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Early vocal contact and music in the NICU: new insights into
preventive interventions
Manuela Filippa 1,2,3, Lara Lordier1, Joana Sa De Almeida1, Maria Grazia Monaci2, Alexandra Adam-Darque4, Didier Grandjean3,
Pierre Kuhn5 and Petra S. Hüppi1

It is now clearly established that the environment and the sensory stimuli, particularly during the perinatal period, have an impact
on infant’s development. During the last trimester of gestation, activity-dependent plasticity shapes the fetal brain, and prematurity
has been shown to alter the typical developmental trajectories. In this delicate period, preventive interventions aiming at
modulating these developmental trajectories through activity-inducing interventions are currently underway to be tested. The
purpose of this review paper is to describe the potentialities of early vocal contact and music on the preterm infant’s brain
development, and their potential beneficial effect on early development. Scientific evidence supports a behavioral orientation of
the newborn to organized sounds, such as those of voice and music, and recent neuroimaging studies further confirm full cerebral
processing of music as multisensory stimuli. However, the impact of long-term effects of music exposure and early vocal contact on
preterm infants’ long-term neurodevelopment needs be further investigated. To conclude, it is necessary to establish the
neuroscientific bases of the early perception and the long-term effects of music and early vocal contact on the premature
newborns’ development. Scientific projects are currently on the way to fill this gap in knowledge.
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PREMATURITY AS A WINDOW OF OPPORTUNITIES:
MECHANISMS OF ACTIVITY-DEPENDENT NEURAL PLASTICITY
Premature birth exposes the developing brain to a dramatically
different environment with diverse noxious stimuli in the neonatal
intensive care unit (NICU) and deprives it from daily-rhythm
mothers-linked sensory inputs, relevant for activity-dependent
plasticity1 during a critical period of brain development.
The third trimester of pregnancy is a period of striking

sequential brain developmental changes and, consequently, a
period of important vulnerability. Numerous neurodevelopmental
events take place across the developing brain and continue
during the third trimester, including growth of white matter tracts
(outgrowth of axons, pathway finding, axonal guidance, target
selection, and in growth in the cortical plate),2 dendritic
proliferation, migration, molecular specification, and differentia-
tion, as well as synaptogenesis, gliogenesis, myelination, and
physiological cell death.3

The activity-dependent dendritic and axonal growth is mainly
regulated by the early cortical synaptic activity. It starts between
17 and 25 weeks of gestation and it rapidly increases in
complexity (branching) and growth between 27 and 32 weeks
of post conceptual age.1

The penetration of thalamocortical and basal forebrain fibers
into the cortical plate is a major event in the axonal pathway
development taking place after 24 weeks of gestational age (GA),

coinciding with the establishment of the first synapses in the
human telencephalon and making possible functional interactions
between the thalamic afferents and cortical plate cells.2,3 Indeed,
the most significant event related to the establishment of
thalamocortical connectivity is the appearance of
somatosensory-evoked potentials. In the human fetal cerebral
cortex, the existence of an early functional cortical connectivity
offers new insights on early activity-dependent processes. In
perspective, it shows an original outlook on sensory expectant
brain organization and on the potentialities of environmental-
protective modifications.4

Additionally, myelination and apoptosis phenomena are pre-
sumably particularly more intense in this period than at any other
time of an individual’s life.5 Myelination is a process that, although
genetically controlled, is markedly influenced by neuronal
activity.6 Synaptogenesis and synapse elimination hold a major
role in the plasticity of the developing nervous system and
environmental experiences might have important effects on the
development of neural function during this organizational period.7

In fact, enrichment and deprivation studies have evidenced the
powerful role of experience on brain development.8–10 More
specifically, deprivation of sounds or specific auditory stimuli in
the NICU have been shown to impact on the auditory cortex
maturation.11 Thus, the integrity of the brain developmental
process depends absolutely upon the presence of the right neural
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elements appearing at the appropriate developmental moment,12

based on an optimal interaction with environmental stimulations
and endogenous activity. Because of the extreme complexity
inherent to brain development across different GAs, the nervous
system displays individual and specific responses to early life
events. Literature has evidenced early developmental brain
abnormalities in preterm infants that can hold a negative impact
on development, correlating with later specific neuropsychologi-
cal deficits, comprising regional cortical and subcortical volumes
loss,13–19 as well as alteration of connectivity patterning of brain
networks and their microstructural characteristics.20,21

Sound environment in the NICU is an example of a drastic
change in environment that preterm infants have to face,
exposing them to a direct, erratic, unpredictable, and noisy
auditory environment, different from the rhythmical, coherent,
familiar, and indirect auditory environment of the mother’s womb.
Indeed, the advanced equipment present in the NICU implicates
frequent high sound pressure levels and high-pitched sounds,22

often exceeding the general recommendations.23 This loud,
unorganized, and unpredictable noise might contribute to the
neurocognitive burden observed in preterm birth, comprising
behavior and socio-emotional deficits, such as attention deficit
disorders24 and/or alterations in early communicative skills.25,26

On the other hand, some networks might develop early in
response to events such as prematurity, which occurs in a period
when the brain has the capacity to re-organize its networks. It has
been shown that, in comparison to full-term infants, preterm
infants at term-equivalent age evidence a decreased connectivity
between thalamus and prefrontal, insular, and anterior cingulate
cortex, but an increased functional connectivity between thalamus
and lateral primary sensory cortex, suggesting the role of early
experiences of premature extra-uterine life in network modulation
and development.27 Moreover, in a clinical study, premature
babies with higher neuronal activity measured by electroence-
phalography (EEG) during the first 72 h of life subsequently
showed better growth and myelination of the brain.28

Environment has definitely been shown to play a major role in
child development,29 and the preterm infant is an active
participant in its world and actively selects specific elements of
his or her environment.30 Additionally, parents do not simply
mediate environmental stimuli, but are part of the environment
itself, changing their interaction according to the infant’s needs,
reactions, and requests and impacting on his socio-emotional
development.
A number of protective actions are nowadays at the core of

early intervention programs in the NICU, and their aim is to sustain
preterm infants’ development by empowering their potentialities.
Early interventions in the NICU, well known as “developmental

care” or “brain care” interventions, aim to protect the preterm
infant from the noxious environmental sources of stress, such as
pain or exceeding levels of sound or light, using specific
behavioral techniques and the parental early involvement in
infant’s care.31

Early interventions in preterm infants have been shown to hold
a significant impact on cognitive, behavior, and motor outcome at
preschool age, although it is still not known what specific
environmental factors ultimately contribute to enhance brain
development.32–36 In sum, one of the key points in preventive
perinatal medicine is the timing of the intervention (i.e., the level
of maturation of the brain at the moment of the intervention) and,
thus, the degree of activity-dependent plasticity of the developing
brain. The intensity of neuronal plasticity mechanisms during the
third trimester of life, whether in or ex utero, could imply that early
interventions in this specific period are more effective than later
in life.
Neonatal care is evolving towards integrating the approach of

precision medicine, which aims at identifying early precursors
of developmental problems as well as early windows of

opportunities for prematurely born newborns. The main atypical
neurodevelopmental trajectories of prematurity, such as cognitive
and socio-emotional difficulties, are in the center of the efforts for
a precision medicine approach in newborn care. Biomarkers have
been developed to identify early precursors of such atypical
trajectories in the first weeks of life in the NICU, and neuroimaging
tools including magnetic resonance imaging (MRI) and EEG, have
proven valuable in assessing sensitive or critical periods of brain
plasticity and resilience. Masten and Obradovic37 define resilience
as the ability to cope with biological or environmental stressors
normally linked to adverse outcomes. Genes and their expressions
are considered to play a crucial role in the individual infant’s
resilience and his ability to positively respond to environmental
stressors,38 but individual variations regarding the quality of early
socio-emotional experience can impact the infants’ regulatory
capacities and, thus, his or her resilience. Each infant shows
different abilities to re-organize his or her development in co-
regulation with the caregivers and the general social context.39

These abilities to re-organize the brain and behavioral functions
encounter variations in parental care and might modulate the
degree of severity of the disabilities.
Future research challenges comprise the link of specific early

interventions with neurobehavioral development through dedi-
cated assessments, brain development owing to neuroimaging
techniques, and genetic and epigenetic factors through devoted
specific analysis techniques allowing researchers to understand
further how epigenetic factors modulate gene expressions in
interaction with environmental contexts.
In this paper, we introduce early vocal contact (EVC) and music

as two resilience-inducing actions, which share the important
auditory sensory medium as a basis and that the trained medical
staff and nurses can implement in their daily routine.
In the first part, we briefly outline the main aspects of voice and

music perception in newborns. In the second part, we describe the
potential protective and preventive actions of EVC and music in
the NICU.

NEWBORNS ORIENT TO THE HUMAN VOICE
In adults, vocal sounds elicit significantly greater activation than
non-vocal sounds in several regions of non-primary auditory
cortex and there are no regions of human brain showing greater
activation for non-vocal than for vocal stimuli.40 The voice-
selective regions are mainly located along the bilateral superior
temporal gyrus (STG) and sulcus (STS).40 In adults, several findings
have demonstrated the implication of the anterior part of the STS
in voice recognition and speaker identity processing.41–45 Familiar
voices, when contrasted with unfamiliar voices, activate predomi-
nantly the right anterior STS and other brain regions, such as the
right amygdala, the parietal lobe (e.g., precuneus), and the
fusiform gyrus.43

Already few hours or days after birth, neonates are orienting to
human voices and they possess a strong endowment to process
speech:46 they can process phonetic differences between
syllables,47,48 they can discriminate between different speakers,47

and they are sensitive to small changes in prosody.49,50 Even if
neural substrates underlying spoken language were found in both
hemispheres, comprising the left and right temporal cortices and
the left inferior frontal cortex,51 human infants seem to show a
left-hemisphere predominance to process specific properties of
speech,49 but the emotional characteristics of the speech46 and
the novelty-related responses52,53 are mainly processed in the
right hemisphere. Interestingly, newborns can also discriminate
between singing and speech, sharing the same linguistic content,
and are more activated by rich prosodies.50

Furthermore, full-term newborns have a clear preference to
familiar voices and languages. They can recognize familiar
components of the language,54 which suggests the development
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of a sophisticated cortical organization towards voices well
before birth.
The ability to recognize their mothers’ voice develops in utero,

already between 33 and 34 weeks of GA.55 A number of studies
have demonstrated the abilities of the newborn to respond
differently to the maternal voice compared to an unknown female
voice.52,56,57 Further neuroimaging studies have revealed that the
mother’s voice elicits a left-dominant brain activation pattern in
the temporal lobe, whereas the stranger’s voice elicits more voice-
specific responses in right temporal lobe, which was also
evidenced in 2-month-old infants.58

In contrast, the processing of maternal voice by premature
infants develops in an atypical acoustic and human environment.
As a result, unlike full-term newborns, premature newborns at
term-equivalent age showed altered recognition capabilities when
compared to full-term newborns.59 However, also preterm infants
show specific abilities and orientations to voices. Their ability to
perceive their own mother’s voice is evidenced around 34 weeks
of corrected age, based on studies using the mother’s voice or
sounds as an early intervention.60–62 Moreover, the repeated
exposure to maternal sounds during the first month of life of
preterm infants may enhance the anatomical development of
their primary auditory cortex, suggesting an adaptive and
experience-dependent brain plasticity specific to maternal
sounds.63

Preterm infants, before term corrected age, react differently to
vocal and non-vocal sounds, significantly decreasing their heart
rate in response to human voices whereas their heart rate was
increased following artificial sound peaks of similar intensities.64

They can discriminate a change of syllable (/ba/ vs. /ga/), as
showed by functional optical imaging (functional near-infrared
spectroscopy (NIRS)) through an activation of a network of
temporal and frontal areas, but limited responses were found to a
novel voice (male vs. female voice).65 Additionally, 10 weeks
before term they show discriminative responses for subtle
phonetic contrasts based on a fine-grained temporal coding.66

Preterm infants at around 30 weeks GA also seem to discriminate
their mothers’ voices from the voices of other women, as
suggested by differences in cortical activation in the left and
right frontal areas to the voices of their mothers and female
nurses.67 Their response to linguistic stimuli seems to be related to
the GA at birth, with an increase in GA associated with greater ERP
differences in response to various speech sounds (Table 1).68,69

MUSIC PERCEPTION IN NEWBORNS
Music listening implies a complex process in the brain that
involves multisensory responses,72 triggering both cognitive and
emotional components with distinct neural substrates.73,74 In fact,
human neural processing of music involves a widespread bilateral
network of cortical and subcortical areas, extending well beyond
the auditory cortex and including temporal, frontal, and parietal
subcortical areas and, in particular, limbic and paralimbic regions,
integrating several auditory, cognitive, sensory–motor, and emo-
tional functions.74–76 Functional neuroimaging studies on music-
evoked emotions show changes in activity in various regions,
comprising amygdala, hippocampal formation, ventral striatum
(including nucleus accumbens), ventral pallidum, pre-
supplementary motor area (SMA), cingulate cortex, insula, and
the orbitofrontal cortex, which constitute brain core regions
involved in emotion processing77 and are also key areas of deficits
in preterm infants.20,75,78,79

In a recent review, the existing studies on neural processing
have been summarized and provide evidence for early existence
of music processing capacities.80 Indeed, distinct event-related
potential response has been observed in full-term newborns in
response to variation of relative pitch,81–83 timber,58 resonance

scale,84 and minor/major chords.85 Full-term newborns have also
been show to detect beat alteration86 and variation in tones
presentation rate.87 Also, full-term newborns seem to be able to
extract pitch trends from a sound sequence and a discriminative
mismatch response to deviation from the pitch trends has been
observed using EEG.88 Using fMRI, Perani et al.89 observed
differences in brain activations in full-term infants, of 1 to 3 days
old, when listening to either consonant music or altered versions
(dissonant or with sudden key shifts). Consonant music led to
activation of the right auditory cortex as well as of the amygdalo-
hippocampal complex, whereas altered music led to an increased
activation of the left inferior frontal gyrus and the left amygdalo-
hippocampal complex. In contrast to the aforementioned results, a
study using NIRS90 showed no lateralization during music
processing in full-term newborns.
The ability of learning music seems to be present already in the

fetus, with behavioral and electrophysiological studies evidencing
in full-term newborns a preferred response for melodies heard
during fetal life.91 In full-term newborns exposed to music during
the last weeks of pregnancy, a decreased heart rate was
demonstrated while listening to the same music.92 When listening
to an altered melody (12.5% of notes changed within the extract),
EEG at birth and at 4 months resulted in a different electrical brain
response than when listening to the original melody heard during
fetal life. In addition, the magnitude of this difference was
correlated with the number of antenatal exposure to the
melody.93 These cardiac and brain electrical responses have been
linked by these authors to memory for the melody heard during
the fetal life.
The ability of newborns to process music could have its origins

in exposure to sounds present during the last trimester of
pregnancy, in the mother’s womb, where the fetus can acquire the
basics for the treatment of the fundamentals of the music and
language, such as rhythm, metrics (sounds from the heart and the
mother’s breathing), pitch, and melody referring to prosodic
aspects (mother’s voice), and so on (Table 2).94

THE EARLY VOCAL CONTACT IN THE NICU
The EVC is a special form of early intervention that actively
involves parents in emotional and meaningful vocal contact with
their infants.95 It sustains preterm infant’s physiological stability,61

it increases the amount of time that parents spend in face-to-face
interactions with their infants in the NICU, extending the
occurrences of early co-regulations within the dyad, by means
of voice.96 Finally, it enhances emotional contact between parents
and preterm infants in the NICU,97 with potential long-term
impacts on parent–infant synchrony. However, no studies until
now evaluated the effect of EVC on preterm infant’s brain
development through neuroimaging techniques.
The rational basis of EVC has been conceived and presented in

its multiple perspectives.95 In particular, three arguments on which
the EVC is based have been identified and are following described.

EVC supports synchrony and facilitates intuitive parenting skills
In the past decades, there has been an exponential increase in
studies evaluating the effects of the maternal and other voices,
either direct or recorded, on the preterm hospitalized infant.98,99

The majority of studies evaluate the effects of maternal voice,
direct or recorded, on short-term indicators of a mainly physiological
nature. The most evident result is that maternal vocal intervention
promotes the stabilization of physiological and behavioral para-
meters of the premature infant, with a decrease in critical events,
regulation of the heart rate and stabilization of the respiratory rate. It
is therefore assumed that this intervention may have effects on the
regulation of the autonomic nervous system both directly and
indirectly through, for example, the hormonal system.
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Several studies of multidimensional parental intervention—for
example, during the skin-to-skin contact—have shown that EVC
during the hospitalization period also has positive effects on
reducing parental anxiety and also can sustain early attachment
processes.100,101

In this context, EVC can be a preferred tool for maintaining
synchrony in early social interactions with hospitalized premature
infants.
The synchrony between human beings is based on a shared

rhythmic experience that coordinates exchanges during social
interactions. Reciprocal synchrony-regulated exchanges are not
only vocal and auditory, but lead to biological co-regulation in
which hormones and physiological responses play a fundamental
role, whereas a lack of synchrony can have a detrimental impact
on communication.102 A kind of asynchrony has been described in
premature dyads: biological dysregulation of premature infants
affects parenting behavior and their mothers tend to have less
consistent and less synchronized social contact with their
infants.103 Early contact experiences, such as skin-to-skin contact,
can change these patterns into more cohesive styles. This brings
mothers and fathers to be more sensitive and less intrusive and
preterm infants to have better arousal modulation and more
sustained exploration abilities.104

EVC is multisensory and redundant contact
Defining the optimal sensory experience for premature newborns
is complex. However, some indications can be made by observing
the characteristics of the prenatal and postnatal sensory and
cerebral development of the fetus and the newborn.105

In the early stages of newborn development, the senses work in
synchrony and the various sensory systems provide intermodal
information about objects and events.106 Since birth, newborns are
sensitive to audiovisual synchrony,107 especially for speech and
faces. The maternal voice facilitates the recognition of the maternal
face from birth:108 prior experience with the mother’s voice and
face together is necessary for the development of facial recogni-
tion, which shows that intermodal perception is evident at birth.
Thus, the ability of newborns to recognize the mother’s face is more
likely to be rooted in the prenatal learning of the mother’s voice.
In conclusion, the vocal contact, during development, supports

the coupling with visual stimulus (looking at the mother’s face)
and encourages the experiences of neonatal mimicry (gestures
and voices).

EVC can impact the communicative and social skills of the
premature newborn
The etiology of language disorders in premature infants is
multifactorial and is related to the “degree of prematurity,
neonatal morbidity, severity of the disease, gender, language
environment in the intensive care unit and at home, the level of
maternal education, the social and environmental status of the
family, and access to early intervention”.109 Although there are
other factors involved, the loss of biologically significant auditory
stimuli, in particular with the maternal voice, seems to have a
particularly important role in the development of language and
communication skills for premature newborns.
Premature babies react to emotional voices and voice of the

mother with the typical characteristics of the “baby talk,” which
can regulate their behavior.110 In turn, the mother’s direct voice is
regulated by changes in the baby’s condition and behavior,96 and
early exposure to adult language during hospitalization111

improves their language development.112 As social and commu-
nication skills are acquired, for the newborn at term, from the first
moments of life, in contexts of social interaction, the prematurity
can affect synchrony in the mother–baby dyad, with subsequent
differences in language and socio-emotional abilities.113
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MUSIC INTERVENTION IN THE NICU
For about a decade neonatologists have been investigating the
potential role of music in the NICU114 and for designing such
interventions is relevant to understand how the preterm infant’s
brain processes music. Using EEG, the ability to process relative pitch
has been shown to be present in near-term premature infants.115

Furthermore, a right functional lateralization when processing pitch
deviant was shown in 35-week-old preterm infants.116 However, at
1 month of age, extremely preterm infants showed smaller auditory
event-related potentials in response to deviant tone than moder-
ately preterm infants.59 Thus, the ability to process tones may be
impaired by extremely early birth or by increased time spent in
NICUs, with loud noise and deprivation of meaningful sounds. As
stated above, the presence of meaningful sounds is necessary for an
appropriate maturation of the auditory system117–119 and music has
been thought as a developmental care intervention in NICU that
may provide meaningful sounds when presented in a meaningful
context. It comprises both sound and silence expressively organized
in time and is known to involve a widespread bilateral network of
cortical and subcortical areas, extending well beyond the auditory
cortex. Music intervention during NICU stay might thus hold the
potential to modulate neural networks known to be affected early in
development by prematurity.
A number of authors have considered the effects of listening to

music on premature infants’ physiological data. Studies on early
enrichment of NICUs environment by music have used different
types of music and different protocols regarding the amount of
music exposure, delivery method, GA of the infant, leading to
equivocal results.63,120–122 However, although some studies have not
shown any effect of exposure to music on the newborn, none have
noted a negative effect and most of them observed a stabilizing
effect of music on heart and respiratory rhythms, a decrease in
apnea and bradycardia counts per day, an improvement in diet,
greater weight gain, and more mature sleep patterns.120,121,123

Nevertheless, so far there is little data regarding the effects of a
music intervention on preterm infants’ brain development. Webb
et al.63 evaluated the effects of recorded sound intervention on
brain development through ultrasonography. They described a
larger auditory cortex in preterm infants who had an enrichment of
their environment for 1 month through filtered maternal voice and
heartbeat sounds. These results suggest an effect of NICUs sound
enrichment on preterm brain maturation. A recent study by our
group124 explored the cortico-subcortical music processing of
different types of music conditions (Original music, Tempo
modification, Key transposition) in newborns shortly after birth to
assess the effective connectivity of the primary auditory cortex with
the entire newborn brain, showing that music stimuli are indeed
processed on multiple cortical levels beyond auditory cortex only.
This study also for the first time assessed the effect of a music
intervention during the NICU stay from 33 weeks to term-equivalent
age, when the intervention group listened to specifically composed
tunes of 8min. The results showed that neural music processing was
influenced by the music intervention. Auditory cortex functional
connectivity with cerebral regions known to be implicated in tempo
and familiarity processing were identified only for preterm infants
with music training in the NICU. The increased connectivity between
auditory cortices and thalamus and dorsal striatum, as found in this
study, may not only reflect their sensitivity to the known music and
the processing of its tempo as familiar, but these results are also
compatible with the hypothesis that the music that they listened
previously induces a more arousing and pleasant state. Furthermore,
we recently showed that this music intervention also changed
resting state functional connectivity in preterm infants. Indeed,
decreased functional connectivity was observed in preterm control
infants when compared to full-term newborns in a neural circuitry
involving the Salience Network, a network thought to be implicated
in relevant internal or external stimuli detection and generation of
appropriate behavioral response. Functional connectivity was

decreased in preterm control infants between Salience Network
and regions implicated in sensory processing, as well as networks
underlying cognitive functions and behavioral and emotional
regulations. Preterm infants with music intervention showed brain
functional connectivity more similar to those of full-term newborns
between these same regions, namely, the salience network with the
superior frontal, auditory and sensorimotor networks, and thalamus
and precuneus networks. Thus, music intervention seems to lead to
a functional brain circuitry in preterm infants more similar to those
of full-term newborns.125

Finally, emotional regulation capacities of these patients were
evaluated at 12 and 24 months of corrected age using four
episodes of the Laboratory Temperament Assessment Battery
(assessing expressions of joy, anger, fear, and sustained attention).
Preterm infants in the music group showed more similar fear
reactivity at 12 months of age and anger reactivity at 24 months of
age to full-term infants than preterm control infants. Thus, early
music intervention in NICU seems to have long-lasting effects on
neurodevelopment in preterm infants and especially on emotion
regulation capacities.126 However, the effect of music interven-
tions, including type of music and amount of exposure in the
NICUs on the future brain development, music processing abilities
and later cognitive and behavioral outcome remains to be further
explored.

CONCLUSIONS
Despite the reported short-term benefits of maternal, direct and
recorded voice and music, there is still a lack of scientific evidence
of the long-term effects of these early interventions, both in terms
of cerebral anatomical development and infant neurodevelop-
ment. To evaluate the effectiveness of direct and recorded
maternal voice interventions, it is necessary to clarify what factors
determine the observed effects and the conditions under which
interventions are delivered. The direct maternal voice has been
subject of very few studies, particularly with regard to its potential
long-term effects on parenting skills. The long-term effects on
dyads and triads, with both parents involved in the intervention,
must be carefully considered.
A recent review of the literature114 points out that it is necessary

to examine the long-term neurodevelopmental outcomes of early
voiced and musical interventions. Specific assessments of their
impact on brain growth, structural, and functional connectivity in
preterm infants are underway, but long-term functional outcome
regarding language development, the effect on behavior, and
emotional regulation of children, as well as their abilities to establish
or use social interactions for their regulation, need to be explored.
Nevertheless, these interventions could have an important role

in the family-centered developmental care strategies and deserve
to be considered and discussed by the scientific and medical
community.127–129
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