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Lower extremity muscle strength equation of older adults

assessed by Five Time Sit to Stand Test (FTSST)
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Background: The decline in lower limb muscle strength, one of the risk factors for falling in the older adults,
puts older persons at an increased risk of falling. The assessment of the lower limb muscle strength is very
important.
Objective: The purpose of this study was to construct the equation for predicting knee extensor muscle
strength based on demographic data and the results of the Five-Time Sit-to-Stand Test (FTSST).
Methods: A total of 121 healthy elders (mean age 68:00� 7:26) were asked to complete the FTSST and
submit the demographic information. By using a stationary push–pull dynamometer, the knee extensor
strength of each participant was assessed. The multiple regression analysis was used to explore knee extensor
strength prediction equation.
Results: The ¯ndings demonstrated that the knee extensor strength equation was developed using variables
obtained from gender, weight, and time to complete the FTSST. The equation was found to have a high
correlation (r ¼ 0:838) and 70.1% estimation power. Its formula was as follows: Knee extensor strength ¼
32:735þ 3:688 (gender; female ¼ 0 or male ¼ 1)þ 0.189 (weight)� 2.617 (time to complete the FTSST).
However, there was an estimating error in this equation of 4.72 kg.
Conclusion: The determining factors in°uencing knee extensor strength, which can be utilized to estimate
the strength in elderly individuals, are demographic variables including gender, weight, and the time taken to
complete the FTSST.
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Introduction
Movement from sitting to standing (Sit-to-stand;
STS) is a very necessary activity for people and it is
an activity that a person repeats on a daily basis. It
can be categorised as a basic bodily movement that
is necessary for the start of additional movements
in daily life.1 Falls are a common and serious
problem in older adults, and various factors con-
tribute to the risk of falling, including physical
impairments such as decreased strength and mo-
bility. Knee extensor strength is a key factor in
maintaining physical function, including the ability
to perform the sit-to-stand task, which is a measure
of lower limb strength and mobility.2 The older
adults are more susceptible to injury and treat-
ment challenges than any other age group, making
falls prevalent, and a severe health issue for them.3

Fractures, brain injuries, and ¯nally death were the
most severe injuries caused along by falls.4 It was
discovered that falls among the elderly could ac-
count for up to 40% of accidental deaths and that
one person died from a fall every 35min. A decline
in lower limb strength was the primary factor in
elderly falls.5–7 As people age, their neuromuscular
systems deteriorate, losing strength,8,9 and adap-
tion techniques to counteract this deterioration,
such as altered muscle activation.10 The skeletal
muscle mass starts to decline when it is 50 years old
and it has been shown that the lower limbs expe-
rience this decline more noticeably than the upper
limbs.11–13 In order to e®ectively screen for and
monitor falls, it is crucial that elderly people have
strong leg muscles.

Knee extensor strength, sit-to-stand perfor-
mance, and falling are interrelated factors that can
a®ect the physical function and mobility of older
adults.14–16 Knee extensor strength is an important
indicator of leg muscle strength, which is crucial for
activities of daily living, including standing up
from a seated position (sit-to-stand).17,18 Poor knee
extensor strength can result in a decreased ability
to perform the sit-to-stand task, which can increase
the risk of falls.19 Research has shown that older
adults with weaker knee extensor muscles have a
decreased ability to perform the sit-to-stand task
and are at a higher risk of falls compared to
those with stronger knee extensor muscles.20,21

This association is thought to be due to the role
that knee extensor muscles play in supporting the
body during weight transfer and maintaining bal-
ance during dynamic activities.22 Therefore, a de-
crease in knee extensor strength can lead to a
decreased ability to perform the sit-to-stand task,
which can increase the risk of falls.

Knee extensor strength can be measured in both
direct and indirect methods. Direct methods in-
volve measuring the force produced by the knee
extensors directly. Examples of direct methods are
as follows: Isokinetic dynamometry: This method
measures knee extensor strength by having the
subject perform concentric and eccentric contrac-
tions against a resistance that is constant
throughout the range of motion.23 Maximal vol-
untary contraction (MVC): This method measures
the maximum force that a person can produce
during a voluntary isometric contraction of the
knee extensors.24 While dynamometry is widely
considered as the gold standard for measuring
muscle strength, its widespread application in
community-based studies involving a large number
of participants may be hindered by several limita-
tions. The most substantial limitations of dy-
namometry include its cost, size, and requirement
for a designated testing space, as well as the need
for an operator with specialized knowledge and
expertise. Indirect methods involve measuring the
knee extensor strength indirectly, typically
through functional tasks or movements. Examples
of indirect methods are as follows: Sit-to-stand test:
This test measures the knee extensor strength by
having the subject stand up from a seated position
and return to a seated position. The time taken to
complete the task is used as an indirect measure of
knee extensor strength.18 Stair climbs test: This
test involves measuring the time taken to ascend
and descend a set of stairs, which is an indirect
measure of knee extensor strength as well as other
lower limb muscle strengths.25 The functional test
is thus a practical indirect tool for assessing knee
extensor strength. The STS test is a functional test
that is frequently used to evaluate the physical
capabilities, balance, and strength of senior indi-
viduals26–28 since it is a simple, cost-free test that is
appropriate for use in community evaluation.

2 W. Tapanya et al.



Older adults ¯nd it challenging to sit down or rise
and doing so raises their risk of falling.29 STS task
involves the coordinated activation of multiple
muscle groups, including the knee extensors as well
as the hip extensors, ankle plantar °exors, and
trunk muscles.30 It was also a mechanically chal-
lenging test of these muscles function for older
adults, especially knee extensor muscles. According
to Hughes et al., standing up from a chair required
older persons to exert 78% of their peak knee ex-
tensor contraction force.28 Jones et al. found a high
correlation between the number of repetitions for
standing up from sitting at 30 s and the maximum
force of hamstring contraction in the older adults.14

According to Corrigan et al., there is a moderate
correlation between the length of time spent
standing from sitting and lower limb strength.31 As
a straightforward evaluation of knee extensor
strength, the STS test has been demonstrated to be
useful.

The strength of the muscles in the lower limbs is
in°uenced by additional factors as well. According
to research by Takai et al., the Power index of the
STS test is based on body weight, leg length, and
the amount of time spent up from sitting.18 The
cross-sectional areas of the quadriceps and the
elderly's maximum voluntary isometric contraction
(MVC) were highly correlated. Additionally, Chen
et al. discovered a direct correlation between body
composition data and leg muscle volume as deter-
mined by magnetic resonance imaging (MRI).32

Height, weight, waist, thigh, and other anthropo-
metric measurements are fundamental physical
measurements that may have a signi¯cant impact
on how strong the muscles are in older people.
Numerous publications have utilized the STS test
as a means of evaluating the strength of knee ex-
tensor muscles in older adults. However, the STS
test only provides an assessment of muscle function
as a time complete the test and does not yield a
numerical representation of actual muscle
strength. As a result, the development of an
equation to predict knee extensor muscle strength
is crucial for both clinical practice and future re-
search. The ability to stand up from a seated po-
sition as a test of leg muscle strength prediction
equation, however, has not been employed in any
studies. Therefore, the purpose of this study was to
determine the equation for estimating lower limb
muscular strength using the subject's basic physi-
cal characteristics and variables related to their
ability to stand up from a sitting position. The new

¯ndings from this study are based on the aim to
develop a predictive equation for knee extensor
strength based on the relationship between knee
extensor strength and sit-to-stand performance in
healthy older adults. The results of this study
provide a novel contribution to the existing liter-
ature by demonstrating the feasibility of using the
sit-to-stand performance as a predictor of knee
extensor strength in healthy older adults. The
predictive equation developed in this study can be
used as a simple and practical tool for assessing
knee extensor strength in older adults in clinical
and research settings. By establishing a relation-
ship between sit-to-stand performance and knee
extensor strength, this study has the potential to
contribute to the development of new approaches
for improving physical function and reducing the
risk of falls in older adults.

Materials and Methods

Participants

This cross-sectional study was conducted among
community-dwelling older adults in Phayao Prov-
ince, Thailand. The number of 121 older adults
participants was calculated based on a correlation
study of Corrigan et al. using the G*Power version
3.1.5.31 Elderly persons who were 60 years of age or
older, in good health, or who had chronic condi-
tions such as diabetes or mild hypertension were
able to walk independently without walking device
met the inclusion criteria. The exclusion criteria
were problems related to the musculoskeletal sys-
tem of the lower extremities, such as osteoarthritis,
rheumatoid arthritis, fracture, or dislocation. The
neurological problems that a®ect balance and
muscle strength, such as stroke and spinal cord
injury, Parkinson's disease, and who had problems
related to communication, vision and hearing were
also excluded. Before starting the study, the re-
search protocol (No. 2/030/58) was submitted to
and approved by the University of Phayao Ethics
Committee in Human Research based on the
Declaration of Helsinki's ethical principles.

Research protocol

All participants provided written informed consent
after being apprised of the study's protocol. The
eligible participants were questioned and their de-
mographic information (such as gender, age,
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weight, height, leg length, thigh circumference,
history of falls, and history of other injuries) was
evaluated. The Five-Time Sit-to-Stand Test
(FTSST) and a test of knee extensor strength were
administered to the subjects over the course of two
days separated by 48 h.33 The participants allo-
cated approximately 20min for each test session on
a daily basis. The subjects were given ¯ve minutes
to practice the movements before the trial began.
After becoming familiar to the movements, the
individuals o±cially carried out the experiment.
The variable measurement sequence and the vari-
able measurement method were conducted as
follows:

(1) Five-Time Sit to Stand Test (FTSST)
Participants were instructed to perform FTSST
by keeping the knee joint bent at 100� on the
standard chair, both arms across the chest area.34

To complete each movement, the researcher
instructed participants to begin moving and
keeping time while stating \start.". The patients
were instructed to stand up and sit down ¯ve
times as swiftly and safely as they could, com-
pleting a total of three rounds with a ¯ve-minute
break in between. They had to stand up with their
hips and knees fully extended before squatting
down to sit. When sitting down, they had to sit
with their buttock fully touching the chair and the
back perpendicular to the °oor before the next
standing up. The quickest FTSST completion time
was recorded. The FTSST performance was mea-
sured in second.

(2) The Maximum Voluntary Contractions
(MVCs) test
The participants underwent a test to measure the
MVCs force of the knee extensor muscles while
seated on the NK table with their knees °exed to a
60� angle. Depending on the participants' leg
lengths, the NK table's seating could be adjusted.
A safety belt was used to stabilize the trunk and
upper legs. The push–pull dynamometer (Base-
liner Analog Hydraulic Push–Pull Dynamometer,
United States) that was mounted to the NK table's
leg using a strap perpendicular to the vertical axis
was positioned 1 cm above the lateral malleolus
(Fig. 1). The participants were instructed to ex-
tend their knee as far as they could against the
push–pull dynamometer, hold for 4 s, complete
three rounds of testing with a 5min break in be-
tween, and record the maximum force. The MVCs
tests are quanti¯ed in kilograms.

Statistical analysis

The participant's demographic information was
presented as means and standard deviations using
descriptive statistics. The Shapiro–Wilk test was
used to test for distribution of all variables. Pear-
son product moment correlation coe±cient statis-
tics were used to determine the relationship
between knee extensor strength and subject's de-
mographic data (gender, age, weight, height, leg
length) and time to complete FTSST. The Step-
wise Multiple Linear Regression Analysis was used
to analyse multiple regression and construct a knee
extensor strength prediction equation from the
variables including subject's demographic data and
time to complete FTSST. Models were selected
based on the highest adjusted R2 and lowest degree
of variance in°ation. Independent variable coe±-
cients included in each prediction model were se-
lected based on signi¯cance within the model. All
statistical analyses were tested using SPSS version
21 (SPSS Inc., Chicago, IL, USA), the signi¯cance
level was set at 0.05 for all statistical tests.

Results

A total of 121 elderly participants consisted of 50
males and 71 females, mean age 68:00� 7:26 years,

Fig. 1. Maximum Voluntary Contractions (MVCs) test
using the push–pull dynamometer that was mounted to the
NK table's leg.

4 W. Tapanya et al.



mean weight 54:33� 10:47 kg, mean height
155:56� 7:65 cm, mean body mass index (BMI)
22:44� 3:92 kg/m2. The time to completed FTSST
averaged 10:79� 2:09 s and the average maximum
strength of the knee extensor muscles was
16:32� 8:54 kg (Table 1).

The demographic information of the participant
(gender, age, weight, height, leg length, and thigh
circumference) was correlated with knee extensor
strength at low to moderate levels (r ¼ �0:28–
0.51, p < 0:01). A strong negative correlation
(r ¼ �0:77, p < 0:001) was found between knee
extensor strength and the FTSST completion time
variable. The correlation ¯ndings are shown in
Table 2 and Fig. 2, respectively.

Three prediction models for knee extensor
strength emerged from the analysis of multiple re-
gression. Model 1 demonstrated that the strength
of the knee extensors was only a®ected by one
component, the time to ¯nish the FTSST (sec-
onds), which was signi¯cant (r ¼ 0:773, p < 0:05),
with the R2 for the equation showing that ap-
proximately 59.7%. The estimated standard error
of measurement is 5.44 kg. Model 2 identi¯ed body
weight (kg) and time to ¯nish FTSST (seconds) as
independent predictor variables (r ¼ 0:812) with a
p-value < 0:05, and the R2 for the equation indi-
cated that around 65.9%. 5.03 kg is the anticipated
standard error of estimation for this model. For a
signi¯cant prediction model of knee extensor
strength (p < 0:05), Model 3 incorporated time to
complete FTSST (seconds), body weight (kg), and
gender (r ¼ 0:838). The R2 for the equation indi-
cated that roughly 70.1%. The estimated standard
error of measurement is 4.72 kg.

As a result, the equation for knee extensor
strength's predictive accuracy was 32.735þ 3.688
(G)þ 0.189 (BW)� 2.617 (t-FTSST)þ 4.72 (kg),

where G stands for gender (male ¼ 1, female ¼ 0),
BW for body weight, and t-FTSST for time to
complete FTSST variable. Table 3 and Fig. 3 show
the regression analysis ¯ndings for the knee ex-
tension strength prediction models.

Discussions

According to the ¯ndings of this study, the vari-
ables from the FTSST can be utilized to predict the
strength of the knee extensor muscles along with
demographic data variables including gender and
body weight. The co-factor of these three variables
was revealed to have a strong positive correlation
(r ¼ 0:838) with knee extensor strength. First,
knee extensor strength was in°uenced by gender.
This is in line with a study by Bishop et al., which
discovered that males had larger muscles than
females due to occupations, sports, and activities
that need greater muscle strength than female.35

Additionally, Leblanc et al. reported that gender
was the strongest predictor of lower body strength,
with correlation coe±cients ranging from �0.772
to �0.634.36 Minematsu et al. demonstrated
that gender a®ected physical performance for all
types of muscle strength and interactions
(gender �muscle strength).37 As a result, gender

Table 1. Subject demographic data and anthro-
pometric characteristics variables.

Variables (n ¼ 121) Mean � SD

Gender (males/females) 50/71
Age (years) 68.00 � 7.26
Weight (kg) 54.33 � 10.47
Height (cm) 155.56 � 7.65

Body mass index; BMI (kg/m2) 22.44 � 3.92

Leg length (Centimeter) 74.99 � 4.24
Thigh circumference (Centimeter) 43.25 � 5.49
Falling in last 6 months (%) 21.49

Table 2. Correlation between demographic information of
the participant, time to completed FTSST variable and
knee extensor strength variable.

Knee extensor
strength variable

Demographic data Variables
Gender 0.402**

(p-value < 0:001)
Age �0.277*

(p-value ¼ 0:001)
Weight 0.514**

(p-value < 0:001)
Height 0.472**

(p-value < 0:001)
BMI 0.294*

(p-value ¼ 0:001)
Leg length 0.387**

(p-value < 0:001)
Thigh circumference 0.289*

(p-value ¼ 0:001)
Time to completed FTSST

Variable
�0.773**

(p-value < 0:001)

Notes: **Correlation is signi¯cant at p < 0:001, *Correla-
tion is signi¯cant at p < 0:005.
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plays a crucial role in predicting knee extensor
strength.

Second element that in°uences the strength of
the knee extensor muscles is body weight.

According to a study by Slemenda et al., body
weight in men was positively correlated with knee
extensor muscle strength in a marginally signi¯-
cant manner (r ¼ 0:222, p ¼ 0:005).38 Contrarily,

Fig. 2. Scatter plot graph showed relationship between knee extensor strength variable and demographic information of the
participant and time to completed FTSST variable.

Table 3. Model of regression analysis for knee extensor strength with di®erent predictive variables.

Model Included variables � p-value r Adjusted r2 SEE

1 Constant 50.320 < 0:001** 0.773 0.597 5.439
t-FTSST �3.152 < 0:001**

2 Constant 34.202 < 0:001** 0.812 0.659 5.027
t-FTSST �2.753 < 0:001**
Weight 0.218 < 0:001**

3 Constant 32.735 < 0:001** 0.838 0.701 4.723
t-FTSST �2.617 < 0:001**
Weight 0.189 < 0:001**
Gender 3.688 < 0:001**

Notes: **Correlation is signi¯cant at p < 0:01, SEE is standard error of estimation, Gender was coded as
a binary variable, with female ¼ 0 and male ¼ 1.

Fig. 3. Knee extensor strength's predictive equation, G ¼ gender (male ¼ 1, female ¼ 0), BW ¼ body weight, and
t-FTSST ¼ time to complete FTSST.
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it was found that in females (r ¼ 0:004, p ¼ 0:985)
body weight was not correlated with knee extensor
muscle strength.38 In addition, Miyatake et al.'s
study demonstrated a statistically signi¯cant pos-
itive correlation between leg strength to body
weight and lean body mass in men at a high level
(r ¼ 0:708, p < 0:0001) and moderately in women
(r ¼ 0:482, p < 0:0001).39 It was noticed that one
of the elements a®ecting the strength of the lower
limb muscles was the measurement of body weight
variables that were directly associated to lean body
mass. Additionally, it appears that a person's
weight directly in°uences how well they can stand
during the test because the subject can swiftly and
easily get up from a chair to go upward and for-
ward, one must rely on the force produced by the
knee extensor muscle group (the knee extensor
moment), which ¯ghts gravity's pull on the body
weight in the direction of landing. As a reason, if
someone is heavier, they must rely more on their
knee extensor muscles than someone who is lighter.
Because of this, body weight is another common
characteristic that may be used to predict how
strong the knee extensor muscles will be in tests of
standing–sitting capacity.

Third, the study discovered a relationship be-
tween predictive muscular strength and the time to
completed FTSST variable. The time taken to
complete the FTSST serves as an indicator of the
strength of the knee extensor muscles, with a
shorter completion time suggesting greater
strength. A study conducted by Poncumhak et al.
classi¯ed older adults as being at risk of falling or
not based on their completion time of the FTSST.
Participants who were unable to complete the
FTSST within 10.02 s were considered to be at risk
of falling, whereas those who completed the test
within this time frame were considered to be non-
falling risk.40 Furthermore, it is in line with the
research by McCarthy et al. that investigated the
relation between STS testing and older women's
leg muscle strength.41 The FTSST showed that the
ability to stand up from a seated position was a
moderate predictor of leg muscular strength
(r ¼ �0:29 for hip extensors and �0.46 for knee
extensors).

It was discovered that multiple recessions'
analysis could produce equations for predicting
knee extensor strength. Three variables were
established that a®ected knee extensor strength:
weight, gender, and time spent performing the

¯ve-sitting-stand-up test. These variables had a
prediction power of \equivalent to 78.2%". The
prediction for the strength of the knee extensor
muscle was o® by 4.37 kg, which was an acceptable
value. The ¯ndings of this study will bene¯t a leg
muscle strength test known as the FTSST, which
can measure the strength of the knee extensor in
numerical units of the force that the muscle can
truly contract. Taking this test is simple and in-
expensive. Additionally, it is practical to test for
communities that need to test repeatedly. It is a
substitute for pricey muscle strengthening tools
that are only employed in large educational insti-
tutions or medical facilities. The FTSST has been
widely recognized for its utility as a predictor of
lower body muscle strength. However, its scope
extends beyond that as it can also serve as an in-
dicator of several other aspects of physical ¯tness.
These include lower body muscle endurance, bal-
ance and coordination, cardiovascular ¯tness,
physical function, and frailty, making it a valuable
tool for assessing overall physical health and well-
being in older adults.42 This study still has several
limitations, however. The sample size was modest.
Therefore, larger samples should be employed in
future research to ensure that the ¯ndings are a
more accurate re°ection of the elderly population.
The measurement of extensor muscle strength
using a push–pull dynamometer is not considered
as the gold standard method, which is the iso-
kinetic dynamometer. The maximum form of force
obtained from the push–pull dynamometer is
through the force produced by the muscle's iso-
metric contraction. However, despite this, the
push–pull dynamometer is widely used for mea-
suring muscle force due to its accessibility and
accuracy. Therefore, future studies should
consider examining the relationship between STS
performance and machine-measured extensor
muscle strength using the gold standard isokinetic
dynamometer.

Conclusions

This study discovered that knee extensor muscle
strength was in°uenced by gender, weight, and the
amount of time spent performing the ¯ve time sit
to stand test (FTSST). In the form of an equation,
it can be used to predict the strength of the knee
extensor muscles.
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