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wA person who never made a mistake

never tried anything new.”

Albert Einstein



TABLE OF CONTENTS

1. LIST OF ABBREVIATIONS ..ottt ettt ettt ettt ettt ettt ese bbb nes 5
2. STUDENT PROFILE ......c.coctitiiiiniininententeetet ettt ettt ettt sttt st ettt ettt et be e s sae s 6
2.1. Vision and mission statement, SPECIfiC GOALS ...............ccccccciouioiiciviiioiiiiiiiniee e 6
2.2, SCICTEOMGITICS .......ee ettt ettt et ettt e at st st e b e e st e s e et s e be e st e s e e st e eseenteeseenseeneenseeneannes 6
2.3 FUBUFE DIATS ...ttt ettt eae s 7

3. SUMMARY OF THE PH.D. ...c.coiiiiiiiiiiiiiiectcteeeetett ettt ettt ettt 8
4.  GRAPHICAL ABSTRACT (including all StUAIES) .......ccceruververiieriieieriieiene ettt 9
5. INTRODUCTION ...ttt sttt ettt ettt b et sbe bt sbesae st et st et et et et eseeseeaeebeebesbenae 10
5.1, OVEFVIEW Of HHE LOPIC ...ttt 10
S5.1.1. WAt 1S the tOPICT....eicuieiiiieiecteieee ettt sttt st ettt e ae st e e e st et e ese et e eneeseeneenseennes 10
5.1.2. What is the problem t0 SOLVE?.........c.eeieiierieiirieie ettt saeennes 10
5.1.3. What is the importance of the tOPIC?........ccveriirieriirieit ettt 11
5.1.4. What would be the impact of our research results? ...........ccoceverrerieienieeeeeeee e 11

5.2, CereB Al PAISY ... 11
5.3. Prevention, treatment interventions and phySiOtRErapy .................cccccucevniirienienienieneneeeeeeneens 12

6. OBJIECTIVES ..ottt ettt ettt et b e bt st b e st et ettt et et et beebe b e 14

6.1. Study 1. — Evidence for gait improvement with robotic-assisted gait training of children with

cerebral palsy remains UNCEFIAIN .................cocuiaiiiiiiniie ettt 14

6.2. Study II. — Effectiveness of Video Game-Based Therapy to Improve Hand Function in Children

with Cerebral Palsy: A Systematic Review and Meta-ARQlYsSis..............cccccooviroiniiniiniinenineeenen, 14
T IMELROMS ... 16
7oA. SEAVCH SIPALEGY ...ttt bbbttt 16
7.2, SHUAY SCLECHION ...ttt e 16
7.3. Inclusion/EXCIUSION CFIEEFIA ...........c.cccveeieieiiiieet ettt 17
7oA. DA EXTVACHION. ...ttt ettt ettt et sttt ettt e e e nene 17



7.5. Assessment of Evidence Quality and RiSk Of Biass .............ccccoccoeovcioiiiiniiniiiiniiineeeeceee, 17

7.6. STALISTICAL QRALYSIS .......ocoeieeiiieieeeeee ettt ettt ettt ettt aeeeaeentesae e eneennen 18

LI A ] O B 1 SRR 20
8.1. Search and selection, characteristic of the included studies .....................ccccccovvvvveiciiviiiinieanan, 20
8.1.1. Study I. — Evidence for gait improvement with robotic-assisted gait.........cccccceereerererverennenne. 20
training of children with cerebral palsy remains UNCertain.........cc.ceceeerererienenenenierieneeeeeeeeenenes 20

8.1.2. Study II. — Effectiveness of Video Game-Base to Improve Hand Function in Children with

Cerebral Palsy: A Systematic Review and Meta-Analysis .........ccccecevererenenenenenienieneeeeieceesenes 21

8.2. Results of the qualitative and qUantitative ARALYSIS................ccccocevecivoiioiiiniiniiniiieneneeeeeeens 25
8.2.1. Robotic-assisted gait training qualitative analysis .........cccccveeererrerieieniereeiee e 25
8.2.2. Quantitative analysis Robotic-assisted gait training ...........cecereerrereesesierieeierereiese e seeenees 29
8.2.3. VGBT on upper limb function qualitative analysis ..........cccceccereerieriereniereeiee e 29
8.2.4. Quantitative analysis 0f VGBT .......ccccoieiiiriiiiieiciee ettt 34

0. DISCUSSION ...ttt ettt sttt et ettt et b e bbbt b e bt sa ettt e st et et et eseebe e bt ebeebesbenae 36
9.1. Summary of findings, international COMPATISONS .............c..cccoueoeeoieoiroiioiiiinininieene s 36
Q.20 SIFERGIAS ...ttt 42
9.3, LEMEEQTIONS ..ottt ettt ettt ettt ettt et e bttt e bt e st et e et et e eareeneas 43
1O. CONCLUSIONS ...ttt ettt et ettt st b s b sttt b et e st et et et et e st et ebeeueebesaesaens 44
11. IMPLEMENTATION FOR PRACTICE ......ccocotiiiiiieiiieinieeeeet ettt 45
12. IMPLEMENTATION FOR RESEARCH .....cc.coiiiiiiiiiiiirtntntet ettt 46
13. IMPLEMENTATION FOR POLICYMAKERS.......cciiiitiiiintninneneseseseseeetetet et 47
14. FUTURE PERSPECTIVES. ... .ottt sttt sttt sttt sttt et 48
I5. REFERENCES ..ottt ettt st sttt ettt ettt sbeebesbenaen 49
16. BIBLIOGRAPHY ...ttt ettt ettt sttt s sttt ettt et et sbe b sbe e 57
16.1. Publications related t0 the theSiS...............c.ccoiiiieicieieeieeee ettt 57
16.2. Publications not related t0 the tHESIS...............cc.cceiciiceiiiiieeeeee ettt 57
17. ACKNOWLEDGEMENTS ..ottt ettt sttt sttt sttt ettt ebeebesbesnen 59



1. LIST OF ABBREVIATIONS

BOS base of support

CI confidence interval

CIMT Constraint-Induced Movement Therapy
COM center of mass

CP Cerebral palsy

CT conventional treatment

ET exercise therapy

GMFM Gross Motor Function Measure
GRADE Grading of Recommendations, Assessment, Development, and Evaluations
HABIT Hand Arm Bimanual Intensive Therapy
LMC Leap motion controlled

MD mean difference

MOS margin of stability

NDT neurodevelopmental training

OoT Occupational Therapy

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

QUEST Quality of upper extremity skills test
RAGT robotic-assisted gait training

RCT randomized controlled trial

RoB Risk of Bias

RT resistance training

SD standard deviations

SMD standardized mean difference
VGBT Video Game-based Therapy



2. STUDENT PROFILE

2.1. Vision and mission statement, specific goals

My vision is to strengthen the faith that the quality of life of
children suffering from Cerebral

palsy can be improved by novel rehabilitation methods.

My mission is to clarify the indications and roles of innovative methods

in the rehabilitation of children with cerebral palsy.

My specific goals include evaluating the effectiveness of new devices in the
rehabilitation of disabled children and assessing their impact on daily rehabilitation

therapy.

2.2. Scientometrics

Number of all publications: 7
Cumulative IF: 8.20
Av IF/publication: 1.17
Ranking Scimago: Q1:3,Q3: 1

Number of publications related to the subject of the thesis: 2
Cumulative IF: 5.2
Av IF/publication: 2.6
Ranking Scimago: Ql:2

Number of citations on Google Scholar: 8

Number of citations on MTMT (independent): 3

H-index: 1




2.3.Future plans

My future goals involve integrating my passion for research with front-line patient
care. To me, understanding healthcare means a lot more than just the theory of it, and I
am excited to become more skilled by working directly with patients. In treating patients,
I hope to grasp how patients experience their daily struggles and what they need. My
overarching goal is to bring together research and clinical practice, allowing me to forge
a career that not only contributes to scientific advancement but also has a real, positive

effect on patient health and healthcare delivery.



3. SUMMARY OF THE PH.D.

Advances in technology have led to the emergence the new therapeutic opportunities in
rehabilitation medicine. These new types of devices not only offer novel opportunities,
but also a kind of obligation to explore whether these devices are truly innovative and
useful, whether they can replace today's devices, or whether their complementary
therapeutic application can become part of the daily routine.

In the first part of the research we have chosen to evaluate the effect robotic-assisted gait
training that uses robotic technology and external energy to aid individuals with
movement impairment. We tried to assess and determine its possible current and future
places and potential indications in everyday rehabilitation. In order to get more insight
into the effect of robotic-assisted gait training on gait function in everyday rehabilitation
practice we made a systematic review and meta-analysis which consist only of
randomized controlled trials.

In the subsequent stage of our work, we decided to assess the effect of Video Game-Based
therapy on upper limb function compared to conventional therapy with systematic review
and meta-analysis study design.

Our results showed that when we compared robotic-assisted gait training to usual therapy
or treadmill training we found significant gait speed improvement in favor of the
intervention group and insignificant betterment in the next gait parameters: cadence, Step
length, single leg support time, step width. Gross motor function measurement (GMFM)
D and E scores purpose to measure standing and postural stability (GMFMD) and
walking, jumping, and running showed insignificant improvement after Robotic-assisted
gait training.

According to upper extremity rehabilitation, we noted that video game-based therapy was
significantly superior in grasp function, upper limb motor function, and hand function
questionnaires compared to control groups, and insignificant improvement was observed
in the following outcomes: grip strength, manual dexterity, Self-care function (weefim),
Abilhand-Kids and Jebsen Taylor Hand Function tests.

Our results suggest that however these novel devices do not have a clearly better

rehabilitation efficiency compared to traditional forms of therapy.



4. GRAPHICAL ABSTRACT (including all studies)

- I NOVELDEVICES IN THE REHABILITATIONOF M
CHILDREN WITH CEREBRAL PALSY

Context:Advances in technology have led to the emergence the new therapeutic opportunities in

rehabilitation medicine. These techniques attempt to improve impaired function by leveraging the

neuroplasticity of the brain, however, the therapeutic impact and possibilities of these new methods
are still need clarification

Evidence for gait improvement with robotic- Effectiveness of Video Game-Base to Improve
assisted gait training of children with cerebral Hand Function in Children with Cerebral Palsy:
palsy remains uncertain A Systematic Review and Meta-Analysis

Significant improvement: Mgw Significant improvement: ’1:10 significant differences:
+ GMFM D * Grasp function * Grip strength
*+ GMFME  Hand function tests *+ Manual dexterity
* Step length * Hand motor function « Self Care (WeeFim)
« Cadence questionnaires « ABILHAND-Kids
e Single leg support time | = | + Jebsen Taylor Hand
Function

Implication: It is worth to consider to integrate it in the daily routine and to combine these tools with
standard techniques. Although the expectations are understandable contrary to these demands, their
breakthrough beneficial effects do not significantly overtake the traditional forms.

5‘} CENTRE FOR
TRANSLATIONAL MEDICINE




5. INTRODUCTION

5.1. Overview of the topic

5.1.1. What is the topic?

Our aim is to evaluate the efficacy and clarify the role of novel devices in the

rehabilitation in children with cerebral palsy.

5.1.2. What is the problem to solve?

The main purpose in cerebral palsy children rehabilitation is to mitigate the loss of
function caused by (the origin of the disease) the brain injury, however, the primarily
neuromotor disorder is non-progressive in the greater part of cases, the motor function
and the physical condition deteriorates with age (1). The rehabilitation for disabled
children can take a considerable part of their lives. Although the usual rehabilitation
techniques achieve good results, the need for new innovative tools has naturally arised,
but their effectiveness has not yet been proven. These techniques attempt to improve
impaired function by leveraging the neuroplasticity of the brain, however, the therapeutic

impact and possibilities of these new methods still need clarification (1).
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5.1.3. What is the importance of the topic?

Cerebral palsy occurs by damage to the developing brain, which may cause movement
disorders. The incidence of the disease is 2-3 out of 1000 live birth (2). Continuous
rehabilitation plays a prominent role in the lives of these children in order to prevent the
loss of those functions. From that standpoint finding the adequate rehabilitation tools with
the appropriate indication circle is crucial and increases the efficacy which offers a chance
to decrease the unnecessary time spent on rehabilitation and make decisions easier for
therapists and clinicians. From an economic point of view, the therapy becomes more

target-oriented thereby easing the situation of parents worldwide.

5.1.4. What would be the impact of our research results?

The pressure from parents and therapists is understandable to use these modern tools in
the rehabilitation of children with cerebral palsy, however, this investigation helps to push
our knowledge towards showing reality. The objective determination of the therapeutic
possibilities of the new devices thereby improves the quality of life of children with CP.
By assigning a more precise range of indications, it is possible to make the therapeutic
programs more targeted and to use them in a more target-oriented manner thereby

increasing the cost-effectiveness and reducing the time spent on unnecessary therapy.

5.2. Cerebral palsy

Cerebral palsy is a neuromotor disease, which can influence posture, muscle tone, and
motor development (3-5). The pathophysiology background starts with the damage to the
developing brain in the uterus or during the neonatal period (3-5). However the lesion is
non-progressive, due to the development of secondary conditions, deterioration is
observed with advancing age (2). The neuromotor disease can be categorized based on
clinical findings as dyskinetic, spastic, hypotonic, or mixed (2).

Based on the extent of involvement, CP can be classified as bilateral when both body

sides are affected and unilateral when only one side is impaired (6).
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Spastic diplegia can be seen in 35% of the cases, which originate from immature
oligodendroglia injury between the 20 and 34 weeks of gestation. Usually, the
thalamocortical and corticospinal pathways are damaged and on neuroimaging most
commonly periventricular leukomalacia can be seen (3, 4, 7). Most of the spastic diplegic
children can have a chance for independent ambulation (2).

In a quadriplegic condition, PVN and multicystic cortical encephalomalacia can be seen
in neuroimaging and 20% of the cases are associated with premature birth and it is
associated with severe cognitive deficit, epilepsy, visual and functional disability (2, 4, 7,
8). The chance of independent ambulation in severe cases is poor.

Due to the utero or perinatal stroke in 25 % of the cases unilateral (hemiplegic) alteration
can be seen. They have usually normal cognitive functioning and have the ability to
independently walk (2-4, 9, 10).

Dystonic, dyskinetic, or choreoathetosis phenotypes occur in 15% of cerebral palsy, the
cause in the background usually kernicterus, neurometabolic or neurogenetic disorder, or
hypoxic-ischemic encephalopathy.

The extrapyramidal CP is often associated with the following: cognitive, visual, and

hearing disabilities, seizures, sleeping, and behavioral problems (2-4, 7).

At Children with cerebral palsy functional classification systems are mostly used for
mobility and hand function. The Gross Motor Function Classification System (GMFCS)
describes self-initiated and device-assisted movements. The scale to describe the upper
extremity function in children with CP (from 4 to 18 age) is the Manual Ability
Classification System (MACS) (2).

5.3. Prevention, treatment interventions and physiotherapy

The most effective prevention aiming to diminish the incidence of CP should focus on
the main risk factors which are low birthweight and premature birth. It has been shown
that magnesium-sulfate administration for women at risk of imminent preterm labor
(before the 32nd week) has a neuroprotective effect and diminishes the risk of CP (8, 11).
In the case of hypoxic-ischemic encephalopathy in term and late term periods therapeutic

hypothermia, which initiated within 6 hours after birth can have a positive effect (8, 12,
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13). The specific types of interventions, like constraint-induced movement therapy or
task-specific training-based therapy, can be an effective way to improve neuromotor
function, based on the developing brain’s neuroplasticity (14). Considering that the
underlying disease causes wide-ranging symptoms and secondary changes, the
multidisciplinary team approach is the most optimal way in the treatment (2).

In the case of spasticity, the intervention can differ depending on the goal of the
treatment (8, 15-18). A patient-related treatment plan should be carefully considered. In
some cases reducing generalized spasticity or eliminating focal spasticity may lead to
better functional outcomes (2).

According to the previously discussed nature of the disease, physiotherapy and
occupational therapy at the age of 4-5 are relatively more effective than starting later (19,
20). The physiotherapy in CP is suitable to increase muscle strength, joint mobility, and
muscle endurance (21, 22). The physiotherapy for children with CP usually includes
exercises, which aim to improve postural control, balance, and mobility. The constraint-
induced therapy focuses mainly on strengthening the upper limb in children with CP (10,
14, 23-25).

The main goal of occupational therapy in children with cerebral palsy is to improve upper

limb fine motor function and to help improve the effectiveness of daily activities.
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6. OBJECTIVES

6.1. Study 1. — Evidence for gait improvement with robotic-assisted gait training of

children with cerebral palsy remains uncertain

Walking for healthy individuals doesn’t mean any difficulties however for the population
of children with cerebral palsy it can require significant effort due to the impaired gait
pattern (26-28). Although the underlying disease is not progressive the primary injury
may lead to loss of function with advancing age (2). Most of the cases this injury resulted
in inadequate posture control and impaired balance with weak stability (2).
Robotic-assisted gait training (RAGT) is a novel method that aims to improve posture
control, stability, and balance. It has the potential effect to promote the neural circuits
with forced walking movement on high intensity in order to reach gait improvement
through the spinal cord and brain plasticity (29, 30).

Numerous authors reported that RAGT can be an effective tool in the rehabilitation of
children with CP, but the roles and guidelines for this therapy remained undetermined
(29, 31-33). This meta-analysis aimed to estimate the RAGT effect on gait parameters

and function in contrast to usual therapy or treadmill training in children with cerebral

palsy.

6.2. Study II. — Effectiveness of Video Game-Based Therapy to Improve Hand

Function in Children with Cerebral Palsy: A Systematic Review and Meta-Analysis

The main goal of rehabilitating the upper limb in children with CP is to reduce the
impairment of function resulting from brain injury. The possible advantages of video
game-based therapy can be the relatively low prices of gaming consoles, the opportunity
to perform functional tasks multiple times, the alterable of the virtual environment with
different levels of difficulty, the promise of sensory and cognitive stimulation through
auditory, and visual and tactile signals with feedback and the ability to increase patient

motivation (1).
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Although VGBT theoretically contains all the essential components needed to promote
or stimulate neuroplasticity, it is still uncertain whether this leads to successful practical
application. Several authors found the benefits of video game-based therapy in the
rehabilitation of neurological disorders, however, only a few studies have investigated

the effectiveness of this therapy in children with cerebral palsy (34, 35).
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7. Methods

These systematic reviews and meta-analyses were conducted in accordance with
the Cochrane Handbook (36) and the PRISMA 2020 guidelines followed (37). The
protocols of the studies were registered on PROSPERO: Study I.: CRD 42022312513,
Study II.: CRD42021284957.

7.1. Search strategy

During the systematic searches, the following five databases were used: MEDLINE (via
PubMed), Cochrane CENTRAL, Embase, Scopus, and Web of Science. In the databases,
all fields were used during the investigations except in study II. (VGBT), where Scopus
search was limited to only titles, abstracts, and keywords. The search date for Project I.
and Project II. was 2021.10.14. and 2024.01.26. respectively. The used search key was
“Cerebral palsy AND robot* AND random* ,, when we assessed the effect of robotic-
assisted gait training and in the second meta-analysis the key was “Cerebral palsy AND

(virtual reality OR game OR nintendo OR playstation OR xbox)”.

7.2. Study Selection

After duplicate articles were removed, two authors (OG and MV) conducted the
selection process independently first titles and abstracts were screened. When a paper met
the eligibility criteria or if there was any uncertainty about the concordance of inclusion
criteria, the authors (OG and MV) assessed the full text of the articles. The full texts that
remained were reviewed using the same approach. Cohen’s kappa values are employed
to assess the degree of agreement. If any discrepancies arose it was resolved by a third

author (TT).
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7.3. Inclusion/Exclusion Criteria

According to the study types the main inclusion criteria was that only randomized
controlled trials published in peer-reviewed journals were considered in the two meta-
analyses, any other study types meant exclusion. The assessed population had to include
children with cerebral palsy under the age of 18, additionally, at least one investigation
arm had to take VGBT or RAGT with or without accompanying traditional physical

therapies, and any other studies that meet these eligibility criteria partially were excluded.

7.4. Data Extraction

The authors created the standardized data collection sheet in Microsoft Excel. One
author (MV) collected the data, while another author (OG) reviewed it. The outcomes
that were extracted are indicated in Table 1. Any discrepancies were resolved by
discussion. We extracted data which aim to evaluate the upper extremity function for
assessing the video game-based therapy effect. For assessing the effect of robotic-assisted

gait training analyzed gait and posture data were used.

Table 1. Data was extracted from each eligible study.

Data related to

study name, first author, publication year, Digital Object Identifier (DOI), language, contact details, study design,
1. the article study duration

randomization, blinding, country, number of participating centers, concomitant interventions in both treatment
2.the intervention arms, total duration of intervention, method and frequency of therapeutic intervention

total number of participants, number of patients who were randomized and the number of those who completed the

study, age, gender, description of enrolled patients, patient characteristics such as hemiplegia, diplegia, triplegia,
3.the population tetraplegia .

7.5. Assessment of Evidence Quality and Risk of Bias

To evaluate the risk of bias the Cochrane risk-of-bias tool for randomized trials (ROB2)
(38), and for the quality of evidence assessment, the Grading of Recommendations,

Assessment, Development, and Evaluations (GRADE) scale was used (39). Two
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independent reviewers (OG and MV) did the assessment if any discrepancies arose they

were resolved by discussion.

7.6. Statistical analysis

The authors (OG & MV) completed the meta-analysis for each outcome only
when information from at least three studies was available and they provided the meta-
analysis findings with the help of Forest plots. When pooled studies were available for
continuous outcomes of robotic-assisted gait training, Pooled Mean Differences (MD and
95 % Confidence Intervals were calculated to investigate the differences between the
compared treatments. The control intervention was applied in certain subgroup analyses.
For the meta-analyses, a random effects model was used. The average improvement was
computed by deducting the mean score before treatment from the mean score after
treatment. A conservative approximation was used to calculate the standard deviation of
change when correlation data was not available for example: we assumed a correlation of

-1.

To compare the outcomes of the trial groups in the VGBT study, the Standardised
Mean Difference (SMD) and the 95 % confidence intervals were calculated for

continuous outcome measures (40).

The mean value of change was achieved by calculating the difference between the
means before and after the treatment. Because the correlation data was not supplied, the
standard deviation of change was estimated in a rather conservative way taking a
correlation of minus one. Different studies measure the same outcomes using different
rating scales, thus making it impossible to carry out a mean difference analysis of more
than one RCT. As reported by our group, the SDs were used to normalize the outcomes
whereby the respective results were divided by the SDs in order to calculate an effect size
referred to as the SMD. These SMD results can be pooled in the meta-analysis due to the
equivalence of the unit across all the studies. It has been observed that an SMD of 0.2 is

small, 0.5 medium, and 0.8 large (40).
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The Q-profile approach also suggested the tau-squared estimate in Projects One
and Two. The Cochrane Q test and 12 index values were used to evaluate the presence of
heterogeneity between the studies with the cut-off at 0.1 for the P value. Because of the
small number of studies, it was not possible to perform Egger’s test for small-study
effects. The presence of publication bias was examined using funnel plots. Statistical
analyses were performed using R language software, in particular the ‘meta’ package
(version 5.2.0) authored by Schwarzer in 2022 and the ‘dmetar’ package (version

0.0.9000) authored by Cuijpers, Furukawa, and Ebert in 2020 (41, 42).
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8. RESULTS

8.1. Search and selection, characteristic of the included studies

8.1.1. Study I. — Evidence for gait improvement with robotic-assisted gait

training of children with cerebral palsy remains uncertain

A total of 7,363 articles were screened (see Fig.1.). Forty-one papers were left for the full-
text selection. After the selection process, thirteen full texts (43-54) were suitable. Seven
articles (44, 45, 47, 49, 53-55) were eligible for meta-analysis, and the other five studies
for qualitative analysis due to the inadequate reported form of outcome (50, 51) and due
to the crossover study design (43, 46, 48). The values of Cohen’s kappa result were 0.89
at the abstract and title and 1.00 during the full-text selection. The PRISMA flow is

presented in Fig. 1.

Records removed before
H Records identificd from*: screening:
§ Databases (n = 7363) Duplicate  records  removed
] : =1001)
g Registers (n = 6361) o @
=
~ Records excluded**
Records screened »| a=6321)
(n=6360)
i Reports excluded:
Resson - inappespriae populaticn (1= 1)
o Reports sought for retrieval to
?; full text selection id
e
% (n=41)
v
Reports assessed for eligibility Reports not retricved:
- —
(n=13) Reason —

inappropriate outcome
— (3)

Studies included in the review
(n=13)

Figure 1. The PRISMA flow chart detailing the selection process.
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Table 2. The baseline characteristic from the included papers.

Year of Patient Age of
First author publication Country | number |GMFCS| patients |Duration Type of CP Study groups Intervention time
C. AmmannReiffer| 2020 Switzerland 16 1I-IV. 6-18 1.25 (mos) | bilateral spastic Lokomat system 15 X 45 min
B. Aras 2019 Tukey 20 JIDUE 6—14 5 (mos) mixed Lokomat system, Hocoma AG| 20 x 45 min
M. Druzbicki 2013 Poland 35 JIDUE 6-13 12 (mos) | bilateral spastic Lokomat system 20 x 45 min
L. H. Jin 2020 South Korea 20 11-1V. 3-11 9 (mos) mixed Walkbot K 18 x 30 min
S. Kawasaki 2020 Japan 10 I-I11. 5-16 2 days mixed Honda walking assist 11 % 0,5 min
M. S. E. Mahgoub 2020 Egypt 30 - 7-14 9 (mos) hemiplegia Lokomat system 12 x 45 min
D. Pool 2020 Australia 40 1I1-V. 5-12 39 (mos) - (RT600)+ locomotor training 18 x 60 min
N. Smania 2011 Italy 18 11-1V. 10-18 10 (mos) | bilateral spastic | Lokomotor Gait trainer (GTI) 10 x 30 min
L. Wallard 2017 France 30 1I. 8-10 - bilateral spastic Lokomat 20 x 40 min
Lokomat system,

L. Wallard 2018 France 30 11. 8-10 36 (mos) | bilateral spastic Hocoma AG 20 x 40 min
M. Wu 2017 USA 23 I-IV. 4-16 36 (mos) | bilateral spastic Robot assisted "3dcalt" 18 x 30—40 min
L. H. Jin 2012 China 32 - 4-16 12 (mos) - LokoHelp system 48 x 20 min
A.Martinez 2013 Mexico 14 1L 4-16 - hemiplegia Lokomat system 10 x 30 min

The characteristics of the baseline from the included studies are presented in Table 2.
The revised Risk of Bias 2 (RoB 2) tool was used to analyze the included RCTs.

The overall risk of bias, resulted in ’some concerns’, neither high nor low risk of bias was
observed. A high level of evidence was detected in four outcomes (GMFM D and E, gait
speed, and step length), the other two remained outcomes had a low level of evidence due

to the patient numbers.

8.1.2. Study II. — Effectiveness of Video Game-Base to Improve Hand Function in
Children with Cerebral Palsy: A Systematic Review and Meta-Analysis

During the investigation, 1605 papers were observed, and 63 were eligible for full-
text selection, in the end, 24 papers were left as suitable. The Cohen’s kappa values were
0.96 for the title and abstract and 1 for the full-text selection. The flow of the selection

process is presented in the PRISMA diagram in Figure 2.
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H Databases (n =2882) screening:
3 . Reason- Duplicate  records
(n=1277)
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(n=1542)
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o . s strievs
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1 full text selection n=2)
E (n=63)
Reports assessed for eligibility Reports excluded:
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population (3)
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study design (13)
Reason ~ inappropriate
intervention (9)
v
Reason — conference
. . bstract (5
3 Papers included in the abstract (3)
3 quantitative analysis (n= 20) Reason — study protocol (3)
F] Papers included in the qualitative Reason — inappropriate
= review (n=24) comparator (4)
—J . .
Reason — inappropriate
outcome (2)

Figure 2. PRISMA 2020 flow diagram detailing the selection process.

The participant’s age was 5-20 years in one of the papers (56). We have tried to
contact the authors of the article to ask for further information about how many children
were above the age of 18, but no feedback was received. Taking into account that the
average age of the control group was 12.4+4.93 years and it was 10.6£3.78 years in the
investigated group with 10-10 participants in both groups, in the case of a normal
distribution only one participant would be older than 18 years. We decided that since this
was within a reasonable margin of error, it would have been a bigger mistake to exclude
it.

From the 24 papers (1, 56-78) four could not be included in the study half of them
(71, 75) due to the reported outcome were out of our interest and the remained half (1,
59) were suitable only for the review section: the limiting factors were the cross over

study design (1), and not adequately comparable reported self-care scores used (59).

The baseline characteristics of the included investigations presented in Table 3. The
investigation included 785 children aged from 3 years to 20 years. The types of cerebral
palsy were diplegic in two (57, 59), hemiplegic in ten (57, 59, 61, 62, 66, 69, 70, 73, 74,

22



78), mixed in five (56, 60, 63, 65, 76) and unknown in the remained four articles (63, 67,
68, 77). The applied intervention was Nintendo Wii in ten, VR therapy in eight, and Leap
motion-controlled (LMC) games or computer game-based systems in the remaining cases
alone or in combination with other therapies. The control groups received conventional
treatment (CT), CIMT and Hand Arm Bimanual Intensive Therapy (HABIT), OT,
exercise therapy (ET), neurodevelopmental training (NDT), resistance training (RT), or
absence of treatment. The applied therapy intensity was increased in the study groups in
five cases (57, 61, 64, 66, 70) while in the remained others the applied therapy intensity
was similar.

Based on the risk of bias two articles were evaluated as ‘high risk’(69, 77), 4 papers
as ‘some concerns’(57, 58, 61, 72), and 14 were ‘low risk’ (56, 60, 62-68, 70, 73, 77-79).
The results of risk of bias are detailed in.

The evidence was ‘very low’ in three (self-care, grip strength, and upper limb fine
motor function), ‘low’ in the other three (grasp function, manual dexterity, and Abilhand-

Kids), and ‘moderate’ in two articles with the GARDE assessment tool.
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Table 3. The baseline characteristic and results from each article.

P D
[Game:Air challenge,Boxing
S.Sahin/2019 Turkey 60 45min.x2d.x8w VR +(TOT) rainer,Wall breaker,Jet un,Super
1:10.5 +-3.62 C: 10.06+-3.24  383% TOT WeeFim Selfeare_[kick
R o 0, . . QUEST
G.Acar/2016 Turkey 30 1:9,53+-3,04 C:9,73+-2,86 46,6% 45min.x2dx6 w. N.Wii + NDT NDT Grasp JTHFTABILIH | Games:tennis, baseball,and
AND-Kids,WeeFim  [boxing.
Games (20) :goal-directed
AAl5aif2015  |Saudi Arabia 40 6-10 Ni. 20min.x7d.x12w. N.Wii No training e
m-ABC-2 jumping
S. Atasavun/2016 Turkey 24 1:9,13+-2,57 C:10,114-2,62 58,3% 30min.x2d.x12w. N.Wii + Physio Th. Physio Th. [, bG“:i“;g basketball, tennis,
E. Avcil/2020 Turkey 30 1:10,93+-4,09 C:11,07+-3,24|  43,4% 24 session/8 w. N.Wii + LMC NDT Games: Fizyosoft®CatchAPet,
Grip Strength Leapball.
H. C. Chiu/2014 Taiwan 62 1:9,4+-1,9 C:9,5+-1,9 54,8% 40min.x3d.x6 w N.Wii + Usual Th, Usual Th. | 11467, Grip strength |Game: Wit Sports Resort,
PMDS-2,Grip
S. M. El-Shamy/2018 |  Egypt 40 1:9,5+-1,2C:9,8+-1,4 35% 40minx3d.x12 w. | N.Wii+ Usual Th. Usual Th,  |strength, PMDS2 | Games:tennis;boxing:bowlin
grasp g basketball,
. Game: RAPAEL Smart
J. Y. Choi/2021 Korea 78 5,66+-2,83 51,28% 60min.x5d.x4 w. VR+OT or RS Ko
Grip
. » . strength, ABILHAND-
C. Kassee/2017 Canada 6 9.33 0% 40min.x5d.x6w. N.Wii Resistance . |igs. Molbourne | Games: Wii Nunchuck Wii
Assesment I1. Sports Resort.
Games: .8, Sports Resort, Wit
Sports, Mario Sports Mix, Cooking
T. N. Wang/2021 Taiwan 18 1:8,55+-2,09C:8,56+-2,15 61% 135min.x2d.x8w. N.Wii + CIT Const.-ind. Th. Mama
Cook OFf, Let’s Tap, and Happy
ABILHAND-Kids Dance Collection.
J. E. Sajan/2016 India 18 1:12,4+-3,78C:12,4+-4,93 45% 45min.x6dx3w. N.Wii cr T —
Games: walking on
D. Tarakei/2016 Turkey 30 1:10,46+-2,69C:10,53+-2,79|  36,6% 50min.x2d.x12w. N.Wii + NDT cr ropeskiingTilt Table-
‘WeeFim Balance Board Heading
Grip strengih;
D. Tarakei/2019 Turkey 30 1:10,03+-4,00C:11,06+-33,23  43,3% 60min.x3d.x8w. LMC cr JTHFT.Duruoz Hand [ Fizyosoft Games:
index CatchAPet,Leapball.
PMDS-2.Grip
K. Ren/2016 China 35 1:4,75+-0,83C:4,5+-1,16 42,8% 40min.x5d.x12w. VR +(OT) CT+OT  |strength, PMDS-2
grasp -
) ) Games:fruits Ninja,tennis|
0.Fidan/2023 Turkey 52 1:9,2+:2,08 CT:9,4+:2,25 40,38% 45min.x2dx8 w. VR NDT § .
QUEST game, soccer,bowling.
IA. K. Menekseoglu/2023|  Turkey 36 1:8,2+-1,8C:8,3+-1,4 47,2% 60min.x2d.x6w. VR + Exercise th. Exercise th. |QUEST, ABILHAND- | Games: butterfly, bee,cagle
Kids game.
A. Kanitkar/2023 India 63 17,3+-2,1C:7,8+-1,9 - 45minx3d.xl6w. PC games-based e. | CIMT + HABIT |pumDs-2 G style,
Games: tennis, bowling,
R.Bedair/2016 Egypt 40 1:7,05+-0,99C:7,25+-0,96 42,5% 60min.x3d.x16w. VR + Physical Th. Physio Th. | ABILHAND-Kids, |golf, space pop,
PMDS-2 bubbles,boat driving.
Regular Games: (©.g., board
G. Saussez/2023 Belgium 38 1:9+-3,1C:9,1+-2,9 50% 90h/2w [REAtouch +HABIT-ILE| HABIT-ILE [ABILHAND-Kids, games, card, building
JTHFT activities, etc.)
— ] ] e - Games:cube grasping,
M. Daliri/2023 Tran 20 1:6,4+-1,07C:6,1+-1,1 25% 60min.x2d.x16w LMC or QUEST,Grip stength | Tower petal remonal Kyolo.
ABILHAND-Kids,
J. Y. Choi/2023 Italy 35 1:8,14-3,2C:7,3+-2,6 48,6% 30min.x5.dx6w. VR +(OT) or Melbourne
Assesment I1. Game: RAPAEL Smart Kids.
L.Zoceolio/2016 Ttaly 18 6,89+-1,91 . 90min.x2d.x8 weeks |[Xbox kinect+ Usual Th. cr QUEST, ABILHAND- | Game:Xbox Kinect
Kids adventure package.

112 C.’min.*d.>w.SVR’TOT®N.Wii®NDT!Physio th.''LMC'?Usual Th.'30T'“CIT'%exercise th.!’PC games-based €.’
Physical Th."SHABIT-ILE'’Resistance tr.?’Const-ind Th.2!CT??CIMT*HABIT?*WeeFim*QUEST?*JTHFT?'m-
ABC-22PEDI?PMDS-23ULPRS?*'BBT

! Intervention
2 Control group
3 Minute

4 Day

5 week

6 Virtual reality

7 Traditional occupational therapy

# Ninetendo Wii

9 Neurodevelopmental treatment

10 Physio therapy

! Leap motion controller
12 Usual therapy

13 Occupational therapy

14 constraint-induced therapy

15 exercise therapy

16 Computer game-based therapy

'7 Physical therapy

' Hand Arm Bimanual Intensive Training Including Lower Extremity

19 Resistance training

20 Constraint induced therapy

21 Conventional therapy

22 Constraint induced movement therapy

23 Hand Arm Bimanual Intensive Training

24 Functional Independence Measure for Children
25 Quest quality of upper extremity skills test

26 Jebsen Taylor Hand Function Test

27 Movement Assessment Battery for Children-2
28 Pediatric Evaluation of Disability Inventory

29 Peabody Developmental Motor Scales-2

30 Upper Limb Physician's Rating Scale

31 Box and Block Test
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8.2. Results of the qualitative and quantitative analysis

8.2.1. Robotic-assisted gait training qualitative analysis

The scores of GMFM-D were evaluated in four articles (44, 47, 53, 54). Half of
them used physiotherapy (47, 53), and the other half treadmill training (44, 54) as a
control group. The RAGT group reached an insignificant improvement of 5.78 %, (95 %
CI—7.46, 19.03) compared to the control group (see Fig.3.). The intervention group was
inferior with — 3.48 %, (95 % CI — 26.8, 19.90) contrast to the treadmill subgroup. RAGT
was superior with 10.15 %, (95 % CI — 5.92, 26.22) compared to the physio-only
subgroup. None of the findings were statistically significant. The evidence according to
the GRADE assessment was high. Based on the risk of bias assessment, all included
studies resulted in some concerns (44, 47, 53, 54). Among the two crossover trial articles
(43, 46) that could not be included in the meta-analysis, one (46) reported a significant

improvement in favor of the intervention group, while the other (43) found no significant

changes.
RAGT Standard care

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Treadmill :

Wu 2017 11 120 5140 12 10.55 55.10 ; -9.35 [-55.53;36.83] 9.3%
Aras 2019 10 3603310 10 470 30.10 — -1.10 [-30.82;28.62] 22.8%
Random eﬁec}s model 21 22 ﬂ—d}-— -3.48 [-26.87;19.90] 32.1%
Heterogeneity: I" = 0%, p =0.75 :

Physio ;

Wallard 2018 14 669 3073 16 1.93 29.69 — T 476 [-17.92;27.44] 37.3%
Jin 2012 16 44.48 3279 16 27.77 36.16 T 16.71 [-8.21,4163] 30.7%
Random eﬂecgs model 30 32 - 10.15 [-5.92;26.22] 67.9%
Heterogeneity: /" = 0%, p = 0.47 :

Random effects model 51 54 — 578 [-7.46;19.03] 100.0%
Heterogeneity: #=0% [0%; 85%} p=068 J v L T L

Test for subgroup differences: 7, = 0.89, df =1 (p = 0.35) -40 -20 0O 20 40

Favours Standard care Favours RAGT

Figure 3. Forest Plot of Mean Differences of Gross Motor Function Measurement ’D”
improvement in percentage, comparing the intervention of robotic-assisted gait training to either
physiotherapy or treadmill training. Subgroups formed on the basis of the comparison group.

GMFM E was evaluated in four papers (44, 47, 53, 54) (Fig.4.), two of them used
physiotherapy (47, 53), and the remaining two (44, 54) treadmill training was used in the
control group. The whole effect was a 5.67 % (95 % CI — 6.13, 17.47) greater increase in
the RAGT group compared to the control group. The RAGT group was superior by 7.77
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% (95 % CI — 5.95, 21.50) in contrast to the physio subgroup, while underperformed the
treadmill group by 0.28 % (95 % CI — 23.38, 22.83). None of the results were found to
be statistically significant. The evidence was high with the GRADE assessment. The
whole risk of bias indicates some concerns (44, 47, 53, 54). One (43) from two cross-over
studies (43, 46), which could be implemented only in the systematic review part of the
study not find any differences between the groups, while the other (46) showed significant
betterment for RAGT compared to physiotherapy (P=0.021).

RAGT Standard care

Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl Weight
Treadmill [

Aras 2019 10 240 3241 10 270 27.80 —I-v— -0.30 [-28.67;28.07) 19.9%
Wu 2017 11 170 5460 12 1.90 61.30 : -0.20 [-50.46;50.06] 6.2%
Random effects model 21 22 {3—“—’-— -0.28 [-23.38;22.83] 26.1%
Heterogeneity P= 0%, p =1.00

Physio :

Wallard 2018 14 8.64 3047 16 1.10 15.68 T 7.54 [-10.97,26.05] 44.4%
Jin 2012 16 31.78 3585 16 23.66 26.03 — T 8.12 [-14.50; 30.74] 29.5%
Random effects model 30 32 —_ 7.77 [-5.95;21.50] 73.9%
Heterogeneity: /“ = 0%, p = 0.97 ;

Random effects model 51 54 - 5.67 [-6.13;17.47] 100.0%
Heterogenetty: /° = 0% [0%: 85%], p = 0.95 ! J ' i

Test for subgroup differences: 7; = 0.34, df = 1 (p = 0.56) 40 -20 0 20 40

Favours Standard care Favours RAGT

Figure 4. Forest plot of Mean Differences of Gross Motor Function Measurement “E”
improvement in percentage, comparing the intervention of robotic-assisted gait training to either
physiotherapy or treadmill training. Subgroups formed based on comparison arm.

Six investigations evaluate the gait speed pre- and post-intervention (44, 45, 49, 53-
55). Four applied physiotherapy (45, 49, 53, 55), and two used treadmill training (44, 54)
in the comparator groups. Robotic-assisted gait training was found to be significantly
more effective with 0.10 m/s, 95 % CI [0.02, 0.19] in contrast to the control group (Figure
5.). When we compared the study group to physio subgroup the difference was (0.11 m/s,
95 % CI [— 0.02, 0.24]) and in case of treadmill subgroup (0.04 m/s, 95 % CI [— 0.33,
0.11]) difference was seen in favor to RAGT. The overall risk of bias indicates *some
concerns’ and the GARDE assessment was "high’. From the studies which could not be
used in the meta-analysis section one (51) reported significant gait velocity improvement
in favor to RAGT and the other four (43, 46, 48, 50) articles found insignificant changes

as a result of RAGT when compared to physio or treadmill training.
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RAGT Standard care

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl1 Weight
Physio g

Druzbicki 2013 26 0.02 0.32 9 0.04 032 _— -0.02 [-0.27;023] 17.1%
Martinez 2013 8 -0.03 057 6 -0.06 054 0.03 [-063;,0.68] 29%
Wallard 2018 14 0.12 0.38 16 0.02 0.32 S i == 0.10 [-0.16,0.36] 15.6%
Mahgoub 2020 15 0.27 0.21 1% 0:11 07 - 0.16 [0.02;0.30] 54.5%
Random effects model 63 46 e 0.11 [-0.02; 0.24] 90.1%
Heterogeneity: /° = 0% [0%: 85%], p = 0.64 !

Treadmill 3

Aras 2019 10 0.10 0.60 10 0.10 0.60 0.00 [-0.56;0.56] 3.6%
Wu 2017 11 0.10 0.44 12 0.04 0.54 | = S 0.06 [-0.37,0.49] 6.2%
Random effects model 21 22 — 0.04 [-0.33;0.41] 9.9%
Heterogeneity: 12 =0%, p =0.86 :

Random effects model 84 68 < 0.10 [0.02; 0.19] 100.0%
Heterogeneity: ’=0% [0%; 75%;, p =086 ! ! ! ! ! !

Test for subgroup differences: ¥, = 2.15,df = 1 (p = 0.14) -06-04-02 0 02 04 06

Favours Standard care Favours RAGT

Figure 5. Forest plot of Mean Differences of gait speed improvement in m/sec, comparing the
intervention of robotic-assisted gait training to either physiotherapy or treadmill training.
Subgroups formed on the basis of comparison arm.

Cadence as steps per minute was assessed by three-dimensional gait analysis, in
four articles (44, 49, 53, 54) (Figure 6.) Half of them applied physiotherapy (49, 53) and
the other two (44, 54) used treadmill training as a control. The RAGT changed steps
number by 5.45 (95 % CI — 11.65, 0.76) in contrast to the control group. The treadmill
training subgroup resulted in an average of 9.80 steps, (95 % CI — 26.22, 45.83) number
decrease per minute in contrast to the study group. In the physiotherapy subgroup (5.91
steps/min, (95 % CI — 12.21, 0.38)) an increase was seen compared to the RAGT group.
These results were statistically insignificant. While the risk of bias showed ’some

concerns’ and the level of GRADE was ’low’.

RAGT Standard care

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Physio H

Wallard 2018 14 -7.20 26.18 16 -0.60 19.20 —— -6.60 [-23.98,10.78] 13.9%
Mahgoub 2020 15 -10.80 1066 15 -5.00 8.19 . -5.80 [-12.91; 1.31] 83.1%
Random effects model 29 31 < -5.91 [12.21; 0.38] 97.0%

Heterogeneity: IZ =0%, p=0.93

Treadmill :

Aras 2019 10 920 5380 10 0.10 80.70 9.10 [-55.34;7354] 1.1%
Wu 2017 11 860 5300 12 -1.60 57.10 —1——— 10.20 [-37.54,57.94] 1.9%
Random effects model 21 22 —_— 9.80 [-26.22;45.83] 3.0%
Heterogeneity: /= 0%, p = 0.98 :

Random effects model 50 53 < -5.45 [-11.65; 0.76] 100.0%
Heterogeneity: I = 0% (0%; 85%], p = 0.87 e L

Test for subgroup differences: 7, = 0.71, df = 1 (p = 0.40) -60 -40-20 0 20 40 60

Favours RAGT Favours Standard care

Figure 6. Forest plot of Mean Differences of step number/min. decrease, comparing the
intervention of robotic-assisted gait training to either physiotherapy or treadmill training.
Subgroups formed on the basis of comparison arm.
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Four (44, 45, 53, 54) out of the included papers analyzed step length (Fig.7.). Half
of them (44, 54) used treadmill training and two applied physiotherapy (45, 53) as a
control. The study group increased the step length with 0.03 m, (95 % CI — 0.03, 0.10)
compared to controls. The differences were statistically insignificant. The evidence was
"high’ with the GRADE assessment and the risk of bias resulted in some concerns’. A
study (51) which we were unable to include in the metanalysis part due to the form of
outcome reporting, indicates a significant increase in step length in favour of the

experimental group in contrast to the control.

RAGT Standard care

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Physio | 4

Druzbicki 2013 26 0.01 0.16 9 0.00 0.19 ——i— 0.01 [-0.13;0.15] 225%
Wallard 2018 14 0.03 0.09 16 -0.01 0.18 :t; 0.04 [-0.06;0.14] 43.2%
Random effects model 40 25 - 0.03 [-0.05; 0.11] 65.7%
Heterogeneity: 1 = 0%, p =073 :

Treadmill i

Aras 2019 10 0.00 0.20 10 0.00 0.40 * 0.00 [-0.30;0.30] 56%
Wu 2017 11 0.06 0.10 12 0.02 0.19 —_—0 T 0.04 [-0.09;0.17] 28.7%
Random effects model 21 22 — 0.03 [-0.08; 0.15] 34.3%
Heterogeneity: I” = 0%, p = 0.80 i

Random effects model 61 47 et 0.03 [-0.03; 0.10] 100.0%
Heterogenetty: I° = 0% [<0%; <85%], p = 0.98 I el

Test for subaroup differences: 7 = 0.00, df = 1 (p = 0.96) -02-01 0 01 02

Favours Standard care Favours RAGT

Figure 7. Forest plot of Mean Differences of step length improvement in meter, comparing the
intervention of robotic-assisted gait training to either physiotherapy or treadmill training.
Subgroups formed on the basis of comparison arm.

Single leg support time was assessed in three papers (44, 53, 54) (Fig.8.). The
RAGT groups were found to be more effective compared to physiotherapy with an
insignificant change 0f 0.04 s (95 % CI—0.03, 0.11). The risk of bias assessment indicates

’some concerns’ in all studies, while the GRADE resulted in ’low’ evidence.

RAGT  Standard care

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Wu 2017 11 -001 017 12 -0.02 0.20 — 0.01 [-0.15;0.17] 24.0%
Wallard 2018 14 0.06 0.07 16 0.02 0.17 —T— 0.04 [-0.06;0.14] 65.2%
Aras 2019 10 0.00 020 10 -0.10 0.30 ; 0.10 [-0.14;0.34] 10.8%
Random effects model 35 38 —T— - —— 0.04 [-0.03; 0.11] 100.0%

Heterogeneity: I2 = 0% [0%; 90%], p = 0.81
-03-02-01 0 0102 03

Favours Standard care Favours RAGT

Figure 8. Forest plot of Mean Differences of single leg support time improvement in seconds,
comparing the intervention of robotic-assisted gait training to either physiotherapy or treadmill
training. Subgroups formed on the basis of comparison arm.
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Two articles by (45, 53) evaluated the step width changes after RAGT. The control
groups used physiotherapy in both papers. In one of them (45) an insignificant
improvement was seen after the RAGT in the other (53) a statistically significant decrease
was detected between the groups (P=0.022). The evidence was found to be ’low’ by the
GARDE tool.

8.2.2. Quantitative analysis Robotic-assisted gait training

The meta-analysis includes seven papers. The results are presented in Forest plots, as
shown in Figures 3. - Figures 8. Gait speed was assessed with 3d gait analysis or 10m
walking test in six studies (see Fig.5.). Four articles used Gross Motor Function Measure
(GMFM) domains D and E (see Fig 3,4.). Temporo-spatial gait parameters were measured
with 3D gait analysis in five articles (see Figs.6-8.).

8.2.3. VGBT on upper limb function qualitative analysis

Grip strength was assessed by six of the selected papers (Fig.9.). From them two
articles (65, 66) found significant-, and two other (62, 69) an insignificant improvement
in the experimental group. One investigation (77) results in an insignificant increase for
the control group and the other indicates no differences between groups (60). In five
articles (60, 62, 65, 66, 77) the risk of bias was found to be ‘low risk’ and the remaining
one (69) was ‘high risk.

Video game Usual care Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Tarakei et al., 2019 15 208 192 15 269 277 _+ -0.25 [-0.97;047] 185%
Avcil et al., 15 268 043 15 295302 ——r -0.12 [-0.84,0.59] 18.5%
Chiuetal., 2014 32 4901070 30 090 7.50 T 043 [-0.08;093] 22.8%
Kasse et al., 2017 3 108 1.04 3 -025125 0.92 [-0.88,2.73] 6.2%
Daliri et al., 2023 10 159 128 10 0.53 0.60 ——— 1.02 [0.07;1.96] 14.6%
El-Shamy et al., 2020 20 230 140 20 0.70 1.30 — 1.16 [0.49; 1.84] 19.4%
Random effects model 95 93 — 0.46 [-0.18; 1.10] 100.0%
Heterogeneity: /> = 58% [0%; 83%], 1> = 0.23, p = 0.04 f I ' I

2 A 0 1 2

Favours usual care Favours video game

Figure 9. Forest plot of standardized mean differences in grip strength, comparing the intervention
video-game-based therapy to other rehabilitation forms (usual therapy, neurodevelopmental
treatment, resistance training, and Occupational Therapy).
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Nine papers evaluated the grasp function (56, 57, 65-68, 70, 72) after video game-
based therapy (Fig.10.). An improvement was seen in seven (56, 57, 65, 66, 68, 70, 72)
out of eight cases, from them four were significant (65, 66, 68, 72). Risk of bias resulted
in ‘low risk’ in six papers (56, 65-68, 70) the remaining two were ‘some concerns’ (57,
72). One study (1) which we were unable to include in the meta-analysis part due to the

crossover study design detected a significant improvement in the VGBT group.

Video game Usual care Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
O. Fidan 2023 27 068 2911 25 0.60 16.26 — 0.00 [-0.54; 0.55] 13.8%
Sajan et al., 2016 9 452 516 9 290 447 0.32 [-0.61;1.25] 11.3%
A. K. Menekseoglu 2023 18 7.60 21.71 18 0.10 17.32 0.37 [-0.29; 1.03] 13.1%
Acar et al., 2016 15 490 361 15 270 462 0.52 [-0.21; 1.25] 12.6%
A. Kanitkar 2023 33 960 504 30 630 461 - 0.67 [0.16;1.18] 14.0%
Ren et al., 2016 19 260 184 16 140 1.50 e 0.69 [0.01;1.38] 12.9%
M.Daliri 2023 10 533 6.32 10 439 8.57 —t— 1.24 [0.26;2.21] 11.0%
El-Shamy et al., 2020 20 9.00 200 20 300 200 ——— 294 [2.02;3.86] 11.4%
Random effects model 151 143 - 0.80 [ 0.06; 1.55] 100.0%
Heterogeneity: 12 = 78% [57%; 89%], 12 = 0.60, p < 0.01 e L

3 -2 10 1 2 3

Favours usual care Favours video game

Figure 10. Forest plot of standardized mean differences in grasp function, comparing the
intervention video-game-based therapy to other rehabilitation forms (conventional and
neurodevelopmental therapy, Occupational Therapy, CIMT, HABIT, and exercise therapy).

The video game-based effect on manual dexterity (manual dexterity physical test)
was assessed in ten articles (56, 57, 61, 62, 64, 69, 70, 74, 77, 78) (Fig.11.). Six articles
(56, 62, 64, 74, 77, 78) indicated no any differences between the groups, three (57, 69,
70) other found minimal differences, in two (69, 70) of them VGBT was superior
compared to control group. Only one (61) was statistically significant in favor of the
experimental group. The risk of bias assessment showed ‘low risk’ in seven papers (56,
62, 64, 70, 74, 77, 78), one resulted in ‘high risk’ (69), and the remaining two (57, 61)

‘some concerns’.
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Video game Usual care Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Acar et al., 2016 15 -070 099 15 -040 027 —~+— -040 [-1.13;032] 97%
Saussez et al., 2023 20 080 262 18 098 244 —&— -0.07 [-0.71;0.57] 12.4%
Choi et al., 2023 15 2502773 20 417 2462 —— -0.06 [-0.73;061] 11.3%
Sajan et al., 2016 9 830 7.09 9 870 676 — -0.05 [-0.98;0.87] 6.1%
Chiuetal., 2014 32 005 006 30 -005 0.06 ——— 0.00 [-0.50;0.50] 19.3%
Wang et al., 2021 9 277 1203 9 267 786 —h’— 0.01 [-0.91,093] 6.1%
Tarakci et al., 2019 15 -50.88 3442 15 -55.76 105.33 —— 0.06 [-0.66;0.78] 99%
Menekseogluetal., 2023 18 3.60 603 18 060 3.89 0.58 [-0.09;1.25] 11.3%
Bedair et al., 2016 20 214 148 20 110 137 —— 0.72 [0.07;1.36] 12.2%
Kasse et al, 2017 3 109 154 3 012 0.18 088 [-0.91,267] 1.7%
Random effects model 156 157 <> 0.12 [-0.14; 0.37] 100.0%
Heterogeneity: 1% = 0% [0%; 62%), 1° < 0.01, p = 0.45 [ I J T !
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Figure 11. Forest plot of standardized mean differences in manual dexterity physical tests,
comparing the intervention video-game-based therapy to other rehabilitation forms (conventional,
neurodevelopmental, resistance training and constraint-induced therapy, occupational, HABIT,
and exercise therapy).

17 articles (1, 56-58, 61-70, 72, 74, 77) assessed the upper limb fine motor
function change after video game-based therapy (Fig.12.). Eight studies (58, 61, 65, 66,
68-70, 72) reported an improvement after VGBT, from them, five were mathematically
significant (58, 65, 66, 68, 72), seven further articles (56, 62-64, 67, 74, 77) found no any
differences between the groups and one paper (57) detected an insignificant improvement
in favor to control. The risk of bias showed ‘low risk’ in 11 cases (56, 62-68, 70, 74, 77)
‘high risk’ in 1 investigation (69) and in the remaining 4 (57, 58, 61, 72) ‘some concerns’.
The one article (1), in which we could include only the systematic review part of the
research indicates a significant improvement in favor of the experimental group with the

Quality of Upper Extremity Skills Test (QUEST) score.

31



Video game Usual care Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Acar et al., 2016 15 -0.70 0.99 15 -040 0.27 —‘—f— -0.40 [-1.13;0.32] 62%
Choi 2023 15 250 2773 20 417 2462 — -0.06 [-0.73;0.61] 65%
Sajan et al., 2016 9 830 7.09 9 870 676 —T -0.05 [-0.98; 0.87] 5.3%
Chiu et al., 2014 32 -005 006 30 -005 006 - 0.00 [-0.50; 0.50] 7.3%
O. Fidan 2023 27 068 29.11 25 060 16.26 —a 0.00 [-0.54;,0.55] 7.1%
G. Saussez 2023 19 -63.00 490.98 18 -90.00 473.25 —. 0.05 [-0.59;0.70] 6.6%
Tarakci et al., 2019 15 -50.88 34.42 15 -55.76 105.33 —8e - 0.06 [-0.66;0.78] 6.3%
Choi et al., 2021 78 1.62 1.62 78 1.37 1.56 1 0.16 [-0.15,0.48] 8.1%
A. K. Menekseoglu 2023 18 760 21.71 18 0.10 17.32 -1 0.37 [-0.29;1.03] 65%
R. Bedair 2016 20 2365 2453 20 1435 21.17 - 040 [-0.23;1.02] 67%
A. Kanitkar 2023 33 9.60 5.04 30 6.30 4.61 o 0.67 [0.16; 1.18] 7.3%
Ren et al.,, 2016 19 260 1.84 16 1.40 1.50 = 069 [0.01;1.38] 64%
Alsaif et al., 2015 20 580 752 20 020 7.38 0.74 [0.09;1.38] 6.6%
Kasse et al., 2017 3 932 743 3 375 361 0.76 [-0.98;2.51) 27%
M.Daliri 2023 10 5.33 6.32 10 -439 857 —— 124 [026,221] 51%
El-Shamy et al., 2020 20 9.00 200 20 3.00 200 —=—— 294 [2.02;,386] 53%
Random effects model 353 347 <= 0.42 [ 0.03; 0.81] 100.0%
Heterogeneity: /° = 70% [50%; 82%], 1° = 0.35, p < 0.01 T 11
3 -2 -1 0 1 2 3
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Figure 12. Forest plot of standardized mean differences in upper limb fine motor function tests,
comparing the intervention video-game-based therapy to other rehabilitation forms (conventional,
neurodevelopmental, resistance training and Occupational Therapy, HABIT, exercise therapy or
absence of treatment).

Hand function was assessed with questionnaires in seven investigations (57, 61,
69, 70, 74, 77, 78) (Fig.13.). One of them (61) found a significant and three of them (69,
70, 77) insignificant improvement in favor to the study group, while the other three (57,
74, 78) indicate no any differences between the examined groups. The risk of bias resulted
in ‘low risk’ at four papers (70, 74, 77, 78), two (57, 61) categorized as ‘some concerns’

and the remained one (69) was ‘high risk’.

Video game Usual care Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
G. Saussez 2023 20 080 262 18 0.98 2.44 —-;-—— -0.07 [-0.71, 0.57] 19.8%
Wang et al., 2021 9 277 12.03 9 267786 —— 0.01 [-0.91;0.93] 94%
Acar et al., 2016 15 073 116 15 0.60 0.63 —— 0.14 [-0.58;0.85] 15.7%
Tarakci et al., 2019 15 920 6.02 15 6.46 2.82 0.57 [-0.16;1.30] 15.0%
A. K. Menekseoglu 2023 18 3.60 6.03 18 0.60 3.89 0.58 [-0.09; 1.25] 18.0%
R.Bedair 2016 20 214 148 20 1.101.37 0.72 [0.07;1.36] 19.6%
Kasse et al., 2017 3 1.09 154 3 -012 0.18 0.88 [-0.91;2.67] 2.5%
Random effects model 100 98 < 0.36 [ 0.04; 0.68] 100.0%
Heterogeneity: /% = 0% [0%; 71%], 2= 0, p = 0.56 [ f I I
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Figure 13. Forest plot of standardized mean differences in hand function questionnaires,
comparing the intervention video-game-based therapy to other rehabilitation forms (conventional,
neurodevelopmental, resistance training, constraint-induced therapy, HABIT, and exercise
therapy).
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Three papers (57, 73, 76) evaluated the VGBT effect on the WeeFim self-care
subdomain (Fig.14.). All the publications found improvement in the study group, but only
one (57) was statistically significant. The risk of bias showed ‘high risk’ (76), ‘low risk*
(73), and ‘some concerns’ (57). One investigation (59) in the review part observed an
insignificant improvement in favor of the experimental group with the Paediatric

Evaluation of Disability Inventory self-care subdomain.

Video game Usual care

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Tarakei et al., 2016 15 1.14 568 15 0.40 9.66 0.74 [-4.93; 641] 21.1%
Sahin et al., 2019 30 413 903 30 0.63 984 3.50 [-1.28; 8.28] 27.0%
Acar et al,, 2016 15 750482 15 1.50 1.93 -+——— 6.00 [3.37; 863] 51.9%
Random effects model 60 60 ——— e 4,22 [-2.12; 10.55] 100.0%
Heterogeneity: /° = 34% [0%; 79%], T° = 2.70, p = 0.22 I T T !

-10 -5 0 5 10
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Figure 14. Forest plot of Mean Differences in Self-Care (WeeFim), comparing the intervention
video game-based therapy to other rehabilitation forms (conventional therapy,
neurodevelopmental therapy, and occupational therapy).

Seven papers assessed the effectiveness of VGBT on hand function with
Abilhand-kids (1, 57, 61, 69, 70, 74, 78) (Fig.15.). Two articles (69, 70) reported
insignificant and one other (61) significant improvement for the study group and the
remained three investigations (57, 74, 78)indicated no any differences between the
examined groups. The Risk of bias was rated as ‘low’ in half of the cases (70, 74, 78) and
the other half resulted in ‘high risk’ (69) and in ‘some concerns’ (57, 61). One study (1)
was suitable only for the systematic review and detected a statistically significant

improvement for the controls.

Video game Usual care
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
G. Saussez 2023 20 080 262 18 098 2.44 _T'— -0.18 [-1.79;1.43] 13.2%
Wang et al., 2021 9 277 12.03 9 267 7.86 1 0.10 [-9.29,949] 05%
Acar et al., 2016 15 073 1.16 15 060 0.63 = 0.13 [-0.54; 0.80] 40.6%
R.Bedair 2016 20 214 1.48 20 1.10 1.37 - 1.04 [0.16; 1.92] 30.7%
Kasse et al., 2017 3 109 154 3 -0.12 0.18 1.21 [-0.54; 2.97] 11.4%
A. K. Menekseoglu 2023 18 3.60 6.03 18 0.60 3.89 3.00 [-0.32;6.32] 3.6%
Random effects model 85 83 = 0.60 [-0.20; 1.39] 100.0%
Heterogeneity: 1?=18% [0%; 63%], °=0.15, p =029
-5 o] 5
Favours usual care Favours video game

Figure 15. Forest plot of Mean Differences in Abilhand-Kids, comparing the intervention video
game-based therapy to other rehabilitation forms (conventional, neurodevelopmental, resistance
training, constrain induced therapy, and exercise therapy).
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The Hand Function assessment with Jebsen Taylor test was used in four articles
(57, 62, 74, 77) (Fig.16.). Two of the included studies (74, 77) reported no differences
and the remained papers (57, 62) resulted in an insignificant improvement for the
treatment group. Three-quarters of it rated as ‘low risk’ (62, 74, 77) and the remained one

(57) was ‘some concerns’.

Video game Usual care Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
G. Saussez 2023 19 63.00 490.98 18 90.00 473.25 ﬁ— -0.05 [-0.70; 0.59] 23.3%
tarakci 2019 15 50.88 103.57 15 55.76 359.90 — -0.02 [-0.73;0.70] 18.9%
Chiu 2014 32 -010 024 30 -012 026 —_— 0.08 [-0.42;0.58] 39.1%
G.Acar 2016 15 750 2217 15 160 13.02 0.32 [-0.41;1.04] 18.7%
Random effects model 81 78 _— 0.07 [-0.16; 0.31] 100.0%
Heterogeneity: 12 = 0% [0%; 85%], 1° =0, p = 0.89 r T | T !
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Figure 16. Forest plot of Standardized Mean Differences in the Jebsen Taylor Hand Function,
comparing the intervention video game-based therapy to other rehabilitation forms (conventional,
neurodevelopmental, and HABIT.

8.2.4. Quantitative analysis of VGBT

The meta-analysis used 20 papers to assess the effectiveness of VGBT on upper limb
function with 8 outcomes.
Grip strength assessment showed an insignificant increase in the study group with an
SMD of 0.46 (95% CI -0.18, 1.10), as shown in Fig.9.
VGBT improved grasp function statistically significantly with the SMD 0.80 (95% CI
0.06, 1.55) (Figure 10.). When we assessed the manual dexterity with physical tests, the
SMD was 0.12 (95% CI -0.14, 0.37), which, means an insignificant change in favor of
the treatment group (Fig.11.). According to hand function questionnaires and upper limb
fine motor function we found a statistically significant improvement in both cases, the
result in the questionnaires was SMD 0.36 (95% CI1 0.04, 0.68) and in the motor function
the SMD was 0.42 (95% CI1 0.03, 0.81) (see in Fig.12. and Fig.13.)
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The WeeFim (self-care) score increased with a Mean Difference (MD) of 4.22 (95% CI -
2.12, 10.55) in favor of the intervention group (Fig.14.). When the Abilhand-Kids and
Jebsen Taylor Hand Function was evaluated separately a non-significant improvement
was seen in the experimental groups compared to control groups, the Jebsen Taylor Hand
function showed an SMD of 0.07 95% CI -0.16, 0.31) (Fig.15.), while the in Abilhand-
Kids the MD was 0.60 (95% CI -0.20, 1.39) (Fig.16.).
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9. DISCUSSION

9.1. Summary of findings, international comparisons

These studies were performed to evaluate the effectiveness of novel methods in the
rehabilitation of children with cerebral palsy. To get a complete insight into the effect of
these rehabilitation tools, two systematic reviews and meta-analyses were conducted. In
order to ensure the high quality only randomized controlled trials were included.

Among the innovative devices, our investigation initially focused on robotic-
assisted gait training. To estimate the effect of RAGT the functional and temporo-spatial
gait data from the articles were pooled.

When the functional effect of RAGT was assessed a notable (absolute) therapeutic
effect in improving postural stability (GMFM-D) and walking abilities (GMFM-E) was
observed, but the changes in comparison to the control groups were statistically
insignificant.

Comparing the intervention group to the physiotherapy subgroup the difference was
larger, but when the RAGT effect was investigated as opposed to treadmill training the
impact on functional outcome was nearly negligible (close to zero).
Consistent with earlier research (80, 81) our results in GMFM D and E exceeded the
minimal clinically important differences estimated by Oeffinger et al. (82) (GMFM D
5.78 %, GMFM E 5.67 %).
The different ages of the examined population in the articles may have a potential bias
effect due to the natural improvement of GMFM with ages (83). Our investigation results
are based on randomized controlled studies, which means the natural improvement of
GMFM would affect both groups equally, moreover, the included studies were brief (4—
12 weeks) enough not to have any difference in the appearance of the disease related to
the natural history. Additionally, in all of the papers, the patient’s mean ages were similar
in both groups. According to these mentioned considerations, we think that the impact of
natural improvement on our result was negligible (83).

Although the implemented papers and further non-RCT articles also assumed that
RAGT can have a positive impact on walking quality through posture stability in children
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with cerebral palsy, we found that the effect of RAGT was only comparable to the control
groups (80, 81).

To get some insight into the mechanisms behind this result, which was estimated as a 6%
greater enhancement in gait function in our evaluation, we also assessed the alteration of
temporo-spatial gait parameters. Through these gait parameters, we can get some insight
into the gait phases and how they relate to each other and the RAGT effect in the stability
or the energy consumption during walking. However, in healthy individuals, the step-to-
step transitions occur efficiently along the whole range of walking, in patients who suffer
from central nervous system disorder muscle weakness and coordination can lead to an
abnormal walking pattern through impaired walking balance and decreased energy
efficiency (28).

Based on the dynamic walking models, energy efficiency can be achieved by

decreasing the collision speed of the heel through the adequate strength and timing of
plantarflexion during the pre-swing phase. The plantarflexion tends to be weaker
compared to healthy individuals, and this diminished power causes a large contralateral
collision, which requires increased compensation efforts (28, 84). In the investigated
population impaired walking stability can be observed both in the mediolateral and in the
antero-posterior axis resulting from the inability to apply the appropriate movements in
the gait phases.
The larger collision, in addition to instability, ended in a decreased step length and in a
greater step width. Numerous researchers determined that robotic-assisted gait training
had a positive impact on balance, step length, and gait speed in contrast to conventional
or treadmill training (32, 33, 80, 85, 86), while others, indicated that training with the
novel device was not more effective compare to equal amount of balance or treadmill
training (29, 31, 32, 87, 88).

Despite the high standard deviation of the data and an insignificant change
observed, our findings in step length indicate that the intervention group is at least as
effective in step length improvement as treadmill training or physiotherapy (80).

Gait velocity represents an important element of temporo-spatial gait parameters,
which can provide some insight into the robotic-induced gait alterations and is often
recognized as the sixth vital sign due to its significant relationship with mobility

efficiency (89).
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Walking speed increasement in cerebral palsy may reflect enhanced gait performance and
improved walking quality. It is difficult to discuss the clinical importance of those minor
increases in gait velocity. Regarding the degree of involvement of the underlying disease
(CP), the gait speed can be variable, however, the change we detected showed an
advantage for RAGT over controls which represents one-fifth of the original values. As
in other non-RCT studies, we also found a statistically significant increase in gait speed
in favor of the intervention group (80, 81).

The time when only a single foot is in contact with the ground is called single leg
support time, it is extended from the opposite toe-off until the contralateral initial contact.
Our results showed that RAGT did not increase the single leg support time when we
compared it to controls. In terms of single leg support time, the same result was found in
a non-RCT study, which assessed 26 children with (bilateral spastic) cerebral palsy (41).

The fact that the time of the swing phase stayed unaltered, in addition to the greater
walking speed, strengthens our theory that the step length enlarged since the greater gait
velocity and the increased distance had to be achieved over a single step if the swing
phase time stayed unvaried. ,,The finding that the time of the swing phase remained
unchanged together with the increased gait speed supports our theory that the step length
increased, as the faster the gait is, the longer the distance has to be covered during one
step if the time of the swing phase remains unchanged”(90). Although the variability of
the number of steps can also be experienced in children with CP, and they reached higher
walking speed by increasing the number of steps, we found a decrease in the required step
number in favor of the intervention group, which might demonstrate an enhancement.
The theory of increased step length is further reflected in the tendency of cadence
decrease, despite the fact that this result was statistically insignificant (91, 92). A meta-
analysis that assessed the robotic-assisted gait training effect on cadence in adult patients
after subacute stroke similar to our results, could not detect any significant differences
(93).

An increased gait velocity can be reached through an accelerated swing phase with
the help of greater ,,contralateral plantarflexion in the pre-swing phase”(90). As we
discussed above, gait speed improvement with unaltered swing phase time can enhance
the tendency of step length increase. These results indicate that the contralateral faster

swing phase may have been caused by a stronger plantarflexion. The stronger
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plantarflexion requires additional energy consumption, but it can decrease the collision
power in the contralateral heel strike, and the diminished compensatory work can cover
this extra energy demand (28). Single leg support time, which is the most unstable part of
the walking cycle followed by the toe-off period. Step length increasement at this point
is only achievable with enhanced stability.

The base of support (BOS), the center of mass (31), and their relationship can be
used to evaluate the postural stability. In a standing position when the COM above the
BOS results in the most energy-efficient and the most stable condition.

To understand the dynamic stability (the stability during gait), the margin of stability (49)
needs to be assessed (94). From the temporo-spatial gait parameters, step length and step
width are predictive parameters for mediolateral stability (95). Data about step width were
reported by only two RCTs, from them one found no differences between the groups,
while the other detected a significant decrease in favor of the study group compared to
the control group or the baseline data of the treatment group. Another paper, which
evaluates the RAGT effect on balance found a diminished step width after intervention
(81). According to the non-significant step length change and the step width data we could
not do a summarized calculation therefore the improvement in gait stability with this new
device compared to physiotherapy or treadmill training could not be demonstrated.

In the second part of our investigation, our focus shifted to another new rehabilitation
form which uses video games to improve upper limb function in children with cerebral
palsy (96). In the second meta-analysis, we were able to analyze the following eight
different outcomes: grasp function, grip strength, the Jebsen Taylor hand function,
manual dexterity, Abilhand-Kids results, self-care, hand function questionnaire, and
upper limb fine motor function. In all outcomes, an improvement in the investigated
groups was detected, but only three of them were statistically significant (grasp function,
hand function questionnaire, and upper limb fine motor function).

The understanding of standardized mean differences (SMDs) is often difficult, but the
change we detected in the grasp function can be categorized as a large effect. The result
of upper limb fine motor function, Weefim self-care, grip strength, AbilHand Kids, and
hand function questionnaires can be interpreted as a moderate effect, and in the remained

outcomes (the Jebsen Taylor hand function, manual dexterity) the effects were small.
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In daily activities, grip strength is crucial to perform different functional tasks and

it can provide an objective evaluation of hand function (97). In the case of spasticity,
muscle weakness can be seen as the result of decreased strength of muscle agonists and
imbalance in muscle tone (98).
The relationship between grip strength and daily activity performance is still unclear,
some articles reported that activity can be directly influenced by grip strength, while other
studies find that the grip strength of the non-dominant hand plays a key role in holding
objects stable (99). The grip strength assessment is a widespread method to evaluate
impaired hand function but it has not got any specific cut-off point, because of the age
diversity and the different degrees of involvement (of the disease) resulted in various grip
strengths in CP (98). In the included papers hand dynamometers were used to assess the
grip strength. In a study Yildirim et al. (100) found a statistically significant increase in
grip strength in children with CP after the VGBT therapy in contrast to Structured-
Neurodevelopmental-Therapy-based hand rehabilitation. In 2022 a meta-analysis, which
used three RCTs to assess the effect of Nintendo Wii alone or in combination with other
therapies, detected a statistically significant improvement in grip strength compared to
other rehabilitation methods (101). Regarding the fact that in all included articles, both
groups improved in grip strength (except one study (77)), we believe that the insignificant
change in favor of the intervention group indicates that VGBT is not superior to the
control group.

Although there is no clear relationship between functional activities and grip
strength children with cerebral palsy commonly suffer also from spasticity, muscle
weakness, and coordination problems, that cause impaired grasping and reaching function
(98, 102). A recently published meta-analysis, which evaluated the effect of Nintendo
Wii found an improvement in grip strength and grasp function due to the continuous grip
of the joystick. A potential limitation of that investigation could be that VGBT was
applied as a supplementary therapy (Nintendo Wii + conventional therapy) in contrast to
conventional therapy alone (101). To assess the grasping abilities we pooled QUEST
grasp subdomains and Peabody grasp function statistically. Consistent with other articles,
we also detected a significant improvement in grasp function in favor of VGBT alone or
in combination with other therapies, suggesting that VGBT alone or use in combination

can have some advantages over traditional forms of rehabilitation alone. Taking into
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consideration that there is no clear direct relationship between maximal voluntary
contraction and muscle coordination, they can be equally crucial in daily activities (98).

With the aim to better understand the effect of this therapy and how it can
influence daily activities through coordination improvement, we decided to analyze the
manual dexterity tests. In children with cerebral palsy impaired manual dexterity at the
involved upper limb is often seen. In an investigation, (non-RCT) which used the Jebsen-
Taylor hand function test, to assess manual dexterity authors found a significant
improvement in favor of VGBT (100). Consistent with a previous meta-analysis that
evaluated the effect of Nintendo Wii on manual dexterity alone or as an adjunctive
therapy, we also observed a non-significant change between the groups even when we
used Jebsen Taylor Hand function tests (101).

For the purpose of evaluating the effect of VGBT a single physical test was chosen
from each paper, and the results were combined and the SMD between the groups was
determined. The authors reviewed and chose a single test from each paper that represented
upper limb motor function. In the case of multiple tests, we selected the one that included
the highest number of cases. With this method, we detected a significant improvement for
the intervention group, which can indicate that VGBT as a supplementary therapy may
offer advantages over conventional therapy alone.

In order to get a more accurate picture of the therapy, we decided to separate the
functional tests of the upper extremity questionnaires. The two used questionnaires
(Duruoz hand index, Abilhand kids) focus mainly on daily activity (1). An article
(crossover trial), which we could not use in the meta-analysis part found an improvement
in Abilhand-Kids favoring the conventional therapy group over the VGBT group (1).

In contrast, another paper that assessed hand function with Duruoz hand index in
patients with juvenile idiopathic arthritis found an improvement for the intervention
group (VBGT) compared to the control group (103). When we assessed the questionnaires
that aimed to evaluate hand function we found that VGBT alone or in combination with
other forms proved to be superior (significantly) in contrast to other rehabilitation therapy.
If we evaluate the Abilhand-Kids questionnaire separately, the result is the same with
statistical significance.

We analyzed the self-care function with the WeeFim score to see the impact of VGBT

on everyday activities (104). In a crossover investigation, an insignificant improvement
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was seen in favor of the study group in everyday activities (1). In line with the meta-
analysis, which analyzed the effect of Nintendo Wii on self-care function, we detected
that VGBT alone or as an adjunctive therapy was as showed the same level of
effectiveness as the control groups.

However, an article by El-Shamy (66) found significant improvements in three
outcomes out of eight, when evaluating the results. Worth considering that the
intervention group got an increased amount of time (additional 24 h Nintendo Wii+ usual
care) in contrast to the control. It is crucial to note that in our effort to thoroughly
summarize and analyze the existing data in the literature, we had to acknowledge some
clinical and methodological heterogeneity among the included studies.

The investigations used different types of VGBT with varied types of video games
and it is also important to take into account the heterogeneity of the applied interventions
in the control group. Despite these factors, we decided to make a meta-analysis because
of various reasons:

One reason was our intention to identify potential sources of heterogeneity through visual
inspection of Forest plots, which could then serve as a basis for further sensitivity testing
and subgroup analysis, should a hypothesis emerge (for example, observing the
superiority of VGBT over certain comparators, but not others).

In order to get an even more accurate picture of the novel rehabilitation methods and give
an opportunity to assess these therapeutic forms in a new aspect, we adapt a parent-
reported outcome measurements tool into Hungarian (105). Therefore we recommend the
use of the validated form of the CP CHILD in our institutional protocol to assess the role

of innovative therapeutic forms.

9.2. Strengths

Our meta-analyses, are the most comprehensive and newest study of these novel
rehabilitation techniques and are based on the articles currently available in the literature.
We included only RCTs, making it the highest level of evidence to date.

Given the large number of patients and the diverse demographics, the findings can be

broadly applied to children diagnosed with cerebral palsy (CP).
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9.3. Limitations

Our main research limitation could be the small number of high-quality investigations in
both meta-analyses. A further limiting factor that could potentially influence our results
should be emphasized: most of the studies applied short investigation periods (3-12
weeks). An extended investigation period could ensure better insight into the effect of
these novel methods. In the investigation of VGBT, a more homogeneous intervention
should be used in the study groups and in the control groups.

In the meta-analysis, which assesses the effect of robotic-assisted gait training on the gait
speed result a statistical predominance can be seen in one study (Mahgoub (49)). We think
that in the RAGT meta-analysis, patient-reported outcomes should be used to assess the
real functional change besides the parametrical differences we observed.

It can be considered as a limiting factor that, despite the fact that in the VGBT study
the age range was determined below 18 in both groups, we included an investigation (56),
which used an age range of 5-20, according to the low number of cases and that the mean
age with SD was below 18 years we decided to include it.

A further distorting factor could be the different treatment times used in some articles
between the study and the comparator groups. When we evaluate the VGBT effect on
grasp function and upper limb fine motor function we should consider a potential bias
factor in one of the articles (EI-Shamy et al.) (66) the intervention group received 40%
more treatment time in contrast to the control, therefore these changes should be critically

treated.
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10. CONCLUSIONS

Our results suggest that these novel methods which are supposed to take advantage of
using the brain’s neuroplasticity through forced repetitive movements (RAGT) or
leveraging neuroplasticity of the brain (VGBT) are at least as effective as other usual
methods for rehabilitation in upper and lower limb function in children with cerebral
palsy. It is worth considering to integrate it into the daily routine and combining these
tools with standard techniques. Although the expectations are understandable contrary to

these demands, their breakthrough beneficial effects do not significantly overtake the

traditional forms.
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11. IMPLEMENTATION FOR PRACTICE

We developed an internal protocol to evaluate the results of the novel devices with a
before and after questionnaire and we recommend considering its application in other
institutions as well. Although both devices can be recommended for everyday use as
additional therapy, we draw the attention of patients and their parents to these results and
the fact that robotic-assisted walking training requires a significant financial sacrifice
together with questionable additional benefits. In this way, it is worthwhile to reduce the

expectations about these therapies.
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12. IMPLEMENTATION FOR RESEARCH

Based on the result of our analyses, we suggest that further investigations with more direct
patient-related outcomes, and longer-lasting randomized controlled trials, especially with
homogenized patient groups are needed in the future. For robotic-assisted gait training
studies patient or parent-reported outcomes should be included to prove whether this
therapy is superior in improving balance and gait stability than other conventional

therapies.

For the second study further, only VGBT included investigation should have taken
to estimate its independent effect. It is necessary to distinguish between leap motion video
game-based therapy and controller-based video games and also the type of videogame
should be taken into account. Investigators should take care to mitigate biasing factors

such as increased intervention time in the intervention group or combination therapy.

We propose that in forthcoming times, further health-economy studies should be
conducted to determine whether the benefits of the therapies outweigh the expenses when

compared to conventional forms of rehabilitation.
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13. IMPLEMENTATION FOR POLICYMAKERS

The timely application of scientific results at the bedside is of paramount importance.
Due to the potential benefits of video game-based therapy and robotic-assisted gait
training and the absence of reported harmful effects, it may be worth considering the use
of this treatment as an additional tool to other traditional therapies. The establishment of
guidelines or at least institutional protocols for the integration of VGBT into upper
extremity rehabilitation in children with CP may lead to better compliance, and therefore,
improved therapeutic outcomes. Moreover, a new therapy of real interest to children with

cerebral palsy could be introduced.
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14. FUTURE PERSPECTIVES

While robot-assisted walking training may become a wider alternative in the future as it
becomes cheaper. In the field of video game-based therapy, with the development of
technology, there may be future opportunities for the creation of video games that
improve targeted functions and their widespread distribution among children with

cerebral palsy.
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