
A Pacifier-Activated Music Player With Mother’s Voice
Improves Oral Feeding in Preterm Infants

WHAT’S KNOWN ON THIS SUBJECT: Preterm infants must develop
oral feeding skills before successfully transitioning to home.
Pacifier-activated devices playing selected music can improve
nonnutritive sucking in preterm infants. A mother’s voice is
a positive auditory stimulus for infants.

WHAT THIS STUDY ADDS: A brief intervention with a pacifier-
activated music player using mother’s voice can decrease tube
feeding duration without adverse effects on stress or growth.
Operant conditioning with positive reinforcement is an effective
developmental strategy to improve preterm infants’ feeding skills.

abstract
OBJECTIVES: We conducted a randomized trial to test the hypothesis
that mother’s voice played through a pacifier-activated music player
(PAM) during nonnutritive sucking would improve the development of
sucking ability and promote more effective oral feeding in preterm
infants.

METHODS: Preterm infants between 34 0/7 and 35 6/7 weeks’
postmenstrual age, including those with brain injury, who were taking
at least half their feedings enterally and less than half orally, were
randomly assigned to receive 5 daily 15-minute sessions of either PAM
with mother’s recorded voice or no PAM, along with routine nonnutritive
sucking and maternal care in both groups. Assignment was masked to
the clinical team.

RESULTS: Ninety-four infants (46 and 48 in the PAM intervention and
control groups, respectively) completed the study. The intervention
group had significantly increased oral feeding rate (2.0 vs 0.9 mL/min,
P, .001), oral volume intake (91.1 vs 48.1 mL/kg/d, P = .001), oral feeds/
day (6.5 vs 4.0, P, .001), and faster time-to-full oral feedings (31 vs 38 d,
P = .04) compared with controls. Weight gain and cortisol levels during
the 5-day protocol were not different between groups. Average hospital
stays were 20% shorter in the PAM group, but the difference was not
significant (P = .07).

CONCLUSIONS: A PAM using mother’s voice improves oral feeding
skills in preterm infants without adverse effects on hormonal stress
or growth. Pediatrics 2014;133:462–468
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Preterm infants must demonstrate ef-
fective oral feeding skills1–3 before their
discharge to home from the NICU. Oral
feeding requires maturation of the ner-
vous system to support coordination of
oropharyngeal muscles and breathing.4

The energy expenditure of oral feeding
attempts further complicates the acqui-
sition of oral feeding skills, and must be
balanced with caloric intake to achieve
sufficient growth.5 Successat oral feedings
is typically achieved at ∼34 to 36weeks’
postmenstrual age.6 However, delays in
achieving oral feedings are common and
may prolong hospitalization.4,7

Nonnutritive sucking (NNS) is a co-
ordinatedmotor skill that canbe taught
throughpracticeandclassicconditioning
of neural responses with positive re-
inforcement. NNS on a pacifier pro-
motes sucking behavior in preterm
infants, improves the transition to
bottle feedings, and reduces length of
NICU hospitalization.8

Although rigorous studies in preterm
infants are limited, specific types of
music can positively reinforce behav-
ioral and neural responses.9–14 In 1 study,
a pacifier-activated music player (PAM),
used as positive reinforcement for feed-
ing therapies, improved NNS, feeding
rates, and growth.15

Similar to the effect of music, mother’s
voice can increase cardiorespiratory
stability and growth, improve deep sleep,
and shorten length of hospital stay in
preterm infants.9,16–18 However, whether
use of a pacifier-activated audio device
playing mother’s voice has similar or
greater effects has not been reported.

We designed a randomized trial to test
the hypothesis thatmother’s voice played
through a PAM during NNS would im-
prove the development of sucking ability
in preterm infants. Improved sucking
ability should promote more effective
oral feeding compared with routine NNS
with mother’s voice alone, and shorten
the duration of hospitalization.

METHODS

Design

We performed a prospective, random-
ized, parallel group trial in preterm
infants admitted to the Vanderbilt Uni-
versity Medical Center NICU between
April 2012 and May 2013. Infants were
eligible if their postmenstrual age was
34 0/7 to 35 6/7 weeks at study start,
they were receiving.50% enteral feeds
and,50%oral feeds in the 3 days before
the study start, and they were cared for
in private or semiprivate rooms. Infants
were excluded if they were receiving
assisted ventilation, continuous positive
airway pressure, or high-flow nasal
cannula .2 L/min, or if the medical
team/feeding specialists considered
them medically unsafe to feed orally.
Infantswith all grades of intraventricular
hemorrhage (IVH) and periventricular
leukomalacia (PVL) on cranial neuro-
imaging were included in the study.
Infants were withdrawn from the study
if they experienced a condition their
medical team thought made them un-
safe to feed orally or enterally during
the eligibility period. The study was ap-
proved by the Vanderbilt Institutional
Review Board (IRB) and informed con-
sent was obtained from the parent(s) of
each infant.

Infants were randomly assigned by
using a block system to control or in-
tervention groups. Eligible siblingswere
enrolled into the same group because
they shared the sameroom in theNICU. If
1 child received the PAM intervention
while theotherengaged inNNS,diffusion
of treatmentmight occur; removal of the
siblings’ pacifier during the pacifier-
activated lullaby (PAL) was not an alter-
native acceptable to nursing staff. The
research team enrolled participants and
assigned them to groups predetermined
by the randomization system. The infants’
medical and nursing care teams were
masked to the study groupwithin limits of
the units’ standard of care. Parents did
not know when/if recordings would be

played and did not keep records to
suggest group assignment. All study
participants, regardless of group as-
signment, continued with standard of
care feeding procedures in the NICU,
which include cue-based feeding, NNS
support, skin-to-skin care, and gradu-
ated introduction of breastfeeding.

Equipment

We used a PAL (Powers Device Tech-
nologies, St Johns, FL) device, a 510k
Food and Drug Administration–approved
digital music delivery system that inte-
grates a sensor, a pacifier routinely used
in the NICU, and a receiver. It delivers
a predetermined timed interval of au-
ditory stimulus on detection of a suck
that meets a preset pressure thresh-
old. In addition, we used a PCM-M10
Portable Linear PCM Voice Recorder
(Sony, New York, NY) to record the voice
of eachparticipant’smother. This recording
served as the positive reinforcement
stimulus during conditioning and was
transferred to a flash memory stick for
use with the PAL device. The device does
not allow nutritive sucking through the
pacifier.

Procedures

At enrollment, all mother-infant dyads
receivedaset of 4well-knownchildren’s
books, 2 of which were single-story
songbooks. Mothers in both groups were
encouraged to read and sing to their
infants whenever they were present; no
time quota, schedule, or log was pro-
vided. Mothers were informed that the
study’s objective was to evaluate the
influence of their voice on their infant’s
feeding ability. Mothers’daily presence
at the bedside was recorded by nurs-
ing staff (masked to study group as
possible, see later in this article) as
part of the medical record. During the
entire hospital stay, per standard of
care, infants in both groups were of-
fered pacifiers by nursing staff and
mothers for NNS whenever they were
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in a quiet-alert state before a feeding
time.

Mothers additionally met with the mu-
sic therapist to record mother’s voice
singing 2 preselected children’s songs
corresponding to the books provided.
The music therapist provided the
mother with the printed lyrics of the 2
songs. No melody sheets were pro-
vided. The therapist sang through each
song at least once while the infant’s
mother listened and followed on the
lyrics sheet. Mothers were given the
opportunity to stop the therapist at any
time to ask questions or to repeat the
song. The therapist provided a variety
of teaching techniques as needed, to
assist each patient’s mother in singing
the melodies. The songs had highly
repetitive rhythm and melodies, were
in a major key with a range of 1 octave,
and in a 4/4 meter. Neither of the mel-
odies included dissonant intervals. The
therapist simplified one of the song
melodies from the original to be con-
sistent with the previously described
description. Songs were recorded and
uploaded onto a streamlined digital
audio software program to edit any
background noise or pauses. The re-
cording was duplicated to last for 15
minutes and put on the flash drive used
directly with the PAM device.

On day 0, baseline data from the pre-
ceding 72 hours were recorded in both
groups. On days 1 to 5, the therapist
entered the patient room with the PAM
device for 15 minutes and closed the
door, regardless of the study group
assignment, to mask allocation from
the clinical staff. While staff were dis-
couraged from entering during the
procedure, it was not possible to pre-
vent occasional nursing interactiondue
to unit standard of care. Intervention
group infants received a PAM session
lasting15minutesdaily for5consecutive
days. The intervention tookplace30 to45
minutes before the infant’s scheduled
care and feeding time. Infants remained

in their crib or incubator in a side-lying
position for the session. The speaker
component of the PAM was placed 6
inches above the infant’s head at mid-
line and sensor component of the PAM
(connected to the speaker) was inser-
ted into the infant’s routinely used pac-
ifier. When the infant’s suck reached the
threshold pressure, infants in the in-
tervention group heard a lullaby sung
by their mother. Pressure thresholds
were identical for all participants. If the
infant ceased to suck for 1 minute, the
pacifier with the PAM sensor was with-
drawn from the mouth and reintro-
duced after several seconds. If the infant
dropped below a quiet alert state of
arousal, an attempt was made to wake
the infant by applying gentle pressure
to the hands, as approved by the IRB.
Infants experienced NNS only during
the 15-minute intervention, and no oral
or gavage feeding was attempted dur-
ing the procedure. The approved IRB
protocol stated that the intervention
would be discontinued should the in-
fant experience bradycardic or apneic
events during the PAL intervention
and that these occurrences would be
reported as adverse events.

Balancing Measures

Because the additional daily activity for
infants in the intervention group might
result in increased caloric consump-
tion and stress, we compared weight
gain and salivary cortisol levels be-
tween groups at baseline and on day 5.

We collected saliva on all infants on the
evening before the start of the in-
tervention (day 0, immediately before
their evening care time) and on the last
evening of the study period (day 5).
Samples were collected on infant inert-
polymer cylindrical swabs that were
saturated with saliva, placed in poly-
propylene 2-mL tubes, and immediately
stored in a –80°C freezer for later as-
say. Cortisol levels were determined
using High-Sensitivity Salivary Cortisol

Enzyme Immunoassay Kit at Salimetrics
Inc (State College, PA).

Statistical Analysis

Primary outcomes included change in
feeding rate between start and end of
the intervention (as measured by vol-
ume of nippled nutrition intake in mil-
lilitersdividedby the time inminutes for
consumption) and length of hospitali-
zation. Sample size estimate of 94 sub-
jectswasbasedonmanufacturerclaims
of reduced length of stay for the device
and average length of stay of preterm
infants inourNICUwhenthestudystarted.
Using an a of 5%, we estimated that
we would have 99.4% power to detect
a 1 mL/min change in feeding rate and
80% power to detect a 3-day decrease
in length of hospital stay. Secondary
outcomes included changes in oral feed-
ing volume and frequency after the in-
tervention and number of days to full oral
feeds. Balancing measures included
discharge weight, growth rate, and
change in salivary cortisol levels during
the intervention. All data on hospital
stay, orogastric feeding tube presence,
and growth were obtained from nurs-
ing and medical records. Gender and
34- vs 35-weeks’ postmenstrual age at
study start were analyzed as categori-
cal variables. All others were analyzed
as continuous variables.

We summarized continuous variables
by using the median, 25th, and 75th per-
centiles, and categorical variables using
percentages. Generalized estimating
equations (GEEs) were used to fit mar-
ginal linear regression models to de-
termine if each outcome differed by
randomization group. Eight twin pairs
were included in this study, so we con-
trolled for thepossible nonindependence
of these observations by clustering on
twinidentifierintheGEElinearregression
models. For each outcome, we also con-
ducted sensitivity analyses using multi-
variable linear regression to evaluate if
adjusting for gestational age (GA) and
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brain abnormality altered our con-
clusions. Hospital length of stay was log-
transformed for analysis. All analyses
wereconductedbyusing theRstatistical
program, version 3.0.1 (Vienna, Austria).

An interim midpoint analysis was per-
formedasrequiredby the IRB.Nochanges
to method or procedures were needed
and no adverse events were reported.

RESULTS

Population Characteristics

Parents of 100 (90%) of 111 eligible
infants gave consent for the study; 3 in
each group were withdrawn for medi-
cal indications (Fig 1), leaving 46 and 48
infants in the intervention and control
groups, respectively, available for analy-
sis. The 2 groups were similar at base-
line, including GA, age at study start,
birth weight, and gender (Table 1). The
groupswere also matched by incidence
and severity of white matter injury, in-
cluding PVL and all levels of IVH. Severe
brain injury was defined as IVH Grades
3 and 419 and/or PVL on predischarge
neuroimaging. Parent presence at the
bedside during the 5 days of the study
was similar between groups (means
and SDs for intervention versus control
groupwere 3.86 1.3 and 4.16 1.2 days,
respectively). Routine Auditory Brainstem
Response testing in the NICU detected no
hearing impairment in 45/46 and 47/48

infants in intervention and control
groups. Auditory Brainstem Response
data were not available for the remain-
ing 2 infants. Because all mothers’ voice
recordings were in the English language,
2 Spanish-speaking mothers used vocal
melody instead.

Outcomes

Oral feeding rate, volume of oral intake
measuredduring24hoursafter the last
intervention, and number of oral feed-
ings per day improved significantly in
the intervention group compared with
controls (Table 2). Suck pressure, mea-
sured only in the intervention group, in-
creased by an average of 15 mm Hg
between the first and fifth day of the
intervention.

The PAM-with-mother’s-voice group
achieved full oral feeds an average of 7
days earlier than the control group
(Table 3). The trend to decreased length

of hospital stay was not significant (P =
.07). Discharge weight also did not
differ between the groups. There were
no improvements in significance when
analyses were adjusted for white mat-
ter injury and GA.

Balancing Measures

Daily weight gain during the study pe-
riod was not different between the
groups,withamean increaseof 32 vs30
gperday in the interventionand control
groups, respectively (P = .62). Similarly,
in the subset of 59 (n = 32, 27) infants
with available data, cortisol levels
remained stable across groups with no
statistical differences between groups
or pre-post intervention (P = .26).

DISCUSSION

Inagroupofpreterm infants in theearly
stages of oral feeding, we showed that
a PAM using mother’s voice resulted in
faster achievement of full oral feedings
compared with NNS with a standard
pacifier and random exposure to mother’s
voice. To our knowledge, this is the first
demonstration of mother’s voice usedwith
a PAM to promote oral feeding skills. In-
volving mothers through music therapy to
teach essential developmental skills to
their infant promotes family-centered care
in the NICU. Furthermore, use of recorded
maternal voice as a stimulus may over-
come potential lack of appropriate stimu-
lation in single-patient rooms in modern
NICUs that may contribute to neuro-
developmental abnormalitiesanddelays.20

FIGURE 1
Participants.

TABLE 1 Patient Characteristics

Intervention, n = 46 Control, n = 48 P

GA, wk, median (IQR) 30 (28–32) 30 (28–32) .15b

PMA 34 completed wk at study start,a % 93 98 .29b

Birth weight, g, median (IQR) 1495 (1122–1742) 1405 (1057–1684) .35b

Gender, % girls 48 52 .70b

White matter injury, all types, % 17 19 .86c

White matter injury, severe, % 4 6 .69c

Feeding rate at study start, day 0 0.6 (0.4–0.8) 0.6 (0.1–0.8) .27b

No. of oral feedings/d at study start (IQR) 2 (1–5) 2 (0.7–4) .27b

IQR, interquartile range (25th–75th).
a Versus PMA 35 completed weeks, respectively 7% and 2% in intervention and control groups.
P determined by using GEE linear regression controlling for b twins and c Pearson x2 test.
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PAMwith mother’s voice is a developmen-
tally appropriate successful oral feeding
strategy that provides positive auditory
stimulation to infants while supporting
active parental roles during infant hos-
pitalization.

Our results are consistent with other
studies that demonstrated improved
oral feeding in preterm infants by using
various oral stimulation protocols.4,21–23

However, these protocols differ widely in
duration, techniques, providers, po-
sitioning, environment of the patient,
evaluation of effectiveness, equipment,
and population characteristics. These
protocols are not widely used because
of the variable methodologies and the
high skill level required to apply them.
In contrast, our use of a standardized
device and an easily available stimulus
during a short 5-day period makes the
methodology more generalizable to
a wide range of NICUs and neonatal
clinicians.

Unlike other studies, we intentionally
included subjects with severe white
matter injury to best represent the
range of patients who could benefit
from this intervention. Infants with
white matter injury in our study dem-
onstrated improved feeding in spite of
likely oropharyngeal or sensorimotor
involvement.24,25 These deficits commonly

coexist with more obvious gross motor
impairments in cases of severe white
matter injury.26–28

Our results support the use of operant
conditioning with positive reinforcement
to improve the development of preterm
infants’oral feeding skills. Conditioning
of infant behavior, responses to stimuli,
and effect on learning have been dem-
onstrated in preterm infants as young
as 32 weeks’ postmenstrual age by the
use of paradigms of learning, operant13,29

and classic conditioning, and ha-
bituation.30,31 Consistent with previous
reports, our study suggests that pre-
term infants have the ability to learn
through conditioning of neural re-
sponses with auditory stimuli-contingent
reinforcement.

Our use of mother’s voice as positive
reinforcement makes this application
of the PAM novel. Although only pre-
recorded female voices provided by the
manufacturer are suggested for use
with this device, use of maternal voice
may be preferred. Previous studies
with a PAM device with commercially
recorded lullabies found improved
NNS, weight gain, feeding rate, and
decreased days of gavage feeding.32–34

However, in very low birth weight
infants exposed systematically to a re-
cording of maternal voice and biological

sounds inside the incubator, weight gain
velocity was greater than in control
infants.18 Other studies recommend the
use ofmother’s voice recordings obtained
and provided according to specific
guidelines.35

Although our study showed a trend
toward shorter hospitalization in the
intervention group, the results were
not significant. The variability in
length of hospital stay at the time of
our study was greater in both groups
than when we performed our power
calculations. The resulting 3-day in-
crease in the SD decreased the power
to detect a difference between groups
in length of hospitalization. Increased
patient acuity due to an expanded
referral base, increased NICU bed
capacity, and an average increased
length of stay during the interim pe-
riod may all have contributed to this
difference.

Our study has several limitations. Our
findings may have been strengthened
by inclusion of a third group treated
with thePAMdevicewith eithera female
voice that was not the mother’s or an
instrumental lullaby. We chose not to
include such a group, as this stimulus
had been conclusively studied by
Standley et al.13,15,33–35 Additionally, our
purpose was to study an intervention
supported by the developmental ap-
proach in the NICU to promote family-
centered care. Documenting the timing
and duration of mother’s singing at the
bedside each day for comparison with
the duration of the PAM intervention
would have been optimal. However, this
would have unmasked the study group
assignment to nursing and medical
staff.

Furthermore, we kept the suck threshold
that activatedmother’s voice consistent
across all patients in the intervention
group. In clinical practice, threshold
can be changed to better meet an in-
dividual infant’s abilities and needs. We
recorded mothers’ voice in English to

TABLE 2 Feeding Outcomes

Measure PAL, n = 46 Control, n = 48 P

Pre Post Pre Post

Oral feeding rate, mL/min 0.6 (0.4–0.8) 2.0 (1.5–2.3) 0.6 (0.1–0.8) 0.9 (0.5–1.2) ,.001a

Oral feedings, no. out of 8/d 2 (1–5) 6.5 (4–8) 2 (0.7–4) 4 (1–7) ,.001a

Oral feed volume, mL/kg/d 13.3 (6.8–40.8) 91.1 (41.9–127.7) 17 (6.3–35.6) 48.1 (5.5–98.1) .001a

NNS pressure, mm Hg 20 (10–30) 35 (25–60) ,.001b

Values are median (interquartile range).
P determined by using GEE linear regression controlling for a twins and b paired t test.

TABLE 3 Hospitalization Outcomes

Measure Intervention, n = 46 Control, n = 48 P

Time to full oral feeds, d 31 (17–54) 38 (24–69) .04
Length of hospital stay, d 41 (25–69) 50 (31–86) .07
Discharge weight, g 2000 (1892–2228) 1990 (1902–2120) .62

Values are median (interquartile range).
All P determined by using GEE linear regression controlling for twins.
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be consistent with the study protocol,
so that 2 Spanish-speaking mothers
used vocal melody instead. It may be
more appropriate to use the family’s
native language. Finally, although we
had hoped to use salivary cortisol
levels to assess possible stress as-
sociated with our intervention, col-
lection of a sufficient amount of saliva
was difficult, so that samples were
available for analysis for only 62% of
subjects.

CONCLUSIONS

Our study showed that a relatively sim-
ple, short,andreproducible intervention
with a PAL sung by the infant’s mother
improves oral feeding skills in pre-
term infants, including those with brain
injury. Larger studies are needed to de-
termine whether this intervention can
decrease length of hospitalization for
preterm infants. Whether this therapeu-
tic approach is applicable to other pop-
ulations at risk for poor oral feeding,

such as infants with congenital heart
disease, prolonged respiratory illness,
or neuromuscular disease, requires ad-
ditional research.
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MY PURPLE SWEATER: I have a particularly beautifully colored sweater that I love
to wear. The easiest way to describe the color of the sweater is to simply say it is
purple. However, there are dozens of shades of purple with different intensities
and emotional attachments. The color of my sweater is somewhere between
boysenberry and aubergine, but to me it is a deep, soft color that makes me feel
relaxed. If, however, I lived in ancient Rome, the color would have indicated
royalty.
With the fabulous selections of colors now available to consumers for anything
from socks and shoes to sweaters and shirts, we tend to forget that the de-
velopment of synthetic dyes is a relatively recent phenomenon. In ancient times,
clothes derived their color from natural fibers or were dyed with organic dyes.
Tyrian purple was the rarest and costliest dye of them all, making it the color of
royalty, nobility, and persons with lots of money trying to make a statement.
According to an article in The New York Times (Science: October 9, 2013), the dye
was derived from marine snails. While the snail does not appear purple,
chromogens in protective mucus secreted by the snail, when exposed to heat and
oxygen, turned purple. Thousands of snails had to be boiled for days to obtain the
pigment. A Tyrian purple cloak was generally worth its weight in gold, and Tyrian
purple was themost coveted and famous purple dye until early in the 20th century
when cheaper synthetic dyes were developed.
Thepreciseprocess tomakeTyrianpurpleand theexactcolorareno longerknown.
However, while it is unlikely my sweater is the same hue as Tyrian purple, I like to
think that my beautiful sweater is somehow linked to a small marine animal and
history.

Noted by WVR, MD
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