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Abstract: Background: Noise reduction in the Neonatal Intensive Care Unit (NICU) is important
for neurodevelopment, but the impact of music therapy on noise is not yet known. Objective: To
investigate the effect of music therapy (MT) on noise levels, and whether individual MT (IMT) or
environmental MT (EMT) increases meaningful signal-to-noise ratios (SNR). Study design: This
case-control study was conducted in a level III NICU. Noise levels were recorded simultaneously
from two open bay rooms, with a maximum of 10 infants in each room: one with MT and the
other without. MT sessions were carried out for approximately 45 min with either IMT or EMT,
implemented according to the Rhythm Breath and Lullaby principles. Noise production data were
recorded for 4 h on 26 occasions of EMT and IMT, and analyzed using R version 4.0.2 software.
Results: Overall average equivalent continuous noise levels (Leq) were lower in the room with MT as
compared to the room without MT (53.1 (3.6) vs. 61.4 (4.7) dBA, p = 0.02, d = 2.1 (CI, 0.82, 3.42). IMT
was associated with lower overall Leq levels as compared to EMT (51.2 vs. 56.5 dBA, p = 0.04, d = 1.6
(CI, 0.53, 1.97). The lowest sound levels with MT occurred approximately 60 min after the MT started
(46 ± 3.9 dBA), with a gradual increase during the remaining recording time, but still significantly
lower compared to the room without MT. The SNR was higher (18.1 vs. 10.3 dBA, p = 0.01, d = 2.8
(CI, 1.3, 3.86)) in the room with MT than in the room without MT. Conclusion: Integrating MT
modalities such as IMT and EMT in an open bay NICU room helps reduce noise. Both MT modalities
resulted in higher SNR compared to the control room, which may indicate that they are meaningful
for the neurodevelopment of preterm infants.

Keywords: infants; NICU; noise; music therapy; preterm

1. Introduction

Noise is an unwanted, unpleasant, or unexpected sound. In a Neonatal Intensive
Care Unit (NICU) setting, it is generated from multiple sources such as equipment, alarms,
telephones, crying infants, and family and staff conversations [1–4]. Infants in a NICU are
subjected to stressful, unprotected, high-intensity noise [5]. Noise levels in NICUs may
reach up to 120 dB [6], and they frequently exceed the maximum 45 dB level endorsed by
the American Academy of Pediatrics (AAP) [7]. Noise levels are much higher in open bay
rooms as compared to private rooms [8], making this hazard even more pronounced in
NICU settings. Exposing preterm infants to sustained, intense noise can be damaging and
may be related to stress responses, physiological and autonomic changes, a lack of sleep,
altered endocrine and metabolic responses, and hearing deficits [9–11]. Noise levels can be
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reduced in various ways, including the architectural design of the NICU [12], decreasing
sound from equipment and alarms [13], educating personnel and families to reduce the
sound levels they create [14], applying sound-reducing devices to preterm infants, or a
combination of these methods [15]. In terms of architectural structures designed to reduce
noise levels, private rooms and/or sound absorbent material on walls and ceilings near
clinical activity areas are part of the recommended measures in the design of a modern
NICU [16]. Even though modern NICU equipment is designed to generate low noise levels
during operation and alarms, high noise levels were recorded from a variety of equipment
alarms [4]. A systematic review [17] investigating whether sound reduction results in better
outcomes for preterm infants found an advantage in one small study that used earplugs to
reduce the sound levels that reached preterm infants. There was a trend for better growth at
34 weeks postmenstrual age. Using both eye goggles and earmuffs to reduce preterm infants’
exposures to light and noise was not recommended for neonatal practice [15]. Incubators
may potentially offer some attenuation against direct external noise, but a few studies have
shown that this is very limited for preterm infants, who need repeated opening and closing
of the incubator ports, which results in high noise levels [10]. Therefore, the strategies
most often used to reduce perceptual sound levels are insulation and isolation [18]. These
approaches fall short in that they only address the reduction in stressors, and they do not
contribute toward creating developmentally appropriate auditory stimuli.

Music-based interventions in the NICU are attuned to environmental sound, to make
it less intimidating and more pleasant for the baby, the parents, and the personnel dealing
with the high levels of unpleasant sound [19–21]. A recent systematic review of music-
based interventions in the NICU suggested that they were associated with significant
improvements in pain relief and some physiological and behavioral parameters, such as
cardiac and respiratory function, weight gain, feeding behaviors, and quiet-alert and sleep
states [20].

A few explanations were suggested regarding the beneficial effects of music-based
interventions in the NICU. Music therapy (MT) had a strong influence on parents’ relax-
ation, improved bonding, fostered development, and promoted better outcomes among
preterm infants, including improved vital signs, and better feeding and sleep during MT
intervention [22–24]. Improved breastfeeding rates and volumes due to positive condition-
ing via MT were also among the possible explanations for the mechanisms involved [23,24].
Because many cognitive elements of music are processed simultaneously or sequentially
by both cerebral hemispheres, repeated listening and music training stimulate neurologic
development in preterm infants [25].

The effect of music-based interventions on noise reduction in the NICU has not been
evaluated in depth. Music can mask ambient environmental sound, and can alleviate the
negative consequences of noise, such as fatigue, stress, hyper-alertness, or startle responses.

One of the active forms of music interventions is MT. It can be implemented in the
NICU as environmental music therapy (EMT) and individual music therapy (IMT). EMT has
been defined as “a human-centered, trauma-informed intervention that uses the associative
properties of live music to modulate patients’, caregivers’ and staff’s perceptions of the
hospital milieu as a potentially hostile environment” [26]. In EMT, the music therapist plays
or sings live improvised music in the open NICU space, in attunement to the dynamics,
movements, and sounds of the physical environment, with the goal of entraining their
rhythm, pitch and affect to the surrounding sounds. The playing may develop into a defined
song. The first pilot study on EMT showed that it had positive influences in stabilizing
infants’ heart and respiratory rates, and in raising the staff’s awareness regarding their
personal contributions (such as talking) to elevated noise levels in the NICU [27].

Individual music therapy (IMT) is usually conducted with a music therapist at bedside
to support the co-regulation and bonding of the parent and preterm infant, and to reduce
their stress. During IMT, music therapists support caregivers’ vocalizing or singing to their
preterm infants in a developmentally appropriate manner, while observing the infant’s
behavior state and responses, to facilitate early contact and bonding. When caregivers



Children 2022, 9, 1187 3 of 12

are unavailable for various reasons, IMT may be conducted with a music therapist and
infant only. IMT studies show that MT benefits preterm infants’ physiological outcomes
such as respiratory rate [28], sleep, and feeding volumes, as well as short-term neurolog-
ical outcomes [25], and decreases infants’ stress levels [29] and maternal anxiety [30]. A
well-known technique for selecting songs is the “Song of Kin” [31], which emphasizes
the importance of the family’s musical heritage. In it, the therapist helps adapt parents’
preferred songs into a lullaby style. Another fundamental MT principle is infant-directed
singing [32], which focus on live singing to infants based on attunement and entrainment
to signals of communication and responses in the moment.

As noise is an unwelcome sound that has undesirable effects on the physiologic state
of preterm infants; MT may improve stability. The objectives of the current study were
twofold. First, we evaluated the noise levels and the signal-to-noise ratios (SNR) in an open
bay NICU room during and after MT sessions, and compared them simultaneously to the
level of noise and SNR in a similar room without MT, and second, to evaluate the level of
noise during IMT vs. EMT.

2. Methods
2.1. Setting

This case-control study was conducted in the NICU at Meir Medical Center, Kfar-Saba,
Israel; a level III certified Neonatal Individualized Developmental Care and Assessment
Program certification unit. It took place from March to July 2017, and was approved by the
Meir Medical Center Institutional Review Board (0228-17-MMC) and conducted according
to the principles of the Declaration of Helsinki.

The parents of each infant hospitalized in the NICU were informed that noise levels
are regularly monitored for information and care. Sound is defined as vibrations that travel
through air or another medium that can be heard when they reach a person’s or animal’s
ears. Noise is defined as unwanted sound [33]. Parents provided written informed consent
allowing us to use the acoustic data anonymously.

The NICU treats more than 400 neonates annually. It is composed of 2 neonatal care
rooms with an open bay design. The rooms are 13 × 10 m. The average daily census is
8–10 infants per room. The nurses have a workstation in the center of the room and the
incubators are situated along the walls (Figure 1). Both rooms (1 with MT (case) and 1
without MT (control) had noise dosimeters in place throughout the study.

Each patient care area is approximately 1.5 m apart. One nurse takes care of 3 neonates,
usually one requiring ventilation and two without. Two parents per neonate are allowed to
help the nursing staff, assist with skin-to-skin contact (SSC) or other tasks, simultaneously,
with no limitations on visiting hours. Mobile phones or other sound source devices are not
allowed in the room. Each incubator is separated by a curtain. The walls consist of painted
drywall, and one wall contains glass windows that occupy less than half of the wall. The
floor is covered with vinyl tiles and the ceiling with acoustic tiles. The walls and floor do
not have any noise absorption or damping properties.
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2.2. Ambient Noise Reduction Measures

Monthly educational sessions regarding the reduction of sources of noise, and methods
to reduce ambient noise are conducted. Daily routines reinforcing these behaviors include
holding rounds away from the incubator, and nurses conducting handoff 2 m from the
patient care area when feasible. Ambient lights are dimmed except when needed for direct
patient care. Notices are placed reminding people to limit extraneous noise, as additional
cues to support the quiet environment. We do not use noise-sensitive light alarms, as
our local experience resulted in habituation to that device. A nurse is assigned as a noise
monitor each shift, to remind everyone of their responsibilities regarding reducing noise in
each room. Duties include observing the ambient noise level and reminding other providers
and parents when these levels increase.
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2.3. Music Therapy Interventions

MT sessions were carried out for approximately 45 min, during morning or afternoon
shifts (9 AM–6 PM), but not during nursing reports. Ambient noise was recorded for 4 h,
starting 30 min before a MT session began.

Both EMT and IMT were based on the “First Sounds: Rhythm, Breath and Lullaby”
(RBL model) [22,31,34], and facilitated by a music therapist certified in RBL. Prior to the IMT
session, an introductory conversation between the therapist and parents was held to assess
families’ resources and needs, musical heritage, and preferences. During MT sessions, the
mother–infant dyad was in SSC position, as described previously [35]. Parents were guided
to reorganize their breathing rates and to gradually synchronize their breathing patterns to
their infants’ respiratory rates. The music therapist sitting nearby accompanied them using
the Remo Ocean disk, whose sound resembles the intrauterine sound environment. This
has previously demonstrated efficacy in promoting breathing and relaxation [22]. Parents
were then guided to hum simple melodies repeatedly, that gradually evolved into singing
2 or 3 songs of their choice, adapted to the rhythm of a lullaby. This is known as the “Song
of Kin” technique [31]. Humming and singing were accompanied by guitar music if the
parents desired. Parents who did not want to sing, listened to the therapist performing a
song of their choice.

The introduction of a person-directed dynamic music “soundtrack” through EMT
enhances feelings of control and normality among parents and infants [36]. The concept of
creating an environment through the use of sound and music engenders feelings of safety
and relaxation [37]. The music therapist first assessed the current sound environment,
including human and equipment noise, as well as the current dynamics evident in the
room (number of families and personnel, interactions and their type, medical procedures
being performed, and the emotional atmosphere related to the health status of the patients
and their families, or the medical staff. The music therapist then began to play simple tunes
on the guitar, aiming to engage the music with the sounds currently present (for example,
synchronizing or reflecting the rhythms and beeps produced from monitors and gradually
developing this improvisation with certain musical motifs such as known lullabies, and
slowly adding vocals and singing lyrics. The closure of the EMT session included another
dynamic, gradually cueing the end of musical peace with elements such as a reduction in
vocals, notes, and rhythms. Both types of MT were presented for 30–45 min, 3 times a week,
with one therapist available at a time. They were applied using a randomly generated
sequence of IMT or EMT.

2.4. Outcomes and Noise Level Measurements

The primary outcome was the ambient noise level in the open bay room of the NICU
during MT sessions (study arm) compared to the room without MT (control arm). Data were
gathered regarding gestational age at birth, age at recruitment, number of infants per room
per session, how many were ventilated (a measure of medical severity) and ambient sound.

Noise levels in both open bay rooms were recorded simultaneously using Spark
703+, 705+ and 706RC Type II Noise Dosimeters (Larson Davis Laboratories, Provo, UT,
USA) to record noise coming from all sources around the dosimeter area. We used noise
dosimeters as special-purpose sound level meters, due to their small dimensions, their
ability to record and accumulate noise data for 4–8 h, their safety features, and their ease in
analyzing the output data. The dosimeters were situated on a countertop, and microphones
were taped to posts located between two isolates. Figure 1 shows the placement of the
dosimeters. They were on the A-weighted, fast detector setting (0.125 s interval), with a
1 s sample interval, 30 dB gain, and 3 dB exchange rate, according to the manufacturer’s
instructions. Dosimeters were calibrated before the recording sessions. Pre- and post-
calibration information were according to the American National Standards Institute [38].
The average equivalent continuous sound level (Leq) and the A-weighted sound levels
exceeding 10%, 50%, and 90% of the time (L10, L50, and L90, respectively) were calculated
for the duration of the recording period in each room. The SNR L50 dBA was calculated
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(level of acoustic event − L50 = SNR L50). The principal of calculating SNR is involves
subtracting an estimate of the average noise spectrum from the noisy signal spectrum. The
noise spectrum is estimated and updated from the periods when the signal is absent and
only the noise is present. The assumption is that the noise is a stationary or slowly varying
process, and that the noise spectrum does not change significantly between the update
periods [39]. Data were downloaded by an independent person who did not know which
were the study and control arms, and exported via Blaze v 6.1.1 software (Larson Davis
Laboratories, Provo, UT, USA). Recordings lasted 4 h, starting one-half hour before the IMT
or EMT sessions.

2.5. Power Analysis

Our research question was, “Does applying MT in an open bay NICU room result
in different noise and SNR levels, compared to a similar NICU room without MT?” The
primary endpoint was to reduce the overall Leq of the noise level in the open bay room from
60 dBA, a mean noise level found in multiple NICU studies [40], to 49 dBA, with an alpha
error of 0.05 and 80% power, using Cohen’s d classification [41] This calculation indicated
that we should perform 26 measurements to determine a difference between rooms.

2.6. Statistics

Data are presented as numbers for nominal variables, and as mean ± standard deviation
(SD) for normally distributed continuous variables, or as medians and interquartile range
(IQR) when the distribution was not normal (according to the Shapiro–Wilk test). Effect size
(d) with confidence interval (CI) was calculated. Differences between the study groups: the
noise levels of open bay NICU rooms with or without MT were analyzed using a t-test for
parametric variables and a chi-squared test for categorical variables. Data were analyzed
using R Version 4.0.2 software (R Foundation for Statistical Computing; Vienna, Austria).

3. Results
3.1. Infant Characteristics

No significant differences in gestational age, post-natal age at study entry, or mean
number of infants per session were documented between the two rooms (Table 1, all
p > 0.05). Medical severity, measured by the need for ventilation, which might produce
noise, was not different between the study and control rooms (Table 1). Durations of the
EMT and IMT sessions were not significantly different (p = 0.19).

Table 1. Patient characteristics.

Characteristic Open Bay Room with MT Open Bay Room without MT p Value

Gestational age (weeks) * 31 ± 1.8 30 ± 2.8 0.28

Post-natal age at measurements (days) * 13 ± 6 11 ± 8 0.16

Ventilated infants (n) * 1.3 ± 0.9 1 ± 0.8 0.31

Infants per room (n) * 8 ± 2 7 ± 2 0.35

Caregivers present (n) 4 (1–7) 4 (2–7) 0.16

Duration of IMT sessions (min) * 49± 12 0 <0.001

Duration of EMT sessions (min) * 44 ± 9 0 <0.001

IMT—individual music therapy, EMT—environmental music therapy, * mean ± SD per session lasting approxi-
mately 45 min.

3.2. Noise Levels and Acoustic Events

Acoustic data for the rooms with and without IMT and EMT are shown in Table 2.
The Leq for the 4 h duration of the noise measured in the room with MT was signifi-
cantly lower than the noise level in the room without MT (53.1 (3.6) vs. 61.4 (4.7) dBA,
respectively; p = 0.02, d = 2.1 (0.82, 3.42). Other measurements concerning the variables of
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noise levels in a space such as L90, L50, and L10 showed similar results, with lower levels
in the room with MT as compared to the open room without MT (Table 2).

Table 2. Acoustic data.

Acoustic Parameter
(Mean (SD) for all Recordings) Open Room with MT Open Room without MT p Value Effect Size d (95% CI)

Overall Leq (dBA) 53.1 (3.6) 61.4 (4.7) 0.02 2.1 (0.82, 3.42)

L90 49.2 (3.9) 55.4 (6.2) 0.03 1.8 (0.48, 3.19)

L50 54.2 (3.6) 57.6 (5.6) 0.06 0.5 (0.32, 0.74)

L10 58.9 (8.5) 66.4 (5.9) 0.03 1.7 (0.29, 2.6)

Average SNR L50 of events, dBA 18.1 (6.1) 10.3 (4.2) 0.01 2.8 (1.3, 3.86)

Occurrences of peaks ≥80 dBA/h 159 (29) 480 (52) 0.001 2.2 (0.8, 1.6)

Overall Leq—Average equivalent continuous noise level. L10, L50, and L90—A-weighted sound levels exceeding
10%, 50%, and 90% of the time, respectively. SNR—signal-to-noise ratio. CI—confidence interval, d—effect size (CI).

The average SNR L50 of events with MT was higher in the room with MT as compared
to the room without MT (18.1 (6.1) vs. 10.3 (4.2), respectively; p = 0.01, d= 2.8 (1.3, 3.86)). The
noise levels in both rooms exceeded the maximum acceptable level of 45 dB recommended
by the AAP [7]. Table 3 summarizes the acoustic data for the EMT and IMT sessions. IMT
was associated with lower noise levels than EMT (51.2 dBA vs. 56.5 dBA, respectively;
p = 0.04, d = 1.6 (0.53, 1.97)).

Table 3. Open room acoustic data for IMT and EMT.

Acoustic Parameter IMT EMT p Value Effect size (d) (95 CI)

Overall Leq dBA, mean (SD) 51.2 (4.2) 56.5 (4.1) 0.04 1.6 (0.53, 1.97)

L50 dBA, mean (SD) 50.1 (3.1) 55.6 (3.6) 0.04 0.7 (0.26, 1.42)

SNR L50 dBA, mean (SD) 19.2 (2.6) 17.6 (5.7) 0.05 0.3 (0.04, 0.93)
IMT—individual music therapy; EMT—Environmental music therapy; Overall Leq average equivalent continuous
sound level; L10, L50, and L90—A-weighted sound levels exceeding 10%, 50%, and 90% of the time, respectively.
SNR—Signal-to-noise ratio, CI—Confidence interval. Mean (SD).

Figure 2 shows the noise Leq for 4 h, recorded before, during, and after MT (EMT
or IMT) as compared to the room without MT. The noise before MT started showed no
differences in Leq. After starting MT, the room with MT had lower noise levels compared
to the room without MT, with a significant difference after 30 min. MT lasted for 50 min
(Table 1), but after the MT session ended, noise levels were still lower in the room with MT
compared to the other room. The lowest sound levels occurred approximately 30 min after
the MT started, with gradual increases in sound levels after that, but significantly lower
compared to the room without MT.



Children 2022, 9, 1187 8 of 12

Children 2022, 9, x FOR PEER REVIEW 8 of 12 
 

 

Figure 2 shows the noise Leq for 4 h, recorded before, during, and after MT (EMT or 
IMT) as compared to the room without MT. The noise before MT started showed no dif-
ferences in Leq. After starting MT, the room with MT had lower noise levels compared to 
the room without MT, with a significant difference after 30 min. MT lasted for 50 min 
(Table 1), but after the MT session ended, noise levels were still lower in the room with 
MT compared to the other room. The lowest sound levels occurred approximately 30 min 
after the MT started, with gradual increases in sound levels after that, but significantly 
lower compared to the room without MT. 

 
Figure 2. Leq for 4 h, during and after EMT, IMT, and no MT. Leq, approximate mean level of the 
fluctuating sound over a period; EMT, environmental music therapy; IMT, individual music ther-
apy; MT, music therapy. * p < 0.05, compared to IMT and EMT. 

4. Discussion 
The current study explored whether MT in an open bay NICU room would result in 

increased or decreased noise levels, which is important for the well-being and develop-
ment of preterm infants [4,5,29]. We found that IMT and EMT resulted in lower noise 
levels during the therapy, and this effect lasted for the entire 4 h of the recording, as 
compared to a similar room without MT. We also found that IMT resulted in lower noise 
levels compared to EMT. During MT, the acoustic events, as well as the levels of these 
events relative to the background noise level, resulted in better SNRs than without MT 
[39]. Acoustic events with peak noise levels exceeding 84 dBA were greater in the room 
without MT than in the room with MT. The SNR L50 of the documented acoustic events 
to the estimated background noise level was higher in the room with MT than in the 
room without MT. This caused acoustic events to be much more noticeable in the room 
with MT. Therefore, our study results support the safe implementation of MT as a 
treatment modality for lowering noise in preterm infants in an open bay NICU room. 

Improved architectural designs that consider acoustics, educating medical staff to 
reduce noise created by conversations, equipment designed to lower noise, and frequent 
noise or ambient sound measurements can help achieve this goal. We propose using MT 
to reduce noise proactively. Of note, this study found all sound level measurements to be 
lower during the MT sessions, but still above the 45 dBA recommended by the AAP as 
the maximum acceptable level of ambient noise in a NICU. 

Considering the recommended developmentally appropriate auditory stimulation 
for preterm infants, the methodology of our study further extends the current evi-
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4. Discussion

The current study explored whether MT in an open bay NICU room would result in
increased or decreased noise levels, which is important for the well-being and development
of preterm infants [4,5,29]. We found that IMT and EMT resulted in lower noise levels
during the therapy, and this effect lasted for the entire 4 h of the recording, as compared to a
similar room without MT. We also found that IMT resulted in lower noise levels compared
to EMT. During MT, the acoustic events, as well as the levels of these events relative to the
background noise level, resulted in better SNRs than without MT [39]. Acoustic events with
peak noise levels exceeding 84 dBA were greater in the room without MT than in the room
with MT. The SNR L50 of the documented acoustic events to the estimated background
noise level was higher in the room with MT than in the room without MT. This caused
acoustic events to be much more noticeable in the room with MT. Therefore, our study
results support the safe implementation of MT as a treatment modality for lowering noise
in preterm infants in an open bay NICU room.

Improved architectural designs that consider acoustics, educating medical staff to
reduce noise created by conversations, equipment designed to lower noise, and frequent
noise or ambient sound measurements can help achieve this goal. We propose using MT
to reduce noise proactively. Of note, this study found all sound level measurements to be
lower during the MT sessions, but still above the 45 dBA recommended by the AAP as the
maximum acceptable level of ambient noise in a NICU.

Considering the recommended developmentally appropriate auditory stimulation for
preterm infants, the methodology of our study further extends the current evidence-base,
emphasizing the use of parent-led, infant-directed singing [32], and specifically, the key
interventions of the RBL model, including Song of Kin [31], the use of the Ocean disk [22],
and EMT, as trained and taught by the Louis Armstrong Center for Music and Medicine [26].
Accordingly, the IMT and EMT included live voice and music only, with basic components
of attunement and entrainment to the alternating states, needs, and reactions of the infants,
parents, and the environment.

The positive impacts of using the maternal voice and listening to music, on the
developmental outcomes of preterm infants, parent–infant bonding, and reducing maternal
anxiety have been documented extensively [28,29,42–44]. Our study may offer additional
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insights into the possible mechanisms by which maternal singing and live MT support
preterm infants’ stability, by adding a critical component of reducing noise and increasing
meaningful auditory stimuli.

Furthermore, the NICU environment has been associated with negative long-term
outcomes in language development [45]. Although previous standards have focused on the
need to create silence in the NICU, this sensory deprivation and elimination of speech and
language exposure has been demonstrated to have negative effects on infants’ developing
auditory cortex, which can result in language delays [46]. In addition to providing a more
tranquil setting for the infants, some sounds, specifically spoken language, have been
shown to augment their development [32]. Greater exposure to language during infancy is
associated with better language skills and cognitive scores later in life [42]. Since language
comprises a small percentage of the sounds to which infants in the NICU are exposed [47], it
is important that some language exposure is retained in the NICU. Therefore, interventions
that incorporate neurodevelopmentally appropriate sounds, including maternal speech
and singing, in the NICU environment could serve both as acoustic maskers and stimuli
that benefit infant development. Another advantage of MT is that it can help heighten the
awareness of medical personnel and visitors alike, and lead to less noise.

Our data show that MT led to meaningful reductions in noise levels, and indicate that
MT was not merely an acoustic distraction. This may be explained by different factors. The
positive reactions of staff and family to MT, reported in a previous study [48], may have led
to increased attention toward minimizing auditory distraction and reducing unnecessary
conversations. Additionally, improvements in infants’ stability, as demonstrated in MT
studies with similar IMT intervention [49], may have led to fewer acute events, with a
resulting reduction in monitor alarms. Another explanation may be that parents’ increased
relaxation due to MT may have led to fewer conversations and prolonged SSC during MT.

We found that IMT resulted in greater noise reduction as compared to EMT. EMT is
an environmental intervention that aims to establish a friendly, non-hostile environment;
however, this therapy is not individualized. Therefore, in a busy NICU, habituation or low
compliance might occur. In our clinical experience, EMT might enhance other positive, yet
high arousal, responses by fomenting joy and uplifting moods, which may be followed
by a parent or staff member joining the singing or commenting on their reaction to the
music. In contrast, IMT is attuned to a specific dyad, and may create a much more intimate
atmosphere, which may also influence nearby people to support the family in their unique
moment, or increase an awareness of their own contribution to noise levels. Another
difference is that in IMT, extra care might be taken by music therapists to keep their voices
and instruments to within the AAP recommendation of up to 45 dBA. In EMT, the goal that
music and voices will reach the boundary of the open bay may cause voice augmentation.
This reaction was described in detail as the “Lombard effect” [50,51].

A major strength of this study is the design, in which noise dosimeters were operated
in similar open bay NICU rooms with and without MT, ensuring that the control and study
groups were comparable. The NICU populations were similar in terms of illness severity
and equipment requirements between the rooms. To the best of our knowledge, this is the
first study to measure the noise levels of MT, a rather new treatment modality incorporated
in the NICU. In addition, dosimetry was conducted for 4 h each session, which indicated
that the effect of MT lasted much longer than the treatment.

The study limitations are that our conclusions are limited to open bay NICUs with up
to 10 infants in each room. This may not apply to private or small common rooms. We also
could not differentiate the specific sources of noise in each open bay room (with or without
MT) because we could not analyze noises from conversations, ringing phones, crying
babies, alarms, or equipment sounds, etc., separately. Therefore, no specific conclusions
can be drawn as to which specific noise or noises MT reduced. We also did not monitor
stress signs in these preterm infants and parents, such as heart rates or stress scores, which
would enable us to understand better the mechanisms by which MT reduces noise. As the
Leq was lower with MT, we are certain that the effect of MT in reducing noise is not due to
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an acoustic masking or auditory distraction technique, but a result of the genuine effect of
creating a quiet atmosphere where people try to be as quiet as possible and reduce noise
sources as much as possible, which helps infants to be more stable. This in turn results in
less crying and fewer alarms. However, the theories presented here need to be confirmed
by additional, more detailed studies.

In conclusion, this study demonstrated that integrating IMT and EMT modalities into an
open bay NICU helped to reduce noise, which is crucial for infants’ well-being. Although both
MT modalities resulted in significantly decreased noise levels, neither led to recommended
noise levels of below 45 dBA. Both MT modalities resulted in a higher SNR compared to the
control room, which implies that these modalities may be meaningful for the neurodevelop-
ment of preterm infants. Additional studies that will evaluate sources of noise and sound in
the NICU and investigate the influence of MT on specific noise generators are desirable to
increase our understanding of the beneficial effects of MT in the NICU.

Author Contributions: S.A. contributed to the conception and design of the study, drafted the
manuscript, critically revised the manuscript, and gave final approval. S.E. contributed to the
analysis of cases, drafted the manuscript, critically revised the manuscript, and gave final approval.
C.G., S.B.-R. and R.T.-S. contributed to the conception and design of the study, critically revised the
manuscript, and gave final approval. D.Y. contributed to the conception and design of the study,
critically revised the manuscript, and gave final approval. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no specific grant from any funding agency in the public, commercial,
or not-for-profit sectors.

Institutional Review Board Statement: All participants gave informed consent for inclusion before
participating in the study. The study was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of Meir Medical Center (approval number
0228-17-MMC) on 16 February 2017.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available and will be given upon request.

Acknowledgments: We thank Faye Schreiber, MS for critical English and scientific editing. She is an
employee of Meir Medical Center.

Conflicts of Interest: The authors have no conflicts of interest to declare.

References
1. Lahav, A. Questionable sound exposure outside of the womb: Frequency analysis of environmental noise in the neonatal intensive

care unit. Acta Paediatr. 2015, 104, e14–e19. [CrossRef] [PubMed]
2. Freudenthal, A.; van Stuijvenberg, M.; van Goudoever, J.B. A quiet NICU for improved infants’ health, development and

well-being: A systems approach to reducing noise and auditory alarms. Cogn. Technol. Work 2013, 15, 329–345. [CrossRef]
3. Kent, W.; Tan, A.; Clarke, M.; Bardell, T. Excessive noise levels in the neonatal ICU: Potential effects on auditory system

development. J. Otolaryngol. 2003, 31, 355–360. [CrossRef] [PubMed]
4. Hernández-Salazar, A.; Gallegos-Martínez, J.; Reyes-Hernández, J. Level and noise sources in the neonatal intensive care unit of a

reference hospital. Investig. Educ. Enfermería 2020, 38, e13. [CrossRef]
5. Magann, E.F.; Evans, S.F.; Chauhan, S.P.; Nolan, T.E.; Henderson, J.; Klausen, J.H.; Newnham, J.P.; Morrison, J.C. The effects

of standing, lifting and noise exposure on preterm birth, growth restriction, and perinatal death in healthy low-risk working
military women. J. Matern. Neonatal Med. 2005, 18, 155–162. [CrossRef]

6. Casavant, S.G.; Bernier, K.; Andrews, S.; Bourgoin, A. Noise in the neonatal intensive care unit: What does the evidence tell us?
Adv. Neonatal Care 2017, 17, 265–273. [CrossRef]

7. Committee on Environmental Health. Noise: A hazard for the fetus and newborn. Pediatrics 1997, 100, 724–727. [CrossRef]
8. Smith, S.W.; Ortmann, A.J.; Clark, W.W. Noise in the neonatal intensive care unit: A new approach to examining acoustic events.

Noise Health 2018, 20, 121–130. [CrossRef]
9. Philbin, M.K. The sound environments and auditory perceptions of the fetus and preterm newborn. In Early Vocal Contact Preterm

Infant Brain Development: Bridging Gaps Between Research and Practice; Springer: Berlin, Germany, 2017; pp. 91–111.
10. Olejnik, B.K.; Lehman, I. Inadvertent noise in neonatal intensive care unit and its impact on prematurely born infants. Biomed. J.

Sci. Tech. Res. 2018, 11, 8346–8350. [CrossRef]

http://doi.org/10.1111/apa.12816
http://www.ncbi.nlm.nih.gov/pubmed/25264140
http://doi.org/10.1007/s10111-012-0235-6
http://doi.org/10.2310/7070.2002.34358
http://www.ncbi.nlm.nih.gov/pubmed/12593547
http://doi.org/10.17533/udea.iee.v38n3e13
http://doi.org/10.1080/14767050500224810
http://doi.org/10.1097/ANC.0000000000000402
http://doi.org/10.1542/peds.100.4.724
http://doi.org/10.4103/nah.NAH_53_17
http://doi.org/10.26717/BJSTR.2018.11.002063


Children 2022, 9, 1187 11 of 12

11. Pineda, R.G.; Neil, J.; Dierker, D.; Smyser, C.D.; Wallendorf, M.; Kidokoro, H.; Reynolds, L.C.; Walker, S.; Rogers, C.; Mathur,
A.M.; et al. Alterations in brain structure and neurodevelopmental outcome in preterm infants hospitalized in different neonatal
intensive care unit environments. J. Pediatr. 2014, 164, 52–60.e2. [CrossRef]

12. Ramesh, A.; Suman Rao, P.N.; Sandeep, G.; Nagapoornima, M.; Srilakshmi, V.; Dominic, M. Swarnarekha Efficacy of a low cost
protocol in reducing noise levels in the neonatal intensive care unit. Indian J. Pediatr. 2009, 76, 475–478. [CrossRef]

13. Elander, G.; Hellström, G. Reduction of noise levels in intensive care units for infants: Evaluation of an intervention program.
Hearth Lung 1995, 24, 376–379. [CrossRef]

14. Abou Turk, C.; Williams, A.L.; Lasky, R.E. A randomized clinical trial evaluating silicone earplugs for very low birth weight
newborns in intensive care. J. Perinatol. 2009, 29, 358–363. [CrossRef]

15. Aita, M.; Johnston, C.; Goulet, C.; Oberlander, T.F.; Snider, L. Intervention minimizing preterm infants’ exposure to NICU Light
and noise. Clin. Nurs. Res. 2012, 22, 337–358. [CrossRef]

16. White, R.D.; Smith, J.A.; Shepley, M.M.; Committee to Establish Recommended Standards for Newborn ICU Design. Recom-
mended standards for newborn ICU design, eighth edition. J. Perinatol. 2013, 33, S2–S16. [CrossRef]

17. Almadhoob, A.; Ohlsson, A. Sound reduction management in the neonatal intensive care unit for preterm or very low birth
weight infants. Cochrane Database Syst. Rev. 2020, 1, CD010333. [CrossRef]

18. Byers, J.; Waugh, W.R.; Lowman, L.V.O. Sound level exposure of high-risk infants in different environmental conditions. Neonatal
Netw. 2006, 25, 25–32. [CrossRef]

19. Arnon, S.; Shapsa, A.; Forman, L.; Regev, R.; Bauer, S.; Litmanovitz, I.; Dolfin, T. Live music is beneficial to preterm infants in the
neonatal intensive care unit environment. Birth 2006, 33, 131–136. [CrossRef]

20. Costa, V.S.; Bündchen, D.C.; Sousa, H.; Pires, L.B.; Felipetti, F.A. Clinical benefits of music-based interventions on preterm infants’
health: A systematic review of randomised trials. Acta Paediatr. 2022, 111, 478–489. [CrossRef]

21. Ettenberger, M.; Rojas Cárdenas, C.; Parker, M.; Odell-Miller, H. Family-centred music therapy with preterm infants and their
parents in the Neonatal Intensive Care Unit (NICU) in Colombia—A mixed-methods study. Nord. J. Music Ther. 2017, 26, 207–234.
[CrossRef]

22. Loewy, J.; Stewart, K.; Dassler, A.M.; Telsey, A.; Homel, P. The effects of music therapy on vital signs, feeding, and sleep in
premature infants. Pediatrics 2013, 131, 902–918. [CrossRef]

23. Standley, J.M. The effect of music-reinforced nonnutritive sucking on feeding rate of premature infants. J. Pediatr. Nurs. 2003, 18,
169–173. [CrossRef]

24. Vianna, M.; Barbosa, A.; Carvalhaes, A.; Da Cunha, A. Music therapy may increase breastfeeding rates among mothers of
premature newborns: A randomized controlled trial. J. Pediatr. (Rio. J.) 2011, 87, 206–212. [CrossRef]

25. Haslbeck, F.B.; Jakab, A.; Held, U.; Bassler, D.; Bucher, H.-U.; Hagmann, C. Creative music therapy to promote brain function and
brain structure in preterm infants: A randomized controlled pilot study. NeuroImage Clin. 2020, 25, 102171. [CrossRef]

26. Rossetti, A. Environmental Music Therapy (EMT): Music’s contribution to changing hospital atmospheres and perceptions of
environments. Music Med. 2020, 12, 130. [CrossRef]

27. Stewart, K.; Schneider, S. The effect of music therapy on the sound environment in the neonatal intensive care unit: A pilot study.
In Music Therapy in the Neonatal Intensive Care Unit; Loewy, J.V., Ed.; Satchnote Press: New York, NY, USA; The Louis & Lucille
Armstrong Music Therapy Program: New York, NY, USA, 2000; pp. 85–100.

28. Bieleninik, Ł.; Ghetti, C.; Gold, C. Music therapy for preterm infants and their parents: A meta-analysis. Pediatrics 2016, 138,
e20160971. [CrossRef]

29. Yue, W.; Han, X.; Luo, J.; Zeng, Z.; Yang, M. Effect of music therapy on preterm infants in neonatal intensive care unit: Systematic
review and meta-analysis of randomized controlled trials. J. Adv. Nurs. 2020, 77, 635–652. [CrossRef]

30. Kostilainen, K.; Mikkola, K.; Erkkilä, J.; Huotilainen, M. Effects of maternal singing during kangaroo care on maternal anxiety,
wellbeing, and mother-infant relationship after preterm birth: A mixed methods study. Nord. J. Music Ther. 2020, 30, 357–376.
[CrossRef]

31. Loewy, J. NICU music therapy: Song of kin as critical lullaby in research and practice. Ann. N. Y. Acad. Sci. 2015, 1337, 178–185.
[CrossRef]

32. Gaden, T.S.; Ghetti, C.; Kvestad, I.; Gold, C. The LongSTEP approach: Theoretical framework and intervention protocol for using
parent-driven infant-directed singing as resource-oriented music therapy. Nord. J. Music Ther. 2021, 31, 107–132. [CrossRef]

33. Fink, D. A new definition of noise: Noise is unwanted and/or harmful sound. Noise is the new “secondhand smoke”. Proc. Meet.
Acoust. 2019, 39, 050002. [CrossRef]

34. Loewy, J. Prelude to the First Sounds: Rhythm, Breath, Lullaby (RBL) NICU Music Therapy Training; Satchnote Armstrong Press: New
York, NY, USA, 2016.

35. Jefferies, A.L.; Canadian Paediatric Society, Fetus and Newborn Committee. Kangaroo care for the preterm infant and family.
Paediatr. Child Health 2012, 17, 141–146. [CrossRef] [PubMed]

36. Rossetti, A.; Canga, B. Environmental music therapy: Rationale for ‘multi-individual’ music psychotherapy in modulation of the
pain experience. In Music and Medicine: Integrative Models in the Treatment of Pain; Mondanaro, J., Sara, A., Eds.; Satchnote Press:
New York, NY, USA; The Louis Armstrong Center for Music and Medicine: New York, NY, USA, 2013; pp. 451–468.

http://doi.org/10.1016/j.jpeds.2013.08.047
http://doi.org/10.1007/s12098-009-0066-5
http://doi.org/10.1016/S0147-9563(05)80058-5
http://doi.org/10.1038/jp.2008.236
http://doi.org/10.1177/1054773812469223
http://doi.org/10.1038/jp.2013.10
http://doi.org/10.1002/14651858.CD010333.pub3
http://doi.org/10.1891/0730-0832.25.1.25
http://doi.org/10.1111/j.0730-7659.2006.00090.x
http://doi.org/10.1111/apa.16222
http://doi.org/10.1080/08098131.2016.1205650
http://doi.org/10.1542/peds.2012-1367
http://doi.org/10.1053/jpdn.2003.34
http://doi.org/10.2223/JPED.2086
http://doi.org/10.1016/j.nicl.2020.102171
http://doi.org/10.47513/mmd.v12i2.742
http://doi.org/10.1542/peds.2016-0971
http://doi.org/10.1111/jan.14630
http://doi.org/10.1080/08098131.2020.1837210
http://doi.org/10.1111/nyas.12648
http://doi.org/10.1080/08098131.2021.1921014
http://doi.org/10.1121/2.0001186
http://doi.org/10.1093/pch/17.3.141
http://www.ncbi.nlm.nih.gov/pubmed/23449885


Children 2022, 9, 1187 12 of 12

37. Porges, S.; Carter, S. The Polyvagal theory and the social engagement system Neurophysiological bridge between connectedness
and healthe. In Complementary and Integrative Treatments in Psychiatric Practice; Gerbarg, P., Muskin, P., Eds.; American Psychiatric
Association Publishing: Arlington, VA, USA, 2017; pp. 291–310.

38. Graven, S.N.; Browne, J.V. Auditory development in the fetus and infant. Newborn Infant Nurs. Rev. 2008, 8, 187–193. [CrossRef]
39. Vaseghi, S.V. Advanced Digital Signal Processing and Noise Reduction; Vieweg+Teubner: Wiesbaden, Germany, 1996; ISBN 978-3-322-

92773-6.
40. Darcy, A.E.; Hancock, L.E.; Ware, E.J. A Descriptive Study of Noise in the Neonatal Intensive Care Unit Ambient Levels and

Perceptions of Contributing Factors. Adv. Neonatal Care 2008, 8, 165–175. [CrossRef]
41. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Academic Press: Cambridge, MA, USA, 2013.
42. Philbin, M.K. The influence of auditory experience on the behavior of preterm newborns. J. Perinatol. 2000, 20, S77–S87. [CrossRef]
43. Graven, S.N.; Browne, J.V. Sensory development in the fetus, neonate, and infant: Introduction and overview. Newborn Infant

Nurs. Rev. 2008, 8, 169–172. [CrossRef]
44. Standley, J. Music Therapy Research in the NICU: An updated meta-analysis. Neonatal Netw. 2012, 31, 311–317. [CrossRef]
45. Wroblewska-Seniuk, K.; Greczka, G.; Dabrowski, P.; Szyfter-Harris, J.; Mazela, J. Hearing impairment in premature newborns-

Analysis based on the national hearing screening databasein Poland. PLoS ONE 2017, 12, e0184359. [CrossRef]
46. Foroushani, S.M.; Herman, C.A.; Wiseman, C.A.; Anthony, C.M.; Drury, S.S.; Howell, M.P. Evaluating physiologic outcomes of

music interventions in the neonatal intensive care unit: A systematic review. J. Perinatol. 2020, 40, 1770–1779. [CrossRef]
47. Filippa, M.; Kuhn, P. Early Vocal Contact and Preterm Infant Brain Development; Springer: Berlin, Germany, 2017; ISBN 9783319650753.
48. Epstein, S.; Bauer, S.; Levkovitz Stern, O.; Litmanovitz, I.; Elefant, C.; Yakobson, D.; Arnon, S. Preterm infants with severe brain

injury demonstrate unstable physiological responses during maternal singing with music therapy: A randomized controlled
study. Eur. J. Pediatr. 2020, 180, 1403–1412. [CrossRef]

49. Yakobson, D.; Gold, C.; Beck, B.D.; Elefant, C.; Bauer-Rusek, S.; Arnon, S. Effects of Live Music Therapy on Autonomic Stability in
Preterm Infants: A Cluster-Randomized Controlled Trial. Children 2021, 8, 1077. [CrossRef]

50. Brumm, H.; Zollinger, S.A. The evolution of the Lombard effect: 100 years of psychoacoustic research. Behaviour 2011, 148,
1173–1198. [CrossRef]

51. Saba, J.N.; Hansen, J.H.L. The effects of Lombard perturbation on speech intelligibility in noise for normal hearing and cochlear
implant listeners. J. Acoust. Soc. Am. 2022, 151, 1007–1021. [CrossRef]

http://doi.org/10.1053/j.nainr.2008.10.010
http://doi.org/10.1097/01.ANC.0000324341.24841.6e
http://doi.org/10.1038/sj.jp.7200453
http://doi.org/10.1053/j.nainr.2008.10.007
http://doi.org/10.1891/0730-0832.31.5.311
http://doi.org/10.1371/journal.pone.0184359
http://doi.org/10.1038/s41372-020-0756-4
http://doi.org/10.1007/s00431-020-03890-3
http://doi.org/10.3390/children8111077
http://doi.org/10.1163/000579511X605759
http://doi.org/10.1121/10.0009377

	Introduction 
	Methods 
	Setting 
	Ambient Noise Reduction Measures 
	Music Therapy Interventions 
	Outcomes and Noise Level Measurements 
	Power Analysis 
	Statistics 

	Results 
	Infant Characteristics 
	Noise Levels and Acoustic Events 

	Discussion 
	References

