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zajeciowa to preznie rozwijajaca sie dyscyplina, stanowiacg jeden z elementdow szerokorozumianej
rehabilitacji. Terapeuci zajeciowi pracuja z osobami zmagajacymi sie z réznymi
niepetnosprawnosciami, chorobami, zaburzeniami psychicznymi, osobami wykluczonymi
spotecznie, a takie osobami zdrowymi w zakresie poprawy ich funkcjonowania i jakosci zycia.
Terapeuta zajeciowy jest partnerem fizjoterapeuty w procesie zmierzajagcym do petnej rehabilitacji
pacjenta.

Serdecznie zapraszamy Panstwa do udziatu w tym niezwyktym wydarzeniu w charakterze
uczestnikéw lub wystawcow. Praca z pacjentami wymaga czesto stosowania narzedzi i technologii
wspierajacych rehabilitacje, co daje ogromne mozliwosci do zaprezentowania swojego produktu/
ustugi szerokiemu gronu odbiorcéw nie tylko z Europy, ale i catego swiata.

Wiecej szczegotéw pod linkiem: https://ot-europe2024.com

Badicie z nami w tym szczegolnym dla polskiej terapii zajeciowej i rehabilitacji czasie!
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The feasibility and effect of robot-assisted gait
training frequency on gait functions in children
with cerebral palsy — A single blinded,
randomized pilot study

Wykonalnosc¢ i wptyw czestosci treningu chodu wspomaganego robotem na funkcje chodu u dzieci z
maozgowym porazeniem dzieciecym — Proba pojedynczo Slepa, randomizowana, badanie wstepne

Moza Obaid Saeed Alyahyaee'-2ABCD.EF) Jinwoong Cheong3AB.CDEF) Meeyoung Kim'A.B.CD.EF)

'Physiotherapy Department, College of Health Sciences, University of Sharjah, Sharjah, United Arab Emirates
2Department of Physiotherapy, Zayed higher organization for people of determination, Abu Dhabi, United Arab Emirates
3Department of Physical Therapy, Yonsei Severance Hospital, Seoul, Korea

Abstract

Introduction. The aim of this study is to investigate the feasibility and the effect of Robot-assisted gait training (RAGT) frequency
on gait functions in children with diplegic cerebral palsy (CP). We hypothesized that RAGT with the increased frequency (4 times
a week) will result in greater improvements than RAGT with the common frequency (2 times a week).

Material and methods. Fourteen participants with diplegic CP were assigned to two groups that received only RAGT at different
frequencies. The treatment group (TG) received 24 sessions while the control group (CG) received only 12 sessions over 6 weeks.
Gross motor function measure (GMFM) D, GMFM E, walking distance (6 minute-walk test), speed (10 meter-walk test), balance
(Pediatric balance scale), and the quality of gait (Edinburgh visual gait score) were assessed. Data was collected twice, before and
after RAGT intervention period. Also, the feasibility was assessed by the safety and the rates of recruitment, compliance, and
adherence.

Result. There was significant improvement in GMFM D, GMFM E, walking distance, balance, and the quality of gait in both groups
(p < 0.05). Walking speed has been significantly improved only in TG. The difference in the quality of gait is greater in TG (p < 0.01)
compared to CG (p < 0.05). The recruitment rate was 70%. 100% of recruited participants complied with and adhered to the
intervention. No adverse events were reported.

Conclusion. RAGT with the increased frequency could induce greater improvement in gait functions than RAGT with the common
frequency in children with diplegic CP.

Keywords
rehabilitation, robotics, walking, cerebral palsy

Streszczenie

Wstep. Celem badania jest ocena wykonalnosci oraz efektu czesto$ci treningu chodu wspomaganego robotem (RAGT) na funkcje
chodu u dzieci z diplegicznym mdézgowym porazeniem dzieciecym (MPD). Zaktadamy, ze RAGT przeprowadzane z wieksza
czestotliwos$cia (4 razy w tygodniu) przyniesie wieksza poprawe niz RAGT realizowane z czesto$cig standardowa (2 razy w
tygodniu).

Materiaty i metody. Do badania zakwalifikowano czternascioro uczestnikéw z diplegicznym MPD, ktérzy zostali losowo
przydzieleni do dwoch grup otrzymujacych RAGT w réznych czestosciach. Grupa terapeutyczna (TG) przeszta 24 sesje, podczas
gdy grupa kontrolna (CG) - 12 sesji przez 6 tygodni. Oceny objety miare funkcji motorycznej brutto (GMFM) czesci D i E,
odlegto$¢ przebytego dystansu (test chodu na 6 minut), szybkos$¢ (test chodu na 10 metréw), rownowage (pediatryczna skala
rownowagi) oraz jakos¢ chodu (Edynburska skala oceny chodu). Pomiary przeprowadzono przed rozpoczeciem interwencji oraz
po jej zakonczeniu. Dodatkowo oceniono wykonalnos$¢ badania, biorgc pod uwage bezpieczenstwo, wskazniki rekrutacji,
przestrzegania protokotu oraz zaangazowania w interwencje.

Wyniki. Stwierdzono istotng statystycznie poprawe w GMFM D i E, odlegtosci przebytego dystansu, réwnowadze oraz jakosci
chodu w obu grupach (p < 0,05). Poprawa szybkosci chodu byta istotna statystycznie tylko w grupie TG. R6znica w jakosci chodu
byta wieksza w TG (p < 0,01) w poréwnaniu do CG (p < 0,05). Wskaznik rekrutacji wynidst 70%. Wszyscy zrekrutowani
uczestnicy byli w pelni zaangazowani w proces terapeutyczny i przestrzegali zalecen, nie zgtoszono zadnych niepozadanych
zdarzen.

Wnioski. RAGT przeprowadzane z wieksza czestoscig moze indukowa¢ wieksza poprawe funkcji chodu niz RAGT z czesto$cia
standardowa u dzieci z diplegicznym MPD.

Stowa kluczowe
rehabilitacja, robotyka, ch6d, mézgowe porazenie dzieciece
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Introduction

Cerebral palsy (CP) is defined as a group of disorders that
affect mobility and posture with heterogeneous impair-
ments such as muscle tone alternation, reduced selective
motor control, joint contracture, postural control impair-
ment and weakness of muscles [1]. Basal ganglia - brain-
stem (BG-BS) system appears to be required for the
automatic regulation of posture muscle tone [2]. Children
with CP do not have muscle tightness and skeletal abnor-
malities at birth, but over time, loss of control over the BG-
BS system may lead to excessive spasticity that causes
shortening of the muscles and soft tissues and then fixed
skeleton abnormalities [3]. Muscle strength is one of the
determinants of independent walking in CP children [4].
Lokomat, one of RAGT devices, provides repetitive task-
specific motor training and modulates afferent input to spi-
nal cord to generate rhythmic gait patterns that may be
transformed to overground walking [5]. The intensive repe-
titions of the rhythmic stepping during RAGT stimulates
neuroplasticity and possibly leads to brain reorganization
[6] by facilitating cortical activities associated with motor
control of walking. There is evidence that the best activa-
tion of locomotor network has been observed during
RAGT compared to a treadmill walking and to a conven-
tional over-ground gait training [7].

RAGT with Lokomat is known to be beneficial to regaining
the gait balance by improving kinematics of the lower limbs
[8] and to improving functional capability and locomotor
function for daily activities in CP children [9]. However, the
effectiveness of RAGT in children with CP is still controver-
sial [10]. Most of the studies report heterogenous frequen-
cies of RAGT sessions from 2 to 5 times per week.

To date, this is the only research that investigated the effec-
tiveness of training frequency of RAGT with Lokomat on
the functional gait parameters in CP children.

Materials and methods

In our study, each group requires 64 participants (effect si-
ze d = 0.5, alpha error probability = 0.05, Power = 0.8) by
G*Power estimate. 14 children, with diplegic CP, aged 6-
14 years, approximately 10% of estimate, were enrolled in
this study as a preliminary pilot trial. All participants were
enlisted from Zayed Higher Organization for People of De-
termination in the United Arab Emirates between July and
September 2022. Prior to their involvement, all participants
willingly provided written informed consent. Inclusion cri-
teria were children with spastic diplegia; being able to walk
independently with or without walking aids on at least 10
meters; classified as level I, II and III in the gross motor
function classification system (GMFCS). Children were
excluded if they had received botulinum toxin injections or
had undergone surgical intervention within the last year or
had participated in another Lokomat training regime within
the last 3 months. In addition, children were excluded if
they have: (a) fixed contractures and/or with bone instabili-
ty; (b) seizure disorder that is not controlled by medication
(if on medication, must not have had a seizure in the last 12
months); (¢) baclofen infusion pumps in situ.
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Randomization was performed into two groups using com-
puter generated sequencing. To ensure balance between two
groups, GMFCS level (I, II and III) were used as the strati-
fied variable. The study employed a single-blind design, en-
suring that participants were unaware of their group
assignment. Additionally, the assessors responsible for me-
asuring outcomes conducted their evaluations without any
knowledge of the participants' group affiliations.

In this study, the feasibility was assessed by measuring the
recruitment rate, completion rate, adherence rate, and con-
ducting a safety assessment, all of which were done concur-
rently with the evaluation of the intervention outcomes.
Further studies using a big sample size will be needed to
clarify the feasibility. The study received ethical approval
from the Research Ethics Committee of University of Shar-
jah (Reference number: REC-21-06-22-01-S). The study
was  registered on  ClinicalTrials.gov  (Identifier:
NCT05412485).

Outcome measures

Gait functions were measured by walking distance (6-mi-
nute walk test, 6MWT), speed (10-meter walk test,
10MWT), balance (Pediatric balance scale, PBS), and qu-
ality of gait (Edinburgh visual gait score, EVGS). In addi-
tion, Gross motor function measure-88 (GMFM-88)
dimension D (standing) and E (walking, running, and jum-
ping) were assessed. Assessments were done twice, before
and after the RAGT period. Also, the feasibility was asses-
sed by the safety and the rates of recruitment, compliance,
and adherence.

Interventions

Treatment group (TG) received 24 sessions of Lokomat (fo-
ur sessions per week) while control Group (CG) received
twelve Lokomat sessions (two sessions per week) for six
weeks. Each session lasted 30 minutes. The timeline of the
study protocol is shown in Fig 1. Physiotherapists, who we-
re certified for Lokomat training, provided RAGT to partici-
pants in this study. Lokomat recommendations [11] have
been followed during the interventions.

The intensity of training was increased gradually by chan-
ging gait speed, body weight support level and the guidance
force of Lokomat according to the ability of the participant.
The physiotherapist was always present to secure safety, fol-
low the progression, and raise the participant’s awareness to
maintain proper posture and correct patterns of the gait. Vir-
tual reality games were used to motivate the participants
with verbal encouragement by the therapist.

Data analysis and statistical method

The statistical analyses were done using SPSS 28 (IBM-
SPSS version 28, Chicago, IL). Difference between groups
at baseline was tested by independent t-test or Mann Whit-
ney U test or Fisher's exact test. The normality of each va-
riable was tested using Shapiro-wilk Test. To analyze the
difference between groups before and after RAGT. A paired
t-test or Wilcoxon’s signed-rank test were used. The statisti-
cal significance level was set at p< 0.05 for all tests.

www.fizjoterapiapolska.pl
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Figure 1. Flow chart of the study (RAGT: Robotic assisted gait training)

Result

20 patients were initially screened and 14 of them were eligible.
Therefore, our recruitment rate was 70%. All 14 participants,
representing 100% of the sample, completed the intervention
phase and the outcome measurement. No participants showed
lack of compliance with or intolerance to either frequency regi-
men. The study adherence rate was consistent for both TG and
CG. Participants attained 100% of the required visits without
missing appointments. Among fourteen CP children, seven we-

re assigned to TG and the other seven to CG. No significant
differences were found between groups for the age, height,
weight, and the level of GMFCS distribution (Table 1A). At
the baseline, functional characteristics of the participants for
GMFM D, GMFM E, balance (PBS), walking distance
(6MWT) and speed (I0MWT) and the quality of gait (EVGS)
did not significantly differ between groups (Table 1B). No sa-
fety issues occurred, and no side effects were reported by the
parents or the participants during the intervention period.

Table 1A. Clinical characteristics of the study participants at the baseline

P value

Control Group, n=7

Variable Treatment Group, n=7
Gender [n]
Male 5 (71.4%)
Female 2 (28.6%)
Age [years] 9 (£2.83)
Height [cm] 128.4 (+19.1)
Weight [kg] 33.3 (£ 13.9)

GMFCS level [n]
I
II
I
Walking aids
None
Walker
Crutches

www.fizjoterapiapolska.pl

6 (85.7%)
1 (14.3%)
10.4 (& 2.99) 0.337
130 (£ 26.2) 0.900
34.7 (= 19) 0.875
1
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Table 1B. baseline functional characteristics of the participants

Variable Treatment Group, n =7 Control Group, n=7
GMFM D [%] 42 (27.37) 40.3 (24.66) 0.805
GMFM E [%] 32.9 (28.65) 34 (23.6) 0.898
PBS [score] 17 (17.3) 20 (16.76) 0.607
1OMWT [m/s] 0.9 (0.69) 0.85(0.41) 0.839
6MWT [m] 194 (116.2) 174.76 (98.85) 0.949
EVGS Right [score] 14.86 (4.33) 18.43 (4.89) 0.174
EVGS Left [score] 14.57 (4.077) 17.7 (4.23) 0.182

Values are presented as mean (+ SD) except gender and GMFCS level and walking aids.
Abbreviation: GMFM D, Gross motor function measure-88 dimension D; GMFM E, Gross motor function measure-88 dimension E; PBS, Pediatric balance scale;
10MWT, 10-meter walk test; 6MWT, 6-minute walk test; EVGS, Edinburgh visual gait score; GMFCS, gross motor function classification system. *p < 0.05 by

independent t-test or Mann Whitney U test (for continuous variables) or Fisher's Exact test (for categorical data).

There were significant therapeutic effects in GMFM D and  improvement in walking speed measured by 10MWT. The
E, balance, walking distance, and the quality of gait in both  quality of gait, as measured by EVGS, improved more in
groups (Table 2, Fig 2-4). Only TG showed a significant TG than in CG.

10MWT [mis]

1 E
Treatment Group Control Group Treatment Group Control Group
Pre RAGT Post RAGT

Figure 2 Post-intervention median difference between treatment group and control group for 10-meter walk test

20

EVGSRight
EVGS Right
B B

Treatment Group Control Group Treatment Group Control Group

Pre RAGT PostRAGT

Figure 3 Post-intervention median difference between treatment group and control group for Edinburg visual gait scale
(right sided)
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EVGS-Left
W

= "

Treatment Group Control Group

PostRAGT

Figure 4 Post-intervention median difference between treatment group and control group for Edinburg visual gait scale (left

sided)

Table 2. Differences within groups pre and post RAGT intervention

Outcome Treatment group Control group

measure Post P value Post P value
GMFM D 42 (£27.37) 56.77 (+30.88) 0.018* 40 (£24.66)  51.88(+25.35) (£5.26)
GMFM E 32.9 (£28.65) 43.44 (+£29.36) 0.018* 34 (+23.60) 41(+26.86) 0.018*
PBS 17(+17.30)  22.9 (+20.22) 0.027* 20 (£ 16.76) 23.3(+ 17.80) 0.018*
10OMWT 0.9 (£ 0.69) 1.59 (£ 0.77) 0.001* 0.85(0.41) 1.18(x 0.74) 0.017*

6MWT 194 (= 116.27) 232.2 (£ 131.90) 0.018* 174.76(+ 98.85) 193.7(+ 116.20) 0.053
EVGS Right 14.86 (£4.33) 12.14 (£3.97) <0.001** 18.43 (+4.89) 17 (£ 5.69) 0.018*
EVGS Left 14.57 (£ 4.08) 12 (+3.83) 0.002* 17.7 (£4.23) 16.43 0.025*

Values are presented as mean + SD. Abbreviation: Pre RAGT: pre-Robotic assisted gait training; GMFM D, Gross motor function measure dimension D; GMFM E,

Gross motor function measure dimension E; PBS, Pediatric balance scale 10MWT, 10-meter walk test;, 6MWT,6- minute walk test; Edinburgh: Edinburg visual gait

scale, *p < 0.05 by paired t-test or Wilcoxon s signed-rank test

Discussion

This study aimed to investigate the effects of RAGT in diffe-
rent frequencies among children with diplegic CP. We hypo-
thesized that RAGT with the increased frequency (4 times a
week) will result in greater improvements than RAGT with
the common frequency (2 times a week).

There are few previous studies on the efficacy of RAGT with
Lokomat in children with CP [8,12,13] and the existing evi-
dence for the effect of RAGT still remains inconsistent [15].
The application protocols for RAGT such as the number, the
frequency, and overall duration of RAGT vary to a greater
extent up to date [8, 12, 14, 16]. Interestingly, the most studies
with a duration between 4 to 6 weeks reported positive results
[8, 17]. In our study, after 6 weeks of RAGT, both groups
showed improved GMFM, balance, walking distance, and the
quality of gait. Specifically, gait speed and the quality of gait
improved more in TG, who received more frequent interven-
tions, than in CG.

GMFM
There were significant differences in GMFM scores between

www.fizjoterapiapolska.pl

pre- and post-intervention in both groups, confirming findings
from previous studies [8, 18, 19]. In a previous study, the im-
provement in GMFM D and E after RAGT was sustained for
3 months following a 5-week period in CP patients of a simi-
lar age range to our participants [20]. However, there are some
studies that reported non-significant changes after RAGT [16,
17]. A recent study reported that 0.3%-4.9% is the minimal
clinical significance difference (MCID) in the GMFM E [21],
while another study showed that 2.6% of the score to be
MCID [22]. Our results showed greater differences than sug-
gested MCID, an average of 10.51% and 6.72% for TG and
CG in GMFM E. The proposed MCID for GMFM D is 0.8%-
5.2% according to previous studies [21,22]. Our study score
of GMFM D showed an average of 14.65% and 11.6% for TG
and CG which is higher than the suggested MCID.

The improvement in GMFM score in the participants in our stu-
dy was significant in both groups. A previous study reported
that GMFM score improved in children who received RAGT
only, on the contrary, children who received conventional reha-
bilitation showed no significant improvement [14]. In our study,
participants were excluded if they had participated in another

301
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Lokomat training regimen within the past 3 months and they
completely discontinued any other physical therapy interven-
tions prior to participating in our study. Therefore, GMFM im-
provement in our study could be related to the efficacy of the
RAGT intervention regardless of the frequency of sessions.

Gait speed

Gait speed was measured by a 10-minute walk test. Our results
showed the increased walking speed only in TG after RAGT. The-
re are inconsistent results in walking speed after RAGT among CP
patients in the previous studies though the majority of the previous
RAGT studies showed improvement in walking speed [14, 17, 23,
24]. There are some studies reporting only slight increase or no
change in walking speed [9, 25]. A study reported that the walking
speed was increased significantly after RAGT for 4 weeks with a
high frequency (5 sessions per week) [14]. An increase in walking
speed in our TG might be associated with higher frequency as this
previous study found. It is known that the repetitions in gait tra-
ining in a safe environment improves both stride length, and ca-
dence, thus, it will lead to an increase of walking speed as there is
linear relationship between speed, stride length and cadence [26 -
27]. Our findings on walking speed suggest that a minimum frequ-
ency and quantity of gait training may be necessary to achieve
functionally meaningful changes in gait speed.

The quality of gait

The quality of gait was measured by the Edinburgh visual gait
score (EVGS). RAGT is the most intensive gait training method
in terms of its high repetition of stepping within a limited time wi-
thout a risk of fall. It has been reported that more repetition of gait
training could contribute to enhanced neuroplasticity and motor
re-learning eventually to restoration of gait functions [28, 29]. In
our study, TG showed greater improvement than CG, with both
groups experiencing significant improvements in gait quality. TG,
having received double the amount of gait training, may have
experienced more substantial improvements in gait quality.

To our knowledge, there is no previous study that measured
the quality of gait in CP using EVGS after RAGT. One study
that used the motion analysis system reported similar positive
outcome after RAGT as CP children developed new gait stra-
tegies associated with greater motor improvement of lower
limb in comparison with daily physical therapy alone [8].
Other studies that measured the quality of gait by the Gait Gil-
lette index, and the gait symmetry index, found no significant
differences after RAGT [30]. To date, there is insufficient evi-
dence to support the effect of RAGT in altering the quality of
gait with EVGS. A previous study proposed that 2.4 is the nu-
merical value of MCID for the EVGS [31]. In our study, the
EVGS score was improved greater than MCID only in TG.

Gait balance
Gait balance was measured using the Pediatric Balance Scale

(PBS). In this study, PBS scores significantly improved in
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both TG and CG following RAGT. Few previous studies have
evaluated the effectiveness of RAGT using PBS. A study re-
ported improved PBS among spastic CP children post RAGT
(3 times per a week for 10 weeks) [32]. Another previous stu-
dy reported a similar result with the improved balance that la-
sted three months after RAGT [33]. The range from 3.66 to
5.83 is the numerical value of MCID for the PBS [34], the
PBS improvement in our TG was 5.9 points which is greater
than MCID suggested in the previous study.

Walking distance

In our study, walking distance was measured by a Six-minute
walk test (6MWT) and increased in both TG and CG. The im-
provement in TG was two times greater compared to CG. Some
previous studies found RAGT is more beneficial to 6 MWT than
other physiotherapy interventions, for example, the standard
physiotherapy rehabilitation method [33], RAGT combined
with another physiotherapy intervention [16], and treadmill tra-
ining [17]. A recent study determined that the MCID of change
in walking distance in 6MWT was 6-23 m with a discrete range
of 4-28 m for participants classified as GMFCS I-II and a range
of 9-19 m for those with GMFCS III [21]. Only TG in our stu-
dy showed greater increase than MCID.

Conclusion

To our knowledge, our study is the first randomized pilot study
to investigate the feasibility and effect of the increased frequen-
cy of RAGT in isolation with other therapies in children dia-
gnosed with diplegic CP. We found improvement in most of the
outcomes in both groups. Especially, walking speed and the qu-
ality of gait have been improved greater in TG (RAGT 4 times
a week) than CG (RAGT 2 times a week). Further research is
needed with a bigger sample size in different age groups of CP.

Study limitation

The small sample size is the limitation of this study. Interven-
tion and data collection were conducted during the COVID-19
pandemic with precautionary measures. It was challenging for
participants to attend a full period of intervention for 6 weeks
with precautionary measures. Further analyses are required to
underline the feasibility and effectiveness of increased frequ-
ency of RAGT in CP patients with a bigger scale randomized
controlled trial. Participants only received RAGT at a different
training frequency, thus, the possibility that an additional 60
min of training of TG could influence the results of our study
cannot be excluded.
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