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Improved Gait After Repetitive
Locomotor Training in Children with
Cerebral Palsy

ABSTRACT

Smania N, Bonetti P, Gandolfi M, Cosentino A, Waldner A, Hesse S, Werner C,

Bisoffi G, Geroin C, Munari D: Improved gait after repetitive locomotor training in

children with cerebral palsy. Am J Phys Med Rehabil 2011;90:137Y149.

Objective: The aim of this study was to evaluate the effectiveness of repetitive

locomotor training with an electromechanical gait trainer in children with cerebral

palsy.

Design: In this randomized controlled trial, 18 ambulatory children with

diplegic or tetraplegic cerebral palsy were randomly assigned to an experimental

group or a control group. The experimental group received 30 mins of repetitive

locomotor training with an applied technology (Gait Trainer GT I) plus 10 mins of

passive joint mobilization and stretching exercises. The control group received

40 mins of conventional physiotherapy. Each subject underwent a total of 10

treatment sessions over a 2-wk period. Performance on the 10-m walk test, 6-min

walk test, WeeFIM scale, and gait analysis was evaluated by a blinded rater before

and after treatment and at 1-mo follow-up.

Results: The experimental group showed significant posttreatment improve-

ment on the 10-m walk test, 6-min walk test, hip kinematics, gait speed, and step

length, all of which were maintained at the 1-mo follow-up assessment. No sig-

nificant changes in performance parameters were observed in the control group.

Conclusions: Repetitive locomotor training with an electromechanical gait

trainer may improve gait velocity, endurance, spatiotemporal, and kinematic gait

parameters in patients with cerebral palsy.
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Cerebral palsy (CP) describes a group of
chronic conditions affecting body movement and
muscle coordination caused by damage to one or
more areas of the brain, usually occurring during
fetal development or infancy.1 The motor disorders
of CP are often accompanied by disturbances of
sensation, cognition, communication, perception,
behavior, and/or a seizure disorder.2 One of the
most disabling mobility impairments in CP is gait
impairment, clinically characterized by reduced
speed and endurance, as well as reduced step, stride
length, and toe clearance during gait.3,4

Recently, gait rehabilitation methods in
patients with neurologic impairment have relied on
technological devices, which drive the patient’s gait
in a body-weight support condition and emphasize
the beneficial role of repetitive practice.5 The ra-
tionale for these approaches originates from animal
studies, which have shown that repetition of gait
movements may enhance spinal and supraspinal
locomotor circuits.6

Previous studies in gait rehabilitation in
patients with CP were carried out by using partial
body-weight support treadmill training (PBWSTT)
and robotic-assisted treadmill therapy. Most of
these studies consisted of single-case, small, or
unselected patient samples and/or uncontrolled
trials.7Y11 In a recent randomized control trial
study, Willoughby et al.12 showed that PBWSTT was
no more effective than overground walking for
improving walking speed and endurance in children
with CP. They concluded that the progressive re-
duction of body-weight support along with the ad-
dition of concurrent overground walking practice to
a treadmill training protocol may increase the in-
tensity of training and assist with carryover of
improvements to overground walking.12 Despite
their potential, these technologies have practical
limitations in their routine application: PBWSTT
requires the assistance of one or two physiothera-

pists to control the patient’s weight shift and lower
limb position during training,13 and proper place-
ment of the patient onto the machine (Lokomat;
Hokoma Inc, Volketswill, Switzerland) for robotic-
assisted treadmill training is time-consuming.14

More recently, several studies have focused
on the use of a new electromechanical gait trainer
(Gait Trainer GT I; Reha-Stim, Berlin, Germany)15

in adult patients who have experienced a stroke.
These studies have shown that training with this
device may significantly improve gait perfor-
mance.16,17 Despite the clinical impact of this
new rehabilitative procedure, to date, no studies
have been conducted on its use in children
with CP.

The primary aim of the present randomized
controlled trial was to evaluate whether repetitive
locomotor training with the Gait Trainer GT I can
improve walking speed and endurance in tetraple-
gic or diplegic ambulatory children with CP. The
secondary aim was to assess whether training can
also have a positive impact on kinematic and spa-
tiotemporal gait parameters and on disability.

MATERIALS AND METHODS
Subjects

Eighteen participants were recruited among
31 children with CP attending the Developmental
Age Unit, ‘‘C. Santi,’’ Polyfunctional Centre Don
Calabria, Verona, Italy, from January 2009 to
October 2009.

Inclusion criteria were bilateral lower limb
(diplegic or tetraplegic) CP, 10 to 18 yrs of age, and
Gross Motor Function Classification System18 levels
II to IV. The children needed to walk by themselves
or with the use of an assistance device for at least
10 m, maintain a sitting position without assis-
tance, follow instructions, and participate in the
rehabilitative program. Exclusion criteria were
lower limb spasticity of 92 or higher on the Modi-
fied Ashworth Scale,19 severe lower limb con-
tractures, cardiovascular diseases, orthopedic
surgery or neurosurgery in the past 12 mos, or
Botulinum toxin injections within 6 mos before the
beginning of the study. Before the start of the study,
participants were allocated to the experimental
group or the control group via computerized ran-
domization. The randomization sequence was gen-
erated by a research assistant not involved with the
study, and the group allocation was concealed using
sealed, numbered envelopes. The randomization list
was locked in a desk drawer accessible only to the
principal investigator.20
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Written informed consent was obtained from
the children’s parents and the children themselves.
The ethics committee of the Department of Neu-
rological and Vision Sciences, University of Verona,
approved the study protocol.

Training
Before the start of the study, the authors

designed experimental and control group treatment
protocols and instructed two physiotherapists in
their use. One physiotherapist treated the experi-
mental group and the other treated the control
group. The participants were treated individually on
an outpatient basis in a rehabilitative gym at the
C. Santi Medical Centre.

Both training programs consisted of ten
40-min daily sessions for 2 wks (5 days/wk).

During the study period, participants received
no physiotherapy other than that scheduled in the
study protocol.

Experimental Group Training
Each participant received 30 mins of repeti-

tive locomotor therapy on the Gait Trainer GT I,
followed by 10 mins of passive joint mobilization
and stretching exercises by a physiotherapist.

The Gait Trainer GT I
The gait trainer consists of a double crank and

rocker gear system, composed of two footplates
positioned on two bars (coupler), two rockers, and
two cranks that provide the propulsion. While using
the gait trainer, individuals are secured in a harness
and positioned on two footplates, whose movements
simulate stance and swing phase, with a ratio of
60% to 40% between the two phases.15 A servo-
controlled motor assists gait movement by con-
trolling the gear velocity and comparing it with the
preselected velocity. The rotation of the planetary
gear system, equaling one gait cycle, controls the
movement of the center of mass (CoM) in the ver-
tical and horizontal directions. Two cranks, one for
the vertical and one for the horizontal movement
CoM control, are attached to the planetary gear
system. A transmission gear installed between the
planetary gear and the crank controlling the vertical
CoM displacement provides a double frequency of
the vertical CoM movement within one gait cycle. A
rope attached to the crank controlling the vertical
CoM displacement served as the central suspen-
sion of the subject. A second rope connected to
the crank controlling the horizontal CoM dis-
placement was attached to the left lateral aspect of
the subject harness at the level of the pelvic crest
(Fig. 1).15

Training Procedures
The child was positioned on the gait trainer.

Step length and gait speed were individually set
according to the gait parameters recorded at the
pretreatment gait analysis. Walking speed was
gradually increased over the course of the 2 wks if
the children completed the last previous training
session without discomfort or complaints of fatigue.
The partial body-weight support was progressively
decreased from 30% to 0% over the duration of the
sessions. The criterion for the reduction was the
child’s ability to avoid his/her knee collapsing into
flexion during the stance phase because of the
increased load of body weight. Each participant
was supervised during therapy sessions by only
one physiotherapist who corrected knee motion
manually, when needed. No patients required the
assistance of two physiotherapists. The machine was
stopped if pain or other problems such as muscle
cramps occurred.

Control Group Training
Conventional training consisted of the repeti-

tion of three different sets of exercises: (1) passive
joint mobilization and stretching of the lower limb
muscles with the patient lying on a physiother-
apy mat in the supine position; (2) strengthening
exercises, including leg-press exercises and sit-to-
stand and stand-to-sit exercises. In the first session,

FIGURE 1 Training of a 6-yr-old on the Gangtrainer
GT I.
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the correct performance of the leg-press exercise
required strict supervision by the physiotherapist:
the participants lay in the supine position and were
asked to slowly push their feet against the phys-
iotherapist’s chest and to slowly bend them back
again; in the subsequent sessions, these exercises
were performed by using a leg-press machine with
resistance specifically adapted for the child’s ability;
(3) balance and gait exercises. The balance exercises
were carried out with the participant sitting on a
bench and in the standing position, with a front
support or against a wall. Gait exercises consisted of
guided ground walking (e.g., side stepping) with
the assistance of the physiotherapist. Each set of
exercises lasted 10, 15, and 15 mins, respectively.
During the entire sessions, the physiotherapist
stood near the children to ensure safety and prevent
potential falls.

Testing
Before and after treatment and at 1-mo follow-

up, the participants were evaluated by the same
examiner who was unaware of treatment allocation.
The assessment procedures, consisting of clinical
and instrumental evaluations, were carried out at
the C. Santi Medical Centre: the clinical tests took
place in a spacious and silent environment to avoid
the child potentially becoming distracted, whereas
the instrumented evaluations were conducted in the
Gait Analysis Laboratory. All the assessments were
administered in the same sequence (clinical and
instrumented evaluations) and at the same time of
day, in the afternoon, around 3 p.m. During testing,
the participants were allowed to wear their usual
footwear and orthoses and use their gait-assistive
devices.

Primary Outcomes
10-m Walk Test:

This is a validated test for the clinical evalua-
tion of walking speed.21 The subject was asked to
walk at her/his self-selected walking speed along the
central 10 m of a 14-m linoleum-covered walkway.
A digital stopwatch was used to time the walks.

6-Min Walk Test:
This is a validated test for the clinical evalua-

tion of walking endurance that involves respiratory,
cardiovascular, skeletal, nervous, and muscular
system competences/skills.22 The subject was asked
to walk at her/his self-selected walking speed in the
gym along an oval track 20 m in length marked out
with masking tape. The distance walked during the
test was calculated with a tape measure.

Secondary Outcomes
Functional Independence Measure for
Children (WeeFIM):

This widely used scale for the evaluation of
disability in children with CP23 investigates three
main domains: self-care, mobility, and cognition
(score, 18Y126; high, best performance).

Gait Analysis:
Three-dimensional gait analysis (Vicon; Oxford

Metrics, Oxford, UK) by means of a motion capture
system consisting of six infrared cameras was carried
out according to a standard marker placement pro-
tocol.24 The participants were required to walk at
their self-selected speeds. The data from at least four
trials were collected. The gait parameters were sag-
ittal plane kinematics (joint angles of the hip, knee,
and ankle at initial contact; middle stance; and initial
swing and middle swing) and spatiotemporal gait
parameters (speed, cadence, and step length).

Statistical Analysis
We calculated effect sizes between the two in-

dependent groups (Cohen d) and used 95% confi-
dence intervals. Because our data were not normally
distributed (after visual and descriptive inspection),
we used nonparametric tests for inferential statistics.
The Mann-Whitney U test was used for testing dif-
ferences between groups at baseline, the Friedman
test was used to analyze changes in performance
within groups, and Wilcoxon’s signed rank tests
were used to compare changes between groups
from pretreatment/posttreatment and pretreatment/
follow-up measures. The Mann-Whitney U test was
used for between-group comparisons. For this pur-
pose, we computed the differences ($) between
pretreatment and posttreatment performance and
between pretreatment and follow-up performance
for all outcome measures. We set the alpha level
for significance at 0.05; however, to adjust for mul-
tiple comparison, we used a Bonferroni25 correction
(> = 0.025). All statistical analysis was carried out
using the SPSS for Macintosh statistical package,
version 16.0.

RESULTS
No children withdrew from the study. Partici-

pant demographics and clinical characteristics are
reported in Table 1.

At baseline, there were no statically significant
differences between the two groups in age, perfor-
mance on the 10-m walk test and the 6-min walk
test, or WeeFIM scores (age, Z = j0.13, P = 0.89;
10-m walk test, Z = j0.08, P = 0.93; 6-min walk
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test: Z = j0.13, P = 0.89; WeeFIM, Z = j0.22,
P = 0.82) (Table 1).

Primary Outcomes
In the experimental group, overall significant

changes in performance in the different evaluation
sessions were found in regard to all primary out-
come measures (10-m walk test, df = 2, X = 11.56,
P = 0.003; 6-min walk test, df = 2, X = 12.51,
P = 0.001). Within-group comparisons showed
that changes in performance were significant at
both the posttreatment and follow-up evaluations
(see Table 2 for details). In the control group, no
significant changes in the primary outcome mea-
sures were found at any of the evaluation sessions
(statistics in Table 2).

A between-group comparison showed that the
effects of the experimental and the control treat-
ments were significantly different in all primary
outcome measures (see Table 3 for details).

Secondary Outcomes
No significant changes in WeeFIM scores were

found in either group (see Table 2 for details).
In regard to gait analysis, the experimental

group showed significant changes in the joint angles
of the hip during initial contact, middle stance, and
initial swing, as well as in gait speed and step length

at all assessments (hip kinematicsYinitial contact,
df = 2, X = 14.222, P = 0.001; middle stance, df = 2,
X = 11.556, P = 0.003; initial swing, df = 2,
X = 13.886, P = 0.001; spatiotemporal parametersY
gait speed, df = 2, X = 13,771, P = 0.001; step length,
df = 2, X = 9.188, P = 0.010).

Before-after comparisons showed improved hip
extension at middle stance, initial swing, gait speed,
and step length (see Table 2 for details). Before-
follow-up comparisons showed increased hip ex-
tension at different phases of the gait cycle and
increased gait speed and step length. No changes in
performance of the control group were seen (see
Table 2 for details).

Between-groups analysis showed a significant
difference in the rate of hip extension at different
phases of the gait cycle, in gait speed, and in step
length (see Table 2 for details).

DISCUSSION
Our results demonstrate that repetitive locomo-

tor gait training with an electromechanical body-
weight support machine can significantly improve
gait velocity and endurance in ambulatory children
with diplegic and tetraplegic CP and that the im-
provements can be maintained for at least 1 mo post-
treatment. Improvements were also seen in proximal
lower limb gait kinematics and in spatiotemporal
parameters (gait speed and step length). The results
obtained displayed that the magnitude of treatment
effect was small to medium among the primary out-
comes, further supporting the value of our experi-
mental approach. No changes were seen in disability.
There was no adverse event that led to a missed
training session. No joint pain ormuscle spasms were
reported during or after the GT I training program.

Our study showed that the children in the ex-
perimental group significantly improved their gait
velocity after treatment (10-m walk test and gait
analysis). There are several reasons for this effect of
treatment. First, children showed significant post-
treatment changes in hip kinematics in the sagittal
plane, with increased hip extension during middle
stance and initial swing. This may have been be-
cause of the fact that during training with the GT I
machine, the footplates forced the children to
extend their hips.15 The leg movement imposed by
the machine has a maximal fulcrum at the hip level,
and backward pelvis displacements are blocked by
a rear bar, thus forcing the patient to extend the
hip joint. As a result, training might have progres-
sively enhanced the extensibility of the hip flexor
muscles and periarticular hip joint tissues, leading
to increased hip movement. Another possible

TABLE 3 Comparison of treatment effects
between the experimental and
control groups

Pre-Post Pre-1 Mo FU

P (Z ) P (Z )

10-m WT 0.007 (j2.69)a 0.004 (j2.87)a

6-min WT 0.015 (j2.43)a 0.007 (j2.669)a

WeeFIM 0.466 (j0.72) 0.466 (j0.72)
Hip

Initial contact 0.58 (j1.89) 0.005 (j2.78)a

Middle stance 0.009 (j2.60)a 0.000 (j3.40)a

Initial swing 0.03 (j2.16) 0.004 (j2.87)a

Middle swing 0.85 (j1.72) 0.035 (j2.42)a

Knee
Initial contact 0.120 (j1.55) 0.351 (j0.93)
Middle stance 0.529 (j2.90) 0.855 (j0.18)
Initial swing 0.329 (j0.97) 0.559 (j0.58)
Middle swing 0.045 (j2.00) 0.184 (j1.33)

Ankle
Initial contact 1.00 (0.00) 0.380 (j0.87)
Middle stance 0.096 (j1.66) 0.018 (j2.37)
Initial swing 0.236 (j1.18) 0.466 (j0.72)
Middle swing 0.113 (j2.48) 0.279 (j1.08)

Gait speed 0.000 (j3.58)a 0.000 (j3.58)a

Cadence 0.145 (j1.45) 0.757 (j0.30)
Step length 0.004 (j2.89)a 0.001 (j3.51)a

The P value and the corresponding Z value were identified
from the Mann-Whitney U test.

Pre, baseline; Post, posttreatment; FU, follow-up.
aStatistically significant.
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explanation for the improvement in gait velocity
may have been the increased muscle strength
present after training.26 It has been demonstrated
that muscle weakness is a primary limiting factor in
ambulation in children with CP.26Y28 Although
muscle strength was not specifically tested in this
study, previous studies have shown that adult stroke
patients trained with the GT I machine significantly
increased their performance on the Motricity Index
Test (lower limb section).13 This effect on muscle
strength is further confirmed by the fact that
trained patients in previous studies usually expe-
rience a feeling of muscle fatigue after treatment,
indicating that training on the GT I machine not
only acts as a passive guide for movements but
also requires active involvement of the lower limb
muscles.15

A second main result of the present study
was that the children in the experimental group
had improved gait endurance after training. This
improvement could have resulted from the previ-
ously described effects on gait kinematics and
strength. However, a reduction in energy expen-
diture29 related to the decrease in co-contraction
muscle30,31 and the improvement in movement
efficacy during gait29 may have also contributed to
this improvement. This may lead to an optimization
of cardiovascular performance. To date, no studies
have investigated the effect of body-weight support
gait-training approaches on energy expenditure in
children with CP. Future research on this topic in
the neuromotor rehabilitation of children with CP
is needed.

The question arises as to the possible delayed
effects of training. It is worth noting that at the
1-mo follow-up, the participants in the experimen-
tal group showed a trend toward continued im-
provement in gait kinematics and gait velocity. After
training, the children may have been more moti-
vated to practice gait during daily life activities. This
hypothesis was supported by informal interviews
conducted with the children’s parents.

As shown by the WeeFIM results, the children
in the experimental group showed no reduction in
activities of daily life after training. Although gait is
an important activity of daily life, this result may
be explained by the fact that the WeeFIM is not
sensitive enough to point out significant changes in
the overall performance of activities of daily life.
Furthermore, a potential ceiling effect may be an
additional explanation of the small changes in score
seen in children with higher scores in the WeeFIM.

No improvements in the primary and second-
ary outcomes were obtained in the control group.

This could be because of the different level in the
Gross Motor Function Classification System and in
the gait-assistive devices required in the experi-
mental and control group.

Most studies on body-weight support gait-
training techniques discuss the effects of PBWSTT
and Lokomat robotic training. PBWSTT differs in
several ways from the GT machine approach. The
major disadvantage of PBWSST is that the trunk
and the lower limbs are difficult to control during
exercise. Hence, the more severe the mobility im-
pairment, the more physical effort is demanded
from the child. In addition, at least two physio-
therapists are needed to assist trunk and limb
movements during the gait cycle.13 Two reviews7,8

on the limited studies investigating the effect of
PBWSTT on gait parameters in children with CP
concluded that, currently, there is no evidence that
children with CP benefit from PBWSTT. This lack of
evidence was attributed to small sample size, dis-
parate ability levels of participants, and low-quality
experimental design.

A recently developed pediatric version of the
Lokomat consists of a robotic-driven exoskeleton11

that moves the lower limbs to reproduce normal
walking. Lower limb movements are synchronized
with a treadmill. The few studies examining the
effect of this device on children with CP demon-
strated positive effects on gait velocity and endur-
ance in clinical tests.9Y11 However, these studies
were limited because of small sample size, lack of
a randomized control trial design, and lack of
instrumental evaluations.

Some limitations of the present study must
be acknowledged. First, no measure of muscle
strength, energy expenditure, or quality-of-life was
performed. Second, a longer session time (1 mo)
could have led to a more significant improvement
in children performances. Third, the fact that only
one physiotherapist treated the control group and
only one physiotherapist treated the treatment
group makes it difficult to determine if group
differences are related to the interventions or rather
to a characteristic of the assigned therapist. Fourth,
a great variability in the Gross Motor Function
Classification System scores was evident in our
sample of patients. Finally, a longer follow-up
period (3Y6 mos) is needed to determine the long-
term effects of a gait-training program with this
device. Nonetheless, our results strongly sug-
gest that repetitive locomotor training on a body-
weight support electromechanical machine may
improve gait speed and endurance in children
with CP.
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1. In this study, which was used for repetitive locomotor
training in children with Cerebral Palsy?
A. A robotic-driven exoskeleton
B. A treadmill device
C. An electromechanical body-weight support gait trainer
D. Lower limbs orthoses
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and initial swing
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C. Decreased ankle dorsiflexion during swing phase
D. Increased ankle dorsiflexion during stance phase
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in the experimental group may result from
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D. All of the above.
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