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Abstract

Background: To explore the clinical effect of early combined rehabilitation intervention on premature infants in
the neonatal intensive care unit (NICU).

Methods: Premature infants with gestational ages less than 32 weeks or birth weights less than 1500 g were
included in the present study.The participants were divided into the intervention group and control group. All
infants received the current routine treatment based on the clinical guidelines, and the intervention group was
additionally treated by visual and auditory stimulation, oral motor function, respiratory function and
neurodevelopmental training. The following clinical outcomes were compared: durations of oxygen
supplementation and indwelling gastric tube use; incidences of retinopathy of prematurity (ROP) and neonatal
necrotizing enterocolitis (NEC); Sliverman scores; incidences of bronchopulmonary dysplasia (BPD) and
intraventricular haemorrhage; days of hospitalization; and neurodevelopmental outcomes. Datas were analysed
using the following statistical tests: the chi-square test, the independent samples or paired t test, repeated
measures ANOVA, and the Wilcoxon rank sum test.

Results: Compared with those in the control group, premature infants in the intervention group had shorter
durations of oxygen supplementation and indwelling gastric tube use, fewer hospitalization days and lower
incidences of ROP, BPD, and NEC.The intervention group had lower Sliverman scores and higher Ballard
neuromuscular scores than the control group.

Conclusion: Early combined rehabilitation intervention can improve the short-term clinical outcomes of premature
infants.
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Background
With the development of assisted reproductive technol-
ogy and perinatal medicine, the birth rate and survival
rate of preterm infants have gradually increased. How-
ever, the short-term and long-term morbidities of pre-
mature infants present a noticeable disease burden.
Premature infants, especially very premature and very-
low-birth-weight babies, have a high incidence of neuro-
logical disability. Previous studies have shown that cere-
bral palsy occurs in 5 to 10% of premature infants,
motor disturbances occur in 25 to 40% of premature in-
fants, and cognitive, attentional, behavioural, and
socialization disturbances occur in 25 to 50% of prema-
ture infants, with a likelihood of problems with visual
perception and visual-motor function as well as visual
and hearing impairments [1–6].
Rehabilitation treatment is an important way to im-

prove prognosis [7]. A previous study proposed that
combined rehabilitation treatment, including the Bobath
method, ultrasonic therapy devices and transcutaneous
electrical stimulators, nutritional nerve drugs and family
intervention, was effective for premature infants with
brain injury at 40 weeks postmenstrual age (PMA) [8].
Hadiseh Ghomi proposed that early oral motor inter-

vention is an effective method of rehabilitation [9]. Man-
uela Filippa suggests that early sound contact and music
are beneficial for the brain development of premature
infants [10]. Katherine Ross’s findings demonstrated that
neonatal therapy can be initiated early in gestation, and
the rehabilitation interventions mentioned in this study
include neuromotor and oral motor function [11]. We
advocate early rehabilitation intervention, but the spe-
cific programme has not yet been unified.
Therefore, here, we introduce the concept of early

combined rehabilitation interventions, including visual,
auditory, oral motor, respiratory function and neuromo-
tor function interventions, to explore the clinical effect
of early combined rehabilitation interventions on prema-
ture infants in the NICU.

Methods
Study design and participants
The study was conducted from April 2019 to October
2019 in the NICU of the neonatology department of the
affiliated hospital of Sichuan Provincial Maternity and
Child Health Care Hospital.
The inclusion criteria were as follows: gestational age

less than 32 weeks, weight less than 1500 g, and consent
by the parents for the infant to undergo early compre-
hensive rehabilitation intervention.
The exclusion criteria were congenital malformations,

genetic metabolic diseases, severe asphyxia, and lack of
consent by the parents for the infant to undergo the
intervention.

A total of 51 premature infants were included in the
study according to the inclusion and exclusion criteria.
The study was divided into groups according to whether
their parents agreed to carry out early comprehensive re-
habilitation intervention.Finally, there were 22 cases in
the treatment group and 29 cases in the observation
group. This study was reviewed and approved by the
hospital’s medical ethics committee of Sichuan Provin-
cial Maternity and Child Health Care Hospital. The ver-
bal informed consent was obtained from the parents of
all children, the ethics committee approved this
procedure.

Intervention
We began the comprehensive rehabilitation intervention
when the infants had stable respiration and oxyhemoglo-
bin saturation under non-invasive ventilation, and the
intervention ended at discharge. This rehabilitation
treatment was evaluated and implemented by profes-
sionally trained physical therapists in our hospital. The
frequency is once a day, and the total time is approxi-
mately 20–25min. All infants received the current rou-
tine treatment based on the clinical guidelines, and the
intervention group was additionally treated by visual and
auditory stimulation, oral motor function, respiratory
function and neurodevelopment training. Vital signs
were monitored during the whole treatment process,
and we would stop immediately if the signs were not
stabilized.

Visual and auditory intervention
Red balls were used to gently shake the infants’ eyes be-
fore limb treatment to attract attention and stimulate
the child’s tracking ability. In the whole therapy, music
was played to stimulate the children’s tracking and hear-
ing ability for approximately 20–25min.
Respiratory intervention (divided into three steps)

1) The thinking behind using Rood therapy involves
using a brush stimulation technique, with cotton
swabs, to stimulate the patient’s chest breathing
according to the muscle group and to stimulate a
spontaneous breathing response for a duration of 5
min.

2) Chest compression and vibration techniques are
used to prevent the collapse of the trachea and
bronchus and maintain tension of the tube wall,
and these measures are applied for approximately 5
min [12].

3) With tactile stimulation, the physical therapist
touches and massages the child’s limbs, face, chest
and abdomen by hand and stimulates the normal
development of the baby’s original reflex and
muscle tone for approximately 5 min.
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Neuromotor intervention
Bobath and Vojta are used to train the infants with pas-
sive and active exercises according to their postures,
muscular tension, and reflexes for approximately 10 min
to promote the development of neuromotor function in
the child.

Oral motor intervention
A cotton swab is moistened with normal saline, and the
cotton swab is used to wipe the skin from the outer

cheek to the root of the ear, the area between the nose
and upper lip, the inner cheek side of the mouth and the
upper and lower gums and the lips, forming a “circle”
shape. A cotton swab is used to stimulate the tongue
and the lower part of the tongue, promote the tip of the
tongue to stick out of the mouth, lift the tongue several
times, press lightly with the hand, and stimulate the
front of the ear and the cheek for 2–3 min.

Evaluation of the efficacy of the early combined
rehabilitation intervention

1) Clinical data: the data collected included the
duration of oxygen supplementation and indwelling
gastric tube use, common complications of preterm
infants (ROP, NEC, BPD, intracranial
haemorrhage), and days of hospitalization.

2) Sliverman scoring scale: The score was evaluated
according to five aspects: upper chest movement,
lower chest movement, xiphoid depression, nose
instigation, and groaning during exhalation. Scores
of 0–3 were classified as no or slight breathlessness,
and scores of 4–6 were classified as moderate
breathlessness. Scores of 7–10 indicated difficulty
breathing and were classified as severe dyspnoea;
specifically, the lower the Sliverman score was, the
less dyspnoea there would be [13].

3) Neuromuscular/neurological signs in the Ballard
score: Sings in the Ballard score include behavioural
ability (response to a red ball and sound), muscle
tone (active and passive muscle tone: square
window sign, upper limb rebound, popliteal angle,
scarf sign, and ear sign), primitive reflex (hand grip,
foot grip, asymmetrical tonic neck reflex (ATNR)),
and posture. The higher the neuromuscular score
was, the better the development would be [13].

4) neonatal behavioral neurological
assessment(NBNA)Scale: Premature infants were
evaluated for neurobehavioural scoring using the
20-item neurobehavioural neuroscore method when
their gestational age was PMA 40 weeks. The meas-
urement was performed in a quiet, semidark room

Fig. 1 Neonatal behavioral neurological assessment scale.

Table 1 Demographic data comparison (Mean ± SDa)

Group Cases Sex (Cases) Birth weight
(g)

Gestational
age (weeks)

Intervention
time (PMA,
weeks)

Man Male

The intervention group 22 11 11 1348.18 ± 207.10 30.3 ± 1.1 32 ± 1.2

The control group 29 13 16 1338.45 ± 211.51 30.7 ± 1.3 31 ± 1.5

F/χ2-value 0.134 0.027 0.908 2.613

P-value 0.714b 0.87 b 0.345 b 0.112 b

aStandard deviation
b There was no statistically significant difference in sex, gestational age, birth weight, or start time of the intervention between the intervention group and the
control group
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at a temperature of 24–26 °C 1 h after breastfeed-
ing, and the total inspection time was 10 min. Inter-
val inspections were performed when the status of
the infant was not good. Diagnostic criteria: neo-
natal NBNA basic item score < 35 points indicated
brain injury, and 35–36 points indicated suspected
brain injury [14].(Fig. 1)

Statistical analysis
The data were analysed using descriptive statistics and
the following statistical tests: the chi-square test, the in-
dependent samples or paired t test, repeated measures
ANOVA, and the Wilcoxon rank sum test. All analyses
were performed using SPSS, version 23. P < 0.05 indi-
cated a significant difference.

Results
There was no statistically significant difference in sex,
gestational age, birth weight, or start time of the inter-
vention between the intervention group and the control
group (Table 1).

Early combined rehabilitation intervention reduces the
durations of oxygen supplementation and indwelling
gastric tube use and the days of hospitalization
The time of invasive ventilation before starting interven-
tion was not statistically significant between the two
groups.The durations of oxygen supplementation in the
intervention group and control group were 22.84 ±
13.78 days and 31.98 ± 15.97 days, respectively, and the
difference was statistically significant (F = 4.596, P <
0.05). The durations of the indwelling gastric tube in the

intervention group and control group were 23.13 ±
12.84 days and 33.45 ± 15.48 days, respectively, and the
difference was statistically significant (F = 6.596, P <
0.05). The days of hospitalization in the intervention
group and control group were 39.18 ± 10.32 days and
47.45 ± 16.11 days, respectively, and the difference was
statistically significant (F = 4.406, P < 0.05) (Table 2).

Early combined rehabilitation intervention reduces the
incidence of ROP, BPD, and NEC among premature
infants
The incidences of ROP in the intervention group and
control group were 9 and 34%, respectively. All cases
were in the first stage of ROP, and the difference was
statistically significant (χ2 = 3.183, P < 0.05). The inci-
dence of BPD was 23% in the intervention group and
55% in the control group, and the difference was statisti-
cally significant (χ2 = 8.065, P < 0.05). The incidence of
NEC was 4.5% in the intervention group and 27.6% in
the control group; The difference was statistically signifi-
cant (χ2 = 4.062, P < 0.05). The incidence of intracranial
haemorrhage was 4.5% in the intervention group and
17.2% in the control group, and the difference was not
statistically significant (χ2 = 0.912, P > 0.05) (Table 3).

The NBNA score
The NBNA score at PMA 40 weeks in the intervention
group was 38.14 ± 0.94, and that in the control group
was 37.52 ± 1.43. There was no significant difference be-
tween the two groups (P > 0.05). Further statistical ana-
lysis and the Wilcoxon rank sum test showed that the

Table 2 Comparison of clinical treatment indicators (Mean ± SD, day)

Group Invasive
ventilation time

Noninvasive
ventilation time

duration of oxygen
supplementation

duration of indwelling gastric
tube use

Days for
hospitalization

Intervention
group

3.63 ± 8.60 13.60 ± 9.08 22.84 ± 13.78 23.13 ± 12.84 39.18 ± 10.32

control group 5.55 ± 9.98 21.47 ± 12.98 31.98 ± 15.97 33.45 ± 15.48 47.45 ± 16.11

F-value 0.534 5.881 4.596 6.596 4.406

P-value 0.469d 0.019 a 0.037a 0.015 b 0.041c

abc The difference was statistically significant in the Noninvasive ventilation time,the duration of oxygen supplementation, the duration of indwelling gastric tube
use,days for hospitalization between the intervention group and the control group
d The time of invasive ventilation before starting intervention was not statistically significant between the two groups

Table 3 Comparison of the incidence of common complications in preterm infants (case (%))

Group ROP BPD NEC intracranial haemorrhage

The intervention group 2 (9) 5 (23) 1 (4.5) 1 (4.5)

The control group 10 (34) 16 (55) 8 (27.6) 5 (17.2)

χ2-value 3.183 8.065 4.062 0.912

P-value 0.048a 0.005b 0.025c 0.34d

abc The difference was statistically significant in the incidences of ROP,BPD,NEC in the intervention group and control group
d The difference was not statistically significant in the incidence of intracranial haemorrhage between the intervention group and the control group
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difference was statistically significant (P < 0.05)
(Table 4).

Early combined rehabilitation intervention improves the
degree of dyspnoea in premature infants
The Sliverman scores of the two groups at different
times were significantly different (F = 89.071, P < 0.05),
and there was an interaction between the test time and
the group (F = 2.609, P = 0.037 < 0.05). Comparison of
Sliverman scores in the intervention group and the con-
trol group at the beginning of the intervention showed
no significant difference (F = 2.887, P > 0.05). The paired
t test was used to compare each time period within the
group, and the comparison of each time period within
the group showed that the difference was statistically
significant (P < 0.05); that is, with the passage of time,
the Sliverman score gradually decreased. The scores of
the intervention group in the first week, the second
week, and the third week were all lower than those of
the control group (P < 0.05); that is, the dyspnoea of the
intervention group was lower than that of the control
group. (Table 5).

Early combined rehabilitation intervention promotes
neuromuscular motor development in premature infants
The neuromuscular scores in the Ballard score analysis
of the two groups at different times were significantly
different (F = 30.57, P < 0.05), and there was an inter-
action between the intervention group and the control
group (F = 2.817, P < 0.05). There were no statistically
significant differences in Ballard neuromuscular scores
at the beginning of the intervention (F = 2.056, P > 0.05);
the paired t test was used to compare each time period
within the group, and the difference was statistically sig-
nificant (P < 0.05); that is, as time went by, the Ballard
neuromuscular score gradually increased. However, the

scores of the intervention group in the first week, sec-
ond week, and third week were higher than those of the
control group (P < 0.05); that is, the neuromuscular score
of the intervention group indicated that the muscle de-
velopment in the intervention group was higher than
that in the control group (Table 6).

Discussion
The first 6 months after birth is the peak period of brain
growth and development, and the infant nervous system
at this stage has high plasticity [15]. The principle of
early intervention is the plasticity of the brain, which is
specifically manifested as learning and compensation.
The brain has a strong ability to adapt and reorganize in
structure and function and is easily affected by the envir-
onment [16–18] .Therefore, the infant can actively re-
cover as soon as possible during this period.
Intervention treatment can improve the prognosis of
preterm infants. We chose the stable status of the pre-
term infants as the starting point for rehabilitation treat-
ment, and the start date for the early combined
rehabilitation intervention was gestational week PMA
32 ± 1.2 weeks.
In this study, rehabilitation interventions included a

red ball chase, music therapy, touching, oral function
training, respiratory function training, and neuromotor
therapy. Research shows that NICU music exposure is
beneficial to the cardiopulmonary system and is also
beneficial to the hypothalamic-pituitary-adrenal axis,
brain structure, and cognitive behavioural status [19,
20]. The combination of touch and increased visual
stimulation may affect the maturity of cerebral cortex
work, causing the infants in the intervention group to
show more mature performance in spontaneous and tar-
geted eye movements, tracking arcs, streak discrimin-
ation and distance attention [21]. Touch therapy and

Table 4 Comparison of NBNA scores

Group scores > 37 scores = 35–36 scores < 35 T-value P-value

The intervention group 21 1 0 17.66 0.000b

The control group 23 5 1
a There was no significant difference in the mean of NBNA scores between the two groups (P > 0.05)
b Further statistical analysis and the Wilcoxon rank sum test showed that the difference was statistically significant (P < 0.05)

Table 5 Comparison of Sliverman scores

Group start time first week secondweek third week F-value P-value

The intervention group 4.32 ± 1.91 2.36 ± 1.36 2.09 ± 1.15 1.41 ± 0.73 89.071 0.000d

The control group 5.17 ± 1.67 4.41 ± 1.78 3.48 ± 1.70 2.66 ± 1.91

F-value 2.887 20.109 10.888 8.359 2.609 0.037c

P-value 0.096a 0.000b 0.000b 0.006b

a Sliverman scores in the intervention group and the control group at the beginning of the intervention group showed no significant difference (P > 0.05)
b The comparison of each time period within the group showed that the difference was statistically significant (P < 0.05)
c There was an interaction between the test time and the group (P < 0.05)
d The Sliverman scores of the two groups at different times were significantly different (P < 0.05)
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oral function training can increase body growth and pro-
mote the development of gastrointestinal function and
neuromotor function for premature birth, promote co-
ordination of neuromotor function and increase the fre-
quency of bowel movements, thereby improving the oral
feeding ability of preterm infants and improving progno-
sis [9, 22, 23]. Regarding neurodevelopmental results at
18–26months, those who have a corrected the gesta-
tional age at 40 weeks and reach full-mouth feeding have
a better neurological prognosis, with reduced cognition,
language, motor delays, less cerebral palsy and fewer ad-
verse neurodevelopmental results [24].As the duration of
oxygen inhalation increases,release of proinflammatory
cytokines has been implicated in the development of sys-
temic inflammation that contributes to BPD and ROP.In
this study, we provided Intervention program to reduce
the duration of oxygen use, reduced the incidence of
BPD and ROP, and conductted early assessment to pre-
dict long-term outcomes and guide later rehabilitation
treatment [25, 26].
Early combined rehabilitation intervention can im-

prove the short-term clinical outcomes of premature in-
fants. Early combined rehabilitation intervention can
promote the development of respiratory function and
neuromuscular motor function, shorten the duration of
oxygen supplementation and indwelling gastric tube use,
reduce the incidences of ROP, NEC and BPD, and
shorten the hospitalization time.
This study has certain limitations. It is a single-centre

study with a small sample size and evaluated only rele-
vant indicators during hospitalization. To further con-
firm our short-term results and the long-term prognosis
of premature infants, we need to expand the sample size
and closely follow up the discharged premature infants
for further evaluation.

Conclusion
Early combined rehabilitation intervention can improve
the short-term clinical outcomes of premature infants.

Abbreviations
NICU: neonatal intensive care unit; ROP: retinopathy of prematurity;
NEC: neonatal necrotizing enterocolitis; BPD: bronchopulmonary dysplasia;

ATNR: asymmetrical tonic neck reflex; PMA: postmenstrual age;
NBNA: neonatal behavioral neurological assessment

Acknowledgements
Not applicable.

Authors’ contributions
ZFL and YHZ were professionally trained physical therapists in our hospital,
evaluateing and implementeing by in this rehabilitation treatment. ZHZ,
WXD, LLC,BBL,TJD were assistted in data acquisition. YL designed this study,
Collected and integrated data, performed the statistical analysis. YZ was
participated in the study’s design and coordination. All authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
All the data and materials used are included in the manuscript. The datasets
used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was reviewed and approved by the hospital’s medical ethics
committee of Sichuan Provincial Maternity and Child Health Care Hospital,
and informed consent was obtained from the parents of all children. The
verbal informed consent was obtained from the parents of all children, the
ethics committee approved this procedure.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 January 2021 Accepted: 20 May 2021

References
1. Bogdan RD, Rusu L, Toma AI, Nastase L. Respiratory outcome of the former

premature infants. J Med Life. 2019;12(4):381–94. https://doi.org/10.25122/
jml-2019-0123.

2. Volpe JJ. Dysmaturation of premature brain: importance, cellular
mechanisms, and potential interventions. Pediatr Neurol. 2019;95:42–66.
https://doi.org/10.1016/j.pediatrneurol.2019.02.016.

3. De Kieviet JF, Piek JP, et al. Motor Development in Very Preterm and Very
Low-Birth-Weight Children From Birth to Adolescence: A Meta-analysis.
JAMA. 2009;302(20):2235–42.

4. Johnson S. Cognitive and behavioural outcomes following very preterm
birth. Semin Fetal Neonatal Med. 2007;12(5):363–73. https://doi.org/10.1016/
j.siny.2007.05.004.

5. Aylward GP. Neurodevelopmental outcomes of infants born prematurely. J
Dev Behav Pediatrics. 2014;35(6):394–407. https://doi.org/10.1097/01.DBP.
0000452240.39511.d4.

Table 6 Comparison of the neuromuscular scores in the Ballard scores analysis

Group start time first week secondweek third week F-value P-value

The intervention group 17.23 ± 3.18 18.73 ± 1.72 20.00 ± 1.72 21.41 ± 1.87 30.571 0.000d

The control group 16.10 ± 2.43 16.24 ± 2.31 16.48 ± 2.20 17.97 ± 2.24

F-value 2.056 17.896 34.446 38.446 2.817 0.049c

P-value 0.158a 0.000b 0.000b 0.000b

a Ballard scores in the intervention group and the control group at the beginning of the intervention group showed no significant difference(P > 0.05)
b The comparison of each time period within the group showed that the difference was statistically significant (P < 0.05)
c There was an interaction between the test time and the group (P < 0.05)
d The Ballard scores of the two groups at different times were significantly different (P < 0.05)

Liu et al. BMC Pediatrics          (2021) 21:269 Page 6 of 7

https://doi.org/10.25122/jml-2019-0123
https://doi.org/10.25122/jml-2019-0123
https://doi.org/10.1016/j.pediatrneurol.2019.02.016
https://doi.org/10.1016/j.siny.2007.05.004
https://doi.org/10.1016/j.siny.2007.05.004
https://doi.org/10.1097/01.DBP.0000452240.39511.d4
https://doi.org/10.1097/01.DBP.0000452240.39511.d4


6. Pascal A, Govaert P, Oostra A, Naulaers G, Ortibus E, van den Broeck C.
Neurodevelopmental outcome in very preterm and very-low-birthweight
infants born over the past decade: a meta-analytic review. Dev Med Child
Neurol. 2018;60(4):342–55. https://doi.org/10.1111/dmcn.13675.

7. Koldewijn K, van Wassenaer A, Wolf MJ, Meijssen D, Houtzager B, Beelen A,
et al. A neurobehavioral intervention and assessment program in very low
birth weight infants: outcome at 24 months. J Pediatr. 2010;156(3):359–65.
https://doi.org/10.1016/j.jpeds.2009.09.009.

8. Wu W-h, Zhang H-q. Feasibility of super early comprehensive rehabilitation
in the treatment of brain injury in premature infants. China Modern Med.
2019;26(5):117–9.

9. Ghomi H, Yadegari F, Soleimani F, Knoll BL, Noroozi M, Mazouri A. The
effects of premature infant oral motor intervention (PIOMI) on oral feeding
of preterm infants: a randomized clinical trial. Int J Pediatr Otorhinolaryngol.
2019;120:202–9. https://doi.org/10.1016/j.ijporl.2019.02.005.

10. Filippa M, Lordier L, De Almeida JS, et al. Early vocal contact and music in
the NICU: new insights into preventive interventions. Pediatr Res. 2020;87(2):
249–64. https://doi.org/10.1038/s41390-019-0490-9.

11. Ross K, Heiny E, Conner S, Spener P, Pineda R. Occupational therapy,
physical therapy and speech-language pathology in the neonatal intensive
care unit: patterns of therapy usage in a level IV NICU. Res Dev Disabil.
2017;64:108–17. https://doi.org/10.1016/j.ridd.2017.03.009.

12. Pryor JA, Prasad SA. Physiotherapy for Respiratory and Cardiac Problems: Adults and
Paediatrics. 4th ed. Beijing: Peking University Medical Press; 2011. p. 81–118.

13. Robert M. Kacmarek, Steven Dimas, Graig W. Mack.The Essebtials of
Respiratory Care, 4th Edition. The United States: Mosby inc. 2005: 466–468.

14. Bao X-l, Li W-m. Application of neonatal behavioral neurological assessment and
observation to the assessment of brain development and early intervention in
preterm and young infants. Chinese J Pract Pediatric. 2017;32(11):820–2.

15. Anderson PJ. Neuropsychological outcomes of children born very preterm.
Seminars Fetal Neonatal Med. 2014;19(2):90–6.

16. Ismail FY, Fatemi A, Johnston MV. Cerebral plasticity: windows of
opportunity in the developing brain. Eur J Paediatr Neurol. 2017;21(1):23–48.
https://doi.org/10.1016/j.ejpn.2016.07.007.

17. Oberg GK, Campbell SK, Girolami GL, et al. Study protocol: an early
intervention program to improve motor outcome in preterm infants: a
randomized controlled trial and a qualitative study of physiotherapy
performance and parental experiences. BMC Pediatrics. 2012;12(2):15–24.

18. McManus BM, Carle AC, Poehlmann J. Effectiveness of Part C early intervention
physical, occupational, and speech therapy services for preterm or low birth
weight infants in Wisconsin, United States. Acad Pediatr. 2012;12(2):96–103.

19. Anderson DE, et al. Infants born preterm, stress, and neurodevelopment in the
neonatal intensive care unit: might music have an impact? J Pediatr. 2017;190:153–8.

20. van der Heijden MJ, Oliai Araghi S, et al. Do hospitalized premature infants benefit
from music interventions? A systematic review of randomized controlled trials. PLoS
One. 2016;11(9):e0161848. https://doi.org/10.1371/journal.pone.0161848.

21. Fontana C, Carli AD, Ricci D, et al. Effects of early intervention on visual function in
preterm infants: a randomized controlled trial. Front Pediatr. 2020;8(291):1–9.

22. Choi H, Kim SJ, Oh J, Lee MN, Kim SH, Kang KA. The effects of massage
therapy on physical growth and gastrointestinal function in premature
infants: a pilot study. J Child Health Care. 2016;20(3):394–404. https://doi.
org/10.1177/1367493515598647.

23. Li XL, Liu Y, et al. Early Premature Infant Oral Motor Intervention Improved
Oral Feeding and Prognosis by Promoting Neurodevelopment. Am J
Perinatol. 2020;37(6):1–7.

24. Lainwala S, Kosyakova N, et al. Delayed Achievement of Oral Feedings Is
Associated with Adverse Neurodevelopmental Outcomes at 18 to 26
Months Follow-up in Preterm. Infants.Am J Perinatol. 2020;37(5):483–90.

25. Lajko M, Cardona HJ, Taylor JM, Shah RS, Farrow KN, Fawzi AA. Hyperoxia-
induced proliferative retinopathy: early interruption of retinal vascular
development with severe and irreversible neurovascular disruption. PLoS
One. 2016;11(11):e0166886. https://doi.org/10.1371/journal.pone.0166886.

26. Van Hus JWP, Jeukens-Visser M, et al. Early intervention leads to long-term
developmental improvements in very preterm infants, especially infants
with bronchopulmonary dysplasia. Acta Paediatr. 2016;105(7):773–81.
https://doi.org/10.1111/apa.13387.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Liu et al. BMC Pediatrics          (2021) 21:269 Page 7 of 7

https://doi.org/10.1111/dmcn.13675
https://doi.org/10.1016/j.jpeds.2009.09.009
https://doi.org/10.1016/j.ijporl.2019.02.005
https://doi.org/10.1038/s41390-019-0490-9
https://doi.org/10.1016/j.ridd.2017.03.009
https://doi.org/10.1016/j.ejpn.2016.07.007
https://doi.org/10.1371/journal.pone.0161848
https://doi.org/10.1177/1367493515598647
https://doi.org/10.1177/1367493515598647
https://doi.org/10.1371/journal.pone.0166886
https://doi.org/10.1111/apa.13387

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and participants
	Intervention
	Visual and auditory intervention
	Neuromotor intervention
	Oral motor intervention

	Evaluation of the efficacy of the early combined rehabilitation intervention
	Statistical analysis

	Results
	Early combined rehabilitation intervention reduces the durations of oxygen supplementation and indwelling gastric tube use and the days of hospitalization
	Early combined rehabilitation intervention reduces the incidence of ROP, BPD, and NEC among premature infants
	The NBNA score
	Early combined rehabilitation intervention improves the degree of dyspnoea in premature infants
	Early combined rehabilitation intervention promotes neuromuscular motor development in premature infants

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

