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| ABSTRACT |

Background and purpose: Stroke survivors
commonly have impaired motor control and
balance that seriously affect their walking ability
leading to dependency and increasing burden to
careers and society. The aims of this study were to
evaluate the efficacy of feedback-assisted
locomotor training by using gait trainer on gait in
stroke patients as compared with traditional
physical therapy exercise program and also to
evaluate the long-term effect of this training.
Material and methods: Thirty stroke patients from
both sexes participated in the study. The patients
were divided randomly into two equal groups. The
study group received gait training by using gait
trainer in addition to a selected exercise program
while the control group received the same program
only for successive eight weeks. Walking speed,
average step length of both limbs, time of support
(as a percentage of gait cycle) on the affected and
non-affected sides and timed up and go test were
measured before and after treatment as well as
after another three months (follow-up). Results:
Comparative data regarding the mean values of
gait parameters and timed up and go test in both
groups revealed statistical significant differences.
Additionally, comparison between both groups at
post-treatment revealed statistical significant
difference in all variables except walking speed.
Conclusion: Feedback-assisted locomotor training
by using gait trainer in combination with a
selected physical therapy program is effective in
improving walking performance in stroke patients
more than using a selected physical therapy
program only and has a long term effect.

Key words: Stroke — Exercise therapy - Gait
training - Gait trainer — Feedback.

| INTRODUCTION |

stroke is a sudden, non-convulsive
Aloss of neurological function due to an
ischemic or hemorrhagic intracranial
vascular event*®. It is a leading cause of death

and a leading cause of serious long-term
disability in adults, including loss of motor,
sensory, or cognitive functions**'®?°. Stroke
patients commonly have impaired motor
control and balance that seriously affect their
walking ability, leading to dependence and
increasing burden to carers and society?’.

Three months after stroke, 20% of
patients remain wheelchair bound, and
approximately 70% walk at reduced
capacity”®. Decreases in gait velocity, cadence
and step length are hallmark features of gait in
patients with stroke®'®, Gait deviations such as
hip-hiking, hip circumduction, or drop foot are
commonly noted®. As a result, restoration of
gait becomes a major goal in neurological
rehabilitation after stroke®. To restore gait,
modern concepts of rehabilitation favour a
task-specific repetitive approach. The basic
principle of neurological rehabilitation is that a
skill will be improved if it is practiced
repetitively’. In recent years it has also been
shown that higher intensities of walking
practice with more trained repetitions result in
better outcomes for patients after stroke®**.

In recent years, treadmill has been
widely used in clinical settings for stroke
rehabilitation. Positive effects of treadmill
training on motor performance have been
demonstrated in previous studies?®29:30364344
Furthermore, the effects of treadmill training
in combination with body weight support were
superior to those without body weight support
or overground walking for stroke patients at
different stages®®!"18323345  However, the
neuralplasticity induced by body weight
supported treadmill training remains unclear®,

Gait trainer is a modified treadmill
technology which can provide the necessary
real time audio and visual feedback that has a
potential effect during motor task practice on
motor skill acquisition and learning. It is
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provided by instrumented deck that monitors
and records specific gait parameters including
average step length, walking speed, and right
to-left time distribution (step symmetry).

This study was conducted to evaluate the
effect of adding feedback-assisted locomotor
training by using gait trainer to a selected
physical therapy program on the management
of gait impairments in stroke patients and also
to evaluate the long-term effect of this
training.

SUBJECTS,
MATERIAL AND METHODS

Participants

Thirty stroke patients from both sexes
(19 males and 11 females) participated in this
study. The patients were selected from the
Out-Patient clinic, Faculty of Physical
Therapy, Cairo University. Their ages ranged
from 49 - 62 years with duration of illness
ranged from six to 17 months. The criteria for
inclusion were 1) Stable medical condition, 2)
Degree of spasticity in the affected lower limb
was 1" or 2 according to Modified Ashworth's
Scale®, 3) Ability to walk independently
without assistance of external aids or orthosis,
and 4) Ability to follow simple verbal
commands and instructions.

The exclusion criteria were 1) Recurrent
stroke, 2) Unstable cardiovascular condition
and marked respiratory diseases, 3) Cognitive
and communication deficits which do not
allow comprehension of the study instructions,
4) Deep sensory loss, visuo-spatial neglect,
blindness or deafness, 5) Any other
neurological or orthopedic diseases that may
affect balance and walking, as parkinsonism,
severe osteoarthritis, or rheumatoid arthritis,
and 6) Balance disorders due to causes other
than stroke.

Procedures

Stroke patients who met all of the
selection criteria during screening were
allowed to participate in the study. Prior to the
enrolment, a detailed description of the
experimental protocol was explained to each
patient. An informed consent was obtained
from all patients before participation. All
participants completed the pre-training

evaluation and were then randomized into one
of two groups: the experimental group or
control group by block randomization within
strata identified according to the average
walking speed at the pre-training evaluation.
The randomization process involved drawing
two cards, one with subjects’ names, and the
other with the group allocation from two
separate boxes. The cards were drawn by a
person independent of the study.

A- Evaluative procedures:

All patients in both groups were
evaluated prior to the commencement of
training (pre-treatment), at the end of the eight
weeks training period (post-treatment), and
after three months following the end of the
treatment (follow-up). All patients underwent
the following assessment:

1- Timed up and go (TUG) test: It is a reliable
and valid test for quantifying functional
mobility that may also be useful in following
clinical change over time. The test is quick,
requires no special equipment or training, and
is easily included as part of the routine medical
examination®. Each patient was instructed to
stand from a chair, walk three meters, turn and
walk back to the chair and sit down again.

2- The Biodex Gait Trainer was used for gait
training and also to provide assessment of
kinematic gait parameters including average
step length (m), walking speed (m/sec) and
time on each foot (recorded as a percent of gait
cycle). Each patient was allowed to be familiar
with the gait trainer before starting the
recording by allowing him to walk over the
tread belt of the device for continuous three to
five minutes.

To start the evaluation process, the tread
belt will ramp up slowly to 0.3 m/hour (by
default). Then the therapist increases the speed
gradually to be comfortable for each patient
and allow him to walk for continuous three
minutes. The gait parameters values then can
be displayed on the display. Each step of the
evaluative procedure was practiced three times
with a rest period in between and the average
was taken.

B- Treatment procedures:

All patients in both groups underwent a
60-minutes of selected physical therapy
session (three sessions a week) over a period
of eight weeks. These sessions involved
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controlling spasticity (through positioning,
weight bearing, Bobath technique), stretching
of tight muscles (as ankle planter flexors, hip
adductors, knee and hip extensors, trunk side
flexors), strengthening exercises (for the weak
lower limb and back muscles), balance
training (through assuming upright postures,
changes of positions and weight shifting
exercises) and gait training. Furthermore, the
patients in the study group received additional
gait training by using Biodex gait trainer
system (25- min/session, three sessions a
week) over an eight week period.

Each patient was instructed to do his best
during walking on the tread belt of the gait
trainer system. The device provides both audio
and visual feedback to facilitate gait training.
The visual feedback appears in the display of
the device as right and left targets in the shape
of footfalls. When the patient’s actual footfalls
are detected, they are displayed with respect to
a target box. When the actual step length of the
patient falls within the set step length tolerance
range, the footfalls are synchronized with the
targets and are told (good job). If it falls
outside the tolerance range, the footfalls and
targets become out of synchronization and
appear in the display which footfall is outside
the tolerance range by prompting them to go
longer or shorter on the respected foot. If a
step does not go in front of the opposite step,
the target box will not appear. The audio
feedback tone is synchronized with when the
target box is to appear and it is based on the
last footfall. The training was progressed by

increasing the speed of the tread belt and by
walking supported by the two hands and then
by one hand then unsupported™.

Data Analysis

All data were analyzed by the SPSS 16.0
software (SPSS Inc, Carey, NC). To determine
similarity between the two groups at baseline,
subject age, height, body weight and duration
of illness were compared using independent t-
tests. To analyze the change of outcome
measures from pre-training to post-training
and at three months follow up in each group
ANOVA was used. Difference between groups
in all outcome measures was analyzed using
the independent t test. Statistical significance
was set at P < 0.05.

| RESULTS |

The general characteristics of patients
(age, weight, height and duration of illness)
are presented in table 1. Comparative data
regarding mean values of gait parameters and
TUG test in both the study and control groups
revealed statistical significant differences
among pre, post treatment and follow-up
(Tables 2 & 3). Comparison between both
groups at post-treatment also revealed
statistical significant difference in all variables
except walking speed (P=0.22). Moreover,
there was significant difference between the
two groups at follow-up for all gait parameters
and TUG test.

Table (1): Demographic and clinical characteristics of patients in both groups.

Study grou Control grou
Mean £SD Mean 15D t-value P-value
- Age ? 56.07 +3.2 54.73 +4.49 0.97 0.34 (NS)
- Gender °
Male 10 (66.67%) 9 (60%)
Female 5 (33.33%) 6 (40%)
- Height (cm) # 172.8+5.56 170.26+6.72 1.13 0.27 (NS)
- Weight (Kg) ® 75.47+6.8 72.53+6.07 1.25 0.22 (NS)
- Duration of illness (months) * 12.47+2.64 11.06+2.94 1.37 0.18 (NS)

- Affected side °

Right 8 (53.33%) 7 (46.67%)
Left 7 (46.67%) 8 (53.33%)
- Stroke type "

Ischemia 11 (73.33%) 10 (66.67%)
Hemorrhage 4 (26.67) 5 (33.33%)

Values are mean (x standard deviation) a or frequency (percentage) b.

Significant at P <0.05

(NS): not significant (P> 0.05)
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Table (2): Gait parameters and TUG test in the study group.

Pre-treatment Post-treatment Follow-up F-value P-value
- Speed (m/s) 0.48+0.09 0.62+0.09 0.7+0.06 23.89 0.0001
- Step length (cm)
Affected 47.13£1.9 52.06x1.9 54.06x1.9 51.56 0.0001
Non-affected 40.66+1.63 48+1.7 50.33+1.5 147.5 0.0001
- Time of support (% gait cycle)
Affected 22.66+2.35 27.86+2.19 30.73+2.68 42.8 0.0001
Non-affected 48.33+£2.49 43.8+1.69 41.73£1.1 49.6 0.0001
- TUG test (sec.) 49.47+ 6.4 34.93+5.96 30.07+5.4 43.378 0.0001
Significant at P <0.05
Table (3): Gait parameters and TUG test in the control group.
Pre-treatment Post-treatment Follow-up F-value P-value
- Speed (m/s) 0.5+0.07 0.58+0.09 0.62+0.08 8.45 0.001
- Step length (cm)
Affected 47.33£1.9 49.27+2.05 49.8+2 6.36 0.004
Non-affected 41.2+1.56 43.53+2.26 44.66+2.3 10.9 0.000
- Time of support (% gait cycle)
Affected 22.93+2.21 25.93+2.43 27.4+2.82 12.4 0.0001
Non-affected 47.6+2.66 45.8+2.7 44,93+2.84 3.7 0.03
- TUG test (sec.) 46.8+4.78 39.93+4.33 36.27+4.03 22.23 0.0001

Significant at P <0.05

Table (4): Comparison between both groups at pre-treatment, post-treatment and follow-up mean values

of gait parameters and TUG test.

Pre-treatment Post-treatment Follow-up
t-value P-value t-value P-value t-value P-value
- Speed 0.6 0.54 (NS) 1.25 0.22 (NS) 2.72 0.01
- Step length
Affected 0.28 0.7 (NS) 3.87 0.001 5.91 0.0001
Non-affected 0.91 0.4 (NS) 6.12 0.0001 8.03 0.0001
- Time of support (% gait cycle)
Affected 0.32 0.8 (NS) 2.28 0.03 3.31 0.003
Non-affected 0.77 0.4 (NS) 2.43 0.02 4.07 0.0001
- TUG test 1.29 0.2 (NS) 2.63 0.014 3.56 0.001
Significant at P <0.05 (NS): not significant (P> 0.05)
\ DISCUSSION \ therapy exercise program which consisted of

This study was conducted to evaluate the
influence of feedback-assisted locomotor
training by using gait trainer on walking
performance in stroke patients as compared
with traditional physical therapy program and
also to evaluate the long-term effect of this
training. The main findings of this study
revealed significant differences among pre,
post treatment and follow-up as regarding to
walking parameters and TUG test in both
groups (in favour of the study group).

Concerning the significant improvement
in the control group, this appears to be
attributable to the effect of traditional physical

different therapeutic exercises directed to
control abnormal muscle tone (spasticity),
stretch tight muscles, strengthen weak
muscles, increase the weight shift on the
affected side and to train balance and gait. All
of these exercises could improve the control
on the muscles of the affected lower limb and
the trunk in addition to increasing weight
bearing on the affected side with enhancing
balance and symmetry. This results in
increasing the time of support on the affected
side (as a percent of gait cycle). This comes in
agreement with Geurts et al.,"> who reported
that weight shift toward either leg is a
prerequisite for independent walking and
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learning to load and unload the affected leg
while standing is an important step in balance
and gait training in stroke patients.

Moreover, the significant improvement
of walking parameters and TUG test might be
attributed to the improvement of muscle power
of the affected side, weight shift and balance
exercises which enable the patient to bear
weight on the affected side and give a chance
for advancing the non-affected side and swing
it more freely so increasing its step length and
subsequently increasing the speed of
walking®*. Also, the increase in average step
length of the non-affected side may be due to a
better push off by the affected leg".

As regarding to the study group, the
significant improvement in gait parameters at
post treatment and follow-up might be
explained by the benefit from shifting the
rehabilitation ~ paradigm  from  neuro-
developmental therapy to task-specific
training, with gait trainer*. Gait trainer can be
considered as a task oriented approach for
locomotor training as it allows repetitive
controlled training for the whole gait cycle
which might induce neuroplastic changes in
the cerebral cortex and in other parts of the
central nervous system. This comes in
agreement with Harvey'® who concluded that
motor skill retraining at intense level in the
affected limbs can produce neuroplastic
changes. Furthermore, task-oriented training
that focuses on the practice of skilled motor
performance is a crucial link to facilitate
neural reorganization.

Due to its ability to increase intensity
and  velocity, while  maintaining a
physiological gait pattern, gait trainer can
provide a high-intensity task oriented training
program that is preferred for motor
relearning?.  High-intensity  task-oriented
training can improve hemiplegic gait and
physical fitness exceeding the effectiveness of
a low intensity physical therapy
program15'24'34*4°.

Gait trainer can provide a highly
symmetric gait-like movement simulating
stance and swing phases so it is suggested to
enhance symmetry during walking™. Training
with repetition of walking on gait trainer
which simulate normal gait is very important
for enhancing motor recovery in stroke

patients®!®%”. Additionally, the significant
improvement in walking parameters and TUG
test might be attributed to the improvement in
the psychological aspect and cardiovascular
adaptations of those patients which have an
effect in causing disability. It was concluded
that the disability experienced by many
individuals after stroke arises not only from
the impairments resulting from the stroke, but
also from the psychological and cardiovascular
adaptations that accomPany disuse and use of
maladaptive behaviors'*.

Moreover, the patients were motivated
by the real-time audio and visual feedback
provided by the gait trainer. They were
prompted into proper gait patterns; step length
and step symmetry. Feedback helps patients
stay "on target” in each phase of gait; steps
lengthen, walking speed increases and
symmetry improves. This can also justify the
significant improvement of TUG test.
Computerized visual and auditory feedback is
a valuable adjunct to gait training. It represents
a relevant tool to increase patients’ motor
output, involvement, and motivation during
gait training®“*?. Noteworthy of mention here
IS that gait training through using multisensory
approach can increase self-confidence which
might improve the ability to analyze, compare,
and select the pertinent sensory information to
improve gait pattern, maintain balance and
prevent falls>3.

The significant differences between the
study group and the control group at post-
treatment (except walking speed) and at
follow-up are suggested to be attributed to the
different effects of the combination between
feedback-assisted locomotor training and the
traditional physical therapy program that is
suggested to enhance learning process®.
Furthermore, the additional repetitive training
through using gait trainer is believed to be
essential for effective learning of complex
tasks as gait*2. The non significant difference
in walking speed between both groups might
be justified by the increased cadence in the
control group which subsequently increases
the speed. This is consistent with the opinion
of Ada et al.," who concluded that increasing
speed in stroke patients may be the result of
increasing cadence.
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The present study has some limitations
that should be addressed. The stroke patients
who participated in the study had lower degree
of spasticity in the affected lower limb (1" or 2
according to Modified Ashworth's Scale).
Future studies are recommended to target
stroke patients of higher degrees of spasticity.
Additionally, the duration of illness since
stroke in the patients recruited in this study
was from six to seventeen months. Further
studies are needed to investigate the effect of
the gait trainer assisted locomotor exercises on
patients with lesser or longer duration of
illness. Also, the total time of treatment in both
groups was different. The study group
received longer time (traditional physical
therapy program in addition to gait trainer
exercises) while, the control group received
only traditional physical therapy program. The
differences of treatment time between the two
groups may contribute in the significant
improvement in the study group as compared
to the control group. Moreover, the small
number of participants might limit the
generalization of the study results.

Conclusions

Repetitive task training through using
feedback-assisted locomotor training by gait
trainer in combination with traditional physical
therapy treatment program resulted in better
improvement in walking performance in stroke
patients. Gait trainer as adjunctive tool seems
feasible tool in gait rehabilitation after stroke.
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