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ORIGINAL ARTICLE

Effectiveness of Gait Training Using an Electromechanical
Gait Trainer, With and Without Functional Electric
Stimulation, in Subacute Stroke: A Randomized

Controlled Trial

Raymond K. Tong, PhD, Maple F. Ng, PT, Leonard S. Li, MD

ABSTRACT. Tong RK, Ng MF, Li LS. Effectiveness of gait
training using an electromechanical gait trainer, with and with-
out functional electric stimulation, in subacute stroke: a ran-
domized controlled trial. Arch Phys Med Rehabil 2006;87:
1298-304.

Objective: To compare the therapeutic effects of conven-
tional gait training (CGT), gait training using an electrome-
chanical gait trainer (EGT), and gait training using an electro-
mechanical gait trainer with functional electric stimulation
(EGT-FES) in people with subacute stroke.

Design: Nonblinded randomized controlled trial.

Setting: Rehabilitation hospital for adults.

Participants: Fifty patients were recruited within 6 weeks
after stroke onset; 46 of these completed the 4-week training
period.

Intervention: Participants were randomly assigned to 1 of 3
gait intervention groups: CGT, EGT, or EGT-FES. The exper-
imental intervention was a 20-minute session per day, 5 days a
week (weekdays) for 4 weeks. In addition, all participants
received their 40-minute sessions of regular physical therapy
every weekday as part of their treatment by the hospital.

Main Outcome Measures: Five-meter walking speed test,
Elderly Mobility Scale (EMS), Berg Balance Scale, Functional
Ambulatory Category (FAC), Motricity Index leg subscale,
FIM instrument score, and Barthel Index.

Results: The EGT and EGT-FES groups had statistically
significantly more improvement than the CGT group in the 5-m
walking speed test (CGT vs EGT, P=.011; CGT vs EGT-FES,
P=.001), Motricity Index (CGT vs EGT-FES, P=.011), EMS
(CGT vs EGT, P=.006; CGT vs EGT-FES, P=.009), and FAC
(CGT vs EGT, P=.005; CGT vs EGT-FES, P=.002) after the
4 weeks of training. No statistically significant differences
were found between the EGT and EGT-FES groups in all
outcome measures.

Conclusions: In this sample with subacute stroke, partici-
pants who trained on the electromechanical gait trainer with
body-weight support, with or without FES, had a faster gait,
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better mobility, and improvement in functional ambulation
than participants who underwent conventional gait training.
Future studies with assessor blinding and larger sample sizes
are warranted.

Key Words: Electric stimulation; Exercise; Gait; Rehabili-
tation; Stroke.
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CCORDING TO THE WORLD Health Organization,

stroke is the third most common cause of mortality in
develoli)ed countries; each year, 15 million people suffer a
stroke.” Stroke is also a leading cause of serious, long-term
disabilities, including loss of motor, sensory, or cognitive func-
tions.” Gait in people with hemiplegic stroke can be greatly
disrupted. More than half of people with stroke in the acute
phase are not able to walk, and walking impairments are still
present 3 months later.>* Effective gait training is among the
goals of neurologic rehabilitation after stroke. Early physical
therapy (PT) intervention in gait training has been generally
recognized as beneficial. Friedman® showed that the sooner a
stroke survivor attained the ability to ambulate, the more likely
independent walking would be re-established.

In several studies,®® intensive gait-focused training in the early
stage after stroke has been shown to be effective. These studies
indicated that repetitive task—oriented exercise programs im-
proved functional capabilities in people with neurologic deficits.
However, conventional gait training required manual support
and guidance from physical therapists in patients with severely
impaired motor control and postural control. Therefore, body-
weight—supported (BWS) treadmill training was developed to
support a percentage of body weight to allow safe weight
shifting and stepping. In subjects with subacute stoke (<6wk
poststroke), the studies of da Cunha-Filho et al® and Visintin
and Barbeau'® showed that BWS treadmill ambulation training
was a feasible and safe technique and had a promising role in
gait training. A Cochrane systematic review'' surveyed 15
trials (622 participants) and found there were no statistically
significant differences between treadmill training with or with-
out body-weight support and other types of interventions for
walking speed or dependence. The review also noted that some
studies suggested that treadmill training with body-weight sup-
port may be more effective than treadmill training without
body-weight support, whereas others found that treadmill train-
ing plus task-oriented exercises may be more effective than
sham exercises. Treadmill training may also have several dis-
advantages. Kosak and Reding'? stated that therapists preferred
conventional overground gait training with aggressive bracing
rather than treadmill walking. This is because treadmill walk-
ing can require manual guidance by 2 or more therapists to
advance the paretic limb and control trunk movements.
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To enable wheelchair-bound people with stroke to practice gait
with minimal assistance, an electromechanical Fait trainer (GT ID)*
was designed by Hesse et al.'* In case reports'*'* and a random-
ized crossover study,'” the designers showed that the electrome-
chanical gait trainer was an effective alternative to treadmill ther-
apy with partial body-weight support in intense gait rehabilitation
after stroke for gait ability and walking velocity. Although they
found no difference in effectiveness between BWS treadmill train-
ing and using the BWS gait trainer, they stated that the gait trainer
helped to reduce manual guidance from the therapist and provided
a highly symmetric, more independent gait practice for the
nonambulatory participants.

Functional electric stimulation (FES) could be combined
with the gait trainer in a treatment protocol to generate active
movement from paralyzed muscles. FES has major therapeutic
benefits in the early phase of gait rehabilitation, facilitating
people with brain injury to achieve a better functional result in
a shorter period of time.'®!” Repetitive active or passive prac-
tice of movements identical or similar to those in normal gait
may enhance motor learning and recovery.'®'? Separately, the
use of an electromechanical gait trainer and FES have been
shown to have positive therapeutic effects during poststroke
rehabilitation. In a study by Peurala et al,”® the 2 techniques
were applied simultaneously on participants with chronic
stroke to compare the use of the gait trainer, gait trainer with
FES, and training consisting of overground walking. The results
showed a faster gait after 3 weeks of training for all 3 groups, and
no difference was found between the groups.

The therapeutic effect of FES coupled with gait-trainer in-
tervention has not been investigated in people with subacute
stroke (<6wk poststroke). The purpose of this study was to
compare the effectiveness of 3 gait-training interventions in
subacute stroke: an electromechanical gait trainer (EGT), an
electromechanical gait trainer with FES (EGT-FES), and con-
ventional gait training (CGT). Outcomes were to be assessed at
baseline, midtraining (after 2wk), and at the end of training
(after 4wk). The outcome measures included 5-m walking
speed, Elderly Mobility Scale (EMS), Berg Balance Scale
(BBS), Functional Ambulatory Category (FAC), Motricity In-
dex leg subscale, FIM instrument, and Barthel Index.

METHODS

Participants

All people with a first stroke who were admitted to the
inpatient unit of a rehabilitation hospital in Hong Kong were
screened from October 2003 to December 2004 as possible
participants. Inclusion criteria for this study were (1) a diag-
nosis of ischemic brain injury or intracerebral hemorrhage
shown by magnetic resonance imaging or computed tomogra-
phy less than 6 weeks after the onset of stroke; (2) sufficient
cognition to follow simple instructions and understand the
content and purpose of the study (Mini-Mental State Exami-
nation score >21)*'; (3) the ability to stand upright, supported
or unsupported, for 1 minute; (4) significant gait deficit (FAC
score <3)*?; and (5) no skin allergy to electric stimulation.

Patients were excluded if they had (1) a recurrent stroke or other
neurologic deficit that would affect ambulation ability; (2) any
additional medical or psychologic condition that would affect their
ability to comply with the study protocol—for example, a signif-
icant orthopedic or chronic pain condition, major poststroke de-
pression, history of potentially fatal cardiac arrhythmias, im-
planted cardiac pacemaker, Parkinson’s disease, or clinical signs
of newly developed thrombosis of the thigh; (3) aphasia with an
inability to follow 2 consecutive step commands or a cognitive
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deficit; or (4) severe hip, knee, or ankle contracture that would
preclude passive range of motion of the leg.

All participants gave informed consent through methods
approved by the university and the hospital’s institutional re-
view board. The study protocol and procedures were also
approved by the university’s and the hospital’s ethics commit-
tees. The study design was a randomized controlled trial of 4
weeks. Randomization was done by computer-generated ran-
dom numbers. Each participant was assigned to a group ac-
cording to the list of generated random numbers after the
baseline assessment.

Measurements

Stroke patients who met all of the selection criteria during
screening were allowed to participate in the study. All assessments
during the study period, including the screening of patients, were
performed by a single research physical therapist. Participants
were assessed at the PT department of the hospital. Neither par-
ticipants nor the research physical therapist were blinded to the
treatment because it was impractical to do so. The 3 groups were
compared in terms of general mobility, gait ability, overground
walking speed, and motor impairment.

The EMS has proven to be a valid scale with good interrater
reliability (Spearman correlation coefficient p=.88) that can be
readily applied during daily clinical work®* and hence was used
in this study to detect improvement in mobility. This is a
20-point scale assessing 7 elements of mobility, incorporating
gait speed and functional reach.

Balance was assessed by the BBS. This has excellent inter-
rater and intrarater reliability for elderly subjects** and for
subjects with acute stroke (interrater intraclass correlation co-
efficient model 2,1 [ICC,,]=.98; intrarater ICC,;=.97).> It
can detect change in balance of people with acute stroke.®
Ambulatory ability was rated by using the FAC scale.**?’
Participants were rated according to the personnel support
needed for gait, regardless of use of an assistive device, ac-
cording to a 6-point scale. The interrater reliability of the FAC
scale has been assessed as .85.%7

The leg subscale of the Motricity Index evaluates 3 joint
movements (hip flexion, knee extension, ankle dorsiflexion)
and was used to analyze motor loss of the affected lower limb
after stroke.?® It is sensitive to motor recovery after stroke. This
measure has good reliability, with a Cronbach « of .77.% The
Pearson correlations between the Motricity Index and the iso-
metric strength from a dynamometer are good to excellent
(r range, .78-.91).%°

Overground walking speed was measured by timing a 5-m walk
with a stopwatch. The speed was calculated in meters per second.
The test-retest variability in the 5-m walk for subjects after stroke
(2-6y) was measured by calculating the maximum difference
between any 2 readings as a percentage of the lowest time. The
results showed that it was reliable on test-retest, with 95% of
subjects’ speed within 25% of the lowest time.”? The Pearson
correlations between the 5-m and the 10-m walk and between the
walks done in the first and second trials were good (r range,
95-.99).%* Each participant was asked to walk as fast as possible
on a walkway for 5m using a walking aid if necessary. No other
assistance was given, and no orthoses were allowed for the walk.
If a walking aid was used for the first timed walk, it was also used
for each subsequent timed walk. The walking speed was regarded
as 0.0m/s if a participant required manual assistance from a
therapist to walk or was unable to finish the whole Sm. Walking
speed was measured from 2 trials, with the average of the 2 speeds
recorded as the final gait speed of each participant. The 5-m
walking test was designed for acute stroke survivors by da Cunha-
Filho et al.’° The short distance enables people with relatively poor

Arch Phys Med Rehabil Vol 87, October 2006



1300

aerobic fitness, balance, and lower-limb strength to complete the
test more readily.

The FIM instrument®® and Barthel Index' were used to provide
a comprehensive view of overall function. The FIM measures not
only self-care activities and mobility but also communication and
cognitive functions. It is well validated, the interrater reliability is
high, and the Cronbach o was .88 to .91 in people with
stroke.*>** The Barthel Index is a validated and widely used
instrument to measure dependency in activities of daily living,
and the Cronbach « for reliability has been shown to be .84 to
.85 in people with stroke.*?** The FIM and Barthel Index were
performed before and after the 4 weeks of intervention by
nurses who were blinded in this study.

Interventions

All participants received their regular weekday 40-minute
PT sessions and 1.5-hour multidisciplinary treatments, which
consisted of occupational therapy, speech therapy, and psy-
chology throughout the study period. All participants partici-
pated in the 4 weeks of training during the study period in the
same hospital. The study consisted of 1 training session per
weekday during the 4 weeks. To prevent contamination FES
was not allowed to be used during the regular PT sessions.
Each participant of the experimental groups (EGT, EGT-FES)
underwent gait training with BWS by the electromechanical
gait trainer, and each participant of the EGT-FES group also
received FES to the paretic lower limb during the gait training.
Participants in the CGT group underwent overground walking
for their gait training. Figure 1 shows the training program
details for each group.

The CGT group received conventional PT gait training based
on the principles of proprioceptive neuromuscular facilitation and
Bobath concepts.**>> It was conducted by each subject’s own
hospital physical therapist, who administered his/her regular
rehabilitation. The aim of the Bobath treatment is to improve a
person’s posture and movement.>* Through specialized han-
dling techniques, muscle stiffness may be reduced, muscle
control against gravity may be increased, and fluctuating mus-
cle activity may be stabilized. Participants could undergo the
overground walking gait training with or without a walking aid
or orthoses and with or without manual assistance depending
on their abilities. The conventional rehabilitation provided by
the hospital was tailored to each patient’s needs, focusing on
his/her particular impairments and disabilities, and therefore
each patient received varying degrees of specific therapies.
Each session of conventional treatment was documented, with
each type of activity and its duration recorded.

The EGT group used the electromechanical gait trainer.
Each gait-training session was to last 20 minutes with an
optional rest break (of 1-3min) after the first 10 minutes. The
electromechanical gait trainer simulated a normal gait cycle in
a symmetric manner with a ratio of 60% to 40% between the
stance and swing phases. The gait trainer also supported part
or all of each person’s body weight via a harness attached by
ropes to a gear system, according to the participant’s ability
to lift his/her foot during the swing phase.'® If partial or full
body weight needed to be supported, the participant’s physical
therapist manually tugged on the system’s pulley. Each har-
nessed participant was positioned over the gait trainer’s foot-
plates, to which his/her feet were secured. The propulsion of
the footplates helped with the movement of the feet and legs
during both the stance and swing phases. Step length and
walking speed could be adjusted from 34 to 48cm and from 0
to .70m/s, respectively. Other training variables included the
percentage of body-weight support provided and each partici-
pant’s use of the gait trainer’s front horizontal bar for hand
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350 patients admitted to a
hospital with stroke and
screened for this study

Randomized

(n=50)

CGT Group (n=20)
Physical therapy session

EGT Group (n=15)
Physical therapy session

EGT-FES Group (n=15)
Physical therapy session
30 minutes of upper-limb and 30 minutes of upper-limb and 30 minutes of upper-limb and
trunk mobility training trunk mobility training trunk mobility training
+ + +

20 minutes of overground gait 20 minutes of EGT walking 20 minutes of EGT-FES walking
training + +
+ 10 minutes lower-limb training 10 minutes lower-limb training
10 minutes lower-limb training
+ +
+ 1.5 hours of multidisciplinary 1.5 hours of multidisciplinary

1.5 hours of multidisciplinary
treatment (occupational therapy/
speech therapy/psychology)

! , '

Assessment:
Midtraining (2 weeks, n=15)
Posttraining (4 weeks, n=15)

treatment (occupational therapy;
speech therapy/psychology)

treatment (occupational therapy/
speech therapy/psychology)

Assessment:
Midtraining (2 weeks, n=18)
Posttraining (4 weeks, n=16)

Assessment:
Midtraining (2 weeks, n=15)
Posttraining (4 weeks, n=15)

Discontinued intervention (n=4)
(1 readmitted to an acute hospital,
1 had a deteriorating medical
condition, 2 were discharged
before completion)

Excluded from analysis because
of discontinued intervention
(n=4)

Intention to treat analyzed
(n=20)

A v
‘ Analyzed (n=15) ‘ ‘ Analyzed (n=15)

Fig 1. CONSORT flowchart of the training programs.

support to increase stability. The target training velocity was
relatively slow (.20—.60m/s) to avoid overexertion of partici-
pants.'> Body weight was partially supported to compensate for
the paresis of the affected lower limb, and this support was
reduced as soon as a participant could take his/her full body
weight. The physical therapist would give assistance during gait
training to help with each participant’s knee extension and would
give verbal cueing to facilitate each participant’s head and trunk
extension and midline awareness when the participant leaned to
the paretic side or increased trunk kyphosis. Participants who
achieved adequate balance on the gait trainer were encouraged not
to use the horizontal bar for hand support to further train their
balance and postural control of the lower limbs.

Participants in the EGT-FES group underwent the same inter-
ventions as the EGT group, except for the additional feature of
FES during their gait-trainer sessions. Each participant received
electric stimulation modalities, including waveform and pulse
width with fixed values. The stimulation intensity was adjusted
by the supervising physical therapist according to how success-
ful the correct limb movement was elicited and to each partic-
ipant’s comfort threshold (table 1). A pair of self-adhesive
electrodes (Platinum Blue 901220; size, 5X5cm square elec-
trode)® was attached to each participant’s quadriceps on the
paretic side and stimulated in the stance phase to facilitate
weight acceptance. Another pair of electrodes (Ultraflex
881150; size, 3.8mm round electrode)® was attached to each
participant’s common peroneal nerve on the paretic side and
stimulated during the swing phase to generate ankle dorsiflex-
ion. The stimulation sites were determined beforehand, with
each participant in a seated position, and when a correct func-
tional response was obtained—that is, the knee extended when
the quadriceps were stimulated and the ankle dorsiflexed when
the peroneal nerve was stimulated. Stimulation intensity was
then raised until the functional movement over the desired
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Table 1: FES Parameters Set During EGT-FES Training Sessions

Common Peroneal

Parameters Quadriceps Muscle Nerve
Stimulation phase Stance phase Swing phase
Pulse width (us) 400 400
Rising edge ramp (s) 0.3 0.3
Falling edge ramp (s) 0.3 0.3
Waveform Rectangular pulse  Rectangular pulse
Extension (s) 0.1 0.1
Current (mA) 50-85 50-70

range of motion (knee angle <20° from full extension, ankle
angle in neutral position or dorsiflexed position) was achieved
with comfort for each participant; then the sites were marked
on the skin with nonconductive, semipermanent ink. Electrodes
were then attached to the same marked sites throughout the
4-week intervention period. Before each participant’s first
training session, intermittent stimulation was tested continu-
ously on the participant for at least 10 minutes to rule out skin
allergy. Two connection wires linked the gait-trainer control
box and the 2 single-channel FES stimulators® that were de-
veloped to synchronize the gait phase and the stimulation
timing for the quadriceps and the common peroneal nerve.

Blood pressure was monitored continuously during each
gait-training session to safeguard participants’ health. Set cri-
teria for cessation of intervention included if a participant
reported having a headache, confusion, or onset of angina and
if an excessive change in blood pressure was detected. A rest
break was given if a participant requested a rest because of
fatigue. A daily log sheet was kept to record gait speed gen-
erated by the gait trainer, percentage of body-weight support
from the harness, total walking distance, and number of rest
breaks during training. If a participant missed more than 3
scheduled sessions because of medical reasons or an inability
to participate, he/she was withdrawn from the study.

These interventions have not been investigated in the sub-
acute stroke population; therefore, parameters for sample size
calculation were not available. We chose a sample size of 50,
because this number of participants could be reasonably re-
cruited with the available resources.

Statistical Analysis

Difference scores of all outcome measures were calculated
from posttreatment scores minus pretreatment scores to evalu-
ate the effect of gait training. Intention-to-treat analysis was
used for all of the recruited participants. Data that were missing
because participants had withdrawn from the study were re-
placed by the last scores obtained. SPSS® was used to compare
the differences in outcome measurements. For nonparametric
variables, the Friedman test for repeated measurements was
used to compare the 3 assessments within a group, and the
Wilcoxon signed-rank test was used to perform pairwise mul-
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tiple comparisons. The Kruskal-Wallis test was used for com-
parison between the 3 groups (CGT, EGT, EGT-FES). If a
significant difference was found between any of the 3 groups,
the Mann-Whitney U test was used to perform multiple com-
parisons between the 2 groups. For continuous variables, 1-way
analysis of variance was used to determine differences in the
clinical outcome measures across the 3 groups. An « level of P
less than .05 was assumed to be significant, and the Bonferroni
adjustment was then used for post hoc comparison. No correc-
tion for multiple statistical testing was performed.

RESULTS

Fifty hemiplegic patients with subacute stroke met the in-
clusion criteria and participated. The flow diagram of the study
is given in figure 1. Four of the 50 participants who were
admitted to the study did not complete the protocol (1 partic-
ipant was readmitted to an acute care hospital, 1 had a deteri-
orating medical condition, 2 were discharged from the hospital
before completion of the 4-wk intervention period), and they
were from the CGT group. As a result, 46 participants com-
pleted the entire study protocol: 16 in the CGT group, 15 in the
EGT group, and 15 in the EGT-FES group.

Table 2 shows the clinical characteristics of the groups, and
table 3 shows the pretraining, midtraining, and posttraining
results. There may have been an important difference in the mean
ages of the groups, with the control group being older. There were
no clinically relevant differences between the 3 groups on the
outcome measures at baseline. All groups showed statistically
significant improvements from baseline to posttraining.

For between-group differences, there were statistically sig-
nificant differences between the non—gait-trainer CGT group
and the 2 gait-trainer groups (EGT, EGT-FES). The effect of
using the electromechanical gait trainer showed up after 2 weeks
of training based on FAC (CGT vs EGT, P=.001; CGT vs
EGT-FES, P=.004) and walking speed (CGT vs EGT-FES,
P=.023). At the end of the fourth week, further improvements
were observed in the FAC (CGT vs EGT, P=.005; CGT vs
EGT-FES, P=.002), walking speed (CGT vs EGT, P=.011;
CGT vs EGT-FES, P=.001), EMS (CGT vs EGT, P=.006;
CGT vs EGT-FES, P=.009), and Motricity Index (CGT vs
EGT-FES, P=.011). These differences were clinically impor-
tant for the EMS, FAC, and walking speed. For the Motricity
Index, only the difference between the CGT and the FES
groups was clinically important. No statistically significant
differences were found in BBS, Barthel Index, or FIM. Of
these, the difference between the CGT and the gait-trainer
groups may have been clinically important for the BBS.

Although no significant differences were discovered in all
outcome measures between the 2 gait-trainer groups (EGT,
EGT-FES), effect size calculations showed a medium strength
difference in overground walking speed (effect size, .55) and
FAC (effect size, .55) in favor of the EGT-FES group.

Table 2: Baseline Demographic Characteristics of the CGT, EGT, and EGT-FES Groups

Variables CGT Group (n=20) EGT Group (n=15) EGT-FES Group (n=15)
Age (y)* 71.4+14.0,73.5 (34-86), 4 66.1:9.9, 68.0 (45-80), 4 61.8+10.8, 65.0 (42-75), 7
Sex (male/female) 12/8 9/6 10/5
Etiology (ischemic/hemorrhage) 17/3 11/4 11/4
Side of hemiplegia (right/left) 713 7/8 6/9
Time poststroke before recruitment (wk)" 2.7%1.2 2.7%x1.3 2.3%1.0

*Values are mean =* standard deviation (SD), median (range), and number of participants with age <65y.

"Values are mean = SD.

Arch Phys Med Rehabil Vol 87, October 2006
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NOTE. Values are mean = SD unless otherwise indicated.

Abbreviation: NA, not applicable.

*Significance level of change scores between 3 groups.

"Median (interquartile range); nonparametric test was used.

*Significant differences were shown.
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Fig 2. (A) Mean walking speed in the gait trainer and (B) mean
body-weight support from sessions 1 to 20 for the EGT group (solid
line) and the EGT-FES group (dotted line). The vertical bars repre-
sent the standard deviation.

On the first day of the gait-trainer intervention, the mean
walking speed in the gait trainer of the EGT group was
.11%.06m/s, and for the EGT-FES group it was .17%.04m/s.
The mean speeds in the gait trainer gradually increased to
39%.11m/s for both groups by the end of the 4 weeks of
training (see fig 2). Body-weight support commenced in the
EGT group at 25%*7.2%, whereas for the EGT-FES group it
was 20% *=6.3%. Body-weight support gradually decreased in
the EGT group to 0.5%*+0.9% by the end of the 4 weeks of
training, whereas most participants in the EGT-FES group
could walk without any body-weight support by the gait trainer
after session 16 (see fig 2). Most participants in the EGT and
EGT-FES groups completed all of the 20-minute sessions of
gait training; from the 2 groups, a total of 6 participants
required 1 or 2 rest breaks during the sessions. Adverse side
effects from the training and overexertion of participants did
not occur.
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DISCUSSION

All participants in all 3 groups showed improvement in
terms of lower-limb strength, mobility, ambulation ability,
walking speed, and activities of daily living during the 4-week
intervention period. The results of this randomized clinical trial
indicated that gait training using the electromechanical gait
trainer with and without FES was more effective than conven-
tional overground gait training. In our study, participants in the
EGT and EGT-FES groups improved significantly in EMS,
walking speed, muscle strength, and FAC versus participants in
the CGT group.

Gait rehabilitation for people with stroke should be goal-di-
rected. The BWS electromechanical gait trainer provided active
stimulation of the stance and swing phases in a physiologic man-
ner. The body weight of participants was partially supported to
compensate for the paresis of the affected lower limb. This was
considered among the major advantages of using a BWS system
for early rehabilitation, in that a participant’s body weight could be
supported as needed to help the participant establish an upright
position for taking steps while also providing task-specific, repet-
itive walking training.'* The gait trainer enabled our participants
to walk for 500 to 1000 repetitions each session compared with
conventional gait training for only 50 to 100 steps with each PT
session. Nevertheless, it should be noted that there are differences
in the activation patterns of some muscles during mechanically
assisted walking compared with a natural gait. The study of a
robotic device (Lokomat)®® stated that reducing the degrees of
freedom through which the person is allowed to move caused a
decrease in muscle activation (electromyographic) patterns from
what is commonly observed in ranges of normal walking.

Peurala et al*® studied people with chronic stroke who under-
went a 20-minute training session every weekday for 3 weeks.
The results did not show any difference in performance be-
tween participants who were assigned conventional overground
walking training and those who used the gait trainer with or
without FES. This might be due to the fact that participants
were in a chronic phase of stroke, and most participants might
not have been severely impaired in walking. Peurala reported
that although the motor recovery of participants in the 3 groups
was similar, the gait trainer allowed more repetitions of steps
and a longer walking distance per session than conventional
overground gait training. It seems that during the subacute
phase of stroke, intensive rehabilitation on a gait trainer is more
effective than during the chronic state of stroke.

In our study, FES was used to stimulate the quadriceps and
the common peroneal nerve in participants in the EGT-FES
group. The EGT-FES group had statistically significantly more
improvement than the CGT group, but there was no statistically
significant difference between the CGT and the EGT groups in
the Motricity Index at the end of the 4 weeks or in the walking
speed after 2 weeks. This indicated that FES combined with
EGT could hasten improvement in muscle strength and walk-
ing speed more effectively than EGT alone or conventional gait
training. Reports from Waters®” and Burridge®® and colleagues
stated that there was a short-lasting or long-lasting carry-over
effect after using FES. It was proposed that FES potentially
provides an artificial way of ensuring synchronized presynaptic
and postsynaptic activity in the affected population of anterior
horn cells, as long as FES is coupled with simultaneous vol-
untary effort by the participant, so that the combination would
activate the residual pyramidal tract.'® In other words, FES
might improve the fitness and strength of the paralyzed motor
units of people with stroke who still have voluntary control. Hesse
et al* found that a combined therapy of treadmill gait training
and FES produced a positive training effect compared with
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either treadmill training or FES alone. The improvement in
outcome measures in the EGT and EGT-FES groups in our
study did not show statistically significant differences between
these 2 groups. Although a gait trainer helps with the move-
ment of the feet and legs during the stance and swing phases
and with assisting in weight shifting by increasing the stability
of the center of mass, a gait trainer is unable to provide knee
control during weight bearing or provide ankle dorsiflexion and
knee flexion during the swing phase of the paretic limb.'* The
stance-phase motor tasks could therefore be more effectively
assisted by FES-induced muscle activations, which also reduce
the need for continuous manual guidance by a physical thera-
pist during the gait-trainer exercise. EGT-FES participants also
reported that they were willing to put weight on the paretic
limb, because they believed that the induced contraction by the
FES brought extra strength to the leg during the single-leg
stance phase. The EGT-FES group had less mean body-weight
support and a faster mean walking speed than the EGT group
during gait-trainer training sessions (see fig 2). Moreover, they
also received cues from the tingling sensation of FES to
straighten the knee and flex the knee during the gait cycle,
which encouraged them to actively participate in the training
process. By doing so, they could gain a more meaningful and
functional therapeutic effect from electric stimulation instead
of passively letting their paralyzed muscles be stimulated elec-
trically during conventional treatment in a seated position.

However, no significant difference was found between the 2
treatment groups. The effect size calculations showed that a
medium strength difference was found in the overground walk-
ing speed and FAC. The effect size differences suggest that a
larger sample size would have possibly produced a statistically
significant effect. Another reason may be an insufficient num-
ber of stimulation sites on each participant in the EGT-FES
group. A study by Daly et al*® showed that the more muscles
stimulated by intramuscular electrodes, the better the improve-
ment in gait. More paretic muscle groups (eg, plantarflexors,
knee flexors, hip extensors) could be stimulated using intra-
muscular electrodes in EGT-FES groups in future studies.

There were several limitations to our study. Nonblinding of
the outcome assessors may have resulted in bias, and we did
not adjust for multiple statistical testing. Even with a Bonfer-
roni adjustment for tests on 7 outcomes, the EMS, FAC, and
5-m walking speed would still be statistically significant. The
age of the control group participants was slightly higher than
that of the gait-trainer groups. In future studies, larger sample
sizes are needed to improve the success of randomization for
balancing groups and to detect clinically important differences
between the gait-trainer groups with and without FES. In
addition, future research should include a follow-up evaluation
with blinded outcome assessors.

CONCLUSIONS

Participants who underwent 4 weeks of gait training using an
electromechanical gait trainer alone or combined with FES had
significantly greater improvement in mobility, functional am-
bulation, and walking speed compared with participants who
underwent conventional overground gait training. A BWS sys-
tem could enable nonambulatory people with subacute stroke
to receive more effective, early intensive gait training. There
could be a benefit from shifting the rehabilitation paradigm
from neurodevelopmental therapy to task-specific training,
with the electromechanical gait trainer being one of a number
of strategies that could be used. Our research supports the
development of further studies using larger samples and rigor-
ous methodology to reach a more confident conclusion about
this method of rehabilitation.

Arch Phys Med Rehabil Vol 87, October 2006
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