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Introduction: Premature birth is associated with long-term somatic and
neurological disorders, including cognitive, social and behavioral
impairments. Moreover, the mothers of infants born preterm exhibit a higher
prevalence of anxiety and depressive symptoms after birth. Early
rehabilitation, developmental care, and parenting support have already been
shown to have a positive impact on neurological outcome. However, no
randomized controlled study has so far assessed the effects on parenting
and long-term neurological outcomes of proprioceptive stimulation to
trigger positive brain plasticity in very preterm babies. The CALIN project will
therefore investigate the impact of sensory-tonic stimulation (STS) of
extremely preterm infants by their parents on child parent interactions,
infants’ morphological and functional brain development and subsequent
cognition (including social cognition), and parents’ anxiety and depressive
symptoms in the postpartum period.

Methods and analysis: Infants born between 25 and 32 weeks of gestation will
be randomly assigned to the “STS + Kangaroo care” or “Kangaroo care” group.
The primary endpoint, child and parent interactions, will be rated at 12 months
corrected age using the Coding Interactive Behavior system. Secondary
endpoints include: 1/functional and anatomical brain maturation sequentially
assessed during neonatal hospitalization using electroencephalogram (EEG),
amplitude-integrated EEG (aEEG), cranial ultrasound and MRI performed at
term-corrected age, 2/social and cognitive outcomes assessed at 15 months,
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2, 4 and 6 years, and 3/parents’ anxiety and depressive symptoms assessed at 7 +1
weeks after birth, using dedicated questionnaires.

Ethics and dissemination: This study was approved by the French Ethics Committee for
the Protection of Persons on 18 October 2021. It is registered with the French National
Agency for the Safety of Medicines and Health Products (ANSM; no. 2020-A00382-37).
The registry number on ClinicalTrials.gov is NCT04380051.
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1. Introduction
1.1. Background

In 2018, the World Health Organization (WHO) estimated
that 15 million children are born prematurely each year
worldwide. The number of newborns surviving a premature
birth has gradually increased over the years (1, 2). However,
many of those will exhibit varying degree of neurological
the the
morphological picture of brain insults due to prematurity has

impairment. In recent decades, clinical and

changed. Classically, extensive clastic injuries (e.g., cystic

necrosis of white infarction of brain

parenchyma)
moderate to severe cognitive impairment. Since the 1990s,

matter, large

most often led to cerebral palsy and/or

however, their incidence has dwindled, and they have been
supplanted by less prominent and more diffuse brain damage
leading to the loss of vulnerable cells and impaired brain
development (3-5).

Nowadays, the spectrum of neurodevelopmental outcomes
of preterm babies broadly includes deficits in language, gross
and fine motor skills, behavior, and cognition (especially
executive functions and social cognition). The severity of the
clinical picture is related to the degree of prematurity (6-12).
Many brain areas undergo a sensitive period of development
during the third trimester of gestation and after birth, during
which sensory input shapes neurological maturation and
future function. This is the case of the median prefrontal
cortex, temporoparietal junction and posterior temporal sulcus
(involved in cognition and social cognition) (13-15), the
cerebellum, as well as visual, olfactory and somatosensory
pathways (16). Premature birth dramatically modifies the
context of this developmental window. During hospitalization,
the developing brains of infants born preterm are exposed to
stimuli that may be detrimental to their maturation (17) with
either too much or too little sensorial input (18). This is
referred to as dystimulation.

Furthermore, premature birth disturbs early infant-parent
interactions, and ultimately relationships with others. Preterm
infants are not only separated from their parents, but placed
in a stressful, technical, and potentially painful environment.
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Comorbidities and sedation have a negative physiological
impact and reduce their availability for interaction. On the
parental side, the idealized postnatal period is replaced by an
anxious-and even traumatic—experience (19-21). Parents often
express guilt and anxiety about the survival of their child and
their parenting skills. A higher prevalence of parental anxiety,
postnatal depression and posttraumatic stress disorder has
been observed in the mothers of infants born preterm (22),
even up to 18 months after birth (23).

Finally, prematurity severely disturbs the ability of both
parents and newborns to interact and find reassurance. More
than 35% of children born preterm subsequently exhibit
insecure attachment behavior in relationships with others
(24). Given that studies have demonstrated a longitudinal link
between attachment security and cognitive development
(25, 26), specially social cognition (27, 28), it seems important
to study the effects of disturbed early interactions on child
development, and to test the potential of intervention
programs to efficiently minimize these effects.

Developmental care has been implemented in many
neonatal intensive care units (NICUs) to overcome the
difficulties described above. The “Kangaroo mother care” and
the
Assessment Program” (NIDCAP) are among the most studied

“Newborn Individualized Developmental Care and
and practiced in the world. Fundamentally, those approaches
place the family at the center of the newborn care, promoting
affective contact with parents, and aiming at reducing
dystimulation and sleep wake cycle interruptions (29). Those
methods have shown positive effects on weight gain, sleep
(EEG)

activity, duration of hospitalization, some items of long term

wake cycle interruptions electroencephalographic

cognitive development and maternal anxio-depressive
symptomatology (30-34). The involvement of parents in care
is associated with many benefits: for the parents, it enhances
the parenting process, their perception of their child, their
sense of competence, and their attachment; for the child, it
has a positive impact on cognitive and motor development,
on executive function disorders and psychological disorders
(31, 35-37).

Several teams are now investigating whether the focused

enrichment of infants’ sensorial input provides an additional
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effect to developmental care. Exposure to sounds such as
maternal heartbeat, voices and music are promising avenues
(38-42). Some studies have documented effect of somesthetic
stimulation (43, 44). These interventions variably associate
skin contact, massage (sliding on the skin), kinesthetic
stimulation (movement of the child’s limbs) and positioning.
In most experimental protocols, those interventions have been
performed one to three times a day, after feeding, during 5 to
10 days, (39). Those
interventions were associated with an increase in weight gain,

on moderately preterm babies

lymphocyte natural killer activity (associated with a reduction
of the incidence of late neonatal sepsis), as well as a decrease
in pain response. A reduced length of stay in hospital and a
better developmental score at 12 and 24 months were
reported (43, 45-47).
longitudinally the effectiveness of early tactile and kinesthetic

However, studies evaluating
interventions on several key aspects of extremely preterm

children development are still sparse.

1.2. Objectives and hypotheses

The overall aim of this study is to assess effect of a sensori-
tonic stimulation (STS) provided by parents, associated with
kangaroo care, vs. kangaroo care alone, on the quality of
parent-infant interactions, parental wellbeing, and ultimately
brain maturation and cognitive outcome of infants born
preterm.

1.2.1. Primary objective

This study will investigate the benefits of early STS,
provided by one of the parents on its infant born preterm on
the developing interactions between them. We expect to
observe stronger interactions in the dyads who practiced STS
+ kangaroo care, than in the control group (kangaroo care only).

1.2.2. Secondary objectives

The present work will assess, in children born very preterm,
the effect of “STS + kangaroo care” vs. “kangaroo care” alone on:
1/the
2/the precursors of cognitive development at 15 months,

morphological and functional brain maturation,
3/psychomotor development at 2 and 4 years, and 4/cognition
including social cognition assessed at 6 years of age.
Moreover, this study will assess the impact of the
intervention on symptoms

of anxiety and depression

experienced by the parents of children born preterm.
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2. Methods
2.1. Design

The CALIN study is a prospective, multicentric randomized
study. The clinicians who carry out the assessments will be blind
to the result of the randomization. Participants will be recruited
in French tertiary neonatal centers equipped with Neonatal
Intensive Care Units.

2.2. Participants

2.2.1. Study population

Children born between very preterm and their parents will
be eligible if they meet the following inclusion criteria: 1/the
child is inborn, 2/birth between 25 and 32 weeks of
gestation and weight over 600 g at birth, 3/the child’s
hospitalization at the recruiting center is planned until 36
weeks corrected age, 4/the child’s parents have parental
authority and have agreed to participate in the study by
signing the informed consent, 5/the child’s parents are
available physically and mentally to participate in the study
and 6/the child and his/her parents are affiliated to the
social security system.

The exclusion criteria are the following: 1/the child is
hemodynamically unstable, 2/the child has a suspected
comorbidity (e.g., genetic syndrome, congenital malformation,
brain injury, skin pathology), 3/the child was born from a
multiple pregnancy, 4/the child was born anonymously, 5/the
child is to be separated from his/her parents (e.g., assigned to
infancy protection services).

If the child’s condition does not allow the practice of STS
(for example: hemodynamic compromise, enterocolitis), the
intervention may be temporarily discontinued until the
condition improves. The discontinuation and the resumption
of the intervention are decided by the medical staff in charge
of the child, who informs and explains the decision to the
parents. Newborns will not be excluded from the intervention

group.

2.2.2. Sample size calculation

The sample size has been calculated so that a two-tailed test
will detect a significant difference in the primary endpoint
(Coding infant behavior scale at 12 months corrected age, see
below), with a power of 90% and a significance level of 0.05
(alpha value). Forty-eight infants would be required in each
group (NQuery 4.0° software). In anticipation of loss to
follow-up, the target size has been increased by 20%, such
that 60 children will be included in each group, resulting in
inclusion of a total of 120 infants.
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2.2.3. Randomization

The newborns and their parents will be randomly assigned
to either the experimental group or the control group. Those in
the experimental group will participate in the STS intervention,
in addition to kangaroo care. The control group will benefit
from kangaroo care alone. Besides that, the medical and
nursing care will be the same, regardless of the outcome of
the randomization.

2.3. Intervention

Sensory-tonic stimulation (STS) refers to a protocolized,
tactile, vestibular and kinesthetic stimulation, provided by a
parent to her/his baby born preterm. This proprioceptive
stimulation is carried out using an enveloping and continuous
touch with a moderate pressure, as described in the literature
(48, 49).

STS will be adapted to the newborn’s term and level of
development, broadly stratified into three stages (25-30, 31-34
and 35-36 corrected age, respectively). The preterm infant is
either installed in a microbead baby nest in the incubator or
on the changing table, depending on the newborn’s usual
arrangement and maturity. This position facilitates the
sensory-tonic care, the observation of the behavior of the
newborn, her/his signs of comfort and discomfort, and her/his
state of alertness. At each stage, the stimulation begins with a
two-handed enveloping contact with the child lying on his or
her back: one hand on the trunk, the other hand supporting
the pelvis, with the legs folded. Then, the hands slowly slide
under the child’s head/neck and pelvis, to lift the child and
perform vestibular stimulation with gentle rocking motions.
As the child matures, the parent adds hand movements along
the child’s limbs, then slow flexion-extension movements. The
approximate duration of each step is between fifteen seconds
and one minute, depending on the baby’s tolerance and the
step considered. Moving on to each next step requires a
favorable state of alertness and the absence of signs of
discomfort. As much as possible, the contact and gentle
hands
continuously maintained. At all times, if signs of discomfort

pressure between the and the baby’s skin are

are observed: a comfortable and calming position is
maintained (usually lateral roll-up).

Parents will be coached by a trained, designated professional,
initially using a mannequin. They will also be shown a training
video and given an illustrated training booklet covering all the
steps of STS. They will begin from the 10th day after birth
and when the parents feel ready to perform it and will
continue until discharge from hospital or 36 weeks corrected
age. STS should be carried out 5 times per week, 5-15 min
each time. STS will be performed when the newborn exhibits

quiet alertness (State 3 or 4 according to Brazelton (50)). The
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intervention will be interrupted if signs of discomfort are
detected in the newborn or his/her parents. Once a week, a
trained psychologist or psychomotor therapist will supervise
the parent’s gestures and discuss his/her experience.

“Skin to skin care” will be practiced without any restriction
in both groups, following local policies. In the experimental
group, newborns and their parents will participate in STS in
addition to kangaroo care. The time, number, duration of each
skin-to-skin care or STS will be collected, as well as somatic
stability, initial and maximal state of alertness of the baby (51).

Preterm babies will benefit from the usual neonatal
intensive care, following the local policies of each center.

2.4. Assessments and outcomes

An overview of the different assessments and outcomes is
provided in Figure 1.

2.4.1. Primary outcome

The quality of interactions between the very premature
infants and their parents will be scored at 12 months
corrected age using the Coding Infant Behavior system (CIB)
(52). The the
interactions by observing the occurrence of behaviors along

latter assesses quality of child-parent
six dimensions: parental sensitivity, parental intrusion, child’s
child’s
engagement, dyadic reciprocity, and negative dyad states. This

social ~engagement, negative emotionality and
scale is validated from birth to 3 years of age and has shown
a great sensitivity in scoring interactions in many social
and/or pathological situations (53). Early CIB scores have
previously been correlated with cognitive development (54).
We  will

interactions during free play. Observations will be double-

record two 15min sequences of child-parent
quoted by professionals trained to use the CIB, blinded to the
randomization group. The main judgment criteria will be the
score in “child’s social engagement” dimension of the CIB
system. The Secondary judgment criteria will be the scores in

the other dimensions of the CIB system.

2.4.2. Secondary outcomes
2.4.2.1. Morphological and functional development of
the brain
All the data yielded by the following paraclinical examinations
will be anonymized and sent to the main investigating center
for centralized review. They will be interpreted by two experts
for each technique used, blinded to the randomization group.
Serial cerebral ultrasound scans will be performed during
the infants’ NICU stay, following a standardized protocol.
will be the
classification for intraventricular hemorrhages, 2/according to

Lesions classified: 1/according to Papille
the De Vries classification for periventricular leukomalacia

(55). Moreover, several two-dimensional measurements will be
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FIGURE 1
Design of the study, overview of assessments and outcomes.

performed on ultrasound scan to assess brain growth:
interhemispheric distance, ventricular width, thickness of
motor and somatosensory cortex, diameter of thalami and
cerebellum.

Brain magnetic resonance imaging (MRI) will be performed
at term-corrected age including a diffusion sequence, following
a standardized protocol of acquisition. Imaging will be
interpreted according to Kidokoro (56). Moreover, regional
brain volumes will be quantified using semi-automatic, post-
hoc segmentation.

EEG and amplitude-integrated EEG will be sequentially
EEG their
interpretation will follow the guidelines of the French society

recorded. Timing of the recordings and

of electrophysiology (57).

2.4.2.2. Sequential assessment of cognition and
psychomotor development

Precursors to cognitive development will be assessed at 15
months corrected age using the “Batterie d’Evaluation
Cognitive et Socio-émotionnelle” (58). This psychometric tool
assesses cognitive and socio-emotional development in young
children up to 24 months, based on standardized activities
and standardized sequences of interactions between the

psychologist and the child.

Frontiers in Pediatrics

05

Child development at 2 and 4 years will be measured using
the Ages and Stages Questionnaire (ASQ 24 and ASQ 48)
(59). Those questionnaires, filled by parents, include 30
items assessing five areas of development: communication,
gross motor skills, fine motor skills, problem solving, and
individual or social skills. A French, validated translation is
available, featuring age-appropriate questions corresponding
to the child’s expected level of development and normative
data.

Cognitive and social development will be assessed at 6
years using an extensive set of neuropsychological tests and
theory of mind tasks: 1/Global intellectual abilities will be
assessed with the Wechsler Intelligence Scale for Children
(WISC-V). This has Verbal
Comprehension, Visual Spatial, Fluid Reasoning, Working

scale five main indices:
Memory, and Processing Speed and allows calculation of a
global intellectual quotient. 2/To assess attention, inhibition
and mental flexibility, The NEPSY’s Auditory Attention and
Associated Responses subtest will performed (60). 3/The
NEPSY’s Sentence Repetition subtest will be used to assesses
phonological working memory abilities through a task
where participants have to repeat sentences of increasing
length and complexity (60). 4/The Test of Everyday
Children (TEA-CH)’s
subtest will attention and inhibition abilities through a

Attention for Opposite  Worlds

frontiersin.org


https://doi.org/10.3389/fped.2022.913396
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Guittard et al.

pointing task in response to a verbal cue (61). 5/The Raven
Matrix Test
through a reasoning by analogy task (62). 6/Social cognition

assesses nonverbal intellectual efficiency
will be assessed using Cognitive and Affective theory of

mind abilities tasks (63-69).

2.4.2.3. Parental anxiety and depressive symptoms
Anxiety and depressive symptoms will be assessed in both
parents at 7 weeks+1 after birth. Maternal anxiety and
depressive symptoms will be measured using the State Trait
Anxiety Inventory (STAI-Y), Parental Stress Index (PSI), Beck
Depression Inventory (BDI), Edinburgh Postnatal Depression
Scale, and Modified Perinatal Post Traumatic Stress Disorder
Questionnaire. As some of these scales are not suitable for
rating fathers, they will be replaced with non-gender specific
scales. Paternal anxiety and depressive symptoms will
therefore be measured using the STAI-Y, PSI, BDI, and
Posttraumatic Stress Disorder Checklist for DSM-5 (70-75).

2.5. Data analysis

First, we will carry out a descriptive analysis of the data,

with means and standard deviations, and counts and
percentage for the quantitative and qualitative variables,
all the group

(experimental vs. control) will be the independent variable.

respectively.  For subsequent  analysis,
The scores obtained on each scale will be the dependent

variable.

2.5.1. Statistical analysis of primary outcome

The main judgment criteria (score in the “child’s social
engagement” dimension of the CIB at 12 months) will be
compared between the experimental group and the control
group using a Student or Mann-Whitney test, depending on
the application conditions.

Secondary judgment criteria (scores in the other
dimensions of the CIB at 12 months) will be compared
between the experimental group and the control group using
a Student Mann-Whitney test, the

application conditions.

or depending on

2.5.2. Statistical analysis of secondary outcomes

All secondary outcomes are quantitative measures. For all
the of the
experimental group with those of the control group, according
the distribution of the data,
nonparametric tests (Student’s f, Mann-Whitney, chi* or

these measures, we will compare scores

to with parametric or
Fisher’s exact tests), depending on the application conditions.

Correlations will be calculated between quantitative measures.
A p value of < 0.05 will be considered statistically significant.
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Statistical analysis will be performed with software “R*”(76).

3. Discussion

Although prematurity has been identified as a public health
problem by the WHO since 2010, studies assessing the efficiency
of early intervention programs are still sparse.

Developmental care and the kangaroo method (also called
skin-to-skin care) have been implemented in many neonatal
intensive care units (NICUs). These programs aim to reduce
dystimulation, sleep-wake cycle interruptions and enhance
affective contact with parents. They have been shown to have
many positive effects on weight gain, somatic development,
(EEG) (77),
complications, and duration of hospitalization (30, 78, 79).

electroencephalographic activity medical

Several teams are now investigating whether the focused
enrichment of infants’ sensory environment can improve
sensory input and, ultimately, brain development. Massage
and exposure to sounds such as maternal heartbeat, voices
and music are promising avenues that are currently being
explored (39, 40, 80, 81).

The present study will focus on sensory-tonic stimulation
(STS). Complementing the standard care designed to protect
premature newborns from all the usual dystimulation, the
STS

proprioceptive input, which is generally lacking in NICUs.

purpose of this intervention will be to improve
The sensorimotor cortex exhibits activity-dependent plasticity
during this crucial period of development (82, 83). In the
past, tactile stimulation of very premature infants in the form
of massage has had a positive impacts on physical growth
(e.g., weight, height) (48, 84), electroencephalographic (EEG)
activity maturation [35,37], sleep quality and stress behaviors
(e.g., crying, (43, 48),
measurements (e.g., IGF binding protein-3, glucose, insulin,

motor agitation) physiological
cortisol and thyroid hormones) (84), and early psychomotor
development (85, 86). Interestingly, this kind of intervention
may also have a positive impact on parents’ moods and skills.
Tactile, tender and affectionate contact increases plasma levels
of oxytocin and endorphins (associated with feelings of
wellbeing and happiness) in both the infants and their parents
(43). However, these studies are based on different protocols,
sample sizes, participants (parents vs. caregivers), and
stimulation duration.

One of the strengths of the CALIN study is to consider
different dimensions of the child’s development within its
family, analyzing the parents’ mood, early interactions,
psychomotor and long-term cognitive development, and brain
maturation. These different dimensions seem to interact with

each other over time.
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We are aware that the CALIN protocol has potential
limitations and biases. We may be challenged by potential
variability in stimulation time if parents continue to practice
STS after the infant has left hospital. We also expect to a
risk of loss to follow-up due to the longitudinal design of
this study.

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found here: ClinicalTrials.gov NCT04380051.

Ethics statement

The studies involving human participants were reviewed
and approved by French Ethics Committee for the Protection
of Persons.

Author contributions

GL, AN and CG conceived the study and coordinated its
design. CG drafted the manuscript. SC supervised the writing
of the manuscript. CB and CG helped with implementation of
the study. GL is the principal investigator of the protocol. The
lead investigators are CG, GL, JE and AN. All authors
contributed to the article and approved the submitted version.

References

1. Larroque B, Ancel PY, Marret S, Marchand L, André M, Arnaud C, et al.
Neurodevelopmental disabilities and special care of 5-year-old children born
before 33 weeks of gestation (the EPIPAGE study): a longitudinal cohort study.
Lancet. (2008) 371(9615):813-20. doi: 10.1016/S0140-6736(08)60380-3

2. Ancel PY, Goffinet F. and the EPIPAGE-2 Writing Group. Survival and
morbidity of preterm children born at 22 through 34 Weeks' gestation in
France in 2011: results of the EPIPAGE-2 cohort study. JAMA Pediatr. (2015)
169(3):230-8. doi: 10.1001/jamapediatrics.2014.3351

3. Penn AA, Gressens P, Fleiss B, Back SA, Gallo V. Controversies in preterm
brain injury. Neurobiol Dis. (2016) 92:90-101. doi: 10.1016/j.nbd.2015.10.012

4. Volpe JJ. The encephalopathy of prematurity-brain injury and impaired brain
development inextricably intertwined. Semin Pediatr Neurol. (2009) 16(4):167-78.
doi: 10.1016/j.spen.2009.09.005

5. Back SA. Brain injury in the preterm infant: new horizons for pathogenesis
and prevention. Pediatr Neurol. (2015) 53(3):185-92. doi: 10.1016/j.
pediatrneurol.2015.04.006

6. Anderson PJ, Doyle LW. Executive functioning in school-aged children who
were born very preterm or with extremely low birth weight in the 1990s. Pediatr.
(2004) 114(1):50-7. doi: 10.1542/peds.114.1.50

7. Arpi E, Ferrari F. Preterm birth and behaviour problems in infants and
preschool-age children: a review of the recent literature. Dev Med Child Neurol.
(2013) 55(9):788-96. doi: 10.1111/dmcn.12142

8. Johnson S, Hollis C, Kochhar P, Hennessy E, Wolke D, Marlow N. Psychiatric
disorders in extremely preterm children: longitudinal finding at age 11 years in the

Frontiers in Pediatrics

07

10.3389/fped.2022.913396

Funding

The present research was funded by the French Interregional
Clinical Research Hospital Program (PHRC-I). C. Guittard’s
PhD research is funded by the American Committee of the
American Memorial Hospital of Reims.

Acknowledgments

We thank the American Committee for supporting the
activities of the American Memorial Hospital in Reims for
over 100 years. We thank the families who will participate in
this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

EPICure study. ] Am Acad Child Adolesc Psychiatry. (2010) 49(5):453-463.el.
doi: 10.1016/j.jaac.2010.02.002

9. MSc HM, Pitchford NJ, Hagger MS, Marlow N. Development of executive
function and attention in preterm children: a systematic review. Dev
Neuropsychol. (2009) 34(4):393-421. doi: 10.1080/87565640902964524

10. Baron IS, Kerns KA, Miiller U, Ahronovich MD, Litman FR. Executive
functions in extremely low birth weight and late-preterm preschoolers: effects
on working memory and response inhibition. Child Neuropsychol. (2012) 18
(6):586-99. doi: 10.1080/09297049.2011.631906

11. Bhutta AT, Cleves MA, Casey PH, Cradock MM, Anand KJS. Cognitive and
behavioral outcomes of school-aged children who were born PretermA meta-
analysis. JAMA. (2002) 288(6):728-37. doi: 10.1001/jama.288.6.728

12. Sun J, Mohay H, O’Callaghan M. A comparison of executive function in very
preterm and term infants at 8 months corrected age. Early Hum Dev. (2009) 85
(4):225-30. doi: 10.1016/j.earlhumdev.2008.10.005

13. Soto-Icaza P, Aboitiz F, Billeke P. Development of social skills in children:
neural and behavioral evidence for the elaboration of cognitive models. Front.
Neurosci. (2015) 9:333. doi: 10.3389/fnins.2015.00333

14. Saxe R, Kanwisher N. People thinking about thinking people: the role of the
temporo-parietal junction in “theory of mind.”. Neurolmage. (2003) 19
(4):1835-42. doi: 10.1016/S1053-8119(03)00230-1

15. Saxe RR, Whitfield-Gabrieli S, Scholz J, Pelphrey KA. Brain regions for
perceiving and reasoning about other people in school-aged children. Child
Dev. (2009) 80(4):1197-209. doi: 10.1111/§.1467-8624.2009.01325.x

frontiersin.org


https://doi.org/10.1016/S0140-6736(08)60380-3
https://doi.org/10.1001/jamapediatrics.2014.3351
https://doi.org/10.1016/j.nbd.2015.10.012
https://doi.org/10.1016/j.spen.2009.09.005
https://doi.org/10.1016/j.pediatrneurol.2015.04.006
https://doi.org/10.1016/j.pediatrneurol.2015.04.006
https://doi.org/10.1542/peds.114.1.50
https://doi.org/10.1111/dmcn.12142
https://doi.org/10.1016/j.jaac.2010.02.002
https://doi.org/10.1080/87565640902964524
https://doi.org/10.1080/09297049.2011.631906
https://doi.org/10.1001/jama.288.6.728
https://doi.org/10.1016/j.earlhumdev.2008.10.005
https://doi.org/10.3389/fnins.2015.00333
https://doi.org/10.1016/S1053-8119(03)00230-1
https://doi.org/10.1111/j.1467-8624.2009.01325.x
https://doi.org/10.3389/fped.2022.913396
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Guittard et al.

16. Stoodley CJ, Limperopoulos C. Structure-function relationships in the
developing cerebellum: evidence from early-life cerebellar injury and
neurodevelopmental disorders. Semin Fetal Neonatal Med. (2016) 21(5):356-64.
doi: 10.1016/j.siny.2016.04.010

17. Philbin MK, Ballweg DD, Gray L. The effect of an intensive care unit sound
environment on the development of habituation in healthy avian neonates. Dev
Psychobiol. (1994) 27(1):11-21. doi: 10.1002/dev.420270103

18. Borghini A, Forcada-Guex M, Nix CM. XIII. Prématurité et interventions
précoces [Internet]. Recherches en périnatalité. Presses Universitaires de France;
(2014) [cited 2021 May 11]. Available at: https://www.cairn.info/recherches-en-
perinatalite-9782130628545-page-247. htm

19. Lahouel-Zaier W. Impact de 'hospitalisation périnatale sur I'établissement
du lien d’attachement entre le bébé et sa meére. Devenir. (2017) 29(1):27-44.
doi: 10.3917/dev.171.0027

20. Rosenblum LA, Andrews MW. Influences of environmental demand on
maternal behavior and infant development. Acta Paediatr. (1994) 83
(s397):57-63. doi: 10.1111/j.1651-2227.1994.tb13266.x

21. Goutaudier N, S¢journé N, Bui E, Cazenave N, Chabrol H. L’accouchement
prématuré: une naissance traumatique? Symptomes de stress posttraumatique et
variables associées. Gynécologie Obstétrique & Fertilité. (2014) 42(11):749-54.
doi: 10.1016/j.gyobfe.2014.05.004

22. Gangi S, Dente D, Bacchio E, Giampietro S, Terrin G, De Curtis M.
Posttraumatic stress disorder in parents of premature birth neonates.
Procedia - Social and Behavioral Sciences. (2013) 82:882-5. doi: 10.1016/j.
sbspro.2013.06.365

23. Brunson E, Thierry A, Ligier F, Vulliez-Coady L, Novo A, Rolland AC, et al.
Prevalences and predictive factors of maternal trauma through 18 months after
premature birth: a longitudinal, observational and descriptive study. PLOS ONE.
(2021) 16(2):€0246758. doi: 10.1371/journal.pone.0246758

24. Lopez-Maestro M, Sierra-Garcia P, Diaz-Gonzalez C, Torres-Valdivieso MJ,
Lora-Pablos D, Ares-Segura S, et al. Quality of attachment in infants less than
1500 g or less than 32weeks. Related factors. Early Hum Dev. (2017) 104:1-6.
doi: 10.1016/j.earlhumdev.2016.11.003

25. Bernier A, Calkins SD, Bell MA. Longitudinal associations between the
quality of mother-infant interactions and brain development across infancy.
Child Dev. (2016) 87(4):1159-74. doi: 10.1111/cdev.12518

26. Bornstein MH, Tamis-LeMonda CS. Maternal responsiveness and cognitive
development in children. New Dir Child Adolesc Dev. (1989) 1989(43):49-61.
doi: 10.1002/cd.23219894306

27. Wellman HM. Theory of mind: the state of the art. Eur J Deve Psychol.
(2018) 15(6):728-55. doi: 10.1080/17405629.2018.1435413

28. Hughes C, Leekam S. What are the links between theory of mind and social
relations? Review. Reflections and New Directions for Studies of Typical and
Atypical Development. Social Deve. (2004) 13(4):590-619. doi: 10.1111/j.1467-
9507.2004.00285.x

29. Als HB, McAnulty G. The newborn individualized developmental care and
assessment program (NIDCAP) with kangaroo mother care (KMC):
comprehensive care for preterm infants. Current Women’s Health Rev. (2011) 7
(3):288-301. doi: 10.2174/157340411796355216

30. Westrup B, Kleberg A, Eichwald von K, Stjernqvist K, Lagercrantz H. A
randomized, controlled trial to evaluate the effects of the newborn
individualized developmental care and assessment program in a Swedish
setting. Pediatr. (2000) 105(1):66-72. doi: 10.1542/peds.105.1.66

31. Klein V, Zores-Koenig C, Dillenseger L, Langlet C, Escande B, Astruc D,
et al. Changes of infant- and family-centered care practices administered to
extremely preterm infants during implementation of the NIDCAP program.
Front Pediatr. (2021) 9:718813. doi: 10.3389/fped.2021.718813

32. Ohlsson A, Jacobs SE. NIDCAP: a systematic review and meta-analyses of
randomized controlled trials. PEDIATR. (2013) 131(3):e881-93. doi: 10.1542/
peds.2012-2121

33. Aita M, De Clifford Faugere G, Lavallée A, Feeley N, Stremler R, Rioux E,
et al. Effectiveness of interventions on early neurodevelopment of preterm
infants: a systematic review and meta-analysis. BMC Pediatr. (2021) 21(1):210.
doi: 10.1186/s12887-021-02559-6

34. Héon M, Aita M, Lavallée A, De Clifford-Faugeére G, Laporte G, Boisvert A,
et al. Comprehensive mapping of NICU developmental care nursing interventions
and related sensitive outcome indicators: a scoping review protocol. BMJ Open.
(2022) 12(1):e046807. doi: 10.1136/bmjopen-2020-046807

35. Tessier R, Cristo M, Velez S, Giron M, de Calume ZF, Ruiz-Palaez ]G, et al.
Kangaroo mother care and the bonding hypothesis. Pediatr. (1998) 102(2):el7.
doi: 10.1542/peds.102.2.e17

Frontiers in Pediatrics

10.3389/fped.2022.913396

36. Charpak N, Tessier R, Ruiz JG, Hernandez JT, Uriza F, Villegas ], et al.
Twenty-year follow-up of kangaroo mother care versus traditional care. Pediatr.
(2017) 139(1):e20162063. doi: 10.1542/peds.2016-2063

37. Feldman R, Eidelman Al Sirota L, Weller A. Comparison of skin-to-skin
(kangaroo) and traditional care: parenting outcomes and preterm infant
development. Pediatr. (2002) 110(1 Pt 1):16-26. doi: 10.1542/peds.110.1.16

38. Gaden TS, Ghetti C, Kvestad I, Bieleninik ¥, Stordal AS, Assmus J, et al.
Short-term music therapy for families with preterm infants: a randomized trial.
Pediatr. (2022) 149(2):€2021052797. doi: 10.1542/peds.2021-052797

39. Webb AR, Heller HT, Benson CB, Lahav A. Mother’s voice and heartbeat
sounds elicit auditory plasticity in the human brain before full gestation. PNAS.
(2015) 112(10):3152-7. doi: 10.1073/pnas.1414924112

40. Lordier L, Meskaldji DE, Grouiller F, Pittet MP, Vollenweider A, Vasung L,
et al. Music in premature infants enhances high-level cognitive brain networks.
PNAS. (2019) 116(24):12103-8. doi: 10.1073/pnas.1817536116

41. Filippa M, Lordier L, De Almeida JS, Monaci MG, Adam-Darque A,
Grandjean D, et al. Early vocal contact and music in the NICU: new insights
into preventive interventions. Pediatr Res. (2020) 87(2):249-64. doi: 10.1038/
541390-019-0490-9

42. Daneshvarfard F, Abrishami Moghaddam H, Dehaene-Lambertz G,
Kongolo G, Wallois F, Mahmoudzadeh M. Neurodevelopment and asymmetry
of auditory-related responses to repetitive syllabic stimuli in preterm neonates
based on frequency-domain analysis. Sci Rep. (2019) 9(1):10654. doi: 10.1038/
$41598-019-47064-0

43. Field T. Massage therapy research review. Complement Ther Clin Pract.
(2016) 24:19-31. doi: 10.1016/j.ctcp.2016.04.005

44. Alvarez MJ, Fernédndez D, Gémez-Salgado J, Rodriguez-Gonzélez D, Rosén
M, Lapefia S. The effects of massage therapy in hospitalized preterm neonates: a
systematic review. Int ] Nurs Stud. (2017) 69:119-36. doi: 10.1016/j.ijnurstu.2017.
02.009

45. Wang L, He J, Zhang X. The efficacy of massage on preterm infants: a meta-
analysis. Am ] Perinatol. (2013) 30(09):731-8. doi: 10.1055/s-0032-1332801

46. Procianoy RS, Mendes EW, Silveira RC. Massage therapy improves
neurodevelopment outcome at two years corrected age for very low birth
weight infants. Early Hum Dev. (2010) 86(1):7-11. doi: 10.1016/j.earlhumdev.
2009.12.001

47. Abdallah B, Badr LK, Hawwari M. The efficacy of massage on short and long
term outcomes in preterm infants. Infant Behavior and Development. (2013) 36
(4):662-9. doi: 10.1016/.infbeh.2013.06.009

48. Field T, Diego MA, Hernandez-Reif M, Deeds O, Figuereido B. Moderate
versus light pressure massage therapy leads to greater weight gain in preterm
infants. Infant Behavior and Deve. (2006) 29(4):574-8. doi: 10.1016/j.infbeh.
2006.07.011

49. Guzzetta A, D’acunto MG, Carotenuto M, Berardi N, Bancale A, Biagioni E,
et al. The effects of preterm infant massage on brain electrical activity. Dev Med
Child Neurol. (2011) 53(s4):46-51. doi: 10.1111/§.1469-8749.2011.04065.x

50. Brazelton TB, Nugent JK. Neonatal behavioral assessment scale. London:
Cambridge University Press; (1995). 168 p.

51. Martinet M, Borradori Tolsa C, Rossi Jelidi M, Bullinger A, Perneger T,
Pfister RE. Elaboration et validation de contenu d’une grille d’observation
du comportement sensorimoteur du nouveau-né a l'usage du personnel
soignant. Archives de Pédiatrie. (2013) 20(2):137-45. doi: 10.1016/j.arcped.
2012.11.008

52. Feldman R, Eidelman AI Neonatal state organization, neuromaturation,
mother-infant interaction, and cognitive development in small-for-gestational-
age premature infants. Pediatrics. (2006) 118(3):e869-78. doi: 10.1542/peds.
2005-2040

53. Feldman R, Masalha S. Parent—child and triadic antecedents of children’s
Social competence: cultural specificity, shared process. Dev Psychol. (2010) 46
(2):455-67. doi: 10.1037/a0017415

54. Feldman R. Parent-infant synchrony and the construction of shared timing;
physiological precursors, developmental outcomes, and risk conditions. ] Child
Psychol and Psychiatry. (2007) 48(3-4):329-54. doi: 10.1111/j.1469-7610.2006.
01701.x

55. Guillot M, Chau V, Lemyre B. Routine imaging of the preterm
neonatal brain. Paediatr Child Health. (2020) 25(4):249-55. doi: 10.1093/pch/
pxaa033

56. Kidokoro H, Neil JJ, Inder TE. New MR imaging assessment tool to define
brain abnormalities in very preterm infants at term. Am J Neuroradiol. (2013) 34
(11):2208-14. doi: 10.3174/ajnr.A3521

frontiersin.org


https://doi.org/10.1016/j.siny.2016.04.010
https://doi.org/10.1002/dev.420270103
https://www.cairn.info/recherches-en-perinatalite&ndash;9782130628545-page-247.htm
https://www.cairn.info/recherches-en-perinatalite&ndash;9782130628545-page-247.htm
https://doi.org/10.3917/dev.171.0027
https://doi.org/10.1111/j.1651-2227.1994.tb13266.x
https://doi.org/10.1016/j.gyobfe.2014.05.004
https://doi.org/10.1016/j.sbspro.2013.06.365
https://doi.org/10.1016/j.sbspro.2013.06.365
https://doi.org/10.1371/journal.pone.0246758
https://doi.org/10.1016/j.earlhumdev.2016.11.003
https://doi.org/10.1111/cdev.12518
https://doi.org/10.1002/cd.23219894306
https://doi.org/10.1080/17405629.2018.1435413
https://doi.org/10.1111/j.1467-9507.2004.00285.x
https://doi.org/10.1111/j.1467-9507.2004.00285.x
https://doi.org/10.2174/157340411796355216
https://doi.org/10.1542/peds.105.1.66
https://doi.org/10.3389/fped.2021.718813
https://doi.org/10.1542/peds.2012-2121
https://doi.org/10.1542/peds.2012-2121
https://doi.org/10.1186/s12887-021-02559-6
https://doi.org/10.1136/bmjopen-2020-046807
https://doi.org/10.1542/peds.102.2.e17
https://doi.org/10.1542/peds.2016-2063
https://doi.org/10.1542/peds.110.1.16
https://doi.org/10.1542/peds.2021-052797
https://doi.org/10.1073/pnas.1414924112
https://doi.org/10.1073/pnas.1817536116
https://doi.org/10.1038/s41390-019-0490-9
https://doi.org/10.1038/s41390-019-0490-9
https://doi.org/10.1038/s41598-019-47064-0
https://doi.org/10.1038/s41598-019-47064-0
https://doi.org/10.1016/j.ctcp.2016.04.005
https://doi.org/10.1016/j.ijnurstu.2017.02.009
https://doi.org/10.1016/j.ijnurstu.2017.02.009
https://doi.org/10.1055/s-0032-1332801
https://doi.org/10.1016/j.earlhumdev.2009.12.001
https://doi.org/10.1016/j.earlhumdev.2009.12.001
https://doi.org/10.1016/j.infbeh.2013.06.009
https://doi.org/10.1016/j.infbeh.2006.07.011
https://doi.org/10.1016/j.infbeh.2006.07.011
https://doi.org/10.1111/j.1469-8749.2011.04065.x
https://doi.org/10.1016/j.arcped.2012.11.008
https://doi.org/10.1016/j.arcped.2012.11.008
https://doi.org/10.1542/peds.2005-2040
https://doi.org/10.1542/peds.2005-2040
https://doi.org/10.1037/a0017415
https://doi.org/10.1111/j.1469-7610.2006.01701.x
https://doi.org/10.1111/j.1469-7610.2006.01701.x
https://doi.org/10.1093/pch/pxaa033
https://doi.org/10.1093/pch/pxaa033
https://doi.org/10.3174/ajnr.A3521
https://doi.org/10.3389/fped.2022.913396
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Guittard et al.

57. Lamblin MD, André M, Challamel MJ, Curzi-Dascalova L, d’Allest AM, De
Giovanni E, et al. [Electroencephalography of the premature and term newborn.
Maturational aspects and glossary]. Neurophysiol Clin. (1999) 29(2):123-219.
doi: 10.1016/S0987-7053(99)80051-3

58. Adrien JL. BECS: Batterie d’évaluation cognitive et socio-émotionnelle. ECPA,
les Editions du centre de psychologie appliquée. Paris (2007).

59. Squires J, Bricker D, Twombly E, Nickel R, Clifford J, Murphy K. Ages ¢
stages English questionnaires, (ASQ-3): a parent-completed, child-monitoring
system. MD: paul H: Baltimore (2009).

60. Korkman M, Kirk U, Kemp S. Tests d’évaluation de Iattention chez l'enfant
(NEPSY)-classeur d’administration. Paris: ECPA (2003).

61. Manly T, Robertson I, Anderson V, Nimmo-Smith I, Lussier F, Flessas J.
TEA-Ch: test d’Evaluation de I'Attention chez I'enfant. Editions du Centre de
psychologie appliquée (ECPA). Paris (2006).

62. Raven J, Court J, Raven J. Progressive matrices couleur. Paris: Les Editions du
Centre de Psychologie Appliquée (1998).

63. Hutchins TL, Bonazinga LA, Prelock PA, Taylor RS. Beyond false beliefs: the
development and psychometric evaluation of the perceptions of Children’s Theory
of mind measure—experimental version (PCToMM-E). ]| Autism Dev Disord.
(2008) 38(1):143-55. doi: 10.1007/s10803-007-0377-1

64. Perner J, Wimmer H. “John thinks that mary thinks that...” attribution of
second-order beliefs by 5- to 10-year-old children. J Exp Child Psychol. (1985)
39(3):437-71. doi: 10.1016/0022-0965(85)90051-7

65. Sullivan K, Zaitchik D, Tager-Flusberg H. Preschoolers can attribute second-
order beliefs. Dev Psychol. (1994) 30(3):395-402. doi: 10.1037/0012-1649.30.3.395

66. Wimmer H, Perner J. Beliefs about beliefs: representation and constraining
function of wrong beliefs in young children’s Understanding of deception.
Cognition. (1983) 13(1):103-28. doi: 10.1016/0010-0277(83)90004-5

67. Harwood MD, Farrar MJ. Conflicting emotions: the connection between
affective perspective taking and theory of mind. Br J Deve Psychol. (2006) 24
(2):401-18. doi: 10.1348/026151005X50302

68. Parker JR, MacDonald CA, Miller SA. “John thinks that mary feels ...” false
belief in children across affective and physical domains. J Genet Psychol. (2007)
168(1):43-62. doi: 10.3200/GNTP.168.1.43-62

69. Baron-Cohen S, O’Riordan M, Stone V, Jones R, Plaisted K. Recognition of
faux pas by normally developing children and children with asperger syndrome or
high-functioning autism. J Autism Dev Disord. (1999) 29(5):407-18. doi: 10.1023/
A:1023035012436

70. Bruchon-Schweitzer M, Paulhan I. L’inventaire d’anxiété-trait et d’anxiété-
état. Adaptation franqaise et validation du STAI-Y de CD Spielberger. 1993.

71. Abidin RR. Parenting stress Index: manual, administration booklet, [and]
research  update. Pediatric Psychology Press, 2915 Idlewood Drive,
Charlottesville, VA 22901 ($18; 1983.

72. Beck AT, Ward C, Mendelson M, Mock J, Erbaugh J. Beck depression
inventory (BDI). Arch Gen Psychiatry. (1961) 4(6):561-71. doi: 10.1001/
archpsyc.1961.01710120031004

73. Adouard F, Glangeaud-Freudenthal NMC, Golse B. Validation of the
Edinburgh postnatal depression scale (EPDS) in a sample of women with high-

Frontiers in Pediatrics

09

10.3389/fped.2022.913396

risk pregnancies in France. Arch Womens Ment Health. (2005) 8(2):89-95.
doi: 10.1007/s00737-005-0077-9

74. Pierrehumbert B, Borghini A, Forcada-Guex M, Jaunin L, Miiller-Nix C,
Ansermet F. Validation francaise d’un questionnaire de stress post-traumatique
destiné aux parents d’enfants présentant un risque périnatal élevé. Annales
Médico-Psychologiques, Revue Psychiatrique. (2004) 162(9):711-21. doi: 10.1016/
j.amp.2003.10.017

75. Ashbaugh AR, Houle-Johnson S, Herbert C, El-Hage W, Brunet A.
Psychometric validation of the English and French versions of the
posttraumatic stress disorder checklist for DSM-5 (PCL-5). PLoS ONE. (2016)
11(10):¢0161645. doi: 10.1371/journal.pone.0161645

76. Stéfaniak N. easieR: A GUI R metapackage. 2018. Available at: https://
theeasierproject.wordpress.com/.

77. Als H, Duffy FH, McAnulty G, Butler SC, Lightbody L, Kosta S, et al.
NIDCAP Improves brain function and structure in preterm infants with severe
intrauterine growth restriction. J Perinatol. (2012) 32(10):797-803. doi: 10.1038/
ip.2011.201

78. Als H, Lawhon G, Duffy FH, McAnulty GB, Gibes-Grossman R, Blickman
JG. Individualized developmental care for the very low-birth-weight preterm
infant: medical and neurofunctional effects. JAMA. (1994) 272(11):853-8.
doi: 10.1001/jama.1994.03520110033025

79. Brown LD, Heermann JA. The effect of developmental care on preterm
infant outcome. Appl Nurs Res. (1997) 10(4):190-7. doi: 10.1016/S0897-1897
(97)80572-1

80. Dehaene-Lambertz G, Montavont A, Jobert A, Allirol L, Dubois J, Hertz-
Pannier L, et al. Language or music, mother or mozart? Structural and
environmental influences on infants’ language networks. Brain Lang. (2010) 114
(2):53-65. doi: 10.1016/j.band].2009.09.003

81. Beltran MI, Dudink ], de Jong TM, Benders MJNL, van den Hoogen A.
Sensory-based interventions in the NICU: systematic review of effects on
preterm brain development. Pediatr Res. (2022) 92(1):47-60. doi: 10.1038/
541390-021-01718-w

82. Hadders-Algra M. Early brain damage and the development of motor
behavior in children: clues for therapeutic intervention? Neural Plast. (2001) 8
(1-2):31-49. doi: 10.1155/NP.2001.31

83. Ismail FY, Fatemi A, Johnston MV. Cerebral plasticity: windows of
opportunity in the developing brain. Eur ] Paediatr Neurol. (2017) 21(1):23-48.
doi: 10.1016/j.¢jpn.2016.07.007

84. Guzzetta A, Baldini S, Bancale A, Baroncelli L, Ciucci F, Ghirri P, et al.
Massage accelerates brain development and the maturation of visual function.
J Neurosci. (2009) 29(18):6042-51. doi: 10.1523/JNEUROSCI.5548-08.2009

85. Pelc K, Daniel I, Wenderickx B, Dan B. Multicentre prospective randomised
single-blind controlled study protocol of the effect of an additional parent-
administered sensorimotor stimulation on neurological development of preterm
infants: primebrain. BMJ Open. (2017) 7(12):¢018084. doi: 10.1136/bmjopen-
2017-018084

86. Cadet IG. Impact du massage sur les fonctions physio et psychologiques des
bébés nés prématurément et sur leur développement. 2015 [cited 2021 Nov 15];
Available at: https://corpus.ulaval.ca/jspui/handle/20.500.11794/25807

frontiersin.org


https://doi.org/10.1016/S0987-7053(99)80051-3
https://doi.org/10.1007/s10803-007-0377-1
https://doi.org/10.1016/0022-0965(85)90051-7
https://doi.org/10.1037/0012-1649.30.3.395
https://doi.org/10.1016/0010-0277(83)90004-5
https://doi.org/10.1348/026151005X50302
https://doi.org/10.3200/GNTP.168.1.43-62
https://doi.org/10.1023/A:1023035012436
https://doi.org/10.1023/A:1023035012436
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1007/s00737-005-0077-9
https://doi.org/10.1016/j.amp.2003.10.017
https://doi.org/10.1016/j.amp.2003.10.017
https://doi.org/10.1371/journal.pone.0161645
https://theeasierproject.wordpress.com/
https://theeasierproject.wordpress.com/
https://doi.org/10.1038/jp.2011.201
https://doi.org/10.1038/jp.2011.201
https://doi.org/10.1001/jama.1994.03520110033025
https://doi.org/10.1016/S0897-1897(97)80572-1
https://doi.org/10.1016/S0897-1897(97)80572-1
https://doi.org/10.1016/j.bandl.2009.09.003
https://doi.org/10.1038/s41390-021-01718-w
https://doi.org/10.1038/s41390-021-01718-w
https://doi.org/10.1155/NP.2001.31
https://doi.org/10.1016/j.ejpn.2016.07.007
https://doi.org/10.1523/JNEUROSCI.5548-08.2009
https://doi.org/10.1136/bmjopen-2017-018084
https://doi.org/10.1136/bmjopen-2017-018084
https://corpus.ulaval.ca/jspui/handle/20.500.11794/25807
https://doi.org/10.3389/fped.2022.913396
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Protocol for a prospective multicenter longitudinal randomized controlled trial (CALIN) of sensory-tonic stimulation to foster parent child interactions and social cognition in very premature infants
	Introduction
	Background
	Objectives and hypotheses
	Primary objective
	Secondary objectives


	Methods
	Design
	Participants
	Study population
	Sample size calculation
	Randomization

	Intervention
	Assessments and outcomes
	Primary outcome
	Secondary outcomes
	Morphological and functional development of the brain
	Sequential assessment of cognition and psychomotor development
	Parental anxiety and depressive symptoms

	Data analysis
	Statistical analysis of primary outcome
	Statistical analysis of secondary outcomes


	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


