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Abstract

Studying the stability of sit-to-stand (STS) could provide a foundation for clinicians when guiding rehabilitation training.
The influence of the seat height on STS stability is unclear. The primary goal of this paper was to identify the position of
the center of pressure (COP) and the lower limb joint angles during STS movement from different seat heights in order to
analyze the relationship between joint angle and COP and understand the influence of seat height on stability during the
STS movement. Thirty young volunteers participated in this experiment. The COP offset in the anterior—posterior direction
(COP [ap]) and the change in distance of the COP and the center of gravity (COP-COG) were analyzed and compared. The
results indicated that seat height has a significant effect on COP at Extension phase (Phase III [p =0.045]), and COP-COG
at the time when the buttocks are about to leave the seat (T1 [p=0.01]). The stability of STS from the low seat was better
than from the high seat. The lower limb joint angles at the time when the hip joint angle reaches its maximum value (T3)
and COP (ap) during Phase III were negatively correlated, while lower limb joint angles at the time when the buttocks are
about to leave the seat (T1) and COP-COG at the time when the buttocks are about to leave the seat (T1) were positively
correlated. The ankle joint angle had more influence than other lower limb joints on STS stability at the time when the but-
tocks are about to leave the seat (T'1).
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1 Introduction

The sit-to-stand (STS) movement must be repeated many
times a day as a necessary component of independent activi-
ties of daily living (Pavao et al. 2015; Brech et al. 2013; Mil-
lor et al. 2014). Studies have shown that difficulty perform-
ing the STS movement increases the risk of falls and death
(Pena Cabra and Watanabe 2013; Sloot et al. 2020), as well
as the rate of injury and hospitalization (Buurke et al. 2023).
Compared with walking, people fall more frequently during
STS (Rapp et al. 2012; Pozaic et al. 2016). Riley et al. (1997)
classified failure to complete the STS movement into two
types. The first, called the “sitback” failure, occurs when an
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individual rises only slightly off the chair and then sits back
down. The second, called the “step” failure, occurs when an
individual is unable to stop the movement in a stable stand-
ing position, causing them to take a forward step. Both of
these situations are related to the instability caused by poor
balance control ability. To improve the STS movement and
prevent falls, it is very important to study patterns of stabil-
ity and instability during this functional movement.
Current research on stability during STS primarily
includes two aspects: the influence of movement strategy
on STS stability and the role of subject-specific factors,
including age, disease, and psychological factors, in STS
stability. Jeon et al. (2019) studied STS stability in adults
when performed with symmetrical and asymmetrical foot
positions and found that using an asymmetrical initial
foot position during the STS movement improved postural
stability. Akram and Mcllroy (2011) defined the stable
phase of the STS movement, calculated the total path of
the center of pressure (COP), and found that foot position
did not affect the duration of the stable phase or the total
COP path during the initial second of the stable phase.
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This research improves the understanding of the dynamic
instability of STS. Fujimoto and Chou (2012) compared
STS stability in the elderly and young people and found
that age affected the acceleration of the center of mass
during the STS movement, thereby affecting stability.
Honda et al. (2021) investigated the differences in lower
limb muscle power (LLMP) during sit-to-stand exercise
between young and older adults with a reduced seat height.
The results indicated that elderly participants exhibited
significantly lower forward LLMPs and upward center of
mass velocity (CoMv) compared to their younger counter-
parts, while there was no significant difference in forward
CoMv. Suriyaamarit and Boonyong (2020) investigated the
effects of seat height and seat forward tilt on STS ability
in children with spastic cerebral palsy. Jones et al. (2016)
examined the impact of seat height and forelimb rise on
the dynamics of Sit-to-walk and sit-to-stand-walk tasks in
young, healthy individuals. Pavao et al. (2015) studied the
effect of cerebral palsy on the stability of children during
STS and found that cerebral palsy primarily affected sta-
bility during the initial phase of STS. Aberg et al. (2010)
found that fear factors have an impact on stability in the
mediolateral direction during STS movement. Yang et al.
(2023a) compared the motion feature parameters obtained
under different initial foot angles (IFA) and explored the
effects of different IFA on body kinematics and dynamics
in STS tasks.

Modifying the seat height is an important tool clinicians
use when formulating rehabilitation plans and guiding
rehabilitation training (Sadeh et al. 2023). A higher seat
reduces the trunk tilt angle, hip angular velocity, and peak
moment (Munro et al. 1997; Suriyaamarit and Boonyong
2020; Rodosky et al. 1989; Yang et al. 2023b; Arborelius
et al. 1992), and the studies by Pavao et al. (2015) and Jeon
et al. (2019) demonstrated that trunk tilt angle and hip
joint angular velocity affected stability; thus, it is impor-
tant to study the effect of seat height on stability during
STS. However, few studies have evaluated the effect of seat
height on STS stability. When the seat height changes, the
change in the COP in the anterior—posterior (AP) direction
during the STS movement is unclear, as is the relationship
between joint angle and COP during STS.

The primary goal of this paper was thus to identify the
position of the COP and the lower limb joint angles dur-
ing STS movement from different seat heights in order
to analyze the relationship between joint angle and COP
and understand the influence of seat height on stability
during the STS movement. It serves as a foundation for
clinicians to develop STS rehabilitation training plans and
guide the process of rehabilitation training. Simultane-
ously, it holds significant implications for future rehabili-
tation chair design.

@ Springer

Table 1 Subject information

Age (years) Hight (cm) Weight (kg) BMI (kg/mz)
Mean: 24.41 Mean: 168.52 Mean: 60.92 Mean: 21.46
SD: 1.20 SD: 6.17 SD: 8.70 SD: 2.14

BMI body mass index, SD standard deviation

force plate 1 —

force plate 2

Fig. 1 Experimental setup

2 Method
2.1 Subjects

A total of 30 young people aged 20-30 years were
recruited as subjects for this study, comprising 15 males
and 15 females. The subjects’ characteristics are presented
in Table 1. All subjects had to be able to independently
complete the STS movement without assistance in order to
be included in the study. The exclusion criteria were those
with a history of any major surgery; those with vision,
hearing, or sensation impairments; and those with neu-
rological or musculoskeletal diseases. The recruitment
period was from December 10 to December 25, 2021. The
study was approved by the Academic Ethics and Scientific
Ethics Special Committee of the Academic Committee of
Tianjin University of Science and Technology. All subjects
signed an informed consent statement prior to participat-
ing in this study.

2.2 Instrumentation

We used a high-definition camera (EOS 200D II,
1920 x 1080 pixel, 60fps Canon, Tokyo, Japan) to col-
lect kinematic data in the sagittal plane during STS, as
shown in Fig. 1. Two force plates were installed, one
on the chair and one under the subjects’ feet, to meas-
ure reaction force. Each force plate included adjustable
anchor bolts, two 700 mm X 500 mm stainless steel plates
with a thickness of 5 mm, and four force sensors (GJBHX-
I11/50 kg, QISHENG, Bengbu, China). The force sensors
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were distributed on the four corners of the stainless-steel
plate and had a sampling frequency of 80 Hz.

2.3 Protocol

As shown in Fig. 2, we designed two experimental condi-
tions: a low seat (L) with a height of 420 mm and a high seat
(H) with a height of 520 mm. The low seat height (420 mm)
is the same as the standard seat height (420 mm). The stand-
ard seat height is set as the average of the sitting knee height
at the 50th percentile of adult males and adult females. The
high seat height is 100 mm higher than the low seat height.
Before collecting data, markers were attached to the ankle,
knee, hip, and shoulder joints on the right side of each sub-
ject's body. All subjects were required to wear black tights to
prevent excessive movement from affecting the accuracy of
the markers during STS, and crossed their arms across their
chests and sat on a chair without a backrest.

During data collection, after the subject sat down, the
high-definition camera and the two force plates began sam-
pling simultaneously. Four seconds later, a “prepare, start”
instruction was issued, and the subject stood up from the
seat at their speed of choice. After completing the STS, the
subject was issued a “stop” instruction, at which time each
device ceased recording data.

2.4 Data analysis

STS movements were captured with a high-definition cam-
era to obtain sagittal-plane images of the body, which were
then imported into Adobe Photoshop 2018 (Adobe Systems
Software Ireland Ltd) to extract each image frame. The ankle
joint marker was used as the coordinate origin, a Cartesian
coordinate system was established to obtain the pixel coor-
dinates of the knee, hip, and shoulder joint markers, and the

Fig.2 Diagram showing the
two experimental conditions,
with a low seat (L) and a high
seat (H) condition

actual coordinates of each marker were obtained through
calibration.

To perform kinematic analysis, as shown in Fig. 3, the
ankle joint was defined as the origin (in the OXY coordinate
system, the AP direction was X, the vertical direction was
Y, and the coordinate system was consistent with the coor-
dinate system established when we obtained kinematic data
through image processing) and a link segment model of the
human body was established that included the foot, shank,
thigh, and trunk (including the head). The angles formed by

Shoulder

Ankle

Fig.3 Link segment model of the human body in the sagittal plane

420 mm

520 mm

(L)

(H)

@ Springer



S.Yang et al.

the shank, thigh, and trunk with the positive horizontal axis
represented the ankle joint angle (0,), knee joint angle (6,),
and hip joint angle (), respectively. All data were normal-
ized to time. The kinematic data of the ankle, knee, and
hip joint angles were then calculated based on the obtained
marker trajectory data.

Due to the different sampling frequencies of the force
plates and the high-definition camera, we performed spline
curve-fitting on the STS kinematics and foot reaction force.
The data were then interpolated at a frequency of 60 Hz to
obtain the data required to calculate the COP and center of
gravity. The STS start time was determined based on the
fluctuations in the COP in the AP direction (Yamako et al.
2017; Frykberg and Héger 2015). We assumed that the COP
data fluctuated within a certain interval when the subject was
at rest.This fluctuation interval was calculated by selecting
the COP data from the first second and calculating the COP
fluctuation interval withing this time frame with 95% con-
fidence interval. The start time of the STS was defined as
the moment when the COP exceeded the fluctuation interval
for 0.2 s. The end of the STS movement was defined as the
moment when the hip joint angle reached its maximum value
for the first time.

TO is the start time of the exercise, T1 is the time when
the buttocks are about to leave the seat, T2 is the time when
the hip joint angle reaches its minimum value, and T3 is the
time when the hip joint angle reaches its maximum value.
We divided the STS process into three phases, as shown in
Fig. 4. Phase I was the flexion momentum phase (TO-T1),
Phase II was the momentum transfer phase (T1-T2), and
Phase III was the extension phase (T2-T3).

We used the maximum offset of the COP and the ankle
joint in the AP direction (COP [ap]) to describe the sta-
bility during each phase (Phase I, Phase II and Phase III)
and the change in distance of the COP and the center of
gravity (COP-COQG) to describe the stability of each STS

Fig.4 Three phases of the sit- TO
to-stand movement |

Phase I

Flexion momentum phase

key position (T1, T2, and T3). The larger the value of COP
(ap) and COP-COG, the worse the stability (Medeiros et al.
2015).

2.5 Statistical analysis

The normality of the COP and joint angle data was tested
using the Shapiro—Wilk test, and the data were determined
to have a normal distribution. The Shapiro—Wilk normality
test is a statistical procedure employed to ascertain whether
a given dataset adheres to a normal distribution. This test is
extensively recommended due to its ability to accommodate
small sample sizes (<50 samples) (Gonzilez-Estrada and
Cosmes 2019). SPSS 17.0 (SPSS Inc, Chicago, IL) was used
for data analysis, and the significance level was p <0.05. The
effect of seat height on subjects' COP (ap), COP—COG, and
joint angles was analyzed by single-factor repeated measures
analysis of variance. Anova with a single factor of repeated
measures can be employed to compare the variances in the
observed measurements at various time points. This design
mitigates the impact of inter-individual variations on the
comparison of outcome metrics. Pearson correlation analysis
was used to analyze the correlation between joint angle and
COP (ap) and between joint angle and COP-COG. The Pear-
son correlation coefficient was originally used in statistics
to represent the correlation between two variables. It is now
widely used in natural sciences to measure the correlation
between two variables (Wang et al. 2022).

3 Results
3.1 Stability
As shown in Table 2, we compared the differences in

COP (ap) during each phase and across the entire STS

Tl Phase I T2

‘ Momentum transfer phase l

Phase [l T3

I

Extension phase I

[ [

TO: Movement begins (the
center of pressure begins
to fluctuate )
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T1: Seat off (AB2> 0.6°)

T2: Maximum trunk tilt
angle(0s) is achieved

T3: Maximum hip joint
angle(0s) is achieved
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Table 2 Differences in COP (ap) during each phase and across the
entire STS movement, as well as differences in COP-COG at T1, T2,
and T3, between low and high seat conditions

Table 3 Differences in joint angles at TO, T1, T2, and T3 between
low and high seat conditions

L H pvalue 12

COP (ap)

(mm)

Phase [ 45.558+13.125  46.065+13.527 0.861 0.001

Phase II 3777713910 36.475+16.551 0949 0

Phase III 46.909+11.970 57.619+18.440 0.045 0.204

All 54.977+46.434 60.716+17.944 0.220  0.060
COP-COG

(mm)

T1 112.8+£36.283  138.123+40.828 0.010  0.263

T2 41.210+18.716  35.209+16.353 0.290 0.051

T3 24.921+19.487 18.658+12.486 0.140 0.089

L: low seat; H: high seat; COP (ap): the maximum offset of the COP
and the ankle joint in the AP direction; COP-COG: the change in dis-
tance of the COP and the center of gravity

movement under two conditions, as well as the differences
in COP-COG at T1, T2, and T3. p value represents a sig-
nificant level, and p value <0.05 is considered significant.
Eta squared (n?), it represents the proportion of the degree
of variation of the dependent variable that can be explained
among all degrees of variation through analysis of vari-
ance. n°<0.01, it is a small effect. n*><0.06, it is a moder-
ate effect.n? <0.14,it is a major effect. In the AP direction,
there was not a significant difference between the two condi-
tions in COP (ap) during Phase I and Phase II (»p=0.861 and
p=0.949, respectively), while there was a significant differ-
ence between the two conditions in COP (ap) during Phase
III (p =0.045). There was a significant difference between
the two conditions in COP-COG at T1 (p =0.01), while
there was not a significant difference between the two con-
ditions in COP-COG at T2 and T3 (p=0.29 and p=0.14,
respectively).

3.2 Joint angle

As shown in Table 3, we compared the differences between
the two conditions in joint angles at TO, T1, T2, and T3.
The ankle angles under the two conditions were signifi-
cantly different at TO, T1, and T2 (p =0.022, p=0.002, and
p <0.001, respectively), and there was no significant dif-
ference at T3 (p =0.745). The knee angles during high and
low seat conditions were significantly different at TO, T1,
and T2 (p <0.001, p<0.001, and p <0.001, respectively),
while they were not significantly different at T3 (p =0.225).
There was a significant difference between conditions in
hip joint angle at T2 (p =0.043) and no significant differ-
ence at TO, T1, and T3 (p=0.544, p=0.596, and p=0.273,
respectively).

L H pvalue 1’
Ankle joint
angle (°)
TO 75.499+7.677  78.714+7.031 0.002 0.282
T1 75.566+7.466  78.794+6.874  0.002 0.292
T2 71.254+6.652  75.134+6.290 <0.001 0.41
T3 82.281+3.543  82.950+3.445 0.745 0.004
Knee joint
angle (°)
TO 160.125+6.599 154.207+3.183 <0.001 0.705
T1 159.206+7.106  152.900+3.770 <0.001 0.721
T2 146.396 +6.248 139.199+7.193 <0.001 0.619
T3 87.153+5.458  88.392+6.071 0.225 0.044
Hip joint angle
©)
TO 90.853+4.284  91.249+3.837 0.544 0.013
T1 75.835+8.938  75.155+8.441 0.596 0.01
T2 55.044+7.070 57.686+7.409  0.043 0.174
T3 94.769+4.317  94.205+4.096  0.273 0.041

L: low seat; H: high seat

3.3 Correlation analysis

As shown in Table 4, we analyzed the correlation between
COP (ap), COP-COG, and the joint angles at T1, T2, and
T3. The correlation between COP (ap) and ankle joint is
significant at T3 time, but not significant at T1 and T2
time. The correlation between COP (ap) and knee joint is
significant at T2 and T3, but not significant at T1. The cor-
relation between COP (ap) and ankle joint is significant at
T3 time, but not significant at T1 and T2 time. The correla-
tion between COP—COG and ankle joint is significant at T1
and T3, but not significant at T2. The correlation between
COP-COG and knee joint is significant at T1 and T3, but
not significant at T2. The correlation between COP-COG
and hip joint is significant at T1 time, but not significant at
T2 and T2 time.

4 Discussion

This study aimed to identify changes in COP and lower limb
joint angles when the seat height changes during the STS
movement in order to analyze the relationship between joint
angle and COP and understand the influence of seat height
on stability during the STS movement. For this reason, we
carried out STS experiments under high and low seat condi-
tions. The results indicated that seat height has a significant
effect on COP (ap), COP—COG, and lower limb joint angles.
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Table 4 Correlation between

COP (ap) COP-COG
COP (ap), COP-COG, and the
angles of each joint at T1, T2, Phase I Phase II Phase III T1 T2 T3
and T3
Ankle joint
T1 0.148 0.387*
T2 0.164 0.130
T3 —0.412% —0.424*
Knee joint
T1 0.15 0.291*
T2 0.365* 0.029
T3 —0.376* -0.413*
Hip joint
T1 0.19 0.290*
T2 -0.112 0.142
T3 —0.468* 0.218
COP: the maximum offset of the COP and the ankle joint in the AP direction; COP-COG: the change in
distance of the COP and the center of gravity
*p<0.05
the ankle joint angle of the low seat condition (74°) was

TO Phase T T1 Phase Tl T2 Phase T T3

Momentum transfer phase

hase
Flexion momenttum phase Extension phase

Fig.5 Comparison of body postures at different time points under
high seat (blue) and low seat (black) conditions

The angles of the ankle, knee, and hip joints at T1 and T3
were correlated with COP (ap) and COP-COG.

Medeiros et al. (2015) and Danion and Latash (2011)
reported that the greater the COP displacement, the worse
the stability. When comparing STS under two conditions,
we found that in the AP direction, the STS stability in
the low seat condition (COP [ap] =46.909 mm) was bet-
ter than the STS stability in the high seat condition (COP
[ap] =57.619 mm) during Phase III. The seat height may
have primarily affected stability during Phase III by influ-
encing body posture at T2. Some studies have shown that a
higher seat height reduce the trunk tilt angle (Munro et al.
1997; Suriyaamarit and Boonyong 2020). As shown in
Fig. 5, according to our phase division, the trunk tilt angle
reaches its maximum value at T2. At this time point, the
trunk tilt angle of the low seat condition (35°) was greater
than the trunk tilt angle of the high seat condition (32°) and
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smaller than the ankle joint angle of the high seat condition
(76°); thus, at T2, the body’s center of gravity in the low
seat condition was closer to the ankle joint. As the postures
under the two conditions were virtually identical at T3, the
horizontal displacement of the center of gravity in Phase
IIT was small when the seat was low; therefore, the stability
during the low seat condition was good.

As shown in Fig. 5, under the two conditions, body pos-
ture was virtually the same at TO. In the low seat condition,
the body was more anterior at T1 and the horizontal dis-
placement of the center of gravity was greater during Phase
1 than in the high seat condition. However, the results of the
analysis of variance showed no significant difference in COP
(ap) between low seat and high seat conditions. Because the
subject did not leave the seat between TO and T1, this may
be due to the seat providing stability for the subject, caus-
ing there to be minimal effect on COP (ap) during Phase I.

As STS movement failure usually occurs at the time
of seat off (T1) and the end of the extension phase (T3)
(Sloot et al. 2020), we primarily focused on STS stability
at T1 and T3. At T1, stability under the low seat condition
(COP-COG =112.8 mm) was better than stability under
the high seat condition (COP-COG = 138.1 mm). Figure 5
depicts the increased forward body tilt, anterior center of
gravity, and smaller distance between the center of gravity
and the ankle joint in the low seat condition, which all indi-
cate a better STS stability.

Correlation analysis showed that the COP (ap) in Phase
III was negatively correlated with the angles of the ankle,
knee, and hip joints at T3, indicating that the larger the joint
angle at T3, the smaller the COP (ap) value in Phase III. This
provided a unique understanding of this phase of STS. When
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patients are performing rehabilitation training and require
additional stability during STS, their lower limb joint angles
should be increased as much as possible at T3, perhaps by
attempting to maintain the shank and trunk perpendicular
to the ground, to reduce the COP (ap) and improve the STS
stability.

Correlation analysis results indicated that the COP-COG
at T1 was positively correlated with the angles of the ankle,
knee, and hip joints at T1. As shown in Fig. 6, there was no
significant difference between conditions in hip joint angles
at T1, which indicates that the seat height had no significant
effect on the hip joint angle. However, there was a significant
difference in the COP-COG at T1 between the two condi-
tions; the change in hip joint angle was thus less than the
change in COP-COG. Therefore, we inferred that hip angle
had little effect on stability in the high and low seat condi-
tions. As shown in Fig. 6, there were significant differences
between conditions in the angles of the knee and ankle joints

at T1, indicating that the seat height had a significant impact
on the knee and ankle joint angles. There were also signifi-
cant differences in COP—COG values at T1 between the two
conditions, suggesting that the knee joint angle and ankle
joint angle influenced STS stability.

We further compared the effects of the ankle and knee
joints on stability. As shown in Fig. 6, at T1, the ankle joint
angle was 75° during the low seat condition and 79° during
the high seat condition. Because the ankle angle at T1 was
positively correlated with the COP—-COG and the COP-COG
in the low seat condition was smaller than the COP-COG in
the high seat condition, STS stability could be considered
better under the low seat condition. However, at T1, the knee
angle during the low seat condition was 159° and the knee
angle during the high seat condition was 152°. Knee joint
angle and COP-COG were positively correlated at T1, and
the COP-COG in the low seat condition was larger than the
COP-COG in the high seat condition, which would indicate

Fig. 6 Joint angles, COP (ap), 1801 180
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a better STS stability in the high seat condition. Based on the
results presented in Table 2, at T1, the COP-COG was small
when the seat was low; therefore, we can infer that the ankle
joint angle had a larger influence on stability.

Our results showed that body posture at T1 and T3
affected STS stability. For people with poor muscle strength
and balance ability, STS stability can be improved by chang-
ing body posture during rehabilitation training. For example,
when performing STS from a high seat, the patient can con-
sciously increase the forward tilt of the trunk at T1, bring-
ing the body's center of gravity closer to the ankle joint and
thereby improving stability at T1. Additionally, the enhance-
ment of stability effectively mitigates the risk of falls during
STS movement for the elderly or individuals with mobility
challenges. The incorporation of high seats and distant arm-
rests in the design of rehabilitation chairs enables patients to
voluntarily increase the forward tilt of their torso, bringing
the center of gravity of the human body closer to the ankle
joint, thereby improving the stability of STS movement.
The rehabilitation chair can assist the patient in sit-stand
conversion rehabilitation training and walking training, so
as to improve muscle strength and delay the degeneration
of muscle strength. In addition, clinicians should focus on
modifying ankle joint angles when formulating rehabilita-
tion training plans and guiding rehabilitation training to opti-
mize STS stability. For example, the patient could use the
position of the foot closer to the chair to reduce the angle of
the ankle joint at T1, improve the stability at T1, and prevent
the occurrence of 'seatback' failure.

Correlation analysis results indicated that the COP-COG
at T3 was negatively correlated with the angles of the ankle
and knee joints at T3. Therefore, their ankle angles should
be increased as much as possible at T3, perhaps by attempt-
ing to maintain the shank perpendicular to the ground, to
reduce the COP -COG and prevent the occurrence of 'seat-
back' failure.

Based on the results, we came to the following conclu-
sions: First, STS stability from the low seat was better than
from the high seat during Phase III. Second, STS stability
from the low seat was better than from the high seat at T1,
and STS stability was similar in the two conditions at T3.
Third, lower limb joint angles at T3 and COP (ap) during
Phase III were negatively correlated, while lower limb joint
angles at T1 and COP-COG at T1 were positively corre-
lated. Fourth, the ankle joint angle had more influence than
other lower limb joints on STS stability at T1.

This study had certain limitations. First, all subjects in
this study were healthy young adults. There are signifi-
cant differences in muscle strength among different popu-
lations, and elderly and recovering patients are often less
likely to sit to stand from lower seat heights. Therefore, the
data obtained cannot be generalized to other populations,
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such as the elderly and rehabilitation patients. Future stud-
ies should include older adults, convalescent patients, and
high body mass index to improve the generality of the con-
clusions. Second, only two seat heights were studied in our
research. Previous studies have shown that the tilt of the
chair surface and the position of the body on the chair sur-
face could affect STS (Suriyaamarit and Boonyong 2020;
Yoshioka et al. 2014; Janssen et al. 2002); The tilt angle
of the chair surface and the position of the human body
sitting on the chair surface can cause changes in the angles
of various joints during the STS movement of the human
body. Consequently, the findings of this research are exclu-
sively applicable when the chair surface is level and indi-
viduals assume identical seating positions. Subsequently,
we will ascertain the positioning of the human body on the
chair surface and the impact of the chair surface's incli-
nation on stability. Finally, the number of participants in
this study is 30, and each participant is required to con-
duct four different trials. In the video processing stage, we
extract image frames from the video, each with 44 image
frames, and select the coordinates of four joint points in
each image frame. Data processing mainly includes: joint
trajectory, angle, angular velocity, angular acceleration,
joint velocity, acceleration, motion time, and joint torque;
In addition, it is necessary to calculate the pressure center
based on the ground reaction force. This is a significant
workload, and extensive data processing work limits the
number of repetitions in experiments, which has a certain
impact on the reliability of the data. We will solve this
problem in the future work.
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