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Abstract

Background: Acquired brain injury (ABI) in children and adolescents can lead to motor and executive impairments that often
require long-term treatment. The implementation of web-based telerehabilitation therapy at home is a method to improve the
functional status of patients. Therefore, we performed a systematic review of the effects of web-based telerehabilitation programs
on functional outcomes in children and adolescents with brain injury and supplemented the findings with a meta-analysis.

Objective: This study evaluated the therapeutic effect of web-based telerehabilitation training on children and adolescents with
brain injury to determine whether web-based telerehabilitation therapy improved motor function, executive function, physical
activity level, lower limb strength, hand and upper limb function, visual processing skills, and occupational functional performance
in children and adolescents with brain injury.

Methods: PubMed, Embase, Scopus, Web of Science, and the Cochrane Library were searched for randomized controlled trials
on web-based telerehabilitation programs in children and adolescents with brain injury until December 2022, and the risk of bias
was evaluated using the Cochrane Collaboration Tool. Relevant data were extracted, and a meta-analysis was performed using
RevMan5.3 software.

Results: Overall, 17 studies involving 848 patients were included. Web-based telerehabilitation therapy improved the motor
function (standardized mean difference [SMD] 0.29, 95% CI 0.01-0.57; P=.04), physical activity level (SMD 0.42, 95% CI
0.11-0.73; P=.007), lower limb strength (SMD 0.52, 95% CI 0.13-0.90; P=.009), and visual processing skills (SMD 0.26, 95%
CI 0.02-0.50; P=.04) of children and adolescents with brain injury. It also improved executive function in letter-number sequencing
(SMD 1.26, 95% CI 0.26-2.26; P=.01), attention (SMD 0.38, 95% CI 0.09-0.66; P=.009), and symbol search (SMD 1.18, 95%
CI 0.43-1.93, P=.002).

Conclusions: Web-based telerehabilitation therapy improved motor function, physical activity level, lower limb strength,
letter-number sequencing, attention, and symbol search, which improved the quality of life in children and adolescents with brain
injury. Web-based telerehabilitation programs provide great convenience for children and adolescents with ABI who need
long-term treatment and allow them to exercise at home for rehabilitation training. The widespread implementation of remote
interventions also provides children and adolescents in remote areas with better access to rehabilitation services. This review
provides evidence for the effectiveness of web-based telerehabilitation therapy, but there was heterogeneity in some of the results
because of different disease types and intervention programs. Future studies can expand the sample size according to disease type
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and increase follow-up time according to different exercise prescriptions to further refine the long-term effects of this intervention
on various functions of children and adolescents with ABI.

Trial Registration: PROSPERO CRD42023421917; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=421917

(J Med Internet Res 2023;25:e46957) doi: 10.2196/46957
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Introduction

Background
Acquired brain injury (ABI) is a major cause of morbidity and
mortality worldwide. ABI can be caused by traumatic injuries
(traffic accidents, accidental falls, sports injuries, and violence)
or ischemic brain injuries (ischemic stroke, cerebral ischemia
secondary to cardiac arrest, neurological damage after
cardiopulmonary bypass, and perinatal ischemic hypoxic
encephalopathy) [1,2]. ABI in children and adolescents is
defined as a brain insult acquired after the first year of life [2].
ABI includes traumatic brain injury and nontraumatic brain
injury, with incidence rates of 274 to 317 per 100,000 [3-5] and
82.3 per 100,000 [6], respectively.

Most patients with ABI have a wide range of neurological
sequelae, such as motor deficits, cognitive dysfunction, hand
and upper limb dysfunction, language and speech abnormalities,
and behavioral problems [7]. Hand dysfunction includes motor
skill, speed, and coordination disorders [8]. Depending on the
severity of trauma, some children and adolescents may have
persistent deficits in visual processing skills [7], and these
disorders have a lifelong dynamic impact on health and
well-being [9]. Therefore, we should focus on these disorders
in children and adolescents with ABI. However, treatment of
these disorders often requires long-term care and follow-up,
which is difficult. Therefore, this review aimed to assess the
effectiveness of web-based telerehabilitation programs in
children and adolescents with brain injury.

With the rapid development of internet technology, the World
Health Organization has recognized the potential of mobile
technology to change the nature of medical services [10].
Telerehabilitation fills the defects of insufficient opportunities
for follow-up because of long distances or high costs [11,12],
and patients can assess their own barriers and develop
corresponding training plans by conducting rehabilitation
programs at home [13]. These advantages provide an opportunity
to facilitate the treatment of children and adolescents with ABI,
which keeps these individuals safe, improves outreach, and
ensures compliance with rehabilitation programs [13,14].

A review by Corti et al [15] described interventions for
tele-technology training for children and adolescents with ABI
and found significant effects after telerehabilitation interventions
targeting cognitive and behavior disorders, suggesting that
telerehabilitation at home is feasible [16,17]. However, some
of the current telerehabilitation interventions are limited by
expensive equipment [18] or lack of supervision, which leads
to low patient participation in rehabilitation or unsatisfactory

intervention effects [15]. Linden et al [19] performed a
meta-analysis of technology-based training programs for
children and adolescents with ABI. Only one report showed
significant differences between the intervention and control
groups in improving problem-solving and sentence recall, which
are important components of executive function. However, these
findings may be limited by the small number of participants
included in the study, insufficient information, and limited
measures of outcome assessments. Wade et al [20] reported that
a technology-assisted intervention effectively improved
behavioral problems and executive function in children and
adolescents with brain injury. However, these results were
limited by the small sample size, heterogeneity, and lack of a
control group. A review by Beckers et al [21] reported on the
efficacy of home regimens for children and adolescents with
cerebral palsy of the upper limbs and showed that family therapy
programs for children and adolescents with cerebral palsy were
feasible, but a meta-analysis could not be performed because
of expected clinical and methodological heterogeneity.

In summary, several articles were published on telerehabilitation
interventions for children and adolescents with ABI, but the
effectiveness of internet-based teletherapy at home has not been
clearly defined because of small sample sizes, lack of control
groups, and the heterogeneity of research methods.

Aims of This Review
This study reviewed randomized controlled studies of web-based
teletherapy interventions and analyzed the data of various
outcomes after web-based intervention in children and
adolescents with ABI, including motor function, executive
function, physical activity level, lower limb strength, hand and
upper limb function, visual processing skills, and occupational
function performance, to provide evidence-based rehabilitation
options that use the internet for new treatment strategies for
children and adolescents with brain injuries.

Methods

Study Registration
This systematic review and meta-analysis is reported in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement [22]. An
initial review protocol was preregistered on PROSPERO
(CRD42023421917).

Literature Search Strategies
Computer retrieval was the main method used, and the search
databases included PubMed, Embase, Cochrane Library, Web
of Science, and Scopus. The period considered for inclusion in
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the study ranged from the establishment of each database to
December 2022. There was no limit to the type of literature,
which included journal literature, conference papers, and
dissertations.

Searches were performed using a combination of Medical
Subject Headings terms and entry terms. The corresponding
retrieval formula is formulated according to the characteristics
of each database (Textbox 1).

Textbox 1. PubMed retrieval.

Consider PubMed as an example

• (Telerehabilitation[MeSH Terms]) OR (Telerehabilitation[Title/Abstract])) OR (Tele-rehabilitation[Title/Abstract])) OR (Tele
rehabilitation[Title/Abstract])) OR (Tele-rehabilitations[Title/Abstract])) OR (Remote Rehabilitation[Title/Abstract])) OR (Rehabilitation,
Remote[Title/Abstract])) OR (Rehabilitations, Remote[Title/Abstract])) OR (Remote Rehabilitations[Title/Abstract])) OR (Virtual
Rehabilitation[Title/Abstract])) OR (Rehabilitation, Virtual[Title/Abstract])] OR [Rehabilitations, Virtual[Title/Abstract]]) OR (Virtual
Rehabilitations[Title/Abstract])) OR (web)) OR (home)) AND ((((((((brain) OR (cranial)) OR (cerebral)) OR (head)) OR (intracranial)) OR
(fossa)) OR (subarachnoid)) OR (cerebrocranial))) AND (((children) OR (pediatric)) OR (adolescents)).

Multimedia Appendix 1 shows specific search formulas.

Study Selection Process
Two review authors independently selected studies according
to the inclusion and exclusion criteria and discussed or consulted
third-party opinions when there was disagreement. Duplicate
studies were first removed from literature screening, and titles
and abstracts were read to exclude irrelevant studies. After
removing articles that were not randomized controlled trials
(RCTs), the full text was read to obtain the final included
studies.

Literature Inclusion Criteria
The following criteria were used for inclusion in the review:

1. Diagnosis of ABI (included in the category of acquired
brain damage of a traumatic nature, eg, falls, assaults, sports
injuries, pedestrian injuries, and bicycle or motorcycle
crashes) and nontraumatic injuries (eg, stroke, infectious
disease, brain tumors, lack of oxygen, and toxic exposure).
Patients with acquired brain damage were considered
eligible for the review only if they were in a chronic phase
(ie, at least 1 year after injury).

2. Children and adolescents (aged <18 years).
3. Able to follow instructions sufficient to participate in simple

computer games.
4. Able to access the internet at home (ie, phone line or

internet access).
5. RCTs.
6. The included literature evaluated the effectiveness of

web-based telerehabilitation programs for children and
adolescents with brain injury (including web-based
interventions provided training equipment for patients to
use at home) by comparing with no training or usual care.
Rehabilitation programs may include telemedicine
rehabilitation training, virtual game training at home,
computer-assisted training modules, and robotic devices
that may be used at home under third-party guidance or
independently [19].

7. All participants were divided into 2 groups: the intervention
group (web-based telerehabilitation) and the control group
(no training or usual care).

Exclusion Criteria
The exclusion criteria for the study subjects were as follows:
(1) progressive neurological disorder, severe concurrent illness,
or disease not typically associated with ABI; (2) severe sensory,
motor, cognitive, and visual deficits that could not be corrected
using compensatory tools and interfered with training execution
and assessment; (3) a diagnosis of photosensitive epilepsy, as
computer-based stimulation could produce negative health
effects in these patients; and (4) any surgical or medical
intervention in the 6 months before starting the study.

Literature exclusion criteria were as follows: (1) not English
literature, (2) not using internet intervention at home, (3)
duplicate published literature, (4) unavailable full text or unable
to extract data, and (5) animal experiments.

Outcome Measures
The primary outcome measure in the literature was motor
function. The evaluation tools included the Gross Motor
Function Measure-66 (GMFM-66), Bruininks-Oseretsky Test
of Motor Proficiency (BOTMP), and Assessment of Motor and
Process Skills (AMPS).

The secondary outcomes included physical activity level, lower
limb strength, visual processing skills, executive function, hand
and upper limb function, balance function, and the Canadian
Occupational Performance Measure (COPM).

Data Extraction
Two independent review authors extracted and checked the
data, which included basic information on the included studies
(first author, year, and country), data profile (sample size, mean,
and SD), interventions (type and duration of follow-up), and
outcome measures.

Literature Quality Assessment
The methodological quality of the included studies was assessed
using the Cochrane Collaboration Tool [23,24]. The scale items
were divided into 7 areas: random sequence generation
(selection bias), allocation concealment (selection bias), blinding
of participants and personnel (performance bias), binding of
outcome assessment (detection bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and other
biases. Each criterion was rated as low, high, or unclear risk
[25]. To draw conclusions about the overall risk of bias within
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or across trials, we summarized assessments across items in the
tool for each outcome within each trial [24]. Two independent
investigators performed the assessments and discussed or
consulted third parties when the results were inconsistent.

Certainty Assessment
The quality of evidence was evaluated using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADEpro GDT, web-based version) professional guideline
development tool. RCTs start with a “high” quality of evidence,
and the quality of evidence is upgraded or downgraded based
on the following assessment: (1) risk of bias, (2) inconsistency,
(3) indirectness, (4) imprecision, and (5) publication bias [26].

Publication Bias
Publication bias was assessed visually using a funnel plot and
statistically using the Egger test [27].

Statistical Analysis
RevMan5 software [28] was used for statistical analyses. For
studies included in the meta-analysis, the sample size, mean,
and SD of the primary outcomes were extracted for the
intervention and control groups. When the measurement method
or unit was inconsistent, a standardized mean difference was
used. Because the outcome assessment scales were different, a
random-effects model was used for data analysis. The Cochrane

Q (chi-square test) and I2 statistics were used to evaluate the
heterogeneity of the included studies. The significance level for
the chi-square test was set at P<.10, indicating heterogeneity.

An I2 value of 0% to 40% was considered not important, 30%
to 60% indicated moderate heterogeneity, 50% to 90% indicated
substantial heterogeneity, and 75% to 100% indicated
considerable heterogeneity [29].

Subgroup Analysis
Subgroup analyses were performed to test for differences in
scoring scales (GMFM-66, AMPS, and BOTMP), intervention
duration (<12 and ≥12 weeks), interaction with medical
professionals (interaction and no interaction), test sample size
(<50 and ≥50 participants), and nation (Asian, Europe, Oceania).
According to the Cochrane Handbook [30], the typical advice
for undertaking simple regression analyses is that at least 10
observations (ie, 10 studies in a meta-analysis) should be
available for each characteristic modeled.

Sensitivity Analysis
In the case of considerable heterogeneity, a sensitivity analysis
was performed, a Galbraith plot was constructed, outliers were
identified by omitting one study at a time from the study pool,
and their corresponding level of heterogeneity was rechecked.

Results

Results of the Literature Search
The literature search identified a total of 52,022 records on
December 3, 2022. A total of 9530 records were collected from
PubMed, 9406 from Scopus, 21,066 from Embase, 1382 from
the Cochrane Library and 10,638 from the Web of Science
databases.

After removing duplicates (n=27,263), the titles of 23,867
records were screened. On the basis of the title, 23,499 records
were excluded because of irrelevant content or formatting. A
careful reading of the full text removed 351 articles, and 17
articles were finally included after 2 researchers independently
reached a consensus.

The literature screening process and results are shown in Figure
1.
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Figure 1. Flowchart for study identification, screening, eligibility, and inclusion.

Basic Characteristics of the Included Studies
The definitive analysis of this systematic review included 17
studies published between 2012 and 2022 that reported on
web-based telerehabilitation interventions for 848 children and
adolescents with brain injury from China, Australia, and 4 other

countries. Table 1 shows the basic characteristics of the 17
included studies [31-47]. The categories of ABI included were
diverse (eg, cerebral palsy, brain tumors, and other types of
brain injuries). Except for one study that included children aged
<5 years, participants in the other studies were distributed from
ages 6 to 18 years.
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Table 1. The basic characteristics of the included studies.

Exclusion criteriaInclusion criteriaDiseaseAge
(years)

GroupNationStudy

Waitlist
control, n

Interven-
tion, n

CPa6-121513ChinaChen et
al [31]

• Chromosomal abnormalities• Diagnosis with CP with GM-

FCSb levels I–II • Progressive neurological disorder
or severe concurrent illness or dis-• Age 6-12 years
ease not typically associated with• In prepubertal stage, ability to

walk independently, ability to CP
• Active medical conditions such as

pneumonia
undergo a motor function and
isokinetic muscle test, and

• Any major surgery or nerve block
in the preceding 3 months

ability to comprehend com-
mands and cooperate during an

• Hormonal disturbance;examination
• Poor tolerance of isokinetic test or

a poor cooperation during assess-
ment

CP6-133032ChinaChiu et al
[32]

• Severe cognitive or visual problems• Diagnosed with CP before 5
years of age were spastic
hemiplegic;

• Age 6-13 years;
• Enough hand function to hold

the Wii remote control.

ALLc or

BTd

8-163434AmericaConklin
et al [33]

• History of premorbid central ner-
vous system injury or disease (eg,
traumatic brain injury, epilepsy)

• BT or ALL survivors who re-
ceived cranial irradiation or
intrathecal chemotherapy and
had completed treatment at • Preexisting attention-deficit/hyper-

activity disorder, psychotropicleast 1 year before, without
disease recurrence medications within 2 weeks of en-

rollment, motor or sensory deficit• English speakers and ages 8-16
years, with IQ 70 precluding valid testing or comple-

tion of the intervention
• Psychological condition precluding

or taking precedence over cognitive
intervention

ABIe11-161418ItalyCorti et al
[34]

• A previous diagnosis of psychiatric
or cognitive problems

• Nonprogressive ABI (eg, trau-
matic brain injury, stroke,
anoxia, meningitis, encephali- • Severe visual, auditory, or motor

deficitstis, postsurgical meningioma,
and acoustic neuroma) • Undergoing a parallel cognitive re-

habilitation treatment• In chronic phase (at least 1
year after the event) • A diagnosis of photosensitive

epilepsy• Age 11-16 years
• Speak Italian as a primary lan-

guage

CP5-161515EnglandFarr et al
[35]

• With epilepsy who were photosen-
sitive or had a seizure within the
previous year

• Diagnosis with CP with GM-
FCS levels I-II

• Age 5-16 years
• Take anticonvulsant medication• Able to walk independently

over short distances without
use of walking aids

• Able to follow simple task in-
structions
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Exclusion criteriaInclusion criteriaDiseaseAge
(years)

GroupNationStudy

Waitlist
control, n

Interven-
tion, n

• A degenerative or metabolic condi-
tion

• Unstable epilepsy
• Undergone upper or lower limb

surgery or any medical intervention
in the past 6 months

• At least 12 months post-ABI,
which was acquired ≥28 days
post–full-term birth

• Age 8-16 years
• GMFCS levels I-II
• Cooperative and had sufficient

comprehension, attention and
concentration, visual and ver-
bal abilities

ABI8-162929AustraliaBaque et
al [36]

• Physically active (defined as >60
min/d of moderate to vigorous inten-
sity exercise in a typical week)

• Complete blindness or deafness

• Diagnosis with CP
• The ability to exercise with

arms
• Age 10-19 years
• Access to a Wi-Fi internet

connection at home
• Ability to use a device capable

of viewing internet video con-
tent

CP10-192623AmericaLai et al
[37]

• Unstable brain injury
• Unstable epilepsy
• undergone active medical treatment

in the past 6 months
• Undergone surgical intervention in

the 6 months before study com-
mencement

• No persistent physical impairment
after ABI

• A minimum of 12 months after
ABI with GMFCS levels I-II

• Age 8-16 years
• Sufficient cooperation, cogni-

tive understanding, visual acu-
ity, and verbal communication

ABI8-162929AustraliaSakzews-
ki et al
[38]

• CP with other inherited diseases,
metabolic diseases, and severe car-
diopulmonary diseases;

• Selective posterior rhizotomy, pe-
ripheral nerve constriction and ten-
don lengthening of both lower
limbs;

• 6 months to take antispasmodic
drugs or botulinum toxin injection

• Those who do not cooperate with
the treatment

• Diagnosis with CP
• Ability to help stand and walk
• Able to understand and match

instructions given
• Maintain combination therapy

for 12 weeks or more

CP1.5-4.82020ChinaTianming
[39]

• Received upper limb or lower-limb
surgery in the previous 6 months

• Unstable epilepsy
• A respiratory, cardiovascular, or

other medical condition

• GMFCS levels I-II
• Age 8-18 years
• Sufficient cooperation and

cognitive understanding

CP8-185051AustraliaM Pi-
ovesana
et al [40]

• Unstable epilepsy or medical condi-
tions

• Underwent upper limb botulinum
neurotoxin A injections or surgery
in the previous 2 months or 6
months respectively

• Diagnosis with unilateral CP
with GMFCS levels I-II

• Age 8-17 years

CP8-175051AustraliaMitchell
et al [41]

• Had epilepsy or seizures
• Were unable to sit for long enough

or were regular users of balance
board type interactive computer
games at home

• Diagnosis with CP with GM-
FCS levels III-IV

• Age 6-14 years
• Able to follow instructions

CP6-1499ChinaPin and
Butler
[42]

ABI8-162929Australia
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Exclusion criteriaInclusion criteriaDiseaseAge
(years)

GroupNationStudy

Waitlist
control, n

Interven-
tion, n

Pi-
ovesana
et al [43]

• Unstable epilepsy
• A degenerative or metabolic condi-

tion
• Undergone any surgical or medical

intervention in the 6 months before
starting the study

• Diagnosis with ABI with GM-
FCS levels I-II

• Age 8-16 years
• Sufficient cognitive understand-

ing, visual and verbal abilities,
and cooperation

• Able to access the internet at
home

• Uncontrolled seizures, severe motor
or visual impairment, or severe
autism

• Received tumor treatment
• Unable to speak Swedish

• Age 7-17 years
• Completed treatment including

RTf for a BT between 1 and 5
years earlier

BT7-1767SwedenSabel et
al [44]

• Not in clinical remission or stable
disease

• Severe intellectual disability, severe
autism, photosensitive seizures;

• Not Swedish-speaking
• “Other disease/condition” included

severe autism

• Age 7-17 years
• Completed treatment including

RT for a brain tumor between
1 and 5 years earlier

BT7-1767SwedenSabel et
al [45]

• Received upper- or lower-limb
surgery in the previous 6 months

• Unstable epilepsy
• Respiratory, cardiovascular, or oth-

er medical condition

• GMFCS levels I-II
• Age 8-18 years
• Sufficient cooperation and

cognitive understanding
• Internet access at home

CP8-185051AustraliaJames et
al [46]

• Severe perceptual disorders
• Injections of botulinum toxin type

A or operations on the affected
hand within 6 months

• Age 5-12 years
• No excessive muscle tone
• No severe perceptual disorders
• No injections of botulinum

toxin type A or operations on
the affected hand within 6
months

CP5-1299ChinaWang e al
[47]

aCP: cerebral palsy.
bGMFCS: Gross Motor Function Classification System.
cALL: acute lymphoblastic leukemia.
dBT: brain tumor.
eABI: acquired brain injury.
fRT: radiation therapy.

The treatment protocols for web-based remote interventions
included in this study were different. The main intervention
methods, evaluation indicators, and intervention effects in each
study are presented in Table 2. There were various intervention
methods (ie, training in a variety of game programs, including
Mitii and Wii Fit or home-based virtual bicycle training), and

the intervention time and frequency were different. Specific
exercise prescription parameters have not been clearly defined.
According to the RCT articles included in this study, the main
treatment prescription was computer game training, 30 minutes
each time, 3 to 6 times per week for more than 8 weeks
[31,33-36,38-41,43-47].
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Table 2. The main intervention methods, evaluation indicators and intervention effects of the included studies were analyzed.

Effect of interventionOutcome measuresTime of assess-
ment

Projects for interventionTherapeutic param-
eters

Type of interven-
tion

Included
studies

The knee muscle
strength of children

Gross motor func-
tion of the

Week 0, week
12

A 5 min warm-up exercise,
20 repetitions of sitting-to-
standing movements, cy-

40 min/day, 3
times per week for
12 weeks

Internet-based cy-
cling training at
home

Chen et al
[31]

with cerebral palsy in
the treatment group
was enhanced.

BOTMPa, muscle
strengthcling for 20 min, and a cool-

down exercise for 5 min.

The treatment group
had higher grip

Coordination,
strength, hand

Week 0, week
6, and week 12

Four Wii Sports Resort
games, from easiest to hard-
est—bowling, air sports,
frisbee, and basketball.

40 min/day, 3
times a week for 6
weeks

Home-based Wii
Sports Resort
training plus usual
therapy

Chiu et al
[32]

strength than the con-
trol group.

function, carers’
perception of hand
function

Working memory, at-
tention, and process-

Working memory,
attention, process-

Pre- and post-
training

Visual-spatial and verbal

WMb exercises presented as

25 training ses-
sions at home, 30-
45 min/session for
5-9 weeks

Computerized cog-
nitive training pro-
grams

Conklin et al
[33]

ing speed improved in
the treatment group
and executive dysfunc-

ing speed, execu-
tive dysfunction

games. Participants demon-
strating slower-than-desired
progress were offered 5 addi-
tional sessions. tion was greatly re-

duced.

Working memory and
arithmetic speed im-

Visual-spatial
working memory,

Week 1, week
10, week 19,
and 6 months

5 games were chosen for
this study, each stimulating
one of the target cognitive
domains. Each game was

20 min/day, 5
times a week in 8
weeks

Remote computer-
ized cognitive
training

Corti et al
[34]

proved in the treat-
ment group.

cognitive flexibili-
ty, arithmetic calcu-
lation, problem-used twice a day for a total

of 10 daily exercises. solving, psycholog-
ical adjustment

Potential therapeutic
benefit

Gross Motor Func-
tion Measure-66,

the TUGc,

Week 0, week
6, and week 12

Nintendo Wii Fit plus games
(12 programs)

30 min, 3 times per
week for 12 weeks

Wii Fit active
computer games

Farr et al
[35]

BOTMP, Goal At-
tainment Scale,
Strengths and Diffi-
culties Question-
naire

Functional strength
improved in the treat-
ment group.

30-second, repeti-
tion maximum
functional strength
tests for the lower

Week 0 and
week 20

Mitii program from 12
available modules including
(1) gross motor, (2) com-
bined cognitive and visual

30 min/day, 6 days
a week for 20
weeks

Mitii programBaque et al
[36]

limb; 6-minuteperception, and (3) upper
walk test; high-lev-limb activities. Gross motor
el Mobility Assess-activities included sit-to-
ment Tool; TUG;stands, squats, lunges, aero-
habitual physical
activity

bic and balance tasks. Daily
programs comprised of ap-
proximately 40% gross mo-
tor and 60% cognitive-upper
limb modules.
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Effect of interventionOutcome measuresTime of assess-
ment

Projects for interventionTherapeutic param-
eters

Type of interven-
tion

Included
studies

LTPA improved in the
treatment group.

LTPAe, pain, and
fatigue

Pre- and post-
training

M2M included videos that
participants were asked to
complete 3 times each week
at home. In week 1, the pre-
scription generally included
a total of 48 minutes of
video time, which included
a mixed range of motion ex-
ercise routines with guided
instructions. In weeks 2 and
3, the patients were pre-
scribed 70 minutes of video
time. Week 2 included 2 mix
ed range-of-motion and
muscle-strengthening rou-
tines. Week 3 included 2
range of motion routines and
1 strengthening routine. In
week 4, participants were
prescribed 100 minutes of
video time, which included
2 range-of-motion exercise
routines, 1 for strength, and
1 for cardiovascular exer-
cise.

3 times per week
for 4 weeks

M2Md programLai et al [37]

Negligible changesAMPSf, Mel-
bourne Assessment
of Unilateral Upper
Limb Function,
Jebsen–Taylor Test
of Hand Function,
Test of Visual Per-
ceptual Skills, As-
sisting Hand As-

sessment, COPMg

Week 0 and
week 20

11 available modules in Mi-
tii with 60% targeting com-
bined cognitive, visual per-
ceptual, and upper limb ac-
tivities, and 40% focused on
gross motor activities.

30 min/day, 6 days
a week for 20
weeks

Mitii programSakzewski et
al [38]

The motor function,
balance function, an-
kle joint range of mo-
tion, and muscle ten-
sion of the treatment
group were significant-
ly improved.

GMFM-66h, bal-
ance function,
spasticity degree of
hamstring and gas-
trocnemius on the
affected side, mea-
surement of ankle
joint range of mo-
tion

Pre- and post-
training

According to the limb func-
tion of children, combined
with the demands of chil-
dren and parents, and accord-
ing to their home environ-
ment, interests, the number
of children under care and
other factors, an individual-
ized remote home rehabilita-
tion training plan was formu-
lated. For spastic disease, all
training items were filmed
in the whole process and
participants were equipped
with written materials to ex-
plain the training plan and
training actions. A training
scale was developed that in-
cluded the training time,
frequency, and cooperation
status of children. Video re-
habilitation.

More than 1.5
hours per day, 5
days per week for
12 weeks

Remote home reha-
bilitation

Tianming
[39]
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Effect of interventionOutcome measuresTime of assess-
ment

Projects for interventionTherapeutic param-
eters

Type of interven-
tion

Included
studies

Mitii has potential to
intervene in executive
function.

Attentional control,
cognitive flexibili-
ty, goal setting, in-
formation process-

ing; EFi perfor-
mance was as-
sessed via parent
report

Pre- and post-
training

Mitii consists of upper limb,
cognitive, visual perceptual
and physical activity train-
ing. Selected from 14 train-
ing modules. The training
modules include approxi-
mately 60% visual perceptu-
al, upper limb and cognitive
games, and 40% physical
activity games.

20-30 min/day, 6
days a week for 20
weeks

Mitii programM Piovesana
et al [40]

Functional strength
and walking en-
durance improved in
the treatment group.

Maximal repeti-
tions of functional
strength tasks, 6-
minute walk test

Pre- and post-
training

Each program was set up
such that physical activity
games were interspersed
with upper limb and visual
perceptual games. Gross
motor exercises comprised
approximately 40% of the
overall program. The intensi-
ties of lower-limb strength
exercises for week 1 was
determined by setting tasks
at approximately 75% of
repetition maximum deter-
mined during baseline assess-
ments. On average, week 1
started with 7 activities of
between 5 repetitions and 10
repetitions lasting approxi-
mately 60 seconds per activ-
ity, and progressed to 11
games of up to 20 repeti-
tions lasting approximately
90 seconds with the addition
of step blocks and balance
foam.

30 min/day, 6 days
a week for 20
weeks

Mitii programMitchell et
al [41]

A 6-week interactive
computer play train-
ing was feasible and
safe for children with
moderate cerebral pal-
sy.

Pediatric Reach
Test, GMFM-66,
2-Minute Walk
Test

Week 0, week
3, week 6, week
12

All children played the
computer game sitting with
hips and knees at 90° and
both feet supported. The
game was started at a medi-
um-low level of difficulty.
If the child was unable to
score for 3 consecutive tri-
als, the difficulty level was
reduced by 1 level. Similar-
ly, if the child scored full
points for 3 consecutive tri-
als, the difficulty level was
raised by 1 level.

20 min/day, 4
times per week for
6 weeks

Interactive comput-
er play training

Pin and But-
ler [42]
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Effect of interventionOutcome measuresTime of assess-
ment

Projects for interventionTherapeutic param-
eters

Type of interven-
tion

Included
studies

There is no additional
benefit compared to
standard care.

Attentional control,
cognitive flexibili-
ty, goal setting,
and information
processing; Delis-
Kaplan Executive
Functioning Sys-
tem; Comprehen-
sive Trail Making
Test; Tower of
London; Test of
Everyday Atten-
tion for Children

Pre- and post-
training

Therapists selected from the
11 available Mitii modules
which included modules
targeted to (1) gross motor
or physical activity (eg,
repetitive star jumps), (2)
combined cognitive and vi-
sual perception (eg, match
the concepts), or (3) upper
limb (eg, moving upper limb
to solve a mathematical
problem). Modules were se-
lected for an individualized
program time of 30 minutes.
Programs were designed to
include 40% gross motor
and 60% cognitive-upper
limb training modules.

20-30 min/day, 6
days a week for 20
weeks

Mitii programPiovesana et
al [43]

Physical coordination
improved in the treat-
ment group.

Gaming time and
compliance, physi-
cal activity levels,
physical function-
ing

Pre- and post-
training

The Nintendo Wii is con-
trolled by one or 2 hand-
held remote controls and re-
quires movement to play the
games. Each child received
2 pairs of controls, which
enabled them to play with
friends, and a balance board,
the Wii Fit. As the intensity
of the games varied, partici-
pants were instructed to start
every session with a physi-
cally more demanding game
for at least 10 min, before
considering switching to a
slower-paced game, such as
a balance game.

30 min/day, at least
5 days a week for
10-12 weeks

Active video gam-
ing

Sabel et al
[44]

Motor and process
skills in activities of
daily living improved
in the treatment
group.

AMPS, cognitive
assessment, execu-
tion of activities of
daily living

Pre- and post-
training

Nintendo Wii, an off-the-
shelf, motion-controlled
video console, was used for
home-based physical exer-
cise during the intervention
period, for a minimum of 30
minutes per day, at least
5 days per week, for 10 to
12 weeks. Games were cho-
sen to mainly stimulate
physical activity but also in-
cluded less physically de-
manding games, such as
balance games, using the
Wii Fit balance board acces-
sory.

30 min/day, at least
5 days a week for
10-12 weeks

Active video gam-
ing

Sabel et al
[45]

AMPS, JTTHF domi-
nant upper limb,
COPM, and TVPS-3
improved in the treat-
ment group.

AMPS, assisting
hand assessment,

JTTHFj, Mel-
bourne Assessment
of Unilateral Upper
Limb Function,

COPM, TVPS-3k

Pre- and post-
training

Therapists selected from 14
training modules to devise a
program that included ap-
proximately 60% cognitive
or visual perceptual activi-
ties combined with upper
limb (predominantly the im-
paired upper limb), and 40%
gross motor activities.

20-30 min/day, 6
days per week for
20 weeks

Mitii programJames et al
[46]
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Effect of interventionOutcome measuresTime of assess-
ment

Projects for interventionTherapeutic param-
eters

Type of interven-
tion

Included
studies

CIT-Wii yields no
significant difference
in treatment effects
from conventional
CIT and may provide
psychosocial benefits.

BOTMP, Revised
Pediatric Motor
Activity Log,
ABILHAND-Kids,
Functional Indepen-
dence Measures for
Children, Parenting
Stress Index–Short
Form, Test of
Playfulness, En-
gagement Question-
naire

Week 0, week
4, and week 8

To elicit various motor
skills, multiple games were
used (eg, Wii Sports Resort,
Wii Sports, Mario Sports
Mix, Cooking Mama: Cook
Off, Let’s Tap, and Happy
Dance Collection).

2.25 hours per ses-
sion and 2 sessions
per week for 8
weeks

CITl plus Wii-aug-
mented CIT

Wang et al
[47]

aBOTMP: Bruininks-Oseretsky Test of Motor Proficiency.
bWM: working memory.
cTUG: Timed up and Go test.
dM2M: Movement-to-Music.
eLTPA: leisure-time physical activity.
fAMPS: Assessment of Motor and Process Skills.
gCOPM: Canadian Occupational Performance Measure.
hGMFM-66: Gross Motor Function Measure-66.
iEF: executive function.
jJTTHF: Jebsen–Taylor Test of Hand Function.
kTVPS-3: Test of Visual Perceptual Skills.
lCIT: constraint-induced therapy.

A total of 10 studies [31,35,36,38,39,42,44-47] assessed motor
function, 5 studies [36,37,41,42,44] assessed physical activity
level, 3 studies [31,36,41] assessed lower limb strength, 5 studies
[34,38,40,43,46] assessed visual processing skills, 3 studies
[33,34,40] assessed working memory, 3 studies [33,40,43]
assessed attention, 2 studies [40,43] assessed processing speed,
4 studies [33,34,40,43] assessed executive function, 2 studies
[38,46] assessed hand function, 4 studies [32,38,46,47] assessed
upper limb function, 4 studies [31,35,39,42] assessed balance
function, and 2 studies [38,46] assessed occupational
performance.

Risk of Bias
Figures 2 and 3 [31-35,37,41-45,47] show the risk of bias
assessments. We categorized high, low, or unclear risk of bias
for all 17 included studies [31-47]. The greatest risk of bias was
due to the blinding of participants and personnel, because the
nature of rehabilitation physical activity interventions makes it
difficult to blind patients or health care providers. One study
[36] had a high risk of blinding outcome assessment in
unblinded outcome assessors. There was no high risk of bias in
the randomized sequence generation, allocation concealment,
incomplete outcome data, or selective reporting.

Figure 2. Overall risk of bias assessment results.
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Figure 3. The results of bias risk assessment of each study. Green symbols indicate low risk of bias, yellow symbols indicate unclear risk of bias, and
red symbols indicate high risk of bias.

After summarizing the assessments across items in the tool for
each outcome within each trial, the results showed that motor
function, physical activity level, lower limb strength, visual
processing skills, letter-number sequencing, arithmetic
calculation, working memory, attention, coding, symbol search,
cognitive flexibility, executive function, upper limb and hand
function, balance function, and occupational performance were
at a high risk of bias within and across trials (Multimedia
Appendix 2).

Results of the Meta-Analysis

Effect on Motor Function
We included 10 studies (377 individuals)
[31,35,36,38,39,42,44-47] in the meta-analysis. Regarding motor
function, 4 studies used the BOTMP scale [48], 2 studies used
the GMFM-66 scale, and 4 studies used the AMPS motor skills.

The results showed that there were significant differences
between the treatment and control groups, and the treatment
group had better motor function than the control group with
insignificant heterogeneity (standardized mean difference [SMD]

0.29, 95% CI 0.01-0.57, P=.04; heterogeneity: I2 39%; P=.10;
Figure 4 [31,35,36,38,39,42,44-47]).

Figure 4. Effects of web-based telerehabilitation programs on motor function in children and adolescents with brain injury.

To better evaluate the results, subgroup analysis of motor
function was performed according to scoring scales, intervention
duration, interaction with medical professionals, test sample
size, and nation. However, there was no significant difference
in the subgroup analysis of motor function (Multimedia
Appendix 3).

Effect on Physical Activity Level
A total of 5 studies (232 individuals) measured physical activity
levels, 2 of which [36,41] used functional strength composite

training, 1 [37] used leisure-time physical activity, 1 [44] used
BOTMP, and another study [42] used 2-minute walk test to
measure physical activity levels. The results showed that the
intervention group based on web therapy had significantly better
physical activity levels than the control group with insignificant
heterogeneity (SMD 0.42, 95% CI 0.11-0.73, P=.007;

heterogeneity: I2=20%; P=.29; Figure 5 [36,37,41,42,44]).
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Figure 5. Effects of web-based telerehabilitation programs on physical activity level in children and adolescents with brain injury.

Effect on Lower Limb Strength
A total of 3 studies (180 individuals) [31,36,41] explored the
effects of web-based telerehabilitation programs on lower
extremity strength. These results were pooled to show a

significant improvement in lower extremity strength in the
treatment group with insignificant heterogeneity (SMD 0.52,

95% CI 0.13-0.90, P=.009; heterogeneity: I2=33%; P=.22;
Figure 6 [31,36,41]).

Figure 6. Effects of web-based telerehabilitation programs on lower limb strength in children and adolescents with brain injury.

Effect on Visual Processing Skills
The results of the 5 included studies (350 individuals)
[34,38,40,43,46] showed that there were significant differences
between the treatment and control groups and that the treatment

group performed better than the control group by performing
web-based telerehabilitation training at home (SMD 0.26, 95%

CI 0.02-0.50, P=.04; heterogeneity: I2=20%; P=.29; Figure 7
[34,38,40,43,46]).

Figure 7. Effects of web-based telerehabilitation programs on visual processing skills in children and adolescents with brain injury.

Effect on Executive Function
As executive function encompasses multiple aspects, this study
analyzed working memory, attention, processing speed,
cognitive flexibility, and executive function.

Working memory was assessed using the Woodcook-Johnson
III Achievement Test, which includes letter-number sequencing,
arithmetic calculation, and working memory. Two studies
[33,40] assessed letter-number sequencing and showed that the
treatment group had better letter-number sequencing than the
control group with no heterogeneity (SMD 1.26, 95% CI

0.26-2.26; P=.01; heterogeneity: I2=0%; P=.92). Two studies
[33,34] assessed arithmetic calculation and showed no
significant difference in arithmetic calculation between the
treatment and control groups (SMD=0.46, 95% CI −0.73 to

1.65, P=.45; heterogeneity: I2=0%, P=.85). Two studies [33,34]
assessed working memory and showed no significant difference

in working memory between the treatment and control groups
(SMD 3.59, 95% CI −3.10 to 10.27, P=.29; heterogeneity:

I2=73%, P=.05).

Three studies (221 individuals) [33,40,43] used the Digit Span
Test or Children’s Daily Attention Test to assess attention
function. The results showed a significant increase in attention
in the treatment group compared to the control group,
accompanied by insignificant statistical heterogeneity (SMD

0.38, 95% CI 0.09-0.66, P=.009; heterogeneity I2=9%, P=.33).

Processing speed was assessed using the Wechsler Individual
Achievement Test, which contains coding and symbol searches.
Two studies [40,43] assessing coding showed no significant
difference in coding between the treatment and control groups
(SMD 0.63, 95% CI −0.63 to 1.90; P=.32; heterogeneity:

I2=40%; P=.20). Two studies [40,43] assessed symbol search,
and the treatment group had a better symbol search than the

J Med Internet Res 2023 | vol. 25 | e46957 | p. 15https://www.jmir.org/2023/1/e46957
(page number not for citation purposes)

Wang et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


control group (SMD 1.18, 95% CI 0.43-1.93; P=.002;

heterogeneity: I2=0%; P=.52). Four studies (253 individuals)
[33,34,40,43] used the Behavior Rating Inventory of Executive
Function to assess cognitive flexibility, and 3 studies (221
individuals) [33,40,43] assessed executive function. However,
the results showed that there was no statistically significant

difference between the treatment and control groups (SMD

−0.69, 95% CI −3.06 to 1.69; P=.57; heterogeneity: I2=40%;
P=.17; SMD −0.25, 95% CI −0.52 to 0.01, P=.06; heterogeneity:

I2=0%, P=.76).

The summary results are shown in Table 3, and the forest plots
are shown in Multimedia Appendix 4 [33,34,40,43].

Table 3. Summary of executive function.

HeterogeneityP valueSMDa (95% CI)Number of studies includedResult

P valueI2, %

.920.011.26 (0.26 to 2.26)2Letter-number sequencing

.850.450.46 (–0.73 to 1.65)2Arithmetic calculation

.0573.293.59 (–3.10 to 10.27)2Working memory

.339.0090.38 (0.09 to 0.66)3Attention

.2040.320.63 (–0.63 to 1.90)2Coding

.520.0021.18 (0.43 to 1.93)2Symbol search

.1740.57−0.69 (–3.06 to 1.69)4Cognitive flexibility

.760.06−0.25 (–0.52 to 0.01)3Executive function

aSMD: standardized mean difference.

Effect on Other Outcome Measures
For hand and upper limb function, 4 studies (237 individuals)
[32,38,46,47] and 2 studies (159 individuals) [38,46] evaluated
whether web-based telerehabilitation programs had an impact
on these functions. The results showed no significant difference
between the treatment and control groups (SMD −0.08, 95%

CI −0.33 to 0.18; P=.55; heterogeneity: I2=0%; P=.96; SMD

1.37, 95% CI −3.28 to 6.02; P=.56; heterogeneity: I2=0%;
P=.67).

The results of the 4 included studies (107 individuals)
[31,35,39,42] showed no significant difference in balance
between the treatment and control groups (SMD 0.45, 95% CI

−0.15 to 1.06; P=.14; heterogeneity: I2=57%; P=.07). Two
studies (159 individuals) [38,46] assessed occupational function
using the COPM, and the results showed no significant
differences between the treatment and control groups (SMD

0.51, 95% CI −1.04 to 2.06; P=.52; heterogeneity: I2=90%;
P=.002).

The summary results are shown in Table 4, and the forest plots
are shown in Multimedia Appendix 5 [31,32,35,38,39,42,46,47].

Table 4. Summary of other outcomes.

HeterogeneityP valueSMDa (95% CI)Number of studies includedResult

P valueI2, %

.960.55−0.08 (−0.33 to 0.18)4Hand function

.670.561.37 (−3.28 to 6.02)2Upper limb function

.0757.140.45 (−0.15 to 1.06)4Balance function

.00290.520.51 (−1.04 to 2.06)2COPMb

aSMD: standardized mean difference.
bCOPM: Canadian Occupational Performance Measure.

Sensitivity Analyses
Galbraith plots were drawn and sensitivity analyses were
performed using methods that removed individual studies to
determine the reasons for heterogeneity in balance outcomes.
Through the Galbraith plot, we found that the study by Luan et
al [39] intersects the 95% CI regression line, suggesting that
this may be the source of the heterogeneity anomaly (Multimedia

Appendix 6 [31,35,39,42]). After the removal of the study by
Luan et al [39], the outcome of balance function was still not
statistically significant (SMD 0.17, 95% CI −0.31 to 0.66;
P=.48), but there was a statistically significant decrease in

heterogeneity (I2=0%; P=.57). No Galbraith plots were created
for the COPM outcome because only 2 studies were included.
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Certainty of Evidence
GRADEpro GDT was used to evaluate the quality of evidence.
The level of evidence was initially “high” because most of the
included studies were RCTs (17/17, 100%). Because the nature
of rehabilitation makes blinding of participants and health care
providers difficult, all studies have one domain that is at high
risk of bias, which means that all studies are at high risk of bias.
It is sufficient to affect the interpretation of results, so it has to
be downgraded by 2 levels for the risk of bias for all outcomes.

Moderate inconsistencies in balance function (I2=57%) and
large inconsistencies in working memory and occupational

performance (I2=73% and I2=90%), so the quality of
inconsistencies for balance function was downgraded by 1 level,
and for working memory and occupational performance were
downgraded by 2 levels. All outcomes were assessed using
standardized scales; therefore, the quality of indirectness for all
the results was not downgraded. As the pooled effect sizes of
the 95% CI for arithmetic calculation, working memory, coding,
cognitive flexibility, executive function, hand and upper limb
function, balance function, and occupational performance
contained null values, the quality of evidence for these results
was downgraded by 1 level of imprecision. Egger test for
publication bias was conducted for the meta-analysis of motor
function. The results showed that the P value was insignificant
(P=.21), and the funnel plot appeared asymmetrical (Multimedia
Appendix 7). Thus, publication bias was unlikely; hence, the
quality of evidence was not downgraded because of the absence
of publication bias.

In summary, the quality was moderate in the outcome of motor
function. The outcomes of physical activity level, lower
extremity strength, visual processing skills, letter-number
sequencing, attention, and symbol search were low quality.
Arithmetic calculations, working memory, coding, cognitive
flexibility, executive function, hand and upper limb function,
balance function, and occupational performance were of very
low quality (Multimedia Appendix 8).

Discussion

Principal Findings
A total of 17 RCTs on the effects of web-based telerehabilitation
programs on children and adolescents with ABI were included.
The results showed that in the primary outcome of motor
function, as assessed using the GMFM-66, BOTMP, and AMPS,
the treatment group showed better improvement than the usual
rehabilitation group.

Regarding secondary outcomes, the physical activity level and
lower limb strength of children and adolescents with ABI
significantly improved, which is consistent with the
improvement in motor function. The visual performance of
children and adolescents with ABI in the treatment group was
better than that in the control group, which may be due to the
enrichment of spatial items and bright colors of visual stimuli
in these game training modules, and the children and
adolescents’visual discrimination and visual sequential memory
abilities were improved [49,50].

However, the outcomes with no statistically significant results,
such as working memory, executive ability, cognitive flexibility,
balance function, hand and upper limb function, and COPM,
may be due to the small sample size, large differences in sample
characteristics, or the inclusion of data from only 1 or 2 studies,
which could not evaluate the overall training results. The types
of brain injury and intervention programs differed between the
included studies, and these interventions were heterogeneous
in nature. Therefore, further studies are needed to explain the
results of this systematic review and meta-analysis.

Discussion of Subgroup Analyses
In the inclusion of the studies, 10 studies contained the results
of motor function. After subgroup analyses according to scoring
scales, intervention duration, interaction with medical
professionals, test sample size, and nation, the results were not
significant, which may be due to the small number of studies
included and the small sample size in each subgroup; thus, there
was a nonsignificant effect size.

Advantages of Web-Based Intervention
For motor function, the interventions included in the literature
included Wii Fit computer games, Mitii training programs, and
home-based virtual bicycle training, which are more novel,
interesting, and attractive to children and adolescents. Once
weekly, remote supervision [39] allowed therapists to adjust
the training plan in a timely manner according to the training
effect of children and adolescents, increase the difficulty of
training in a stepwise manner, and ensure the normal progress
of the intervention. Because the training was performed at home,
the children’s and adolescents’ vigilance was lower, and they
were more inclined to participate in the training in the company
of their parents, which reduced the possibility of children and
adolescents being nervous and afraid to participate in the training
in the hospital and alleviated the training effect. Movement
disorders in children and adolescents with brain injuries often
require effective long-term intervention [40]. Therefore, it is
important for children and adolescents to be actively involved
in the treatment. Otherwise, secondary injury caused by
insufficient physical activity will cause further damage and lead
to more serious consequences [40], such as decreased muscle
strength or psychological problems [40,51].

For secondary outcomes, children and adolescents with ABI
showed improvements in physical activity level, lower limb
strength, letter-number sequencing, attention, and symbol search
with unimportant heterogeneity and more precise estimates of
cognitive domains compared with previous meta-analyses [15].

Limitations
This study has several limitations. First, only English literature
was included, which may have missed relevant studies. Second,
5 databases, including PubMed, Web of Science, Embase,
Scopus, and Cochrane Library, were searched; however, the
search platform may not be sufficiently comprehensive, and
some articles may have been overlooked. Third, owing to the
nature of rehabilitation treatment, it was impossible to blind the
participants and therapists. Some studies did not explain whether
the evaluators were blinded and how the allocation was
concealed, and there may have been a blinding bias. Fourth,
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there was a certain degree of heterogeneity in the different
population categories and exercise prescriptions included in the
study. Fifth, because part of the data were the result of the
questionnaire surveys, there may be subjective bias. Sixth, no
separate analysis was performed for the untreated and routine
care groups. Finally, some studies had follow-up data, but the
intervention effect was not obvious after the follow-up, which
may be due to the short intervention time or other factors.
Therefore, it is difficult to evaluate long-term effects.

Future Directions
Future studies should search more databases, include more
populations, study the effects of web-based telerehabilitation
programs on children and adolescents with different types of
brain injuries, and collect more follow-up data on long-term
rehabilitation.

Conclusions
In conclusion, this study showed that web-based
telerehabilitation programs helped improve motor function,
physical performance, lower limb strength, letter-number
sequencing, attention, symbol search, and visual processing
skills in children and adolescents with ABI. Web-based
telerehabilitation interventions provided great convenience for
children and adolescents with ABI who need long-term
treatment, and the widespread implementation of remote
interventions also provided children and adolescents in remote
areas where rehabilitation services are harder to access the
opportunity to obtain the treatment they needed. Overall,
web-based telerehabilitation programs are safe, effective, and
enjoyable physical therapy methods. Future studies could expand
the sample size according to the type of disease and increase
the follow-up time according to different exercise prescriptions
to further refine the long-term effects of this intervention on
various functions in children and adolescents with ABI.
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PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
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