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BACKGROUND: Hammock positioning is now frequently used with preterm infants admitted to
ICUs. However, few studies have investigated the extent to which hammock positioning reduces
pain and improves the sleep-wakefulness state compared with traditional positioning. METHODS:
Twenty-six clinically stable newborns with gestational ages from 30 to 37 weeks who were breathing
spontaneously were randomly assigned to 2 groups: a hammock-positioning group (n � 13), in
which newborns were placed in hammocks in the lateral position, and a traditional-positioning
group (n � 13), in which they were kept nested, also in the lateral position. The following variables
were evaluated at the beginning and the end of the treatment: pain (with the Premature Infant Pain
Profile, and Neonatal Facial Coding System), sleep-wakefulness state (with the Brazelton Neonatal
Behavioral Assessment Scale), heart rate, breathing frequency, and peripheral SpO2

. RESULTS:
The subjects in the hammock-positioning group showed an improvement in pain compared with the
traditional-positioning group(Premature Infant Pain Profile score, 2.62 � 1.89 vs 2.31 � 1.97,
�P � .008) and sleep-wakefulness state score (2.08 � 0.64 vs 1.23 � 0.44, � P < .001), reduced heart
rate (151.69 � 5.44 vs 142.77 � 5.18 beats/min, � P < .001), breathing frequency (52.31 � 4.05 vs
50.23 � 2.55 beats/min, � P � .024), and increased peripheral SpO2

(94.69 � 2.14 vs 98.00 � 1.22%,
� P < .001). CONCLUSIONS: Hammock positioning was an effective treatment option to reduce
pain and improve sleep-wakefulness state. It also helped to reduce heart rate and breathing fre-
quency, and to increase peripheral SpO2

, which made it a treatment option for preterm infants. Key
words: preterm infant; physical therapy specialty; patient positioning; respiratory care; respiratory
therapy. [Respir Care 2019;64(4):384–389. © 2019 Daedalus Enterprises]

Introduction

Premature birth is a consequence of a variety of unpre-
dictable circumstances. An infant is considered premature
if born with a gestational age of �37 weeks and extremely

premature when the gestational age at birth is �28 weeks.1

Preterm infants are now managing to survive the challenge
of premature birth at ever-younger gestational ages, and
survival rates of extremely preterm infants as high as 80%
have been reported. This can be attributed to advances in
prenatal care and technologic improvements in neonatal
ICUs2 During their long hospital stay, this population is
routinely exposed to a stressful environment and painful
interventions,3 which can trigger clinical instability in these
individuals. Non-pharmacologic interventions that allevi-
ate pain and make it easier for the infant to sleep, such as
positioning or tactile stimuli, therefore, are necessary in
addition to pharmacologic interventions.4,6

The positioning of preterm infants in neonatal ICUs can
have a positive effect on ventilation and lung perfusion
parameters, as shown in a study by Paschoalotto et al,7 in
which newborns were placed nested in the lateral position,
also known as traditional positioning. However, few stud-
ies have described the clinical effects of hammock
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positioning on preterm infants, and the results are still
controversial because of the limitations of the assessment
methods used.8-10 In hammock positioning, the newborn is
placed on a rectangle of cloth (hammock) that is attached
to the incubator at its extremities, which simulates the
intrauterine position. This positioning stimulates the de-
velopment of flexion, promotes symmetry, and, therefore,
is less harmful in terms of motor behavior. It is a simple,
inexpensive, noninvasive intervention, and alternative po-
sition for infants who need to stay in the neonatal ICU for
a prolonged period.8

SEE THE RELATED EDITORIAL ON PAGE 489

In this clinical trial, we hypothesized that the use of
hammock positioning would lead to clinical and physio-
logic improvements in preterm infants compared with tra-
ditional positioning. The aim of the study was to assess the
effectiveness of hammock positioning in reducing pain
and improving the sleep-wakefulness state, heart rate,
breathing frequency, and peripheral SpO2

in preterm infants
compared with traditional positioning.

Methods

The study was a randomized controlled clinical trial
carried out in the neonatal ICU at the Hospital de Clínicas
Complex, Federal University of Paraná, Curitiba, Parana,
Brazil, from March to June 2015. It followed the Consol-
idated Standards of Reporting Trials recommendations and
was approved by the institutional ethics committee (878051/
2015) and registered at the Brazilian Clinical Trials Reg-
istry (RBR–8S8C8C). The infants’ parents or guardians
signed a voluntary informed-consent form that explained
all the study aims, procedures, possible risks, and benefits.

The inclusion criteria were the following: having a ges-
tational age of between 30 and 37 weeks, breathing spon-
taneously, and being clinically stable. Exclusion criteria
were the following: having a gestational age of �30 weeks
or �37 weeks presenting with hemodynamic instability,
being on mechanical ventilation, or presenting with con-
genital facial anomalies that prevented assessment of pain.
The groups were characterized in terms of gestational age,
weight, and sex. Pain was assessed with the Premature
Infant Pain Profile11,12 and the Neonatal Facial Coding
System12 scales, and the sleep-wakefulness state was as-
sessed with the Brazelton Neonatal Behavioral Assess-
ment Scale.13 The clinical variables heart rate, breathing
frequency, and SpO2

were also measured. All assessments
were performed by a single assessor (V C N) who was
blinded to the interventions used in each group.

After they had been assessed, the subjects were ran-
domly assigned to 2 groups: the hammock-positioning

group, in which they were placed in hammocks in the
lateral position and the traditional-positioning group, in
which they were kept nested in the lateral position. The
interventions (hammock or traditional positioning) were
performed for 2 h every day for 5 consecutive days and
were supervised by 2 previously trained physical thera-
pists (C G R and M G A). A period of 2 h was chosen
based on the duration of the sleep-wakefulness cycle13 and
the infant’s nap period (when no interventions were per-
formed) in the neonatal ICU. Outcomes were assessed
10 min before and immediately after the 2-h intervention
for 5 consecutive days.

Interventions

The subjects allocated to the hammock-positioning group
were placed in the lateral position in hammocks made of
swaddling cloth, which measured 30 cm long � 25 cm
wide. The hammocks were attached to the incubators by
straps at both ends (Figure 1). Interventions were per-
formed in the neonatal ICU and were immediately inter-
rupted if any hemodynamic complications occurred or re-
spiratory effort was observed.

Primary Outcome

The primary outcome was pain, which was assessed
with the Premature Infant Pain Profile and the Neonatal
Facial Coding System scales. Each scale requires detailed
knowledge of the instrument. The Premature Infant Pain
Profile uses gestational age, alertness, heart rate, SpO2

, and
facial expression (furrowed brow, eye squeeze, and naso-
labial furrow).11,12 The Neonatal Facial Coding System
analyzes the following facial expressions frequently as-
sociated with pain: brow bulge, eye squeeze, deepening
of the nasolabial furrow, open lips, mouth stretch (hor-

QUICK LOOK

Current knowledge

Hammock position simulates the intrauterine position;
newborns are placed on a rectangular piece of cloth at-
tached at the ends to the incubator. It is a simple, inex-
pensive alternative position for preterm infants admitted to
the ICU.

What this article contributes to our knowledge

Hammock placement was an effective treatment option
for reducing pain and improving sleep-wakefulness state
and can be used as an option in the non-pharmacologic
treatment of preterm infants.
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izontal or vertical), tongue tautening, tongue protrusion,
and chin quiver. One point (of a maximum of 8) is
assigned for each facial expression. Pain is considered
present when �3 of these facial movements are ob-
served during the evaluation.12 The Neonatal Facial Cod-
ing System scale is the most widely applied scale in
clinical practice because of its ease of use.

Secondary Outcomes

The secondary outcomes were the sleep-wakefulness
state and the physiologic parameters heart rate, breathing
frequency, and SpO2

. The sleep-wakefulness state was as-
sessed with the Brazelton Behavioral Assessment Scale,
which ranges from 1 to 6, which corresponds to the fol-
lowing states: deep sleep, light sleep, drowsy, alert, eyes
open, and crying, respectively.13 Heart rate and SpO2

were
measured with a Datex Ohmeda 3800 pulse oximeter. Bra-
dycardia and tachycardia were considered to correspond to
a heart rate of �80 beats/min and �160 beats/min, re-
spectively. Hypoxia was considered present when SpO2

was �90%.14 Breathing frequency was measured with a
Vollo 500-memory stopwatch. Bradypnea and tachypnea
were considered to correspond to a frequency of �40
breaths/min and �60 breaths/min, respectively.

Sampling and Randomization

Sampling was non-probabilistic, and all the patients in
the neonatal ICU in the study period (3 months) who met
the inclusion criteria were included in the study. When
considering the resources available for data collection, the
rate of admission to the neonatal ICU, the small sample
size in previous studies of this kind8 and a post hoc cal-
culation of the power of the study by using an effect size
of 1.13 based on the Cohen d, the sample size was fixed at
26 preterm infants. The participants were randomly as-
signed to the groups by using a simple randomization pro-
cedure (computer-generated random numbers). This pro-

cedure was carried out by an independent physical therapist
(SV).

Statistical Analysis

The data were analyzed with SPSS version 16.0 for
Windows (SPSS, Chicago, IL). The Shapiro-Wilks and the
Levene tests were used to test for normality and homoge-
neity of the variance, respectively. The results were pre-
sented as mean � SD and median and 25–75 percentiles.
Differences between the groups were analyzed with the
Mann-Whitney test and Student t test according to the type
of variable and the distribution of the data. The chi-square
test was used for categorical variables. A significance level
of P � .05 was used. Post hoc analysis of the statistical
power was performed with G*Power 3.1.15

Results

Thirty-eight preterm infants were recruited for the
study. Of these, 26 met the inclusion criteria and were
each randomly assigned to a group (hammock-position-
ing group, n � 13; traditional-positioning group, n � 13)
(Figure 2). All the participants assigned to the groups
completed the study. There were no statistically signif-
icant differences in baseline characteristics between the
2 groups (Table 1).

Pain and Sleep-Wakefulness State

The preterm infants allocated to the hammock-positioning
group had significantly less pain (Premature Infant Pain
Profile) and a better sleep-wakefulness state (Brazelton Neo-
natal Behavioral Assessment Scale) than the subjects allo-

Fig. 1. A preterm infant positioned in a hammock.

Eligible newborns
38

Did not meet the 
inclusion criteria

12

Subject assessment
26

Hammock positioning group
13

Completed the study
13

Traditional positioning group
13

Completed the study
13

Fig. 2. Flow chart. Assessment included the Premature Infant Pain
Profile, Neonatal Facial Coding System, and the Brazelton Neo-
natal Behavioral Assessment scales as well as physiologic vari-
ables.
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cated to the traditional-positioning group (Table 2). Statisti-
cally significant differences were also observed for heart rate,
breathing frequency, and SpO2

, with better post-intervention
results in the hammock-positioning group (Table 3).

Discussion

At the end of the treatment, the hammock-positioning group
had less pain and improved sleep-wakefulness state, heart
rate, breathing frequency, and SpO2

compared with those in
the traditional-positioning group. The baseline characteristics
of the preterm infants in the study, which included low ges-
tational age, did not influence the results when the population
sample was divided into the 2 intervention groups. Preterm
infants have all the functional and neurochemical compo-
nents needed to receive and transmit pain signals.16 However,
their responses to stimuli are non-specific and disorganized

because myelinization of the nervous system is incomplete
and the endogenous pain control systems that modulate pain
are still immature. The pain experienced by preterm infants,
therefore, is much greater and more acute than that felt by
older children or adults, which leads to physical and psycho-
logical discomfort and suffering.16

Exposure to pain is one of the most harmful factors
associated with the extrauterine environment and can af-
fect brain development and respiratory, cardiovascular and
metabolic stability, which increases neonatal morbidity and
mortality rates.17 Pain-relief procedures increase homeo-
stasis and stability in preterm infants and are essential in
the care of these infants to enable them to survive the
stress of a neonatal ICU.18 The results of the present study
showed that the use of a simple non-pharmacologic method,
such as hammock positioning, alleviated pain in 11.83%
by the Premature Infant Pain Profile. To the best of our
knowledge, this was the first randomized clinical trial to
show the effectiveness of hammock positioning in reduc-
ing pain in preterm infants.

The development of sleep-wakefulness cycles starts dur-
ing fetal life and continues into the postnatal period, with
close links to maturation of the central nervous system. In
preterm infants, sleep-wakefulness cycles have a polypha-
sic pattern, which alternates every 3 to 4 h.19 Rapid eye
movement and non–rapid eye movement cycles are con-
sidered essential for neurodevelopment, learning, memory,
and preservation of brain plasticity throughout the indi-

Table 1. Baseline Characteristics of the Subjects

Variable

Traditional-
Positioning

Group
(n � 13)

Hammock-
Positioning

Group
(n � 13)

P

Female/male, n 10/3 8/5 .67
Corrected age, mean � SD mo 33.1 � 1.0 32.31 � 1.70 .18
Apgar score, mean � SD 8.00 � 0.82 7.85 � 0.80 .63
Weight, mean � SD kg 1.31 � 0.48 1.62 � 0.51 .13

Table 2. Differences in Pain Variables (Premature Infant Pain Profile and Neonatal Facial Coding System) and Sleep-Wakefulness State (Neonatal
Behavioral Assessment Scale) Between the Groups

Variable

Traditional-Positioning
Group (n � 13)

Hammock-Positioning
Group (n � 13) �P*

Pre Post Pre Post

Premature Infant Pain Profile 5.77 � 1.54 2.62 � 1.89 7.00 � 2.04 2.31 � 1.97 .008
Neonatal Facial Coding System 3.69 � 1.75 1.92 � 1.26 3.92 � 0.64 1.15 � 1.34 .10
Neonatal Behavioral Assessment Scale 4.00 � 0.91 2.08 � 0.64 4.15 � 0.90 1.23 � 0.44 �.001

Data are shown as mean � SD.
* Between group difference.

Table 3. Differences in Physiologic Variables Between the Groups

Variable

Traditional-Positioning
Group (n � 13)

Hammock-Positioning
Group (n � 13) P*

Pre Post Pre Post

Heart rate, beats/min 152.46 � 6.25 151.69 � 5.44 152.00 � 8.19 142.77 � 5.18 �.001
Breathing frequency, breaths/min 52.62 � 3.86 52.31 � 4.05 55.38 � 8.64 50.23 � 2.55 .02
Peripheral SpO2

, % 93.23 � 1.79 94.69 � 2.14 93.00 � 1.91 98.00 � 1.22 �.001

Data are shown as mean � SD.
* Between group differences.
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vidual’s life.14,20 In view of this and when considering the
environment in a neonatal ICU, therapeutic measures should
be implemented to facilitate sleep cycles20 and ensure the
comfort of the preterm infant.14

Our results showed that preterm infants placed in ham-
mocks had an improvement of 41% in the sleep-wakeful-
ness state. In addition, after 2 h, 10 of the preterm infants
(77%) in the hammock positioning group were in deep
sleep compared with 2 (16%) in the traditional positioning
group. Keller et al9 indicate that hammock positioning can
help preterm infants overcome the effects of extrauterine
forces, the absence of containment, and other sensory in-
fluences that affect the development of the immature brain.
They found that preterm infants placed in hammocks for
3 h per day over 10 d had greater neuromuscular maturity
than preterm infants kept in the prone position.

Peaceful sleep is known to be associated with increased
lung volume, better organization of sleep and wakefulness
states, physiologic stability and, consequently, weight
gain.21 Sleep deprivation in preterm infants in neonatal
ICUs may worsen the clinical status of these infants and
delay discharge from hospital.22 The observations described
above corroborate the results of the present study, in which
the preterm infants placed in hammocks had an improve-
ment of 6, 4, and 3.5% in heart rate, breathing frequency,
and SpO2

, respectively.
Changes in physiologic variables are known to be de-

pendent on body position.21 Ideal positioning, therefore, is
fundamental to mitigate the consequences of the mechan-
ical limitations of the preterm infant’s respiratory system.8

Costa et al8 studied heart rate in preterm infants, divided
into 2 groups: hammock positioning (n � 30) and nest
positioning (n � 30) (each participant was his or her own
control, ie, each infant received the test intervention and,
at a different time, the control intervention). A statistically
significant, yet safe, reduction in heart rate was observed
in the hammock-positioning group, which corroborated
our findings. In contrast, Zanardo et al,23 who also used
hammock positioning as an intervention in 15 preterm
infants, failed to find statistically significant changes in
heart rate and SpO2

. This contrasts with the present study,
in which the subjects in the hammock-positioning group
had reduced heart rate and increased SpO2

. Jesus et al10

observed a reduction in heart rate and breathing frequency
in a sample of 28 preterm infants after hammock position-
ing was used.

The present study had several limitations. The sampling
process was not probabilistic and the sample was small,
both of which were factors that limit the extent to which
the results can be generalized. A strength of the study was
in its novelty and the fact that the findings can be extrap-
olated to clinical practice.

Conclusions

Our results showed that hammock positioning was an
effective treatment option to reduce pain and improve the
sleep-wakefulness state. It also helped to reduce heart rate
and breathing frequency, and to increase peripheral SpO2

,
which made it another simple, cost-effective tool for treat-
ment of preterm infants in a neonatal ICU.
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