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Abstract: Purpose: The effectiveness of robot-assisted gait training (RAGT) in children with cerebral
palsy (CP), especially in terms of improving the performance of daily activities, remains unclear.
Therefore, we aimed to investigate the effectiveness of RAGT in children with CP. Methods: In this
single-center, single-blinded, randomized cross-over trial, we enrolled 20 children with CP with Gross
Motor Function Classification System (GMFCS) levels II-IV (13 males; age range, 6.75 + 2.15 years).
The participants were randomized into the RAGT/standard care (SC) (n = 10) and SC/RAGT/SC
sequence groups (n = 10). Using a Walkbot-K system, the RAGT program comprised 3 x 30-min
sessions/week for 6 weeks with a continued SC program. The SC program comprised 2-4 conventional
physiotherapy sessions/week for 6 weeks. The Gross Motor Function Measure-88 (GMFM-88),
the pediatric functional independence measure (WeeFIM), and the Canadian occupational performance
measure (COPM) scores were assessed pre- and post-RAGT or SC periods and treatment, period,
follow-up, and carry-over effects were analyzed. Energy expenditure and body composition were
measured pre- and post-RAGT. Results: Significant treatment effects were observed in dimensions
D and E of the GMFM (D: p = 0.018; E: p = 0.021) scores, WeeFIM mobility subtotal (p = 0.007),
and COPM performance (p < 0.001) and satisfaction (p = 0.001) measure scores. The period, follow-up,
and carry-over effects were not statistically significant. The gross energy cost significantly decreased
(p = 0.041) and the skeletal muscle mass increased (p = 0.014) at post-RAGT assessment. The factors
associated with functional outcomes showed significant improvements in the GMFM D scores
and were mainly observed in children with GMFCS levels II-III compared to those classified at
level IV (p = 0.038). Conclusion: RAGT had training benefits for children with CP. Specifically,
it improved locomotor function and functional capability for daily activities. These effects were better
in ambulatory children with CP. However, as SC interventions continued during the RAGT period,
these improvements may be also related to multiple treatment effects.

Keywords: robotic-assisted gait training; cerebral palsy; gross motor function

1. Introduction

Cerebral palsy (CP) has been reported to be one of the most common causes of motor disabilities
in children. CP comprises a group of disorders affecting movement, muscle tone, and posture,
resulting in activity limitation due to brain lesions [1]. The severity of the brain lesions restricts a
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child’s participation in a broad range of life domains [2]. Low participation levels are related to low
levels of physical activity and reduced fitness, further reducing mobility and physical activity [3].

Recently, robot-assisted gait training (RAGT) has been used as a repetitive and task-specific
therapy for children with CP [4,5]. RAGT has shown promising possibilities to enhance functional
outcomes in ambulatory and non-ambulatory children with CP. RAGT involves the practice of complex
repetitive gait cycles using body-weight support (BWS) to meet the gait requirements in weak lower
limbs and it exerts less cardiorespiratory stress compared to overground gait training or gait training
without robot-assistance [6].

In a retrospective analysis involving a large population of children with CP, RAGT improved
the 6-min walk test (6MWT) results in all children with CP, whereas Gross Motor Function Measure
(GMEFM) scores improved only in children classified as Gross Motor Function Classification System
(GMECS) level III [7]. Positive RAGT results have also been reported in terms of improvement in
GMFM D (dimension D, standing) or E (dimension E, walking, running, and jumping) scores [8-10],
gait speed [8,11], and decreased energy costs [12]. However, most reports have involved case studies
or retrospective analyses, with only a few randomized controlled trials (RCTs) involving robot training
reported in children with CP. Smania et al. [13] found that gait speed and step length improved
after 10 robot training sessions. Druzbicki et al. [14] reported that RAGT was not more effective
than conventional physiotherapy in terms of gait parameters. Wu et al. [11] reported a significant
increase in walking speed and 6MWT results post-RAGT. One recent pragmatic crossover trial found
no improvement in walking ability after 5 weeks of RAGT-only intervention [15]. Therefore, the effects
of RAGT in children with CP remain unclear.

Walkbot-K (Walkbot-K, P&S Mechanics, Seoul, Korea) is a treadmill-based exoskeletal RAGT
system designed to provide intensive training with minimal labor or physical stress to the therapist.
The validity of the neuromechanical data and reliability of the test-retest kinematic data obtained from
this system have previously been established [16]. Moreover, improvements in motor performance for
adults with spinal cord injury [17] and stroke [18] have previously been reported. To date, no previous
studies have investigated the effects of the Walkbot-K system for children with CP.

Therefore, this study aimed to investigate the effects of RAGT using the Walkbot-K system on
locomotor function and functional capability for daily activities in children with CP.

2. Methods/Design

2.1. Participants

We performed this study in an outpatient department of rehabilitation medicine in a tertiary
university hospital from May 2018 to February 2019. Twenty children with CP (7 female and
13 male participants) were recruited and randomly assigned to two different intervention sequences.
We included children with CP who had been classified as GMFCS levels II-IV (GMFCS level II (n = 5),
III (n =9), and IV (n = 6)). The participant’s height was restricted to 98-150 cm due to the limitations
of the equipment. Children with the following characteristics were excluded: severe lower limb
contractures, unhealed lower limb skin lesions, prior surgery within the past 3 months, and severe
intellectual impairment resulting in an inability to understand verbal instructions.

2.2. Study Design

This was a single-center, single-blinded, randomized cross-over trial. Written consent was obtained
after having informed the parents and patients regarding the study purpose and protocol. The hospital
internal review board approved the study (IRB No. 2018-03-024) and this trial was registered at the
Clinical Research Information Service (CRIS) (identifier: KCT 0003139).

We followed the study protocol of a previous work [19]. Two interventions, RAGT and standard
care (SC), were applied for 6 weeks. The participants were randomly assigned to the RAGT/SC (RS) or
an SC/RAGT/SC (SRS) groups in a 1:1 ratio. The randomization sequence was generated at the start of
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the trial using computer-generated sequencing. Children allocated to the RS group started with an
initial assessment followed by RAGT, a subsequent second assessment, SC, and a third assessment,
over a total of 12 weeks. Children allocated to the SRS group started with an initial assessment followed
by SC and a second assessment. This was followed by RAGT, a third assessment, SC, and a follow-up
fourth assessment, over a total of 18 weeks. The study protocol timeline is shown in Figure 1.

Assessed for eligibility (n = 20)

I
Randomized (n = 20)

v

v v

RS group (n = 10) SRS group (n = 10)

| l

Assessment 1

! !

Robot-assisted gait training sequence Standard care sequence
(30min, 3 times a week) (conventional physical therapy, 2-4 times a
& week)
Standard care sequence For 6 weeks.
For 6 weeks.

| !

Assessment 2

! !

Standard care sequence Robot-assisted gait training sequence
(conventional physical therapy, 2-4 times a (30min, 3 times a week)
week) &
For 6 weeks. Standard care sequence
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| }
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. !

Dropout (n = 0) Standard care sequence
(conventional physical therapy, 2-4 times
a week)
For 6 weeks.

!
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Data collection and analysis

Figure 1. Flow diagram of the study. Abbreviations: RS, robot-assisted gait training/standard care
sequence group; SRS, standard care/robot-assisted gait training/standard care sequence group.
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2.3. Intervention

RAGT was performed 3 times/week for 6 weeks (total, 18 sessions; minimum, 15 sessions), with a
duration of 30 min on the Walkbot-K system, excluding the set-up times (Figure 2). Break time was
provided when requested by the participant; however, the treatment time was maintained for at least
30 min. The Walkbot-K system is a robotic-assisted locomotor training device that has a built-in ankle
actuator to provide an optimal ankle-motion trajectory during ambulation [20]. An adjustable leg
length and control of the ankle joint range of motion enabled the Walkbot-K system to accurately
approximate human kinematics and kinetics [16]. The Walkbot-K inclusion criteria comprised a femur
length of >21 cm and a height of <150 cm.

Figure 2. Robotic-assisted gait training using Walkbot-K.

Initially, RAGT BWS was set at 100%, which gradually decreased until the knees started to
collapse into flexion during the stance phase. The physical therapist monitored the knee condition
and controlled the BWS throughout the sessions. The walking speed was initially set at 0.5 km/h and
was gradually altered until the participants self-selected a comfortable speed. The guidance force
was maintained at 100% during training. One physical therapist provided all the training procedure
with verbal encouragement when necessary and conventional physiotherapy continued during the
intervention period.

During the SC period, the participants continued the conventional physical therapy which they
had received before, including gait training, tone reduction, and balance and strengthening exercises,
for 2—4 times/week for 6 weeks at the hospital. The SC intervention was different for each individual and
could not be controlled; however, the participants were recommended not to change the intervention
type and frequency during the study.
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2.4. Outcome Measures

A blinded assessor who was unaware of the intervention sequence for each participant measured
the study outcomes.

2.4.1. Gross Motor Function Measure-88 (GMFM-88)

The GMFM-88 involves observation and quantitative evaluation to determine the degree of
functional activity and gross motor function displayed by a child without considering the quality of the
function. In this study, dimension C (crawling and kneeling), dimension D (standing), and dimension
E (walking, running, and jumping) were assessed. The percentage scores for each dimension were
used for analysis.

2.4.2. Pediatric Functional Independence Measure (WeeFIM)

The WeeFIM has been reported to be useful in assessing functional independence in children with
developmental disabilities and was designed to measure the influence of development strengths and
difficulties in terms of independence at home, school, and in the community. A certified therapist rated
each participant’s self-care (self-care and sphincter control) and mobility (transfers and locomotion)
using a scale ranging from 1 to 7 (the lower the score, the greater the disability).

2.4.3. Canadian Occupational Performance Measure (COPM)

The COPM was used to define five gross motor performances relevant for participation in daily
life (eating, mobility, school activities, play, and indoor/outdoor games). Performance and satisfaction
were rated on a scale ranging from 1 to 10 (a higher score corresponds to a better performance) at each
assessment, either by a parent as a valid proxy or by the participant (if >8 years old), as applicable [10].
The mean performance and satisfaction scores for each activity were used in the analysis.

2.4.4. Energy Expenditure

Energy expenditure when walking is generally expressed as two outcome measures:
energy consumption (ECS) and energy cost (EC) [21]. Energy expenditure was measured using
the COSMED Quark cardiopulmonary exercise testing (CPET) system (Quark CPET Gas Analyzer,
COSMED®, Rome, Italy). The participants wore a mask for gas collection and walked 10 m
independently or with physical assistance at a comfortable speed. The mean oxygen uptake
(VO2/kgmean), the mean respiratory exchange ratio (RERmean), and walking speed values were recorded.

Gross energy consumption (ECSgy0ss) was expressed in J/kg/min using the following equation:
J/kg/min = (4.960 X RERmean + 16.040) X VOy/kg [22]. Additionally, gross EC (ECgyoss), expressed in
J/kg/m, was calculated through dividing ECSgyoss with walking speed [23]. Energy expenditure was
not measured when a participant was unable to walk 10 m, even with assistance.

2.4.5. Body Composition

Body composition was measured in a supine position using Bioelectrical Impedance Analysis
(BIA, Inbody®, Seoul, South Korea) with six sensors placed bilaterally on the participants’ thumbs,
middle fingers, and ankles for approximately 3 min. The skeletal muscle mass (MMggeleta1), leg muscle
mass (MMe,), and percentage of body fat (PBF) were recorded.

2.5. Statistical Analysis

We used SPSS 25 (IBM Corporation, Armonk, NY, USA) software to perform statistical analyses.
We followed the statistical analysis referenced from the protocol we referenced [19]. We analyzed
the data of four effects (i.e., treatment, period, follow-up, and carry-over effects) to assess the effect
of the RAGT period on GMFM-88, WeeFIM, and COPM scores. Treatment effects were compared
using the delta values obtained during the RAGT and SC periods (AR1 grouped with AR2 versus AS1
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grouped with AS2). The period effects were compared using the delta values obtained during the first
and second training periods (AR1 grouped with AS1 versus AS2 grouped with AR2). The follow-up
effects were compared as follows: second assessment of the RS group grouped with third of SRS group
versus third assessment of RS group grouped with fourth of SRS group. Additionally, the carry-over
effects were analyzed using the delta value during all periods for the RS group versus the former
two periods of the SRS group (AR1 grouped with AS2 versus AR2 grouped with AS1) (Figure 3).
Between-group differences at baseline and the carry-over effects were analyzed using independent
t- or Mann-Whitney U tests for continuous variables and chi-square or Fisher’s exact tests for binary
variables, as appropriate. The paired t- or Wilcoxon’s signed-rank tests were used to analyze the
treatment, period, and follow-up effects and to analyze data concerning body composition and energy
expenditure, respectively. Factors associated with functional outcomes were measured according
to the age (<6 years versus >6 years) and GMFCS levels (levels II-1II (ambulatory) vs. level IV
(non-ambulatory)). Finally, a Mann-Whitney U test was used to determine the between-group
differences. The level of statistical significance for all tests was set at p < 0.05.

RAGT period RAGT period
ARI AR2
SC period
Randomization SRS group
\ AS3
\ SC period ; SC period
RS grou

ASI1 AS2 =l

L (6 weeks) | (6 weeks) A (6 weeks)
Assessment 1 AssessmentIZ Assessmentl3 Assessment 4

Figure 3. Statistical analyses. Abbreviations: RS, robot-assisted gait training/standard care sequence
group; SRS, standard care/robot-assisted gait training/standard care sequence group. RAGT,
robot-assisted gait training; SC, standard care; AR1, delta value during robot-assisted gait training in
the RS group; AR2, delta value during robot-assisted gait training in the SRS group; AS1, delta value
during the first standard care intervention in the SRS group; AS2, delta value during the standard care
intervention in the RS group; AS3, delta value during the last standard care in the SRS group.

3. Results

Twenty participants completed the study. Especially, 10 and 10 children were assigned to the RS
(age range, 3-10 years) and RSR (age range, 4-11 years) groups, respectively. There were no significant
differences in age, height, weight, type of CP, and GMFCS level distribution between the RS and SRS
groups (Table 1). The RAGT parameters did not significantly differ between the two groups (Table 2).
Similarly, the baseline parameters for GMFM, WeeFIM, and COPM between the two groups also
did not differ significantly (Table 3). After performing all the sessions, the BWS and walking speed
gradually decreased or increased to a mean of 49% and 1.28 km/h, respectively. No safety issues were
reported and none of the participants experienced any side-effects during RAGT.

3.1. GMFM-88

The RAGT period showed significant treatment effects in relation to GMFM D (p = 0.018) and E
(p = 0.021) scores, with both scores being significantly improved during the RAGT period compared
with those in the SC period. However, the change in the GMFM C score was not significantly different
between the RAGT and SC periods (p = 0.093) (Figure 4). The period, follow-up, and carry-over effects
of the GMEM C, D, and E scores were not statistically significant (Figure 4).
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Table 1. Demographic characteristics of the participants.

Group Total RS (n =10) SRS (n =10) p-Value *
Age (years) 6.75 (2.15) 6.0 (2.21) 7.5 (1.90) 0.121
Sex, n
Female 7 3 4
Male 13 7 6 1.000
Height (cm) 113.91 (13.67) 110.92 (12.34) 116.89 (14.91) 0.342
Weight (kg) 22.23 (8.81) 21.10 (9.24) 23.36 (8.69) 0.545
GMECS level, n
I 5 4 1
I 9 3 6 0.284
v 6 3 3
Tone abnormality
Spastic 17 8 9
Dyskinetic 1 1 0 1.000
Mixed 2 1 1
Body involvement
Unilateral 1 1 0
Bilateral 19 9 10 1.000

Values are presented as means (standard deviation). Abbreviations: RS, robot-assisted gait training/standard care
sequence group; SRS, standard care/robot-assisted gait training/standard care sequence group; CP, cerebral palsy;
GMEFCS, gross motor function classification system. * p-value by t-test or Mann-Whitney U test (for continuous
variables) or Fisher’s exact test (for categorical variables).

Table 2. Robot training parameter.

Total RS Group SRS Group p-Value *
Gait Speed (km/h) 1.28 (0.16) 1.30 (0.17) 1.25 (0.14) 0.507
Body-weight support (%) 49.0 (7.18) 49.0 (7.38) 49.0 (7.38) 1.000
Total sessions 16.10 (1.17) 16.50 (1.08) 15.70 (1.16) 0.092
Total distance (km) 11.16 (2.26) 11.51 (2.07) 10.80 (2.48) 0.494

Values are presented as means (standard deviation). Abbreviations: RS, robot-assisted gait training/standard care
sequence group; SRS, standard care/robot-assisted gait training/standard care sequence group. * p-value by f-test or
Mann-Whitney U test.

Table 3. Baseline functional characteristics of the participants.

RS Group SRS Group p-Value *
GMFM-88

C (%) 77.86 (19.54) 70.60 (26.94) 0.544
D (%) 41.28 (31.58) 26.27 (19.99) 0.250
E (%) 30.77 (27.96) 12.81 (11.66) 0.172

WeeFIM
Self-care 25.80 (6.25) 27.60 (10.27) 0.641
Mobility 14.10 (4.72) 15.80 (6.94) 0.530

COPM
Performance 4.88 (1.48) 4.00 (0.89) 0.125
Satisfaction 4.88 (1.54) 3.98 (0.94) 0.133

Values are presented as means (standard deviation). Abbreviations: RS, robot-assisted gait training/standard
care sequence group; SRS, standard care/robot-assisted gait training/standard care sequence group. GMFM-88,
gross motor function measure-88; GMFM C, gross motor function measure dimension C; GMFM D, gross motor
function measure dimension D; GMFM E, gross motor function measure dimension E; WeeFIM, pediatric functional
independence measure; COPM, Canadian occupational performance measure. * p-value by t-test or Mann-Whitney
U test.
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Figure 4. RAGT showed significant treatment effects in the GMFM D and E, WeeFIM mobility
subtotal, and COPM performance and satisfaction scores. The period, carry-over, and follow-up
effects did not show statistical significance. (A) Treatment effects; (B) period effects; (C) follow-up
effects; (D) carry-over effects. Abbreviations: GMFM-88, gross motor function measure-88; GMFM C,
gross motor function measure dimension C; GMFM D, gross motor function measure dimension D;
GMFM E, gross motor function measure dimension E; WeeFIM, pediatric functional independence
measure; COPM, Canadian occupational performance measure; RS, robot-assisted gait training/standard
care sequence group; SRS, standard care/robot-assisted gait training/standard care sequence group;
AR1, change during robot-assisted gait training in the RS group; AR2, change during robot-assisted gait
training in the SRS group; AS1, change during first standard care in the SRS group; AS2, change during
standard care in the RS group; RS2, assessment 2 in the RS group; RS3, assessment 3 in the RS group;
SRS3, assessment 3 in the SRS group; SRS4, assessment 4 in the SRS group. * p < 0.05 by paired t-test or
Wilcoxon signed-rank test.

3.2. WeeFIM

There was a significant treatment effect in terms of the mobility subtotal score of the WeeFIM
(p = 0.007), which significantly improved during the RAGT period compared with that in the SC
period. The treatment effect of the self-care subtotal and the period, follow-up, and carry-over effects
of WeeFIM self-care and mobility subtotals were not statistically significant (Figure 4).

3.3. COPM

The performance and satisfaction scores of COPM indicated a significant treatment effect
(performance, p < 0.001; satisfaction, p = 0.001); however, the period, follow-up, and carry-over
effects were not statistically significant (Figure 4).

3.4. Energy Expenditure

Energy expenditure was measured in 14 participants. Five children (GMFCS level IV) who could
not walk and one child (GMFCS level III) unable to fit the test mask due to a small face size were not
tested. The ECgross significantly decreased at post-RAGT assessment compared to pre-RAGT (p = 0.041).
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No significant differences were found in terms of VO/kgmean, gait speed, RERmean, and ECSgyoss
(Table 4).

Table 4. Effect of RAGT on energy expenditure and body composition.

Pre RAGT Post RAGT p-Value

Energy expenditure (n=14) (n=14)
Oxygen uptakemean (ML/min/kg) 17.25 (6.02) 16.01 (3.66) 0.485
Speed (m/min) 20.61 (7.35) 21.68 (7.18) 0.223
RERmean 0.99 (0.15) 0.96 (0.10) 0.531
ECSgross (J/kg/min) 359.21 (118.34) 332.89 (76.98) 0.311
ECgross (J/kg/m) 20.34 (11.35) 17.17 (7.03) 0.041 *

Body composition (n=19) (n=19)
MDMgkeletal (kg) 8.75 (4.67) 9.01 (4.63) 0.014 *
MM (kg) 4.20 (2.66) 4.34 (2.75) 0.103
PBF (%) 26.04 (9.87) 23.24 (12.64) 0.085

Values are presented as means (standard deviation). Abbreviations: RAGT, robot-assisted gait training; RERmean,
mean respiratory exchange ratio; ECSgyoss, gross energy consumption; ECgross, gross energy cost; MMgieletal,
skeletal muscle mass; MMeg, leg muscle mass; PBF, percentage of body fat. * p < 0.05 by paired t-test or Wilcoxon
signed-rank test.

3.5. Body Composition

Body compositions were measured in 19 participants (one patient was excluded due to poor
participation). The MMggeletal Significantly increased at post-RAGT assessment compared to pre-RAGT
(p = 0.014). The changes in the MM}, and PBF values were not statistically significant but both
measures showed an improving trend (Table 4).

3.6. Factors Associated with Functional Outcome

We investigated the association between factors such as age and GMFCS level with the delta value
of significantly improved outcomes in terms of treatment effects (i.e., GMFM D, GMFM E, mobility,
performance, and satisfaction). Significant between-level improvements in the GMFM D scores were
mainly observed in participants classified as GMFCS levels II-1II rather than in those classified as level
IV (p = 0.038) (Table 5).

Table 5. The changes of functional outcome measures according to age and GMFCS level.

Age GMEFCS Level
Age 6 Age > 6 Level II-111 Level IV
(ng= 9) (ng= 1) p-Value (o = 14) (1= 6) p-Value
GMFM
D 2.79 (3.51) 3.26 (2.83) 0.871 3.81 (2.82) 1.28 (3.14) 0.038 *
E 1.35 (1.97) 1.82 (1.76) 0.508 2.06 (1.96) 0.57 (0.90) 0.108
WeeFIM
Mobility 1.00 (1.00) 1.18 (0.75) 0.491 7.80 (4.96) 3.14 (3.02) 0.135
COPM
Performance  1.69 (1.08) 1.73 (0.66) 0.909 1.80 (0.76) 1.50 (1.08) 0.360
Satisfaction 1.91 (1.03) 1.96 (0.84) 0.939 1.93 (0.88) 1.97 (1.05) 0.934

Values are presented as means (standard deviation).  Abbreviations: GMEFCS, gross motor function
classification system; RAGT, robot-assisted gait training; GMFM D, gross motor function measure dimension
D; GMFM E, gross motor function measure dimension E; WeeFIM, pediatric functional independence measure;
COPM, Canadian occupational performance measure; * p < 0.05 by Mann-Whitney U test.

4. Discussion

In this study, gross motor function and functional capability for daily activities, measured using
GMEFM-88 and using WeeFIM and COPM, respectively, improved after 6 weeks of RAGT. Two different
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sequences were designed in this randomized cross-over trial to investigate the effects of the Walkbot-K
RAGT in children with CP. Our research protocol was based on that of a previous study and the strength
of its design was that each child received both forms of treatment [19]. Therefore, the participants
had their own control and only the half the number of patients was needed compared with what
would have been required if we used a parallel-group design. The report’s authors, whose protocol
we referenced, published their results that they stopped the trial earlier than planned because of
recruitment issues [15]. Despite some recruitment difficulties, our 20 participants completed at least 15
of 18 RAGT sessions without dropping out.

In previous studies, the number of RAGT sessions varied from 10 to 40 [11-13,24], and in a
recent RCT that reported positive results [9,11], the number of therapy sessions ranged from 18 to 20.
Study durations also ranged from 2 to 10 weeks in previous reports [13,24]. Interestingly, an optimal
study duration is likely to be from 4 to 6 weeks as positive results have been observed in most
studies having this duration [9,11,25]. In our study, 18 RAGT sessions were performed for 6 weeks,
during which positive outcomes were observed.

The participants in our study were younger (age range, 3-11 years; mean, 6.75 years) and more
severely affected (mean GMFCS level, 3.05) than those in most previous RAGT studies [8,11,13,15].
The younger age limited the length of the lower limb, which influenced training speed and total
training distance. Therefore, the training speed and total distance covered in our study were also lower
and the BWS percentage was found to be higher than that observed in most previous studies [9,13].
The guidance force was not changed during the training sessions and remained at 100% because study
participants with lower limb weakness would not have been able to continue training if the guidance
force had been reduced.

Improvements in GMFM D and E scores post-RAGT have also been reported in several previous
studies [8-10,26,27], whereas other studies have reported no change or a slight change without
significance [11,15]. A recent study suggested that an average GMFM D score change in score
of 1.2 could be used as a reference datum for the minimal clinical important difference (MCID)
score [28]. In our study, the GMFM D score increased (average, 3.0) higher than the MCID score
post-RAGT. The change in the GMFM D score in our study was higher than that reported in previous
studies, which included participants who had similar ages and milder impairments compared to
our study participants and who received 40 sessions of RAGT only or combined with task-oriented
physiotherapy [24]. The factor analysis in our study showed more improvements in the GMFM D score
in ambulatory compared with non-ambulatory children with CP. A similar analysis was performed in a
previous study, in which the participants were divided into those having GMFCS levels I-II and those
having levels III-IV [26]. The results showed that the severity of motor impairment affected the amount
of achieved improvement. However, another study indicated that participants with GMFCS level IV
experienced significant improvement in walking-related outcomes compared with those classified as
GMECS level 1I or III post-RAGT [29]. In one study, the MCID of GMFM E was reported to be 1.2 and
involved only participants with GMFCS levels I, II, and III [30], whereas another recent study showed
that the MCID was 0.3 in participants with GMFCS levels I-IV [28]. Our study findings showed a gain
improvement in GMFM E scores of 1.5 post-RAGT, which was higher than the MCID reported in one
study involving mildly impaired patients with CP [30].

The mobility of WeeFIM also significantly increased post-RAGT in our study. Few studies
have investigated the influence of RAGT on the WeeFIM outcomes [13,29]. One retrospective study
showed similar results to those of our study, as the mobility subtotal and total WeeFIM scores
increased by approximately one and three points, respectively, in participants with GMFCS levels II-IV
post-RAGT [29]. Different to the GMFM, which assesses displayed function, the WeeFIM mobility
score can also be used to measure functional capabilities in daily activities. However, one RCT study
reported negative WeeFIM total score results post-RAGT [13]. Therefore, further research is required
to determine the influence of RAGT in WeeFIM.
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We investigated improvements in participation using the COPM outcomes. Significant changes in
participation and satisfaction (1.71 and 1.94, respectively) in terms of treatment effects were observed
in our study. Only two previous studies using participation measures involving COPM have also
reported a significant increase in COPM post-RAGT but one was a prospective controlled cohort study
and the other was a case report [10,31]. Several reports have attributed the limited efficacy of RAGT to
the lack of engaging activities during training [32,33], and COPM has been reported to be a feasible
option for determining outcome measures in a pediatric rehabilitation research [34]. However, to date,
there is insufficient evidence to support the influence of COPM post-RAGT. Although the COPM
findings in our study were lower than the MCID (two points, for performance or satisfaction) [35],
our positive results could serve as a preliminary support for future research.

Aras et al. [12] reported that GMFM D and E improvements lasted 3 months following 5 weeks of
robot training. Moreover, COPM improvements following 12 RAGT sessions were observed at the
8-week follow-up [10]. In our study, no significant follow-up or carry-over effects were observed at the
6-week follow-up.

Treatment effects in our study showed significant improvement during the RAGT period; however,
SC intervention was continued during the RAGT period, with no control regarding the type or frequency
of interventions. Thereby, the aforementioned improvement may be also related to multi-modality
intervention. The efficiency of RAGT combined with physical therapy is displayed in the improved
GMFM score in children with CP classified as GMFCSlevel Ill status in a previous study; an uncontrolled
study also showed improvement of GMFM C, D, and E when RAGT combined with conventional
rehabilitation was performed [15,36]. However, the GMFM score also improved in children who
received only RAGT compared to that in children who received conventional rehabilitation group in a
previous RCT study [8]. Further analyses are needed to confirm the effectiveness of performing only
RAGT using the Walkbot system in children with CP.

High EC is a factor that contributes to reduced integration into the activities of daily living among
children with CP due to abnormal energy motor responses and muscle activity [22]. EC in children with
CP can be up to three times higher than EC in typically developing (TD) peers [37,38], equivalent to
intense exercise while merely walking at a comfortable speed [39]. Previous studies have investigated
several approaches that aimed to reduce metabolic demand in children with CP, such as lifestyle
intervention [40] and ankle exoskeleton assistance [41]. Another study investigated the influence of EC
post-RAGT in children with CP and reported a reduction in EC following 20 RAGT sessions compared
with partial BWS training [12]. This improvement in walking economy enabled children with CP
to participate in more activities of daily living, which may explain the trend of increased COPM
score in our study. However, in our study, EC was evaluated by self-comparison without including a
control group, and therefore, further research is required to confirm the association between RAGT
effectiveness and EC.

Gait speed slightly increased post-RAGT but this increase was not statistically significant. Our gait
speed results were consistent with those of a previous controlled study [11,13]. Most studies involving
RAGT have shown an increase in gait speed after training [8,36] but we were not able to eliminate the
possible influence of the task mask connected to the CPET device worn by participants during gait
speed measurement.

Previous studies have reported that the muscle mass in individuals with CP was lower than that
in TD individuals [42]. The skeletal muscle plays an important role in daily life as it is the largest tissue
component of the lean body mass in humans [43]. MMggeleta] is crucial for movement and balance [44]
and is positively correlated with gross motor function in children with CP [42,45]. Most previous
studies have evaluated muscle strength or muscle size after training using magnetic resonance imaging
(MRI) [46] or dynamometry [47]. In our study, MMggeletal significantly increased post-RAGT but the
MM, increases were not found to be significant. No significant change in PBF was observed; however,
the mean percentage post-RAGT decreased and was close to that of TD peers (mean PBF in TD peers,
23%) [42].
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5. Study Limitations

We designed this study as a cross-over trial to present higher precision with small sample sizes.
However, the cyclic 6-week duration could not exclude a degree of maturation to a certain extent.
The participants received RAGT combined with SC in the RAGT period and did not receive additional
treatment except for SC during the SC period; therefore, the possibility of an extra 30 min of training
affecting our study results cannot be eliminated. As the provider of the protocol suggested [19], we did
not introduce a washout period to reduce the load of the participants to a minimum. Although we
considered the period and carry-over effects to exclude the influence of the former type of intervention
on the subsequent one, this might have influenced our results, as the improvements were just related
to the RAGT. Five participants who were classified as GMFCS level 1V were excluded from the EC
measurements because they could not conduct the oxygen uptake and walking speed tests during
exercise. Therefore, the EC results in our study need to be interpreted with caution, except for the
results concerning participants classified as GMFCS levels II-III. Considering most of the interventions
that measured muscle strength and rarely used MRI or other approaches to focus on the muscle volume,
caution should be taken in terms of whether the BIA data used to measure body composition could be
considered representative of the general population. Moreover, to reduce the assessment time and
avoid the risk of some participants declining to continue with treatment, energy expenditure and body
composition were analyzed only pre- and post-RAGT; therefore, it was difficult to determine whether
the extent of changes observed was due to RAGT only.

6. Conclusions

To our knowledge, this study is the first to investigate the efficiency of the Walkbot-K RAGT in
children with CP using a randomized cross-over study design. Especially, we showed improvement
in locomotor function and functional capability of participants when performing daily activities.
These effects were better in the ambulatory children with CP. However, as SC intervention was
continued during the RAGT period, these improvements may be also related to multiple treatment
effects. Further research is required using a higher level of trial design and more participant numbers
to confirm the effectiveness and the correlation in different age-stages and types of children with CP.
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