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Abstract

Introduction: Partial body weight support (BWS) systems have been employed for gait training of children 
with cerebral palsy (CP). Therefore, it would be important to analyze if the type of walking surface and 
the amount of body weight unloading over lower limbs change the way these children walk. Objectives: 
Investigate the influence of walking surface and amount of body weight unloading on the spatial temporal 
characteristics during walking of children with CP. Materials and methods: Seven children with spastic 
CP between four and eight years old and GMFCS (Gross Motor Function Classification System) between I 
and IV, were videotaped walking with 0%, 15% and 30% of BWS on both dynamic (treadmill) and static 
(ground level) surfaces. Walking spatial temporal variables were calculated. Results: Children walked with 
similar velocity in all experimental conditions. While stance duration decreased as the percentage of BWS 
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development and, consequently, promotes more au-
tonomy. Biped walking is an acquired motor action 
(4, 5) and, although it seems a simple motor action, it 
requires the control of many elements, that transform 
it on a complex motor action.

Walking acquisition is one of the main goal of 
intervention programs for children with CP. Gait 
impairment in children with CP are due, mainly, to 
spasticity or abnormal muscular tonus, motor con-
trol diminished and poor balance (6), and in many 
cases, those children are not able to generate suf-
ficient muscular force to maintain upright posture 
and ambulate around. In this way, a strategy that 
could promote upright posture maintenance and 
help in the balance of those children would be body 
weight unloading on the lower limb during the lo-
comotion. This strategy is named body weight sup-
port or partial body weight support (BWS), and it 

increased, no differences were found for stance and swing periods and cadence. Children walked with lon-
ger steps and strides and with faster strides on static surface compared to dynamic surface. Conclusion: 
Children with CP presenting different levels of motor impairment presented some alterations in the spatial 
temporal walking parameters as they walked with body unloading. However, such alterations might be due 
mainly to the type of walking surface than the percentage of body weight unloading on lower limbs.
 
Keywords: Gait. Partial body weight support system. Spatial-temporal parameters. 

[B]

Resumo

Introdução: Sistemas de suporte parcial de peso corporal (SPPC) têm sido utilizados para treinamento do 
andar de crianças com paralisia cerebral (PC). Sendo assim, seria importante analisar se o tipo de superfície e 
a quantidade de alívio de peso corporal sobre os membros inferiores interferem na forma como essas crianças 
andam. Objetivo: Investigar a influência do tipo de superfície e da porcentagem de alívio de peso corporal so-
bre as características espaço-temporais durante o andar de crianças com PC. Materiais e métodos: Sete crian-
ças com PC espástica, entre quatro e oito anos de idade, e GMFCS (Gross Motor Function Classification System) 
entre I e IV, foram filmadas andando com 0%, 15% e 30% de SPPC em superfícies móvel (esteira motorizada) 
e fixa (chão). Variáveis espaço-temporais do andar foram calculadas. Resultados: As crianças andaram com 
velocidade semelhante em todas as condições experimentais. Enquanto que a duração do período de apoio 
diminuiu conforme a porcentagem de SPPC aumentou, nenhuma diferença para as fases de apoio e balanço e 
cadência foi encontrada. As crianças andaram com passos e passadas mais longos e passadas mais rápidas na 
superfície fixa do que na superfície móvel. Conclusão: Crianças com PC com diferentes níveis de acometimento 
motor apresentaram algumas alterações nos parâmetros espaço-temporais durante o andar com alívio de 
peso corporal em superfícies móvel e fixa. Entretanto, tais alterações podem ser atribuídas principalmente ao 
tipo de superfície em que as crianças andam do que às porcentagens de alívio de peso corporal proporcionadas 
aos membros inferiores. [K]

Palavras-chave: Marcha. Sistema de suporte parcial de peso corporal. Parâmetros espaço-temporais.

Introduction

Cerebral palsy (CP) has been described as a 
group of disorders in movement and posture de-
velopment that are permanent and cause daily life 
activity limitation. Such disorders are attributed to 
non-progressive disturbances that occurred in the 
developing fetal or infant brain (1, 2). Consequently, 
children with CP might present different functional 
abilities according to the location and extension of 
brain lesion (3), and difficulty to perform volun-
tary movements.

Walking is among different types of voluntary 
movements, which is one of the main locomotion 
human beings use to change from place to place and 
explore the environment. Specifically in children, 
walking acquisition is a fundamental landmark that 
might facilitate their motor, social and cognitive 
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walked faster and presented longer and faster strides 
when they walked over ground compared to a tread-
mill. They presented higher cadence as they walked 
with no harness and with 0% BWS over ground com-
pared to the treadmill with 0% and 30% BWS. The 
duration of single stance was longer and of double 
stance was shorter over ground compared to the 
treadmill. Although these results indicate that con-
text demand might influence walking performance, 
mainly in terms of walking surface, it is important to 
note that the evaluated children were independent 
walkers. Based upon this first investigation (25), it 
was possible to note that children with hemiplegic 
CP are able to walk with BWS over ground and on 
treadmill. Next step would be to investigate if chil-
dren with greater locomotion impairment could be 
able of walking with a BWS system on both walk-
ing surfaces and how they would react to each body 
weight unloading. Yet, considering that mean walking 
speed influences spatial temporal gait parameters, 
it is important to control the speed these children 
walk. As such, the goal of this study was to evaluate 
the effect of a BWS system controlled by a customized 
computer program, as children with CP walk over 
ground and on a treadmill. More specifically, the influ-
ence of three percentages of body weight unloading 
(0%, 15% and 30%) and the walking surface (over 
ground and treadmill) on the spatial-temporal gait 
parameters were analyzed.

Methods

This study was approved by the Institutional 
Review Board at the Cruzeiro do Sul University, and 
all children’s parents or legal guardians provided in-
formed consent after explanation and agreement for 
participating in the study, according to the resolution 
196/96 from CNS.

Participants

To take part of the study, the child should be diag-
nosed with hemiplegic or diplegic spastic CP; GMFCS 
(26) classification up to level IV; able to understand 
simple verbal commands; and not been undertaken 
any surgery at least six months before taking part 
in the study. Based upon these criteria, the study 
was released among professionals and places that 

has been employed as an alternative in the walking 
training (7-15).

The rationale for using BWS is that body weight 
unloading on lower limb would reduce the load that 
should be overcome by the individual, facilitating the 
steps execution and providing safety and stability 
(16). BWS systems that are used more often for gait 
training consist of a harness attached to the BWS. 
In this type of training, individual practices walking 
on a treadmill, considered as a moveable surface, as  
s/he body weight is partially unloaded by the BWS 
by the suspended harness.

Walking training with BWS presents many ad-
vantages for individuals enrolled in intervention 
programs. For example, BWS diminishes the body 
weight against gravity and the postural control re-
quest (17), low risk for falls and many possibilities to 
adjust the percentage of BWS (18), and symmetrically 
weight unloading on lower (15). On the other hand, 
the treadmill stimulates rhythmic and repetitive steps 
(15), promotes interlimb symmetry, improving walk-
ing temporal characteristics (19), and decrease the 
need for generating propulsive force during walking 
stance period, which many times constraints the lo-
comotion of individuals with gait impairment (17).

To the best of our knowledge, there is no available 
information concerning if the BWS system is effective 
per se or if it is the combination of these systems and 
the walking surface that promotes the desired effect 
for the training. In this way, it is necessary to com-
pare directly the possible effects of gait training in 
individuals with gait impairment employing the BWS 
system on both surfaces: over ground (20) and on a 
treadmill. The main reason for such investigation is 
that walking on a treadmill differs from walking over 
ground in many aspects (21-24), mainly for individu-
als who must acquire or reestablish locomotion. For 
example, context demands to walk on a treadmill and 
over ground are different, mainly in terms of propul-
sion and balance control. These aspects all together 
might constraint skill transfer from treadmill to over 
ground walking (17), which is the surface everyone 
walk on daily life. However, before having children 
with CP underwent to gait training with BWS, it is 
important to evaluate how they walk with different 
amount of body weight unloading on a treadmill and 
over ground.

Matsuno et al. (25) investigated children with 
CP walking with BWS on treadmill and over ground. 
Overall, these authors found that children with CP 
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the desired amount of body weight. To unload the body 
weight, the participant stays still as one of the experi-
menters activate one of the servo motors increasing 
or decreasing the cable length. The rail that the system 
moves is approximately 7 m long and is sustained by 
steel beams at approximately 3 m from the floor. Five 
digital cameras (SONY DCR-HC28), displaced around 
the BWS system were used to acquire the data con-
sidered in this study.

After a familiarization period with the environ-
ment and experimenters, measurements of body 
mass and height were acquired. Following, reflective 
markers were placed on specific anatomical location 
of right and left body sides (although in this study 
only the markers placed on calcaneus were consid-
ered in the analysis). Each child wore a harness and 
walked with 0%, 15% and 30% BWS along a pathway 
covered with a rubber mat (over ground), and on a 
treadmill. The experimental conditions were random-
ized within and across children, and at least three 
trials (maximum of five trials) for each experimental 
condition. Before videotape each experimental con-
dition, a period of adaptation was allowed and the 
speed that the child were able to walk was maintained 
for the three percentages of BWS. During the experi-
mental session, all children were provided with rest 
periods as necessary.

assist these children. From a waiting list provided 
by some physical therapists, we made a phone call 
to the children’s legal guardians and inform them 
about the goals of the study and invite them to visit 
the Movement Analysis Laboratory, Institute of 
Physical Activity and Sport Sciences, Cruzeiro do Sul 
University with their child.

Seven children with hemiplegia (n = 1) and diple-
gic (n = 6) spastic cerebral palsy, between four and 
eight years old took part in this study. Table 1 depicts 
the general characteristic about these children.

Procedures

The BWS system (FINIX Tecnologia, Ltda.) adopted 
in this study consists of two servo motors and one of 
them has a movement sensor that moves on a rail with 
speed controlled by a customized computational pro-
gram (LabView, Inc.), and it can be used over ground 
and on a treadmill. In this system, a harness that allows 
adjustments around the trunk and thighs sustains the 
participant mechanically, and it is attached to a struc-
ture of the BWS system. This structure can be lowered 
or suspended by a cable connected to the servo mo-
tors. A load cell positioned between the structure and 
the cable, and connected to a digital display to monitor 

Table 1 - General characteristics about the children with spastic cerebral palsy that participated in the study in terms of 
age (years), sex (male/female), body mass (kg), height (m) and gross motor functional level (GMFSC)

Child Age Sex Mass Height GMFCS

1 8.3 F 18.65 1.12 II

2 4.6 F 18.4 1.05 IV

3 8 M 23.3 1.25 II

4 7.6 M 22.7 1.19 III

5 8 F 15.3 1.02 III

6 8.1 F 21.8 1.28 III

7 5 F 17 1.08 I

Mean 7.17 19.79 1.14

MSE 0.62 1.24 0.04

Note: M = male; F = female; MSE = mean standard error.
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not affected either by the manipulation of walking 
surface (Wilks’ Lambda = 0.35, F3,4 = 2.53, p = 0.196) 
or BWS unloading (Wilks’ Lambda = 0.51, F6,20 = 1.34, 
p = 0.287), as single stance, total double stance and 
swing durations were similar among experimental 
conditions (Table 2). 

The children walked with longer steps over 
ground compared to on the treadmill (F1,6 = 16.84, 
p = 0.006), independently of BWS unloading (F2,12 = 
3.38, p = 0.068), and presented similar cadence on 
both surfaces (F1,6 = 1.66, p = 0.245). Finally, the chil-
dren presented longer (F1,6 = 15.66, p = 0.007) and 
faster (F1,6 = 18.44, p = 0.005) strides over ground 
compared to on the treadmill (Table 2).

Discussion

This study investigated children with spastic CP 
walking with different body weight unloading over 
ground and on a treadmill. The results from this study 
revealed differences for some spatial-temporal gait 
parameters of these children in the investigated ex-
perimental conditions. It is important to note that 
these differences are not due to mean walking speed, 
which was similar among experimental conditions, 
but rather to manipulation of walking surface and 
body weight unloading on lower limbs. Previous stud-
ies investigated the use of BWS system in different 
surfaces (9, 25, 27, 28), however, the system used in 
the present study was different from the previous 
one concerning children with CP (25), and allowed 
to control the children’s walking speed.

Data analysis

Videotaped data were transferred to a computer 
and processed later with the computational program 
Ariel Performance Analysis System – APAS (Ariel 
Dynamics, Inc.). One intermediate stride per trial 
was selected, and the reflective markers were digi-
talized to obtain the coordinates x, y, z, which were 
stored in text files. Events related to initial and final 
contacts of each foot on each surface were defined 
throughout visual inspection and registered. Based 
upon these events and on the coordinates from the 
markers placed on right and left calcaneus, the follow-
ing variables were calculated using Matlab software 
(MathWorks, Inc.): stance duration, single stance and 
total double stance durations, and swing duration, 
step length, cadence, stride length and speed.

Data from both legs were averaged together for 
each trial and data from three trials under each ex-
perimental condition were averaged for each child. 
These data were used for the statistical analysis.

Results

Table 2 depicts means (mean standard error) val-
ues of mean walking speed on both surfaces and of 
the selected variables in the present study. The chil-
dren walked with similar speed over ground and on 
treadmill (F1,6 = 1.42, p = 0.278), and presented short-
er stance period as the BWS unloading increased (F2,12 

= 16.64, p = 0.000), regardless the walking surface 
(F1,6 = 3.95, p = 0.094). Temporal organization was 

Table 2 - Mean (means standard error) of mean walking speed, duration of stance period, single stance, total double 
stance and swing, step length, cadence, stride length and speed in the different experimental conditions 0%, 
15% and 30% body weight support (BWS), over the ground (OG) and on the treadmill (TM)

Variables

0% BWS 15% BWS 30% BWS

OG TM OG TM OG TM

Mean speed 
(m/s)

0.42 (0.05) 0.42 (0.05) 0.42 (0.05) 0.39 (0.05) 0.39 (0.05) 0.39 (0.05)

Stance duration 
(s)

1.09 (0.10) 1.21 (0.16) 1.03 (0.10) 1.10 (0.12) 0.89 (0.07) 1.10 (0.13)

(To be continued)
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Table 2 - Mean (means standard error) of mean walking speed, duration of stance period, single stance, total double 
stance and swing, step length, cadence, stride length and speed in the different experimental conditions 0%, 
15% and 30% body weight support (BWS), over the ground (OG) and on the treadmill (TM)

Variables

0% BWS 15% BWS 30% BWS

OG TM OG TM OG TM

Single stance 
(%)

30 (1.31) 27 (2.51) 31 (2.53) 29 (2.23) 36 (2.84) 29 (2.27)

Total double 
stance (%)

38 (3.01) 44 (5.20) 37 (5.62) 40 (4.89) 26 (5.66) 39 (4.73)

Swing (%) 32 (1.71) 29 (2.74) 32 (3.11) 31 (2.68) 38 (2.88) 32 (2.50)

Step

Length (m) 0.32 (0.02) 0.30 (0.02) 0.34 (0.03) 0.27 (0.02) 0.31 (0.02) 0.25 (0.02)

Cadence (steps/
min)

81 (5.80) 76 (6.74) 83 (5.96) 80 (6.69) 86 (6.37) 80 (6.93)

Stride

Length (m) 0.63 (0.04) 0.60 (0.04) 0.66 (0.05) 0.54 (0.04) 0.59 (0.04) 0.51 (0.03)

Speed (m/s) 0.43 (0.04) 0.38 (0.05) 0.46 (0.05) 0.36 (0.04) 0.42 (0.04) 0.34 (0.04)

(Conclusion)

Considering that children with CP may present 
difficulties to walk, according to motor impairment, 
the BWS system used in this study provided reduction 
of both biomechanical overload and propulsive forces 
to transport the body forward (17, 28). This aspect 
might be verified through the reduction of stance 
duration as the body weight unloading increased, 
and probably facilitated lower limb movements and 
enabled children to walk with the same speed.

Up to now, there is not much available informa-
tion concerning walking spatial temporal param-
eters of children with CP, mainly related to body 
weight unloading. The results from this study re-
vealed that the walking temporal organization was 
not influenced by the manipulation of either walking 
surface or body weight unloading, as the children 
maintained similar results related to healthy indi-
viduals (stance period, 60%; swing period, 40%) in 
all experimental conditions (29). These findings are 
in accordance with Patiño et al. (28), who observed 
that the manipulation of body weight unloading did 

not influence the walking temporal organization of 
healthy adults. This aspect might be considered 
positive in terms of walking intervention strategy 
for children with spastic CP, as it is possible to im-
prove walking pattern without modifying tempo-
ral organization.

Another aspect found in the present study is 
related to step length and stride length and speed. 
In this study, only walking surface influenced these 
variables, wherein all of them decreased when the 
children walked on the treadmill. This result is ac-
cordance with previous investigations that compared 
walking on both surfaces (25, 30-32), and it can be 
attributed mainly to more instability provided by the 
treadmill, which is not the surface that these children 
usually walk. Last, these children presented similar 
cadence on both walking surfaces, independently 
of body weight unloading. This fact might be due to 
the walking speed that was kept the same in all ex-
perimental conditions, as these variables are directly 
related (5, 29).
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which was investigated throughout relative duration 
of single stance, total double stance and swing, was 
similar among experimental conditions.
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