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A B S T R A C T   

Background: Patients with chronic stroke have reduced capacity for performing activities of daily living (ADLs) 
and are at increased risk for falls during walking due to long-term changes to muscle tone and force, as well as 
movement control. 
Research question: To investigate the efficacy of lateral stair walking training on muscle strength of affected lower 
extremities, balance, ADLs, and gait ability in patients with chronic stroke. 
Methods: The experimental group received 15 min of lateral stair walking exercise along with 15 min of tradi-
tional physiotherapy, whereas the control group received only traditional physiotherapy for 30 min. Both groups 
received the intervention once a week for 12 weeks. Outcome measurements included muscle strength, postural 
assessment scale for stroke patients (PASS), Fugal–Meyer assessment for lower extremity (FMA-LE), Barthel 
index (BI), timed up and go test (TUG), and the gait parameters which were determined by the Reha-Watch 
system. 
Results: A total of 24 participants completed the study. The experimental group showed significant improvements 
in hip extensor, flexor, and abductor strength of the affected limb, FMA-LE, BI, TUG, and gait parameters of stride 
length, velocity, and cadence. Significant differences in affected limb ankle plantar strength (p = 0.024), PASS (p 
= 0.017), BI (p = 0.039), TUG (p = 0.049), and gait velocity (p < 0.001) were observed between the 2 groups. 
Significance: Lateral stair walking training alongside physical therapy resulted in significant improvements in hip 
muscle strength and gait parameters in patients with chronic stroke. Our results support the incorporation of 
lateral stair walking training into clinical rehabilitation programs. Lateral stair walking training in patients with 
chronic stroke can be used as an effective treatment to improve gait, balance performance, and ADLs.   

1. Introduction 

More than half of patients with stroke suffer from moderate dis-
abilities [1]. Hemiparesis, the most common symptom, causes difficulty 
in sitting, standing, balancing, or walking [2,3]. Thus, patients with 
stroke are at high risk for forward, backward, or even lateral falls owing 
to their poor balance [4]. Moreover, patients with stroke exhibit ipsi-
lateral hip flexor, gluteus maximus, hip abductor, and knee extensor 

weakness [5,6] or changes in muscle tone [7] that may cause abnormal 
gait [8,9] and consequently increase the risk for falls during walking 
[10]. 

Patients suffering from hemiplegia following a stroke have limited 
muscle function due to muscle weakness and antagonist muscle hyper-
activation, which decreases muscle strength [11]. As such, hip flexor, 
extensor, abductor, adductor, and knee extensor muscle strength must 
be trained after a stroke [12]. 
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Patients with hemiplegia after a stroke are more likely to bear their 
weight on the contralateral lower extremity, which can result in poor 
postural control and increased risk for falls [13]. Stair walking often 
forms part of individuals’ daily routine. During clinical rehabilitation, 
gait training on flat ground is generally followed by stair walking 
training [14]. A previous report showed that stair walking training can 
improve the static standing balance of patients with stroke [15]. 
Although several current studies have focused on frontal stair walking 
training [15,16], no study to date has focused on lateral stair walking 
training, which greatly involves hip abduction and adduction. While 
lateral stair walking training can theoretically reduce lateral falls and 
improve balance, limited research evidence has been available in sup-
port thereof. 

The current study, therefore, aimed to investigate the efficacy of 
lateral stair walking training on affected lower extremity muscle 
strength, balance, activities of daily living (ADLs), and walking perfor-
mance throughout the gait cycle in patients with chronic stroke. 

2. Methods 

2.1. Participants 

This study was an assessor-blinded experimental design. This pilot 
randomized controlled trial was performed in one university-affiliated 
medical center from January 2016 to December 2017. Subjects were 
randomized into two groups using computer-generated random 
numbers held in sealed envelopes by an individual not involved with the 
study. This study is registered with Clinicaltrials.gov (NCT03702517) 
and had been approved by the Institutional Review Board of Kaohsiung 
Veterans General Hospital, Taiwan (IRB No.: VGHKS15-CT8-23). 

Thirty patients with chronic stroke visiting the outpatient rehabili-
tation department of a tertiary care medical center were invited to 
participate in this study. After the initial screening evaluation, eligible 
patients were then enrolled in the study. The inclusion criteria were as 
follows: diagnosis of one stroke within 6 months to 6 years by a 
neurologist or physiatrists, computed tomography or magnetic reso-
nance imaging showing unilateral cerebral hemorrhage or infarction, a 
score of 24 or higher on the Mini Mental State Examination (MMSE), 
absence of serious bone and joint problems, ability to follow instructions 

and experimental procedures, and ability to walk 15 m independently. 
The exclusion criteria were as follows: cognitive or visual impairment 
and inability to receive training due to other diseases (lung, heart, 
gastrointestinal tract, bone, muscle, nervous system, etc.). Patients 
agreed not to receive other physical therapies during the study period. 

2.2. Procedures 

All patients provided informed consent prior to study participation. 
Test procedure are summarized in Fig. 1. The experimental group 
received 15 min of lateral stair walking exercise and 15 min of tradi-
tional physiotherapy (strengthening exercise, balance training, and gait 
training) once a week for 12 weeks. For lateral stair walking training, the 
dynamic stair trainer (DPE Medical Ltd) featured four steps. The step 
height can be adjusted from 0 to 16.5 cm, while the stair was 74 cm in 
width, with each step being 16 cm deep. The experimental group per-
formed lateral stair walking training using different stair heights ac-
cording to the patients’ ability. The patients ascended the stairs using 
the affected leg first and descended with the unaffected leg first. For 
safety purposes, subjects held a handrail during the lateral stair walking 
exercise. The control group received traditional physiotherapy 
(strengthening exercise of the affected side, balance training, and gait 
training) for 30 min once a week for 12 weeks. All interventions were 
conducted by the same physical therapist. 

2.3. Outcome measures 

Measurements were performed by one experienced physical thera-
pist (not involved in the intervention) before receiving the intervention 
and at week 0 (pre) and week13 (post). Each subject required 45 min to 
complete all measures during each session. The outcome measures were 
as follows:  

(1) MicroFET2 hand-held dynamometer (Hoggan Scientific LLC). 
This hand-held dynamometer, which can measure muscle 
strength in Newtons, has been found to have good reliability and 
had been used to assess subjects’ muscle strength [17]. Three 
measurements were taken, the interval between contractions was 
30 s, the highest performance was considered for analysis. Each 

Fig. 1. Flow chart for the study.  
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participant performed maximum isometric contraction for 5 s for 
hip flexors, hip extensors, abductors, knee flexors, knee exten-
sors, ankle dorsiflexors and plantar flexors. The testing position 
was lying in the bed for hip flexors. The testing position was 
prone position in the bed for hip extensors. The testing position 
for the other muscles was sitting position.  

(2) The postural assessment scale for stroke patients (PASS). The 
PASS assesses balance in lying, sitting, and standing positions. 
This scale has been designed for patients with stroke and is 
suitable for all individuals regardless of postural performance. Its 
advantage lies in the lack of ceiling and floor effects, as well as the 
ability to assess the static and dynamic balance of patients with 
stroke. The PASS is rated on a scale from 0 to 3 (total score of 36), 
with higher scores indicating better balance in patients with 
stroke [18].  

(3) Fugl–Meyer assessment for lower extremity (FMA-L/E). This 
assessment scale had been developed based on Brunnstrom stage 
L/E and specifically caters to patients with stroke. The FMA-L/E, 
which is rated on a scale from 0 to 2, has been determined to have 
good reliability and validity [19].  

(4) Barthel index for ADLs. This index is a reliable and valid basic 
scale for assessing functional independence, covering 10 items, 
such as feeding, bathing, grooming, dressing, bowel control, 
bladder control, toilet use, transfers (bed to chair and back), and 
mobility on level surfaces and stairs. The total score, which 
ranges from 0 to 100, is a progressive indication for ADLs [20].  

(5) Timed up and go test (TUG). This test assesses the time it takes for 
a patient to rise from a chair, walk 3 m, turn, walk back, and sit 
down. The TUG has been found to have good sensitivity and 
specificity (87 % and 87 %, respectively) for predicting falls in 
patients with stroke [21,22].  

(6) Reha-Watch system (Hasomed GmbH, Magdeburg, Germany). 
Wearing this highly reliable three-axis gyro sensor on the shoes 
allows for gait data collection and subsequent analysis using a 
microcomputer via Bluetooth. RehaGait comes with up to 7 
Motion Sensors which can be fitted to bilateral measures of the 
feet, lower legs, thighs, and hip. The ideal walking distance is 
about 10 m. During walking, the foot movement is measured, 
especially the patterns of acceleration and angular velocity. Reha- 
Watch system records the bilateral stance and swing phase (%), 
single support time(%), double support time (%), stride length 
(m), velocity (m/sec) and cadence(steps/min) during the gait 
cycle [23]. 

2.4. Statistical analysis 

The sample size was calculated by using the G-power software (Ver. 
3.1). The sample size was estimated to be 12 participants per group 
(power, 0.8; alpha, 0.05; effect size, 0.8). Data were analyzed using SPSS 
version 22.0 (Chicago, Illinois). The values in each group were expressed 
as means and standard deviations. Descriptive statistics were used to 
analyze baseline data of the subjects. All category data are nominal 
scales, such as gender, affected side, type of stroke (hemorrhage & 
ischemia), and use of assistive devices (cane or quadricane). Nominal 
data were all analyzed by fisher’s exact Test, which is suitable for the 
scale. The changes in outcome measures between pre- and post- 
intervention of the subjects were analyzed and compared between 
groups. Mann Whitney U test was used for analysis of between experi-
mental and control groups. Wilcoxon signed-rank test was used for 
analysis of differences for between pre- and post-intervention within 
each group. A p-value of <0.05 was considered statistically significant. 

3. Results 

A total of 30 patients with chronic hemiparesis poststroke were 
recruited to participate in this study. Among the recruited patients, two 

did not meet the inclusion criteria and two refused to participate in the 
study. As such, 26 participants were randomly assigned to the experi-
mental (n = 13) and control (n = 13) group. One subject in the exper-
imental group did not complete the assessment and withdrew before the 
experiment ended, While the other subject in the control group with-
drew due to other disease (Fig. 1). A total of 24 participants (12 in each 
group) ultimately completed the study. No significant differences in 
disease characteristics and baseline measurements were observed be-
tween the groups (Table 1). The actual p- value comparing age factor 
between the two groups was 0.052, and it was not statistically 
significant. 

Comparisons of outcomes at week 0 (pre) and week 13 (post) are 
presented in Tables 2–4. Accordingly, no statistically significant differ-
ences in baseline measurements were observed between both groups. 
The experimental group exhibited a significant improvement in hip 
extensor, flexor, and abductor strength on the affected side, while the 
control group exhibited significant reduction in ankle plantar flexor 
strength on the affected side (Table 2). A significant between-group 
difference in affected side ankle plantar flexor strength was observed 
(P = 0.024) (Table 2). Although no significant difference in PASS was 
observed within each group, a significant between-group difference was 
noted (P = 0.017) (Table 3). Both groups exhibited significant im-
provements in FMA-L/E. The Barthel index improved significantly in the 
experimental group (P = 0.004), with a significant between-group dif-
ference having been noted (P = 0.039) (Table 3). The experimental 
group exhibited a significant reduction in TUG from 27.9 (±15.3) s at 
baseline to 23.9 (±14.1) s at week 13 (P = 0.002), with a significant 
between-group difference in the TUG favoring the experiment group (P 
= 0.049) (Table 3). 

The experimental group showed significant improvement in gait 
parameters of stride length, velocity, and cadence after intervention. A 
significant between-group difference in gait velocity favoring the 
experimental group was noted after the intervention (P < 0.001) 
(Table 4). No significant between-group differences were observed in all 
the other gait parameters (Table 4). 

4. Discussion 

This pilot study demonstrated that 12 sessions of lateral stair walking 
training improved muscle strength, balance, and gait performance of 
patients with stroke. Our data revealed experimental group exhibited 
significant improvements in affected limb hip extensor, flexor, abductor 
strength, BI, and TUG. 

Patients with stroke should emphasize lower extremity muscle 

Table 1 
Baseline characteristics of the participants (n = 24).  

Characteristics Experimental 
group (n =
12) 

Control 
group (n =
12) 

P 
Value 

Gender, n(male/female) 9/3 9/3 0.671 
Age (year) 53.67 ± 9.16 63.33 ±

13.31 
0.052 

Height (cm) 167.00 ± 7.94 163.75 ±
10.19 

0.392 

Weight (kg) 67.17 ± 11.42 69.75 ±
18.67 

0.694 

Affected side, n (right/left) 7/5 9/3 0.671 
Type of stroke (hemorrhage & 

ischemia), n 
4/8 4/8 1.000 

Post stroke duration (mon) 28.67 ± 21.75 33.75 ±
16.32 

0.523 

Use of assistive devices (Cane or 
Quadricane), n (no/yes) 

8/4 6/6 0.682 

Values are means ± SD, EG: experimental group, CG: control group. 
Fisher Exact Test was used for gender, affected side, type of stroke (hemorrhage 
& infarct), use of assistive devices (Cane or Quadricane). 

W.-Y. Huang et al.                                                                                                                                                                                                                              



Gait & Posture 88 (2021) 10–15

13

Table 2 
The comparisons of muscle strength changes for affected lower extremity (n = 24).  

Variable Experimental group Control group Experimental VS 
control  

n = 12 n = 12 　 

　 Pre- 
(Week0) 

Post- 
(Week12) 

Change of 
variables 

p1- 
value 

Pre- 
(Week0) 

Post- 
(Week12) 

Change of 
variables 

p2- 
value 

p3-value 

Hip extensors 17.3 ± 16.1 25.5 ± 17.3 8.2 ± 10.3 0.008* 21.3 ± 21.1 25.3 ± 17.1 4.0 ± 12.0 0.515 0.091 
Hip flexors 38.0 ± 12.2 44.2 ± 12.1 6.2 ± 12.8 0.049* 33.2 ± 18.0 34.7 ± 17.5 1.5 ± 10.0 0.79 0.106 
Hip Abductors 29.2 ± 15.2 41.9 ± 7.9 12.7 ± 19.3 0.010* 33.6 ± 22.5 40.2 ± 13.3 6.6 ± 14.8 0.224 0.47 
Knee extensors 35.7 ± 10.4 34.9 ± 9.3 − 0.8 ± 7.1 0.445 40.1 ± 13.1 35.4 ± 10.9 − 4.6 ± 11.1 0.209 0.419 
Knee flexors 21.6 ± 16.6 29.2 ± 17.9 7.6 ± 13.9 0.091 23.5 ± 23.2 22.9 ± 13.2 − 0.6 ± 17.3 0.859 0.165 
Ankle plantar 

flexors 
14.1 ± 13.6 17.0 ± 15.4 2.9 ± 6.7 0.128 19.2 ± 17.4 9.5 ± 14.3 − 9.7 ± 16.1 0.036* 0.024* 

Ankle dorsiflexors 13.7 ± 12.2 11.5 ± 9.7 − 2.2 ± 10.5 0.678 13.5 ± 11.7 10.5 ± 10.1 − 3.0 ± 6.7 0.208 0.682 

Values are presented as means ± SD ＊: p < 0.05. 
P1 and P2: Wilcoxon signed-rank test was used for analysis of differences between pre- and post-intervention within each group. 
P3: Mann Whitney U test was used for analysis of differences between experimental and control groups. 

Table 3 
The comparisons of other outcome measure changes between groups (n = 24).  

　 Experimental group Control group Experimental VS 
control 

Variable (n = 12) (n = 12) 　  

Pre- 
(Week0) 

Post- 
(Week12) 

Change of 
variables 

p1- 
value 

Pre- 
(Week0) 

Post- 
(Week12) 

Change of 
variables 

p2- 
value 

p3-value 

PASS 32.4 ± 1.7 33.4 ± 1.6 1.0 ± 1.2 0.763 31.3 ± 1.9 32.3 ± 2.1 1.1 ± 1.1 0.110 0.017* 
FMA-LE 19.4 ± 4.2 24.8 ± 3.5 5.3 ± 1.7 0.052 21.2 ± 5.4 23.3 ± 5.2 1.7 ± 2.1 0.082 0.772 
BI 87.1 ± 6.6 95.0 ± 4.3 7.9 ± 6.2 0.004* 90.8 ± 11.6 92.5 ± 10.1 1.7 ± 8.9 0.495 0.039* 
TUG 

(seconds) 
27.9 ± 15.3 23.9 ± 14.1 − 4.0 ± 2.7 0.002* 34.1 ± 20.1 32.0 ± 16.6 − 2.2 ± 8.2 0.157 0.049* 

Values are presented as mean ± SD ＊: p < 0.05 PASS: The postural assessment scale for patients with a stroke; FMA-LE: Fugl-Meyer assessment for Lower extremity. BI: 
Barthel Index; TUG: Timed Up and Go. 
P1 and P2: Wilcoxon signed-rank test was used for analysis of differences between pre- and post-intervention within each group. 
P3: Mann Whitney U test was used for analysis of differences between experimental and control groups. 

Table 4 
The analysis of gait parameter changes after lateral stair walking training (n = 24).  

　 Experimental group Control group Experimental VS 
control 

Variable (n = 12) (n = 12) 　 

　 Pre- 
(Week0) 

Post- 
(Week12) 

Change of 
variables 

p1- 
value 

Pre- 
(Week0) 

Post- 
(Week12) 

Change of 
variables 

p2- 
value 

p3-value 

Stance phase (%)          
Non-affected side 71.4 ± 4.0 72.8 ± 5.5 1.4 ± 7.0 0.937 77.2 ± 9.7 77.5 ± 10.5 0.4 ± 6.6 0.875 1.000 
affected side 63.4 ± 5.0 63.3 ± 5.5 − 0.1 ± 5.6 0.754 71.7 ± 6.7 69.9 ± 8.8 − 1.8 ± 8.4 0.408 0.273 

Swing phase (%)          
Non-affected side 28.6 ± 4.0 27.2 ± 5.5 − 1.4 ± 7.0 0.937 19.6 ±

11.2 
22.5 ± 10.5 2.9 ± 6.0 0.084 0.133 

affected side 36.7 ± 5.0 36.7 ± 5.5 0.1 ± 5.6 0.754 27.2 ± 6.9 30.1 ± 8.8 2.9 ± 9.5 0.308 0.204 
Single support time, 

(%)          
Non-affected side 36.7 ± 5.0 37.0 ± 5.4 0.3 ± 5.8 0.530 28.4 ± 6.7 32.3 ± 10.7 4.0 ± 8.6 0.117 0.166 
affected side 27.3 ± 4.5 27.4 ± 5.7 0.1 ± 8.2 0.388 22.9 ± 9.7 22.1 ± 10.1 − 0.7 ± 6.7 0.754 0.564 

Double support time, 
(%)          
Non-affected side 18.7 ± 5.2 20.1 ± 7.8 1.5 ± 7.9 0.937 23.1 ±

22.1 
19.1 ± 12.6 − 4.0 ± 20.2 0.433 0.356 

affected side 15.0 ± 3.1 15.7 ± 4.3 0.7 ± 3.7 0.308 15.2 ± 9.6 13.4 ± 6.6 − 1.8 ± 9.0 0.638 0.564 
Stride length(m) 1.2 ± 0.5 1.0 ± 0.4 − 0.2 ± 0.3 0.041* 1.5 ± 0.4 1.3 ± 0.4 − 0.1 ± 0.7 0.480 1.000 
Velocity(m/sec) 0.8 ± 0.3 1.0 ± 0.3 0.2 ± 0.1 0.002* 0.8 ± 0.2 0.7 ± 0.2 − 0.04 ± 0.1 0.181 <0.001* 
Cadence(steps/min) 72.5 ± 9.6 89.2 ± 13.5 16.7 ± 12.2 0.002* 70.3 ±

23.6 
79.8 ± 24.2 9.5 ± 13.9 0.019* 0.083 

Values are presented as mean ± SD ＊: p < 0.05. 
P1 and P2: Wilcoxon signed-rank test was used for differences between pre- and post-intervention within each group. 
P3: Mann Whitney U test was used for differences between experimental and control groups. 
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strength training and normalize the tone of lower extremity. The current 
study showed that 12 sessions of lateral stair walking training promoted 
increased hip flexor strength. According to the report by Seo et al., 
hospitalized patients with stroke were able to significantly improve 
rectus femoris strength after performing a step climbing exercise [16]. 
The findings were similar to our study. In our study, we demonstrated 
step climbing exercise can improve muscle strength of hip extensor, hip 
flexors and hip abductors in patients with stroke. However, the knee 
extensor strength did not show significant improvement. All participants 
in this study could walk overground. When the lateral stair walking 
training intensity of the knee extensor is not enough to reach muscle 
overload, the knee extensor can only maintain its muscle strength rather 
than increase muscle strength. 

Lateral stair walking training can be considered a type of functional 
training. Accordingly, one study found that functional training was more 
important than muscle strength training using sandbags for the recovery 
of motion [24]. In clinical practice, patients with stroke generally 
receive weight training or traditional muscle strength training when the 
muscle strength of the lower limbs is insufficient. However, once the 
muscle strength is sufficient, patients should receive functional training, 
such as standing from a sitting position and stair walking. We suggest 
adding lateral stair walking training to increase lower extremity muscle 
strength in patients with chronic stroke and improve functional 
performance. 

The high incidence of falls has remained one of the most significant 
concerns for patients with stroke. Accordingly, Persson et al. found that 
increase time measurements during the TUG, which is a clinical indi-
cator of balance, agility, and mobility performance [25], was associated 
with an increased risk for falls after a recent stroke [26]. The present 
study found a significant decrease in TUG times within the experimental 
group, with a significant between-group difference also having been 
observed. After conducting a study on task-oriented circuit training in 
patients within a year after stroke, Salah et al. found that TUG improved 
from 24.4–23.2 s [27]. Another study reported that the minimum clin-
ically important difference (MCID) in the TUG was 3.4 s [28]. The MCID 
of 3.4 s is sufficiently sensitive to reflect the real difference. In the 
current study, the experimental group exhibited a reduction in TUG time 
from 27.9–23.9 s after lateral stair walking training. The TUG is an 
objective clinical measure for assessing balance and functional mobility 
and thus the risk of falling [29]. Our study revealed that patients with 
chronic stroke who received lateral stair walking training may improve 
balance and reduced risk for falls compared to before training. A study 
by Seo et al. reported that stair gait training significantly improved the 
TUG results [16], a finding consistent with that presented herein. 

The affected and non-affected sides of the bilateral stance and swing 
phase, the single support time, the double support time of the gait pa-
rameters did not change significantly after intervention. Our findings 
showed that lateral stair walking training improved the gait velocity of 
patients with a stroke. A study by Park et al. revealed that hospitalized 
patients with stroke who performed step climbing exercise and stair gait 
exercise for 15 min thrice a week for 8 weeks were able to increase step 
length [30]. Stair walking training involves moving one foot forward 
and shifting the center of gravity vertically, whereas lateral stair walking 
training involves bending one foot outward and moving either left or 
right, which requires more hip extensors, hip flexors, hip abductors 
muscle strength for movement control [31]. Nonetheless, stair walking 
gait training remains applicable in clinical functional activities and 
essential for patients with stroke considering the needs of those who live 
in an apartment or house with stairs. 

4.1. Limitations 

Several limitations of our study are worth noting. First, the number 
of participants included herein was relatively small. Given the few pa-
tients with chronic stroke recruited into our study, the results obtained 
herein may not be generalizable to all patients with a stroke. Second, our 

follow-up time was considerably short. As such, larger-scale studies with 
longer follow-up durations are needed to confirm the efficacy of lateral 
stair walking training in patients with stroke. Third, patients in both 
groups, as well as the physical therapist providing the intervention, had 
been not blinded. However, the evaluator had been blinded to the pa-
tient groupings. 

5. Conclusion 

Lateral stair walking training once a week for 12 sessions in patients 
with chronic stroke promoted improvements in muscle strength, motor 
recovery of lower extremities, and BI. Moreover, lateral stair walking 
training may reduce TUG times and walking performance throughout 
the gait cycle. We therefore recommend that patients with chronic 
stroke receive additional lateral stair walking training to help recover 
function in the affected lower limb. 
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