
Abstract This study examined the ergonomic effects of a
specially made knee supporter containing spiral bone springs
aimed at reducing physical stress on the leg muscles during 
sit-to-stand (STS) and walking. Twelve young females and
fifteen elderly subjects performed STS and treadmill walking
with and without a specially made supporter, which may be a
simple device for aiding STS and/or walking. During STS,
electromyography (EMG) was observed from the vastus
lateralis of the right leg. The root mean square (RMS) and
mean power frequency (MPF) were calculated from the
observed EMG. The changing rate of maximal leg
acceleration, the third time derivative of the leg position, was
also assessed during treadmill walking at a freely chosen stride
frequency and speed. A significant decrease in the RMS was
observed during STS when wearing the supporter in both
groups. A significant increase in the changing rate of maximal
leg acceleration was found during walking with the supporter
in both groups. MPF significantly increased when wearing the
supporter only in the young group. These results showed that
the supporter with spiral bone springs reduced physical stress
placed on the quadriceps muscles during STS and walking.
This ergonomic contrivance will reduce the possible “risk” of
stumbling and/or falling in elderly individuals. The reduced
physical burden on the quadriceps muscles will also reduce or
delay muscle fatigue, which will further result in an increase in
the amount of daily physical activities exhibited in physically
poor populations. J Physiol Anthropol 29(2): 65–70, 2010
http://www.jstage.jst.go.jp/browse/jpa2
[DOI: 10.2114/jpa2.29.65]
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Introduction

Sit-to-stand (STS) and/or sit-to-walk (STW) are important
functional tasks that are difficult for certain individuals, such
as obese patients, elderly individuals, patients with Parkinson’s
disease, and patients who have undergone an orthopedic
operation (Dehail et al., 2007; Mak et al., 2003; Mizner and
Mackler, 2005; Sibella et al., 2003). Although several recent
studies have examined the effects of muscle strength, foot
placement, heel height of shoes, and seat position so as to find
a better strategy for an execution of STS and/or STW (Brunt et
al., 2002; Dehail et al., 2007; Edwards et al., 2008; Mizner and
Snyder-Mackler, 2005; Yamada and Demura, 2004), little
information is available with regard to the practical assessment
of any simple and handy gear or devices for aiding STS and/or
STW.

It was found that older adults exhibited a longer execution
time than younger adults for executing STS (Demura and
Yamada, 2007), possibly due to the poorer leg muscle strength
and lean thigh mass in elderly adults (Petrella et al., 2005).
These differences associated with aging will be further
concerned with the dynamic function of those muscles. Thus,
any simple and handy gear or device for aiding STS and/or
STW will contribute to the prevention of falling in elderly
individuals, which will result in a better quality of life. The
deterioration of the ability to walk and/or stand up constitutes a
major source of disability and handicap regardless of a
person’s current health situation, leading to a possible “risk” of
falling, which is associated with institutionalization (Dehail et
al., 2007; Hirvensalo et al., 2000). The knee joint controls the
movements of the lower leg extremities, so that a possible
reduction of the physical stress placed on the quadriceps
muscles during STS and walking would contribute to the
prevention and treatment of the injury of lower leg extremities.
It was hypothesized that biomechanical differences in the
quadriceps muscles would exist between young and elderly
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individuals during walking and STS. It was also hypothesized
that a knee supporter containing spiral bone springs would
reduce the physical stress placed on the quadriceps muscles
during STS and walking.

The purpose of this study was to compare electro-
myographical and kinetic responses of the quadriceps muscles
during STS and walking in young and elderly individuals with
and without a specially made knee supporter containing spiral
bone springs.

Methods

Subjects
The experiments were performed on twelve young females

and fifteen elderly volunteers including four males. The mean
age, height, body mass, and freely chosen walking speed on
the treadmill were 21.7�0.3 yr, 160.3�1.4 cm, 53.9�1.3 kg,
and 3.5�0.1 km/h for young female subjects and 65.9�2.1 yr,
157.3�1.3 cm, 55.7�2.1 kg, and 2.8�0.1 km/h for elderly
subjects, respectively. Fourteen of the 15 elderly volunteers
participated in daily exercise, such as ground golf, badminton,
swimming, and walking. Instead, 5 of the 12 young volunteers
did not have any exercise experience, and 7 other young
volunteers participated in “enjoyable exercise,” such as
swimming, walking, and badminton, but they did this once or
twice a week only. Informed consent from each group of
volunteers and the approval of the ethical committee were
obtained for all procedures.

Set-up and measurement
All subjects sat down on the center of a chair at a height of

44 cm with their knee joint angle at 90 degrees. The spiral
bone springs were made of solid copper wire (diameter�0.75
mm) coated with zinc (JIS G3506). After weaving the solid
copper wire, the bone spring was 5.6 mm in width, 23.0 cm in
length, and 7.47 g in weight (Fig. 1). Three spiral bone springs
were inserted into each side of the supporter. The subjects
wore the knee supporters with and without spiral bone springs
in both legs throughout the measurement.

The number of trials was at least five times for each
supporter. During the STS, the subjects’ arms remained
parallel to their trunk so that they could not use them to push
themselves off their knees. The subjects rose from the chair
using the following timing with a metronome: “one (start of
motion)–two (transfer from sit to stand)–three (completion of
motion)” after being accustomed to a series of experimental
tasks. The electromyography (EMG) recorded from the vastus
lateralis (VL) was measured with bipolar Ag-AgCl surface
electrodes (interelectrode distance�2 cm) and a polygraph
system (WEB-5000, NIHON KOHDEN, Tokyo). The
electrodes were initially placed over the VL, vastus medialis,
and rectus femoris. However, the amplitude of the EMG signal
from the VL during leg locomotion was found to be the largest,
as previously reported (Abe et al., 2007). Therefore, only the
VL was selected as a target muscle in order not to disturb the

STS motion. A small force sensor (PS-10KASF4, KYOWA,
Tokyo) was inserted into a shoe of the right leg. The sensor
was placed just under the heel to observe ground reaction
force. The electrode and pressure sensor wires were secured
with surgical tape to minimize movement artifacts.

During the STS, the observed EMG from the VL was
focused on, based on the time series of the pressure signal
measured by a small pressure sensor inserted into the right
shoe. The analyzed section of the EMG was before and after
500 msec when the pressure signal became maximal (Figs.
2ab). All electric signals were simultaneously sampled at 1
kHz and recorded on a personal computer through an amplifier
(CDA-700A, KYOWA, Tokyo) and a 12-bit analog-digital
conversion system (PowerLab ML845, NIHON KOHDEN,
Tokyo). The observed EMG signals were high-pass filtered at
10 Hz with a second-order Butterworth digital filter and full-
wave rectified. Then, the rectified EMG for each 1 sec interval
was integrated (iEMG). To minimize intra-individual
variability, the storage of the electric signals was repeated at
least 5 times for each supporter. The iEMG was further
converted into a root mean square value (RMS). The obtained
RMS for each trial was averaged for each subject, indicating
that the observed dependent variables were expressed as a
representative value for each individual. The fast Fourier
transform was applied to the EMG data of the analyzed section
to calculate the mean power frequency (MPF).

After the STS, the subjects were accustomed to walking on a
motor-driven treadmill (STM-1500, NIHON KOHDEN,
Tokyo). All subjects chose their step frequency freely and
determined their preferred walking speed based on their
normal walking speed on the street. During walking on the
treadmill, an accelerometer (TA-512G, NIHON KOHDEN,
Tokyo) attached to the right malleolus lateralis was monitored
to evaluate leg acceleration during the swing phase of walking,
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Fig. 1 Supporter and spiral bone spring used in this study.
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as it is well known that the VL and most of its synergetic
muscles are not activated during the swing phase of walking
(e.g. Prilutsky and Gregor, 2001). Instead of EMG, leg
acceleration was noted as an index for evaluating the utility of
the supporter. Differential leg acceleration was presented in
order to allow easy visualization and detection of the changing
rate of maximal leg acceleration (Figs. 3ab). The number of

steps for each supporter was around 30 in each subject.

Statistical analysis
The observed values were presented as the mean and

standard error (S.E.). A two-way repeated measures analysis of
variance with a within-subject effect (with or without
supporter) and a between-subject effect (young or elderly) was
used to test for the main effects of age (2 levels) and supporter
(2 levels) on the dependent variables. When a significant F
value was present, a Ryan’s multiple comparison as a post-hoc
test was applied to the appropriate data set to establish the
significant mean differences. Statistical significance was set at
p�0.05.

Results

The mean values of RMS during STS were 0.0810�0.0131
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Fig. 2a–b A typical trace of the rectified EMG and pressure signal
obtained from the same subject during sit-to-stand (subj. N.T.). The
period before and after 500 msec of the maximal foot pressure was
analyzed. Each subject made at least 5 attempts with each supporter.
The upper and lower panels showed ‘with bone springs’ and ‘without
bone springs’, respectively.

Fig. 3a–b A typical trace of the changing rate of maximal leg
acceleration obtained from the same subject during walking (subj.
N.T.). The changing rate of maximal leg acceleration (circles) of
30–40 steps for each supporter was averaged in each subject. The
upper and lower panels showed ‘with bone springs’ and ‘without bone
springs’, respectively.
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mV and 0.0761�0.0130 mV for wearing the controlled
supporter and the specially made supporter containing spiral
bone springs in the young group. In the elderly group, the
mean values of RMS during STS were 0.0976�0.0097 mV and
0.0942�0.0096 mV for wearing the controlled supporter and
the specially made supporter (Fig. 4a). Significantly lower
RMS values were observed when wearing the supporter
containing spiral bone springs in both groups. The mean
percent decreases in the RMS were �10.1�4.9% and
�3.9�1.2% for the young and elderly subjects, respectively.

The mean values of MPF during STS were 42.81�0.95 Hz

and 44.82�1.04 Hz for wearing the controlled supporter and
the specially made supporter with spiral bone spring in the
young group. In the elderly group, the mean values of MPF
were 45.69�1.32 Hz and 46.09�1.19 Hz for the controlled
supporter and the specially made supporter, respectively (Fig.
4b). Thus, a significant increase in the mean MPF was
observed only in the young subjects when wearing the
specially made supporter. The percent increase in the MPF in
the young group was 4.42�0.81%.

The mean values of the changing rate of maximal leg
acceleration during walking were 91.04�8.86 m/sec3 and
99.63�9.11 m/sec3 for wearing the controlled supporter and
the specially made supporter in the young group. The mean
values of the changing rate of maximal leg acceleration in the
elderly group were 105.70�7.41 m/sec3 and 115.84�7.83
m/sec3 for the controlled supporter and the specially made
supporter in the elderly group (Fig. 4c). Thus, the changing
rate of maximal leg acceleration during walking was
significantly higher in both groups when wearing the supporter
(Fig. 4c). The percent increases in the changing rate of
maximal leg acceleration were 8.82�1.64% and 8.54�2.03%
for the young and elderly subjects, respectively.

Discussion

In the present study, STS and walking were chosen because
of their repeatability and the fact that they are among the
commonest movements performed in the course of daily
activities (Sibella et al., 2003). In support of our first and
second hypotheses, this study found that a significant increase
in the MPF was observed during STS only in the young
subjects (Fig. 4b). There was also a significantly positive effect
on the quadriceps muscles during STS and walking when
wearing the specially made supporter in both groups (Figs.
4ac), indicating that a knee supporter containing spiral bone
springs would reduce the physical stress placed on the
quadriceps muscles during STS and walking.

STS
The RMS was significantly decreased when wearing the

specially made supporter during STS in both groups (Fig. 4a),
indicating that the supporter clearly reduced the physically
heavy stress placed on the quadriceps muscles during STS.
However, it was interesting to note that the percent decrease in
the RMS was quite different between age groups (Fig. 4a).
Furthermore, a significant increase in the MPF was observed
during STS only in the young subjects (Fig. 4b). These
differences would be dependent on aging associated with
physiological polymorphisms. Type II fibers would be
recruited in larger numbers if the MPF was increased even in
the elderly individuals when wearing the specially made
supporter, resulting in a prevention of muscle atrophy in the
elderly.

Some previous studies indicated that a systematic decrease
in the number of fast twitch fibers of the quadriceps muscles
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Fig. 4a–c Comparison of observed dependent variables. Panels (a) and
(b) presented root mean square (RMS) and mean power frequency
(MPF) of the observed EMG from the vastus lateralis during sit-to-
stand. Panel (c) presented changing rate of maximal leg acceleration
during walking *: p�0.05; Control: controlled supporter without
bone springs; Supporter: specially made supporter with bone springs.
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occurred with an association of aging (Lexell et al., 1988;
Petrella et al., 2005). If the number of fast twitch fibers of the
quadriceps muscles was decreased, then the dynamic postural
stability would also be decreased because the sensorimotor
function would be slowed in these muscles (Lord et al., 1996).
This means that it would be difficult for such elderly
individuals to execute an abrupt adjustment in their dynamic
postural stability during STS, resulting in an increase in the
possible “risk” of falling during STS. Thus, an ergonomic
contrivance for the supporter, such as the one used in this
study, could be easy, cheap, and handy, even for physically
healthy elderly individuals, for reducing the physical stress
placed on the quadriceps muscles and to counteract the loss of
dynamic postural stability during STS.

Walking
In the present study, the changing rate of maximal leg

acceleration was used for data comparison. The time course of
changing rate of leg acceleration during walking seemed to be
random, so that the differential leg acceleration was used to
easily detect the peak value of the changing rate of maximal
leg acceleration (Fig. 3). The time course of the differential
function is mathematically dependent on the time course of its
original function, meaning that the interpretation of this
research is equivalent even if the differential changing rate of
maximal leg acceleration was used for data comparison.

It is necessary to mention that the 44.8 g increase in each leg
caused by the six bone springs results in an energetic
disadvantage, because the added load placed on the legs
resulted in an abrupt increase in the energy cost of walking
(Abe et al., 2004; Jones et al., 1986). A particularly important
finding of this study was that a more than 8 percent increase in
changing rate of maximal leg acceleration was observed when
wearing the supporter in both groups (Fig. 4c). Jones et al.
(1986) showed that mean increase in oxygen cost was 1.0% per
100 g increase in the weight per pair of footwear, suggesting
that the estimated increase in the energy cost of walking would
be negligible in the present study. Thus, the advantage afforded
with respect to leg acceleration would overcome the
disadvantage of the slight increase in the weight of the
supporter. The results showed that the supporter clearly
reduced the physical stress placed on the quadriceps muscles
not only during STS but also during walking.

Previous epidemiological studies have reported numerous
risk factors associated with falling (Lord et al., 1996; Tang and
Woollacott, 1998). The reported risk factors can be divided
into two parts: one is an environmental factor and another one
is a human factor. However, counter ability for falling cannot
be measured by most of the reported factors. For example, it is
well-known that the reaction time to avoid falling is
appreciably slower in the elderly than in the young subjects,
explained by the muscle atrophy of Type II fibers with aging
(Lexell et al. 1988). The present study showed a non-
significant increase in the MPF only in the elderly subjects
(Fig. 4b), although a significant reduction of the physical stress

placed on the quadriceps muscles was found (Figs. 4ac). These
results suggested that a systematic reduction of Type II fibers
would have occurred even in the active elderly subjects
employed in this study. In other words, the risk of falling is still
increased in the active healthy elderly individuals.

Although the elderly subjects employed in this study were
always able to perform daily physical activities, the mean
walking speed, which they freely chose during walking on a
treadmill, was significantly slower by 0.7 km/h than that of the
young female subjects. This result could be partly dependent
on the difference in the mean heights for each group because a
freely chosen walking speed was found to be highly associated
with the most energetically economical walking speed
(Saibene and Minetti, 2003), which was also associated with
body height and/or leg length (Abe et al., 2008; Donelan and
Kram, 1997). However, the slower walking speed chosen by
the elderly subjects might be also dependent on weakness of
the quadriceps muscles caused by aging (Norris et al., 2007;
Tiedemann et al., 2005). As noted before, the number of fast
twitch fibers decreases with aging (Lexell et al., 1988; Petrella
et al., 2005). If the quadriceps muscle is weakened and/or the
number of fast twitch fibers of the quadriceps muscles is
decreased or vice versa, then the risk of falling, which can
cause serious injury, is increased. Thus, this kind of ergonomic
contrivance for daily use, as well as being cheap, is useful for
reducing the physical stress placed on the quadriceps muscles
and the possible “risk” of falling not only during walking but
also during STS.

However, it is still important to remember that an
appropriate physical burden on the quadriceps muscles is
necessary for maintaining the appropriate muscle functions. A
temporary and excessive physical burden on the quadriceps
muscles could be avoided by around 10% when applying our
ergonomic contrivance during walking and STS. This finding
of the study will result in a delay and/or reduction of muscle
fatigue during daily activities, which will further result in an
increase in the amount of daily physical activities exhibited in
physically poor populations.

Conclusion

The ergonomic effects of this knee supporter significantly
reduced temporary and excessive physical stress placed on the
quadriceps muscles during STS and walking. The results of the
present study may contribute to a reduction of the possible
“risk” of falling and/or stumbling during daily physical
activities and lead to an increase in dynamic postural stability.
The reduced physical burden on the quadriceps muscles will
also result in a delay or reduction of muscle fatigue, which will
further result in an increase in the amount of daily physical
activities exhibited in physically poor populations.
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