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ABSTRACT

Objectives: This study aims to compare the effectiveness of the partial body weight-supported treadmill exercise (PBWSTE), robotic-assisted 
treadmill exercise (RATE), and anti-gravity treadmill exercise (ATE) in children with spastic cerebral palsy (CP).
Patients and methods: Between December 01, 2015 and May 01, 2016, a total of 29 children (18 males, 11 females; mean age 9.3±2.3 years; 
range, 6 to 14 years) with spastic CP were included in the study. The patients were randomly divided into three groups as the PBWSTE group 
(n=10), RATE group (n=10), and ATE group (n=9). Each group underwent a total of 20 treadmill exercise sessions for 45 min for five days a 
week for a total of four weeks. The patients were assessed using three-dimensional gait analysis, open-circle indirect calorimeter, six-minute 
walking test, and Gross Motor Functional Measurement (GMFM) scale before and after treatment and at two months of follow-up.
Results: No significant change compared to baseline was found in the walking speed on gait analysis among the groups after the treatment. 
There was no statistically significant difference among the groups in terms of the GFMF-D, GMFM-E and six-minute walking test (p>0.05). 
There was a significant improvement in the oxygen consumption in the ATE group (p>0.05) and RATE group (p>0.05), but not in the 
PBWSTE group (p<0.05).
Conclusion: Our study findings indicate that all three treadmill exercises have a positive impact on walking, and RATE and ATE can be used 
more actively in patients with spastic CP.
Keywords: Anti-gravity treadmill exercises, cerebral palsy, gait analysis, robotic gait training.

Cerebral palsy (CP) is a non-progressive 
neurodevelopmental disorder which affects the 
child's motor and sensory system, and consequently 
posture and walking.[1] The underlying etiology is 
considered multifactorial, and no specific etiological 
factor has been blamed. While it may be seen in the 
prenatal, neonatal, and postnatal period, prenatal 
factors account for 70 to 80% of all cases.[2] Although 
the incidence of CP widely varies worldwide, it 
has been often estimated as 1.5 to 2.5/1,000.[3] In 
an epidemiological study conducted in Turkey, the 

incidence was found to be 4.4% in children aged two 
to 16 years.[4]

Several factors such as selective motor control 
disturbance, muscle-tendon shortness, joint 
contractures, muscle weakness, spasticity, and 
involuntary movements have been suggested to play 
a role in the development of gait disturbances in 
children with CP. Since one of the major problems in 
CP is gait disturbance, technological developments 
targeting gait problems in CP treatment have also 
increased in recent years.
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In this context, repetitive and task-specific 
therapies are used, such as partial body weight-
supported treadmill exercises (PBWSTE), robotic-
assisted treadmill exercises (RATE), and anti-gravity 
treadmill exercises (ATE). The PBWSTE reduces the 
amount of weight riding in the lower extremities using 
a postural control system consisting of a parachute 
assembly. The main goal of PBWSTE is to provide 
a symmetrical walking pattern to patients with 
rhythmic and normal physiological walking training.[5] 
Current theories of motor learning have suggested that 
task-specific repetitive practices improve functional 
activities such as walking in patients with CP.[6] The 
RATE is used in the field of rehabilitation to recover 
or improve walking ability in cases where walking 
is impaired due to neurological disorders.[7] It is 
performed on a treadmill in the standing position with 
a body-supported suspension system. With the help of 
the robot, it has been claimed that the movement of the 
legs in the normal walking cycle, send signals to the 
brain with sensorial perception from the legs and help 
develop the ability of adaptation in the brain called 
plasticity.[8] The ATE consists of treadmill limited to 
a positive pressure environment. The body weight 
support depends on the amount of air entrapped 
in the pack and creating lift force. Patients are able 
to comfortably use the upper limbs during walking 
exercises and hold on to the parallel bars on both sides, 
if necessary.[9]

The cost-effectiveness of these rehabilitative 
technologies has not been well-documented, yet. In 
addition, there are conflicting results regarding their 
use in CP. In the present study, we aimed to compare 

the effectiveness of these three treadmill exercises in 
the treatment of gait disorder secondary to CP.

PATIENTS AND METHODS

In this prospective study, a comprehensive 
chart review of the children who were followed 
in the pediatric rehabilitation unit of Gaziler 
Physical Therapy and Rehabilitation Research and 
Training Hospital, Ankara, Turkey was performed 
to screen eligible subjects for the study between 
December 01, 2015 and May 01, 2016. Inclusion criteria 
were as follows: age between six to 14 years; having 
a diagnosis of CP, having Level II-III according 
to the Gross Motor Function Classification System 
(GMFCS), and (being able to ambulate at least 10 meters 
with or without an assistive device (i.e., walker, or 
tripod). Exclusion criteria were as follows: having 
botulinum toxin injection within the last six months, 
having prior orthopedic surgery within the last one 
year, having a lower limb length discrepancy of 
>2 cm, having a fixed contracture or joint deformity, 
receiving oral medication (i.e., baclofen, tizanidine, or 
trihexyphenidyl) or baclofen pump to adjust the muscle 
tone, and having concomitant cardiovascular diseases. 
Of 48 children who met the inclusion criteria, 18 were 
excluded as 15 of them received botulinum toxin 
injections within the last six months, and the parents 
of three children did not give consent to participate 
in the study. A total of 30 children were enrolled 
for the study. Although there was no loss through 
the study and follow-up in the PBWSTE and RATE 
groups, one child in the ATE group was excluded 
due to non-completion of the treatment sessions. 

Figure 1. Study flow chart.
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Finally, a total of 29 children with spastic CP (18 males, 
11 females; mean age 9.3±2.3 years; range, 6 to 14 years) 
were analyzed. The study f low chart is shown in 
Figure 1. A written informed consent was obtained 
from each parent. The study protocol was approved 
by the local Research Ethics Committee of Gulhane 
Military Medical Academy. The study was conducted 
in accordance with the principles of the Declaration 
of Helsinki.

Procedures

The patients were randomized into three groups 
using the closed envelope method. All patients took 
a 20-session walking exercise program for 45 min 
for five days a week for a total of four weeks using 
the PBWSTE (Visio Gait, Bama Technology, Turkey), 
RATE (Lokomat, Hocoma AG, Switzerland), and ATE 
(Alter-G Inc., Fremont, CA, USA). Each treatment 
session was performed under the supervision of a 
physiotherapist. The body weight support was started 
at 60% and gradually decreased to a level which 
prevented the collapse of the knee in f lexion during 
the stance phase. The treadmill speed was initiated at 
the average walking speed according to the children's 
walking pattern, weight, and endurance and, then, 
increased to the highest level tolerated.

Outcome measures

The primary outcome measure was walking 
speed on three-dimensional (3D) gait analysis data. 
Temporospatial parameters including walking 
speed, cadence, stride time, stride length, step 
time, step length, and single-double support 
phase were measured using the 3D gait analysis. 
Open-circuit indirect calorimetry, the six-minute 
walking test (6MWT), the Gross Motor Function 
Measure-66 (GMFM-66) part D (standing) and 
part E (walking-running) were the secondary 
outcome measures. All measurements were 
performed before the treatment, immediately after 
the treatment, and three months after the treatment.

Three-dimensional gait analysis of the patients was 
performed in the gait and motion analysis laboratory of 
Gaziler Physical Therapy and Rehabilitation Research 
and Training Hospital. Gait analysis was applied by a 
single physician for each patient. The 3D gait analysis 
test was performed using the Vicon 512 (Oxford 
Metrics, Oxford, United Kingdom) motion analysis 
system. Data were related to the temporospatial 
characteristics of the walk.

The energy consumption of the children was 
measured using a mask with an open circuit indirect 

calorimeter (Vmax 29c, SensorMedics, Yorba Linda, 
CA, USA) system. After a proper resting period with 
the face mask, the test was carried out with a walking 
time of five min at the running speed of the treadmill 
at its own walking speeds (average 0.70 m/s). It is 
known that children with CP reach a balanced plateau 
following a two-min submaximal walk.[10] Therefore, 
the first two min taken to reach the steady state during 
a five-min walk was not included in the calculation.

The 6MWT was used to assess changes in the 
walking capacity of the patients. In the test developed 
by Balke in 1963, the distance the patient took in 
six min was measured in meters.[11] Before the test, 
each patient rested for 15 min at the start of the 
course. The patient was informed about the test and 
was, then, asked to walk for six min at their own 
walking speed.

Statistical analysis

To determine the sample size, the study conducted 
by Arya et al.[12] on children with CP was used. The 
primary outcome measure of this study was walking 
speed on the gait analysis and a 0.12 m/sec difference 
was considered clinically significant. Accordingly, the 
sample size was calculated to be at least eight for each 
group with an error margin of 0.05 and a beta value 
of 0.20 at 80%. A total of 10 patients were required 
for each group, taking a dropout rate of 25% into 
consideration.

Statistical analysis was performed using SPSS 
for Windows version 15.0 software (SPSS Inc., 
Chicago, IL, USA). Descriptive data were expressed 
in mean ± standard deviation (SD) for continuous 
variables, and number and frequency for categorical 
variables. Conformity to normal distribution was 
assessed using the Shapiro-Wilk test. Non-parametric 
tests were used for the data not showing normal 
distribution. Pre-treatment, post-treatment, and 
two-month follow-up results were assessed with 
the Friedman test and the results were considered 
statistically significant at a p value of <0.05. In cases 
where statistically significant changes were found 
within the group, two-up comparisons were made with 
the Bonferroni corrected Wilcoxon test and the results 
were considered statistically significant at a p value of 
<0.017. In the intergroup comparisons, the changes 
in the parameters examined were evaluated with 
the Kruskal-Wallis test. When statistically significant 
changes were found between the groups, two-up 
comparisons were made with the Bonferroni corrected 
Mann-Whitney U test and the results were considered 
statistically significant at a p value of <0.017.
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RESULTS

There was no statistically significant difference 
in the baseline characteristics of the groups (p>0.05) 
(Table 1). The CP type was diplegic in 20 (69%) and 
hemiplegic in nine patients (31%). The GMFCS was 
Level II in 24 (82.8%) and Level III in five patients 
(17.2%). Twenty-five children (86.2%) could walk 
without an assistive device and four (13.8%) could walk 
with an assistive device (three with walkers, one with 
tripod). Walking orthotics were used in 24 children 
(82.8%).

No statistically significant difference in the baseline 
data of gait analysis data, oxygen consumption, 
6MWT, GMFM-D and E was detected between the 
groups (p>0.05). Walking speed on gait analysis 
showed an increase in all treatment groups, but did 
not reach a statistical significance in any treatment 
group (Figure 2). In the ATE group, the increase in 
cadence, stride length, and stride time were statistically 
significant, while the increases in the RATE and 
PBWSTE groups were not statistically significant 
(p>0.05). The decrease in double support phase was 
statistically significant in the RATE and ATE groups 

Figure 2. Walking speed changes of the treatment groups.
RATE: Robotic-assisted treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; ATE: Antigravity 
treadmill exercise.
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Table 1. Demographic and clinical characteristic of patients
RATE group PBWSTE group ATE group

n % n % n % p

Sex 0.94

Male 6 60.0 6 60.0 6 66.7

Female 4 40.0 4 40.0 3 33.3

Cerebral palsy type 0.98

Hemiplegic 3 30.0 3 30.0 3 33.3

Diplegic 7 70.0 7 70.0 6 66.7

GMFCS level 0.41

Level II 9 90.0 7 70.0 8 88.9

Level III 1 10.0 3 30.0 1 11.1
RATE: Robotic assisted treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; ATE: Antigravity 
treadmill exercise; GMFCS: Gross motor functional classification system.
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(p<0.05), although the change in the PBWSTE group 
was not significant (p>0.05). Stride length, step time, 
and single support phase changes were not significant 
in any groups (Table 2). Statistically significant changes 
were observed among the group measurements in 
terms of step length, step time, and stride time after 
treatment (p<0.05). In pairwise comparisons, the 
RATE and ATE groups were found to be significantly 
superior compared to the PBWSTE group (p<0.017) 
and there was no statistically significant difference 
between the RS and the ATE group (p>0.017) (Table 3). 

A significant improvement in the GMFM was 
detected in all three groups in both GMFM-D and 
GMFM-E after treatment (p<0.05) (Table 4). There 
was no statistically significant difference among the 
groups in terms of GFMF-D and GMFM-E (p>0.05) 
(Table 5).

There was a significant decrease in the oxygen 
consumption in the RATE and ATE groups after 
treatment (p<0.05), although the decrease in the 
PBWSTE group was not statistically significant 

Table 2. Intra-group comparison of gait analysis data
Pre-treatment Post-treatment Follow-up

n Mean±SD Mean±SD Mean±SD p
Walking speed (m/sn)

RATE 10 0.5±0.3 0.6±0.3 0.7±0.4 0.172
PBWSTE 10 0.6±0.3 0.7±0.3 0.7±0.4 0.119
ATE 9 0.6±0.3 0.6±0.3 0.7±0.3 0.117

Cadans (step/min)
RATE 10 92.8±28.5 102.0±25.3 102.5±26.4 0.061
PBWSTE 10 98.0±38.2 98.1±42.5 95.7±41.0 0.794
ATE 9 101.2±28.7* 108.3±29.5* 112.0±32.1 0.017

Stride length (m)
RATE 10 0.6±0.2 0.7±0.3 0.7±0.3 0.122
PBWSTE 10 0.7±0.2 0.7±0.3 0.7±0.3 0.387
ATE 9 0.6±0.3 0.7±0.3 0.7±0.2 0.042

Step length (m)
RATE* 10 0.3±0.1 0.3±0.1 0.4±0.1 0.052
PBWSTE*† 10 0.4±0.2 0.4±0.2 0.4±0.1 0.323
ATE† 9 0.3±0.1 0.4±0.2 0.4±0.1 0.062

Single support
RATE 10 0.4±0.1 0.4±0.1 0.5±0.1 0.256
PBWSTE 10 0.5±0.2 0.4±0.1 0.5±0.1 0.898
ATE 9 0.4±0.2 0.4±0.1 0.4±0.1 0.531

Double support
RATE 10 0.5±0.4* 0.4±0.3* 0.3±0.2 0.011
PBWSTE 10 0.6±0.6 1.0±1.6 0.9±1.6 0.479
ATE 9 0.5±0.6  a 0.5±0.6* 0.4±0.4 0.019

Step time
RATE* 10 0.7±0.2 0.6±0.2 0.6±0.2 0.087
PBWSTE*† 10 0.7±0.4 0.9±0.9 0.9±0.9 0.337
ATE† 9 0.7±0.4 0.6±0.3 0.6±0.3  0.107

Stride time
RATE* 10 1.4±0.4 1.3±0.4 1.3±0.4  0.255
PBWSTE*† 10 1.5±0.8 1.8±1.8 1.8±1.8  0.607
ATE† 9 1.4±0.9 1.2±0.7 1.2±0.6  0.013

SD: Standard deviation; RATE: Robotic assisted treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; 
ATE: Antigravity treadmill exercise; * The binary difference between the first and second measurements was statistically 
significant (p<0.017); † The binary difference between the first and third measurements was statistically significant (p<0.017).
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(Figure 3; Table 4). There was a statistically significant 
difference in oxygen consumption among the groups 
after treatment (p<0.05). The RATE and ATE groups 
showed statistically significant superiority compared 
to the PBWSTE group (p<0.017). However, there was 
no statistically significant difference between the 
RATE and ATE groups (p>0.017) (Table 5).

In the 6MWT, a significant improvement was 
observed in all three groups after treatment (p<0.05) 
(Table 4). However, there was no statistically 
significant difference among the groups (p>0.05) 
(Table 5).

DISCUSSION

The results of the present study of PBWSTE, RATE, 
and ATE treatments showed positive gains in the 
gross motor function (GMFM) and walking capacity 
(6MWT) in children with spastic CP. A reduction 
in oxygen consumption was seen as an advantage in 
the RATE and ATE groups. Based on temporospatial 
data, positive effects were only seen in the ATE group 
in cadence, stride length, and stride time parameters. 
The double support phase demonstrated a positive 
impact on the RATE and the ATE groups. Although 
an increase in walking speed was observed in all the 

Table 3. Post-treatment and follow-up changes of gait analysis data

Pre-treatment Follow-up

Mean±SD p Mean±SD p
Cadans (step/min)

RATE 9.3±11.4 9.7±10.4
PBWSTE 0.2±14.9 0.122 -2.2±8.6 0.055
ATE 7.1±8.4 10.8±12.6

Stride length (m)
RATE 0.0±0.1 0.1±0.1
PBWSTE -0.1±0.2 0.097 0.0±0.2 0.354
ATE 0.1±0.2 0.1±0.1

Step length (m)
RATE* 0.0±0.1 0.1±0.1
PBWSTE*† -0.1±0.1 0.240 -0.1±0.2 0.020
ATE† 0.0±0.1 0.0±0.1

Single support
RATE 0.0±0.1 0.0±0.1
PBWSTE -0.0±0.1 0.839 0.0±0.1 0.360
ATE -0.1±0.1 -0.0±0.1

Double support
RATE -0.1±0.2 -0.2±0.2
PBWSTE 0.4±1.2 0.151 0.3±1.2 0.192
ATE -0.0±0.1 -0.2±0.2

Step time
RATE* -0.1±0.2 -0.1±0.1
PBWSTE*† 0.2±0.5 0.286 0.2±0.5 0.022
ATE† -0.0±0.1 -0.1±0.2

Stride time
RATE* -0.1±0.3 0.1±0.2
PBWSTE*† 0.3±1.1 0.129 0.4±1.1 0.047
ATE† -0.2±0.2 -0.2±0.4

SD: Standard deviation; RATE: Robotic assisted treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; 
ATE: Antigravity treadmill exercise;  * The binary difference between the first and second measurements was statistically 
significant (p<0.017); † The binary comparison between PBWSTE and RATE was statistically significant (p<0.017).

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô

˝
Ï

Ô

Ï

Ô



367Comparison of the effectiveness of the different treadmill exercises in spastic cerebral palsy

Table 4. Intra-group comparison of GMFM, oxygen consumption and 6MWT
Pre-treatment Post-treatment Follow-up

Mean±SD Mean±SD Mean±SD p

GMFM-D

    RATE 73.8±17.2*† 77.4±15.9* 77.4±15.9† <0.001

    PBWSTE 75.3±16.6 80.0±13.5 80.0±13.5 <0.001

    ATE 80.9±7.5 84.4±6.1 84.4±6.1 <0.001

GMFM-E

    RATE 77.4±16.9*† 79.8±15.51* 80.0±15.5† <0.001

    PBWSTE   75.2±14.4*† 77.9±13.4* 77.9±13.4† <0.001

    ATE   79.2±8.6*† 82.9±7.5* 82.9±7.5† <0.001

Oxygen consumption

    RATE      10.0±2.6*† 8.6±2.1* 9.0±2.0† 0.030

    PBWSTE 10.8±3.0 10.7±2.9 10.5±2.9 0.479

    ATE       9.6±2.53*† 8.4±2.1* 8.5±1.9† 0.001

6MWT (m)

    RATE     263.9±132.5*† 303.5±134.4* 309.1±134.2† 0.001

    PBWSTE 253.7±151.6*† 291.3±164.3* 302.3±156.3† 0.001

    ATE    281.3±115.1*† 329.7±110.8* 339.6±123.3† 0.001
6MWT: Six-minute walking test; GMFM: Gross Motor Functional Measurement; SD: Standard deviation; RATE: Robotic assisted 
treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; ATE: Antigravity treadmill exercise; * The binary 
difference between the first and second measurements was statistically significant (p<0.017); † The binary difference between the 
first and third measurements was statistically significant (p<0.017).

Table 5. Post-treatment and follow-up changes of GMFM, oxygen consumption and 6MWT

Post-treatment Follow-up

Mean±SD p Mean±SD p
GMFM-D

RATE 3.6±2.5 3.6±2.5
PBWSTE 4.6±4.6 0.732 4.6±4.6 0.732
ATE 3.5±2.5 3.5±2.5 

GMFM-E
RATE 2.4±2.0 2.6±1.8
PBWSTE 2.6±1.7 0.293 2.6±1.7 0.301
ATE 3.7±1.9 3.7±1.9

Oxygen consumption
RATE* -1.4±1.4 -1.0±1.5
PBWSTE*† -0.1±1.0 0.040 -0.3±0.7 0.120
ATE† -1.2±0.9 -1.2±0.9

6MWT (m)
RATE 39.6±40.4 45.2±44.4
PBWSTE 37.6±20.2 0.324 48.6±37.8 0.240
ATE 48.3±25.1 58.2±22.9

6MWT: Six-minute walking test; GMFM: Gross Motor Functional Measurement; SD: Standard deviation; RATE: Robotic assisted 
treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; ATE: Antigravity treadmill exercise;  * The binary 
difference between the first and second measurements was statistically significant; † The binary comparison between PBWSTE 
and RATE was statistically significant (p<0.017).
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treatment groups, compared to the baseline values, this 
increase was not significant.

In a previous study[13] investigating the effects of 
RATE on standing and walking in children with CP, 
CP patients with mild motor impairment (GMFCS I-II) 
were more successful than those with severe motor 
impairment (GMFCS III-IV). In a retrospective study, 
Schroeder et al.[14] found that pre-treatment GMFM 
values were the most important factors affecting the 
prognosis of treatment which examined patient-related 
factors associated with therapeutic effects of RATE. It 
was concluded that age, sex, CP type, and botulinum 
toxin injections were not found to be effective factors. 
That is why only GMFCS II-III children were included 
in the current study.

The PBWSTE reduces the amount of weight in 
the lower extremities using a postural control system 
consisting of a parachute set, which brings the child’s 
walk to a normal physiological walking pattern 
with task-specific, repetitive applications. Although 
Chrysagis et al.[15] reported that 12 sessions (four weeks, 
three sessions per week) of PBWSTE were superior 
to conventional physiotherapy in patients with CP 
of GMFM-D and E, Willoughby et al.[16] advocated 
that PBWSTE was not superior to conventional 
physiotherapy in GMFM III-IV.

Zwicker and Mayson[17] presented three basic 
problems related to the literature in a systematic 
review of the use of PBWSTE in children with CP. 
The first problem was methodological heterogeneity. 

The small number of patients and different scales used 
in the studies might have reduced the reliability of the 
studies. The second was therapeutic heterogeneity. The 
intensity of walking exercises, the weekly frequency, 
the number and duration of sessions, the percentage 
of partial weight-supported, and the walking speed 
vary in different studies and do not provide sufficient 
information for clinicians. The third limitation was 
heterogeneity in the patient population. The presence 
of wide age range or inclusion of patients at different 
GMFCS levels did not provide reliable information 
about which treatment should be given in which 
functional state. Therefore, the treatment protocol 
in walking exercises varies between studies in the 
literature. The session frequency ranges from two to 
five per week, and the duration of treatment ranges 
from two weeks to five months. In most studies, the 
treatment duration is between 20 to 30 min. There has 
not been enough evidence to show which treatment 
protocol is superior. In the present study, 20 sessions 
of walking for 45 min, five days a week for four weeks, 
were applied, which was described by Drubicki et al.[18] 
as the most reasonable time for functional activity.

One of the repetitive, task-specific therapies used 
in CP treatment and which improves the walking 
patterns of the children is RATE. In rehabilitation 
practice, it is also used in other neurological diseases 
other than CP, such as stroke, spinal cord injury, 
traumatic brain injury and multiple sclerosis.[18] Due 
to conflicting data in literature, the superiority of 
RATE has been questioned, and it has been suggested 

Figure 3. Oxygen consumption changes of the treatment groups.
RATE: Robotic-assisted treadmill exercise; PBWSTE: Partial body weight supported treadmill exercise; ATE: Antigravity 
treadmill exercise.
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to be an expensive treatment option and has, 
therefore, not received as much interest as expected in 
adult rehabilitation.[19] However, RATE is considered 
a promising option in CP due to the extension of 
the exercise period with frequent step repetition, 
symmetric walking patterns acquired by motor 
learning and central nervous system adaptation. As 
in the PBWSTE, there are similar problems about 
the use of RATE in the treatment of CP (i.e., lack of a 
randomized controlled study, fewer patients, different 
sessions and duration, and different GMFCS levels).

In the study investigating the long-term effects of 
RATE on CP of Borggraefe et al.,[20] 14 participants 
took 12 sessions (three weeks, four days a week) of 
treatment and were evaluated with GMFM-D and 
GMFM-E, the 6MWT and the 10-meter walking test. 
All parameters improved after the treatment and the 
development was observed to continue during six-
month follow-up. In the present study, a slight decrease 
was observed after the treatment. However, the gains 
were sustained through three months (GMFM-D, 
GMFM-E, 6MWT, oxygen consumption).

There have been only two randomized controlled 
trials investigating the effects of RATE in children 
with CP. In the first by Smania et al.[21] in 2011, Gait 
Trainer GT-I was used in 18 patients who received 
10 sessions (two weeks, five days a week) 30 min of 
robotic walking and 10 min of strengthening exercises 
in the study group and 40 min of conventional 
physiotherapy in the control group. The study group 
showed an improvement in 10-meter walking test, a 
6MWT, a WeeFIM scale, and gait analyses after the 
treatment. However, the main limitation was that the 
age of the patients included in this study which was 
between 10 and 18 years. It is particularly difficult in 
this age group to exclude the effects of rapid growth 
during puberty. That is why the current study did not 
include children over the age of 14 years. In the study 
of Druzbicki et al.,[18] the study group received RATE 
for 20¥45-min sessions (five sessions a week for four 
weeks) and 20 sessions of conventional exercises were 
applied to the control group. As a result of this study, 
a slight increase in the walking speed was found 
in both groups, although the difference was not 
statistically significant within the groups or between 
the groups.

Although ATE has been shown to be effective in 
certain conditions such as stress fracture,[22] Achilles 
tendon injuries,[23] and muscular dystrophy,[24] there 
has been only one study of its use with CP patients. In a 
study by Kurz et al.,[9] 12 sessions (six weeks, two sessions 

per week) of 30-min anti-gravity walking exercises 
were administered to nine CP children at GMFM level 
II-IV. There was a significant increase in the walking 
speed, step length and stride phase, the step width; 
however, no statistically significant change was found 
in the stride step length, and cadence at the end of the 
study. In the present study, the increase in the walking 
speed was not statistically significant in the ATE 
group. This finding indicates a significant increase in 
the cadence, stride length, and stride time. According 
to the current knowledge, this study can be considered 
of value, as it is the second scientific study where ATE 
was used in CP patients.

In the present study, the energy and calories 
consumed by children were measured by open 
circuit indirect calorimetry method. In the literature, 
the 6MWT is usually used for the measurement 
of endurance in the treadmill exercises. Although 
this test indicates the cardiopulmonary capacity in 
cardiopulmonary diseases, it does not fully represent 
the cardiopulmonary capacity in diseases which may 
cause gait disturbances due to loss of muscle strength, 
balance disorders, and spasticity such as CP.[25,26] In a 
study[27] which measured peak oxygen consumption 
(VO2) with the 6MWT in children with CP, there 
was a weak correlation between the two parameters, 
and the 6MWT showed walking performance rather 
than cardiopulmonary capacity. In the present study, 
indirect calorimetry levels were used for the evaluation 
of cardiopulmonary capacity.

Nonetheless, there are some limitations to the 
present study. Small sample size is the main limitation. 
To be able to make more definitive conclusions about 
the effectiveness of these treatment protocols, there 
is a need for further studies with larger samples. In 
addition, the lack of a control group to which no 
walking exercises were applied is another limitation.

In conclusion, to the best of our knowledge, this is 
the first study in the literature to compare the effects 
of three different walking exercises (PBWSTE, RATE, 
and ATE) used in CP rehabilitation. Our study showed 
significant changes in the gross motor function and 
walking performance in children of all three groups 
after the treatment. In addition, positive changes in 
the PBWSTE group were less than those in the other 
two treatment groups. Based on these findings, we 
believe that PBWSTE is relatively more dependent on a 
physiotherapist compared to RATE and ATE.
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