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Objective. Gait performance is an indicator of mobility impairment after stroke. This study evaluated changes in balance, lower
extremity motor function, and spatiotemporal gait parameters after receiving body weight supported treadmill training (BWSTT)
and conventional overground walking training (CT) in patients with subacute stroke using 3D motion analysis. Setting. Inpatient
department of rehabilitation medicine at a university-affiliated hospital. Participants. 24 subjects with unilateral hemiplegia in the
subacute stage were randomized to the BWSTT (𝑛 = 12) and CT (𝑛 = 12) groups. Parameters were compared between the two
groups. Data from twelve age matched healthy subjects were recorded as reference. Interventions. Patients received gait training
with BWSTT or CT for an average of 30 minutes/day, 5 days/week, for 3 weeks.Main Outcome Measures. Balance was measured by
the Brunel balance assessment. Lower extremity motor function was evaluated by the Fugl-Meyer assessment scale. Kinematic data
were collected and analyzed using a gait capture systembefore and after the interventions.Results. Both groups improved on balance
and lower extremity motor function measures (𝑃 < 0.05), with no significant difference between the two groups after intervention.
However, kinematic data were significantly improved (𝑃 < 0.05) after BWSTT but not after CT. Maximum hip extension and
flexion angles were significantly improved (𝑃 < 0.05) for the BWSTT group during the stance and swing phases compared to
baseline.Conclusion. In subacute patients with stroke, BWSTT can lead to improved gait quality when compared with conventional
gait training. Both methods can improve balance and motor function.

1. Introduction

The worldwide prevalence of stroke was estimated in 2010 to
be 33 million. Stroke is the second-leading global cause of
death behind heart disease [1]. The incidence and prevalence
of stroke in China are highest in the world [2, 3]. According
to a recent epidemiological study on the global burden of
stroke, the incidence of stroke in China has increased from
226/100,000 person-years in 1990 to 240/100,000 person-
years in 2010 [1]. Walking ability and ambulatory indepen-
dence determine the level of disability and likelihood of
institutionalization in patients with hemiplegia [4, 5]. The

degree to which gait can be restored after stroke is related
to both the initial impairment in walking ability and the
severity of lower extremity paresis [6, 7]. Early intervention
with physical therapy to restore walking after stroke was
recommended to improve motor function and decrease
disability [8, 9]. Previous kinematic data indicated better
outcome for patients who started rehabilitation programme
at early stage than those who started late [10].

Gait performance is an indicator of mobility impairment
and disability after stroke [6]. It predicts mortality, morbidity,
and risk of future stroke [5, 11, 12]. Gait speed is responsive to
short-term rehabilitation [8]. An improvement in gait speed
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Figure 1: Flowchart for subjects selection process.

of 0.16m/s can reduce the level of assistance in patients with
subacute stroke and was recommended to be the minimum
clinically significant difference [13]. The control of gait
involves the planning and execution from multiple cortical
areas, such as secondary and premotor cortex [14, 15]. Stroke
patients often have gait impairment such as decreased gait
speed and asymmetrical gait cycle [16] as a result of cortical
reorganization [17, 18]. Repetitive mass motor task practice
had been shown to facilitate neuroplasticity and brain reor-
ganization in stroke patients, resulting in enhanced motor
recovery after stroke [19–23]. Near-infrared spectroscopic
imaging and functional magnetic resonance imaging have
demonstrated treatment induced changes of brain activation
pattern during walking and after gait training [18, 24, 25].
Abnormal gait pattern in stroke patients is characterized
by altered kinematic and kinetic parameters of hip, knee,
and ankle joint during a gait cycle. Published studies have
shown that proximal lower limb control plays a key role in
improving gait speed and walking performance after stroke
[26, 27]. The greater hip sagittal range of motion could avert
circumduction profiles [28].

Body weight supported treadmill training (BWSTT) is a
task-oriented technique for gait restoration after stroke [29–
31]. BWSTT has the advantage over conventional therapy as
it offers higher intensity, more repetitive and task-oriented
practice over the same period of time when compared to
conventional therapy [32]. Several studies have showed that
BWSTT was more effective in gait speed improvement than
regular physiotherapy [29, 31–34]. It has been demonstrated
that BWSTT induces changes in corticomotor excitability
which lead to improved balance and gait performance with
chronic stroke [18]. However, other studies have reported that
BWSTT was not superior to conventional gait training [35,
36]. Recent studies have reported that BWSTT can increase
walking endurance in the subacute stage after stroke, but no
improvement was reported in balance and 10m gait speed

[37]. To date, there are very few studies that have used gait
analysis to show how the improvements in gait parameters
come about after BWSTT or conventional therapy. There
is still a lack of basic understanding of gait training on
human locomotion [38]. Since gait impairments are a result
of deficient neuromuscular control, a better understanding
of the impact of gait training on lower limb motor pattern
is therefore essential. Improvement on individual biome-
chanical subtasks of walking such as leg swing or balance
control is positively associated with walking performance
[39].The purpose of this study is to investigate the changes in
spatiotemporal characteristics of gait after BWSTT interven-
tion and conventional therapy (CT), using three-dimensional
motion analysis of gait in patients with stroke at the subacute
stage. Based on corticomotor excitability theory and the
advantage of BWSTT over CT, it is hypothesized that BWSTT
training is superior to CT training in improving kinetic and
kinematic gait parameters from the period before to the one
after training. In addition, we investigated the impact of
BWSTT on balance and lower extremity impairment when
compared to CT.

2. Methods

2.1. Subjects. Subjects with subacute stroke (18 to 76 days
after stroke) were recruited for this study and were randomly
assigned to the BWSTT and CT groups (Figure 1). The
inclusion criteria for the hemiparetic subjects were (1) stroke
confirmed by computed tomography or MRI; (2) unilateral
hemiparesis for no more than 3 months resulting from first
stroke; (3) residual gait impairment, defined by an abnormal
10m walk time according to age (age < 60 = 10 seconds
or longer or 1m/s; age 60 to 69: 12.5 seconds or longer or
0.8m/s; age ≥ 70: 16.6 seconds or longer, <0.6m/s) [24]; and
adequate mental and physical capacity to attempt the tasks
as instructed (Mini Mental State Examination score ≥ 27,
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averagemodifiedAshworth scale score at hip, knee, and ankle
≤ 2).

Exclusion criteria were the presence of significant med-
ical complications or unstable vital signs that precluded
participation in the study. Twelve healthy adults matched
for age, weight, leg length, and gender were also recruited
to provide reference data for gait analysis. This study was
approved by the Human Subjects Ethics Subcommittee of
the First Affiliated Hospital, Sun Yat-sen University, China.
Written consent was obtained from all participants prior to
the experiment.

2.2. Training Protocol. All recruited stroke subjects received
two hours of rehabilitation every weekday which was the
standard of care in China. This included 60 minutes each
of physical therapy and occupational therapy. The physical
therapy sessions consisted of approximately 20–40 minutes
of therapeutic exercises and 20–40 minutes of gait training.
For gait training, subjects were randomly allocated to either
BWSTT or conventional overground training for a period
of 3 weeks. The therapeutic exercises component in all
subjects remained the same and included range ofmotion and
strengthening exercises, as well as facilitation techniques to
recruit muscle activity on the paretic extremity. Occupational
therapy session includes the use of functional stimulation
and self-exercise program. All physical therapists involved
in the study were trained on the protocol. Participants’ daily
compliance with the protocol was documented. In addition,
the entire rehabilitation team was educated on the study
protocol to ensure compliance when participants were not
working with study-designated therapy staff.

The equipment for BWSTT consisted of a standard tread-
mill fitted with the weight supporting apparatus (Noramco
Fitness and SpinoFlex, USA). The patient wore a modified
mountain climber’s harness with an adjustable belt around
the pelvis and thigh and an adjustable belt above to support
their body weight. A physiotherapist assisted with leg propul-
sion if the patient could not lift his/her paretic leg. At the
beginning of training, some subjects needed two therapists
to guide the movement of the pelvis forward and to flex and
extend the hemiplegic leg during the swing and stance phases
of gait. The initial body weight support was set at 30%∼40%,
the speed of the treadmill was set at 0.5mph (miles per hour),
and the duration of training was for 20minutes. As treatment
progressed, the body weight support was gradually decreased
and the velocity was gradually increased.The two parameters
were not changed simultaneously. By the third week the
treadmill speed was increased to 2.5mph and duration of
training increased to 40 minutes. The training parameters
were based on recommendation from previous literature [6].
Subjects were consulted throughout the training for fatigue
level and tolerance of progression.

The CT group received individualized overground gait
training by a physiotherapist for 30 minutes, five days a week,
for three weeks. The training was based on the principles of
neurodevelopmental therapy (Bobath method).

Heart rate and blood pressure were monitored in both
groups before and after each session and during break using
a digital sphygmomanometer.

2.3. Gait Analysis Protocol. Vicon Motion Analysis System
(VICON MX13, VICON Peak, Oxford, UK) and two AMTI
force plates (AMTI, OR6-7, Watertown, MA, USA) with
sampling frequency of 1000Hz recorded the joint angles
and moments of the lower extremity in the sagittal plane
simultaneously.

Six infrared 100Hz cameras recorded the locations of 16
passive reflective markers taped to the skin overlying bony
landmarks of the pelvis and both lower limbs, including the
sacrum at the level of the posterior superior iliac spines,
anterior superior iliac spines, lower lateral one-third and half-
way points on the thighs, lateral epicondyle of knees, lower
lateral one-third and half-way pints on the shank, lateral
malleolus, the second metatarsal head, and the calcaneus at
the same height as the second metatarsal head.The data were
captured using Vicon Nexus (version 1.7.1) and Plugin Gait.

During gait analysis, all subjects were asked to walk back
and forth at a self-selected walking speed on a 10-meter
carpet. The subjects walked without canes, orthoses, or other
assisted devices during the assessments. Five successful gait
cycles (defined as one foot on one force plate) were selected
for analysis at baseline and after 3 weeks of training. Marker
trajectories were sampled at 100Hz for the calculation of
lower extremity joint angles andmoments. Each walking trial
was normalized to the total duration of the gait cycle (one foot
strike to the next foot strike). Stance and swing phases of the
gait cycle were presented as a percentage.The joint angles and
moments were also normalized to the height and weight of
each subject.

Lower limb impairment and balance were measured by
Fugl-Meyer Lower Extremity Assessment (FMA-LE) [40]
and the Brunel balance assessment [41, 42] scale. Measure-
ments were recorded in stroke subjects at baseline and after 3
weeks of training by an examiner who was blinded to group
assignment.

2.4. Data Processing. Spatiotemporal gait parameters, joint
angles, and moment of the lower limb were processed using
Polygon (version 3.5.1) and the mean data from 5 walking
cycles were computed for each subject. The spatiotemporal
parameters computed were cadence, stride time and length,
step time and length, and walking speed. Kinematic and
kinetic parameters of joint angles and moments at ankle,
knee, and hip joints were recorded in the sagittal plane.
Parameters were recorded at (1) maximum extension during
the stance phase; (2) maximum flexion at the hip and knee
joints during the swing phase; (3) plantarflexion during push-
off; and (4) dorsiflexion during the swing phase of the gait
cycle [43]. Spatiotemporal gait parameters of (1) cadence; (2)
stride length; (3) stride time; (4) step length; (5) step time
and gait speed; (6) peak angular flexion and extension; and
(7) peak moments flexion and extension were recorded at the
hip, knee, and angle joints in the sagittal plane.

2.5. Statistical Analysis. Data analyses were performed using
SPSS version 15.0. Descriptive statistics were computed for
demographic characteristics and for all parameters. Anthro-
pometric data (age, body weight, postinjury date, and leg
length) for the three groups were compared using one-way
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Table 1: Summary of demographic data.

Demographics Normal group
𝑋 (SD)

BWSTT group
𝑋 (SD)

CT group
𝑋 (SD) 𝑃

Sex, number (%) of women 10 (83%) 10 (83%) 9 (75%)
Affected side, left, number (%) — 6 (50%) 6 (50%)
Cerebral infarction, number (%) — 11 (91.7%) 10 (83.3%)
Age (y) 58.83 (8.03) 59.55 (9.23) 60.82 (10.70) 0.906
Body weight (kg) 63.08 (11.31) 65.17 (10.26) 65.25 (11.42) 0.987
Leg length (mm) 828.33 (42.12) 826.7 (53.78) 817.10 (60.1) 0.680
Days of postinjury — 49.25 (19.51) 47.67 (16.78) 0.860

Table 2: Lower extremity function and balance score for normal group, BWSTT group, and CT group.

Normal group
𝑋 (SD)

BWSTT group
𝑋 (SD)

CT group
𝑋 (SD)

Between-group
difference

MMSE score (0–30) 30 28.41 (1.16) 28.33 (1.37) 0.874
FMA (pre) 34 22.42 (4.36) 22.08 (6.44) 0.868
FMA (post) — 24.33 (4.58)∗ 25.17 (5.62)∗ 0.633
Brunel (pre) 12 10.33 (1.30) 10.42 (1.38) 0.884
Brunel (post) — 10.83 (1.44)∗ 10.92 (1.68)∗ 0.870
∗Differences between the period before and that after training were statistically significant.

ANOVA at baseline. Paired samples 𝑡-test was used to assess
the differences between pre- and postintervention within
each group. Between-group differences were assessed by
independent samples 𝑡-test. Statistical significant level was set
as 𝑃 < 0.05 (2-tailed).

3. Results

Twenty-nine stroke subjects who met the inclusion criteria
were recruited. Five subjects were dropped out from the
study. One subject experienced changes in health status
unrelated to the study and four subjects were prematurely
discharged from the hospital due tomedical insurance issues.
Twenty-four stroke subjects who completed all experimental
protocols were included in the final data analysis. The two
stroke groups showed no statistical significant differences
in age and other anthropomorphic parameters. They were
matched with age, weight, leg length, and gender to a healthy
control group. There is no statistical significant difference in
FMA-LE and Brunel balance tests between the two stroke
groups at baseline (Table 1).

3.1. Balance and Lower Extremity Function. After three weeks
of training, both BWSTT and CT groups improved signif-
icantly on the FMA-LE and on the Brunel balance scale
(Table 2). The between-group differences were not statisti-
cally significant.

3.2. Spatiotemporal Parameters. TheBWSTTgroup improved
significantly in all spatiotemporal gait parameters during a
gait cycle after interventions, whereas the CT group did not
(Table 3). Cadence and gait speed were significantly higher in
the BWSTT group than CT group after training.

3.3. Kinematic and Kinetic Parameters during Gait. Averaged
kinematic trajectories of the hip, knee, and ankle joints in
healthy controls and subjects with stroke in the BWSTT and
CT groups are shown in Figure 2. Subjects with stroke were
able to flex their hip joints comparable to the healthy control
group but could not extend the hip adequately before training
(Figures 2(a) and 2(b)). BWSTT group showed significantly
reduced hip flexion and increased peak hip extension after
training (Table 4), whereas the CT group did not. There were
no significant differences in the angle of knee flexion or
extension and ankle dorsiflexion or plantarflexion or in the
peak moments at the hip, knee, or ankle joints in either the
BWSTT group or the CT group (𝑃 > 0.05) after interventions
(Table 4).

4. Discussion

This study sought to investigate the effects of BWSTT and
CT on lower extremity motor functions, balance, spatiotem-
poral gait parameters, and kinetic and kinematic parameters
during a gait cycle in subjects with subacute stroke. After
BWSTT or overground gait training for three weeks, both
groups demonstrated improvement of lower extremity motor
function and balance capacity. The BWSTT training group
demonstrated significant improvement in kinematic param-
eters of lower limb joints and gait patterns which was not
observed in the CT group.

4.1. Balance and Lower Extremity Motor Functions. Previous
studies on functional recovery in animal models [44] and
patients with stroke [45–47] have demonstrated that early
treatment and training can facilitate improvement in motor
functions and balance. In previous studies that compared
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Table 3: Spatiotemporal parameters for normal, BWSTT, and CT group.

Spatiotemporal
parameters

Normal group
𝑋 (SD)

BWSTT group
𝑋 (SD)

Before training

𝑋 (SD)
After training 𝑃

CT group
𝑋 (SD)

Before training

𝑋 (SD)
After training 𝑃

Cadence
(steps/min) 106.75 (8.68) 64.59 (18.31) 85.41 (12.53) 0.005 70.10 (18.92) 70.34 (15.45) 0.953

Stride length
(metres) 1.07 (0.10) 0.58 (0.16) 0.69 (0.18) 0.005 0.56 (0.10) 0.56 (0.15) 0.963

Stride time
(seconds) 1.13 (0.09) 2.02 (0.64) 1.44 (0.21) 0.018 1.88 (0.67) 1.85 (0.69) 0.915

Step length
(metres) 0.55 (0.06) 0.30 (0.07) 0.37 (0.09) 0.005 0.30 (0.07) 0.30 (0.08) 0.808

Step time
(seconds) 0.57 (0.05) 1.06 (0.30) 0.81 (0.13) 0.015 1.08 (0.53) 1.00 (0.40) 0.655

Gait speed (m/s) 0.96 (0.10) 0.33 (0.17) 0.50 (0.20) 0.000 0.33 (0.12) 0.33 (0.12) 0.997

Table 4: Angle and moment peak of lower limb joints at sagittal plane.

Normal group
𝑋 (SD)

BWSTT group
𝑋 (SD) 𝑃

CT group
𝑋 (SD) 𝑃

Before training After training Before training After training
Kinematic parameters (∘)
Hip flexion 28.69 (9.51) 29.01 (13.61) 22.92 (10.76) 0.021 25.03 (6.45) 22.75 (6.94) 0.308
Knee flexion 58.82 (10.25) 36.50 (10.15) 37.96 (15.95) 0.787 43.10 (11.71) 41.62 (13.71) 0.329
Ankle dorsiflexion 10.03 (7.76) 16.51 (17.02) 9.79 (5.42) 0.301 13.56 (6.03) 14.67 (4.16) 0.524
Hip extension −11.78 (8.51) 1.31 (11.84) −8.67 (10.78) 0.020 1.45 (6.62) −0.75 (7.54) 0.453
Knee extension 4.41 (5.08) 2.49 (8.54) −0.39 (8.51) 0.235 9.82 (7.01) 7.22 (6.09) 0.239
Ankle
plantarflexion −18.73 (7.76) −11.56 (4.41) −10.88 (11.53) 0.878 −6.72 (7.15) −4.25 (6.95) 0.189

Kinetic parameters (Nm/kg)
Hip flexion 0.72 (0.32) 0.36 (0.29) 0.50 (0.30) 0.061 0.17 (0.11) 0.20 (0.15) 0.702
Knee flexion 0.52 (0.39) 0.77 (0.50) 0.62 (0.47) 0.649 0.60 (0.42) 0.86 (0.51) 0.164
Ankle dorsiflexion 1.23 (0.32) 0.68 (0.40) 0.83 (0.35) 0.339 0.37 (0.38) 0.72 (0.47) 0.080
Hip extension 0.68 (0.31) 0.50 (0.28) 0.57 (0.38) 0.636 0.42 (0.15) 0.46 (0.28) 0.682
Knee extension 0.35 (0.09) 0.40 (0.33) 0.47 (0.37) 0.302 0.16 (0.14) 0.19 (0.14) 0.753
Ankle
plantarflexion 0.15 (0.11) 0.76 (0.47) 0.51 (0.38) 0.099 0.56 (0.46) 0.67 (0.45) 0.541

BWSTT with conventional overground gait training at early
stage after stroke, similar gains were seen on the Fugl-Meyer
and Berg balance scales in both groups [35, 48]. The results
of this current study are consistent with published studies
that early intervention can improve on balance and lower
extremity motors functions in patients with subacute stroke.
It is also consistent with Nilsson et al. [48] and Franceschini
et al. [35] that BWSTT is at least as effective as CT to improve
lower extremity functions and balance. The results indicate
that two gait training strategies are similar in their clinical
effects and could be used as routine therapeutic programs.

4.2. Kinematic Parameters. BWSTT is task-specific step
training on treadmill with partial body weight support.
Some research results showed that partial body supported
on treadmill could result in better walking abilities than
bearing their full weight of patients with stroke [31]. Other

studies suggested that additional body weight support may
reduce the stimulation to the affected side and may reduce
the benefit in lower limb motor recovery [7]. Abnormal
movement decreased after gait velocity improvement [49]
and gait speed is a reliable outcome measure for short-term
intervention in stroke patients. In this study, the subjects
decreased body weight support from 40% at the beginning to
zero by the end of the program. In addition, treadmill velocity
was increased from 0.5mph to 2.5mph as early as possible,
without causing abnormal changes in gait pattern to achieve
optimal benefit of training [50, 51]. The results suggested
that, after 3 weeks of BWSTT, improvement in temporal-
spatial parameters (increased cadence, stride length and step
length, and decreased stride time and step time) is achievable.
Another research showed that a 12-week program of BWSTT
coupled with overground walking practice led to increased
floor walking speed with increased step lengths and cadence
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Figure 2: Average curves of lower limb kinematic at the sagittal plane for normal, BWSTT, andCT group. For the clearance of the comparison,
the standard deviation was not shown in the figures.
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in patients with chronic stroke [52]. Result from this study
indicated that patients with subacute stroke could improve
gait velocity after just 3 weeks of BWSTT when combined
with strength training, muscle recruitment facilitation, and
occupational therapy programme. Improvement in gait speed
is a result of increased stride length, step length, and cadence
[53]. Previous study also demonstrated that BWSTT can
improve gait velocity, cadence, and stride length parameters
in subjects with subacute and chronic stroke [53]. BWSTT
programme is superior to conventional therapy because it
permits greater number of steps performed within a fixed
period of time when compared to CT, thus increasing the
amount of task-specific practice [32]. Hesse andWerner [54]
reported up to 1000 steps which could be performed in a 20-
minute treadmill training session, compared with only 50 to
100 steps during a 20-minute session of conventional physio-
therapy. In addition, the speed of the treadmill, the amount of
body weight support, and the amount of assistance provided
by the physiotherapist can all be adjusted in order to provide
a sufficient training intensity for individual needs. This can
encourage further cortical reorganization and promote gait
recovery.

It has been demonstrated that BWSTT improves sym-
metry and gait efficiency by changing kinematic parameters
in acute stroke patients [32]. Increased paretic step length
is due to an increased hip extension angle in the paretic
leg that allows the limb to swing farther backward [51]. Hip
extension increase was associated with meaningful changes
in walking speed [55]. The kinematic findings illustrated that
the paretic hip peak extension had increased significantly
in BWSTT group but not in CT group and the increasing
hip extension at terminal swing can contribute to rectify the
increasing hip flexion at toe off with hemiparetic gait. This
may explain the improvement inwalking speed, stride length,
step length, and cadence observed in BWSTT group but not
in CT group. This is in agreement with study by Mulroy et
al. [55] which also reported improvement in hip flexion and
extension motion in stroke patient who has high response
to gait training. Mulroy et al. [55] also reported a tendency
toward greater increase in ankle plantarflexionmotion,which
is also in agreement with this study (see Figure 2). Study
by Jonsdottir et al. [26] also indicated that the capacity
to increase work production at the ankle may be limited.
Faster treadmill walking speed could increase hip extension
angle significantly and knee flexion during swing phase; the
positive improvement facilitated a more normal gait pattern
after stroke [56]. The exact reason why hip joint motions
are more responsive than knee and ankle to gait training
is currently unclear. Increase in hip extension/flexion angle
requires increased joint power generation during walking.
A possible explanation is that the hip joint consists of
large muscle group such as rectus femoris and psoas major
which are responsible for flexion and extension motion. It
is possible that large muscles group that are responsible for
mass motor movement are more responsive to intervention
than smaller muscles group. Another possible explanation
for the observed significant difference at the hip but not at
ankle and knee is that the change of range of movement at the
hip joint is the greatest among the three joints during a gait

cycle.Therefore the sample size has sufficient power to detect
significant difference at hip joint but not the other joints.

4.3. Relationship between Kinematic Parameters and Gait
Pattern. The control of proximal and distal lower limb
plays a key compensatory role in the adaptation of gait
pattern and velocity in stroke patients in early stage [26,
27]. Lower extremity gait kinematics and kinetics in the
sagittal plane are commonly impaired after stroke.This study
showed improvement of hip extension in the BWSTT group
increasing (from flexion 2.19∘ to extension 7.38∘) and flexion
decreased (from 29.01∘ to 22.92∘). The kinematic curves
showed that the hip joint was extended instead of flexed
during stance phase. Previous joint angle analysis studies
indicated that hip joint motion is more affected than all
other lower limbs’ joint among stroke survivors in early stage
[4]. Hip extension angle improved when patients walked at
progressively faster treadmill speeds [55, 57] and the gait
speed increasewas strongly associatedwith hip extension and
ankle plantarflexion [55, 57, 58]. The improved hip motion is
translated from stance to swing phase and enables effective
ground reaction force to be generated anteriorly [59, 60]. It
is therefore biomechanically important to promote hip joint
movement to aid the forward propulsion of the body for
stroke patient during gait [51].

It was found that lower extremity motor function and
balance improved in both groups after 3 weeks of training.
However, gait analysis revealed that gait speed and cadence
improved in the BWSTT group, but not in the CT group
over this time period. Furthermore, maximal hip extension
improved with BWSTT and approached that in healthy
controls, but there was no obvious difference in the CT group.
The extent of hip extension may be related to the observed
improvement in gait speed in this group.These results suggest
that treadmill training with body weight support provided
at an early stage after stroke may be beneficial to improve
walking speed after stroke and abnormal flexion of hip joint
at stance phase, especially in hyperflexion at hip joint during
walking.

4.4. Kinetic Parameters. It is not known whether BWSTT
training can target kinetic functions specially. Both BWSTT
and CT groups in this study demonstrate some improvement
in kinetic parameters after interventions but differences
did not reach statistical significance. These findings would
suggest that moment peak may not be related to the gait
trajectories or gait speed improvement. Treadmill training is
task specific to facilitate the development of newmotor devel-
opment after the new state following a stroke. It is possible
that there was no direct relationship between improvement
in muscle strength and gait improvement. However, patients
with drop-foot have to increase the ankle joint plantarflexion
moment during walking [61]. This study observed a decrease
in plantarflexion moment after three weeks of intervention
for ankle joint with BWSTT group. On the contrary, the plan-
tarflexionmoment increased in overgroundwalking training.
Therefore, it may be beneficial to adjust the abnormal gait
curve. It is uncertainwhether the lack of significant difference
is due to the small sample size which lacks the power to detect
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small difference or the short three-week intervention period
which was not sufficiently long to produce further changes.

5. Limitations

This study has several limitations. The sample size was small
andwas not power calculated to detect changes in gait param-
eter. This study only included stroke patients who were at the
subacute stage. Results of this studymay not be generalised to
the larger stroke population. In addition, this study did not
measure lower extremity muscle strength which limited the
interpretation of the kinematic data.Thus, it is recommended
that future research include muscle strength recording such
as sEMG and isokinetic instruments, especially at hip flexor,
knee extensor, and ankle plantarflexor, to understand the
underlying mechanism.

6. Conclusion

BWSTT has similar clinical effects to improve balance and
lower extremity function as conventional overground walk-
ing training for patients with subacute stroke. BWSTT can
significantly improve spatiotemporal parameters with three
weeks of training. Improvement in gait pattern is related
to the improvement of hip joint motion during walking. It
would be clinically beneficial to incorporate hip joint motion
training to improve gait pattern, especially for those who are
not suitable for treadmill training. Rehabilitation programme
for subacute stroke patients should therefore incorporate
kinematic training of proximal lower limb to facilitate gait
recovery.

Clinical Messages

(i) BWSTT is superior to conventional overground ther-
apy in improving spatiotemporal parameters.

(ii) Improvement in gait pattern is related to the improve-
ment of kinematic pattern of proximal lower limb.

(iii) Kinematic training of proximal lower limb may facil-
itate gait recovery.
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