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Introduction

Appropriately positioning infants in the neonatal 

intensive care unit (NICU) is an important practice that 

helps with neuromuscular maturation of premature infants, 

regulates sleep patterns, alleviates nutritional problems, 

and reduces pain and stress (1-8). Positioning neonates in 

a suitable manner may aid infants in developing posture 

and mobility; conversely, failing to appropriately position 

infants may lead to short- and long-term posture-related 

developmental issues (9).

Whether to place infants in the supine and/or prone 

position is a matter that has been much discussed in the 

current literature. It has been shown that the prone position 

is not safe for healthy infants born at term and that it 
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increases the risk of sudden infant death (10-12). Since 1992, 
the recommendation has been to place infants under one 
year of age in the supine position to reduce sudden Infant 
Death syndrome (13). In contrast, other studies have shown 
that, in the hospital setting, placing premature infants in 
the prone position yields benefits (6,9,14-17).

The prone position may contribute to increased 
respiratory functions, especially oxygenation, by reducing 
expired CO2, increasing diaphragm compliance and 
function, and increasing thoracic-abdominal respiratory 
synchronization (9,14,17). One study reported that placing 
a ventilated premature infant in a prone position had 
a positive effect on oxygenation. The same study also 
revealed that preterm infants placed in the prone position 
experienced greater oxygen saturation, had fewer events of 
desaturation, cried less than infants left in a supine position, 
displayed fewer stress responses and displayed quieter sleep 
patterns (6). Another study reported that infants placed in 
the prone position showed an increase in PaO2 levels and 
drops in end-tidal PaCO2 and respiratory rate (RR) (9). It was 
asserted in one study that placing premature infants on 
nasal continuous positive airway pressure (CPAP) on their 
left sides or in a prone position increases oxygen saturation 
and tidal volume and reduces PaCO2 (15).

In a study probing the association between 
cardiorespiratory stability and positioning in premature 
infants with symptomatic apnea, it was discovered that no 
difference existed between prone and supine positioning in 
terms of apnea, bradycardia or desaturation episodes, but 
that the incidence of total oxygen desaturation was higher 
in the supine position (18).

Various other studies have pointed to the effects 
of positioning premature infants while they are under 
mechanical ventilation (MV) and during the time they are 
being weaned from MV (14,19,20). However, few studies 
were found in the literature about the effects of positioning 
a baby after weaning from MV (21).

This study was conducted to examine the effect of 
positioning premature infants in two different positions 
(supine and prone) on their adaptation to spontaneous 
respiration after being weaned from MV.

Materials and Methods
This randomized controlled experimental study was 

carried out at the NICU of a university hospital in Turkey. 
Infants in the NICU are routinely and frequently placed in 
a supine position or on their left or right sides but rarely 
placed in a prone position. The criteria for inclusion in 

the sample of premature infants were as follows: being 
born at gestational weeks 30-36, having no congenital 
abnormalities, the absence of intracranial bleeding and/or 
periventricular leukomalacia, and not having undergone any 
surgical interventions. 

The sample size was determined according to arterial 
oxygen saturation (SpO2) means and standard deviations 
by a power analysis with a pilot implementation with four 
premature infants after they were weaned from MV in the 
NICU. The analysis resulted in an effect size (d)=0.22 and 
α=0.05 at a confidence interval of 95% and power=0.91; 
the number of premature infants needed for the sample 
was thus. 

The premature infants included in the study were 
separated into study and control groups using simple 
randomization. A total of 60 premature infants matching 
the recruitment criteria were included in the study: 30 in 
the study group (prone position) and 30 in the control group 
(supine position) (Figure 1).

The data were collected with a neonatal data collection 
form that was designed based on examples in the literature 
(14,18). Furthermore, some of the measured data used in the 
study were obtained from the mechanical ventilator and the 
bedside patient monitors used in the NICU.

The neonatal data collection form included 27 items 
querying the sociodemographic characteristics of the 
infants, their MV parameters, their SpO2 levels, their 
vital signs, the presence of complications and the use of 
medications.

The mechanical ventilator used in this study was a 
calibrated, conventional infant ventilator with a high-
frequency oscillator. The bedside patient monitors used in 
the NICU in which the study was conducted were calibrated 
devices of different brands and models with the same 
specifications and functions and also had the ability to be 
used with neonatal patients. These devices measured the 
parameters of ECG/heart rate (HR), oxygen saturation, 
temperature, noninvasive blood pressure and respiration 
count.

The final parameters from the ventilated, premature 
infants in the study were recorded. Following this, the 
infants were separated into the study and control groups 
and positioned. After removal from the ventilator, the 
infants in the study group were placed in a prone position, 
and the infants in the control group were placed in a 
supine position. Oxygen support was continued during the 
procedure. In both groups, the infants were provided free O2 
support as the standard protocol of the unit. In the first 120 
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minutes after the infants were removed from MV, they were 
evaluated in terms of HR, SpO2 and RR every 20 minutes. 
The infants were also monitored in terms of breathing 
difficulties and the presence of apnea. 

Data were evaluated with descriptive statistics, the 
Kolmogorov-Smirnov test, chi-square test and Yates’ 
Continuity Correction chi-square test, Student’s t-test, 
Mann-Whitney U test and analysis of variance.

Results
The study and control groups were homogeneous in 

terms of gestational age, and weight. The postnatal ages of 
the premature infants in the study group were older than 
the infants in the control group (Table I).

The groups were homogeneous in terms of respiratory 
distress syndrome, transient tachypnea of the newborn, 
atelectasis, patent ductus arteriosus and the presence of 
maternal gestational diabetes. Moreover, the groups were 
similar in terms of their positioning before being weaned 
from the mechanical ventilator, and the ventilator mode.

The rate of caffeine use among the babies enrolled in 
the study group was found to be 50% (n=15) and that of 
the control group was 40% (n=12). According to this, it was 
determined that the rates of caffeine use in the study and 
control groups were similar (p>0.05).

It was found that prior to monitoring, the groups 
exhibited differences in RR and mean systolic blood pressure 

Figure 1. CONSORT Flow Diagram
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(SBP); however, MV parameters, other vital signs and blood 
gas values were homogeneous. The mean RR of the infants 
in the study group was lower than the mean RR of the 
infants in the control group. However, the mean SBP of the 
infants in the study group was higher than the mean SBP of 
the infants in the control group (Table I).

Statistically significant differences were found in the 
repeated measurements of HR in all of the premature 
infants in this study (p=0.003). The position of the infants 
was not found to have an effect on the differences in HR in 
the study and control groups (p=0.492; Figure 2).

Statistically significant differences were found in the 
repeated saturation measurements in all of the premature 
infants in the study (p<0.001). Position, however, was not 
found to have an impact on the saturation values of the 
premature infants (p=0.717; Figure 3).

There were no differences among the repeated 
measurements of RR for the infants in the study group 
(p=0.637), and in the control group (p=0.750). Furthermore, 
no statistically significant difference could be found between 
the two groups in terms of mean RR (p=0.882; Figure 4).

Examining whether there were any differences between 
the premature infants in the study and control groups in 
terms of the presence of respiratory distress, no statistically 

significant differences were seen between the groups at 
minute 0, 20, 40, 60, 80, 100 or 120 of monitoring. It was 
thus observed that the respiratory distress findings for the 
two groups during the monitoring period were similar. On 
the other hand, while there was no development of apnea 
in any of the infants in the study group over the course of 
the monitoring period, one infant in the control group was 

Figure 2. Distribution of mean heart rates over the monitoring period in 
the study and control groups

Table I. Post-natal characteristics, MV parameters, vital signs and blood gas values prior to weaning from mechanical ventilator (n=60)

Variables Study Group (n=30) Mean ± SD Control Group (n=30) Mean ± SD Test; p value

Gestational age (weeks) 31.83±2.19 32.16±1.89 t=-0.629; p=0.532

Birth weight (gr) 1,612.60±670.56 1,681.50±534.65 t=-0.440; p=0.662

Current weight (gr) 1,639.40±619.90 1,634.06±522.40 t=0.036; p=0.971

Age (days) Median (min-max) 4.00 (0-98) Median (min-max) 2.00 (0-26) z=-2.517; p=0.012

CPAP (cm H2O) 6.53±0.51 6.16±0.71 t=1.544; p=0.135

PEEP (cm H2O) 5.53±0.83 5.66±0.84 t=-0.455; p=0.652

PIP (cm H2O) 20.73±3.16 20.93±3.61 t=-0.228; p=0.820

FiO2 (%) 25.10±7.42 24.66±8.09 t=0.216; p=0.830

Rate (respiration/min.) 31.33±10.43 32.44±12.12 t=-0.279; p=0.782

Body temperature (°C) 36.53±0.29 36.50±0.24 t=0.475; p=0.636

Respiration rate (/min.) 57.26±6.52 62.03±9.95 t=-2.193; p=0.032

Heart rate (/min.) 153.33±14.00 150.50±17.06 t=0.703; p=0.485

Systolic blood pressure (mmHg) 71.93±14.36 64.36±11.07 t=2.285; p=0.026

Diastolic blood pressure (mmHg) 38.40±10.94 35.76±8.89 t=1.023; p=0.311

SpO2 (%) 96.20±2.69 95.36±3.01 t=1.129; p=0.263

pH 7.35±0.04 7.36±0.05 t=-0.486; p=0.636

pCO2 (mmHg) 39.02±4.85 37.18±10.81 t=0.322; p=0.753

t: Student’s t-test; SD: Standard deviation, CPAP: Continuous positive airway pressure, Min: Minimum, Max: Maximum, PEEP: Positive end-expiratory pressure
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seen to develop apnea twice. None of the infants in the 
study or control group were re-intubated. However, non-
invasive MV was administered to two infants in the control 
group (but none in the study group) because they could not 
keep up spontaneous respiration. None of the infants was 
found to have developed atelectasis during follow-up after 
extubation.

Discussion
In this study, we found no difference between placing 

premature infants in a prone or supine position for any of the 
parameters of RR, SpO2 value or respiratory distress in the 
repeated measurements taken after the infants were weaned 
from the MV. In addition, placing the infants in a different 
position did not have an impact on their change in HR.

The mean SpO2 value of the study group throughout 
monitoring was higher than in the control group, but this 
difference was not found to be statistically significant. This 
finding shows that position has no effect on mean SpO2 
levels. The fact that there were no infants in the study group 
that were returned to the ventilator but that there were 
two infants in the control group that were reconnected 
to the ventilator may be interpreted as evidence in favor 
of prone positioning. The prone position may contribute 
to improved respiratory function, especially oxygenation, 
by reducing expired CO2, increasing diaphragm compliance 
and function and increasing thoracic-abdominal respiratory 
synchronization (9,14). In one study, intubated infants at 
gestational weeks 25-36 were monitored postnatally for 
a week and their positions were changed every 2 hours. 
Those infants lying in a prone position were found to 
display less motor activity, higher oxygen saturation and 
less desaturation than those infants lying in a supine 
position (6). Another study with premature infants using 
CPAP reported a significant difference between the mean 
saturation levels of infants in a prone position and those of 
infants lying on their right or left sides; it was observed that 
infants in a prone position exhibited the highest saturation 
levels (22). A study exploring the effect of positioning on the 
successful weaning of premature infants from a mechanical 
ventilator did not find a significant difference in mean SpO2 
levels between the two groups of infants in the study who 
were lying in supine and prone positions (14). In a systematic 
review, Balaguer et al. (19) reported an increase in PaO2 in 
the prone position compared to the supine position, as 
well as a slight improvement in oxygen saturation. The 
same study showed a slight reduction in the number of 
desaturation episodes in the prone position. Rivas-Fernandez 
et al. (23) found an increase in arterial oxygen tension (PO2) 
and SpO2, and also noted a slight improvement in the 
number of episodes of desaturation in the prone position 
compared with the supine position. In a study exploring 
the association between cardiorespiratory stability and 
positioning in premature infants with symptomatic apnea, 
it was discovered that no difference existed between infants 
in the supine and prone position in terms of apnea and 
desaturation episodes, but that the incidence of total 
oxygen desaturation was higher in the supine position (18). 
Studies researching the correlation between the positioning 
of premature infants and oxygenation have been largely 
devoted to infants connected to a ventilator. The different 
result in the present study, revealing no difference in 
saturation levels between infants lying in the prone and 
supine positions, may have stemmed from the differences 
in the sample group and study methods.

Figure 3. Distribution of mean saturation levels (SpO2) over the 
monitoring period in the study and control groups

Figure 4. Distribution of mean respiration rates over the monitoring 
period in the study and control groups
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While no infant in the study group exhibited apnea, 
the appearance of two cases of apnea episodes in the 
control group may be considered an important finding 
that is consistent with the literature. A review of the 
literature reveals that the prone position is recommended 
for effective respiration, SpO2 and the baby’s stabilization; 
it has been reported that the prone position reduces apnea 
in premature infants (9,22,24). In another study, it was 
found that there were no differences between the prone and 
supine positions in terms of the incidence of apnea or the 
longest duration of apnea (18).

While the RRs of both groups were close to each other 
at the 80th minute, the mean RRs measured over all the 
monitoring period were lower in the infants in the control 
group compared to those in the study group. While the 
RR of the study group throughout the monitoring period 
was lower than in the control group, this difference was 
not found to be statistically significant. Accordingly, it was 
shown that position did not influence the RR.

Other studies that explored the effect of the position 
of a premature infant on the RR, symptoms of respiratory 
distress and the existence of apnea reached different 
conclusions (9,14,22). In a study of premature infants on 
CPAP, no difference was found in the RR of infants lying 
in a supine position, a prone position or on their right or 
left sides (22). In a study in which the effect of positioning 
premature infants on MV on the success of weaning from 
MV was examined, no difference was observed between 
the supine and prone positions in terms of the infant’s 
RRs (14). Another study reported that infants placed in the 
prone position experienced a diminished RR. It has also 
been reported that the prone position contributes to chest 
wall synchronization and an improvement in respiration 
(9). The reason that the RR of the infants in the study and 
control groups was different from the research results may 
stem from the differences in the sample group and study 
methods.

Periodic respiration is frequently observed in premature 
infants. Superficial respiration, tachypnea, bradypnea, 
apnea, unequal respiratory sounds and retracting are signs 
of respiratory distress. In evaluating premature infants in 
a study on respiratory distress, the symptoms that were 
examined were retractions, collapse of the thorax due to 
difficulty breathing, superficial respiration and breathing 
through the nostrils. No differences were found between 
the two groups of premature infants in the study in terms of 
respiratory distress in the measurements taken throughout 
the monitoring period. In other words, the position of 

infants after being weaned from MV was not found to have 
an impact on the symptoms of respiratory distress. On the 
other hand, the fact that the infants in the study in both 
prone and supine positions exhibited similarities in terms 
of the existence of respiratory distress and that some of 
the measurements displayed the same distribution may be 
considered significant findings of the study.

The premature infants in the study group were observed 
to determine whether there were any differences in their 
HRs over the course of the monitoring period. After being 
weaned from MV, the HR at minute 0 revealed a strikingly 
higher value in both groups compared to their HR measured 
at minute 20. This finding may be considered important in 
that it provides insight into the way infants weaned from 
MV respond to the stress they are exposed to immediately 
after weaning and insight into how this stress affects 
their vital signs. The intragroup HRs of all of the infants 
in the study group were different across the repeated 
measurements. However, no impact of position on HR was 
found. In the review of the literature, very few studies were 
found that explored the relationship between positioning 
premature infants and their HRs (14,18,22). In a study of 
premature infants on CPAP, no differences were found 
in the HR of infants lying in a supine position, a prone 
position or on their right or left sides (22). In a study probing 
the association between cardiorespiratory stability and 
positioning in premature infants, it was discovered that no 
difference existed between the prone and supine positions 
in terms of bradycardia episodes (18). In a study in which 
the effects of positioning premature infants on MV on the 
success of weaning from MV was examined, no differences 
were observed in HR between the supine and prone position 
groups (14).

Study Limitations

There were some limitations in this study. First, during 
MV in the NICU where the study occurred, there was no 
standardization in the weaning period or later in feeding 
times, and this issue may have led to possible effects on 
the infants’ respiration even though feeding was handled 
orogastrically according to appropriate procedures. The 
second factor was that because the weaning from MV 
occurred at different times, there were differences in the 
sleep-wake cycles among the infants, and these differences 
may have affected cardiorespiratory responses (15,21). The 
third limitation was the fact that the non-homogeneity of 
the infants in the two groups in terms of postnatal age, 
respiration and SBP values prior to MV may have had an 
impact on the results. Despite these limitations, however, 
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the study is of worth in our country as it is the first study to 
determine the impact of positioning premature infants on 
spontaneous respiration after weaning from MV.

Conclusion
This study did not find any differences in the effect 

produced by placing premature infants in a prone or supine 
position on any of the parameters of RR and respiratory 
distress in repeated measurements taken after the infants 
were weaned from MV. There were differences in HRs 
and SpO2 levels in the repeated measurements in all of 
the infants after they were weaned from MV. However, 
placing the infants in a different position did not have an 
impact on their changes in HR and SpO2 levels. While none 
of the infants in the study group developed apnea, apnea 
developed twice in one of the infants in the control group.
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