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Abstract.  [Purpose] We aimed to obtain the mean values for physical function tests in healthy community-
dwelling people aged 50–79 years and to compare these values between age decades.  [Subjects and
Methods] We recruited 172 healthy community-dwelling people, who provided their written consent.  Grip
strength (GS), isometric knee extension torque (IKET), and the times for performing the sit-to-stand test
(STS) and timed up-and-go test (TUG) were used as indicators of physical function.  Maximum force
(Fmax) and maximum power (Pmax) were measured by asking the subjects to perform the counter-
movement jump on a force platform system.  The mean values were calculated and compared between
different age decades by one-way analysis of variance.  [Results] In men, all the measurements showed
significant differences among different age decades; moreover, GS, IKET, Fmax, and Pmax decreased,
while the time required for performing the STS and TUG increased with age.  In women, GS, IKET, Fmax,
and Pmax decreased, while the time required for performing the TUG increased with age.  However, the
time required for performing the STS did not differ across age groups in women.  [Conclusion] The target
values for physical function tests in people aged 50–79 years were established, and they were found to
change with age. 
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INTRODUCTION

As people age, the physical functions of the body
involved in the performance of physical activities
undergo change.  There have been many reports on
age-related muscle change1–3), decline in muscle
strength and muscle mass with age4 ,5 ) ,  the
mechanism of age-related muscle weakness at the
cellular and molecular levels6), and changes in
muscle fiber composition and function7).

Similarly, age-related changes are observed in

physical performance.  Isles RC et al.8) reported that
the time required for performing the timed “up and
go” test (TUG) increased with age in community-
dwelling women aged 20–80 years.  Additionally,
Aslan UB et al.9) showed that in people aged 65
years or more, the time required for performing the
TUG test was prolonged, and that they took more
time to perform the sit-to-stand test (STS).
However, the subjects of these studies were not
Japanese .   Musc le  s t r ength  and  phys ica l
performance di f fer  in  people  of  di f ferent
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ethnicities10,11); therefore, it is important to examine
the age-related changes in physical functions in
Japanese subjects.  In addition, it is important to
obtain the mean values of physical function tests for
healthy subjects in each age decade because these
values can be used as target values for intervention
or maintenance of physical function in subjects with
decreased physical function due to disease and/or
deconditioning.

We aimed to obtain the mean values of physical
function tests for healthy community-dwelling
people aged 50–79 years and to compare these
values between different age decades.

SUBJECTS AND METHODS

Subjects
For this study, we recruited healthy people (aged

50–82 years) from a community in the Niigata city
area.  We recruited potential participants by
advertising the project in posters that were put up in
the gymnasium that the participants went to.
Healthy people of all  ages were invited to
participate in the study.  Patients, staff members,
and their relatives were enrolled provided they met
the following inclusion criteria12): (i) ability to walk
without aid for at least 800 m; (ii) ability to climb a
standard staircase without difficulty; (iii) ability to
perform 2-legged jumps.  All subjects provided
their written informed consent for the study.

Methods
All measurements were performed in the

gymnasium and were taken while the subjects were
wearing light indoor clothes without shoes.

Gender, age, and anthropometric characteristics
were recorded when the participants arrived for the
physical function tests.

Maximum grip strength (GS) was measured using
a digital handgrip dynamometer (TKK5401 grip D;
Takei Scientific Instruments Co. Ltd., Niigata,
Japan).  The subjects were asked to stand, and the
dynamometer was adjusted till the proximal
interphalangeal joints were flexed to 90 degrees
with the elbow straightened.  After 1 practice trial,
the subjects were instructed to increase the handgrip
force to the maximum and sustain the contractions
for 3 seconds.  For each subject, handgrip force was
measured for both hands, and the peak force
recorded was considered the maximum handgrip
force.

In addition to GS, isometric knee extension
torque (IKET) was measured.   During the
measurement, the subjects were seated on a metal-
framed chair with the back and thigh well supported
so that the pelvis was fixed in the vertical position.
Their arms were folded across their chests, and their
knees were in the 90-degree flexion position.  A
load-cell recording device (Isoforce GT-300; OG
Giken Co.  Ltd., Tokyo, Japan) was connected to the
lever arm.  A soft cuff, attached to the lever arm,
was fitted to the distal leg just above the ankle.
Subjects were asked to extend their right or left knee
isometrically with as much force as they could for 5
seconds,  and the maximum isometric knee
extension strength (IKES) in Newtons was
recorded.  The length of the test lever arm was
measured from the knee joint center to the point of
the soft cuff.  The maximum IKES measurements
were expressed as the knee extension torque
obtained by multiplying IKES by the lever arm
length for each subject.  For each subject, IKES was
measured for both knees, and the peak torque
recorded represented the maximum isometric knee
extension torque (IKET).

The TUG was performed as follows.  To perform
the test, subjects sat on a standard-height chair
without armrests.  On the command “go”, the
subjects stood up, walked a distance of 3 m as fast
as they could, turned around, returned to the chair,
and sat down.  The time taken was measured with a
stopwatch.  After 1 practice trial, the measurements
for 2 timed trials were recorded.  The shortest time
was selected for analysis.

In the STS, the subjects were asked to rise from a
chair 5 times as fast as possible with their arms
folded across their chests.  The chair was of a
standard height and did not have armrests.  Two
trials were conducted per session, and the shortest
time was selected for analysis.

The subjects performed the counter-movement
jump (CMJ) on a portable force platform system
(Leonardo mechanography(R); Novotec Medical
GmbH, Pforzheim, Germany).  The subjects were
requested to use both legs to jump vertically once as
high as possible; they were allowed to swing their
arms freely.  An experienced assistant monitored
each subject while he or she performed the test to
prevent injury.  Two trials were conducted per
session, with 1-min rest periods between each trial.
During the trials, we collected the vertical
component of the ground reaction force with a
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sampling rate of 800 Hz.  The value of the velocity
was derived from the time series of the ground
reaction force, as described in principle earlier13).
Body mass and starting point were assessed during
quiet  stance immediately before the jump.
Instantaneous power was calculated as the product
of force and velocity.  In the present study, only the
peak power during the acceleration phase (during
concentric contraction of antigravity muscles) was
analyzed.  For analysis, the measurement for only 1
of the 2 trials, i.e., the trial in which the participant
jumped the highest, was selected.  Maximum force
(Fmax) and maximum power (Pmax) were derived
from the time series of the ground reaction force.

The IKET, Fmax, and Pmax values were
normalized separately to the body weight.  Then, we
calculated the mean value for each age decade.  A
one-way analysis of variance (ANOVA) with
Bonferroni’s post hoc contrast was used to examine
differences in all the measurements for each gender.
Statistical analyses were conducted using SPSS
(version 11.0J; SPSS Japan Inc., Tokyo, Japan).  A
p value of <0.05 was considered statistically
significant.

RESULTS

The characteristics of the 172 subjects who
participated in this study are shown in Table 1.

For men (Table 2),  the results  of al l  the
measurements were significantly different among
the different age decades.  GS, IKET, Fmax, and
Pmax decreased, while the time for performing the
STS and TUG increased with age.  With regard to
GS, IKET, and STS, subjects in the 50–59 age
decade performed better than those in the 60–69 and
7 0– 79  a ge  g r ou ps  ( p < 0 . 0 5  a n d  p < 0 . 0 1 ,
respectively).  Fmax was higher in the 50–59 age
group than in the 70–79 age group (p<0.05).  TUG
and Pmax were significantly different among all the
age decades (p<0.05 and p<0.01).

For women (Table 3), GS, IKET, and Pmax were
significantly different among all decades (p<0.05
and p<0.01).  Fmax was higher in the 50–59 age
group than in the 60–69 and 70–79 age groups (p<
0.05 and p<0.01, respectively).  The subjects in the
70–79 group were slower than those in the 50–59
and 60–69 age groups (p<0.01, both).  The time for
performing the STS did not differ significantly
between the groups.

Table 1. Subject characteristics

All (n = 172) Men (n = 80) Women (n = 92)

Age (years) 65.8 (7.1) 66.5 (7.1) 65.1 (7.0)
Height (cm) 157.8 (8.7) 164.2 (7.0) 152.2 (5.7)
Weight (kg) 57.1 (9.4) 63.0 (7.9) 52.0 (7.4)
GS (kg) 32.7 (9.3) 40.7 (6.2) 25.8 (4.9)
IKET (Nm) 90.9 (41.7) 115.3 (41.6) 69.7 (28.1)
STS (seconds) 6.8 (1.5) 6.8 (1.5) 6.8 (1.4)
TUG (seconds) 5.8 (1.1) 5.8 (1.2) 5.8 (1.0)
Fmax (N/kg) 20.2 (2.5) 20.3 (2.3) 20.2 (2.7)
Pmax (W/kg) 31.5 (8.1) 36.0 (8.0) 27.6 (5.9)

Values are presented as the mean (SD).  GS, grip strength;
IKET, isometric knee extension torque; STS, sit-to-stand test;
TUG, timed up-and-go test; Fmax, maximum force; Pmax,
maximum power.

Table 2. Comparison of the results of physical tests in
community-dwelling elderly men

50–59 years 60–69 years 70–79 years
(n = 15) (n = 36) (n = 29)

GS (kg) 47.0 (6.0)**§§ 40.1 (5.4) 38.1 (4.9)
IKET (Nm) 149.9 (29.3)**§§ 111.7 (42.6) 101.9 (36.6)
STS (seconds) 5.6 (1.2)*§§ 6.8 (1.4) 7.5 (1.5)
TUG (seconds) 4.7 (0.6)*§§ 5.7 (1.1)§§ 6.5 (1.1)
Fmax (N/kg) 21.5 (1.5)§ 20.4 (2.5) 19.5 (2.0)
Pmax (W/kg) 44.9 (6.8)**§§ 35.7 (6.8) 31.7 (6.3)

Values are presented as the mean (SD).  GS, grip strength;
IKET, isometric knee extension torque; STS, sit-to-stand test;
TUG, timed up-and-go test; Fmax, maximum force; Pmax,
maximum power; * p<0.05 compared to the value in the 60–69
age group; ** p<0.01 compared to the value in the 60–69 age
group; §  <0.05 compared to the value in the 70–79 age group;
§§ p<0.01 compared to the value in the 70–79 age group.

Table 3. Comparison of the results of physical tests in
community-dwelling elderly women

50–59 years 60–69 years 70–79 years
(n = 22) (n = 41) (n = 29)

GS (kg) 30.2 (4.6)**§§ 25.6 (3.7)§§ 22.5 (4.2)
IKET (Nm) 90.8 (23.0)*§§ 73.5 (26.3)§§ 48.3 (18.6)
STS (seconds) 6.3 (1.3) 6.9 (1.4) 7.2 (1.4)
TUG (seconds) 5.2 (0.7)§§ 5.7 (1.0)§§ 6.3 (0.9)
Fmax (N/kg) 21.7 (2.8)*§§ 19.9 (2.6) 19.4 (2.4)
Pmax (W/kg) 33.1 (4.7)**§§ 27.9 (5.2)§§ 23.0 (3.7)

Values are presented as the mean (SD).  GS, grip strength;
IKET, isometric knee extension torque; STS, sit-to-stand test;
TUG, timed up-and-go; Fmax, maximum force; Pmax,
maximum power; * p<0.05 compared to the 60–69 age group;
** p<0.01 compared to the 60–69 age group; § p<0.05
compared to the 70–79 age group; §§ p<0.01 compared to the
70–79 age group.
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DISCUSSION

The aim of this study was to obtain the mean
values for physical function tests in healthy
community-dwelling people aged 50–79 years, and
to compare these values between age decades.

Some studies have reported that age and gender
influence muscle strength14–16) and physical
performance12,17).  In this study, we studied the age-
related differences in physical function and physical
performance in men and women separately.

In men, all the measurements varied according to
age decade.  GS, IKET, Fmax, and Pmax decreased,
while the time for performing the STS and TUG
increased with age.  In women, GS, IKET, Fmax,
and Pmax decreased, while the time for performing
the TUG increased with age.  However, the time for
performing the STS did not differ among women of
different age groups.  This suggests that STS
performance in women does not depend on age, in
contrast to performance in the other physical
function tests.

With regard to GS, Gunther CM et al.18) reported
the reference values in healthy Caucasian adults.
They showed that the mean values in men were 51
kg in the 50–59 age group, 45 kg in the 60–69 age
group, and 38 kg in the 70–79 age group.  These
results were similar to ours for the 70–79 age group,
but they were higher for the 50–59 and 60–69 age
groups.  Moreover, they reported that the mean GS
values in women were 28 kg in the 50–59 age
group, 26 kg in the 60–69 age group, and 21 kg in
the 70–79 age group.  All these results were similar
to those of our study.  On comparing these values
with those of our study, it seems that the average GS
of Japanese men is lower than that of Caucasian
men.  On the other hand, the average GS of
Japanese women is the same as that of Caucasian
women.

Numerous studies have shown that IKES declines
with age.  Although the IKES measurements
obtained in our study showed the same tendency,
different measurement units were used in previous
studies; therefore, it is difficult to make a direct
comparison.  Skelton DA et al.19) showed that in
men, IKES corrected for body weight was 5.7
Newtons/kg in the 65–69 age group, 5.4 Newtons/
kg in the 70–74 age group, and 5.6 Newtons/kg in
the 75–79 age group; in women, this value was 4.8
Newtons/kg in the 65–69 age group, 4.8 Newtons/
kg in the 70–74 age group, and 4.5 Newtons/kg in

the 75–79 age group.  Andrews AW et al.20)

reported that in men, the IKES was 447.5 Newtons
in the 50–59 age group, 378.4 Newtons in the 60–69
age group, and 364.2 Newtons in the 70–79 age
group; in women, this value was 298.0 Newtons in
the 50–59 age group, 257.2 Newtons in the 60–69
age group, and 225.6 Newtons in the 70–79 age
group.

A meta-analysis21) conducted using STS showed
that the time for performing STS increases with age:
11.4 seconds in the 60–69 age group and 12.6
seconds in the 70–79 age group.  It is difficult to
compare these results with those of the present
study because this meta-analysis took into
consideration various conditions such as the type of
chair used, chair height, and position of the
subjects’ arm.  We think that our data indicate that
healthy Japanese elderly people might perform this
test faster than elderly people of other ethnicities.

Bohannon RW conducted a meta-analysis and
reported the reference times for TUG22): 8.1 (7.1–
9.0) seconds for the 60–69 age group and 9.2 (8.2–
10.2) seconds for the 70–79 age group.  Isles RC et
al. reported that the normative TUG value in the 50–
59 age group was 6.44 ± 0.17 seconds8).  On
comparing these results with those of our study, we
think that healthy Japanese subjects might perform
this test faster than healthy people of other
ethnicities.

Fmax and Pmax have been reported to be related
to age12), but the mean values for different age
decades had not been established prior to this study.
The correlation coefficient between Fmax and age
was r = –0.66 in men and r = –0.75 in women, and
that between Pmax and age was r = –0.86 in men
and r = –0.81 in women.  The observed age-related
decrease in Fmax may be due to the decrease in
muscle strength.  Power includes the factor of
speed.  The amount of type II fibers, which affect
the speed of muscle contraction, decreases with
age23,24).  We think that the type II fiber loss was
related to the decrease in Pmax.

This study was conducted only on healthy
community-dwelling people; it is necessary to
investigate physical  function and physical
performance in unhealthy people and compare the
results.  Furthermore, an intervention study would
be required to determine the effects of rehabilitation
treatment.  The values reported in this study will be
useful for such future studies.
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