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Background: A meta-analysis was conducted to examine the effects of early rehabilitation on the incidence
of sequelae and associated disabilities in high-risk infants with brain injury.

Methods: English and Chinese medical databases including PubMed, Web of Science and Embase, China
National Knowledge Infrastructure (CNKI) and Wanfang database, were search from 2005 to 2020 for
relevant studies related to rehabilitation in high-risk children with brain injury. Patients who received basic
treatment combined with early rehabilitation after brain injury formed the treatment group, and infants who
only received basic treatment were considered the control group. The data were statistically analyzed using
Statal6.0 analysis software.

Results: A total of 13 studies were included, involving 1,930 patients. Meta-analysis showed that the
effective rate of early rehabilitation in the treatment of high-risk children with brain injury was significantly
higher than that of the control group without early rehabilitation [odds ratio (OR) =4.98; 95% confidence
interval (CI): 3.66 to 6.79]. Early rehabilitation also significantly improved patient adaptability [standardized
mean difference (SMD) =0.632; 95% CI: 0.496 to 0.769], gross motor skills (SMD =0.971; 95% CI: 0.705
to 1.236), fine motor skills (SMD =0.904; 95% CI: 0.670 to 1.138), language skills (SMD =0.757; 95% CI:
0.483 to 1.030), and personal-social scores (SMD =0.786; 95% CI: 0.648 to 0.925) compared to patients in
the control group. The mental development index (MDI) score (SMD =1.194; 95% CI: 0.839 to 1.549) and
the psychomotor development index (PDI) score (SMD =0.973; 95% CI: 0.661 to 1.286) were significantly
higher in the treatment group compared to the control group.

Discussion: Early rehabilitation therapy can improve the neuromotor and intellectual development in
high-risk infants with brain injury.
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Introduction ischemic encephalopathy, intracranial hemorrhage,
Neonates in the fetal, delivery, or neonatal periods may h)‘zperbil.iru.bi.nemia, and pathf)logi‘cal jaundice (1). Neonates
be exposed to high-risk factors that lead to brain injury. with brain injury are also at high risk of neurodevelopmental
Such risk factors include premature delivery, low birth disorders such as cerebral palsy (CP). Statistical analyses
weight, perinatal respiratory distress, asphyxia, hypoxic- have demonstrated that CP is closely related to prenatal
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or perinatal brain injury, and is the most common physical
disability in children. The prevalence in high-income
countries is 2.1% (2), and slightly lower in Australia and
Europe. While the exact incidence of CP in low-income
and middle-income countries is unclear, it appears to be
higher than that observed in high-income countries (3).
Due to the associated severe physical disabilities and the
high risk of infectious diseases in neonates with brain injury,
early intervention is crucial.

Rehabilitation experts generally believe that early
rehabilitation treatment can be started a few days after the
patient’s neurological symptoms no longer progress (4).
Early rehabilitation therapy is aimed at the plasticity of the
brain. If applied during the early “critical period”, nervous
system functions can change their activity in response to
intrinsic or extrinsic stimuli by reorganizing its structure
to improve neurological function (5). A large number of
studies have shown that early rehabilitation can significantly
affect and improve the neural development of infants with
congenital brain injury (6), promoting the recovery of
motor function, improving intellectual ability, and reducing
the incidence of CP and mental retardation. However, the
efficacy of early rehabilitation must be systematically and
comprehensively evaluated. This meta-analysis assessed
the clinical efficacy of early rehabilitation in high-risk
children with brain injury. The parameters of interest were
effective rate, adaptability, gross and fine motor function,
language ability, and personal-social skills. Evaluation
indexes included five neurodevelopmental index scores, the
intellectual development index, and the motor development
index.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-380).

Methods
Literature retrieval method

The PubMed, Web of Science, Embase, China National
Knowledge Infrastructure (CNKI), and Wanfang databases
were searched for relevant literatures published between
2005 and 2020. The search terms applied were as follows:
(“high risk infants” or “birth” or “prenatal infants” or “brain
injury”) and (“brain injury”) and (“early rehabilitation
intervention” or “rehabilitation intervention” or “treat”).
Finally, relevant full-text articles were screened according
to the inclusion and exclusion criteria. No language
restrictions were applied to the search.

© Translational Pediatrics. All rights reserved.
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Inclusion and exclusion criteria for the literature search

The selection of literature was based on the Population,
Intervention, Comparison, Outcomes and Study (PICOS)
framework. The study population included participants
who were clearly diagnosed as high-risk children with
brain injury. In the treatment group, high-risk children
with brain injury received basic treatment combined with
early rehabilitation treatment. In the control group, parents
refused rehabilitation treatment for their children and
these patients received only basic treatment. The outcome
measures included effective rate, adaptability, gross and fine
motor function, language ability, and personal-social skills.
Indicators included five neurodevelopmental scores, an
intellectual development index, and a motor development
index. Literature reporting randomized or semi-randomized
controlled studies, or retrospective clinical studies were
included.

The following exclusion criteria were applied: (I)
studies in which patients were not diagnosed as high-risk
children or the intervention group was not administered
basic treatment; (II) literature containing review articles;
(III) literature containing duplicate studies; (IV) reports
containing incomplete data, design defects, or unclear
conclusions; and (V) studies involving animal experiments.

Literature quality assessment and data extraction

The Cochrane collaboration tool was used to assess the
risk of bias in the included literature (7). The six aspects
examined were random allocation method; allocation
scheme hiding; blinding method; complete outcome
data; selective report; and other biases. Two researchers
independently conducted the literature evaluation and data
extraction. Any disagreements were resolved via discussion
and consultation with a third researcher. Data from the
included articles, including basic information, research
method, research subjects, sample size, indexes, and
conclusions, were systematically collated into an electronic
database.

Statistical analysis

Statistical analyses were performed with Statal6.0 analysis
software. The heterogeneity of the included studies was
assessed using Cochran’s Q test and T’ statistics. When
P<0.05 and I’>50%, the random effects model was used
for meta-analysis, otherwise, the fixed effects model was
used. The results of categorical variables were reported
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Figure 1 Flow chart of the literature screening process.

as odds ratio (OR) and 95% confidence interval (CI),
while the results of numerical variables were reported as
standardized mean difference (SMD) and 95% CI. P<0.05
was considered statistically significant. Sensitivity analysis
was used to evaluate the reliability of the meta-analysis.
Funnel plots were used to analyze publication bias.

Results
Selection of literature

After screening the databases, a total of 709 documents were
retrieved. Review of the title, summary, and full text articles
resulted in the exclusion of 647 unqualified documents and
finally, 62 articles were selected. Further review of the full
text articles excluded 49 documents such as conference
summaries, case reports, and duplicate literature. Finally, 13
studies met the selection criteria (8-20) and were included
in this meta-analysis (Figure I). All 13 reports were from
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the Chinese literature. There was a total of 1,930 patients,
including 1,000 cases of early rehabilitation treatment in the
experimental group and 930 cases in the control group. The
characteristics of the included literature are shown in Table 1.

Results of the meta-analysis

Effective rate

All 13 studies documented the effective rate of the
treatment group and the control group. The data showed
that the heterogeneity of each study was small (I’=0.0%,
P=0.885), and the fixed effects model was used. The results
of the meta-analysis showed that the effective rate in infants
receiving early rehabilitation was significantly higher than
that in patients without early rehabilitation (OR =4.98; 95%
CI: 3.66 to 6.79; P<0.001; Figure 2).

Neurodevelopmental indicators
Of the 13 included references, 5 articles (8,11,13,16,17)
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Table 1 The basic characteristics of the included literature

First Study timeframe No. patients Follpw-up Gender ratio . Evaluation Outcomes
author Yea (year.month) (treatment/ time (M/F) Study design criteria measured
control) (months)
1 CaoW (8) 2008 2005.1-2006.1 195/176 12 238/128 Retrospective Gesell D++B+@®+®
2 HuangY (9) 2007 2002.3-2005.10 46/46 12 57/35 Retrospective CDCC ©+D
3 SuY (10) 2014 2013.5-2014.5 85/70 12 83/72 Retrospective Gesell NR
4 Gao J (11) 2014 2011.1-2013.1 15/15 6 18/12 Retrospective Gesell D++B+@®+®
5 QuX(12) 2013 2010.1-2012.6 53/44 24 67/30 Retrospective CDCC ©+D
6 MadJ (13) 2020 2017.1-2019.2 75/75 12 77/73 Retrospective Gesell + DO+++D+
CDCC B+O+D
7 Peng H (14) 2017 2013-2015 100/100 18 132/68 Retrospective Gesell NR
8 Yang C (15) 2014 2009.1-2012.7 85/76 12 111/50 Retrospective CDCC ©+D
9 ChenX(16) 2010 2008.2-2009.12 118/100 12 123/95 Retrospective Gesell D++B+@+®
10 ZhanglL (17) 2018  2016.12-2018.2 52/52 NR 58/46 Retrospective Gesell D+Q+B+@D+®>
11 Liuz (18) 2018 2016.4-2017.4 72/72 NR 73/71 Retrospective CDCC ©+@
12 DingY (19) 2015 2012.1-2012.6 30/30 NR NR Retrospective CDCC ©+®
13 Wang B (20) 2016  2012.1-2015.12 74/74 12 80/68 Retrospective cDCC ©+D

Outcomes: (D adaptability DQ; ) large sports DQ; @ fine motor DQ; @ language DQ; & social behavior DQ; ® PDI; ) MDI. M, male; F,
female; NR, not reported; CDCC, Children’s Developmental Center of China; DQ, developmental quotient; PDI, psychomotor developmental
index; MDI, mental developmental index.

Figure 2 A forest map showing the effective rate of treatment in patients with or without early rehabilitation.
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assessed neurodevelopmental indicators, including
adaptability, gross motor skills, fine motor skills, language
ability, and personal-social skills. After merging the data,
heterogeneity was small for adaptability (I’=0.0%; P=0.415)
and personal-social skills (I’=13.4%; P=0.329). The
heterogeneity of gross motor skills (I’=65.6%; P=0.020),
fine motor skills (I’=56.5%; P=0.056), and language ability
(I’=69.0%; P=0.012) was large, and the random effects
model was adopted. After rehabilitation treatment, patients
performed significantly better in terms of adaptability (SMD
-0.632; 95% CI: 0.496 to 0.769; P<0.001; Figure 3A4),
gross motor skills (SMD =0.971; 95% CI: 0.705 to 1.236;
P<0.001; Figure 3B), fine motor skills (SMD =0.904, 95%
CI: 0.670 to 1.138; P<0.001; Figure 3C), language ability
(SMD =0.757; 95% CI: 0.483 to 1.030; P<0.001; Figure 3D),
and personal-social skills (SMD =0.786; 95% CI: 0.648
to 0.250; P<0.001; Figure 3E) compared to patients in the
control group.

Intellectual and motor development

Seven studies (9,12,13,15,18-20) investigated intellectual
development and motor development in high-risk
infants with brain injury. After data merging, intellectual
development (I’=82.4%; P<0.001) and motor development
(I’=78.3%; P<0.001) of each study were found to be highly
heterogeneous, and the random effects model was adopted.
The results showed that both the mental development
index (MDI) score (SMD =1.194; 95% CI: 0.839 to 1.549;
P<0.001; Figure 44) and the psychomotor development
index (PDI) score (SMD =0.973; 95% CI: 0.661 to 1.286;
P<0.001; Figure 4B) were significantly higher in the
treatment group compared to the control group.

Sensitivity analysis

The stability of the meta-analysis results were further
assessed by sensitivity analysis. The results were presented
in the figures: the treatment effectiveness (Figure 5),
neurodevelopmental adaptability score (Figure 6A4),
gross motor skill score (Figure 6B), fine motor skill score
(Figure 6C), language score (Figure 6D), and personal-
social score (Figure 6E) sensitivity. The combined results of
the MDI score (Figure 74) and the PDI score (Figure 7B)
showed little change and low sensitivity, confirming that the
results of this meta-analysis were robust and reliable.

Publication bias
Funnel plots were used to detect possible publication bias.
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Figure 8 shows that the funnel plot of the effective rate of
treatment is symmetrical, and the bias of the results is small.
There was default publication bias as the number of articles
studied by nerve development index, MDI score and PDI
score below 10, and funnel plot analysis was not conducted.

Discussion

Brain injury affects the development of nervous system
functions in newborns, and can result in motor function
and cognitive function development disorders. Nervous
system dysfunction can cause CP, cognitive impairment,
behavioral abnormalities, epilepsy, and the like. The
multiple sequelae caused by brain injury can exert a heavy
economic and mental burden on children and their families.
Therefore, early intervention, clinical prevention, and
effective treatment measures are of great significance in
preventing brain injury in high-risk infants. Early detection
and prevention can help correct the sequelae of brain injury.
Therefore, it is particularly important to strengthen the
management of preventive health care, early intervention,
and rehabilitation of high-risk infants.

After early brain injury in high-risk infants, if positive
stimulation is given, new functional pathways can be
constructed. For example, unconventional nerve synapses
can be generated through axon bypass projection and
unusual dendrite bifurcation. In early life, benign
environmental stimulation and exercise therapy for high-
risk infants with brain injury can allow for recovery of the
damaged brain, promote intellectual development, improve
prognosis, and reduce the incidence of sequelae such as
CP (21). Early intervention for high-risk children with brain
injury is crucial and may include traditional intervention,
music therapy, early intervention involving parents, and the
early Denver model (22). This meta-analysis mainly focused
on basic treatment combined with early rehabilitation
therapy.

The 13 studies included in this meta-analysis all
documented the effective rates of treatment. The effective
rate of early rehabilitation in high-risk infants with brain
injury was 84.71-98.82%, which was significantly higher
than the effective rate of 59.09-83.78% observed in
patients who did not receive early rehabilitation. Studies
have suggested that the incidence of abnormal motor and
intellectual development is 8-10 times greater in high-risk
infants compared to normal infants, and the incidence of
CP is 3%. However, if high-risk infants are given prompt
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Figure 3 Forest maps showing the neurodevelopmental indicators for high-risk infants with brain injury. (A) Adaptive scores; (B) gross

motor score; (C) fine motor score; (D) language score; (E) personal-social score.

access to early intervention, more than 90% will fully
recover (23). Furthermore, early intervention not only
improves the motor function of children but can also help
to improve their intellectual development (24).

High-risk children with brain injury can show defects
in cognitive ability, including reduced vision mastery,
poor gross motor skills, and decreased attention retention
ability (25). In this meta-analysis, 5 studies applied the
Gesell Developmental Assessment scale, which is a
neuromotor assessment method for neonates and has been
widely recognized in the diagnosis of brain injury. In the

© Translational Pediatrics. All rights reserved.

early rehabilitation group, infants underwent visual and
auditory stimulation, hand-eye coordination training, touch
massages, passive exercise, vestibular exercise training, and
active guidance activities. This resulted in significantly
improved adaptability, gross and fine motor skills, language
ability, and personal-social scores compared to patients
in the control group, suggesting that early rehabilitation
treatment exerted a positive effect on nerve development.

In this meta-analysis, 7 studies examined the intellectual
development index and the motor development index of
patients in the two groups. The results showed that the
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Figure 4 Forest maps of two score. (A) The MDI score; (B) the PDI score. MDI, mental development index; PDI, psychomotor

development index.

MDI and PDI scores of the experimental group were higher
than those of the control group. Due to various reasons,
the development of the central nervous system and the
motor nervous system in high-risk children is abnormal,
resulting in mental and motor retardation in children. Early
rehabilitation treatment can promote the recovery and
regeneration of the injured nervous system, improve the
rehabilitation and compensation ability, and reduce long-

© Translational Pediatrics. All rights reserved.

term nerve damage. Early rehabilitation therapy promotes
the intellectual and motor development of children.
Furthermore, environmental stimulation and functional
training are beneficial to the development of brain cells and
the formation of myelin, which may improve the ability of
children to respond to the surrounding environment. Early
rehabilitation therapy encourages the transmission of motor
sensory stimulation to the cerebral cortex, inhibits the
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Figure 6 Sensitivity analysis of the neurodevelopmental indicators. (A) Adaptive score; (B) gross motor score; (C) fine motor score; (D)

language score; (E) personal-social score.
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Figure 7 Sensitivity analysis of two score. (A) The MDI score; (B) the PDI score. MDI, mental development index; PDI, psychomotor

development index.
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Figure 8 Funnel plot for effective treatment.

transmission of abnormal signals, reduces the generation
of abnormal movements, and restores normal motor
function (26).

There are some limitations in this meta-analysis.
First, the sample size of the included studies is small, the
overall population range in the study is limited, and the
included studies are mostly in the Chinese literature,
and these factors may result in certain selection bias
and affect the external authenticity of the conclusions.
Second, the included trials did not follow the principle of
random grouping, and no blinding method nor allocation
concealment schemes were used to control information bias,
which may affect the internal authenticity of the results.

© Translational Pediatrics. All rights reserved.

In summary, early detection, early intervention, and
active rehabilitation of high-risk infants with brain injury is
conducive to preventing the onset of neurodevelopmental
disorders, and motor and mental retardation. Early
rehabilitation therapy can improve the neuromotor and
intellectual development in high-risk infants with brain

injury.
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