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Abstract
Gait rehabilitations have been abundantly performed for post-stroke patients, because gait is the most important factor for the return
of post-stroke patients to daily life. However, conventional uniform gait rehabilitations tend to be tedious and reduce motivation. The
aim of this study was to contribute to the development of personalized rehabilitation of gait by identifying differences in gait recovery
pattern according to the paralyzed side of post-stroke patients.
The gait analysis was performed on stroke patients who are right-handed and can walk independently. We retrospectively

analyzed the results of pelvic movements and displacement of center of pressure (COP) during gait using corresponding equipments.
To show the difference of gait recovery pattern according to the paralyzed side, we divided subjects into two groups, right (n=19)
and left (n=20) hemiparesis group. The measured variables were as follows: tilt, obliquity, and rotation symmetries of pelvis; area,
velocity, and lateral symmetry of COP.
First, in the left hemiparesis group, obliquity (P< .01) and rotation (P< .01) symmetries of the movement of the pelvis were

significantly improved in the follow-up compared to the initial gait analysis. In the right hemiparesis group, tilt (P< .001), obliquity
(P< .001), and rotation (P< .05) symmetries were significantly improved in the follow-up compared to the initial gait analysis. Second,
COP area and COP velocity values in the follow-up were significantly smaller than those in the initial gait analysis in the left (P< .001,
P< .05) and right (P< .001, P< .01) hemiparesis groups. The positive value of lateral symmetry increased, although not a significant
difference statistically, as walking ability improved in both groups. In the correlation analysis among variables obtained using
Treadmill, there were significant positive linear relationships between the lateral symmetry and the COP area (P< .05), and between
the COP velocity and the lateral symmetry (P< .001) of the follow-up gait analysis in the right hemiparesis group.
It was confirmed that the gait recovery pattern differs according to the paralyzed side of post-stroke patients and the role of the

intact side, such as moving the COP to the intact side, is important for the improvement of gait function in both groups.
This study was registered with the Clinical Research Information Service (CRIS) of the Korea National Institute of Health (NIH),

Republic of Korea (KCT0002984) and was approved by the Institutional Review Board (IRB) of the WKUGH (WKIRB [2018-25],
November 28, 2018).

Abbreviations: COM = Center of Mass, COP = Center of Pressure, CRIS = Clinical Research Information Service, FAC =
Functional Ambulation Category Classification, GDI = Gait Deviation Index, IQR = Interquartile range, IRB = Institutional Review
Board, MDC = Minimum Detectable Change, MMT = Manual Muscle Testing, NIH = National Institute of Health, SD = Standard
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Deviation, SI = Symmetrical Index, S–W test = Shapiro–Wilk test, TKM = Traditional Korean Medicine, WKUGH = Wonkwang
University Korean Medicine Hospital in Gwangju.
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1. Introduction

Gait rehabilitations have been abundantly performed for post-
stroke patients, because gait is the most important factor for the
return of post-stroke patients to daily life.[1] However,
conventional uniform gait rehabilitations tend to be very tedious
and reduce motivation.[2] For these reasons, many studies have
recommended personalized rehabilitations for recovery of
individual patients.[3] Personalized rehabilitations are being
tailored based on the results of analysis of each patient’s status.[3]

Although there is no report on post-stroke patients, it has been
reported that the personalized rehabilitation is effective for
walking in patients with multiple sclerosis.[4]

Traditional Korean medicine (TKM) has highly emphasized
that treatment of stroke should be tailored based on patients’
constitution[5] and focused on paralyzed side of post-stroke
patients.[6] Although the evidence for the effectiveness of such
personalized treatment is not yet sufficient, the use of paralyzed
side information may play a major role in rehabilitation for
stroke patients with hemiparesis because stroke patients’
symptoms such as aphasia and hemineglect differ depending
on the hemisphere which has a lesion.[7,8]

Many studies have measured the movement variables of the
stroke patients,[9,10] but all of them were cross-sectional studies
comparing normal people with stroke patients, and no follow-up
measurements were made. A systematic review has reported that
it is important to analyze the movements of the body, including
the pelvis, to improve the gait of post-stroke patients.[11]

However, to our knowledge, there has been no study showing
the differences of gait recovery between left or right hemiparesis
patients by measuring pelvic movements and center of pressure
(COP) variables.
Considering above the literature and studies,[5–8] we hypothe-

sized that the gait recovery patterns of the stroke patients with left
and right hemiparesis would differ. If this is confirmed, reflecting
it in the rehabilitation strategy could have a positive effect on the
stroke patients’ recovery.
The aim of this study was to identify the differences of pelvis

movements and COP variables according to the paralyzed side of
post-stroke patients using equipments for gait analysis.We report
our findings because we obtained significant results.
2. Methods

2.1. Study design and setting

This research work is an observational study based on a
retrospective chart review. We divided the subjects into two
groups according to the paralyzed side: a right hemiparesis group
and a left hemiparesis group.

2.2. Sample size

The hypothesis of this study was that the gait recovery pattern of
post-stroke patients with left and right hemiparesis would differ
as their walking ability was restored. To calculate the sample size,
we searched previous studies to determine the minimum
2

detectable change (MDC) of the symmetrical index (SI). However
till now no study was available between divided groups and
measured variables except the present one. The SI is obtained by
calculating the three-dimensional angles of the pelvis and hips,
and a variable called gait deviation index (GDI) is also obtained
in a similar way.[12] Thus, we referred to a study[12] that reported
the MDC of the GDI. With reference to this study,[12] the sample
size was calculated by setting the MDC to 7.5, the standard
deviation to 8.15, the power to 80%, and the significant P level
to.05. There was a total of 3819 in each group. This study being a
retrospective chart review, the dropout rate was not considered.
2.3. Subjects
2.3.1. Inclusion criteria. The gait analysis data of patients who
received TKM and rehabilitation treatment from September 1st,
2017 till Juneth, 2018 and who met the following criteria were
included and analyzed.
(1)
 Patients diagnosed with cerebral infarction or hemorrhage on
computed tomography or magnetic resonance imaging by a
radiologist.
(2)
 Patients who have not passed 6months from stroke onset.

(3)
 Patients with hemiparesis who are able to walk independent-

ly; functional ambulation category classification (FAC) 3 to 4

(4)
 Patients who have two or more clinical data of gait analysis

measured at the WKUGH gait analysis center.

(5)
 Patients who are right-handed, aged between 19 and 85 years.

2.3.2. Exclusion criteria.
(1)
 Patients with difficulty walking due to other diseases such as
musculoskeletal diseases and neurodegenerative diseases.
(2)
 Patients who did not understand the information given about
the study and/or who could not be expected to have the ability
to follow the instructions.

2.4. Gait analysis system (Fig. 1)

Gait analysis using G-walk and Treadmill has been performed
regularly to evaluate the gait function of post-stroke patients with
the protocol of the Wonkwang University Korean Medicine
Gwangju Hospital (WKUGH), Korea. We retrospectively
reviewed the clinical results of stroke patients who satisfied the
inclusion criteria listed above.

2.4.1. Wireless tri-axial accelerometer (G-walk, BTS Bioen-
gineering S.p.A)[13].Wireless tri-axial accelerometer (G-walk) is
a device that measures the subject’s center of mass (COM)
(Fig. 1a). The data obtained by the accelerometer are transferred
to a specific program (G-studio software, version 2.8.16.0) to
calculate symmetries of the tilt, obliquity, and rotation of the
pelvis (Fig. 2, Table 1).

2.4.2. Force plate treadmill (Zebris Co. Ltd FDM-T)[19]. Force
plate treadmill is a device with a force plate embedded in the rail
floor (Fig. 1b). When the subject stands on the treadmill, foot



Figure 1. Gait analysis system (A) Wireless tri-axial accelerometer of G-walk and velcro. (B) For gait analysis, the wireless tri-axial accelerometer is attached to the
5th lumbar vertebra of subjects and tightened with velcro by researchers. Then, subjects were instructed to walk barefoot at a preferred speed on a 6-m mat. (C)
Next, subjects stand for 10s and walk at a preferred speed on Treadmill embedded with force plate.

Figure 2. (A) Tilt, (B) Obliquity and (C) Rotation symmetry of pelvis.
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pressure and COP are measured. Then, variables such as lateral
symmetry, COP velocity and area are calculated by a specific
program (Zebris FDM software, version 1.10) (Fig. 3, Table 2).
Table 1

Variables obtained by G-walk: pelvis tilt symmetry, pelvis obliquity sy

Variable Explanation

Tilt, obliquity and rotation symmetry of pelvis Symmetry is an i
Pelvic moveme
movements su
Normalizing pe
can positively

3

2.4.3. Gait analysis procedure[13,20,21]. The wireless tri-axial
accelerometer was attached to the subject’s 5th lumbar vertebra
and tightened with a velcro by the guide of the device to measure
mmetry and pelvis rotation symmetry.

mportant gait characteristic that is increasingly reported, particularly after stroke.[9]

nts have significant effect on postural control and gait function.[14] Abnormal pelvic
ch as asymmetrical pelvic tilt, obliquity, and rotation are common in stroke patients.
lvic movement in each plane such as frontal plane, sagittal plane and horizontal plane
effect the quality and efficiency of hemiplegic gait.[15–18]

http://www.md-journal.com


Figure 3. (A) The yellow ellipse and black line represent the area and path of Center of Pressure (COP), respectively. (B) Enlarged view of the change of COP. (C)
COP movement during walking.
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the symmetry of the pelvis during walking. Then, the subject was
asked to walk 6 m at the preferred speed on a 6 m mat (Fig. 1c).
The preferred speed has been usually determined during the
rehabilitation treatment by the protocol of the clinic.
Next, the subject stands on the force plate treadmill for 10sec

to obtain COP velocity and area. Finally, the subject walks on the
treadmill to obtain lateral symmetry.
Two Korean medical specific doctors carried out this

procedure and repeated twice per trial to ensure the quality of
the measurements. Also, to ensure the validity and reliability of
the data, they supervised the subjects to focus on gait analysis.
For example, subjects were prevented from speaking and their
eyes were directed to the front.
Minimal interval between the initial and follow-up gait analysis

was two weeks to evaluate the change of variables (Fig. 4).
The data collected was administered by a researcher with a

master’s degree in statistics.
2.5. Comparison

With variables including tilt, obliquity, rotation symmetries of
pelvis, area, velocity, and lateral symmetry of center of pressure
(COP) obtained through gait analysis, intra-group comparisons
and inter-group comparisons were performed.
2.6. Ethics and endpoints

This study was registered with the Clinical Research Information
Service (CRIS) of the Korea National Institute of Health (NIH),
Republic of Korea (KCT0002984) and was approved by the
Institutional Review Board (IRB) of the WKUGH (WKIRB
[2018-25], November 28, 2018). The study end report was made
on December 20th, 2019.
Table 2

Variables obtained by treadmill: COP area, COP velocity and lateral

Variable Explanation

Area, Velocity, and Lateral Symmetry of COP COP measures are commonly us
COP area is the area of ellipse
calculated from the distance th
Lateral symmetry of COP mean
COP moved to the right and th

COP=center of pressure.

4

2.7. Statistical analysis

The data obtained from the subjects were analyzed with the IBM
SPSS Statistics for Windows Version 20.0 (Armonk, NY: IBM
Corp. Released 2010) after coding.
For easy interpretation of the lateral symmetry, we referred the

Lee’s study[22] in which the direction of the healthy side was coded
to positive value and the affected side was coded to negative value.
To check the normality of the data, a frequency analysis was

performed for non-continuous variables and a Shapiro –Wilk test
(S –W test) was performed for continuous variables. To control
confounding factors, independent t-tests or Mann –Whitney U
tests were performed for both groups of the gender, age, type of
stroke, muscle strength class in the manual muscle testing
(MMT), number of days elapsed since the stroke onset, and gait
analysis interval. Paired t-tests or Wilcoxon signed-rank tests
(Wilcoxon tests) were used to compare the variables between the
initial gait analysis and the follow-up gait analysis within the
same group. Independent t-tests or Mann –Whitney U tests were
used to compare the variables from the initial and follow-up gait
analyses between the two groups. A Pearson correlation analysis
was performed to see the relationships between the variables
obtained from the initial and follow-up gait analyses. All of the
analysis results were expressed as a mean±SEM when the
normality was satisfied, or as a median and interquartile range
(IQR) when the normality was not satisfied. A significance level
(P) under.05 was considered to be significant.

3. Results

3.1. General features of left and right hemiparesis groups

The data were from 39 subjects (20 in the left hemiparesis group
and 19 in the right hemiparesis group) who performed gait
symmetry.

ed to assess the standing postural control by measuring the amount of body sway.[20]

that includes 95% of the path of COP movements. COP velocity is average velocity
at COP moves for 60 s. Small COP area and velocity values mean high stability.[21]

s COP movements of right and left. The larger the positive value, the more the
e larger the negative value, the more the COP moved to the left.[22]



Figure 4. Time schedule of gait analysis: gait analysis is a routine examination performed on stroke patients in Wonkwang University Korean Medicine Hospitals in
Gwangju (WKUGH). Among the stroke patients who performed the gait analysis using G-walk and Treadmill more than 2 times during the period from September
01, 2017 to June 30, 2018 in WKUGH, those who satisfies the inclusion criteria becomes the subjects.
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analysis from September 1st, 2017 till June 30th, 2018 were
analyzed retrospectively. The demographic and clinical charac-
teristics including the gender, age, type of stroke, stroke lesion
location,MMT, days since stroke onset, and gait analysis interval
did not show a significant difference between the two groups
(Table 3). No specific adverse event was reported during the
study.
As both groups satisfied the normality in the S – W test, an

independent t-test was performed. No significant difference was
found in the tilt, obliquity, and rotation symmetries of the two
groups.
Table 3

Demographic and clinical characteristics of subjects: values are pre

Left hemiparesis group

Gender (number (%))
Male 11 (55%)
Female 9 (45%)

Age (mean (SD)) (min, max, median) 62.70 (9.33)
(52, 79, 61.5)

Types of stroke (number (%))
Infarction 15 (75%)
Hemorrhage 5 (25%)

Stroke lesion location (number (%))
Carotid circulation

∗
16 (80%)

Posterior circulation† 4 (20%)
MMT (median (IQR))
Upper limb 4 (0)
Lower limb 4 (0)

Days since stroke onset (mean (SD)) 46.00 (30.65)
Gait analysis interval (mean (SD)) 19.55 (3.93)
∗
carotid circulation (anterior circulation): ACA= anterior cerebral artery, MCA=middle cerebral artery.

† posterior circulation: BA=basilar artery, IQR= interquartile range, MMT=manual muscle testing, PCA

5

In the left hemiparesis group, Pearson’s correlation analysis
showed a significant positive correlation between obliquity and
rotation symmetries.

3.2. Gait analysis results using a wireless tri-axial
accelerometer
3.2.1. Differences in initial gait analysis variables between
the two groups. The mean values (mean ± SEM) of tilt,
obliquity, and rotation symmetries in the left hemiparesis group
were 81.02±3.07, 53.67±5.59, and 66.27±6.81, respectively.
The mean values in the right hemiparesis group for the same
sented as mean (standard deviation) and number (%).

Right hemiparesis group P value

10 (52.63%) .88
9 (47.37%)
66.79 (13.63) .29
(44, 85, 69)

16 (84.21%) .48
3 (15.79%)

16 (84.21%) .45
3 (15.79%)

4 (3–4) .17
4 (0) .96

52.42 (43.22) .59
20.42 (4.65) .53

=posterior cerebral artery, SD= standard deviation, VA= vertebral artery.

http://www.md-journal.com


Figure 5. Comparison of variables obtained by G-walk between initial and
follow-up gait analysis in left hemiparesis group: tilt symmetry (P= .05), obliquity
symmetry (t1,19=3.22, P< .01) and rotation symmetry (t1,19=3.77, P< .01) of
initial and follow-up gait analysis ††P< .01, compared to corresponding values
of initial gait analysis.

Figure 6. Comparison of variables obtained by G-walk between initial and
follow-up gait analysis in right hemiparesis group: tilt symmetry (t1,18=4.69,
P< .001), obliquity symmetry (t1,18=4.63, P< .001) and rotation symmetry
(t1,18=2.31, P= .03) of initial and follow-up gait analysis †P< .05, †††P< .001,
compared to corresponding values of initial gait analysis, respectively.
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variables were 76.27±4.31, 53.76±6.47, and 69.00±7.24,
respectively.

3.2.2. Differences in follow-up gait analysis variables be-
tween the two groups. The mean values (mean±SEM) of tilt,
obliquity, and rotation symmetries in the left hemiparesis group
were 87.26±3.06, 68.83±5.62, and 88.98±4.78, respectively.
The mean values in the right hemiparesis group for the same
variables were 82.81±3.89, 66.18±5.82, and 80.16±6.10,
respectively.

3.2.3. Differences in variables between initial and follow-up
gait analyses. In the left hemiparesis group, there was no
significant difference in the tilt symmetry values between the
initial gait analysis and follow-up gait analysis. Obliquity and
rotation symmetry values of follow-up gait analysis were
significantly higher than those of the initial gait analysis
(Fig. 5). In the right hemiparesis group, tilt, obliquity, and
rotation symmetry values of follow-up gait analysis were
significantly higher than those of the initial gait analysis (Fig. 6).

3.2.4. Relevance between variables from initial gait analysis.
There seemed to be a positive correlation between tilt and
obliquity symmetries, and a negative correlation between tilt and
rotation symmetries, however it was not statistically significant
(Fig. 7). In the right hemiparesis group, there seemed to be a
positive correlation between tilt and obliquity symmetries,
between tilt and rotation symmetries, and between obliquity
and rotation symmetries. However, none were statistically
significant (Fig. 8).

3.2.5. Relevance between variables from follow-up gait
analysis. There seemed to be a negative correlation between
tilt and obliquity symmetries, and between tilt and rotation
symmetries, but it was not statistically significant (Fig. 9). In the
right hemiparesis group, there was a positive correlation between
tilt and obliquity symmetries, but it was not significant
6

statistically. There were significant positive correlations between
tilt and rotation symmetries, and between obliquity and rotation
symmetries (Fig. 10).

3.3. Gait analysis results using Treadmill
3.3.1. Differences in initial gait analysis variables between
the two groups. The mean or median values (mean ± SEM or
median (IQR)) of area, velocity, and lateral symmetries of COP in
the left hemiparesis group were 401.00±51.31, 16.5 (11.5–
40.0), and 0.60±4.54, respectively. The mean or median values
in the right hemiparesis group for the same variables were 433.16
±64.56, 22.0 (16.0–40.0), and 1.54±4.87, respectively.

3.3.2. Differences in follow-up gait analysis variables be-
tween the two groups. The mean or median values (mean±
SEM or median (IQR)) of area, velocity, and lateral symmetry of
COP in the left hemiparesis group were 208.00±32.96, 16.0
(11.0–25.0), and 6.68±2.90, respectively. The mean or median
values in the right hemiparesis group for the same variables were
225.263±35.71, 16.0 (11.0–25.0), and 5.15±1.63, respectively.

3.3.3. Differences in variables between initial and follow-up
gait analyses. There was no significant difference in the lateral
symmetry values between the follow-up and the initial gait
analysis (Fig. 11). In the right hemiparesis group, COP area and
velocity values of the follow-up gait analysis were significantly
smaller than those of the initial gait analysis. And there was no
significant difference in the lateral symmetry values between the
follow-up and the initial gait analysis (Fig. 12).

3.3.4. Relationships among variables of initial gait analysis.
In the left hemiparesis group, there seemed to be a positive
correlation between COP area and COP velocity, between COP
area and lateral symmetry, and between COP velocity and lateral
symmetry, but it was not statistically significant. In the right
hemiparesis group, there seemed to be negative correlations



Figure 7. Pearson’s correlation analysis results between G-walk variables obtained by initial gait analysis in left hemiparesis group (A) X-axis: tilt symmetry, Y-axis:
obliquity symmetry (P= .69) and rotation symmetry (P= .85) (B) X-axis: obliquity symmetry, Y-axis: rotation symmetry (r= .447, P= .048).
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between COP area and COP velocity, and between COP velocity
and lateral symmetry, but it was not statistically significant. In
addition, there seemed to be a positive correlation between COP
area and lateral symmetry, but it was not significant statistically.

3.3.5. Relationships among variables of follow-up gait
analysis. In the left hemiparesis group, there seemed to be a
positive correlation between COP area and COP velocity, and
between COP area and lateral symmetry, but it was not
statistically significant. And there seemed to be a negative
correlation between COP velocity and lateral symmetry, but it
was not significant statistically. In the right hemiparesis group,
there seemed to be a positive correlation between COP area and
COP velocity, but it was not significant statistically. And there
Figure 8. Pearson’s correlation analysis results between G-walk variables obtained
obliquity symmetry (P= .40) and rotation symmetry (P= .44) (B) X-axis: obliquity s

7

was a significant positive correlation between COP area and
lateral symmetry, and between COP velocity and lateral
symmetry (Fig. 13).

4. Discussion

The main finding of this study was that the COP shifted to the
intact side as the walking ability was restored in both groups, but
only in the right hemiparesis group, the COP area and velocity
increased significantly as the COP shifted. This means that the
hemiplegic gait of post-stroke patients could be recovered
differently according to the paralyzed side.
As to the symmetry of pelvis, obliquity and rotation

symmetries of pelvis in the left hemiparesis group and tilt,
by initial gait analysis in right hemiparesis group (A) X-axis: tilt symmetry, Y-axis:
ymmetry, Y-axis: rotation symmetry (P= .06).

http://www.md-journal.com


Figure 9. Pearson’s correlation analysis results between G-walk variables obtained by follow-up gait analysis in left hemiparesis group (A) X-axis: tilt symmetry, Y-
axis: obliquity symmetry (P= .78) and rotation symmetry (P= .36) (B) X-axis: obliquity symmetry, Y-axis: rotation symmetry (r=0.632, P< .01).
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obliquity, and rotation symmetries of pelvis in the right
hemiparesis group were significantly improved in the follow-
up gait analysis compared to those in the initial gait analysis,
respectively. Although, the tilt symmetry showed a significant
improvement only in the right hemiparesis group, the mean value
(82.81±3.89) of the tilt symmetry in the follow-up gait analysis
of the right hemiparesis groupwas not significantly different from
the mean value (81.02±3.07) in the initial gait analysis of the left
hemiparesis group. Therefore, although walking ability was
improved in both groups, it is difficult to consider that the
recovery of the tilt symmetry of the right hemiparesis group is
faster than the left hemiparesis group. Both groups showed the
lowest obliquity symmetry values, refers to the angle in the
frontal plane of pelvis.[16] This agree with the results of the
previous studies,[23,24] which the post-stroke patients had severe
instability, especially in the frontal plane, and usually showed hip
hikingwalk, which is defined as the excessive angle of pelvis in the
Figure 10. Pearson’s correlation analysis results between G-walk variables obtain
Y-axis: obliquity symmetry (P= .30) and rotation symmetry (r=0.520, P= .02) (B)
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frontal plane[15] to clear off the foot of the hemiparesis side from
the ground.
COP areas and COP velocities of the left and right hemiparesis

patients were significantly smaller and decreased. These results
are consistent with those of previous studies that COP area of
post-stroke hemiplegic patients was larger than that of the
general population[25] and both COP area and COP velocity
decreased as walking ability of post-stroke patient improved.[21]

The lateral symmetries of COP in both groups was increased in
the follow-up gait analysis, which means the COP was moved to
the intact side during walking, although it was not statistically
significant because of the small sample size. These outcomes are
consistent with results of Lee et al’s study[22] that COP is moved
to an intact side of the both legs at the beginning of independent
gait, and stabilizing the COP through the control of the intact leg
should be a priority for stable walking of post-stroke patients. In
addition, the lateral symmetry of COP was positively correlated
ed by follow-up gait analysis in right hemiparesis group (A) X-axis: tilt symmetry,
X-axis: obliquity symmetry, Y-axis: rotation symmetry (r=0.702, P< .01).



Figure 11. Comparison of variables obtained by Treadmill between initial and follow-up gait analysis in left hemiparesis group (A) COP area (t1,19=4.67, P< .001)
(B) COP velocity (Z= -2.10,P= .03) (C) lateral symmetry (P= .10) of initial and follow-up gait analysis, respectively. †P< .05, †††P< .001, compared to corresponding
values of initial gait analysis, respectively.
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with COP velocity and area only in the right hemiparesis group
and in the follow-up gait analysis but not in the left hemiparesis
group in the initial gait analysis. The COP shift to the intact side,
ie left side in the right hemiparesis patients, induces the more
instability of body because the high increase of COP area and
velocity, led to higher instability. The reason that only the right
hemiparesis patients showed the more instability at the beginning
of independent gait might be that the strength of the left leg is
weaker than that of right leg to support the body in the right-
handed persons and all stroke subjects in this study were right-
handed persons.
The COP shift is an important consideration for gait

rehabilitation, especially at the beginning of the independent gait,
because previous studies[23,26,27] reported that the propelling
power in gait of post-stroke hemiplegic patients is determined by
the force to support the body of the intact lower extremity, and the
compensatory strategies such as shifting the COP to the intact side.
Mechanisms to explain our results were explored. Considering

the above, it is presumed that the difference in gait recovery
patterns between the two groups is due to the difference in the
ability to stabilizing COP depending on which intact leg is. In
particular, because the instability of the right hemiparesis group
tended to increase as the COP moved to the intact side, the
rehabilitation strategy to increase the stability of the intact lower
extremity seems to be more important in right hemiparesis
patients than the left hemiparesis patients.
Interestingly, traditional medicine has addressed that the

treatment should be applied to not only a lesion side but also an
intact side. The Hwangjenaegyeong and Chimgudaeseong,
traditional medicinal texts, have described an acupuncture
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treatment method, called Geo-ja or Mu-ja, applied to intact side
for treating diseases such as hemiparesis, facial palsy, migraine
etc.[28,29] Hong et al [30] and Kefeng et al [31] reported that
acupuncture treatment on the intact side of post-stroke hemi-
paresis or shoulder-hand syndrome patients showed a significant
therapeutic effect. The acupuncture treatment can also be applied
to both sides in some symptoms, such as dysphagia due to stroke,
because the muscles of the intact and paralyzed sides are required
to be stimulated simultaneously.[32,33]

This study has limitations. First, not all patients had been
treated with the exact same rehabilitation treatments. Although
there were subtle distinctions of the treatments applying on
patients depending on the status of motor grade, cognition etc,
the results were not considered to be influenced significantly by
these subtle differences of treatment because patients were treated
with a conventional protocol of the WKUGH stroke center and
we just analyzed the patterns of gait recovery regardless of types
of treatment.
Second, since there was no study of similar design to the

present study, sample size was calculated by referring to theMDC
of the GDI instead of the SI, and the subjects were intentionally
selected and assigned into two groups. Furthermore, 39 subjects
were insufficient to demonstrate the features of all stroke patients.
Nonetheless, a limited number of subjects have yielded important
findings that are in line with previous research.
Third, there is a possibility that confounding factors, such as

the status of upper limb hemiparesis, handedness and others may
influence on the patterns of the gait recovery. However, it would
be not influential because we only included right-handed stroke
patients, and there was no significant difference between the two

http://www.md-journal.com


Figure 12. Comparison of variables obtained by Treadmill between initial and follow-up gait analysis in right hemiparesis group (A) COP area (t1,18=4.88, P< .001)
(B) COP velocity (Z= -2.89, P< .01) (C) lateral symmetry (P= .44) of initial and follow-up gait analysis, respectively. ††P< .01, †††P< .001, compared to
corresponding values of initial gait analysis, respectively.

Kim et al. Medicine (2021) 100:16 Medicine
groups in demographic and clinical characteristics including
motor grades of upper hemiparesis limb at the initial measures.
Fourth, all the subjects were right-handed, and the left-

handed stroke patients may have different walking
Figure 13. Pearson’s correlation analysis results between Treadmill variables obtain
axis: COP velocity (P= .19) and lateral symmetry (r=0.490, P= .03) (B) X-axis: C
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recovery patterns from the results of this study. Future studies
are required to verify left-handed stroke patients who
also shows similar results as right-handed stroke patients
do.
ed by follow-up gait analysis in right hemiparesis group (A) X-axis: COP area, Y-
OP velocity, Y-axis: lateral symmetry (r=0.706, P< .001).
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5. Conclusion

Despite these limitations, our findings revealed substantial
variations in symmetry values and COP changes according to
the hemiparesis side over the course of gait rehabilitation,
implying that various treatment methods for stroke patients may
be used depending on the hemiparesis side. To date, no research
has been performed to see how different gait recovery methods
impact stroke patients’ gait differently depending on the side of
the hemiparesis they have. More research is needed to
demonstrate the results of prospective clinical trials.
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