health Condition
Prematurity
A
Body Structure and Function Activity and Participation
APGAR TIMP
RDS “——>| Dubowitz
IVH POFRAS
Respiration Rate Type of Ventilation
Heart Rate Length of Stay in NICU
Body Temperature
Oxygen Saturation
Body Weight at Discharge
Head Circumference at Discharge
Environmental Factors v %
Maternal Age +—> . ]
Gravida Birth Weight
. Gender
Twin Pregnancy

Figure 3. An ICF-CY-based model of developmental outcomes of the infants in our study.

Sample Size Calculation
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The sample size was calculated using PASS 2005 software (NCSS, Kaysville, UT, USA), found
that 15 subjects were required for one group to achieve 90% power with a 5% type 1 error. To account
for a potential 20% dropout rate, we recruited 19 subjects for each group, aiming to maintain 90%
power in the study.

Statistical Analysis

The test results were presented as mean + standard deviation, median, and minimum-maximum
values. To decide on the appropriate statistical methods for comparing the study groups, the
homogeneity (Levene's Test) and normality (Shapiro-Wilk) tests were used. If the groups were
normally distributed and exhibited homogeneous variances, comparisons between two groups were
conducted using the Student's t-test, while comparisons within dependent groups were done using
the Paired t-test. However, some variables did not meet the parametric test assumptions, so
comparisons between two independent groups were performed using the Mann-Whitney U test, and
comparisons within dependent groups were conducted using the Wilcoxon test. For categorical data
analysis, Fischer's Exact Test and Chi-square test were employed. When the number of cases was
expected to be less than 20% of cells for inclusion in the analysis, the "Monte Carlo Simulation
Method" was used to determine the values. All statistical analyses were carried out using SPSS
software (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0 Armonk, NY: IBM
Corp.). A p-value of < 0.05 was considered statistically significant.

3. Results

Thirty-eight infants (19 infants in the physiotherapy group and 19 infants in the control group)
were enrolled in the study. Mean gestational age and birth weights were 29.03+1.26 weeks, 1299.15+
318.98 grams, respectively. There were no statistical differences between the two groups in terms of
gestational age, birth weight, gender, 1st and 5th-minute Apgar scores, maternal age, gravida,
multiparity, respiratory distress syndrome, and intraventricular hemorrhage (p>0.05) (Table 1). The
results are presented as the domain of ICF in the tables.

Table 1. Clinical characteristics of the infants.

Domain of ICF Intervention Control Group
Group P value
n=19
n=19

Gestational age (weeks) Personal Factor 29.03+1.26 29.08+1.13 0.902
Birth weight (grams) Personal Factor 1299.15+ 318.98 1233.94+ 314.86 0.325
Gender Personal Factor
Girls n (%) 7 (36.8) 9 (474) 0.523
Boys n (%) 12 (63.2) 10 (52.6)
APGAR score Body Functions
1st min and Structure 5.05+1.47 5.21+1.22 0.657
51 min 3.78 +3.37 4.52+3.18 0.493
Maternal Age (years) Environmental 30.84 +5.93 30.31+ 6.65 0.968

Factors
Gravida (median) Environmental 3.0 3.0 0.883

Factors
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Twin Pregnancy n (%) Environmental 4(21.1) 8 (42.1) 0.166
Factors
RDS n (%) Body Functions 7 (36.8) 10 (52.6) 0.217
and Structure

IVH n (%) Body Functions

Grade 1 and Structure 9 (47.4) 6 (31.6) 0.605
Grade 2 2 (10.5) 1(5.3)

IVH: Intraventricular Hemorrhage, RDS: Respiratory Distress Syndrome, Values are given average +SD.

The starting time for the interventions of the infants for both groups, length of stay in the NICU,
Respiration rate, Heart Rate, Body temperature, Oxygen saturation, Body weight on the evaluation
day, Body Weight at Discharge, and Head circumference at discharge were similar between the
physiotherapy and control group (p>0.05) (Table 2). The TIMP, Dubowitz Optimal Score, Type of
Non-Invasive Ventilation, TIMP Range, and POFRAS scores were statistically significant in the
physiotherapy group rather than the control group (p<0.05) (Table 2).

Table 2. Comparing clinical and motor evaluation results after intervention between the two groups.

Domain of ICF Intervention Group Control Group
n=19 n=19 P

value
Start time of the | Personal Factor 31.48 +0.86 31.54 £ 0.64 0.340
infants for the
intervention  groups
(weeks)
Evaluation age of the | Personal Factor 35.48 +0.86 35.45+0.72 0.298
infants after
intervention (weeks)
Length of stay in Activity and 52.89+ 2491 55.57 £ 14.74 0.861
NICU (days) Participation
Respiration rate at the | Body Functions 53.80 £ 3.72 52.30+£5.74 0.336
time of evaluation and Structure
Heart Rate at the time | Body Functions 147.94 +11.37 152.35+10.93 0.217
of evaluation and Structure
Body temperature (°)at | Body Functions 36.75+0.22 36.87 +0.21 0.133
the time of evaluation and Structure
Oxygen saturation at | Body Functions 97.00+2.72 97.00 +£1.83 0.534
the time of evaluation and Structure
Body weight on the | Body Functions 2182.50 + 261.87 2011.84£281.40 | 0.095
evaluation day (grams) | and Structure
Body  Weight at | Body Functions 2337.25 + 385.47 2334.47 +237.02 | 0.923
Discharge and Structure
Head circumference at | Body Functions 31.65 £ 1.07 31.60 +1.64 0.923
Discharge and Structure
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POFRAS score Activity and 32.60 + 3.00 21.60 +6.30 0.000*

Participation
TIMP score Activity and 33.50 +4.90 17.42+5.71 0.000*

Participation
Dubowitz ~ Optimal Activity and 32.42 +2.96 21.05 £ 6.09 0.000*
Score Participation

n % n %

Type of Ventilation Activity and

Participation 0.036*
Non-invasive 0 0 1 5.3
ventilation 4 21 11 7.9
Oxygen 15 79 7 36.8
supplementation
No Oxygen
TIMP Range Activity and
Average Participation 8 42.1 0 0 0.000*
Below average 11 57.9 5 26.3
Far below average 0 0 13 68.4

* p<0.05. TIMP: Test of Infant Motor Performance, NICU: Neonatal Intensive Care Unit, POFRAS: Preterm Oral
Feeding Readiness Scale. Values are given average +SD (min-max).

4. Discussion

This study represents one of the initial clinical trials aimed at examining the effectiveness of a
one-month physiotherapy intervention for early preterm infants in the NICU who are at risk of
neuromotor delay, within the context of the ICF framework.

Our objective was to implement the intervention within the NICU to capitalize on the
considerable neuroplasticity that exists during early infancy [22,23], although this may be influenced
by infant medical stability and length of stay. A recent systematic review, which assessed motor
development interventions for preterm infants, whether initiated during their hospital stay or
afterward, concluded that interventions emphasizing the infants' active movements in various
positions proved to be the most effective in improving motor skills from birth up to 24 months CA
[24]. Although the impact waned as time passed, at 3 months CA, motor-specific interventions
exhibited a substantial and noteworthy effect size on motor skills. The majority of these interventions
encompassed developmental assistance for the infant as well as guidance and education for parents.
Furthermore, there are parallels in both the activities and the underlying theoretical framework
between the previous and the current intervention. Our findings showed beneficial outcomes in the
motor and feeding skills of the preterm infants. This indicates that there exists a potential timeframe
in which providing optimal support for adaptive development is most effective. Infants who received
the intervention demonstrated positive improvements in developmental assessment and imaging
metrics, thereby endorsing the findings of previous literature which propose that early physical
therapy interventions may be advantageous for overall development [25-27]. These findings justify
the need for additional research involving larger study cohorts to systematically evaluate the
differential effects of an intervention as compared to standard care.

In contrast to other intervention studies focusing on specific populations of high-risk infants
[25,28-31], we recruited infants with high-risk levels because of their very early prematurity that all
infants were born at 30th or under 30 weeks of gestational age. All the infants had nearly the same
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medical condition and were at the same risk of neuromotor delay [32]. This transdiagnostic approach
enabled us to pinpoint all the infants who derived benefits from early therapeutic intervention.

The research conducted by Girolami and Campbell [33] revealed that the intervention had no
adverse effects on weight gain, and it did not result in an increase in apnea or heart rate changes
during the intervention. Our study also has similar results between the groups in terms of length of
hospital stay, heart rate, body temperature, oxygen saturation, body weight, and head circumference
at discharge. We can conclude that such vital signs are the infants” body functions and structure due
to the child's medical factors and are not affected by physiotherapy intervention.

The majority of physiotherapy studies conducted in the NICU involved training parents to
administer the intervention, which resulted in improved scores for infants. Additionally, research
indicates that maternal interventions, such as baby massage and skin-to-skin care in the NICU, have
positive effects on developmental outcomes [34-36]. It has been suggested that optimizing parent-
child interactions and the infant's environment can be protective and supportive of the infant's
development and competence [35,37,38]. In contrast to these previous studies, our study exclusively
involved physiotherapists administering the intervention, with a focus on demonstrating the
outcomes within the ICF framework. Future research could involve the inclusion of the infants'
families to explore the effects within the ICF framework.

Pan et al. [12] created an ICF-CY code set for early retardation and disability for the first team
assessment for infants under three years of age. They created a code set of 82 ICF-CY categories to
describe the functional status of infants with developmental delays younger than three years of age.
Of these, 28 included activities and participation. The category distribution in activities and
participation reflected the fact that major functional changes and development during infancy are
related to learning, communication, and mobility. These categories are also the areas in which general
difficulties are addressed for infants with developmental delays [39,40]. Hwang et al. [21] evaluated
122 infants at birth, 4 months, 6 months, and 2.5 years of age. They reported that among the
components of ICF-CY, activities and participation were considered the most important outcomes
for children. Fonseca et al. [41] evaluated 35 premature infants at 38 weeks and 12 months corrected.
Similar to our study, they evaluated gestational week, CA, and gender as personal factors, activities,
and participation with Ages and Stages Questionnaire-3 which evaluates motor functions, family-
related conditions, and physiotherapy as environmental factors.

The most important limitation of our study is that we could not follow up with the babies. Since
our NICU is a large center that consists of level 4 to level 2 and accepts many out-of-town babies,
most of the babies did not come for follow-up. Future studies must follow the development of the
babies.

5. Conclusions

In conclusion, touching, targeted handling, facilitation, and weight bearing to the body parts
during exercises while the infants were in the NICU may have offered infants an enhanced
understanding of the amount of physical stimulation. Ultimately, this may have enabled the
physiotherapists to give infants a more stimulating environment in the NICU, perhaps continuing to
pursue developmental activities throughout the first two years of the infant's life. In addition, the
realities of the country and the psychosocial aspects that concern families should also be taken into
consideration when evaluating infant development. Beyond clinical conditions, the environment also
has a great influence on child development [41]. Our most important goal should be to minimize the
functional limitation of neuromotor loss of life in high-risk premature infants in clinics, by
performing a holistic physiotherapy approach to the baby, and by evaluating the biopsychosocial
development of the baby to provide an independent, productive, enjoyable, quality in their life. For
this, it is important to create an approach that includes adequate time, appropriate and adequate
team, communication, information exchange, and social solidarity between team members (health
team- education team).
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