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Abstract

Background: Remote treatment, or telehealth, has shown promise for children with cerebral palsy (CP) prior to 2020; however,
the beginning of the global COVID-19 pandemic limiting access to hospitals for face-to-face treatments has driven the need for
telehealth and led to a surgein its devel opment. Due to the recent devel opments, there has been limited synthesis of the available
evidence of telehealth for children with CP.

Objective: This study aimed to analyze and summarize the existing evidence for telehealth interventions for the treatment of
children with CP and identify any areas requiring further research.

Methods: A scoping review was performed. A systematic search of availableliteraturein MEDLINE and PubMed was performed
during July 2021. Inclusion criteriafor articleswere primary research and systematic reviewsthat investigated tel ehealth, included
children with CP, were published between 2010-2021, and were written in English. Exclusion criteria were secondary research
other than systematic reviews; interventions that did not meet the World Health Organization definition of telehealth; or studies
where all participants were aged >18 years, children’s results were not reported separately, or there were no results reported for
children with CP. A scoping review was chosen due to the expected heterogeneity of the participants, as well as the expected
small sample sizes and inconsistency of measured outcomes; therefore, a narrative reporting of the results was considered
appropriate.

Results: In all, 5 papers were identified, which included the results of 11 studies—2 of the included articles were systematic
reviews, which included the results of 3 studies each. These 6 studies, together with 5 primary research articles, were included
in this scoping review. The existing evidence is of low methodological quality, primarily consisting of case series. Thereis some
evidencethat the requirements of telehealth differ depending on the children’s devel opmental stage and functional level. Telehealth
is reported to reduce caregiver burden. There is mixed evidence on children’s compliance with telehealth. Overall, the results of
telehealth interventions for the treatment of children with CP were positive, indicating either comparable or improved results
compared with children receiving usual face-to-face care.

Conclusions: The evidence base is lacking in breadth and methodological quality to provide robust clinical recommendations.
Most studies investigated hand function only, indicating the limited scope of existing research. However, this review shows that
telehealth has demonstrated potential to improve function for children with CP while making health care services more accessible
and reducing caregiver burden. Areas requiring further research include telehealth interventions for the lower limb, postural
management, and pain control and the barriers to implementing tel ehealth.
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Introduction

Background

Cerebral palsy (CP) is an umbrella term for neurological and
movement disorders caused by nonprogressive disturbance to
the developing fetal or infant brain [1,2].

CP affects approximately 1 in 400 children in the United
Kingdom and represents a lifetime disability with substantial
socioeconomic consequences [2]. Functional mobility is best
classified by the Gross Motor Function Classification System
(GMFCS) [3], an international standard based on the severity
of motor disability. GMFCS has been produced to allocate
patients aged 6-18 years to 1 of 5 functiona levels from
“walking without limitations” (GMFCSlevel 1) to “transported
in a manual wheelchair” (GMFCS level V), which assist in
defining the management plan. This system can be used by all
health care professionalsin the multidisciplinary teamincluding
dietitians, doctors, occupational therapists, orthotists,
physiotherapists, psychologists, and speech and language
therapists [4]. CPis also classified according to affected body
areas as unilateral (hemiplegia) or bilateral (diplegia or
quadriplegia, affecting predominantly lower limbsor al 4 limbs,
respectively).

CP can befurther classified by neurological pattern asdystonic,
dyskinetic, ataxic, and mixed [3]. In 70% of cases, CP
predominantly causes spasticity—increased muscle tone or
tightness due to prolonged contraction. The increased muscle
tone leads to progressive stiffness and deficient longitudinal
muscle growth, which, in turn, causes secondary joint
contracture, bone deformity, and pain. Dyskinetic CP is an
extrapyramidal type and resultsfrom damagein the basal ganglia
(BG). This area of the brain is damaged in Parkinson disease
and as such, CP lesions in the BG can have a Parkinsonian
presentation. Dystonic CP mostly occurs later in the antenatal
period at 38-40 weeks of gestation, where metabolic demands
of the BG area in the fetal brain lead to movement disorders
such as dystonia. The BG can aso be damaged due to
hyperbilirubinemia as by-products from bilirubin metabolism
are deposited in the brain and lead to dyskinesia. Children with
dystonic CP present with dystoniaand chorea[2,5]. Ataxic CP
is another extrapyramidal type causing balance issues. The
damage is in the involuntary motor neurons that affect
coordination and gait. Children with ataxic CP often present
with hypotonia, intention tremor, nystagmus, trunk ataxia, and
balance problems|[2].

Treatment

CP affects many aspects of a person’s activities of daily living
including movement and posture, speech and communication,
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and swallowing (eating and drinking) and causes a range of
health problems such as osteopenia, excess saliva, pain and
discomfort, stress and anxiety, depression, and Sleep
disturbances. Therefore, the treatment options and requirements
are vast.

Modern clinical management has evolved to alow clinicians a
greater variety of treatment options and offers patients more
tailored treatment for their needs. Telehealth (TH) and remote
interventions to facilitate the use of TH are at the forefront of
this evolution. The World Health Organization (WHO) defines
TH as “the delivery of healthcare services, where patients and
providers are separated by distance. TH uses information and
communication technologies for the exchange of information
for the diagnosisand treatment of diseasesand injuries, research
and evaluation, and for the continuing education of health.” [6].

TH has shown promisefor patientswith CP prior to 2020[7,8].
However, the beginning of the global COVID-19 pandemic
limiting accessto hospitalsfor face-to-face trestments hasdriven
the need for remote treatmentsincluding TH and led to asurge
in its development [9].

Study Aims

The aim of this scoping review was to analyze and summarize
the existing evidence for TH interventions for the treatment of
children with CP and identify any areas requiring further
research.

Thisreview istimely due to the ongoing COVID-19 pandemic
increasing the need for and development of TH interventions.
Thisstudy will contribute to the current evidence base as despite
2 previous systematic reviews having been conducted in this
area, neither was specific to children with CP, and 1 focused
only on therapy for the upper extremity [10,11].

Methods

Study Design

A scoping review was chosen as the appropriate methodol ogy,
asthe substantial heterogeneity of the participants, small sample
sizes, and an inconsistency of measured outcomes were
expected. Therefore, narrative synthesis and reporting were
considered the most appropriate. A scoping review also allowed
abroad research question to highlight gapsin the literature and
provide recommendationsfor TH asamethod to assist children
with CPin their ongoing treatment. The methodsfor the scoping
review are summarized in Figure 1. The steps of a scoping
review were followed and the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) checklist completed (see
Multimedia Appendix 1 [12]).
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Figure 1. Scoping review methodology flowchart.
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Identify question

Define inclusion and exclusion criteria

Search for evidence

Extract evidence

Present results

Search Strategy

For the purpose of this paper, we used the definition of TH
described by the WHO [6] as discussed in the introduction.
Children were defined as aged 0-18 years.

A database search was conducted in the MEDL INE and PubMed
databases. The MEDLINE search was completed using the
OvidSP search platform, and the website-specific search engine
was used to search the PubMed database. The search strategy
used in the MEDLINE databaseisincluded in Table 1.

The International Journal of Rehabilitation Research was also
manually searched for further articles that met the eligibility

criteria, asit wasidentified apriori as having published several
important papersin TH for people with CP. Backward reference
searching was also conducted on all papers identified for
inclusion through the previous search strategies. Authors were
not contacted for further data.

The management of children with CP is multidisciplinary and
includes avariety of aspects of their complex disability. For the
purpose of this study, we did not limit the definition of
“treatment” to 1 or more of the disciplines but rather considered
children’s management globaly, including all relevant
disciplinesinvolved in their care.

Table 1. The database search strategy with the number of articles for the MEDLINE database.

Number Search term Article, n
1 Cerebral palsy 23,791

2 Assistive tech* 2431

3 Treatment* 4,925,573
4 Software* 197,274
5 Application* 1,365,926
6 20R40R5 1,538,901
7 1AND 3AND 6 231

Eligibility Criteria

Inclusion criteriafor articleswere primary research, systematic
reviews, and meta-analyses that investigated TH, included
children with CP either as all participants or results reported as
a subgroup, were published between 2010-2021, and were
peer-reviewed articles reporting results that are available and
written in the English language.

Exclusion criteriawere secondary research other than systematic
reviews and meta-analyses; interventions that did not meet the
WHO definition of TH; animal studies; or studies where the
participants were aged >18 years, children’s results were not

https://rehab.jmir.org/2022/4/e36842

reported as a separate subgroup, or there were no results reported
for individuals with CP,

These criteria were assigned due to resource and funding
constraints of this scoping review. Due to the recent advances
in TH, it was considered that research completed before 2010
would be outdated.

Abstracts identified by the search strategy were screened by 2
investigators (MPS and TT) for eligibility using the above
criteria. If it was unclear from the abstract whether the article
met the eligibility criteria, the full article was retrieved for
assessment.

The search strategy is represented in Figure 2.
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Figure 2. A flowchart of paper selection for inclusion in this review. CP: cerebral palsy.

Titles and abstracts identified and
screened (n=231)

Excluded from abstract (n=214; reason:
duplicates, animal studies, adult
participants, and neuromuscular disorders
other than CP)

Full article text retrieved and assessed
for eligibility (n=17)

Included from backward reference
searching (n=1)

Excluded from text (n= 13; resason:
duplicates, animal studies, adult
participants, neuromuscular disorders
other than CP)

Articles included in review (n=5)

Results

Search Results

The search was conducted on July 2, 2021. The systematic
search strategy produced 231 abstracts. After reviewing the
titles and abstracts, 214 articles were excluded as they were
duplicates or did not meet the eigibility criteria. After reviewing
the full text of 17 articles, 13 were excluded as they did not

https://rehab.jmir.org/2022/4/e36842
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meet the eligibility criteria. From the backward reference
searching of the 4 eligiblearticles, 1 further articlewasincluded.
Therefore, 5 articles were included in this scoping review.
Additionally, 2 of theincluded articleswere systematic reviews,
whichincluded theresults of 3 relevant studieseach. Therefore,
the results of 11 studies were included in this review
[7,10,11,13-20] (Table 2). The findings of the included studies
are summarized in Table 3.
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Table2. A summary of studies included in the scoping review.
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Number Main author Study methodology Study objectives

1 Preston et a [13] Pilot study Gaming technology on arm function

2 Hung and Fong [11] Systematic review Effects of telerehabilitation in occupational therapy practice

3 Ferreet a [17] Randomized control trial Caregiver-directed home-based intensive bimanual training

4 Golomb et a [7] Pilot study In-home virtua reality in telerehabilitation of adolescents with
hemiplegic CP?

S Reifenberg et al [16] Case report Pediiatric game-based neurorehabilitation using TH® technologies

6 Staszuk et a [15] Pilot study Image processing to create a “ TeleReh application”

7 Tanner et a [14] Quality improvement project Comparing outcomes of traditional in-person therapy and TH
therapy

8 Camden et a [10] Systematic review Telerehabilitation for children with disabilities

9 Mitchell et a [19] Randomized control trial Web-based intervention of a 30-minute training program

10 James et a [18] Randomized control trial Web-based multimodal therapy for unilateral CP

11 Chenet a [20] Meta-analysis Virtual reality for function

8CP: cerebral palsy.

bTH: telehedlth.

Table 3. Findings of al included papers within the scoping review.

Number

Main author

Outcomes

1

10

11

Preston et a [13]

Hung and Fong [11]

Ferreet d [17]

Golomb et a [7]
Reifenberg et a [16]
Staszuk et al [15]

Tanner et a [14]

Camden et a [10]

Mitchell et al [19]

James et a [18]

Chen et d [20]

No outcome showing aclinically important difference in arm function improvement with gaming tech-
nology

TH?is afeasible approach for hand therapy for children, demonstrating increased motivation and hand
function and reduced parental stress

Home-based therapy improved dexterity and the performance of functional goals, but not bimanual
performance

Positive functional outcomes using virtual reality video game with improved hand function
Positive functional outcomes

TH hasthe potential to assist health care services and patientsin making health care more accessible,
personalized, and available to all

Positive clinical utility, and COM P° could accurately assess functional goals and measure changein the
patient’s functional ability after receiving telerehabilitation sessions over 4 months

No significant differences with web-based therapy compared to conventional face-to-face therapy, with
virtual reality potentially being more effective in younger children

Significant improvement in 6-minute walk test distance and functional strength, although no differences
were noted in activity performance

No clinically significant differences in a web-based hand therapy treatment (Move it to improveit;
Mitti) when compared to usual treatment

Virtual reality improves outcomes for children with CP® with a strong effect size

3TH: telehealth.

bCOMP: Canadian Occupational Performance Measure.
°CP: cerebral palsy.

Gaming Technology

Preston et al [13] investigated gaming technology on the am  Performance Measure (COPM), which measures patient ability,
function of children with spastic CP who had recently received  functional impairment, and satisfaction with function [14], and
botulinum toxin injections. This study was a pilot and was ABILHAND-kids, which is a parent-completed questionnaire
underpowered, with 58 participants required to demonstrate &  grading the child’s ability to complete tasks. Children were
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generalizable difference, but only 15 were included. The
outcomes were measured with the Canadian Occupational
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randomized to usual care or the intervention, which consisted
of anoncompetitive and noncollaborative computer-based game,
customized for arm rehabilitation for children with CP. This
intervention was provided within 1 week of the botulinum toxin
injections. The results showed that the gaming system was used
on averagefor only 7 minutes per day, despite the recommended
usage being 30 minutes per day. No outcome showed aclinically
important difference; however, the low recruitment numbers
and the low usage of this system means that the results
contribute little to the understanding of the effectiveness of
computer-based gaming systems on remote rehabilitation [13].

Hung and Fong [11] published a systematic review in 2019 on
the effects of TH in occupational therapy practice. The review
included 15 studies, 3 of which included children with CP
[7,16,17]. These studies investigated hand function training
through teleconsultation and telemonitoring [ 16,17] and avirtual
reality video game home program [7]. Ferre et a [17] trained
caregivers to take standardized assessments with the patients;
Golomb et a [7] and Reifenberg et al [16] used occupational
therapi st—measured outcomes remotely and in clinic. Together,
the studies demonstrated that TH was a feasible approach for
hand therapy for children with CP and demonstrated increased
motivation [16] and hand function [7,16] and reduced parental
stress[16].

Image Processing

Staszuk et al [15] investigated a system of TH as it applied to
children with CP while also including adults with stroke. The
proposed system involved (1) acentral databasewheredl patient
information, medical tests, results, and images were stored; (2)
a network of rehabilitation centers, laboratories, and hospitals
that were involved in patients' care; (3) a web service that
connected the stored data from the database with all the health
care professionals involved, through a secure internet
connection; and (4) acomputer or other electronic device (tablet,
smartwatch, or smartphone) in the child’s home that could send
relevant data and information to the central database, thus
creating ahealth record for each patient that was concise enough
to allow health care professionals to monitor their health and
recovery sufficiently [15].

The TH process used cameras to look at the patient’s hand
movementsand a“ TeleReh” application [15] where a predefined
standard of movements was set for the child to practice and
perfect. Each time they managed to complete the movement,
the software detected it and moved onto the next step of the
rehabilitation process. These steps formed a training program
and used rehabilitation techniques remotely, without the need
of ahealth care professional to be physically present, although
they could be present over the web to watch and assist the
rehabilitation process[15].

Themain technol ogy behind this system wasimage processing.
The proposed stages included (1) processing the video into
picture frames and (2) using local thresholding to identify
homogenous areas, which led to (3) hand detection based on
hand texture, colors, and shapes. This research concluded that
TH has potential to assist health care services and children in
making health care more accessible, personalized, and available
toal [15].
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Teleconsultations and Virtual Therapies

Tanner et a [14] compared the outcomes of conventional
in-person therapy and TH therapy as a quality improvement
project following aforced change to TH during the COVID-19
pandemic. In their study, they used COPM to set personalized
goalsfor children by identifying theindividual challengesthey
encountered and measured the outcomes of the telerehabilitation
process. The TH therapy was delivered through
videoconferencing, and al therapists had previously been trained
specifically in pediatric patients. Tanner et a [14] conducted 3
cycles in which they (1) identified what measure to use, (2)
assessed if it was afeasible measure to use, and (3) looked into
the therapists perceptions of its use [14]. The results were
promising, showing that there was a positive clinical utility and
COPM could accurately assess functional goals and measure
change in the child’'s functional ability after receiving
telerehabilitation sessions over a period of 4 months [14].

A further systematic review was conducted in 2020 by Camden
et a [10], investigating telerehabilitation for children with
disabilities; 3 included studies involved participants who were
children with CP and were randomized controlled trias of
web-based games and ameta-analysis of virtual reality training
[18-20].

A paper by James et a [18] was included in this systematic
review, which showed that there were no clinically significant
differences in aweb-based hand therapy treatment (Moveit to
improveit; Mitti) when compared to usual treatment, indicating
that this program is a viable therapy tool. The outcomes
measured were primarily focused on hand function, including
the Assessment of Motor and Process Skills and COPM [18].

This systematic review aso included the only study that
investigated afull-body intervention. All other included studies
investigated interventions for the hand only. Mitchell et al [19]
conducted a randomized control trial on an individualized
web-based intervention, which allowed participantsto undertake
adaily program of 30 minutes of training. This study included
amix of repetitive body weight exercises and interactive games.
This intervention indicated significant improvement in the
6-minute walk test and functional strength, athough no
differences were noted in activity performance [19].

Finaly, Chen et a [20] meta-analyzed 14 articles, which
indicated that virtual reality improved outcomes for children
with CP with a strong effect size. However, it was noted that
the poor quality of the studies meant that further high-quality
research was required to reach a firm recommendation. A
subgroup analysis indicated that virtual reality may be more
effective for younger children [20].

Discussion

The aim of this scoping review was to analyze and summarize
the existing evidence for TH interventions for the treatment of
children with CP and identify any areas requiring further
research.
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Principal Findings

We have found the existing evidence for TH interventions for
the treatment of children with CP to be scarce and of poor
quality, primarily comprising of underpowered pilot studies.
There was reasonable consistency in the domains of outcomes
measured, with most studiesinvestigating activity, participation,
and patient and parent satisfaction. However, most studies
measured these domains using different tools; therefore, result
comparison across studies was limited. Most studies did not
include an adequate description of participants and often lacked
CP neurological type or GMFCS level; therefore, the results
were difficult to interpret for clinical application.

The scope of the research into TH was often broad, whereas
patient recruitment was limited, leading to underpowered resuilts.
Difficulties in assessing the efficiency and efficacy of these
devices and services, as well as the broad definitions, make it
difficult to directly compare their outcomes and combine results.

However, in the aggregate, the results of TH interventions for
thetreatment of children with CPwere positive, indicating either
comparable results with children receiving usual face-to-face
care or in some domains, the results were improved. Notably,
there is some evidence that TH may increase participant
motivation with therapy, reduce caregiver stress, increase
functional abilities, and may improvethe accessibility of health
services. These findings are supported by previous reviews,
which have found that assistive technologies for children with
physical disabilities increase motivation and reduce caregiver
burden [21].

The only study that did not demonstrate any promising results
was the study by Preston et al [13], who investigated the ability
of acustomized computer-based gaming system to improve the
arm function of children with spastic CP. However, the children
were not compliant with the treatment, averaging only 7 minutes
of game play per day, which was significantly lower than the
recommended 30 minutes. This finding contrasts with other
studies included in this review, which tested home gaming
systems; Golomb et a [7], Reifenberg et al [16], and Chen et
al [20] reported positive functional outcomes and noted minimal
difficulties with compliance. However, it should be noted that
the paper by Reifenberg et al[16] is asingle case report. Given
the functional improvements noted by the other 3 studies, it is
possible that the game proposed by Preston et al [13] was less
compelling or that anonrepresentative samplewasrecruited for
the study leading to type Il error. This finding emphasizes the
uncertainties in interpreting results presented by an
underpowered study.

The results for TH without a computer-based or web-based
game aspect also showed potential for functional improvements
in children with unilateral spastic CP. Ferre et al [17] taught
caregivers via TH, child-friendly, and home-based activities
designed toimprove bimanual hand use, including board games,
clay modeling, and page turning. This approach encouraged
family-centered care, placing caregivers rather than therapists
at the center of the child's care and allowing intense therapy
without the additional caregiver burden of hospital travel and
appointments conflicting with work schedules. However, it
should be noted that there was high attrition from the study,
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with 40% of participants not completing theintervention. Further
research should be conducted to established if this result was
due to aflaw in study or intervention design. Importantly, this
study also showed no significant differences between the
therapist-measured baseline and caregiver-measured baseline,
indicating that the Assisting Hand Assessment and Box and
Blocks Test can be appropriately measured by caregivers
remotely at baseline [17].

Although these results are promising for TH as an intervention
for the hand in children with CP, it should be noted that there
is insufficient evidence on TH interventions for other areas of
the body, including the lower limbs or body posture. Mitchell
et a [19] conducted the only study included in this scoping
review that investigated a full-body intervention. This
intervention included body weight exercises and interactive
games that participants undertook at home under the guidance
and supervision of remote therapists. Although the results of
this study were promising, showing excellent adherence to the
program and improved functional measures, they did not
tranglate into significant differences in activity-based outcome
measures [19]. However, thisfinding is not uncommon for this
patient group, and the ceiling effects of training can also be seen
in face-to-face therapy [22]. Therefore, the findings may be
considered as showing promise for TH as a full-body
intervention for children with CP [19].

Importantly, we have not identified any investigation on pain
management through TH. This TH typeis particularly important
asmorethan half (67.1%) of children with CPreport acute pain
[23], and this pain appears to have increased through the lack
of intervention during the COVID-19 pandemic [24].

Future Directions

Of critical and immediate importanceto improving the existing
evidence base for TH for children with CP is the devel opment
of studies with good methodological quality and a sufficient
cohort to draw appropriately powered conclusions. The mgjority
of the included studiesin this scoping review were case series,
which notably complicatestheinterpretation of results, aswhere
results conflict, it is difficult to assess whether this conflict is
due to intervention differences, problems with study
methodology, or type |l error.

There is some evidence that the requirements of TH vary
depending on developmental stage[25] and GMFCSlevel [26].
It islikely that different neurological types of CP (dyskinetic,
dystonic, or ataxic) will have different requirements of TH and
require adaptions to accommodate different movements. For
example, mathematical models have been devel oped to improve
the layout of touchscreen communication devices for children
with dyskinetic CP with different motor requirements, with
good results [27]. However, this adaptation has not been
adequately investigated to suggest what forms of TH are
effective for different children with CP, partialy due to small
study sizes but also due to the poor definition of participantsin
studies. Therefore, future work would benefit from clearly
defining the participant inclusion criteria, descriptive statistics,
and subgroup analysis stratification by GMFCS leve, age, and
CP neurological type. This definition will increase the
understanding of the effectiveness of TH for different groups
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of children with CP and alow greater potential for
meta-analysis.

There is also limited evidence of the barriers to TH
implementation, particularly in the longer term. Most of the
existing evidence is anecdotal or a short description of the
reasons for attrition from studies. A larger qualitative study,
investigating the reasons for dropout from TH studies or
noncompliance with TH necessarily implemented during the
COVID-19 pandemic, would provide a much greater
understanding of the barriersto TH uptake.

Future work would benefit from focusing on outcomes that are
important to children with CP. Considering outcomes, such as
pain and spasticity, that have been shown to have deteriorated
through the lack of in-person treatment during the COVID-19
pandemic would also be useful. Parent-reported outcome
measureswere commonly gathered across TH studies, allowing
the collection of data remotely. The most commonly used
outcome measure was the COPM. However, it should be noted
that the COPM has only been validated for children with spastic
CP. Further work would be required to validate its
appropriatenessfor children with ataxic and dyskinetic CP[28].
Thevalidation of the COPM in larger patient groupswill likely
be beneficial to this area of research. However, as most
therapists agree, this validation should be applicable within a
reasonable length of time, and functional goals should be
identified [14].

Finally, more evidence is required to support the use of TH in
the treatment of the lower limb or postural control for children
with CP. The existing evidenceis strongly focused on the upper
limb. It is possible that retrospective studies of routinely
collected clinical outcomes during the COVID-19 pandemic
may provide some valuable insight into this area of TH.

Limitations

This scoping review included the results of 11 studies—asmall
number despite the broad eligibility criteria, which included
any therapy, study aims, and outcomes measured. There are
limited trials that have been conducted in this area despite the
drastic increase in TH consultations reported through the
COVID-19 pandemic. Retrospective research using routinely
collected outcome measures in this patient group gathered
throughout the COV1D-19 pandemic may add important findings
and context for the potential benefits of ongoing TH
consultations. We would recommend the publication of any
data gathered by health care professionals on their changing
interventionsin thistime. As COVID-19 has affected the need
for more TH, this subject is likely to expand exponentialy in
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the future and more reviews similar to this paper will be needed
for further assessment.

Second, the substantial heterogeneity of participants made
comparison of outcomes between studies challenging. To reduce
the heterogeneity, classifications systems such as the GMFCS
have been used. However, the GMFCS levels or CP neurol ogical
type were not consistently reported; therefore, it is unclear if
the results are generalizabl e to the population or comparable to
other formsof TH. Thisresult haslimited our drawing of clinical
recommendations on TH for the treatment of children with CPR,
but it has hel ped identify limitationsin the literature asawhole
and addressed a key issue that needs careful consideration in
future primary research investigating CP treatment.

Third, due to the heterogeneity of participants and the
inconsistency in outcome measures used, it was not possible to
directly compare the results of studies through meta-analysis.
Therefore, we were unable to directly compare the quantitative
results of the studies and examine statistically and clinically
significant differences across smaller studies, which has affected
our efforts to chart data and directly visualize results
quantitatively. Asthe technological advancementsincrease and
the quality of the research improves, we hopethat in the future,
there will be more quantitative data to enable direct analysis
and comparison, which will inform clinical recommendations
for TH.

Finally, due to time and resource constraints, we were unable
to perform a formal critical appraisal of the included studies,
which may mean that the results are unduly influenced by
research with poor methodology. We have tried to identify
notable areas of concern with research methodology within the
narrative review, as a less formal critical review. However,
futurework in thisareashould consider aformal critical review.

Conclusions

This scoping review provided for the first time an up-to-date
account of the current evidence on TH for children with CP.
The evidence has been shown to be lacking due to poor study
design or underpowered results; therefore, clinical
recommendations were not possible. However, this scoping
review has shown that TH has demonstrated its potential to
improve hand function while making health care services more
accessible. TH interventions have shown similar or improved
results compared to face-to-face treatment. To understand
precisely how this technology will benefit children with CPR,
further research is required, with a focus on the lower limb,
postural control, and quite importantly, pain—a substantial
barrier to interventions being accepted by children. Further work
to identify barriersto TH implementation is also required.
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