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The Effect of 3 Positions Given to Preterm
Infants During Heelstick Procedure on Pain
and Durations of Crying and Procedure
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ABSTRACT
The purpose of this randomized controlled study was to
determine the effect of 3 positions given to preterm infant
during heelstick procedure on the pain and durations of cry-
ing and procedure. The sample of the study consisted of 90
preterm infants (30 in each group). The heelstick procedure
was video recorded. Data from the pain scores, durations
of crying, and procedure were collected watching the video
recordings. It was determined that the pain mean score of
the infants in the control group (supine on the crib) (5.50 ±
2.13) was statistically significantly higher than that of the
infants in the positions of upright (3.00 ± 2.17) and supine
on the lap (3.20 ± 2.46) (P < .01), and there was no differ-
ence between the positions of upright and supine on the
lap (P > .05). Giving the positions of upright or supine on
the lap during heelstick is effective in reducing pain, short-
ening the duration of crying, and calming down the infant.
Heelstick in the position of upright on the lap shortened the
procedure duration and allowed the infants to be subjected
to less painful procedure. It is recommended for nurses to
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University-Cerrahpaşa, Istanbul, Turkey (Dr Mutlu); and Istanbul Zeynep
Kamil Women’s and Children’s Diseases Training and Research Hospital,
Istanbul, Turkey (Ms Çakıcı).

Disclosure: The authors have disclosed that they have no significant
relationships with, or financial interest in, any commercial companies per-
taining to this article.

Each author has indicated that he or she has met the journal’s require-
ments for Authorship.

Corresponding Author: Birsen Mutlu, PhD, RN, Pediatric Nursing
Department, Florence Nightingale Nursing Faculty, Istanbul University-
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take the preterm infants on their laps during heel lancing
and give them the upright position, in particular.
Key Words: heelstick, newborn, nurse, pain, position

T
he infants admitted to the neonatal intensive care
unit (NICU) are subjected to repeated painful
procedures as a result of their routine care dur-

ing their hospitalization.1–3 It was found in a previous
study that averagely 14 procedures per day were ap-
plied to 151 newborns during their first 2 weeks in
NICU and the majority of these procedures were painful
(pain scores >4 on a 10-point scale).4 In another mul-
ticenter study, it was determined that the number of
procedures applied to the infants (n = 430) in the first
2 weeks of their lives was an average of 16 ± 9 per
day and the average number of painful procedures was
12 ± 8.5 Heelstick is one of the most common painful
procedures applied to preterm and term newborns.6–8

Heelstick is routinely applied to determine blood glu-
cose and serum bilirubin levels for Guthrie screening
test and this makes this procedure one of the most com-
mon painful procedures applied in NICU.9 In fact, it was
determined in a study that heelstick was the fourth most
common intervention applied in NICU (7.1%)4; it was
found to be the third most commonly applied interven-
tion (19.8%) in another study.5

Prevention of pain in newborns should be a com-
mon goal of all caregivers.1 This is because inadequate
pain control in early life may result in many negative
physical, metabolic, behavioral, and psychological out-
comes in short and long terms.1,10,11 Therefore, nurses
should do their best to reduce the procedural pain in
newborns.12 Accordingly, one of the nonpharmacologi-
cal methods that can be used to reduce pain associated
with heelstick procedure in term and preterm infants is
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holding.6,13 Holding relaxes the infant by providing tac-
tile stimulation and also allows to get the infant into the
position.14

Squeezing the infant’s heel to accelerate low blood
flow during heelstick may cause pain, increase pain,
or lead to soft tissue damage.9,15 In the literature, it
is stated that the cause of pain associated with heel-
stick is not only inserting the needle but also squeezing
the heel.7,15,16 Therefore, the infant’s heel should not be
squeezed during heelstick.17 Instead of squeezing, the
blood should be drawn in an upright position, where
the infant’s foot is lower than the heart level, to facil-
itate blood flow.9 Although it is recommended to get
the infant into upright position during heelstick, there
is only 1 study in the literature investigating the effect
of the position of upright on the lap on pain and pro-
cedure period.12 According to this information, in this
study, we examined the effect of holding and giving
position (upright and supine) to the preterm infants dur-
ing heelstick on the pain and durations of crying and
procedure.

MATERIALS AND METHODS

Study design and sample

This study was a randomized controlled trial. This study
was conducted to determine the effect of 3 positions
(upright on the lap, supine on the lap, and supine on the
crib) on the pain and durations of crying and procedure
during heelstick procedure in preterm infants. Personal
Information and Observation Form and Neonatal Infant
Pain Scale (NIPS) were used as data collection tools. The
heelstick procedure was video recorded. Data from the
pain scores, durations of crying, and procedure were
collected watching the video recordings. The popula-
tion of the study consisted of the newborn infants at
the NICU of a hospital located in Istanbul. The inclu-
sion criteria of this study for the infants were as follows:
being in the gestational age of 28 to 37 weeks, hav-
ing no congenital anomaly, receiving no analgesic and
oxygen therapy, and not having had heel lance before.
The sample consisted of 90 newborns who met the in-
clusion criteria. As a result of post hoc power analysis
(G*Power 3.1.9.2) conducted on the basis of pain score
during the procedure, when we took �: 0.46, SD: 2.46,
and α value of .05, statistical power was determined
as 0.97 (97%). For the randomization of the study, an
online program was used.18 To determine the groups,
the infants would be assigned to, numbers from 1 to 90
were entered into the program without repeating num-
bers. Through the program, the infants included in the
sample group were randomly distributed into 3 groups
including 30 newborns in each group.

Data collection tools

Personal Information and Observation Form

This form contains information about the infant’s gen-
der, date of birth, gestational age, postnatal age, delivery
type, birth weight-height, and head circumference. In
addition, total procedure duration and the crying dura-
tion of the infant were also recorded in this form.

Neonatal Infant Pain Scale

This scale was developed by Lawrence et al19 to assess
behavioral responses and physiological pain responses
of preterm and full-term newborns and was adapted
into Turkish by Akdovan.14 Lawrence et al19 found the
reliability coefficient of NIPS to be in the range of 0.92
to 0.97. Akdovan14 reported the Cronbach α value to
be between 0.83 and 0.86. The scale is composed of 5
behavioral indicators (facial expression, cry, breathing
pattern, arm and leg movements, and state of arousal)
and 1 physiological indicator (breathing patterns), and
while 0 to 1 to 2 points are given in the crying sec-
tion, 0 to 1 points are given in the others. Total score
ranges between 0 and 7 and high score signifies high
pain intensity.14

Camera

The video images of the study were recorded using a
Sony HDR-AS20: video resolution was 11.9 mega pixel
(effective) Exmor R CMOS sensor and ZEISS ultra wide
(170°) Tessar lens.

Procedure

Practices made for all groups

The newborns were fed and their diapers were changed
half an hour before the procedure and video recording
started 1 minute before the procedure. Video recording
was continued during the procedure and for 1 minute
after the procedure. Before heelstick procedure, all in-
fants were loosely swaddled. Before heelstick, heel was
wiped with 70% alcohol and left to dry. Blood was
drawn from the lateral surface of the right heels of all
newborns and a 21 gauge needle was used to puncture
the heel. The blood-drawing procedure was conducted
by an experienced newborn nurse in 1 attempt and the
same amount of blood was taken from each newborn.
The same newborn nurse did all the blood-drawing
procedures.

Total procedure duration and the crying duration
of the infants were calculated by watching the video
recordings. To find the total procedure duration, the
period from the heel puncture of the infant to the
time of applying cotton on the infant’s heel after com-
pleting blood-drawing procedure was calculated. The
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data were recorded on the observation form. The video
recordings were watched independently by 2 observers.
While watching the video recordings, the infant’s pain
was evaluated and scored using NIPS at the first minute
before the procedure, during the procedure, and at the
first minute after the procedure.

Premature infants in the control group were placed
in a standard position (supine while lying inside a
crib) during sample collection. Among the experimental
groups, the heelstick was performed when the preterm
infant was held upright at a 90° angle on the lap during
the procedure in one group and was held in supine po-
sition on the lap in the other group. The infants in both
experimental groups were held by the nurse working at
the NICU.

Data assessment

While evaluating the results obtained in the study, IBM
SPSS Statistics 22 (IBM Corporation, Armonk, New York)
program for statistical analysis was used. The normal
distribution compliance of the variables was evaluated
using Shapiro-Wilk test. While the data were assessed
by using descriptive statistical methods (mean, standard
deviation, and frequency), Student t test was used in the
evaluation of normally distributed quantitative data be-
tween 2 groups. One-way analysis of variance test was
used in the evaluation of normally distributed quantita-
tive data between more than 2 groups and Tukey HSD
(honestly significant difference) post hoc test was used
in determining the group causing the difference. While
Kruskal-Wallis test was used in the evaluation of quan-
titative data, which did not show normal distribution
between more than 2 groups, Mann-Whitney U test was
used in determining the group causing the difference.
Friedman test was used in the comparison of repeated
measures of pain scores, which did not show normal
distribution, before, after, and during the procedure, and
Wilcoxon signed rank test was used for determining the
measurement causing the difference. The χ 2 test was
used to evaluate the qualitative data. Significance was
evaluated at level of P < .05.

To show whether or not the evaluation was con-
sistent among the observers, a “consistency test” was
performed. The consistency level of both observers was
95.7% during the procedure, which was statistically sig-
nificant (intraclass correlation coefficient [ICC]: 0.957;
P < .01). The consistency level of both observers was
98.9% during the procedure (ICC: 0.989; P < .01) and
98.2% after the procedure (ICC: 0.982; P < .01), which
was statistically significant.

Ethical considerations

Before starting the study, the permission from the insti-
tution and approval from the Zeynep Kamil Obstetric

and Pediatric Diseases Training and Research Hospital
Clinical Trials Ethics Committee (decision no: 2015-105)
were obtained. The legal guardians of the newborns in-
cluded in the study were informed about the aim, type,
and implementation procedure of the study and how
and where the data would be used. Their written in-
formed consents were obtained.

RESULTS
When the groups were compared in terms of gender,
postnatal age, delivery method, gestational age, birth
weight, birth height, and head circumference, it was
found that they were similar and there was no signif-
icant difference between them (P > .05; see Table 1).

A significant difference was determined among the
groups in the comparison of pain mean scores of the
groups before the procedure (P = .027; P < .05). As
a result of post hoc Mann-Whitney U comparisons con-
ducted to determine which group caused the difference,
it was determined that pain scores of the infants in the
position of upright on the lap before the procedure
were significantly higher than those of the infants in
the position of supine on the lap (P = .021; P < .05).
When the pain scores of the infants in the control group
(supine on the crib) before the procedure were com-
pared with the pain scores of both experimental groups,
no significant difference was found among them (P >

.05; see Table 2).
A significant difference was determined among the

groups in the comparison of pain mean scores of the
groups during the procedure (P = .001; P < .01). As
a result of post hoc Mann-Whitney U comparisons con-
ducted to determine which group caused the difference,
it was found that the pain scores of the infants in the
control group (supine on the crib) during the procedure
were significantly higher than those of the infants in the
positions of supine on the lap (P = .001) and upright
on the lap (P = .001; P < .01). No significant difference
was found between the pain scores of the infants in the
positions of supine on the lap and upright on the lap
during the procedure (P > .05; see Table 2).

A significant difference was determined among the
groups in the comparison of pain mean scores of the
groups after the procedure (P = .011; P < .05). As a
result of post hoc Mann-Whitney U comparisons con-
ducted to determine which group caused the difference,
it was found that the pain scores of the infants in the
control group (supine on the crib) after the procedure
were statistically significantly higher than those of the
infants in the position of upright on the lap (P = .001)
(P = .003; P < .01). Pain scores of the infants in the
position of supine on the lap after the procedure were
compared with the pain scores of both infants in the

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

190 www.jpnnjournal.com April/June 2021



Table 1. Comparison of descriptive characteristics of the groups (N = 90)

Control group
Supine on the

lap group
Upright on the

lap group

Characteristics Mean ± SD Mean ± SD Mean ± SD F a/χ2b P

Gestational age, wk 34.04 ± 2.07 34.61 ± 1.87 34.48 ± 1.96 0.691 .504
Birth weight, g 2045.33 ± 467.65 2237.00 ± 583.31 2273.33 ± 586.41 1.496 .230
Birth height, cm 44.73 ± 2.49 45.43 ± 3.39 46.43 ± 2.60 2.689 .074
Head circumference, cm 31.40 ± 1.65 31.20 ± 2.44 32.27 ± 2.10 2.209 .116

n (%) n (%) n (%) χ2c P

Gender of the infant
Girl 17 (56.7) 15 (50) 18 (60) 0.630 .730
Boy 13 (43.3) 15 (50) 12 (40)

Postnatal age
24-48 h 29 (96.7) 28 (93.3) 26 (86.7) 2.169 .338
48-72 h 1 (3.3) 2 (6.7) 4 (13.3)

Delivery method
Vaginal 10 (33.3) 12 (40) 8 (26.7) 1.200 .549
Cesarean delivery 20 (66.7) 18 (60) 22 (73.3)

aOne-way analysis of variance.
bKruskal-Wallis test.
cχ2 test.

position of upright on the lap and those in the control
group and no significant difference was found (P > .05;
see Table 2). Figure 1 shows NIPS scores of the groups
before, during, and after the procedure.

A statistically significant difference was found among
the groups in terms of mean crying duration (P = .003;
P < .01). As a result of post hoc Mann-Whitney U
comparisons conducted to determine which group
caused the difference, it was found that crying duration
of the infants in the control group (supine on the
crib) was statistically significantly higher than that
of the infants in the positions of supine on the lap
(P = .002) and upright on the lap (P = .002; P <

.01). No significant difference was found between
the crying durations of the infants in the positions of

supine on the lap and upright on the lap (P > .05; see
Table 3).

A statistically significant difference was found among
the groups in terms of mean procedure durations (P =
.001; P < .01). As a result of the post hoc Tukey test
conducted to determine which group was causing the
difference, it was found that mean procedure duration
of the infants in the control group was statistically sig-
nificantly higher than that of the infants in positions of
supine on the lap (P = .005) and upright on the lap (P
= .003; P < .01). No significant difference was found
between the mean procedure durations of the infants
in the positions of supine on the lap and upright on the
lap (P > .05; see Table 3). The crying and procedure
duration means of the groups are shown in Figure 2.

Table 2. Comparison of Neonatal Infant Pain Scale scores of the groups before, during, and after the

procedure (N = 90)

Control group
Supine on

the lap group
Upright on

the lap group

Procedure Mean ± SD Mean ± SD Mean ± SD
Significant
difference χ2a P

Before 0.10 ± 0.55 0.00 ± 0.00 0.23 ± 0.63 c > b a = b,c 7.223 .027b

During 5.50 ± 2.13 3.20 ± 2.46 3.00 ± 2.17 a > b,c b = c 17.871 .001c

After 1.33 ± 1.92 0.60 ± 1.10 0.33 ± 0.80 a > c b = a,c 9.225 .011b

Abbreviations: a, control group; b, supine on the lap group; c, upright on the lap group.
aKruskal-Wallis test.
bP< .05.
cP< .01.
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Figure 1. Neonatal Infant Pain Scale scores of the groups before, during, and after
the procedure.

DISCUSSION
The sense of touch is one of the early developing senses
of infants. Holding also relaxes the infant by provid-
ing an important touching stimulation.14 In this study,
the pain scores of the infants in both experimental
groups during the procedure were found to be lower
than the pain scores of the infants in the control group
(P < .01). This result indicated that holding was effective
in reducing pain by relaxing infants. When our research
results are examined, it is understood that there is no

difference in terms of pain scores between the infants
in the positions of supine on the lap and upright on
the lap. It is also understood that the baby’s supine po-
sition on the bed during heel blood is not effective in
decreasing the pain score (see Table 2). Because the
baby who does not take important interventions such
as touching, holding, or swaddling does not feel com-
fortable. Therefore, the pain felt during the procedure
does not decrease. On the other hand, the babies who
were being held relaxed, their pain scores decreased,

Table 3. Comparison of mean total crying and procedure durations of the groups (N = 90)

Control
group

Supine on the
lap group

Upright on the
lap group

Duration, s Mean ± SD Mean ± SD Mean ± SD
Significant
difference F a/χ2b P

Crying duration 124.27 ± 92.82 51.43 ± 45.29 61.23 ± 63.29 a > b,c b = c 11.593 .003c

Procedure
duration

176.53 ± 74.56 121.43 ± 70.52 123.97 ± 39.16 a > b,c b = c 7.217 .001c

Abbreviations: a, control group; b, supine on the lap group; c, upright on the lap group.
aOne-way analysis of variance.
bKruskal-Wallis test.
cP < .01.
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Figure 2. The crying and procedure duration means of the groups.

and their crying time shortened. In this research, it was
determined that holding infants on lap during the pro-
cedure is a pain-reducing intervention regardless of the
type of position (supine or upright). The fact that the
pain scores of the infants in the position of upright on
the lap after the procedure were lower than the pain
scores of the infants in the control group in this study
can be interpreted as the fact that the relaxing effect of
holding continued also after the procedure (P < .01).
On the other hand, pain score after the procedure was
lower in supine on the lap position than the pain score
of the infants in the control group, but the difference
was not significant (P > .05; see Table 2). This suggested
that the position (upright or supine) of the infant was
effective on pain score after the procedure.

In a study conducted with term newborns (n = 42),
heelstick was applied in swaddled upright on the lap
position in the infants in the experimental group and in
the supine position in the infants in the control group. In
this study in which only the pain scores during the pro-
cedure were evaluated using NIPS, pain mean scores
of the infants in the experimental group (1.3 ± 0.9)
were found to be lower than those of the infants in
the control group (2.7 ± 1.3).12 Similarly, in this study,
pain mean scores of the infants in the position of up-
right on the lap during the procedure (3.00 ± 0.9) were

lower than those of the infants in the control group
(5.50 ± 2.13).

In a study including the control group in which the
effect of holding and giving pacifier was examined, it
was found that NIPS mean score of the infants held was
3.93 + 2.24 and decreased to 1.93 ± 2.46. It was also de-
termined that the pain score of the control group during
the procedure was 5.20 ± 1.95 and decreased to 2.60 ±
2.40 after procedure.14 Similarly, in this study, pain mean
scores of the infants in the position of supine on the lap
during and after the procedure were found to be lower
than those of the infants in the control group. However,
the pain mean scores of the infants in the position of
supine on the lap during (3.20 ± 2.46) and after the
procedure (0.60 ± 1.10) in this study were lower than
the pain mean scores of the infants examined in the
study by Akdovan.14 Although the infants were held in
the position of supine on the lap in both studies, infants
in the study by Akdovan14 were held by their mothers.
It is thought that the infants were affected by the stress
experienced by the mothers during the procedure and
the relaxing effect of holding decreased.

The most evident and observable behavioral re-
sponse of newborns to painful interventions is
crying.20,21 It was found in this study that the cry-
ing duration of the infants in the control group was
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statistically significantly higher than the crying duration
of the infants in the positions of supine on the lap
and upright on the lap (P < .01; see Table 3). This
result shows that holding calmed down the infant and
therefore shortened the crying duration. In a study,
heelstick was applied to the infants in the experimental
group in upright position on the lap of the nurse and to
the infants in the control group in the supine position
on the crib, and the crying duration was calculated after
the procedure. In this study conducted with the infants
at the ages ranging between 10 and 18 days, the crying
duration of the control group (55.2 ± 12.7 seconds) was
determined to be longer than the crying duration of the
experimental group (30.6 ± 9.9 seconds).22 In the liter-
ature, there are also studies investigating the effect of
nonpharmacological methods on crying duration of the
newborns during heelstick. It was found in the study
by Kostandy et al23 that kangaroo care reduced the
crying duration of infant during heelstick. In another
study, it was determined that the mean crying duration
of swaddled infants was significantly shorter than that
of the nonswaddled infants.24 In their study, Kahraman
et al25 determined that crying duration of the preterm
infants in prone positioning by nesting during heelstick
was significantly shorter than that of the infants in
supine positioning. In line with this information, we
can assert that holding method we used in this study
is an effective method in shortening crying duration
by calming the infant during heelstick procedure as
in these methods getting the infant into relaxing po-
sition and/or forming tactile stimulus (kangaroo care,
swaddling, prone positioning by nesting). On the other
hand, it was determined in this study that there was no
significant difference between the positions of supine
on the lap and upright on the lap in terms of crying
duration (P > .05; see Table 3). This result is thought
to be associated with the fact that heelstick procedure
duration was similar in both groups (P > .05) and the
infants were being held on lap in both groups (see
Table 3). Because of these similarities, the lack of any
difference between the crying durations is an expected
result.

Holding the foot of the infant lower than his or her
body during heelstick may facilitate blood flow to the
heel.9 Owing to the blood flow, which is faster because
of gravity, the procedure duration can be shortened. In
fact, it was found in this study that the procedure dura-
tion of the infants in the position of upright on the lap
during heelstick (121.43 ± 70.52 seconds) was shorter
than the procedure duration of the infants in the control
group (176.53 ± 74.56 seconds) (P < .01). In a study,
it was determined that there was no statistically signifi-
cant difference between the procedure duration of the
infants in the position of the upright on the lap (137

± 59 seconds) and the procedure duration of the in-
fants in the position of supine on the crib (167 ± 85
seconds).12 The reason why the results of the 2 studies
are different is believed to be caused by the number
of nurses working during the procedure. In the study
by Morrow et al,12 a nurse held the infant on her lap
and also drew blood from his or her heel. In this study,
a nurse was paying attention only on keeping the in-
fant in upright on the lap position and the other nurse
focused only on heelstick procedure. However, in the
study by Morrow et al.,12 no significant difference was
found between the 2 groups; however, the procedure
duration of the infants held in the position of upright
on the lap was approximately 30 seconds shorter than
the procedure duration of the control group. In fact, in
a sense, this result can be considered to support the
results of this study.

In this study, the procedure duration of the infants
in the position of upright on the lap was expected to
be shorter than the procedure duration of the infants in
the position of supine on the lap; however, no signifi-
cant difference was determined between the 2 groups
(P > .05; see Table 3). Some of the behavioral re-
sponses given by infants to pain are extension/flexion,
kicking, and flapping in the legs.10,19 These behavioral
responses may make it difficult for the nurse to hold the
infant’s foot straight during the heelstick. Therefore, it
may cause prolongation of the procedure duration. In
this study, the pain mean scores of the infants in both
experimental groups during the procedure were found
to be statistically similar (supine on the lap: 3.20 ± 2.46;
upright on the lap: 3.00 ± 2.17) (P > .05). Accordingly,
it was thought that the infants in both experimental
groups calmed down and reduced their leg movements
because they were held; thus, the procedure duration
became similar by being affected from this situation. In
addition, the fact that the procedure time of the infants
in the supine position on crib (176.53 ± 74.56 seconds)
was longer than the procedure time of the infants in
the supine on the lap position (123.97 ± 39.16 seconds)
supports this result. Since the infants in 2 groups were
held in the supine position, gravity was not a factor
affecting the procedure duration. In this case, holding
can be considered as a factor affecting the procedure
duration. In conclusion, it was thought that since the in-
fants held on the lap calmed down, their leg movements
decreased, which in turn shortened the procedure
duration.

CONCLUSION
In conclusion, it was determined that holding infants
either in supine or upright position was effective in
reducing their pain scores and shortening their crying
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duration during heelstick. In addition, it was found in
this study that getting the infants into upright position
shortened procedure duration and led the infants to
undergo less painful procedures. In accordance with
these results, nurses are recommended to hold the
preterm infants on their lap during heelstick and get
them into upright position. This is because this method
offers nurses an easy-to-use option in reducing infants’
pain. In addition, shortening of the procedure duration
by using this method may enable nurses to perform ef-
fective time management in clinical practices.
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