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Abstract

Objective: The aim of this pilot study was to determine the effect of music 
by Mozart on heel prick procedural pain in premature infants.

Background: Painful procedures are routinely performed in the setting 
of neonatal intensive care unit (NICU). Pain may exert short- and long-
term deleterious effects on premature babies. Many non-pharmacological 
interventions have been proven efficacious for blunting neonatal pain.

Study design: Randomized, controlled trial.
Methods: The study was carried out in the NICU of the “G. Rummo” 

Hospital in Benevento, Italy. The sample consisted of 42 preterm infants, with 
no hearing loss or significant cerebral lesions on cranial ultrasound. They 
were randomized to receive heel lance during a music condition or a no-
music control condition. We set strict criteria for selecting and delivering 
the music. Baseline and postprocedural heart rate and transcutaneous oxygen 
saturation were manually recorded. The Premature Infant Pain Profile (PIPP) 
score was used to measure the behavioral response to prick. An unpaired 
t-test was performed for the intergroup comparisons.

Results: There were significant differences between groups on heart rate 
increase, oxygen saturation reduction and PIPP score following the procedure. 

Conclusions: Listening to Mozart music during heel prick is a simple and 
inexpensive tool for pain alleviating in preterm stable neonates.
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Introduction

It is firmly demonstrated that neonate babies do 
experience pain when undergoing painful proce- 
dures and stressful stimuli [1]. Neurophysiological 
pathways for pain perceiving and relief are well 
represented in the fetus with the preterm infants 
showing a lower threshold to noxiuos stimuli than 
the full-term neonates. This is partly explained by the 
lack of the inhibitory control in the immature spinal 
cord [2, 3]. Still, preterm neonates show abnormal 
responses after repeated stimulation leading to a 
hypergelsia and to established or chronic pain [4]. 
Pain exposure in the setting of neonatal intensive 
care unit (NICU) may have short- and long-term 
detrimental effects. As a matter of fact, the painful 
stimuli have been implicated in the causation 
and/or extension of intraventricular hemorrhage 
(IVH) and periventricular leukomalacia (PVL) 
[4]. In addition, NICU pain experience may affect 
development of pain system as well as contribute 
to long-term neurodevelopment disabilities (i.e. 
attention, learning and behavioral problems) in such 
vulnerable infants [5].

Therefore, the management of pain in the 
premature infants represents a critical issue in the 
NICU, where discomfortable but unavoidable pro- 
cedures are performed.

Background

Heel prick is a painful procedure routinely used 
in the NICU to obtain blood from infants [6]. The 
administration of sucrose and the use of skin-to-skin 
contacts have been most frequently studied among 
the non-pharmacological interventions to manage 
heel lance related pain in preterm infants [7]. 

To our knowledge two studies evaluated efficacy 
of music during heel prick. Bo and Callaghan 
compared the effect of nonnutritive sucking 
(NNS), music therapy combined with intrauterine 
maternal pulse sounds (MT), NNS plus MT and no 
intervention on heart rate, transcutaneous oxygen 
levels and pain behavior on 27 neonates undergoing 
heel stick procedure in the NICUs. The authors 
found that NNS plus MT had the strongest effect 
on neonates’ oxygen saturation levels and pain 
response whereas MT alone had the strongest effect 
on neonates’ heart rate [8]. Butt and Kisilevsky 
evaluated the physiological and behavioral outcomes 
during recovery from heel lance performed under 
music condition (both vocal and instrumental 
lullaby by J. Brahms) and no music condition in 14 

preterm infants using a cross-over design. Infants 
older than 31 weeks of post-conceptional age 
showed significant benefits from music on heart 
rate, behavioral state and pain [9]. Music is weakly 
recommended as non-pharmacological strategy 
on pain reactivity in newborns due to the several 
drawbacks of the studies available so far [10, 11].

We conducted a pilot, randomized clinical trial to 
assess the effect of Mozart music on physiological 
(heart rate and oxygen saturation) and behavioral 
responses (Premature Infant Pain Profile [PIPP] 
scale) [12] to pain after a heel stick in premature 
neonates. For this purpose we tested premature 
infants randomly assigned to receive heel lance 
procedure during music condition or no-music 
control condition.

Methods and materials

Preterm infants with a postmenstrual age at 
birth between 27 and 36 weeks were recruited 
in the NICU at the “G. Rummo” Hospital of 
Benevento from September 2011 to March 2012 
and assessed for study outcomes at a chronological 
age comprised between 7 and 14 days. We checked 
at discharge that all infants who had been enrolled 
in the study had the Transient Evoked Oto-Acustic 
Emissions (TEOAE) test passed and PVL ruled 
out. Exclusion criteria were need for analgesia 
and sedation, invasive or non invasive respiratory 
support, diagnosis of severe IVH or active sepsis. 

Music elements and sound equipment

A thorough examination of music features was 
priorly made in order to identify a song provid- 
ing stability, consistency and predictability. The 
piece choosen was the “Adagio” from the Violin 
Concerto n° 3 in G major, KV 216, composed by 
W.A. Mozart. The piece was presented via a single 
elongated shape case with two speakers at the 
opposite sides, placed inside the warmer around 
the infant’s head at 30 cm distance from the ears to 
optimize perception of sound. The case was cleaned 
and wrapped by sterile drape before each use. To 
mimic the presence of music recorder sterile drapes 
were put inside the incubators of control infants 
as well. High quality digital audio was used to 
record and reproduce sound. Music was played at 
a level to be heard over high noise pollution (i.e. 
noise of the operation of the incubator and white 
noise of the recoder) but taking into account 
the permissible volume as recommended by the 
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American Academy of Pediatric, namely 65-70 dB 
[13]. A quiet environment outside the incubator was 
strictly mantained during the assessment. Music 
was administered 2 minutes before, during and after 
the heel prick for an overall period of 5 minutes to 
the intervention group. Eligible infant pairs were 
randomized by shuffling sealed envelopes. The 
infants were cared for in warmer and monitored 
with Philips Intellivue MP30® neonatal bedside 
monitor for pulse rate and transcutaneous oxygen 
saturation during the study. Facilitated tucking was 
used as standard care for all the tested infants. Heel 
prick was performed within a 2-minute period by 
trained neonatal nurses who swiped the heel with 
alcohol, sticked it using a spring loaded device 
(Tenderfoot™), collected blood and applied a band 
aid to the injury site. Increased heart rate, decreased 
oxygen saturation from baseline and behavioral 
response of pain as measured by PIPP score were 
assessed to compare response to heel prick in preterm 
infants randomly allocated to intervention (listening 
to music) or to control group (no music condition). 
Infants in the control group did not receive different 
non-pharmacological intervention to minimize the 
discomfort of the procedure, but received facilitated 
tucking. When a heel prick was required for blood 
sampling, the same researcher manually collected 
data as the following: baseline heart rate and oxygen 
saturation 1 minute before the prick, the maximum 
heart rate and the minimum oxygen saturation over 
1 minute as well as PIPP assessment after the end 
of the procedure. In order to ensure the blindness 
of the study, data collector was listening herself to 
recorded music via headphones. Difference values 
from baseline records were considered. Statistical 
analysis was done using SPSS version 19.0 for 
Windows (SPSS, Inc. Chicago, IL, USA). Data were 
expressed as mean ± standard deviation (SD). Two 
tailed, non-paired Student’s t-test was performed to 
compare the two groups. A p-value < 0.05 was set 
as significant.

Results

We enrolled 42 preterm neonates during the 
study period. Demographic characteristics are 
shown in Tab. 1. The results are given in Tab. 2 
and plotted in Fig. 1 (A, B and C). Mean rise in 
pulse rate from baseline to heel prick was 5.62 
(10.10) and 17.1 (12.09) in the intervention group 
and in the control group, respectively. Heart rate 
increase was significative lower in the intervention 
group than in the control group (p = 0.002). Mean 
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Characteristics Intervention 
group

Control  
group

Gestational age at birth, wk 
Mean (SD) 30.2 (2.8) 31.8 (3.4)

Birth weight, g 
Mean (SD) 1,406 (644.3) 1,675.2 (699.3)

Chronological age, d 
Mean (SD) 12.4 (2.5) 11.3 (2.9)

Table 1. Study population characteristics.

Table 2. Mean (SD) values for study outcomes.

Oucomes
Intervention 

group 
(n = 21)

Control 
group 

(n = 21)
p-value

HR (beats/min) 5.62 (10.10) 17.1 (12.09) 0.002
SaO2 (%) 0.76 (2.27) -9.43 (6.81) 0.000

PIPP score 5.14 (1.85) 14.38 (4.36) 0.000

HR: heart rate; SpO2: transcutaneous oxygen saturation; PIPP: 
Premature Infant Pain Profile.
Differences were considered significant at a p-value < 0.05.

decrease in oxygen saturation from baseline after 
prick was -9.43 (6.81) in the control group; in 
contrast, infants listening to music displayed a 
mean increase in oxygen saturation from baseline 
of 0.76 (2.27), resulting in a significative difference 
between groups (p = 0.000). The music group 
also showed a significant lower mean PIPP score 
compared with the controls (5.14 [1.85] vs 14.38 
[4.36]) (p = 0.000). 

Discussion

Our pilot, randomized, clinical trial showed that 
exposure to Mozart music significantly lowered 
the stress response elicited by the heel lance in a 
population of preterm stable neonates. 

We considered pivotal choosing the appropriate 
music in our setting. Music controls breathing 
and cardiovascular system through the autonomic 
nerve. Cardiovascular, including skin vasomotion, 
and respiratory responses mirror tempo, rhythm, 
phrase and other characteristics of music [14]. 
Classical style has been demonstrated to induce a 
visible relaxation, reduce stress and pain and the 
need for sedation drugs in adult patients treated in 
the intensive care setting [15, 16]. This effect is not 
exclusive to adults. Music therapy is an effective 
nursing intervention to cope with mild procedural 
pain in preterm and term neonates and exerts 
beneficial effects for a wide range of outcomes 
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a positive auditory experience is of paramount 
importance for early brain maturation and healthy 
neurodevelopment [20].

Therefore, we thoroughly selected the song 
according to previously defined criteria (i.e. beat, 
rhythm, melody, armony, texiture and timbre) 
supposed to diminish stress level. In particular, 
the major tonality, the consonance inside the tonal 
organization and the absence of contrapunctually 
organized musical lines were priorly assumed to 
be the most relevant in order to promote stability 
and relaxation. Other set criteria encompassed the 
slow tempo (i.e. between 50 and 60 beats/min), 
because it possibly mirrors maternal heartbeat, and 
instrumental modality of the piece to focus attention 
on music. In addition, we described a precise 
mode of music delivery which could provide a 
comfortable and beneficial cocoon of sound to our 
premature neonates. 

Published trials on music benefits in the NICUs 
suffer of several methodological flaws [11]. Lack 
of blinding represents one of the most relevant 
methodological limitations [21]. We secured the 
blindness of the data collector in a simple way, as 
described by Calabro [22], aware of the importance 
of the bias produced in an open assessment.

We recognize a main limitation of our study. 
We missed to control for the contextual factors, 
namely severity of illness and number of previous 
painful procedures or analgesic medications, as a 
consequence of the study design. This appraisal has 
been reported as relevant in the evaluation of the 
effectiveness of pain relief interventions as being 
high the variability of pain response across time [23]. 
Nonetheless, postnatal age on day of testing was very 
early to possibly prevent the dampening effect of a 
long stay in the NICU on pain reactivity, particularly 
in the low gestational age infants [24]. Again, 
mothers’ musical habits should be taken into account 
because they could influence the assessed outcomes.

In the summary, Mozart music is a valuable and 
inexpensive strategy to manage pain following heel 
prick in the premature neonates. Though this study 
was not designed to address different questions, it 
is conceivable that the music characteristics and the 
mode of delivery were of outstanding importance 
for achieving our goal. 

Our pilot data calls for further investigation 
aimed to compare Mozart music with other non- 
pharmacological strategies of proven efficacy on 
reducing stressful stimuli taking into account the 
recommendations [11] made recently for music 
therapy research in the NICUs.

Figure 1. Differences from baseline of heart rate 
(A), transcutaneous oxygen saturation (B) and 
PIPP value (C) in intervention and control neonates.  
The horizontal line inside the box shows the median 
value. Values outside the inner fences are plotted with 
circles (°). Values ouside the outer fences are plotted 
with asterisks (*).

A.

B.

C.

in the NICUs [8, 9, 17-19]. The structures of 
the auditory system develop early in fetal life, 
shielded by maternal tissues. The very preterm 
birth suddenly exposes this neurodeveloping au- 
ditory system to the noisy environment of the 
NICU, putting the basis for hearing, language and 
cognitive disabilities. It has been speculated that 



5/5

Journal of Pediatric and Neonatal Individualized Medicine • vol. 4 • n. 1 • 2015 www.jpnim.com  Open Access

Mozart music on heel prick pain in the NICU

Acknowledgements

We would like to thank the neonatal nurses who conducted the heel 

sticks. We are also grateful to Gianluca Giganti for his musical support.

Declaration of interest

The Authors declare that there is no conflict of interest.

Helsinki Declaration statement

The Authors declare that a strict adherence to the ethical principles as 

set by the Helsinki Declaration was observed during the study.

References

1.	 Anand KJ, Hickey PR. Pain and its effects in the human neonate 

and fetus. N Engl J Med. 1987;317:1321-9.

2.	 Fitzgerald M. The post-natal development of cutaneous afferent 

fibre input and receptive field organization in the rat dorsal horn. 

J Physiol. 1985;364:1-18.

3.	 Fitzgerald M, Shaw A, MacIntosh N. Postnatal development of 

the cutaneous flexor reflex: comparative study of preterm infants 

and newborn rat pups. Dev Med Child Neurol. 1988;30:520-6.

4.	 Anand KJ. Clinical importance of pain and stress in preterm 

neonates. Biol Neonate. 1998;73:1-9.

5.	 Withfield MF, Grunau RE. Behavior, pain perception and 

the extremely low-birth weight survivor. Clin Perinatol. 

2000;27:363-79.

6.	 Owens ME, Todt EH. Pain in infancy: neonatal reaction to a heel 

lance. Pain. 1984;20:77-86.

7.	 Pillai Riddell RR, Racine NM, Turcotte K, Uman LS, Horton 

RE, Din Osmun L, Ahola Kohut S, Hillgrove Stuart J, Stevens 

B, Gerwitz-Stern. Non-pharmacological management of infant 

and young child procedural pain. Cochrane Database Syst Rev. 

2011;(10):CD006275. 

8.	 Bo LK, Callaghan P. Soothing pain-elicited distressed in 

Chinese neonates. Pediatrics. 2000;105:E(49)

9.	 Butt ML, Kisilevsky BS. Music modulates behaviour of 

premature infants following heel lance. Can J Nurs Res. 

2000;31:17-39.

10.	 Lago P, Garetti E, Pirelli A, Merazzi D, Bellieni CV, Savant Levet 

P, Pieragostini L, Ancora G. Non-pharmacological intervention 

for neonatal pain control. Ital J Pediatr. 2014;40(Suppl 2):A52.

11.	 Allen KA. Music therapy in the NICU: is there evidence to 

support integration for procedural support? Adv Neonatal Care. 

2013;13(5):349-52.

12.	 Ballantyne M, Stevens B, McAllister M, Dionne K, Jack A. 

Validation of the premature infant pain profile in the clinical 

setting. Clin J Pain. 1999;15:297-303.

13.	 American Academy of Pediatrics. Committee on Environmental 

Health. Noise: a hazard for the fetus and newborn. Pediatrics. 

1997;100:724-7.

14.	 Bernardi L, Porta C, Casucci G, Balsamo R, Bernardi NF, 

Fogari R, Sleight P. Dynamic interactions between musical, 

cardiovascular, and cerebral rythms in humans. Circulation. 

2009;119:3171-80.

15.	 Chan MF, Chung YF, Chung SW, Lee OK. Investigating the 

physiological responses of patients listening to music in the 

intensive care unit. J Clin Nurs. 2009;18:1250-57. 

16.	 Trappe HJ. The effects of music on the cardiovascular system 

and cardiovascular health. Heart. 2010;96:1868-71. 

17.	 Cignacco E, Hamers JP, Stoffel L, van Lingen RA, Gessler P, 

McDougall J, Nelle M. The efficacy of non pharmacological 

interventions in the management of procedural pain in preterm 

and term neonates. A systematic literature review. Eur J Pain. 

2007;11:139-52

18.	 Stadley J. Music therapy research in the NICU: an updated meta-

analysis. Neonatal Netw. 2012;31:311-6.

19.	 Lubetzky R, Mimouni FB, Dollberg S, Reifen R, Ashbel G, 

Mandel D. Effect of music by Mozart on energy expenditure in 

growing preterm infants. Pediatrics. 2010;125:e24-8.

20.	 McMahon E, Wintermark P, Lahav A. Auditory brain 

development in premature infants: the importance of early 

experience. Ann N Y Acad Sci. 2012;1252:17-24.

21.	 Hartling L, Shaik MS, Tjosvold L, Leicht R, Liang Y, Kumar 

M. Music for medical indications in the neonatal period: a 

systematic review of randomised controlled trials. Arch Dis 

Child Fetal Neonatal Ed. 2009;94:F349-54.

22.	 Calabro J. The effects of recorded sedative music on the 

physiology and behaviour of premature infants with a respiratory 

disorders. Aust J Music Ther. 2003;14:3-19.

23.	 Cignacco E, Denhaerynck K, Nelle M, Bührer C, Engberg 

S. Variability in pain response to a non pharmacological 

intervention across repeated routine pain exposure in preterm 

infants: a feasibility study. Acta Paed. 2009;98:842-6.

24.	 Johnston CC, Stevens BJ. Experience in a neonatal intensive 

care unit affects pain response. Pediatrics. 1996;98:925-30.


	Abstract
	Keywords
	Corresponding author
	How to cite
	Introduction
	Background
	Methods and materials
	Music elements and sound equipment

	Results
	Discussion
	Acknowledgements
	Declaration of interest
	Helsinki Declaration statement
	References
	Table 1
	Table 2
	Figure 1

