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Abstract
Muscle power in the lower extremities and body sway were measured in 57 healthy young
women volunteers in their 20’s. Body sway was measured with a stabilimeter for 30 sec during
two-leg standing, and for 10 sec during one-leg standing with the eyes open or closed, alternating
between right and left legs (5 times each). The measured parameters of body sway were locus
length per time unit, locus length per environmental area, environmental area, rectangle area, root
mean square area, and the ratio of sway with eyes closed to sway with eyes open. Knee flexor and
extensor power and toe flexor and abductor power were the measures representing lower extremity
muscle power. The increase in sway with the eyes closed was more marked during one-leg standing
than two-leg standing, as expected. We found that 36 of 57 subjects (62%) were unable to maintain
one-leg standing with their eyes closed, and this failure correlated with marked body sway (P =
0.0086). Many subjects had one leg that was classified as stable and the other leg classified as
unstable. Clearly, testing of both legs alternately with eyes closed is necessary to measure the full
range of sway in subjects. Lower extremity muscle power did not appear to be the dominant factor
in maintaining balance in these young subjects.
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Mai Shintani , and Hajime Inoue
Department of Orthopaedic Surgery, Okayama University Graduate School of
Medicine and Dentristry, Okayama 700‑8558, Japan, and
Division of Physical Medicine & Rehabilitation, Okayama University Hospital,
Okayama 700‑8558, Japan

Muscle power in the lower extremities and body sway were measured in 57 healthy young women
volunteers in their 20ʼ
s. Body sway was measured with a stabilimeter for 30sec during two-leg
standing, and for 10sec during one-leg standing with the eyes open or closed, alternating between
right and left legs(5 times each). The measured parameters of bodyswaywere locus length per time
unit, locus length per environmental area, environmental area, rectangle area, root mean square
area, and the ratio of swaywith eyes closed to swaywith eyes open. Knee ﬂexor and extensor power
and toe ﬂexor and abductor power were the measures representing lower extremity muscle power.
The increase in sway with the eyes closed was more marked during one-leg standing than two-leg
standing, as expected. We found that 36 of 57 subjects (62 ) were unable to maintain one-leg
standing with their eyes closed, and this failure correlated with marked body sway ( ＝ 0.0086).
Many subjects had one leg that was classiﬁed as stable and the other leg classiﬁed as unstable.
Clearly, testing of both legs alternately with eyes closed is necessary to measure the full range of
sway in subjects. Lower extremity muscle power did not appear to be the dominant factor in
maintaining balance in these young subjects.
Key words: postural balance, woman, lower extremity, muscle power

n the elderly, injuries from falling are considered
to be the result of agerelated physiological
changes. However, the causes vary, with many factors
interacting in a complex manner. Physiological risk factors include decreased muscle power, equilibrium disturbance, gait disturbance, visual impairment, decreased
locomotion ability, decreased cognition, and orthostatic
hypotension［1］. The risk of falls increases with an
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increase in thenumber ofthesefactors present in agiven
personʼ
s situation. The incidence of falls diﬀers between
men and women and is higher in the latter［2, 3］. This
diﬀerencehas been attributed to poorerbalancefunctionin
women than in men［4］, orto biomechanicalfactors such
as poorer muscle power and range of motion of joints in
women［5］. There have been many studies of the
relationship between falls and muscle power, or biomechanical factors. In this study, we measured bodysway,
which is an element of equilibrium disturbance. In the
presence of body sway beyond a certain degree, maintenance of posture becomes impossible, resulting in falls.
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(kg)/height (m))was 20.0± 1.9 kg/m (range 18.2‑24.9
kg/m )(Japan Society for the Study of Obesity; 1999).
The BMI was 18.5‑25, and extremely lean or obese
subjects and those receiving special muscle power
strengthening training were excluded. All subjects gave
written informed consent prior to participation in the
study.
Body sway, knee ﬂ
exor/extensor
power, and toe muscle power were measured each
weekdaybetween 10:00 am and 15:00 pm in spring and
autumn. Handedness was recorded as right or left dominant.
Stabilometric test procedures (Fig. 1) Body
swaywas measured using aGravicorder GS11(ANIMA
Co., Tokyo, Japan)according to thecriteriaoftheJapan
Materials and Methods
Society for Equilibrium Research［8］in a quiet room
The subjects were 57 women volun- with uniform brightness. The room temperature was not
teers including medical students, rehabilitation students, controlled. The subjects stood barefoot, placing the
and nurses in their 20ʼ
s without recent history of drug center ofmeasurement at themanufacturerʼ
s recommendadministration, surgery, or physical therapy treatment. ed reference point on the examination platform. For
Their mean agewas 23.4± 2.1 years(range20‑29 years), twoleg standing, the subjects stood with right and left
the mean height was 157± 4.9 cm (range 147‑167cm), feet placed side by side with the upper extremities in
and the mean body weight was 49.7± 5.7kg (range 42‑ naturalcontact with thebodysides. For oneleg standing,
65kg). The mean body mass index (BMI, body weight the second toe and the center of the heel were placed on
Many studies have shown the relationship between falls
and lower extremity muscle power or between falls and
body sway［6, 7］
, but fewstudies have been published
on the inﬂ
uences of lower extremity muscle power on
bodysway. Theauthors ofthecurrent studybelievethat
lower extremity muscle power is an important factor
required to maintain balanceand that this power would be
reﬂ
ected in knee ﬂ
exor/extensor power and toe ﬂ
exor/
abductor power. In this basic study we evaluated the
relationships among these measures of lower extremity
muscle power and body sway in young healthy women,
expecting that themeasures would approximatethenorms
for healthy females of that age group.

Fig. 1

ANIMAGravicorder GS 11.
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the vertical axis of the examination platform, and the
upper extremities wereplaced in thesameposition as that
for twoleg standing. In the test with the eyes open, the
subjects gazed at avisualpoint placed1minfront ofthem
at thelevel oftheir eyes so that moving objects could not
disturb the visual ﬁ
eld.
Body sway was measured for 30sec during twoleg
standing and for 10sec during oneleg standing with the
eyes open or closed. In oneleg standing tests, measurements alternated between right and left legs(5times each),
and themean ofthe3 intermediatevalues was used in the
analysis. The measured parameters of body sway were
(1) locus length per time unit (LNG/TIME), which
represented the rate of body sway; (2) locus length per
environmental area(LNG/E), which represented theﬁ
ne
postural control function by proprioceptive reﬂ
exes; (3)
environmentalarea(ENV.AREA), which represented the
degree of equilibrium impairment; (4) rectangle area
(REC.AREA), which represented the rectangular area
enclosed by the maximum distances of front/back and
right/left sway; (5) root mean square area (RMS.
AREA); and (6)Romberg ratio, which represented the
ratio of sway with eyes closed/sway with eyes open.
Measurement of knee ﬂexor and extensor
power The subjects performed a knee bendingstretching exercise using their full strength at an angle/
speed of 60deg/sec 6 times using a Cybex II (SAKAI
Co., Tokyo, Japan), and the maximum values of the
peak torque ofthe right and left kneeextensor and ﬂ
exor
power/body weight were used for analysis.
Measurement of toe ﬂexor and abductor
power (Fig. 2) Toe muscle power was measured
using atoemyometer developed in thedepartment ofone
of the authors. Yamamoto et al. ［9］ evaluated the
reliability of this apparatus. Flexion power of all toes,
abduction powerofthehallux, andabductionpowerofthe
little toe were measured using a strain gauge (OG Co.,
Okayama, Japan). The sensor data was ampliﬁ
ed and
AD converted (analog to digital), and digital output was
measured in 0.1kg units. Thelower leg was immobilized
from the midtibia to the metatarsal phalangeal joint, and
measurement was performed twiceat an ankledorsiﬂ
exion
and plantar ﬂ
exion of0°
. Themaximumvalueofthetotal
of ﬂ
exion power, hallux abduction power, and little toe
abduction power was used for analysis.
When oneleg
standing with theeyes closed could not bemaintained for
10sec, measurement was repeated, and values in 5
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Fig. 2

Toe myometer.

successfulmeasurements wereused as successfuldata. A
maximum of 10 attempts were possible. When standing
could not be maintained for 10sec during any of the 5
measurements, balance for the leg was classiﬁ
ed as
unstable. Standing for 10sec during all the 5 measurements was classiﬁ
ed as stable.
Diﬀerences in bodysway
values and each item ofmuscle power between the stable
and unstablegroups wereanalyzed using Studentʼ
s ttest.
We calculated the relation coeﬃcient between the item of
bodyswayand lowerextremitymusclepowerinthestable
and unstablegroups. A valueofP ＜ 0.05 was considered
to be signiﬁ
cant. The measurement data were processed
using StatView 5.0 (SAS Institute Inc., Cary, NC,
USA), and P ＜ 0.05 and 95 conﬁ
denceintervals were
considered to be signiﬁ
cant.

Results
The mean LNG/TIME, LNG/E, and ENV.AREA (±
SD) were 1.13± 0.33cm/s, 19.81± 6.10cm, and
1.85± 0.76cm , respectively, during 30sec twoleg
standing with the eyes open. The same parameters were
1.52± 0.52cm/s, 20.65± 6.90/cm, and 2.45± 1.26
cm , respectively, with the eyes closed. The mean
LNG/TIME with the eyes closed was 1.36 times that
with the eyes open, which was a signiﬁ
cant diﬀerence
(P ＜ 0.0001). The LNG/E with the eyes closed was
1.09 times that with the eyes open, which was less than
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a signiﬁ
cant diﬀerence(P ＝ 0.39). However, the ENV.
AREA with the eyes closed was 1.35 times that with the
eyes open, which was asigniﬁ
cant diﬀerence(P ＝ 0.003).
The mean (± SD) of the parameters LNG/TIME,
LNG/E, and ENV.AREA during 10sec oneleg standing with the eyes opened was: LNG/TIME 3.30± 0.77
cm/s (right) and 3.17± 0.84cm/s (left); LNG/E
23.04± 4.65/cm (right)and 22.44± 3.85/cm (left); and
ENV.AREA 1.63± 0.71cm (right)and 1.47± 0.49 cm
(left), respectively. The mean (± SD) of the same
parameters during 10sec oneleg standing with the eyes
closed was: LNG/TIME 6.57± 1.45cm/s (right) and
6.34± 1.44cm/s (left); LNG/E 16.43± 2.95/cm(right)
and 16.66± 3.22/cm(left); and ENV.AREA 4.22± 1.34
cm (right)and 4.17± 1.71cm (left), respectively. The
LNG/TIME with the eyes closed was 2.05 times (right)
and 2.08 times (left) that with the eyes open. LNG/E
with the eyes closed was 0.73 times (right and left)that
with the eyes open. ENV.AREA with the eyes closed
was 2.97 times (right)and 2.95 times (left)that with the
eyes open. Thediﬀerences among the3 parameters were
signiﬁ
cant (P ＜ 0.0001). The distance and area of sway
with the eyes closed were about 3 times those with the

Table 1

eyes open. No signiﬁ
cant diﬀerences were observed in
any parameter between the right and left sides.
The unstable
group(36 subjects)during oneleg standing with theeyes
closed consisted of46 legs(27 right legs and 19 left legs).
The distribution of right and left legs between the 2
groups did not correlate with handedness.
The LNG/TIME during oneleg standing with the
eyes closed was 6.82± 1.55cm/s in the unstable group
and 6.08± 1.39 cm/s in thestablegroup. Thelatter was
signiﬁ
cantly less in the stable group (P ＝ 0.0086). The
ENV.AREA during oneleg standing with theeyes closed
was 4.63± 1.52cm in the unstable group and 3.92±
2.10cm in thestablegroup. Theformerwas signiﬁ
cantly
larger in the unstable group (P ＝ 0.013)(Figs.3 and 4).
The knee extensor power/body weight was
193.04± 35.26N/kg in the right knee and 191.23±

Results of SummaryAnalysis

Eyes open
LNG/TIME
LNG/E
ENV.AREA
REC.AREA
RMS.AREA
Eyes closed
LNG/TIME
LNG/E
ENV.AREA
REC.AREA
RMS.AREA
Romberg ratio
LNG/TIME
LNG/E
ENV.AREA
REC.AREA
RMS.AREA

Both legs

Right

Left

1.13± 0.33
19.81± 6.10
1.85± 0.76
4.43± 2.12
1.34± 0.65

3.30± 0.77
23.04± 4.65
1.63± 0.71
5.91± 2.19
1.91± 0.71

3.17± 0.84
22.44± 3.85
1.47± 0.49
5.67± 2.22
1.86± 0.73

1.52± 0.52
20.65± 6.90
2.45± 1.26
5.99 ± 2.96
1.54± 0.83

6.57± 1.45
16.43± 2.95
4.22± 1.34
17.29 ± 5.45
5.60± 1.82

6.34± 1.44
16.66± 3.22
4.17± 1.71
17.21± 5.97
5.65± 2.19

1.36± 0.32
1.09 ± 0.39
1.35± 0.44
1.44± 0.57
1.30± 0.65

2.05± 0.46
0.73± 0.15
2.97± 0.84
3.27± 1.21
3.28± 1.13

2.08± 0.53
0.73± 0.12
2.95± 0.91
3.40± 1.30
3.34± 1.15

Each value represents mean± SD.
LNG/TIME, locus length per time; LNG/E, locus length per environ
area; ENV.AREA, environmental area; REC.AREA, rectangle area;
RMS.AREA, root mean square area.
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Fig. 3
group.

LNG/TIME (eyes closed) of unstable group and stable

Fig.4

ENV.AREA(eyes closed)ofunstable groupandstablegroup.
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35.23N/kg in theleft knee. Thekneeﬂ
exor power/body
weight was 91.65± 25.87N/kg in the right knee and
93.96± 29.82N/kg in theleft knee. Theﬂ
exor/extensor
power ratio was 47.28± 9.41 in the right knee and
48.66± 10.44
in the left knee. There were no
signiﬁ
cant diﬀerences between the right and left knees.
The knee extensor power/bodyweight was 190.81±
36.07N/kg in theunstablegroup and 186.22± 34.19 N/
kg in the stable group. The knee ﬂ
exor power/body
weight was 96.11± 24.34N/kg in theunstablegroup and
90.85± 24.54N/kg in the stable group. The ﬂ
exor/
extensor power ratio was 50.51± 9.79 in the unstable
group and 48.70± 8.97 in the stable group. No
signiﬁ
cant diﬀerence was observed in any item between
the stable and unstable groups (P ＝ 0.60, P ＝ 0.34,
P ＝ 0.33).
The
toeﬂ
exorpowerwas 14.44± 4.03kg ontheright sideand
13.88± 4.06kg on the left, and the toe abductor power
was 2.01± 1.42 on the right and 2.08± 1.23kg on the
left. There was no signiﬁ
cant diﬀerence between the
sides. The toe ﬂ
exor power was 14.80± 4.66kg in the
unstablegroup and 14.29 ± 4.80 in thestablegroup. The
toe abductor power was 1.97± 1.45kg in the unstable
group and 2.14± 1.35kg in the stable group without
signiﬁ
cant diﬀerences between the groups (P ＝ 0.62,
＝
P 0.52).

Balance and Muscle Power 19 3

during oneleg standing with the eyes open (r＝ 0.27,
P ＝ 0.024), with ENV.AREA during oneleg standing
with the eyes open (r＝ 0.25, P ＝ 0.041), and with
LNG/E during oneleg standing with theeyes closed(r＝
0.25, P ＝ 0.041). Thekneeextensorpower/bodyweight
and knee ﬂ
exor power/body weight correlated with
LNG/E during oneleg standing with the eyes open(r＝
0.25, P ＝ 0.036; and r＝ 0.33, P ＝ 0.007; respectively). Thekneeﬂ
exor/extensor power ratio also correlated
signiﬁ
cantly with LNG/E during oneleg standing with
the eyes open as well as with the eyes closed (r＝ 0.27,
P ＝ 0.026; and r＝ 0.29, P ＝ 0.017; respectively)
(Figs. 5 and 6).
In the46 unstablelegs, no signiﬁ
cant relationship was
observed between lower extremity muscle power and
body sway.

Discussion

In the 70 limbs in the stable
group, the toe abductor power correlated with LNG/E

The increasing proportion ofelderlypersons in industrial nations has created a demand for risk analyses for
that population. In terms oftherisk offalls, thestateof
the art is still rudimentary. The list of contributory
factors is unreﬁ
ned, and standard screening tests useful
for risk analysis are lacking. Although humans and our
ancestors havebeen walking upright and falling forat least
4 million years, we have not developed the tools and
methods to systematicallyand accuratelystate therisk of
falls. Even the association between body sway measurement values and susceptibility to falls remains unclear

Fig. 5 LNG/E (eyes open) vs. Muscle power ratio of the knee
ﬂ
exion and extension.

Fig. 6 LNG/E (eyes closed)vs. Muscle power ratio of the knee
ﬂ
exion and extension.
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［10］. In this study we pursued a line of reasoning that
holds that lower extremity muscle power and bodysway
are key factors in the loss of balance that precedes falls
fromastanding position［5, 6, 7, 11, 12］. Thecurrent
studywas asmallscaleattempt to clarifythat relationship.
Our hypothesis was that toe abductor power, knee
extensor power/body weight, knee ﬂ
exor power/body
weight, and the knee ﬂ
exor/extensor power ratio would
correlate signiﬁ
cantly with body sway.
Although thegreatest need for theapplication oftests
and tools is in elderly populations, most of the elderly
have acquired many conditions and undergone many
changes as a result of ageing that present uncontrollable
confounding variables, making theresults ofasmallbasic
study unreliable. Also, healthy norms have not been
established through the experimental process. In the
current study we sought to approach such a proﬁ
le of
normal characteristics by using healthy, young women
who were apparently of average ﬁ
tness.
Women, in general, have less muscle power than
agematched men and might showmore sway. Carter et
al.［13］reported a greater association between quadriceps muscle power and static/dynamic body swaythan
agein females with osteoporosis. Theseﬁ
ndings raisethe
question of whether younger women normally show
greater sway［14, 15, 16］. Before a large prospective
studycomparing diﬀerent age groups ofmen and women
is designed, the methods of measurement must be
addressed, which was the purpose of the current study.
We used standardized tests and equipment.
The stabilimeter is widely used to evaluate posture
maintenance ability, including equilibrium function［17,
18］. Stabilometers, originally developed for the otorhinolaryngological ﬁ
eld, arewidelyused at present in other
ﬁ
elds such ophthalmology and neuromedicine［14］
, due
to their simpliﬁ
cation and improvement in precision in
recent years. The stabilometric test is a simple, painless
test frequently used in clinical practice.
We performed stabilometric tests according to the
criteria of the Japan Society for Equilibrium Research
［19］. Thesocietyrecommends 60secmeasurements for
twoleg standing in principle but allows 30sec measurements［19］. The 30sec measurement is used routinely
with patients in the authorsʼdepartment and was used in
thecurrent studyto allowfuturecomparisons with patient
data.
In 1998, Japanʼ
s Ministry of Education, Culture,
Sports, Science and Technology adopted the oneleg

http://escholarship.lib.okayama-u.ac.jp/amo/vol58/iss4/3
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standing time with the eyes open as a criterion for the
evaluation of ﬁ
tness in persons over 65 years old［20］.
Some researchers have noted, however, that decreased
visual acuity contributes to falling. Lord et al. ［7］
analyzed the characteristics of elderly persons who
repeatedly fell and reported a decrease in quadriceps
muscle power in addition to decreased tactile sensation
and narrowed visualﬁ
eld. Sincevisualposturalcontrolis
present with the eyes open, the authors of the current
studyregarded as necessarystabilometric tests that deny
visual input, and we performed measurement during
oneleg standing with the eyes both open and closed.
Yamanaet al. evaluated thereliabilityofstabilometric
tests during oneleg standing with theeyes open or closed
and reported that the mean value in 5 measurements (10
sec each)during oneleg standing was as reliable as the
value obtained during twoleg standing ［21］. Their
method was used in the current study.
During twoleg standing in the current study, body
swaywith the eyes closed was 1.09‑1.35 times that with
the eyes open, which is a signiﬁ
cant diﬀerence (P ＜
0.001). During oneleg standing, body sway with the
eyes closed was about 3 times that with the eyes open.
Bodyswaywas signiﬁ
cantlygreater with the eyes closed
than with the eyes open during both oneleg and twoleg
standing. These higher scores reﬂ
ect the increased frequency of postural corrections required to maintain balance. In addition, the increase in sway with the eyes
closed was more marked during oneleg standing than in
twoleg standing. This ﬁ
nding was expected; however,
36 of 57 subjects (62 )were unable to maintain oneleg
standing with eyes closed, and this failurecorrelated with
marked bodysway(P ＝ 0.0086). Manysubjects had one
leg that was classiﬁ
ed as stableand theother leg classiﬁ
ed
as unstable. The unstable group included 27 right legs
(46.6 ) and 19 left legs (32.8 ). LNG/TIME and
ENV.AREA during oneleg standing with theeyes closed
showed signiﬁ
cantly more marked sway in the unstable
group than in the stable group. It is reasonable to infer
that such a marked increase in sway might also increase
the risk of falls. The cause of such markedly diﬀerent
sway within individual subjects is not apparent from our
ﬁ
ndings. Clearly, testing of both legs alternately with
eyes closed is necessaryto measurethefullrangeofsway
in subjects, and to avoid underestimations. While the
ﬁ
tnessscreening version of the oneleg standing maintenance time with eyes open is simple to perform, it is not
appropriate for risk assessment.
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In the stable group, LNG/E, which represents the
ﬁ
ne postural control function by proprioceptive reﬂ
exes,
correlated with toe abductor power, knee extensor
power/bodyweight, kneeﬂ
exorpower/bodyweight, and
the knee ﬂ
exor/extensor power ratio. As originally
hypothesized, this ability was higher with higher muscle
power, but only for the stable legs.
Interestingly, the rate of sway (LNG/TIME) and
muscle power did not correlate signiﬁ
cantly in either
group in oneleg standing with eyes open or closed. In
general, although bodyswayas acombined measurewas
markedly greater in the unstable group, body sway did
not correlate signiﬁ
cantly with lower extremity muscle
power. It would have been convenient to use a simple,
noninvasivemeasureoflower extremitymusclepower to
approach risk assessment, but wefound that our original
hypothesis was not fully supported. Lower extremity
musclepower did not appear to bethedominant factor in
maintaining balance in these young subjects. The failure
to maintain balanceduring thetest mayalso beassociated
with elements other than sway such as weakening of the
feedback system, decrease in postural control cognitive
ability, or a high center ofgravity. Other musclegroups
might play a greater role in balance than was believed.
The relative contributions of factors that determine body
sway remain speculative, and clariﬁ
cation of the roles of
other muscle groups is needed. The current study
showed that lower extremity muscle power has a limited
rolein balance, and oneleg eyeclosed testing ofbothlegs
is necessary to assess balance in individuals.
Acknowledgments. Cherie McCown provided assistance with manuscript preparation.

References
1. Ikai T, Kamikubo T, Takehara I, Nishi M and Miyano S: Dynamic
PosturalControlin Middleaged and ElderlyPeople. JpnJ RehabilMed
(2002)39: 311‑316 (in Japanese).
2. Prudham D and Evans JG: Factors associated with falls in the elderly:
Acommunitystudy. Age Ageing (1981)10: 141‑146.
3. Yasumura S, Haga H, Nagai H, Suzuki T, Amano H and Shibata H:
Rate offalls and the correlates among elderlypeople living inanurban
communityin Japan. Age Ageing (1994)23: 323‑327.

Produced by The Berkeley Electronic Press, 2004

4. Overstall PW, ExtonSmith AN, Imms FJ and Johnson AL: Falls in the
elderlyrelated to postural imbalance. Br Med J (1977)29: 261‑264.
5. Wolfson L, Whipple R, DerbyCA, AmermanPandNashnerL: Gender
diﬀerences in the balance of healthy elderly as demonstrated by
dynamic posturography. J Gerontol (1994)49: M160‑167.
6. Rubenstein LZ and Robbins AS: Falling syndrome in elderlypersons.
Compr Ther (1989)15: 13‑18.
7. Lord SR, Ward JA, Williams P and Anstey KJ: Physiological factors
associated with falls in oldercommunitydwelling women. J AmGeriatr
Soc(1994)42: 1110‑1117.
8. The Japan Society for Equilibrium Research: The criteria of
stabilometric test. Equilibrium Res (1983)42: 367‑369 (in Japanese).
9. Yamamoto K, Senda M, Hanakawa S and Inoue H: Relationship
between muscle powerofthe toes and foot longitudinalarch. Cent Jpn
Orthop Traumat (1992)36: 1363‑1364 (in Japanese).
10. Bloem BR, Steijn JA and SmitsEngelsman BC: An update on falls.
Curr Opin Neurol (2003)16: 15‑26.
11. Kobayashi T, Hosoda M, Minematsu R, Sasaki H, Maezima H,
Tanaka Y, Kanemura N, Matsuo A, Takayanagi Kand Yoshimura O:
Inﬂ
uence for static balance by toegathering exercise in the elderly.
Nippon Saigai Igakkai Igakkaishi (1999)47: 633‑636 (in Japanese).
12. ShawJM and SnowCM: Weighted vest exercise improves indices of
fallriskin olderwomen.J GerontolABiolSciMed Sci(1998)53: M53‑
58.
13. Carter ND, Khan KM, Mallinson A, Janssen PA, Heinonen A, Petit
MA, Mckay HA and FallFree BC Research Group: Knee extension
strength is a signiﬁ
cant determinant ofstatic and dynamic balance as
well as quality of life in older communitydwelling women with
osteoporosis. Gerontology(2002)48: 360‑368.
14. Kawate N: The Sway Paths of the Center of Gravity in the Staticstanding Posture, Staticsitting Posture and the Voluntary Shiftingsitting Posture of Hemiparetic Stroke Patients. Jpn J Rehabil Med
(1997)34: 121‑128 (in Japanese).
15. SacleyCM and Lincoln NB: Weight distribution and postural swayin
healthyadults. Clin Rehabil (1991)5: 181‑186.
16. Yagi K: Multivariate statistical analysis in stabilometry in human
upright standing (the ﬁ
rst report)agerelated factor. Nippon Jibiinkouka Gakkai Kaiho (1989)92: 899‑908 (in Japanese).
17. Baron JB: Presentation dʼ
un appareil pour mettre en evidence les
deplacements du center de gravite du corps dans le polygone de
sustentation. Societe de Medecine et dʼ
Hygiene du Travail(1964)25:
41‑49.
18. Kapteyn TS: The Stabilogram: Measurement techniques. Agressologie (1972)13C, 75‑78.
19. Imaoka K, Murase H and Hukuhara M: Collection ofData for Healthy
Subjects in Stabilometry. Equilibrium Res Suppl (1997)12: 1‑84 (in
Japanese).
20. MinistryofEducation, Culture, Sports, Science and Technology: The
outline of ﬁ
tness test byage group. Ministry of Education, Culture,
Sports, Science and Technology(1998)pp 8 (in Japanese).
21. Yamana K, Ikuma H, Imazyo T, Senda M and Inoue H: The reliability
of balance test performed bysinglelimb stabilometry. The Cent Jpn
Orthop Traumat (2001)44: 339‑340 (in Japanese).

7

