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Abstract: Objective: to investigate and summarize the most updated evidence on the effectiveness of automated
locomotor training on gait and other gait-related functions in children with cerebral palsy (CP). Data sources:
PubMed, Cochrane Library, Physiotherapy Evidence Database (PEDro), EBSCO, Ovid and Google Scholar were
searched from inception till July 2019. Study selection: The selected studies were randomized controlled trials
for children with CP received robotic assisted gait training (RAGT) as an intervention while reporting outcome
measures relating to gait. Data extraction: The information was extracted from the selected articles using the
descriptive-analytical method. Two authors independently screened articles, extracted data and assessed the
methodological quality using PEDro scale, with any confliction resolved by the third author. Results: Out of
968 papers screened, 7 studies with 172 participants met the inclusion criteria. The quality of studies ranged
from 4 to 7 out of 10 on PEDro score. Included studies reported some positive benefits for RAGT with children
with CP, specifically by increasing walking speed and endurance and improving gross motor functions,
However a meta-analysis did not confirm these findings. Conclusion: Meta-analysis revealed a non-significant
difference between the experimental groups and control groups for change in gait speed, dimension E and D
of gross motor function measure (GMFM). For future studies, we suggest investigating device configuration
parameters and conducting a large number of randomized controlled trials with larger sample sizes and
individuals with homogeneous impairment.
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INTRODUCTION their  peers [4, 5]. Therefore, recovery of gait function is

Cerebral palsy (CP) describes a group of disorders living [6].
affecting body movement and muscle coordination Over the last decade, gait rehabilitation for children
caused by damage to one or more areas of the brain, with CP has shifted from being mostly impairment-based
usually  occurring  during  fetal  development   or   infancy (strength training and range of motion work) to focus on
[1]. It is the  most  common  cause  of  long-term activity and participation [7]. New approaches such as
childhood disability, impacting 2.1 per  1000  live  births automated locomotor training for children with CP have
[2]. Gait impairment is  one  of  the  most  disabling been found to provide consistent, measurably repetitive,
mobility impairments in  CP  [3].  Impaired walking ability task specific training which is necessary for neuroplastic
in children with CP is due to alterations in gait change that could foster volitional muscle activation and
characteristics such as agonist-antagonist co-activation, normalized kinematics [8]. In this context, the use of
crouched posture and impaired kinetic motion. These robotic devices to facilitate practicing specific repetitive
limitations cause children’s walking ability to be body movements has provided promising results [9].
inefficient resulting in high-energy  expenditure  during Automated locomotor training emphasize
gait and restricts  their  participation by negatively phenomenon of motor learning including practice of a
affecting their health and their ability to  keep  up with complex  movement, practice  of  the   complete   task,  the

an  essential  goal  of  rehabilitation  for independent
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bility to progress through the cognitive stages of task Outcomes: Any validated outcome measures of gait
attention at the child’s rate, various forms of extrinsic (spatiotemporal parameters, kinematic and kinetic
feedback that enhance a child’s motor learning and data) and other related functions (walking capacity,
environmental progression within the software options balance and Gross Motor Functions.)
[10].

Robotic-assisted gait training consists of using an Exclusion Criteria: Articles were excluded if they were:
end-effector  system  (such  as  a  gait  trainer) or a Studies that measured outcomes not related to the
robotic-training device (such Lokomat) [11, 12]. Use of a scope of study.
robotic-training device requires the child’s legs to be Studies that combined robotic gait training with any
placed into supports attached  to  a  machine,  which  then other modalities other than conventional physical
assist walking and provide therapy for long time periods, therapy.
in a consistent and precise manner, allowing a remarkable Studies published in language other than English.
effort and time-saving, both for the patient and for the
therapist [13]. Additional biomechanical parameters of gait Data Extraction and Quality Appraisal: All extracted data
can be monitored and recorded and adjustments to were reported in table form as a  descriptive  analysis.
performance [14]. Data extraction was carried out by one reviewer and

Similar to other therapeutic approaches, the checked for accuracy by a second reviewer, using a table
availability of evidence that supports the Robot-enhanced designed to detail information on study design,
therapy devices is crucial to design the therapeutic participant characteristics (age and severity of CP), the
process in gait rehabilitation. This review aimed to intervention data include the device used, the training
investigate and summarize the most updated evidence on duration and frequency interventions, comparisons and
the effectiveness of automated locomotor training on gait outcome measurements. 
and other related functions in children with CP. Included studies were assessed for methodological

MATERIAL AND METHODS reliable for assessing the internal validity of a study.

A systematic review was performed following the to the external validity of the trial and is not included in
Preferred Reporting Items for Systematic Reviews and the final score 17. Each criterion could be Yes (one point)
Meta-Analyses (PRISMA) statement [15]. The study did or No (0 points),  with  a  maximum  score  out  of  ten.
not require human participation; therefore, ethical Two authors rated the included studied using PEDro
approval was not required. scale, with any confliction resolved by the third author.

Data Sources and Search Strategy: A systematic Data Analysis: Randomized controlled trial data were
literature search of articles published up to July 2019 was summarized statistically if two or more published studies
performed using the following electronic databases: were comparable in terms of intervention, patient
PubMed, Cochrane Library, Physiotherapy Evidence demographics, outcome measures and of adequate
Database (PEDro), EBSCO, Ovid and Google Scholar was quality. The data were pooled for meta-analysis using
carried. The following keywords were used: "Cerebral Review Manager software (RevMan5). The  variables
palsy", "Robot assisted gait training", "Lokomat", " gait used in  the  meta-analysis  were  gait  speed,  Gross
trainer" ,"Exoskeleton device" ,"Gait" ,"Walking”. Two Motor Function Measure Dimension D (GMFM D) and
independent reviewers assessed titles and abstracts of Gross Motor Function Measure Dimension E (GMFM E).
the trials identified by the search against the eligibility A pooled analysis of outcomes was conducted through
criteria. All articles that were considered potentially calculation of the overall SMD and 95%  CI,  using a
eligible were obtained in full text and additional screening fixed-effect model if heterogeneity of the studies was low.
of reference lists of the eligible studies was also
performed. RESULTS

Inclusion Criteria: The flow of studies is summarized in a PRISMA
Design: Published randomized controlled trial (RCT). diagram (Fig. 1). A total of 968 articles were identified.
Population: Children (3-18 years old) with spastic CP. After duplicates were removed, the titles and abstracts of
Interventions: Automated locomotor training using 571 articles were screened. Of these, 12 full-text articles
different types of robotic assistive devices. were  retrieved  for  review,  with  7  studies   meeting  final

quality using PEDro scale [16]. This method was valid and

PEDro consists of 11  criteria  overall;  criterion  1  refers
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Fig. 1: PRISMA flow diagram of studies through the review 

Table 1: Characteristics of the included studies.
Intervention

Level of Rating -----------------------------------------------------
Study evidence (PEDro score) Participants Treatment Control Outcomes Results
Druzbicki et al. [21] II (RCT) 5/10 CP; GMFCS II-III; RAGT using lokomat Conventional pt Parameters of balance The experimental group showed

6-14y; n=18 20 sessions over 4 weeks 20 sessions over using balance platform significant improvement
(45 min duration) 4 weeks (p?<?0.05)

Smania et al. [24] II (RCT) 7/10 CP; GMFCS I-IV; RAGT using  Gait Trainer Conventional pt Spatiotemporal gait significant improvement in gait
10-18y; n=18 GT 10 sessions over 2 weeks (stretching, strengthing, parameters Gait speed and step length in the

(30 min duration)+ 10 min balance and gait exercise) speed 10Mwt) Walking experimental group
stretching exrecise capacity (6minWT) 10Mwt p =0.008) 6minWT

P =0.008
Druzbicki et al. [22] II (RCT) 5/10 CP; GMFCS II-III; RAGT using lokomat Conventional pt 20 Spatiotemporaland No statistically significant

10-11y; n=52 20 sessions over 4 weeks sessions over 4 weeks kinematic gait improvement in gait parameters
(45 min duration) parameters in the two groups. Improved noted

in double limb stance in the
experimental group

Sarhan et al. [20] II (RCT) 5/10 CP; GMFCS III-IV; RAGT using lokomat Conventional pt (gait Gait speed, Stride length Significant improvement of all
3-5y; n=12 30 sessions over 10 weeks training using manual and Cadence variables p<0.001

(30-40 min duration) treadmill) Balance  (BOT-2)
Wallard et al. [18] II (RCT) 5/10 CP; GMFCS II; RAGT using lokomat Conventional pt Gait kinematic Significant improvement in gait

8-10y; n=30 20 sessions over 4 weeks parameters GMFM 66 kinematics in frontal and sagittal
(40 min duration) dimension E dimension D planes. GMFM 66  dimension

E (p=0.073) dimension D (p=0.090)
Wu et al.[23] II (RCT) 6/10 CP; GMFCS III-IV; RAGT using 3D cable- Conventional pt (gait Gait speed Walking Significant improvement in    gait

3-5y; n=12 driven locomotor training training using treadmill capacity (6minWT) speed (p=0.03) 6minWT (P=0.01)
20 sessions over 4 weeks 3 times/week for 6 weeks) GMFM 66 dimension GMFM 66 dimension E  (p=0.06)
(40 min duration) E dimension D dimension D (p=0.84)

Wallard et al. [19] II (RCT) 5/10 CP; GMFCS II; RAGT using lokomat Conventional pt Spatiotemporal gait Significant improvementin gait speed,
8-10y; n=30 20 sessions over 4 weeks parameters Postural postural stability and kinetic data

(40 min duration) stability Kinetic data in the experimental group
RCT randomized controlled trial, CP cerebral palsy, GMFCS gross motor function classification system, RAGT robot-assisted gait training, PT physiotherapy ,GMFM: Gross Motor Function
Measurements, BOT-2: Bruininks-Oseretsky Test of Motor Proficiency. 10MWT: 10-Meter Walk Test. 6MWT: 6-Minute Walk Test. P: Probability.
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Fig. 2: Forest plot: Comparison between experimental group and control group regarding change in gait speed

Fig. 3: Forest plot: Comparison between experimental group and control group regarding change in GMFM (D)

Fig. 4: Forest plot: Comparison between experimental group and control group regarding change in GMFM (E)

inclusion criteria 18-24. Included studies were  classified studies included participants with CP, ranging in age from
as eligible for qualitative review as shown in Table 1. 3 to 18 years, with the majority rated on the Gross Motor
Where appropriate, data were pooled from sufficiently Function Classification System (GMFCS) between level I
homogenous studies in a meta-analysis. Concerning the and IV.
study design, studies met the criteria for level two
evidence according to the Oxford Levels of Evidence Meta-Analysis: We performed a meta-analysis for three
(OCEBM) 25. The quality of included studies ranged from variables, gait speed (Figure 2), the GMFM D (Figure 3)
4 out of 10 to 7 out of 10 on the PEDro scale, as shown in and the GMFM E (Figure 4). 
Table 1. Common reasons for lower PEDro scores
included participants and therapists not being blinded to Measures of Treatment Effect: The outcome variables of
the intervention because it was methodologically interest were continuous outcomes. Data of change
impossible to conceal it (seven out of seven [18-24]); scores between pre-and post-intervention measures were
analysis was not conducted on an intention-to-treat basis evaluated and entered as means and standard deviations
(seven out of seven studies [18-24]); lack of concealed (SDs) and the standardized mean difference (SMD) with
group allocation (five out of seven studies [18-22]); and 95% confidence intervals (CIs) for each trial was
assessors not blinded to the treatment group (two out of calculated. Data were pooled through calculation of the
seven studies [20, 23]). In summary, none of the included overall SMD and 95% CI. 
studies was completely free from any risk of bias and the
most common risk of bias was lack of blinding. Outcome Gait Speed: Data for meta-analysis could be

An overview of the included studies is shown in extracted from the five studies for change in gait speed
Table 1. Across the seven studies that met inclusion variable [19, 20, 22, 23, 24]. As reflected from Fig. (2) there
criteria, there were a total of 172 participants. Sample sizes were total number of subjects included into analysis was
varied from 12 participants to 52 participants. Apposite 66 in experimental groups and 50 in control groups.
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As indicated in Fig. (2) the forest plot of the mean P= 0.52, fixed-effects model) is presented as a percentage
difference across both studies at 95% CI of the mean and represents the total variability in the studies effect
difference  (SMD=0.25,  95%  CI  of  the mean difference measure which is due to heterogeneity. The test P value
=-0.13, 0.63). Furthermore, the 95% confidence intervals of >0.05 which would indicate no heterogeneity among the
the overall effect estimate overlap null effect value so, the two studies.
meta-analysis level revealed a non-significant difference
between the experimental groups  and  control  groups DISCUSSION
(the overall effect p-value is 0.20). The heterogeneity tests
aim to determine if there are variations among the three Best practice in rehabilitation requires adequate
studies, which may not be due to chance. The I  statistic evidence before an intervention can be considered2

(I  = 0%, P = 0.71, fixed-effects model) is presented as a appropriate in a patient population. The purpose of the2

percentage and represents the total variability in the current systematic review is to evaluate the effect of
studies effect measure which is due to heterogeneity. automated locomotor training on gait and other related
Ideally, the zero heterogeneity among the five studies, functions in children with CP. Walking ability, which is
thus indicating their suitability to be pooled into a meta- extremely important for the quality of life and participation
analysis. The test P value >0.05 which would indicate no in social and economic life, can be adversely affected by
heterogeneity among the five studies. neurological disorders [26]. Rehabilitation  of  patients

Outcome GMFM (D): Data for meta-analysis could be task-specific training program [27]. Automated locomotor
extracted from the two studies for change in GMFM (D) training is a form of physical therapy that uses a robotic
variable [18, 23]. As reflected from Fig. (3) there were total device which drive the patient’s gait in a body-weight
number of subjects included into analysis was 25 in support condition and emphasize the beneficial role of
experimental groups and 26 in control groups. repetitive practice to help a person with impaired walking

As indicated in Fig. (3) the forest plot of the mean to recover his function [28]. The cost and accessibility of
difference across both studies at 95% CI of the mean therapy in clinics generally reduces therapy compliance.
difference  (SMD=0.14,  95%  CI  of  the  mean difference In this review, we identified the use of three devices
=-0.41, 0.69). Furthermore, the 95% confidence intervals of for automated locomotor gait training. Five studies used
the overall effect estimate overlap null effect value so, the the Lokomat [18-22] one study  used  the  Gait  Trainer
meta analysis level revealed a non-significant difference (GT I) [24] and one used a 3D cable-driven locomotor
between the experimental groups  and  control  groups training (3DCaLT) [23]. The number of ?sessions ranged
(the overall effect p-value is 0.62). The I  statistic (I  = 0%, from 10 to 30 sessions in frequency and session time2 2

P= 0.46, fixed-effects model) is presented as a percentage ranged from 30 min to 45 min. The optimal level of
and represents the total variability in the studies effect intensity in intervention programs for CP is still being
measure which is due to heterogeneity. The test P value debated [29]
>0.05 which would indicate no heterogeneity among the At this stage it is unclear from  the  scientific
two studies. evidence what intensity, duration or timing of RAGT is

Outcome GMFM (E): Data for meta-analysis could be programs used in the studies could not be used to
extracted from two studies for change in GMFM (E) establish a consensus. The data obtained from included
variable [18,23]. As reflected from Fig. (4) there were total studies suggest that in general, a weekly frequency of
number of subjects included into analysis was 25 in training greater than or equal to four days per week
experimental groups and 26 in control groups. (observed in four studies), results in significantly

As indicated in Fig. (4) the forest plot of the mean improved gait functions. Only one study showed
difference across both studies at 95% CI of the mean improvements in gait with a training frequency less than
difference (SMD=0.34,  95%  CI  of  the  mean  difference four. This frequency intervention can be classified as
=-0.21, 0.9). Furthermore, the 95% confidence intervals of intensive because it is greater than three times per week.
the overall effect estimate overlap null effect value so, the Thus, this finding is in agreement with Tsorlakis et al. [30]
meta analysis level revealed a non-significant difference who found that therapeutic intervention programs with
between  the  experimental  groups and control groups intensive training achieve significantly higher motor gains
(the overall effect p-value is 0.23). The I  statistic (I  = 0%, than non-intensive training.2 2

with  such  disorders  should include gait training in a

best. The weekly frequency analysis of intervention
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A meta-analysis  of  five  studies  regarding  the et al. [34] who found an increased VO2 in patients with
effect of automated locomotor training on gait speed subacute stroke.
revealed non-significance difference between experimental The limitations of this review include the small
group and control group. Four studies showed number of studies that met inclusion criteria and the
improvement in gait speed after automated locomotor variable methodological quality of these studies. Included
training [19, 20, 23, 24]. This improvement may be related studies lacked standardization in the intervention
to the increased muscle strength from training [12] (technique and duration of walking), outcome measures
Although muscle strength was not measured in these and follow-up.
studies, previous studies have shown that adult stroke For future studies, we suggest investigating device
patients treated with the robotic assisted gait training configuration parameters and conducting a large number
reported feeling muscle fatigue after treatment and their of high quality randomized controlled trials with larger
performance significantly increased [26]. Another sample sizes and children with homogeneous impairment
possible cause for increased gait speed is modification of according to the Gross Motor Classification System
the intersegmental pattern coordination of the lower limbs, (GMFCS levels), the age of the children and how these
as suggested by the data obtained by smania et al. [24] variables influence effectiveness using predefined
who identified a positive association between gait speed therapy goals.
and intersegmental coordination. Krishnan et  al  [31].
Also reported improved muscle coordination in stroke CONCLUSION
patients who underwent robotic gait training.

Druzbicki et al. [22] reported no improvement in the Meta-analysis did not support the efficacy of
temporospatial and kinematic gait parameters in children automated locomotor training on gait in children with CP.
with CP who participated in the rehabilitation programme However based upon findings in the studies reviewed,
using Lokomat. These results may be explained by RAGT may improve gait for children with CP. Future work
different patient populations, or may be caused by is needed to identify which dosage parameters provide
different methods of enhancing activity during training optimal results for robotic-assisted gait training.
interventions and protocols (e.g. reducing body-weight
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