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Influence of exoskeleton therapy on gait parameters in 
patients with cerebral palsy

Abstract
Objective. The study presents the results of research aimed at assessing the in_luence of exoskeleton therapy on the basic 
spatiotemporal and kinetic parameters of gait in patients with cerebral palsy (CP).
Material and methods. Seventeen patients with CP (II GMFCS) participated in the study. The training program lasted 8 
weeks with a two‑week break in the middle of the entire cycle (3 weeks – 2 weeks off – 3 weeks). The training session 
lasted 90 minutes. The patients trained wearing an exoskeleton (Ekso GT) under the supervision of a quali_ied 
physiotherapist. The gait analysis was performed on the Zebris FDM‑TDL treadmill for the preferred and maximum 
tolerated velocity, before and after the entire training program.
Results. When walking at maximum tolerated velocity, participants improved velocity, step rate, step length, stride length, 
and stride time. Contact times have signi_icantly changed for the forefoot, midfoot, and heel areas. The stance phase time 
for the left and right sides decreased signi_icantly. The above‑mentioned parameters for the preferred velocity did not 
change statistically signi_icantly.
Conclusions. Positive changes were observed for conditions more dif_icult than the preferred gait. More research is needed 
in different con_igurations of intensity, volume and duration of the entire rehabilitation cycle to optimize the rehabilitation 
program and maximize outcomes.
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Streszczenie
Cel pracy. Praca przedstawia wyniki badań, których celem była ocena wpływu terapii z użyciem egzoszkieletu na 
podstawowe parametry czasowo‑przestrzenne i kinetyczne chodu u pacjentów z mózgowym porażeniem dziecięcym 
(MPD).
Materiał i metodyka. Przebadano 17 pacjentów z MPD (II GMFCS). Program treningowy trwał 8 tygodni z dwutygodniową 
przerwą w połowie całego cyklu (3 tygodnie – 2 tygodnie przerwy – 3 tygodnie). Sesja treningowa trwała 90 minut. 
Badani trenowali w egzoszkielecie (Ekso GT) pod okiem wykwali_ikowanego _izjoterapeuty. Analiza chodu została 
wykonana na bieżni Zebris FDM‑TDL dla prędkości preferowanej i maksymalnej tolerowanej, przed i po zakończeniu 
całego programu treningowego.
Wyniki. Podczas chodu z maksymalną tolerowaną prędkością uczestnicy poprawili prędkość, częstość kroków, długość 
kroku i cyklu chodu oraz czas cyklu chodu. Czasy kontaktu istotnie zmieniły się dla obszaru przodostopia, śródstopia 
i pięty. Czas fazy podporu dla lewej i prawej strony zmalały istotnie. Wyżej wymienione parametry dla prędkości 
preferowanej nie zmieniły się istotnie statystycznie.
Wnioski. Zaobserwowano pozytywne zmiany dla warunków trudniejszych niż chód preferowany. Potrzebne są dalsze 
badania w różnych kon_iguracjach intensywności, objętości i czasu trwania całego cyklu rehabilitacji w celu optymalizacji 
programu rehabilitacji i maksymalizacji wyników.
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Introduction
Cerebral palsy (CP) affects an average of 1.5 to 3.0 new­
borns per 1,000 births [1]. CP constitutes a group of perma‐
nent disorders in the development of posture and movement, 
causing reduced activity and participation in social life, re‐
sulting from non­progressive damage to the developing brain 
of a foetus or a new­born. CP is often accompanied by disor‐
ders of sensation, cognition, communication, perception and/
or behaviour and/or epilepsy and secondary disorders of the 
musculoskeletal system [2]. In CP, brain damage affects the 
postural reflex mechanism, including muscle tone, coordina‐
tion, motor patterns, and the sensorimotor system. In turn, 
these deficits largely affect gait in people with CP [4]. Wha‐
t’s more, gait disturbances are considered to be one of the 
most important consequences of the disease [5]. Since gait is 
one of the main human mobility functions, its disturbance 
has a huge impact on social life [6]. Children with CP are 
less active compared to their healthy peers, and therefore do 
not achieve the optimal level of daily physical activity [7]. 
To classify the level of disorders caused by this disease, the 
Gross Motor Function Classification System (GMFCS) is 
often used, i.e. a five­level classification system that descri‐
bes mobility of children with CP with or without auxiliary 
devices, such as wheelchairs, walkers or crutches [3]. In re‐
cent years, robotic assisted gait training (RAGT) has been 
gaining popularity, especially in the rehabilitation of people 
with neurological disorders [8]. With the advancement of 
technology, new possibilities of improving motor skills ap‐
pear, such as: training with an exoskeleton, Lokomat and 
GeoSystem systems, training on a treadmill with weights and 
similar [7]. The main goal of physiotherapy is to work on 
motor functions and improve independence in everyday life 
[10]. These factors emphasize the urgent need to develop 
and apply new effective methods of gait re­education. Despi‐
te new technologies appearing on the market, research on the 
influence of exoskeleton therapy on gait parameters is still 
insufficient. As exoskeleton therapy becomes increasingly 
available, the objective of this study was to evaluate the ef‐
fect of Ekso GT therapy on basic spatiotemporal and kinetic 
parameters in CP patients.

Material and methods
Seventeen young patients diagnosed with CP participated in 
the study. The research has been approved by the bioethics 
committee. All the patients met the inclusion and exclusion 
criteria. Inclusion criteria were: body weight less than 
100 kg, body height at least 1.5 m and hip width at least 
46 cm (these are technically required values due to the size 
of the exoskeleton), age less than 25 years, GMFCS level II, 
consent to participate in the study (in the case of children, 
consent of parents or legal guardians).
Exclusion criteria included: inability to walk on a treadmill 
even supporting oneself on handrails, inability to understand 
the instructions, undergoing surgery (tenotomy, fibrotomy, 
KKD osteotomy and rhizotomy), injection of botulinum to‐
xin in the muscles of the lower limbs within 6 months before 
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the commencement of research, contraindications to exoskele‐
ton therapy (contractures in the knee joint above 20 degrees, si‐
gnificant foot deformities, advanced osteoporosis, 
drug­resistant epilepsy, skin lesions around the trunk and lower 
limbs, or cardiological contraindications for gait training).
The mean age was 19.29 ± 3.99 (range 12–24), the mean he‐
ight was 1.66 ± 0.11 m (range 1.51–1.75 m), and the mean bo‐
dy weight was 62.7 ± 15.99 kg (range 42–98 kg).
The participants trained using the Ekso GT exoskeleton (Fig. 1). 
Their stay lasted 8 weeks according to the following scheme: 3 weeks 
of training, 2 weeks off, 3 weeks of training. Patients exercised 
5 times a week. The training session lasted 90 minutes and con‐
sisted of exoskeleton assisted gait training and additional exer‐
cises. The part with the exoskeleton lasted 60 minutes 
(including 15 minutes of preparation). While walking, the exo‐
skeleton parameters (step length, step height, stance phase, 
swing phase) were adjusted to the patient’s abilities. After the 
main part, the patients performed resistance and stretching 
exercises for 30 minutes, which were carried out in the same 
pattern for all participants and adapted to their abilities.

All patients underwent a gait test at the preferred and maximum 
tolerated velocity. Each attempt lasted 30 seconds and was car‐
ried out on the FDM­TDL rehabilitation treadmill with an inte‐
grated platform for measuring pressure of the feet on the  
ground (Fig. 2). The patients walked barefoot. The testing fre‐

Fig. 1. Exoskeleton. Source: own work Fig. 2. Zebris treadmill. Source: own work
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quency was 100 Hz. The preferred gait velocity was constant be‐
fore and after treatment. The time to establish the preferred veloci‐
ty (approx. 4­5 minutes) was also the time of adaptation to the 
treadmill conditions [11–14]. In order to determine the maximum 
velocity, velocity was correspondingly increased by 0.5 km/h until 
the patient commented that this was the maximum velocity with 
which he/she could safely walk. The following spatiotemporal pa‐
rameters were analysed: step length – distance measured from the 
heel of one foot to the heel of the other foot (cm); normalized step 
length (ratio of step length to lower limb length); left and right 
stance phase – time of contact of the foot with the ground (sec); 
forefoot contact time (sec); midfoot contact time (sec); heel contact 
time (sec); step width – distance between both feet (cm); step rate 
(steps/min); velocity (km/h); stride length – left step length + right 
step length (cm); stride time (sec); asymmetry of stance phases 
(difference in the time of the stance phases of both limbs) and ki‐
netic variables: maximum pressure force of the forefoot (% of bo‐
dy weight (BW); maximum pressure force of the midfoot (% BW) 
and maximum pressure force of the heel (% BW). The variables 
were analysed separately for the left and right feet.
The STATISTICA software version 13.3 was used for data ana‐
lysis. After positive verification of the normality of the distri‐
bution of variables, the Student’s t­test was used for dependent 
samples. The significance level for all tests was < 0.05. The si‐
ze of the effect was determined using Cohen’s d, where d = 0.2 
is a small, d=0.5 is a medium, and d = 0.8 is a great effect [15].

Results
After therapy, a significant increase in the maximum tolerated 
velocity was observed: p = 0.01,  d = −0.73 (Fig. 3). Under the‐
se conditions, the step length, the stride and the normalized step 
length increased significantly (Table 2), as did the frequency of 
steps: p = 0.01, d = −0.69) (Fig. 4). After therapy, the mean con‐
tact times decreased significantly in individual foot areas (Table 
1), while the stance phase of the left limb (p = 0.02, d = 0.64), 
the right limb (p = 0.02, d = 0.64) (Fig. 5) and the stride time 
(p = 0.01, d = 0.67, Fig. 6) decreased. The mean asymmetry 

Fig. 3. Mean velocity ± standard error (under maximum gait velocity conditions) before and after 8 weeks of treatment
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of the stance phases decreased statistically (p = 0.044, d = 0.63). 
Step width (p = 0.20), left swing phase (p=0.84) and right 
swing phase (p = 0.49), as well as the stance phase of the 
left (p = 0.50) and right limb (p  = 0.83) did not change (Ta‐
ble 2). Also in the case of kinetic variables (Table 3), no si‐
gnificant changes were observed. There were no significant 
differences in gait at the preferred velocity.

Table 1. Mean contact times in individual foot areas ± standard deviation (under maximum gait velocity conditions) 
before and after 8 weeks of therapy, *p < 0.05

 Limb Before After D­CohenVariable

Forefoot contact time [sec]

Midfoot contact time [sec] 

Heel contact time [sec]

Prawa / Right

Lewa / Left

Prawa / Right

Lewa / Left

Prawa / Right

Lewa / Left

0.71 ± 0.17

0.72 ± 0.18

0.60 ± 0.14

0.61 ± 1.15

0.39 ± 0.18

0.41 ± 0.17

0.66 ± 0.12 *

0.66 ± 0.12 *

0.56 ± 0.12 *

0.56 ± 0.10 *

0.35 ± 0.15 *

0.36 ± 0.14 *

0.58

0.62

0.64

0.68

0.69

0.58

Fig. 4. Mean step rate ± standard error (under maximum gait velocity 
conditions) before and after 8 weeks of treatment

Table 2. Means of spatiotemporal variables ± standard deviation (under maximum gait velocity conditions) before and 
after 8 weeks of therapy, *p < 0.05

 Kończyna / Limb Przed / Before Po / After D­CohenZmienna / Variable

Step length [cm]

Normalized step length

Swing phase [sec]

Single limb support [sec]

Step width [cm] 

Stride Length [cm]

Right

Left

Right

Left

Right

Left

Right

Left

55.35 ± 12.38

51.64 ± 12.47

0.63 ± 0.15

0.68 ± 0.15

0.40 ± 0.06

0.38 ± 0.04

0.38 ± 0.04

0.40 ± 0.06

15.34 ± 4.16

106.99 ± 23.54

58.39 ± 11.99 *

55.74 ± 12.60 *

0.68 ± 0.15 *

0.71 ± 0.15 *

0.39 ± 0.06

0.38 ± 0.04

0.38 ± 0.04

0.39 ± 0.06

15.91 ± 4.42

114.13 ± 23.53 *

−0.61

−0.72

−0.58

−0.70

0.35

0.12

0.12

0.35

−0.26

−0.71
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Discussion
During the experiment, a significant effect of therapy using the 
Ekso GT exoskeleton on gait parameters was observed. Spatiotem‐
poral and kinetic variables were analysed. The patients increased 
their maximum velocity as well as selected spatiotemporal parame‐
ters after therapy with the exoskeleton. When walking under the 
preferred conditions, the patients had a constant set gait velocity 
before and after therapy; they could not change it, however, gait 
structure under these conditions did not change significantly.
In the studies conducted by Matsuda et al. [16], the authors obse‐
rved an inverse correlation. They showed a significant increase in 
step frequency and gait velocity under the preferred conditions. 
On the other hand, under the conditions of gait at maximum 

Fig. 5. Comparison of the left and right stance phase ± standard error 
(under maximum gait velocity conditions) before and after 8 weeks of 
therapy

Table 3. Means of kinetic variables ± standard deviation (under maximum gait velocity conditions) before and after 8 
weeks of therapy, *p < 0.05

 Kończyna / Limb Przed / Before Po / After D­CohenZmienna / Variable

Maximum force forefoot [% BW]

Maximum force midfoot [% BW]

Maximum force heel [% BW]

Prawa / Right

Lewa / Left

Prawa / Right

Lewa / Left

Prawa / Right

Lewa / Left

73.55 ± 19.54

77.89 ± 14.94

35.74 ± 18.74

34.11 ± 15.81

47.95 ± 23.65

54.93 ± 19.14

78.85 ± 22.65

80.31 ± 19.86

33.94 ± 18.85

33.95 ± 17.16

51.77 ± 27.38

60.36 ± 22.55

−0.45

−0.24

0.15

0.02

−0.23

−0.45

Fig. 6. Mean cycle time ± standard error (under maximum gait velocity 
conditions) before and after 8 weeks of therapy
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velocity, the patients did not increase their step length or the ma‐
ximum velocity. The different results can be explained by several 
factors. It is true that in this study [16] the authors used a therapy 
similar to Ekso GT (The Hybrid Assistive Limb, HAL, lower limb 
type), but the training program was different (volume and frequ‐
ency). Moreover, a different research methodology was used. Li‐
terature shows that gait on a treadmill is different from gait on the 
ground (17, 18). In the studies conducted by Matsuda et al. [16] 
the spatiotemporal parameters were obtained from the 10­meter 
corridor test (preferred and maximum velocity), not on a treadmill 
as in the present study. Moreover, the patients could not change 
gait velocity on the treadmill, they walked at the same predeter‐
mined preferred velocity before and after therapy. However, they 
could change the maximum velocity, which happened, as well. In 
other studies [19], the authors showed an improvement in gait of 
patients training wearing a gait orthosis (Gait Trainer GT I) com‐
pared to the control group (classic rehabilitation). Their training 
program covered 10 sessions (5 days/week). Here, a 10­meter 
corridor test was also used to obtain the results, but only at the 
preferred velocity. The experimental group showed a significant 
improvement in gait velocity and step length, but the step frequ‐
ency did not increase statistically significantly. As before, the re‐
ason for the discrepancy in the results from the present 
experiment may be the conditions of testing the parameters (tre‐
admill vs. corridor test). Another factor may be a different training 
procedure, which additionally assumed a reduction of the strain 
on the body from 30% to full load and increasing gait velocity 
with subsequent trainings. In the present study, strain on the body 
during training was not reduced. Another study [20] compares the 
effects of backward gait training and forward gait training on the 
spatiotemporal parameters of gait in children with CP. The tra‐
ining program lasted 12 weeks (3 times a week). Both groups we‐
re subjected to an hour of conventional physiotherapy and 25 
minutes of treadmill training walking forward (control group) and 
backward (experimental group). The experimental group impro‐
ved step length, velocity, step rate, stance phase and swing phase 
as a percentage. Perhaps it was the longer duration of the entire 
training program and the longer breaks between sessions that had 
a positive effect on gait adaptation under the conditions of the 
preferred velocity, which was not observed in the present study.

Conclusions
The lack of changes when walking at the preferred velocity consti‐
tutes an interesting discovery. A possible explanation is that the end 
conditions (gait velocity) were the same as during the study, and 
this may not be sufficient for adaptation changes to appear in the 
patients. Another possible reason is that in the third week of the re‐
habilitation program, some patients reported fatigue, which may in‐
dicate excessive intensity. More research is needed on a larger 
group and in different configurations of intensity, volume and dura‐
tion of the entire rehabilitation cycle in order to optimize them.
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