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This study aimed to test the effectiveness of the Maternal Participation Program (MPP) on growth and
neurobehavioral development of preterm infants. The hypothesis was that preterm infants whose
mothers were in the experimental group demonstrated better growth and neurobehavioral development
than the control group Double-blind randomized control trial evaluated 50 mothers whose preterm
infants were hospitalized in the neonatal intensive care unit, a university hospital. Mothers were
randomly assigned into two groups (experimental group¼ 25; control group¼ 25). The experimental
group received the usual nursing care and the MPP, and the control group received only the usual nursing
care. Preterm infants in the experimental group showed significantly higher weight gains, weight gain
velocity, and growth velocity between 14 and 28 days after birth; as well as better neurobehavioral
development at days 14 and 28. The effectiveness of the MPP to promote the growth and neuro-
behavioral development of preterm infants was proven.

© 2018 Neonatal Nurses Association. Published by Elsevier Ltd. All rights reserved.
Introduction

The incidence of preterm infant's birth in Thailand is currently
high (The National Statistical Office Thailand, 2013). The survival
rate of this group has also increased due to advances in medical
technology and nursing care. Yet, the survival of preterm infants is
accompanied by a high risk of health problems due to their
immaturity (Browne, 2004). Thus, they require special care in a
neonatal intensive care unit (NICU).

Being hospitalized in an NICU, preterm infants are in a different
environment from the maternal womb. NICU environments expose
vulnerable preterm infants to potentially harmful stimuli resulting
in both short and long-term negative effects on their growth and
development (Sullivan et al., 2012), especially neurobehavioral
development problems (Braga and Sena, 2012; Schlapbach et al.,
2012). For growth, the time from birth to 28 days of life is the
important period for preterm infants to catch up (LaHood and
Bryant, 2007), and the third to fourth week of their life is the
critical period for a growth spurt. Slow growth rate and poor
postnatal growth of preterm infants during hospitalization are
associated with altered neurodevelopmental outcomes (Ong et al.,
Namprom).
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2015; Roze et al., 2012).
Maternal stimulation is one of the beneficial methods to enable

preterm infants to achieve normal neurodevelopment (Holditch-
Davis and Blackburn, 2014). This activity increases synaptogenesis
and can improve preterm infant's neurobehavioral status (Lester
et al., 2011; Volpe, 2008). However, hospitalized preterm infants
in an NICUmiss a chance to establish bonding to their mothers after
birth (Aagaard and Hall, 2008; Stefana and Lavelli, 2017). Longitu-
dinal studies demonstrated that neurobehavioral outcomes of
preterm infants at later stages were significantly improved after
empowering mothers to participate in caring for their infants
(Welch et al., 2014, Welch et al., 2015). Thus, including mothers in
the care of the preterm infants in an NICU is a crucial and beneficial
element to support the most appropriate growth and development
of preterm infants. Unfortunately, mothers are commonly
restricted from providing appropriate care for preterm infants in an
NICU (Hall et al., 2013; Lasiuk et al., 2013).

In Thai culture, mothers normally refrain from getting involved
in caring for their infants in NICU. In previous studies among Thai
mothers in northern Thailand, who participated in caring for their
infants in an NICU, stated their need to perform more infant care
activities (Pholanun et al., 2013; Taya et al., 2007). It was also found
that Thai parents had their own ways in providing care for their
hospitalized child, and they asked less for assistance and knowl-
edge than Western parents who participated in caring for their
erved.
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child (Pongjaturawit & Harrigan, 2003). In previous studies, the
samples were not randomly assigned into control and experimental
groups, the intervention duration was inconsistent (Damrongrak
et al., 2012; Singkla, 2007), and none of the studies focused on
the health outcomes of preterm infants. Currently, there is no
specific comprehensive intervention for maternal participation in
the care of preterm infants in Thailand. However, cultural aware-
ness and sensitivity should be employed so as to delineate the
cultural underpinnings of maternal participation in Thai culture.

In this study, the researcher developed the MPP based on the
Neonatal Integrative Developmental Care (IDC) model (Altimier
and Phillips, 2013), with consideration of Thai culture for
enhancing growth and neurobehavioral development of NICU
preterm infants throughmaternal participation. The purpose of this
study was to test the effectiveness of the MPP on the short term
growth and neurobehavioral development of preterm infants. Thus,
the objectives of this study were to compare growth and neuro-
behavioral development of preterm infants between groups whose
mothers receiving the usual nursing care plus the MPP and those
receiving only the usual nursing care.

Theoretical framework for development of the maternal
participation program

The MPP was developed by the researcher based on the con-
ceptual framework of the Neonatal Integrative Developmental Care
(IDC) model (Altimier and Phillips, 2013). The IDC model provides
guidelines to promote neuroprotective intervention for preterm
infants. The central core neuroprotective intervention is partnering
with the family to perform the six care practices for preterm in-
fants: 1) creating a healing environment by minimizing the impact
of the artificial extrauterine environment in an NICU, 2) providing
fetal positioning and supporting the preterm infant to have auto-
nomic stability during handling, 3) minimizing stress and pain to
improve physiological stability-enhanced regulation in preterm
infants, 4) promoting and safeguarding sleep to prolong periods of
uninterrupted sleep, 5) protecting skin, and 6) optimizing nutrition
by promoting breast feeding.

The MPP has three key components of the intervention process
including psychosocial support, parent education, and therapeutic
developmental interventions aiming to improve the growth and
neurobehavioral development of preterm infants (Benzies et al.,
2013). Psychosocial support refers to assisting, facilitating, and
encouraging mothers to participate in caring for their infants by
nurse. Parent education refers to teaching the content of the six
care practices for preterm infants indicated above. Lastly, thera-
peutic developmental interventions aim to improve growth and
neurobehavioral development of preterm infants, and refer to the
participation activities bymothers pertaining to performance of the
six care practices.

Methods

Development and content of the of the Maternal Participation
Program (MPP)

The intervention in theMPPwas developed by integration of the
three key components including psychosocial support, parent ed-
ucation, and therapeutic developmental interventions targeting
infants in this study. The MPP had activities of 4 weeks duration.
Application of the interventionwas divided into two sets of infants:
preterm infants of 28e30wk gestations and preterm infants of
31e32wk gestations. The activities were performed by the
researcher who is an NICU nurse. The activities consisted of four, 1-
hr teaching sessions, and four, 1-hr practice sessions, along with
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assisting, facilitating, and encouraging mothers to participate in the
six care practices for preterm infants indicated above which were
provided within those sessions. Table 1 illustrates the MPP
activities.

The program consisted of two main components led by
researcher: (a) education pertaining to the preterm infant's neu-
roprotective care, and (b) an improved care-giving strategies
including facilitation, assistance, and encouragement. Teaching and
practice sessions were conducted by means of media, including the
education plan, multi-touch interactive multimedia, and a hand-
bookwith relevant information on practicing learned skills. Steps of
implementing the MPP were offered for 4wk. The feasibility and
acceptability of the MPP was assessed via conducting a pilot study
that was tested with mothers of three preterm infants using the
same criteria of the participants in this study. The results of the
pilot test indicated the feasibility and acceptability of the MPP.

Design

The RCT, two-group pretest-post-test design, with the double-
blind technique, was used to test the effectiveness of the MPP on
preterm infant growth and neurobehavioral development.

Participants

Mother-preterm infant dyads were recruited with the following
inclusion criteria for themother: 1) being 18 years of age or older, 2)
being able to read and speak Thai, 3) giving birth of the preterm
infant with the gestational age of between 28wk and 32wk based
on the New Ballard score, and 4) having a first time hospitalized
preterm infant in the NICU with anticipation of survival, no
congenital anomaly, birth weight of less than 2500 g, singleton
birth, and born at the study site. After the recruitment, 50 mothers
were randomly assigned into experimental and control groups
using permuted-block randomization, 25 in each group. The study
groups were blinded to the research assessor and statistical analyst.

Measures

Demographic variables
Mothers were asked to complete the personal data profile

including age, educational level, occupation, marital status, family
income, type of delivery, and duration of admission. For infants', the
researcher collected data from their medical records on the first
admission to the NICU. Data included gender, gestational age, birth
weight, infants’ size for gestational age, order of preterm infants,
APGAR score in the first minute and the fifth minute, diagnosis,
CRIB score, nutrition type, enteral feeding intake, energy intake,
day of full feeding retained umbilical catheter, duration of hospi-
talized admission, and duration of NICU stay.

Maternal participation activities
The researcher evaluated mothers' participation level in infant

care using the Maternal Participation in Caring for Preterm Infant's
Checklist (MPCPI) on 14 and 21 d after the infant's birth. The MPCPI
is a dichotomous checklist of six care practice activities and 16
items developed by the researcher. The content validity of the
MPCPI checklist was 0.94, and the Cronbach's alpha coefficient was
0.84 at the 14th day after infant birth. The total score was used to
measure the level of maternal participation activities of partici-
pants with feedback. In cases where the mothers' overall partici-
pation level was less than 95%, the researcher and participants
conducted discussions to eliminate any causes or barriers pre-
venting participation in care practices with their preterm infant.
anagement from ClinicalKey.com/nursing by Elsevier on 
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Table 1
MP program activities.

Time
frame

Content for mothers of preterm infants aged of 28e30 weeks Content for mothers of preterm infants aged
of 31e32 weeks

Supporting activity

Week 1
Day 1

e2
Session

1

An initial session: recognizing participants, An initial session: same
Optimizing nutrition: breast feeding supply Optimizing nutrition: same
Creating healing environment: colostrum mouth care, breast milk order,
soft touch, providing the mother's scent via breast milk smell

Creating a healing environment: same

Day 3
Session

2

Optimizing nutrition: Breast feeding Optimizing nutrition:
Same content

Promoting, safeguarding sleep: uninterrupted infants' sleep Creating a healing environment: intermittent
kangaroo mother care

Day 4 Promote maternal participation in three care practices in session 1 and 2 Promote maternal participation in three care
practices in session 1 and 2

Assistance, facilitation, and
encouragement

Day 5
Session

3

Minimizing stress and pain: infant's behavioral cues, comfort and
minimizing stress

Promoting, safeguarding sleep: Same content

Positioning and handling: fetal position, facilitated tucking, and handling Positioning and handling: Same content
Day 6 Promoting maternal participation in two care practices in session 3 Promotingmaternal participation in two care

practices in session 3
Assistance, facilitation, and
encouragement

Day 7
Session

4

Creating a healing environment: intermittent kangaroo mother care Minimizing stress and pain: same content
Protecting skin: developmentally appropriate infant massages Protecting skin: Same content

Week 2
Day 8 Promoting maternal participation in two care practices Promotingmaternal participation in two care

practices
Assistance, facilitation, and
encouragement

Day 9
e13

Promoting maternal participation in six care practices Promoting maternal participation in six care
practices

Assistance, facilitation, and
encouragement

Day 14 1st Monitoring: theMaternal Participation in Caring for Preterm Infants'
Checklist

1st Monitoring: the Maternal Participation
in Caring for Preterm Infants' Checklist

Repeated teaching and practice,
assistance, facilitation, and
encouragement

1st Assessment: Infant's weight and neurobehavioral development 1st Assessment: Infant's weight and
neurobehavioral development

Week 3
Day 15

e20
Promoting maternal participation in six care practices Promoting maternal participation in six care

practices
Assistance, facilitation, and
encouragement

Day 21 2nd Monitoring: the Maternal Participation in Caring for Preterm Infants'
Checklist

2nd Monitoring: theMaternal Participation in
Caring for Preterm Infants' Checklist

Repeated teaching and practice,
assistance, facilitation, and
encouragement

Week 4
Day 22

e27
Promoting maternal participation in six care practices Promoting maternal participation in six care

practices
Assistance, facilitation, and
encouragement

Day 28 2nd Assessment: Infant's weight and neurobehavioral development 2nd Assessment: Infant's weight and
neurobehavioral development
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Growth
Infant growth was measured on days 14 and 28 after birth.

Growth of a preterm infant refers to the change of an infant's
weight. It wasmeasured by a digital weight scale, model SK-1000 in
grams, with an accuracy of 0.01 g, at two different time points,
including from days 0e28, with sub analyses for days 0e14, and
days 14e28. The infant's weight was calculated in terms of weight
gain, weight gain velocity, and growth velocity. Weight gain is the
weight increase over a specified time between initial weight and
weight at the second time.Weight gain velocity is the change of an
infant's weight in g/d at two different time points. Growth velocity
is the change of an infant's weight in g/kg/d at two different time
points. It was used to measure the body weight of naked preterm
infants by the research assessor. . Weight gain was calculated using
the formula: weight gain (g)¼Wn - W1. Weight gain velocity was
calculated in g/d using the formula: weight gain velocity ¼ (Wn-
W1)/D21; whereas, growth velocity was calculated in g/kg/d using
the formula: growth velocity¼ [1000 � ln(Wn/W1)]/(Dn - D1)].
Neurobehavioral development
Infant neurobehavioral development was measured on 14 and

28 d after infant birth. Neurobehavioral development is the distinct
change in neurobehavioral function of preterm infants at a given
conceptional age. This is assessed using the Neonatal Neuro-
behavioral Examination (NNE) developed by Morgan et al. (1988).
Downloaded for Anonymous User (n/a) at Panyapiwat Institute of
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This scale was used with the permission of the developer. The scale
reflected clearly any changes in the neurobehavioral function of
preterm infants with increasing age. It has a three-section scale of a
total of 27 items, equally divided into 9 items in each section. The
sections included tone and motor patterns, primitive reflexes, and
behavioral responses with a three-point rating scale (1e3) for each
item. The total scores ranged from 27 to 81. Higher total scores
indicated better gestational maturation and neurobehavioral sta-
tus. The inter-rater method was used by the research assessor and
physical therapist who is an expert in preterm infant neuro-
development examination. Both individuals independently used
the scale to examine the same preterm infants at the same times.
The calculation index of agreement of inter-rater observer reli-
ability was 0.96.
Analytic strategy
During the intervention process, four participants (7.4%) pre-

maturely left before the end of the intervention: two participants
from both the control group, and the experimental group. In the
control group, a preterm infant developed severe necrotizing
enterocolitis (NEC stage 3) and had hospital acquired infections. In
the experimental group, a preterm infant was diagnosed with gut
mal-rotation, and another was discharged before completion of the
outcomes assessment. The data from 50 participants were analyzed
using the intention-to-treat principle (ITT) to ensure the validity of
 Management from ClinicalKey.com/nursing by Elsevier on 
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Table 2
Demographic data represented as percentages (N¼ 50).

Demographic variable Control group
(N¼ 25)

Experimental
group
(N¼ 25)

n % n %

Mothers
Educational level
Elementary education 4 16.0 2 8.0
Secondary school 4 16.0 0 0
High school 3 12.0 3 12.0

Diploma or vocational certificate 4 16.0 3 12.0
Bachelor degree 11 44.0 13 52.0
Master or higher 2 8.0 4 16.0

Occupation
Housekeeper 9 6.0 4 16.0
Employee/worker 9 36.0 9 36.0
Agriculture 1 4.0 0 0
Own business 1 4.0 5 20.0
Government officer 5 20.0 7 28.0

Type of delivery
Normal labor 11 44.0 14 56.0
Cesarean section 14 56.0 11 44.0

Preterm infants
Gender
Male 15 60.0 14 56.0
Female 10 40.0 11 44.0

Apgar score in 1min
0 - 6 8 72.0 11 44.0
7e10 17 68.0 14 56.0

Apgar Score in 5min
0 - 6 3 12.0 3 12.0
7e10 22 88.0 22 88.0

CRIB score
0 - 5 20 80.0 23 92.0
6 - 10 5 20.0 2 8.0

Diagnosis*
Respiratory distress syndrome 25 100.0 25 100.0
Hyperbilirubenemia 23 92.0 24 96.0
Apnea of prematurity 13 52.0 14 56.0
Feeding intolerance 13 52.0 5 20.0
PDA 12 48.0 10 40.0
Anemia 7 28.0 7 28.0
Atrial septal defect (ASD) 4 16.0 1 4.0
Intraventricular hemorrhage 4 16.0 3 12.0
Congenital pneumonia 3 12.0 1 4.0

* ¼ One infant was diagnosed with more than one symptom.
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the results. Data were analyzed using mean, standard deviation,
frequency, percentage, Chi-square test, Fisher's exact test, Mann-
Whitney U t-test, and two-way Repeated Measure ANOVA.

Procedures

Data were collected after receiving approval from the Research
Ethics Committee of the Faculty of Nursing, the Faculty of Medicine,
Chiang Mai University, and the director of Maharaj Nakorn Chiang
Mai Hospital. After receiving permission from the supervisor of the
two NICUs, the researcher contacted staff of two NICUs to explain
the purpose and procedures of this study. The researcher recruited
the mothers of preterm infants who met the inclusion criteria from
the registration books of the NICUs, Maharaj Nakorn Chiang Mai
Hospital. The researcher randomly divided participants into the
experimental group and the control group using the permuted
block of four method. The participants who agreed to participate in
this study were asked to sign an informed consent form. After
providing information about the study, the participants who were
willing to participate signed the informed consent form. Partici-
pants were asked to complete the Personal Data Profile. The
researcher conducted data collection of the infants using the in-
fant's personal data profile and the CRIB. The experimental group
received the usual nursing care from the NICUs' staff. In addition,
they received the MPP during preterm infants' treatment in the
NICU. The researchers intervened each participant according to the
protocol of the MPP indicated above.

Results

Demographic variables

The sample included 50 dyads of mothers and hospitalized pre-
term infants in the NICU�25 in the control group with a mean age of
28.02 y (standard deviation [SD]¼ 5.93 y), and 25 in the experi-
mental group with a mean age of 29.84 y (SD¼ 5.06 y). The majority
of the preterm infants were male. A median gestational age of pre-
term infants was 31wkwith a mean birth weight of 1353.60 g in the
control group and with a mean birth weight of 1439 g in the
experimental group. There were no significant differences in terms
of demographic data between control and the experimental groups.
Table 2 presents the complete demographic data.

Maternal participation activities

All mothers in the experimental group performed 100% of four
care practices: optimizing nutrition, healing environment, safe-
guarding sleep, and positioning and handling at days 14 and 21.
Only some mothers did the other two care practices, minimizing
stress and pain and protecting skin, at days 14 and 21.

Growth

The findings of this study revealed that preterm infants in the
experimental group did not show significantly higher weight gain
from birth than those in the control group on days 14 or 28 after
birth. The comparison of mean weight gain of preterm infants be-
tween two groups is displayed in Table 3. Preterm infants in the
experimental group demonstrated significantly higher weight gain
at the 14th and 28th day compared with the control group. In
addition, there was a significantly higher weight gain velocity and
growth velocity in the experimental group than the control group
at the 28th day from the 14th day (p< .05). The averages of weight
gain, weight gain velocity, and growth velocity are presented in
Table 4.
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Neurobehavioral development

Preterm infants in the experimental group showed significantly
better neurobehavioral development than those in the control
group on days 14 and 28 after birth (p< .01). There were significant
differences in terms of tone and motor pattern and behavioral
response between the experimental and control groups on days 14
and 28, but there was no significantly difference in primitive re-
flexes. Table 4 summarizes the average score of neurobehavioral
development in each group.
Discussion

The MPP increased the preterm infants' growth compared with
the control group. However, there were no significant differences
between the experimental group and the control group at 14 and
28 d after birth. In addition, there were no significant differences in
weight gain velocity and growth velocity between the experi-
mental and control groups on days 14 and 28 after birth. This result
is congruent with the study by Beheshtipoor et al. (2013), which
found that there was no effect on infants’ weights during the first
2e3wk after the intervention. The study by Maguire et al. (2008)
anagement from ClinicalKey.com/nursing by Elsevier on 
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Table 3
Comparison of mean weight gain of preterm infants between groups and time of measurement (n¼ 50).

Weight gain of preterm infants Analysis of Variance

SS df MS Fr p-value

Within subject
Time 3168400.00 1 3168400.00a 343.78 .000
Time x Group 64009.00 1 64009.00a 6.95 .011
Error 442391.00 48 9216.48a

Between subject
Group 54756.00 1 54756.00 1.15 .289
Error 2288569.00 48 47678.52

Note. r¼ 2-way repeated measures ANOVA.
a¼Greenhouse-Geisser was used to adjust the degree of freedom.

Table 4
Values of study variable: Growth and neurobehavioral development (n¼ 50).

Variables Control group Experimental group Statistical value P -value

Mean± SD Range Mean± SD Range

Growth
From birth
Weight gain (g)
Day14 94.40± 124.17 �70e340 90.60± 102.54 �70e260 �0.12 .907a

Day28 399.88± 230.49 45e900 497.20± 186.36 180e875 1.64 .107a

Weight gain velocity (g/d)
Day14 6.74± 8.87 -5e24.29 6.47± 7.32 -5e18.57 �0.12 .907a

Day28 14.28± 8.23 1.61e32.14 17.76± 6.66 6.43e31.25 1.64 .107a

Growth velocity (g/kg/d)
Day14 5.58± 7.20 �4.72e25.57 10.63± 3.53 �3.58e15.78 �0.58 .565a

Day28 9.28± 5.56 0.78e21.69 16.68± 3.68 4.33e18.28 0.62 .541a

From Day14
Weight gain (g)
Day28 305.40± 145.67 70e615 406.60± 125.08 140e805 2.63 .011a

Weight gain velocity (g/d)
Day28 21.81± 10.41 5e43.93 29.04± 8.93 10± 57.50 2.63 .011a

Growth velocity (g/kg/d)
Day28 13.65± 5.86 4.15e23.67 16.68± 3.68 10.79e27.69 2.19 .034a

Neurobehavioral development
Day14
Tone and motor pattern 13.69± 2.98 10e23 15.62± 2.84 10e21 160.50 .013b

Primitive reflexes 14.00± 2.09 10e18 15.42± 3.02 9e21 189.00 .062b

Behavioral responses 13.52± 2.31 10e19 16.54± 2.98 11e22 3.87 .000a

Total score 41.22± 6.61 31e60 47.58± 7.75 31e63 132.50 .002b

Day28
Tone and motor pattern 17.38± 2.98 12e26 20.24± 3.50 13e27 2.64 .011a

Primitive reflexes 17.04± 4.29 11e26 19.28± 3.45 10e24 2.02 .050a

Behavioral responses 16.00± 3.36 10e22 21.24± 2.98 16e27 5.78 .000a

Total score 50.42± 11.05 35e69 60.76± 9.02 41e74 3.59 .001a

Note. a ¼ independent t-test.
b¼Mann-Whitney U test.
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revealed that basic developmental care provided in the NICU had
no effect on short-term growth in very preterm infants. This can be
explained by the usual physiological preterm infant weight loss;
preterm infants normally lose 12e15% of their weight after birth,
and slowly catch up in weight. Moreover, it was found in the pre-
sent study that maternal participation activities in the experi-
mental group during the first 2 wk were less performed than after
2wk.

Significant differences were found in weight gain, weight gain
velocity, and growth velocity on day 28 from day 14 between the
experimental and control groups. The MPP might be effective for
significant weight gain in the experimental group after 2wk of the
preterm infant's life. The findings are congruent with the study by
O’Brien et al. (2013) that showed similar results after the educa-
tional and psychosocial supportive program Family Integrated Care
(FIC) was implemented. This result is also consistent with a study
among mothers who attended the FIC program (Bracht et al., 2013).
In addition, the researcher stayed close to the mothers to facilitate,
Downloaded for Anonymous User (n/a) at Panyapiwat Institute 
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assist, and encourage them to perform activities throughout the
program. This might help the mothers gain more confidence and
skills in caring for their infants (Goulet et al., 1998; Vazquez and
Cong, 2014).

According to the IDC model, the six care practices can help
promote an infant's growth by means of reducing energy expen-
diture, promoting growth hormones, and optimizing nutrition
through breast feeding. Reducing energy expenditure is promoted
by using gentle touch, I-KMC, fresh mother milk's odor, colostrum
mouth care, eye-to-eye contact, soft voice, facilitated tucking,
hand-to-mouth positioning, promoting quiet sleep, and mini-
mizing stress and pain. Promoting growth hormones is achieved by
using I-KMC, flex position, promoting quiet sleep, and infant mas-
sage. Lastly, optimizing nutrition through breast feeding is per-
formed while using I-KMC. These practices provide multisensory
stimulation, including emotional, tactile, proprioceptive, vestibular,
olfactory, auditory, visual, and thermal stimulation (Cong et al.,
2009), an increased quiet sleep state and more stable
of Management from ClinicalKey.com/nursing by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.
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physiological status (Chiu and Anderson, 2009). In addition, sup-
porting positioning, minimizing handling and containment, help to
conserve energy for growth. Moderate pressure massage with
synthetic oil and passive movement of the limbs can help to in-
crease the bone density of preterm infants as well as increase vagal
activity which may contribute to weight gain (Field et al., 2010;
Vickers et al., 2004). Promoting breast feeding helps to maintain
nutritional intake and support the growth of preterm infants.
Therefore, a preterm infant's weight might be increased.

Our findings indicate that the neurobehavioral development
score of preterm infants on days 14 and 28 after birthwhosemothers
were receiving the MPP was higher than the score of those receiving
the usual nursing care. These findings support the beneficial nature
of the MPP design using the IDCmodel as a framework (Altimier and
Phillips, 2013). The increase of neurobehavioral development scores
in the experimental group might result from the multisensory input
of the six care practices, including the healing environment, posi-
tioning and handling, safeguarding sleep, minimizing stress and
pain, protecting skin, and optimizing nutrition. These findings are
consistent with the study by Montirosso et al. (2012) which found
that the infants from the NICUs that were delivering more devel-
opmental care, demonstrated better neurobehavioral stability than
those from NICUs with low developmental care. This also included
higher attention and regulation, less excitability and hypotonicity,
and lower stress/abstinence. Our results were also congruent with
the study by Welch et al. (2014), which indicated the importance of
early mothereinfant nurture and of facilitating family nurture in the
NICU. The findings of this study demonstrated that family nurture
intervention (FNI) led to increased frontal brain activity during sleep
greater than that in the standard group. The communication and
sensory interaction between mothers and infants may affect brain
function in learning. It seems likely that some form of learning may
underlie the effects on brain development of preterm infants.

Neuroprotective care, including the six care practices, promotes
the development of preterm infants (Altimier & Phillips, 2013) by
influencing the expression of genes and also affects their brain
plasticity. Five of the care practices in the neuroprotective in-
terventions (creating a healing environment, positioning and
handling, promoting and safeguarding sleep, minimizing stress and
pain, protecting skin, and optimizing nutrition) encourage the sta-
bility of the infant's autonomic, sensory, motoric, and state regula-
tion. Four of the care practices in the neuroprotective interventions
(creating a healing environment, positioning and handling, pro-
moting and safeguarding sleep, minimizing stress and pain, and
protecting skin) encourage prolonged periods of uninterrupted
sleep. Two of the care practices in the neuroprotective interventions
(healing environment and optimizing nutrition) increased breast
feeding. All of these benefits of the six care practices directly improve
the neurobehavioral development of preterm infants.

Limitations

The study was conducted only in a single unit of the NICUwith a
particular gestational age and certain age of mothers. Some
mothers had no chance to perform activities such as tucking, and
kangaroo carewhile infants were receiving painful procedures. This
is because of the hospital visiting policy which does not allow
mothers to be with their infants at bedside all day. The general-
ization of the results may be limited.

Conclusions

The findings of this study support the implementation of the
MPP based on the IDC model (Altimier and Phillips, 2013, 2016),
and found that it was appropriate to implement with mothers in an
Downloaded for Anonymous User (n/a) at Panyapiwat Institute of M
October 20, 2022. For personal use only. No other uses without perm
NICU and Thai context. The program was implemented within the
first 2 d after delivery, which is the critical period of bonding
establishment for a preterm infant. The program helped themother
to quickly become familiar with the NICU environment, along with
the six care practices as the best practices of neuroprotective in-
terventions (Altimier and Phillips, 2013). The MPP enhanced
maternal participation in caring for preterm infants. It is also
improved infants' growth and neurodevelopmental development
in the experimental group, and this was clearly detected after 14 d
of the preterm infant's life.

Ethical statement
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Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jnn.2018.03.003.
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