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Background: The sit-to-stand (STS) task is a fundamental movement integral
to daily activities and is widely used as a functional test to evaluate lower limb
strength, balance, and postural control across various populations. However,
limited literature provides biomechanical analysis comparisons between traditional
double-leg STS tasks and single-leg STS tasks.

Objective: This study aimed to compare muscle strength, movement times, and
center of pressure (COP) variables across three STS conditions: single-leg STS on
the dominant limb, single-leg STS on the non-dominant limb, and double-leg STS.

Materials and methods: Twenty healthy participants (10 males and 10 females;
21.60+1.14 years old) participated in a cross-sectional study. Maximal voluntary
isometric contraction of the knee extensors and hip abductors was assessed for
both the dominant and non-dominant limbs. Participants performed the three
STS testing conditions on the Zebris FDM pressure plate. Movement time and
COP outcome variables (sway area, total path length, velocity, and path length in
anteroposterior and mediolateral directions) were recorded and analyzed across
the three STS tasks. A paired t-test was used to compare the means of the primary
outcome variables within groups. A one-way repeated measures ANOVA was
conducted to assess outcome differences among the testing conditions, with
significance set at p<0.05.

Results: Findings indicated no significant difference in knee extensor or hip abductor
muscle strength between the dominant and non-dominant limbs. Movement times
for the single-leg STS tasks on both limbs were significantly longer than for the
double- leg STS task (p<0.001), with no difference between dominant and non-
dominant limbs. Additionally, COP variables (sway area, total path length, mean
velocity, and mediolateral path length) were significantly lower in the single-leg
STS tasks on both limbs compared to the double-leg STS task (all p<0.001), with no
differences observed between dominant and non-dominant limbs.

Conclusion: Compared to double-leg STS tasks, single-leg STS tasks are associated
with longer movement times and reduced COP measures. These findings provide
preliminary reference values for STS tasks and suggest that the single-leg STS may
serve as a potentially useful tool for assessing balance impairments and functional
mobility. Further research is required to validate its sensitivity in pathological
populations.

Introduction

The sit-to-stand (STS) task is a fundamental
movement integral to daily activities and crucial for
maintaining functional independence. This task involves
transitioning from a seated to a standing position, requiring
coordinated activation of trunk and lower limb muscles
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while maintaining balance throughout the movement
period.>? As the STS movement is an essential functional
task, it is widely utilized as a functional movement test
to evaluate lower limb strength, balance, and postural
control. Specifically, the STS task is frequently employed
in clinical and rehabilitation settings to evaluate functional
mobility and monitor disease progression or treatment
effectiveness for lower limb injuries and age-related
conditions.?

The STS task is a standard component of various
biomechanical studies that provides insights into
neuromuscular control and movement efficiency.*
This is mainly due to the task’s reliance on lower limb
strength, particularly the core, hip, and knee extensor
muscles, which are critical for ensuring task completion
and movement smoothness.® Research indicates that
biomechanical outcome variables associated with the STS
task, such as movement time, power, and acceleration,
are closely linked to the strength of these muscle groups,
highlighting the importance of core and lower limb function
in performing this task efficiently. A study by Alcazar
et al.® found a strong correlation between acceleration
parameters measured from the 30-second STS test and
bilateral lower limb muscle strength. Stagsted et al.” also
reported that lower extremity muscle strength, measured
through chair rise and leg press tests, was associated with
movement time on the 5-times STS test.

A previous study examined the biomechanical
differences between double-leg and single-leg STS tasks,
particularly in comparing dominant and non-dominant
limbs.2 Double-leg STS distributes the load evenly across
both legs, resulting in more excellent stability and reduced
postural sway.® In contrast, single-leg STS tasks pose more
significant challenges to balance, particularly on the non-
dominant leg, which often exhibits reduced movement
control, longer movement times, and more significant
displacement of the center of pressure (COP).X° These
differences highlight variations in muscle strength and
coordination between the limbs. Specifically, the muscle
strength and power disparity between the dominant
and non-dominant legs influences task performance.’
This suggests that functional movements that involve
the dominant and non-dominant legs may yield different
outcomes, as muscle strength in different muscle
groups plays a significant role in movement quality
during functional tasks. Thus, it is essential to note that
differences in muscle strength between the dominant and
non-dominant limbs in sagittal plane movements, such
as hip and knee flexion/extension or ankle dorsiflexion,
and frontal plane movements, such as hip abduction/
adduction, may directly affect the STS task.!?

Based on recent literature, previous studies
demonstrated that strength differences, especially in
the lower limb, directly impact movement performance,
such as the STS task. However, there is limited evidence
comparing the biomechanics of single-leg and double-
leg STS tasks using movement time and COP outcomes,
a commonly used kinetic variable in biomechanics for
analyzing body sway, providing insights into an individual’s

ability to control body movement and lower limb
function,*** among young adults. Therefore, this study
aimed to compare muscle strength, movement times, and
COP variables across three STS conditions: single-leg STS
on the dominant limb, single-leg STS on the non-dominant
limb, and double-leg STS. It is hypothesized that the non-
dominant limb would show longer movement times and
greater COP displacement than the dominant limb, with
both single-leg tasks performing worse than the double-
leg STS.

Materials and methods
Study design and participants

A cross-sectional study design with single-session
data collection was employed in this study. Participants
were recruited through flyers and online platforms.
Data were collected at the Biomechanics Laboratory,
Department of Physical Therapy, Faculty of Associated
Medical Sciences, Chiang Mai University, Chiang Mai,
Thailand. The sample size was calculated using G*Power
version 3.1.9.6 (Universitat Kiel, Germany), based on a
previous study that analyzed differences between two
dependent means of the time required to complete a one-
repetition single-leg STS.® A total of 20 participants was
deemed necessary, considering an expected moderate
effect size (0.6), an alpha level of 0.05, and a statistical
power of 0.80.

Twenty male and female participants were screened
and recruited into the study based on predefined inclusion
and exclusion criteria (Table 1). The inclusion criteria
required healthy participants aged 18 to 25 years, with a
normal body mass index (BMI) of 18.5-22.9 and the ability
to independently perform the STS movement for both
dominant and non-dominant limbs.'® Exclusion criteria
included participants with vision problems, a history of
diagnosed neurological disorders such as stroke or brain
injury, or other conditions impairing the function of the
vestibular, somatosensory, or visual systems. Participants
with conditions affecting their ability to stand, walk, or
maintain postural balance during single-leg standing and
those experiencing pain or lower limb deformities that
limit movement were also excluded. All participants were
informed about the testing procedures and provided
written informed consent before participation. The study
was approved by the Research Ethics Committee of the
Institutional Review Board (approval number: AMSEC-
67EX-001).

Table 1. Characteristics of participants.

MeanxSD
N 20
Male: female 10:10
Age (years) 21.60+1.14
Height (m) 1.64+0.06
Body weight (kg) 56.31+5.88
Body mass index (kg/m?) 20.95+1.42
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Procedures

The testing session began with participants providing
basic demographic information and filling in the Waterloo
Footedness Questionnaire (revised version) to indicate the
dominant and non-dominant limbs.” Maximal voluntary
isometric contraction (MVIC) was then assessed for the hip
abductors and knee extensors. Following this, participants
completed the STS test under three conditions: single-
leg STS on the dominant limb, single-leg STS on the
non-dominant limb, and double-leg STS. The order of
conditions was randomly performed. Participants were
allowed two to three practice trials for each condition
before testing. Each condition was conducted in three
trials, with a 2-minute rest between trials to prevent
neuromuscular fatigue. Before the test, participants were
instructed to avoid strenuous exercise, alcohol, caffeine,
and any medication that could influence task performance
within 24 hours of the session.

A handheld dynamometer (Lafayette, IN, USA)
was used to measure the muscle strength of the hip
abductors and knee extensors. For the hip abduction
test, participants lay supine on a treatment bed, with the
dynamometer placed laterally on the knee, 3 centimeters
above the knee joint line. Participants performed an MVIC
of the hip abductors in both limbs for 5 seconds, with two
repetitions and a one-minute rest between trials. For the
knee extension test, participants were seated comfortably
on a chair, with the dynamometer positioned anteriorly
on the shank, 3 centimeters above the ankle joint. Knee
extensor MVIC was assessed in both limbs for 5 seconds,

again with two repetitions and a one-minute rest between
trials. The average values from each limb were calculated
to represent muscle strength. One examiner administered
muscle strength measurements for all participants. Test-
retest reliability, assessed using the intraclass correlation
coefficient (ICCM) before the actual testing, demonstrated
good to excellent reliability (ICC 0.788-0.974) for both
muscles across both limbs.

In the single-leg STS test, participants were
instructed to sit upright on an adjustable chair without
leaning on the backrest, with their arms crossed over
the chest. The foot of the testing leg, either dominant
or non-dominant, was positioned at the center of the
Zebris FDM pressure platform (FDM2, Zebris Medical
GmbH, Germany), with data recorded using the Zebris
FDM Software Suite. Participants were positioned with
approximately 100 degrees of knee flexion, ensuring that
the ankle was positioned behind the knee. The non-testing
leg was lifted slightly off the ground, ensuring it did not
move forward, backward, or touch the floor during the STS
task. Participants were then instructed to stand up from
the chair on a single leg using their lower limb strength,
keeping their body upright while standing, and then sit
back down. If the non-testing leg touched the ground or
the participant used their arms to assist the movement,
the trial was deemed unsuccessful, and they were asked
to repeat the task until a successful trial was completed.
Participants performed three successful trials on each
testing leg (Figure 1).

Figure 1. Single-leg sit-to-stand testing task.
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In the double-leg STS test, participants were
instructed to sit upright on an adjustable chair without
leaning on the backrest, with their arms crossed over the
chest. Their feet were positioned shoulder-width apart
at the center of the FDM pressure platform. Participants
were positioned with approximately 100 degrees of knee
flexion, ensuring the ankles were placed behind the

knees. They were then instructed to stand up from the
chair using the strength of both lower limbs, maintain an
upright posture while standing, and then sit back down.
If participants compensated for their movement or used
their arms to assist, the trial was deemed unsuccessful,
and they were asked to repeat the task until a successful
trial was completed (Figure 2).

Figure 2. Double-leg sit-to-stand testing task.

Data reduction

The movement time for each trial was measured
by the stopwatch, calculated from the moment the
participant’s buttocks left the chair until full contact was
made again upon sitting. The pressure plate was set to a
sampling frequency of 100 Hz. COP variables, including
COP sway area, COP total path length, COP velocity, COP
path length in the anteroposterior direction, and COP path
length in the mediolateral direction, were calculated using
the Zebris FDM Software Suite.

Statistical analysis

Descriptive statistics were used to report the mean,
standard deviation (SD), and 95% confidence interval (Cl)
for all outcome variables. Data distribution was assessed
using the Shapiro-Wilk test, which confirmed that all data
were normally distributed. Accordingly, a paired t-test
was employed to compare the means of the primary
outcome variables within groups, and a one-way repeated
measures ANOVA was conducted to compare the mean
values across the three different STS conditions. When
the ANOVA identified significant differences, pairwise
comparisons using the least significant difference test
(LSD) were performed to determine the specific conditions
with significant differences. The effect size was estimated
using partial eta-squared (n?,), where values less than 0.01

indicated a small effect size, values between 0.01 and 0.06
indicated a medium effect size and values greater than
0.06 indicated a large effect size. Statistical analyses were
performed using SPSS (version 17, SPSS Inc., USA), with a
significance level of p<0.05.

Results

The present study included 20 participants.
Table 1 presents the demographic characteristics of all
participants.

The strength of the knee extensor and hip abductor
muscles for both the dominant and non-dominant legs
is presented in Table 2. Statistical analysis indicated no
significant differences in the strength of the knee extensor
and hip abductor muscles between the dominant and
non-dominant legs.

The results indicated a significant difference in the
duration of the STStaskacross the three different conditions
(F(2,38) =14.316, p<0.001, n?,=0.430). Specifically, the
duration of the single-leg STS on both the dominant and
non-dominant limbs was significantly longer than that of
the double-leg STS (all p<0.001). However, no significant
difference was observed in the duration between the
single-leg STS on the dominant and non-dominant limbs
(Table 3).
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Table 2. Muscle strength of knee extensor and hip abductor muscles.

Dominant limb

Non-dominant limb

(meanzSD) (meanzSD) ty P
192.70+43.74 199.66+40.21
Knee extensor (N) (173.65-211.75) (182.04-217.28) -l4l4 0173
+ +
T 173.09+27.07 172.21+28.93 0306 0763

(161.23-184.95)

(159.53-184.89)

Table 3. A comparative analysis of movement time and center of pressure during single- and double-leg sit-to-stand tasks.

Single-leg STS on

Single-leg STS on

Double-leg STS

dominant limb non-dominant limb (Mean+SD) F P n%
(MeantSD) (MeanzSD)
Time (sec) 1.51+0.35 * 1.49+0.38 ** 1.154+0.13 14316 <0.001* 0.430
(1.36-1.66) (1.32-1.66) (1.09-1.21)
COP sway area (mm?) 5447.38+1581.75* 5340.35+1822.66* 16950.43+6933.84 54.180 <0.001" 0.740
(4754.16-6140.60)  (4541.55-6139.15)  (13911.60-19989.26)
COP total path length (mm) 1019.54+234.98* 999.52+165.11* 1749.26+468.14 41.097 <0.001% 0.684
(916.56-1122.52) (927.16-1071.88) (1544.09-1954.43)
COP velocity (mm/sec) 226.20+55.85* 224.67+56.47* 443.11+133.70 63.253 <0.001* 0.769
(201.72-250.67) (99.92-249.42) (384.51-501.71)
COP path length in the 38.91+9.65* 38.14+10.65* 111.46+30.21 15.618 <0.001* 0.251
mediolateral direction (mm) (34.68-43.14) (33.47-42.81) (98.22-124.70)
COP path length the 177.20+£23.63 174.87+27.28 183.19+35.92 0.829 0.444 0.042

anteroposterior direction (mm)

(166.84-187.56)

(162.91-186.83)

(167.45-198.93)

Note: *significant differences with double-leg STS condition (p<0.001), **significant differences with double-leg STS condition (p<0.01),

#significant differences between the sit-to-stand conditions (p<0.001), STS: sit-to-stand, sec: second, mm: millimeter.

There were statistically significant differences in the
COP area (F(2,38)=14.316, p<0.001, n*,=0.430), COP total
path length (F(2,38)=41.097, p<0.001, n%,=0.684), COP
average velocity (F(2,38)=63.253, p<0.001, n?,=0.769),
and the length of the COP in the anteroposterior
direction (F(2,38)=15.618, p<0.001, n%,=0.251). Pairwise
comparisons indicated that the values for the single-leg
STS on both limbs were significantly lower than those
recorded during the double-leg STS test (p<0.001). In
contrast, no significant differences were found in COP area,
COP total path length, COP average velocity, or the length
of the COP in the anteroposterior direction between the
dominant and non-dominant sides (Table 3). Furthermore,
there were no differences in the length of the COP in
the mediolateral direction between the dominant, non-
dominant sides, and double-leg STS.

Discussion

This study compared movement time and COP
variables during three STS tests: single-leg STS on the
dominant limb, single-leg STS on the non-dominant limb,
and double-leg STS. Significant differences were detected
between the single-leg STS (for both limbs) and the double-
leg STS tasks for all outcomes, except the COP path length
in the anteroposterior direction. However, the results did
not support our hypothesis, as no significant differences
were observed in movement time and COP between the
dominant and non-dominant limbs.

Movement timeisacommonly used variable to assess
overall physical ability in performing STS movements.®

In this study, we found that the movement time from
a seated position in the single-leg STS—both with the
dominant and non-dominant legs—was longer than that
of the double-leg STS test. This finding is consistent with
the study’s hypothesis. It aligns with previous research by
Thongchoomsin et al., who reported that the time spent
raising the body from a chair and returning to a seated
position during a 5-repetition double-leg STS test was,
on average, 3.36 seconds longer for the single-leg STS.?
In the present study, the single-leg STS on the dominant
leg took 0.34 seconds longer, while the single-leg STS on
the non-dominant leg took 0.36 seconds longer than the
double-leg during the one-time STS test. The difference
in movement time can be attributed to the larger base of
support (BOS) provided by both feet during the double-
leg STS, in contrast to the more limited BOS of a single
foot during the single-leg STS.*® Additionally, rising from
a seated position using both legs is a familiar and natural
daily movement, facilitating a more fluid and smooth
motion. From a biomechanical perspective, performing
the single-leg STS requires using one leg’s muscle strength
to counteract the entire body weight. Although the body
weight remains constant, only the supporting leg muscles
are engaged to generate the necessary force to stand up
and return to sitting.’®* This increased demand for a single
limb resulted in slower movement and, consequently, a
longer completion time for the single-leg STS compared to
the double-leg STS.

No statistically significant difference was found
between the two conditions when comparing movement
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times in the single-leg STS test on the dominant and non-
dominant limbs. This lack of difference may be attributed
to the finding that the strength of our participants’ knee
extensor and hip abductor muscles in both legs did not
show significant variation. These results are inconsistent
with previous research, which identified differences in
muscle strength between the dominant and non-dominant
limbs regarding the knee extensors and flexors in healthy
participants.!* Additionally, the researchers maintained
consistent testing postures, including knee and hip angles,
across all test formats, resulting in no differences in the
angular movement of the trunk and lower limb joints
between the two conditions. It was supported by the
study by Steingrebe et al., who reported no differences in
knee joint moments and loading when rising from a seated
position using either the dominant or non-dominant limb,
noting that only low chair heights contributed to increased
shear forces on the knee.?*

Regarding the COP outcomes, the COP sway area and
total path length serve as indicators of the overall area of
the COP and the total distance the COP travels during the
STS movement.?®* These COP variables evolve as the STS
test is performed. The path length in the anteroposterior
direction (the length of the COP major axis) corresponds
to the direction of the body’s movement when weight
is transferred forward during the standing-up phase. In
contrast, the path length in the mediolateral direction (the
length of the COP minor axis) assists in maintaining lateral
sway balance during the rising motion.?*#

The results of the current study indicate that all
COP variables—including COP area, total COP path
length, average COP velocity, and COP path length in the
mediolateral direction—differed significantly between
the double-leg STS and single-leg STS tests, which aligns
with the study’s hypothesis. This phenomenon can
be attributed to the smaller BOS in the single-leg STS
compared to the double-leg STS. The restricted BOS
inherent to the single-leg STS limits the body’s movement
range in critical variables, which would otherwise be
greater with the larger BOS provided by the double-leg
STS. Consequently, if the COP shifts outside of the already
limited BOS during the single-leg STS, it will likely result
in losing balance control.? This highlights the increased
challenge of maintaining postural stability during single-
leg tasks. This factor becomes particularly significant in
populations with impaired balance, such as older adults or
individuals recovering from lower limb injuries.14242>

The COP velocity indicates the speed at which the
body’s center of mass moves, serving as a crucial indicator
of balance control. Effective regulation of movement
speed is associated with reduced postural sway.?? In the
current study, participants exhibited lower COP velocity
during the single-leg STS test, with speeds approximately
half of those observed in the double-leg STS test. This
reduction in velocity suggests a more controlled and
deliberate movement pattern in the single-leg STS, likely
due to the increased demand for balance imposed by
the smaller BOS. However, when comparing the COP
outcomes of the dominant and non-dominant legs, no

significant differences were found across all COP values
during the STS test. This lack of difference may stem from
the comparable strength of the primary muscles involved
in the movement, which allowed for similar movement
speeds in the single-leg STS. Specifically, the hip abductor
muscles, which play a critical role in maintaining balance
in the frontal plane, enabled participants to sustain similar
levels of stability during the single-leg STS task, regardless
of which leg was tested.? This finding is further supported
by the anteroposterior COP path length, which also
showed no significant differences across all conditions
between the single-leg and double-leg STS and between
the dominant and non-dominant limbs.

The findings from the current study provide
preliminary data for the single- and double-leg single-
time STS task in healthy adults, which may serve as a
basis for future research involving more prominent and
more diverse populations. Additionally, the significant
differences observed in movement time and COP
variables between single-leg and double-leg STS tests
suggest potential applications for balance assessment
and functional mobility evaluation. Meanwhile, single-
leg STS, which involves a small BOS and likely greater
demands on muscle power and postural control, may hold
promise as a tool for identifying balance impairments and
functional deficits. Further research is needed to confirm
its sensitivity and utility in clinical populations.

Several limitations should be acknowledged in the
current study. First, although the quadriceps and hip
abductors are primary muscles for the STS task, other
core muscle strength may also impact STS performance.
Notably, our study found no significant strength differences
between the dominant and non-dominant limbs, which
may limit the ability to evaluate the effects of asymmetries
on STS performance. Therefore, future studies should
consider assessing the role of additional postural muscles
and further include participants with known strength
asymmetries to explore their influence on postural
control during this movement. Additionally, incorporating
electromyographic (EMG) assessments could provide
valuable information on muscle activation patterns,
allowing for a more comprehensive understanding of the
coordination and timing of muscle contractions during the
STS task. Third, incorporating kinematic data analysis could
expand outcome variables by offering detailed insights
into joint movement and velocity while also providing a
more nuanced understanding of the sub-phases within
the STS movement. This approach would facilitate a
deeper analysis of the biomechanical and temporal
characteristics involved in the STS movement. Lastly, the
study limited participants to those aged 18-25 with a
normal BMI. This restriction may affect the generalizability
of the findings to other populations. Future studies should
include individuals with higher BMls, middle-aged adults,
and older adults to understand better how single-leg
tasks are performed across a broader range of clinical
and demographic groups. Exploring these populations
could yield valuable insights for clinicians, particularly in
assessing balance and functional mobility in individuals
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with varying physical capabilities and health conditions.

Conclusion

This study compared movement time and COP
outcomes during single-leg (dominant and non-dominant
legs) and double-leg STS tests in healthy participants.
The results indicated that the single-leg STS (both limbs)
exhibited significantly longer movement time but lower
COP sway than the double-leg STS, except for COP path
length in the anteroposterior direction. However, no
significant differences were found between the dominant
and non-dominant legs in any outcome during the single-
leg STS. These findings provide preliminary reference
values for STS tasks in healthy adults and may serve as a
potentially helpful tool for assessing balance impairments
and functional mobility. Further research is required to
validate its sensitivity in pathological populations.

Conflict of interest
The authors declare no conflict of interest.

Ethical approval

The study was approved by the ethical committee
of the Institutional Review Board. All participants of this
study gave their written informed consent to participate.

References

[1] Bohannon RW. Daily sit-to-stands performed by
adults: a systematic review. J Phys Ther Sci. 2015;
27(3): 939-42. doi: 10.1589/jpts.27.939.

[2] Dall PM, Kerr A. Frequency of the sit to stand task:
An observational study of free-living adults. Appl
Ergon. 2010; 41(1): 58-61. doi: 10.1016/j.apergo.
2009.04.005.

[31 Pan J, Fu W, Lv J, Tang H, Huang Z, Zou Y, et al.
Biomechanics of the lower limb in patients with
mild knee osteoarthritis during the sit-to-stand task.
BMC Musculoskelet Disord. 2024; 25(1): 268. doi:
10.1186/s12891-024-07388-z.

[4] Coelho-Janior HJ, Alvarez-Bustos A, Rodriguez-Mafias
L, de Oliveira Gongalves I, Calvani R, Picca A, et al.
Five-time sit-to-stand lower limb muscle power
in older women: An explorative, descriptive and
comparative analysis. J Frailty Aging. 2024: 1-8. doi:
10.14283/jfa.2024.50

[5] Buatois S, Miljkovic D, Manckoundia P, Gueguen
R, Miget P, Vancon G, et al. Five times sit to stand
test is a predictor of recurrent falls in healthy
community-living subjects aged 65 and older. ] Am
Geriatr Soc. 2008; 56(8): 1575-7. doi: 10.1111/j.1532-
5415.2008.01777 .x.

[6] Alcazar J, Kamper RS, Aagaard P, Haddock B, Prescott
E, Ara |, et al. Relation between leg extension power
and 30-s sit-to-stand muscle power in older adults:
validation and translation to functional performance.
Sci Rep. 2020; 10(1): 16337. doi: 10.1038/s41598-
020-73395-4.

[7] Stagsted RAW, Ramari C, Skjerbaek AG, Thrue C,
Dalgas U, Hvid LG. Lower extremity muscle power - A

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

critical determinant of physical function in aging and
multiple sclerosis. Exp Gerontol. 2021; 150: 111347.
doi: 10.1016/j.exger.2021.111347.

Thongchoomsin S, Bovonsunthonchai S, Chamnongkich
S. Biomechanical differences between sit-to-stand
performances using one leg and two legs in young
adults. J Assoc Med Sci. 2019; 53(1): 29-36.

Yoshioka S, Nagano A, Hay DC, Fukashiro S.
Biomechanical analysis of the relation between
movement time and joint moment development
during a sit-to-stand task. Biomed Eng Online. 2009;
8:27. doi: 10.1186/1475-925X-8-27.

Jonsson E, Seiger A, Hirschfeld H. One-leg stance
in healthy young and elderly adults: a measure of
postural steadiness? Clin Biomech (Bristol, Avon).
2004; 19(7): 688-94. doi: 10.1016/j.clinbiomech.
2004.04.002.

Lanshammar K, Ribom EL. Differences in muscle
strength in dominant and non-dominant leg in females
aged 20-39 years-a population-based study. Phys
Ther Sport. 2011; 12(2): 76-9. doi: 10.1016/j.ptsp.
2010.10.004.

Stotz A, Hamacher D, Zech A. Relationship between
muscle strength and gait parameters in healthy older
women and men. Int J Environ Res Public Health.
2023; 20(7): 5362. doi: 10.3390/ijerph20075362.
Piano L, Geri T, Testa M. Raising and stabilization
phase of the sit-to-stand movement better
discriminate healthy elderly adults from young
subjects: a pilot cross-sectional study. Arch Physiother.
2020; 10: 7. doi: 10.1186/s40945-020-00078-8.
Yamako G, Punchihewa NG, Arakawa H, Tajima T,
Chosa E. Evaluation of sit-to-stand movement in
older adults with locomotive syndrome using the
Nintendo Wii Balance Board. Sensors (Basel). 2023;
23(7): 3368. doi: 10.3390/s23073368.

Tapanya W, Chamnongkich S. Relationship between
lower limb muscle strength and single-leg sit-to-
stand performance in young adults. J Assoc Med Sci.
2014; 47(3): 133-42.

Health-related physical fitness testing and
interpretation. In: Ehrman JK, Liguori G, Magal
M, Ed. ACSM’s Guidelines for Exercise Testing and
Prescription. 10th ed: American College of Sports
Medicine, Lippincott Williams & Wilkins; 2017; 61-110.
van Melick N, Meddeler BM, Hoogeboom TJ, Nijhuis-
van der Sanden MWG, van Cingel REH. How to
determine leg dominance: The agreement between
self-reported and observed performance in healthy
adults. PLoS One. 2017; 12(12): e0189876. doi:
10.1371/journal.pone.0189876.

Yee XS, Ng YS, Allen JC, Latib A, Tay EL, Abu Bakar
HM, et al. Performance on sit-to-stand tests in relation
to measures of functional fitness and sarcopenia
diagnosis in community-dwelling older adults. Eur
Rev Aging Phys Act. 2021; 18(1): 1. doi: 10.1186/
s11556-020-00255-5.

Jeon W, Jensen JL, Griffin L. Muscle activity and
balance control during sit-to-stand across symmetric



[20]

[21]

(22]

N. Inthana et al. Journal of Associated Medical Sciences 2025; 58(2): 122-129

and asymmetric initial foot positions in healthy
adults. Gait Posture. 2019; 71: 138-44. doi: 10.1016/].
gaitpost. 2019.04.030.

Sadeh S, Gobert D, Shen KH, Foroughi F, Hsiao
HY. Biomechanical and neuromuscular control
characteristics of sit-to-stand transfer in young and
older adults: A systematic review with implications
for balance regulation mechanisms. Clin Biomech
(Bristol, Avon). 2023; 109: 106068. doi: 10.1016/].
clinbiomech.2023.106068.

Steingrebe H, Stein T, Bos K, Hoffmann M.
Biomechanical analysis of the knee joint load during
a unilateral sit-to-stand movement. Open Sports Sci J.
2018;11:78-87.d0i:10.2174/1875399X01811010078
Quijoux F, Nicolai A, Chairi |, Bargiotas |, Ricard D,
Yelnik A, et al. A review of center of pressure (COP)

(23]

[24]

[25]

129

variables to quantify standing balance in elderly
people: Algorithms and open-access code. Physiol
Rep.2021;9(22): e15067. doi: 10.14814/phy2.15067.
Lin D, Seol H, Nussbaum MA, Madigan ML. Reliability
of COP-based postural sway measures and age-
related differences. Gait Posture. 2008; 28(2): 337-42.
doi: 10.1016/j.gaitpost.2008.01.005.

Wang J, Li Y, Yang GY, Jin K. Age-related dysfunction
in balance: A comprehensive review of causes,
consequences, and interventions. Aging Dis. 2024.
Mar 21. doi: 10.14336/AD.2024.0124-1.

Sarto F, Grigoletto D, Baggio E, Paoli A, Marcolin
G. Do lower limb previous injuries affect balance
performance? An observational study in volleyball
players. Phys Ther Sport. 2019; 37: 49-53. doi:
10.1016/j.ptsp.2019.02.009.



