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Abstract
Background: Although the sit-to-stand (STS) test score has been shown to relate to the strength and size of the
quadriceps femoris (QF) for elderly population, it is unknown whether this relationship is influenced by a posture
(i.e., the trunk being allowed to stoop or not) during the STS test. The present study investigated the relationship
between STS test score and QF anatomical cross-sectional area (ACSA) in the middle-aged and elderly population
with regard to the difference in the posture during STS test, and aimed to develop an accurate predicting equation
of the QF ACSA from the STS test score.
Methods: 105 males (40–81 years) and 113 females (41–79 years) participated in the present study, then the subjects
were divided at random as validation and cross-validation groups. Mid-thigh QF ACSA was determined by
magnetic resonance imaging. Subjects performed a 10-repeated STS as fast as possible in two conditions: (1)
with the trunk being allowed to stoop during the sitting phases, and (2) kept upright throughout the test. A power
index of the STS test score was calculated based on an equation obtained in a previous study using the time taken for
each test condition, the thigh and shank lengths, and body mass. In the validation group (n = 109), a stepwise multiple
linear regression analysis was performed to create a predictive model of the ACSA with sex, age, the STS time, and
power for both conditions as independent variables. The formulated predictive equation was examined in the
cross-validation group (n = 109).
Results: In the validation group, a stepwise regression analysis revealed that STS power with upright trunk condition,
sex, and age but not with the stooping condition, were selected as variables to predict QF ACSA (R2 = 0.64, P < 0.001).
There was no systematic error for the relationship between predicted and measured values in the cross-validation group.
Conclusions: These results indicate that STS test score with upright trunk condition is one of the indices of QF muscle
size of the middle-aged and elderly population. The estimated predicting equation should be useful in clinical and
practical settings for the health promotion.
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Background
It is well known that strength of skeletal muscle decreases
with aging [1, 2], prominently in the quadriceps femoris
(QF) [3, 4]. The decline in knee extension torque in the
elderly population can compromise the capacity to
perform daily physical activities such as walking [5] or
standing up from a chair [6], and increase the risk of falls
[7, 8], thereby reducing the ability to keep physical
independency and the quality of life. Such age-related
reduction in skeletal muscle strength is associated with
the loss of skeletal muscle mass [2]. Therefore, assessment
of QF muscle size, especially for the elderly population,
has been a key topic in the field of exercise physiology and
health sciences.
The QF muscle size can be accurately measured with
the magnetic resonance (MR) imaging as the anatomical
cross-sectional area (ACSA) [9–11]. However, the MR
system is not easily accessible and thus not suitable for
large-sample assessments. With this background, QF
ACSA has been assessed from the muscle strength or
power of individuals [1, 12–15]. From those studies, the
ability to stand up from a chair assessed by a sit-tostand (STS) test has been proposed to be one of the useful indices of skeletal muscle strength [12, 16–21]. The
advantage of the STS test is easiness and safeness of the
measurement for the elderly population, and the STS
test score can be used as muscle power index which is
closely correlated with maximal power of the lower limb
[21] and QF ACSA [12].
When we stand up from a chair, the exerted force and
muscle activation of QF are greater than those of other
muscle groups in the lower limb [22]. Following lift-off
from a chair, a trunk-raising movement accelerates
elevation of the center of gravity [23]. However, this
movement is provided not only by QF but also by hip
extensor muscles. Hence, the trunk position during the
STS being upright or stooped forward during the sitting
phase would influence the muscle activity and force of
QF. This notion also comes from the fact that the
estimated QF force is greater during single leg squat
with the trunk kept upright than being stooped [24]. It
is therefore likely that the STS test score can be a better
index to estimate the QF ACSA, when measured with
the trunk being kept upright throughout the test than
stooped during the sitting phase. Although the peak
vertical acceleration of center of mass during STS in the
young was shown to be not significantly different
between normal and trunk stooped conditions [25],
no studies have examined whether the difference in
the posture during the STS influences its test score
for the elderly. In fact, the QF muscle activity during
a body mass-based squat movement is approximately
four-fold higher in the elderly than the young [26].
To clarify this would provide important methodological
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and practical information regarding how the test should
be performed.
The purpose of the present study was to investigate
the relationship between STS test score and QF ACSA
in the middle-aged and elderly population with respect
to the difference in the posture during the STS test, and
to develop an accurate predicting equation of QF ACSA
from the STS test score. The STS test was performed
with the two different posture conditions: the trunk
stooped during the sitting phases or kept upright
throughout the test. We hypothesized that STS test
score with the upright trunk condition would be a
suitable independent variable to estimate QF ACSA.

Methods
Subjects

Japanese 105 males (40–81 years) and 113 females (41–
79 years) participated. The age distribution of the subjects for each decade was as follows: forties, 10 males
and 11 females; fifties, 7 males and 12 females; sixties,
47 males and 56 females; seventies, 40 males and 34 females; eighties, 1 male. All subjects were medically
screened before the measurements. They were healthy
and free from cardiovascular, metabolic, and immunologic disorders, as well as orthopedic abnormality. To
calculate a predictive equation for the QF ACSA, the
subjects were divided at random as the validation and
the cross-validation groups (Table 1). The present study
was approved by the Ethical Committee on Human Research of Waseda University (2014-G003). Each subject
was informed of the purpose, procedures, and possible
risks of the measurements of the present study. The protocols proceeded in accordance with the guidelines in the
Declaration of Helsinki.
Measurement of cross-sectional area in the quadriceps
femoris

A series of cross-sectional images of the right thigh was
scanned using MR scanner with a body coil (Signa EXCITE 1.5T; GE Medical Systems, USA). T1-weighted
spin-echo transaxial images were collected with the
following parameters: echo time, 10 ms; repetition time,
520 ms; slice thickness, 10 mm; gap, 0 mm; matrix,
256 × 192; field of view, 240 mm. Subjects lay supine
with their arms and legs fully extended and relaxed in
the magnet bore. Scanned MR images were transferred
to a computer, and QF ACSA was measured by manually
tracing the outline of muscle tissue using software
(ImageJ, MIPAV; National Institutes of Health, USA).
We took care of excluding visible adipose and connective tissue from individual ACSAs. We selected an image
of mid-thigh according to a marker attached at the middle between the great trochanter and lateral condyle of
femur, because the peak ACSA of the QF was located at
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Table 1 Physical characteristics of subjects in validation and cross-validation groups
Males

Females

Validation group (n = 53)

Cross-validation group (n = 52)

Validation group (n = 56)

Cross-validation group (n = 57)

Age (year)

65.7 ± 9.0

66.5 ± 8.5

64.0 ± 8.4

64.1 ± 9.3

Height (cm)

166.7 ± 6.1

168.9 ± 6.8

154.3 ± 5.0

155.5 ± 5.6

Body mass (kg)

65.1 ± 8.6

68.2 ± 10.7

54.5 ± 8.8

53.4 ± 6.8

23.4 ± 2.6

23.8 ± 2.8

22.8 ± 3.4

22.0 ± 2.5

2

Body mass index (kg/m )

Values are mean and standard deviation

the mid-thigh [27, 28]. The QF ACSA was denoted
absolute (cm2) and adjusted values which were divided
by two thirds power of body mass (cm2/mass2/3) [10].
Sit-to-stand test

The STS test was defined as rising from a chair with
two different postures, with the trunk being allowed
to stoop during the sitting phase (Fig. 1a) or kept
upright throughout the test (Fig. 1b). The STS test
began with subjects standing in front of a chair
(40 cm height) and feet on a flat floor placed about

shoulder width apart. The subjects were asked to sit
down from a standing position then to stand up 10
times as fast as possible. They were instructed to
touch their buttocks on a seat of the chair in a sitting
position and to stand up fully between individual
repetitions. Prior to the test, familiarization trials were
performed for positioning and learning of each movement. The time was measured using a stopwatch. The
test started when the supervisor said, after counting
down from three, “go” and finished when the participants fully stood up on the 10th repetition.

Fig. 1 Representative motions during sit-to-stand test. Subjects performed the sit-to-stand test a with stooping during the sitting phase and
b with the trunk kept upright
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A power index of the STS test score was calculated by
the following equation [12]:
Power ¼

ðL−0:4Þ  body mass  g  10
T

ð1Þ

where 0.4 (m), L (m), g (m/s2), and T (s) indicate height
of the chair, the thigh and shank lengths (distance
between the great trochanter of femur and malleolus
lateralis), acceleration of gravity (9.8 m/s2), and the time
of STS test score, respectively. This equation can
calculate the average mechanical power during the
STS test using the variables of individual body size
and the time of STS test. For instance, the distance
of the center of gravity during the STS movement is
expressed as the difference between the leg length
and height of the chair. Then, the mechanical work
during the STS test is calculated by the distance of
the center of gravity, body mass, acceleration of
gravity, and number of repetitions.
Measurement of isometric knee extension torque during
maximal voluntary contraction

Subjects performed an isometric knee extension of the
right side during maximal voluntary contraction (MVC)
on a specially designed dynamometer (VTK-002, Vine,
Japan). They seated on the device with the hip and knee
joints fixed at 80° and 70° (anatomical position = 0°),
respectively. Prior to the measurement, the subjects
performed adequate warm-up, consisting of submaximal
contractions of 30, 50, and 80 % of maximal effort to
familiarize themselves with the measurement. After the
rest period of 1 min, the subjects attempted two MVCs.
Each MVC was approximately 3 s and subjects rested
for 1 min between MVC attempts. If the generated peak
torque differed by more than 10 % between the attempts, an additional attempt was imposed. The torque
signals were amplified by a strain amplifier (DPM-711B,
Kyowa, Japan) and AD converted (Power Lab, ADInstruments, Australia) into a computer at 1000 Hz with a
low-pass filter (cut-off frequency, 10 Hz). The highest
knee extension torque during MVC was adopted. The
intraclass correlation coefficient between two measurements was 0.989. The knee extension toque was
expressed both as absolute value (Nm) and ratio of the
torque to QF ACSA (Nm/cm2) [29].
Measurement of leg extension power

Power of the lower limb was assessed using a multijoint leg extension apparatus (Anaeropress 3500,
Combi, Japan). The load of leg extension was set
according to the individuals’ body mass. Subjects sat
back on the devise, positioned feet on the sliding foot
plate with knee joint of 90°, and hip was securely

strapped to the seat. After several warm-up trials, leg
extension was performed five times with 15-s rest
intervals between the attempts. They were asked to
extend their leg as fast as possible. The highest leg
extension power was adopted. The intraclass correlation coefficient between the highest two values was
0.980. The leg extension power was also expressed as
absolute value (W) and ratio of the power to QF
ACSA (W/cm2).
Statistics

The difference of absolute and adjusted values of
body mass index and QF ACSA, knee extension
torque, and leg extension power between males and
females was compared using unpaired Student’s t test.
Time and power of STS test score were analyzed
using a two-way (posture × sex) analysis of variance
with repeated measures. Correlation coefficients between QF ACSA and each of the STS time, STS
power, knee extension torque, and leg extension
power were examined using a Pearson’s correlation
analysis. The differences of physical characteristics
between the validation and cross-validation groups
were compared using unpaired Student’s t test. A
stepwise multiple linear regression analysis was
performed to create a predictive model of absolute
QF ACSA value for the validation group. Sex (males,
0; females, 1), age, and the time and power of STS
test score at each posture condition were entered into
the stepwise regression as independent variables if
they represented a significant contribution to the
explained variance (F to enter ≤0.05, F to remove ≥0.10).
In the cross-validation group, the difference of the ACSA
between measurement and estimated values was
compared by paired Student’s t test. A Bland-Altman plot
was constructed to determine if there was a systematic
error between the measured and estimated values [30].
The level of significance was set at P < 0.05. Statistical
analyses were performed using the IBM SPSS Statistics
software (version 22.0; IBM, Japan).

Results
Muscle size, muscle strength, and sit-to-stand test score

Absolute and adjusted values of QF ACSA, knee extension torque and leg extension power of males were
significantly greater than those of females (Table 2).
The time taken for STS test score of males was significantly longer than that of females regardless of the
test conditions (Fig. 2a). The power of STS test score
of males was significantly greater than that of females
regardless of the test conditions (Fig. 2b). No significant interaction or the main effect of the posture
from the STS test scores was observed in both
variables.

Saito et al. Journal of Physiological Anthropology (2017) 36:3

Table 2 Muscle size and physical performances in elderly males
and females
Males

Females

47.9 ± 9.6***

33.7 ± 7.9

ACSA (cm /mass )

2.9 ± 0.5***

2.3 ± 0.4

Torque (Nm)

170.0 ± 51.6***

106.0 ± 30.5

Torque (Nm/cm2)

3.5 ± 0.9**

3.2 ± 0.9

2

ACSA (cm )
2

2/3

Leg extension power (W)

1090.6 ± 390.9***

646.4 ± 206.4

Leg extension power (W/cm2)

22.7 ± 6.4***

19.5 ± 6.1

Values are mean and standard deviation
ACSA anatomical cross-sectional area
**P < 0.01; ***P < 0.001 vs. females

In pooled data of males and females, a significant
correlation was observed between QF ACSA and knee
extension torque, leg extension power, power of STS test
score with the trunk stooped and upright conditions
(Fig. 3). The ACSA was not significantly correlated to

Fig. 2 Sit-to-stand test scores of the two different conditions. The
time taken for sit-to-stand test (a) and the power index of sit-to-stand
test score (b). White and black bars indicate the trunk stooping and the
trunk kept in the upright condition, respectively. *P < 0.05
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the time of STS test score with stooping and the upright
trunk conditions.
Validation of predictive equation of cross-sectional area
of quadriceps femoris

No significant difference in physical characteristics
between the validation and cross-validation groups was
observed for both males and females (Table 1). The
stepwise multiple linear regression revealed that the
power of STS test score with trunk kept in the upright
condition was a significant predictor of the QF ACSA
(R2 = 0.44, P < 0.001) (Table 3, step 1). The addition of
the sex (R2 = 0.59, P < 0.001) and age (R2 = 0.64, P <
0.001) improved the strength of the estimate (Table 3,
steps 2 and 3). No significant difference between
measured and estimated QF ACSA was observed in the
cross-validation group. The Bland-Altman plot showed
no significant systematic error between the residuals and
the mean of predicted and measured QF ACSA in the
cross-validation group (Fig. 4).

Discussion
The present study investigated the relationship between
STS test score and QF ACSA in the middle-aged and
elderly population, with the aim of developing an accurate
predicting equation of QF ACSA from STS test score. The
main findings of the present study were that a stepwise
multiple linear regression analysis showed that the power
of STS test score with the upright trunk condition, sex,
and age were selected as an independent variable to
predict the QF ACSA. These results supported our
hypothesis that the STS test score with the upright trunk
condition would be a better independent variable to
estimate QF ACSA.
ACSA can reflect force-generation capacity of skeletal
muscles of young [13, 31–33] and elderly populations
[13, 14, 32]. The previous studies have reported that
correlation coefficients between the QF ACSA and knee
extension torque in the elderly population ranged from
0.48 to 0.85 [12–14]. The results of the present study
indicated that QF ACSA was significantly correlated to
knee extension torque (r = 0.70) and leg extension power
(r = 0.69) (Fig. 3). These findings support the previous
reports [12–14] and indicate that correlations between
the QF ACSA and maximal knee extension torque are
moderate or high.
In the validation group, a stepwise linear regression
analysis extracted the power of STS test score with the
upright trunk condition, sex and age as significant
predictors of the QF ACSA. It could account for 64 % of
variance in the ACSA (R2 = 0.64) (Table 3). In the crossvalidation group, a Bland-Altman plot showed that no
systematic error was found between residuals and mean
of the developed predictive equation of QF ACSA
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Fig. 3 The relationship between quadriceps femoris muscle size and performance of physical function. Correlation coefficients between anatomical
cross-sectional area of quadriceps femoris and a knee extension torque, b leg extension power, c, d the time, and e, f the power of sit-stand test score
for each condition were presented. Close and open circles indicate males and females, respectively

Table 3 Stepwise multiple linear regression analysis predicting ACSA of quadriceps femoris
Independent variables

Multiple regression equation

R

R2

P

ACSA = 13.41 + 0.14X1

0.67

0.44

<0.001

ACSA = 25.86 + 0.10X1 − 9.68X2

0.76

0.59

<0.001

ACSA = 54.55 + 0.07X1 − 11.66X2 − 0.343X3

0.80

0.64

<0.001

Step 1
X1: STS power with kept upright
Step 2
X1: STS power with kept upright
X2: sex (males, 0; females, 1)
Step 3
X1: STS power with kept upright
X2: sex
X3: age
ACSA anatomical cross-sectional area, STS sit-to-stand
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Fig. 4 The relationship between residuals and mean of the predicted
and measured values in the cross-validation group. A solid line is mean
of residuals and two dashed lines are two standard deviations of the
residual values. Close and open circles indicate males and females,
respectively. The residual value is the difference between
predicted and measured anatomical cross-sectional area (ACSA)
in the quadriceps femoris

(Fig. 4). These results suggest that the predictive equation of the present study can adequately estimate the QF
ACSA for a wide range of the middle-aged and elderly
population by the power of STS test score with the
trunk kept upright, sex, and age.
In the predictive equation in step 1, the power of STS
test score with the trunk upright condition was selected
as a significant predictor of the QF ACSA (Table 3).
Kanehisa and Fukunaga [18] showed that an age-related
decline in power of STS test score was parallel to the decline in knee extension torque in 556 females aged 50 to
94 years. They suggested that power of STS test score
can be an effective measurement representing the agerelated change in the QF capacity. Since the power of
STS test score is closely correlated to knee extension
torque during MVC [12], the power of STS test score
would be primarily selected by the multiple regression
analysis for estimating the QF ACSA.
It has been reported that although the age-related
reduction in the knee extension strength was similar
between males and females, the age-related loss of the
power of STS test score in females was greater than that
in males [20], suggesting that a greater impairment in
power generation capability of females than males
during the quick or explosive movement. This is also
supported by the current results that ratio of knee extension torque and leg extension power to the QF ACSA of
males was significantly higher than that of females
(Table 2). Thus, the sex difference of age-related change in
the control strategies during dynamic movements, such as
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a STS task, may be one of the potential factors selecting
sex and age as a significant predictor of the QF ACSA.
QF ACSA was significantly correlated to the power of
STS test score with the trunk stooped (r = 0.69) and with
the upright conditions (r = 0.70) (Fig. 3). Lindemann et
al. [15] assessed the power during standing from a chair
for 88 elderly females using a linear encoder and showed
a significant relationship between power during standing
task and a total muscle ACSA of the mid-thigh (r =
0.51). This correlation coefficient was lower than that of
the present result. The present study calculated the
power index from three variables in individual subjects
such as body mass, leg length, and time taken for STS
test, which strongly correlates to the QF ACSA (Fig. 3).
Moreover, we determined muscle ACSA from the QF,
while Lindemann et al. [15] used a total muscle ACSA
of the mid-thigh (including other muscles such as hamstrings). The STS test score of elderly males and females
is strongly correlated to the muscle strength of the QF
than that of the hamstrings [34]. Thereby, the power
determination during STS test and the target of muscle
ACSA may determine the relationship between the
power during STS test score and muscle size indices for
middle-aged and elderly population.
As mentioned earlier, a trunk raising movement during
standing task from a chair accelerates elevation of the center of gravity in the initial phase [23], and other studies
have reported that the trunk position during squat exercises influences muscle activity of the QF [24, 35]. However, Fujimoto and Chou [25] compared the peak vertical
acceleration of center of mass during normal and trunk
stooped STS tasks of the young, and showed that no significant difference was observed between both tasks. The
present result also indicated that a similar value was found
in both of the time and power of STS test scores between
the stooped and upright trunk conditions (Fig. 2). These
discrepancies may be attributed to the differences in the
protocols under which the tests were performed. The previous studies which showed that trunk position influenced
muscle activity of QF [24, 35] performed the test with a
fixed pace [24] or carrying one-repetition maximum load
[35], while the present study and the study of Fujimoto
and Chou [25] performed the test as fast as possible and
at a self-selected pace, respectively, without any external
load. Thus, we assume that the STS test score between
two different posture conditions, when performed at a
self-selected pace (including maximal-effort speed), may
be variable between individuals depending on the
ability to keep balance and/or mobility. For this reason, the STS test score with the upright condition,
which would minimize the effect of such ability as
well as the trunk raising movement, may have been
chosen as an independent variable to predict QF
ACSA.
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No significant correlation between QF ACSA and the
time of STS test score was observed (Fig. 3). This is in
agreement with a previous report [12] which showed
that time of STS test score was not significantly correlated to the QF ACSA in 57 middle-aged and elderly
population. The power of the STS test score was greater
in males than in females, but time of STS test scores of
females were significantly shorter than those of males
(Fig. 2). We consider therefore that the time of STS test
score by itself is not enough to evaluate the QF ACSA in
the middle-aged and elderly population.
In terms of health sciences or clinical applications, the
present results could help improve the determination of
QF muscle size in the middle-aged and elderly population. Although atrophy of the QF is induced by
aging [1, 2], disuse [27, 28], and the immobilization
by an operation [36], which has been quantified by the
MR imaging as a gold standard, the MR is not easily accessible and not suitable for the large-sample measurements. To solve this problem, the QF muscle size has
been assessed by a power index of the STS test score [12].
The predictive equation of the present study could develop the estimation of the QF muscle size, and suggest
that the STS test score with the upright condition is better
than that with the stooping condition to estimate the QF
ACSA. Therefore, the present finding would contribute to
establishing the efficient measurement procedure in the
practical situation, determining the QF muscle size of the
middle-aged and elderly population.
In conclusion, the present study indicates that the
power of STS test score with trunk in the upright
condition, sex, and age could adequately estimate the
QF ACSA of the middle-aged and elderly population.
The STS test has been extensively used as a measurement of physical function for the elderly, owing to
high easiness and safeness of the measurement.
Therefore, the estimated predicting equation found in
the present study, in relation to the difference in the
posture during the test, should be useful in clinical
and practical settings for the health promotion of the
elderly.
Abbreviations
ACSA, anatomical cross-sectional area; MR, magnetic resonance; MVC: maximal
voluntary contraction; QF, quadriceps femoris; STS, sit-to-stand.
Acknowledgements
The present study was supported in part by the Council for Science,
Technology and Innovation, SIP(Cross-ministerial Strategic Innovation
Promotion Program); “Technologies for creating next-generation agriculture,
forestry and fisheries”(funding agency: Bio-oriented Technology Research
Advancement Institution, NARO), MEXT-Supported Program for the Strategic
Research Foundation at Private Universities, 2015-2019 from the Ministry of
Education, Culture, Sports, Science and Technology (S1511017), and HealthGrid,
Inc. We thank Masaya Nakashima, Mihoshi Yokoo, and Hiromi Funabashi from
Shiseido Co. Ltd. for recruiting the participants in the present study.

Page 8 of 9

Authors’ contributions
MH, SS, and YK conceived the study. TI, MH, and YK designed the experimental
protocol. AS, RE, TI, SM, SO, and YK performed the experiment. AS, RE, SO, and
YK analyzed and interpreted the data. AS, RE, TI, SM, and YK drafted the
manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Ethics approval and consent to participate
The present study was approved by the Ethical Committee on Human
Research of Waseda University (2014-G003). Each subject was informed of
the purpose, procedures, and possible risks of the measurements of the
present study.
Author details
1
Faculty of Sport Sciences, Waseda University, 2-579-15 Mikajima,
Tokorozawa, Saitama, Japan. 2Graduate School of Engineering and Science,
Shibaura Institute of Technology, 307 Fukasaku, Minuma-ku, Saitama, Japan.
3
Research Fellow of Japan Society for the Promotion of Science, 5-3-1
Kojimachi, Chiyoda-ku, Tokyo, Japan. 4Graduate School of Sport Sciences,
Waseda University, 2-579-15 Mikajima, Tokorozawa, Saitama, Japan. 5Institute
of Advanced Active Aging Research, 2-579-15 Mikajima, Tokorozawa, Saitama,
Japan. 6School of Advanced Science and Engineering, Waseda University, 2-2
Wakamatsu, Shinjuku-ku, Tokyo, Japan.
Received: 13 April 2016 Accepted: 9 June 2016

References
1. Akima H, Kano Y, Enomoto Y, Ishizu M, Okada M, Oishi Y, et al. Muscle
function in 164 men and women aged 20–84 yr. Med Sci Sports Exerc.
2001;33(2):220–6.
2. Doherty TJ. Invited review: aging and sarcopenia. J Appl Physiol.
2003;95(4):1717–27. doi:10.1152/japplphysiol.00347.2003.
3. Kubo K, Ishida Y, Komuro T, Tsunoda N, Kanehisa H, Fukunaga T. Agerelated differences in the force generation capabilities and tendon
extensibilities of knee extensors and plantar flexors in men. J Gerontol A
Biol Sci Med Sci. 2007;62(11):1252–8.
4. Klitgaard H, Mantoni M, Schiaffino S, Ausoni S, Gorza L, Laurent-Winter C, et
al. Function, morphology and protein expression of ageing skeletal muscle:
a cross-sectional study of elderly men with different training backgrounds.
Acta Physiol Scand. 1990;140(1):41–54. doi:10.1111/j.1748-1716.1990.tb08974.
x.
5. Mizner RL, Snyder-Mackler L. Altered loading during walking and sit-to-stand is
affected by quadriceps weakness after total knee arthroplasty. J Orthop Res.
2005;23(5):1083–90. doi:10.1016/j.orthres.2005.01.021.
6. Taylor ME, Delbaere K, Lord SR, Mikolaizak AS, Close JC. Physical
impairments in cognitively impaired older people: implications for risk of
falls. Int Psychogeriatr. 2013;25(1):148–56. doi:10.1017/s1041610212001184.
7. Bento PC, Pereira G, Ugrinowitsch C, Rodacki AL. Peak torque and rate of
torque development in elderly with and without fall history. Clin Biomech.
2010;25(5):450–4. doi:10.1016/j.clinbiomech.2010.02.002.
8. Pijnappels M, van der Burg PJ, Reeves ND, van Dieen JH. Identification of
elderly fallers by muscle strength measures. Eur J Appl Physiol.
2008;102(5):585–92. doi:10.1007/s00421-007-0613-6.
9. Ogawa M, Yasuda T, Abe T. Component characteristics of thigh muscle
volume in young and older healthy men. Clin Physiol Funct Imaging.
2012;32(2):89–93. doi:10.1111/j.1475-097X.2011.01057.x.
10. Ema R, Wakahara T, Kanehisa H, Kawakami Y. Inferior muscularity of the
rectus femoris to vasti in varsity oarsmen. Int J Sports Med. 2014;35(4):293–7.
doi:10.1055/s-0033-1349138.
11. Ema R, Wakahara T, Miyamoto N, Kanehisa H, Kawakami Y. Inhomogeneous
architectural changes of the quadriceps femoris induced by resistance
training. Eur J Appl Physiol. 2013;113(11):2691–703. doi:10.1007/s00421-0132700-1.
12. Takai Y, Ohta M, Akagi R, Kanehisa H, Kawakami Y, Fukunaga T. Sit-to-stand
test to evaluate knee extensor muscle size and strength in the elderly: a
novel approach. J Physiol Anthropol. 2009;28(3):123–8.
13. Young A, Stokes M, Crowe M. Size and strength of the quadriceps muscles
of old and young women. Eur J Clin Invest. 1984;14(4):282–7.

Saito et al. Journal of Physiological Anthropology (2017) 36:3

14. Sipila S, Suominen H. Ultrasound imaging of the quadriceps muscle in
elderly athletes and untrained men. Muscle Nerve. 1991;14(6):527–33.
doi:10.1002/mus.880140607.
15. Lindemann U, Farahmand P, Klenk J, Blatzonis K, Becker C. Validity of linear
encoder measurement of sit-to-stand performance power in older people.
Physiotherapy. 2015;101(3):298–302. doi:10.1016/j.physio.2014.12.005.
16. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower
body strength in community-residing older adults. Res Q Exerc Sport. 1999;
70(2):113–9. doi:10.1080/02701367.1999.10608028.
17. Bohannon RW. Sit-to-stand test for measuring performance of lower
extremity muscles. Percept Mot Skills. 1995;80(1):163–6. doi:10.2466/pms.
1995.80.1.163.
18. Kanehisa H, Fukunaga T. Age-related change in sit-to-stand power in
Japanese women aged 50 years or older. J Physiol Anthropol.
2014;33:26. doi:10.1186/1880-6805-33-26.
19. Roldan-Jimenez C, Bennett P, Cuesta-Vargas AI. Muscular activity and fatigue
in lower-limb and trunk muscles during different sit-to-stand tests.
PLoS One. 2015;10(10):e0141675. doi:10.1371/journal.pone.0141675.
20. Yanagawa N, Shimomitsu T, Kawanishi M, Fukunaga T, Kanehisa H. Sex
difference in age-related changes in knee extensor strength and power
production during a 10-times-repeated sit-to-stand task in Japanese elderly.
J Physiol Anthropol. 2015;34:40. doi:10.1186/s40101-015-0072-4.
21. Lindemann U, Claus H, Stuber M, Augat P, Muche R, Nikolaus T, et al.
Measuring power during the sit-to-stand transfer. Eur J Appl Physiol.
2003;89(5):466–70. doi:10.1007/s00421-003-0837-z.
22. Yoshioka S, Nagano A, Hay DC, Fukashiro S. The minimum required muscle
force for a sit-to-stand task. J Biomech. 2012;45(4):699–705.
doi:10.1016/j.jbiomech.2011.11.054.
23. Riley PO, Schenkman ML, Mann RW, Hodge WA. Mechanics of a constrained
chair-rise. J Biomech. 1991;24(1):77–85.
24. Kulas AS, Hortobagyi T, DeVita P. Trunk position modulates anterior cruciate
ligament forces and strains during a single-leg squat. Clin Biomech. 2012;
27(1):16–21. doi:10.1016/j.clinbiomech.2011.07.009.
25. Fujimoto M, Chou LS. Dynamic balance control during sit-to-stand
movement: an examination with the center of mass acceleration.
J Biomech. 2012;45(3):543–8. doi:10.1016/j.jbiomech.2011.11.037.
26. Fujita E, Kanehisa H, Yoshitake Y, Fukunaga T, Nishizono H. Association
between knee extensor strength and EMG activities during squat
movement. Med Sci Sports Exerc. 2011;43(12):2328–34. doi:10.1249/MSS.
0b013e3182207ed8.
27. Akima H, Kubo K, Kanehisa H, Suzuki Y, Gunji A, Fukunaga T. Leg-press
resistance training during 20 days of 6 degrees head-down-tilt bed rest
prevents muscle deconditioning. Eur J Appl Physiol. 2000;82(1-2):30–8.
28. Akima H, Kawakami Y, Kubo K, Sekiguchi C, Ohshima H, Miyamoto A, et al.
Effect of short-duration spaceflight on thigh and leg muscle volume. Med
Sci Sports Exerc. 2000;32(10):1743–7.
29. Kanehisa H, Ikegawa S, Fukunaga T. Comparison of muscle cross-sectional
area and strength between untrained women and men. Eur J Appl Physiol
Occup Physiol. 1994;68(2):148–54.
30. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1(8476):307–10.
31. Fukunaga T, Miyatani M, Tachi M, Kouzaki M, Kawakami Y, Kanehisa H.
Muscle volume is a major determinant of joint torque in humans. Acta
Physiol Scand. 2001;172(4):249–55.
32. Akagi R, Takai Y, Ohta M, Kanehisa H, Kawakami Y, Fukunaga T. Muscle
volume compared to cross-sectional area is more appropriate for evaluating
muscle strength in young and elderly individuals. Age Ageing.
2009;38(5):564–9. doi:10.1093/ageing/afp122.
33. Maughan RJ, Watson JS, Weir J. Strength and cross-sectional area of human
skeletal muscle. J Physiol. 1983;338:37–49.
34. Salem GJ, Wang MY, Young JT, Marion M, Greendale GA. Knee strength and
lower- and higher-intensity functional performance in older adults. Med Sci
Sports Exerc. 2000;32(10):1679–84.
35. Yavuz HU, Erdag D, Amca AM, Aritan S. Kinematic and EMG activities during
front and back squat variations in maximum loads. J Sports Sci.
2015;33(10):1058–66. doi:10.1080/02640414.2014.984240.
36. Akima H, Furukawa T. Atrophy of thigh muscles after meniscal lesions and
arthroscopic partial menisectomy. Knee Surg Sports Traumatol Arthrosc.
2005;13(8):632–7. doi:10.1007/s00167-004-0602-9.

Page 9 of 9

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

