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ABSTRACT

This study aimed to examine the effects of open/
closed eyes and age difference on Center of
Foot Pressure (COP) sway during stepping. The
subjects were 87 healthy males aged 10 - 80 years.
COP was measured 20 times when subjects
stepped on two force plates (left and right) at a
rate of 60 steps/min. The evaluation parameters
selected were: total trace length, velocity, cir-
cumference, rectangular area, left-right width, and
front-back width. The former four of these pa-
rameters were found to be significantly lower
with eyes open than eyes closed in 80-year-old
subjects, while the last parameter was signifi-
cantly lower with eyes open in 10-year-old sub-
jects. In 70- and 80-year-old subjects with eyes
open, circumference was greater than that in 10-
and 40 - 60-year-old subjects; their rectangular
area was greater than that in 50- and 60-year-old
subjects; and their front-back width was greater
than that in 10- and 30 - 60-year-old subjects.
With eyes closed, circumference, rectangular area,
left-right width, and front-back width in 80-year-
old subjects, were greater than those in 10 - 70-
year-old subjects. The front-back width during
stepping with eyes closed was greater in 70- and
80-year-old subjects than in 30 - 50-year-old sub-
jects. The Romberg quotient for all COP sway
parameters revealed no significant age-related
differences. From our findings, a difference in
body sway was observed in 80-year-old subjects
(with eyes open/closed) when compared with the
other age groups. In addition, the extent of sway
varied little among <60-year-old subjects. How-
ever, COP sway was greater with eyes open in
70- and 80-year-old subjects compared with <60-
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year-old subjects, and greater with eyes closed
in 80-year-old subjects compared with <70-
year-old subjects. In conclusion, >80 year-old-
subjects have greater body sway during step-
ping, particularly with eyes closed.

Keywords: Elderly; Dynamic Balance; Tempo;
Stepping; Center of Foot Pressure (COP)

1. INTRODUCTION

Posture control during standing is closely related to
basic human movements such as walking and standing
up. To date, the Center of Foot Pressure (COP) has been
used to evaluate postural control ability of humans [1,2].
COP sway during standing has a close relationship with
static balance [3-5], and sway characteristics have been
studied in various age groups from infants to the elderly
[5,6]. Using COP sway during stepping, Ohnishi et al.
[7] evaluated dynamic balance of the movements that
change the support base such as walking and ascending
and descending stairs. They examined the age-related
differences in total trace length of COP sway at 80%,
70%, and 60% of Maximum Step Length (MSL) of the
Rapid Step Test (RST) and reported that RST was greater
in the elderly than in the young under all MSL conditions.
Fujiwara et al. [6] examined age-related differences of
COP during forward and backward bending postures in
subjects aged 20 - 70 years, and reported that the trace
length lengthened with age and that the front-back width
of the effective support base (which is an index of ba-
lance) differed between 60-year-old and 70-year-old sub-
jects. In recent times, most developed nations comprise a
greater proportion of individuals >80 years in their popu-
lation. Although these individuals are able to live inde-
pendently, they tend to become unstable even while
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standing up and walking, which are basic daily move-
ments. This occurs due to a marked reduction in various
physical functions including balance and leg strength;
hence, falling over is more likely. Therefore, it is impor-
tant to prevent or discourage the decrease of physical
functions that are closely related to daily life movements
and to evaluate them accurately. Shin & Demura [8] re-
cently evaluated dynamic balance in the elderly using
stepping movements. Because stepping on the spot alters
the supporting base in a similar way as in RST, COP
during stepping may be different between the young and
the elderly.

On the other hand, people normally prevent a collap-
sing posture by integrating vestibular, visuosensory, and
somatosensory information from the central nervous sys-
tem [1]. Of these three senses, the visual system has a
very important role in maintaining stable posture, and it
has been postulated that reduced visual function markedly
affects postural control [9]. In regard to postural control,
the elderly were found to have greater dependence on
visual information than the young [10]. Masani et al. [11]
reported a difference in COP sway in the elderly between
open/closed eyes, but not in the young; in addition,
Brenton et al. [12] reported this difference in the elderly.
As mentioned above, it is hypothesized that the contribu-
tion of visual information to postural control increases
with age; in short, an age-related difference in COP exists
between the conditions of open/closed eyes. In stepping
movements at a set tempo, subjects use only one leg
support to control their physical center of gravity while
adhering to a set tempo; hence, this may be a more diffi-
cult exercise than RST. Consequently, the following is
assumed: a difference between open/closed eyes in rela-
tion to COP sway during stepping at a set tempo is more
marked in the elderly than in the young. In addition, espe-
cially the very elderly, find it difficult to maintain stable
posture when the weight is supported by one leg due to
reduction in strength of the leg musculature; sub se-
quently, they may show a greater COP change in the

Table 1. Basic statistics of subjects’age, height, and weight.

left-right direction when compared to the young, par-
ticularly with eyes closed.

This study aimed to examine the effect of open/closed
eyes and age on COP sway during stepping at a set tempo.

2. METHODS
2.1. Subjects

The subjects were 87 healthy males aged 10 - 90 years.
Sample sizes of each 10-year age group ranged from 10
to 13. Table 1 shows means of the age, height, and weight
of each group. We explained the purpose, methods, and
risks of the study protocol to the subjects and obtained
their consent. The study protocol was approved by the
Kanazawa University Department of Education.

2.2. Experiment Equipment and Methods

Equipment

A stabilometer (GP-31W; Anima, Tokyo, Japan) was
used to measure COP during stepping. This machine cal-
culates COP of vertical loads from the values of three
vertical load sensors located at the corners of an isosceles
triangle on a leveled surface. The data sampling fre-
quency was 20 Hz.

Study methods

The subjects stood on two platforms (left and right)
with arms rested comfortably on their sides. They were
instructed to focus on the central fixation target with eyes
open and then to gradually close them. After this, they
were instructed to step 40 times in synchrony with a
beeping sound (60 steps/min). All the trials were con-
ducted once with eyes open and once with eyes closed.

2.3. Parameters

The following evaluation parameters of the center of
gravity were selected:

Total trace length (the full length that COP moved
during stepping); velocity (mean velocity); circumference

Age (year) Height (cm) Weight (kg)

Mean SD Mean SD Mean SD
10-year-old 16.3 1.6 170.4 53 56.7 6.6
20-year-old 22.3 20 173.6 45 69.0 8.0
30-year-old 34.6 2.2 173.2 4.2 78.6 5.6
40-year-old 45.8 2.0 171.8 29 77.9 135
50-year-old 54.8 2.6 170.3 4.3 70.8 9.2
60-year-old 64.9 3.3 164.0 4.7 64.7 9.0
70-year-old 74.4 3.0 159.5 7.6 57.9 12.0
80-year-old 83.4 34 160.3 7.1 58.6 9.3

Copyright © 2012 SciRes.

OPEN ACCESS



74 H. Aoki et al. / Advances in Aging Research 1 (2012) 72-77

(medial area surrounded by circumference of a trace of
COP sway); rectangular area (bounded by front-back
circumference and horizontal direction of sway); left-
right width (greatest deflection distance); and front-back
width (greatest deflection distance). When these have a
large variation, postural control ability is evaluated to be
inferior.

2.4. Data Analysis

One-way non-repeated analysis of variance (ANOVA)
measures were used to clarify age-related differences by
Romberg quotient. Two-way ANOVA (one-factor re-
peated-measures) was used to clarify the mean differences
in age and eyes open/closed values for COP sway para-
meters. When a significant interaction or effect was found,
Tukey’s Honestly Significant Difference (HSD) test was
used for multiple comparisons. The level of signifi-
cance was determined as 0.05.

3. RESULTS

Table 2 displays the test results for age-related dif-
ferences by Romberg quotients for COP sway parame-
ters. No significant age-related differences were found in
all the parameters.

Table 3 shows the results of two-way ANOVA (age
and eyes open/closed) for COP parameters. Total trace
length, velocity, circumference, rectangular area, and le-
ft-right width were significantly less with eyes open than
eyes closed in 80-year-old subjects, and front-back width
was significantly less with eyes open than eyes closed in
10-year-old subjects. In 70- and 80-year-old subjects
with eyes open, the circumference was greater than that
in 10- and 40 - 60-year-old subjects; rectangular area was
greater than that in 50- and 60-year-old subjects; and,

front and back width was greater than that in 10- and 30 -
60-year-old subjects. With eyes closed, circumference,
rectangular area, left-right width, and front-back width
were greater in 80-year-old subjects than those in 10 -
70-year-old subjects. The front-back width during step-
ping with eyes closed was greater in 70- and 80-year-old
subjects than in 30 - 50-year-old subjects.

4. DISCUSSION

There were insignificant differences in 10 - 60-year-old
subjects in COP sway parameters: circumference, rec-
tangular area, left-right width, and front-back width in
both the cases (eyes open/closed). Duncan et al. [13]
reported that the performance of a Functional Reach Test
(FRT) was 94.6% in 41 - 69-year-old subjects and to 72.0%
in 70 - 87-year-old subjects when using the results of 20 -
40-year-old subjects as the criteria for comparison. The
above results suggest that FRT was maintained at about
95% of that of the young until about 70 years of age,
indicating a minimal decrease in performance with age.
Himann et al. [14] reported that walking speed decreases
12% - 16% every 10 years after 60 years of age. In old
age, dynamic balance contributes considerably to walk-
ing due to decreased leg muscle function. Because a step
test with stipulated tempo demands subjects to step while
matching tempo and to stand with one leg, dynamic ba-
lance relates strongly to achieve the test [8]. Although
the test used in the present study requires a different type
of balance from that in FRT or walking test, >70-year-old
subjects may find it very difficult to per- form the step
movement due to markedly decreased dynamic balance.

In <70-year-old subjects, total trace length, velocity,
circumference, rectangular area, and left-right width re-
vealed insignificant differences with eyes open/closed.

Table 2. Basic statistics and results of one-way ANOVA of Romberg quotients for COP sway parameters.

10-year-old 20-year-old  30-year-old 40-year-old 50-year-old 60-year-old 70-year-old 80-year-old

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Toltear:;trﬁce 104 004 102 004 101 005 104 005 105 006 104 008 103 006 108 008
Velocity ~ 1.03 004 102 004 100 005 105 006 106 005 104 008 105 007 109 0.9
Circumference 1.32 014 115 018 120 026 124 029 136 022 130 025 125 037 152 040
Rec;gg“'ar 139 019 113 016 116 019 124 027 131 025 131 030 120 030 140 0.36
Leftrightwidth 110 010 107 008 106 005 109 008 111 007 106 007 109 012 113 0.5
F“\’A’,‘ité't’r?c" 126 012 105 011 109 015 114 021 118 019 122 023 110 028 123 027

df: degree of freedom
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Table 3. Basic statistics and results of two-way ANOVA for COP parameters.

75

Eyes open
Total trace length Velocity Circumference Rectangular area Left-right width Front-back width
(cm) (cm/sec) (cm?) (cm?) (cm) (cm)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
10 yr 1027.3 107.6 41.8 43 132.0 23.9 238.5 38.7 20.8 1.6 115 2.0
20 yr 1097.7 144.3 44.6 5.9 167.8 35.7 293.0 65.0 21.4 2.0 13.6 2.2
30 yr 1035.0 126.6 42.4 5.2 148.5 37.0 269.2 57.4 21.4 2.2 125 1.7
40yr 1017.1 1254 41.6 55 138.9 26.8 241.3 394 211 2.0 114 13
50 yr 937.2 140.0 38.0 5.7 120.6 29.0 2159 515 19.5 22 11.0 1.6
60 yr 962.6 101.9 39.3 4.1 131.6 2715 233.6 50.8 20.2 1.9 11.6 2.2
70yr 946.9 153.2 38.2 6.9 189.1 935 320.3 142.9 20.5 2.3 15.6 5.9
80 yr 1035.6 164.0 42.1 7.1 225.8 106.8 405.1 199.7 23.0 34 17.1 7.1
Eyes closed
10 yr 1067.4 132.0 43.2 5.2 174.3 37.1 331.8 79.2 229 2.0 144 25
20 yr 1118.4 147.8 45.5 6.0 191.4 40.3 328.5 70.7 22.8 19 14.3 24
30yr 1039.3 106.2 42.4 4.3 1711 249 304.2 36.7 22.6 15 135 1.2
40 yr 1053.9 104.5 43.6 5.0 169.9 38.6 296.7 74.1 22.9 2.2 129 2.3
50 yr 973.9 116.5 40.0 4.8 160.2 33.0 275.8 56.7 215 1.6 12.8 21
60 yr 994.8 102.2 40.8 3.9 1725 57.5 301.9 88.8 215 2.3 13.9 2.9
70 yr 972.0 177.1 40.1 8.1 214.0 727 363.9 1425 225 4.8 15.9 3.7
80 yr 1119.1 195.0 45.8 8.1 320.7 122.4 528.6 220.7 26.0 48 19.7 5.7
F1 F2 F3
Total trace length 1.95 (df:7,df:79) 27.947 (df:1,df:79) 1.41 (df:7,df:79)
Velocity 1.75 (df:7,df:79) 36.93" (df:1,df:79) 1.77 (df:7,df:79)
Circumference 6.85" (df:7,df:79) 72.45" (df:1,df:79) 3.00" (df:7,df:79)
Rectangular area 5.47" (df:7,df:79) 71.14" (df:1,df:79) 2.03 (df:7,df:79)
Left-right width 2.67" (df:7,df:79) 62.70" (df:1,df:79) 0.77 (df:7,df:79)
Front-back width 5.28" (df:7,df:79) 35.05" (df:1,df:79) 1.45 (df:7,df:79)
Post-hoc
Total trace length 80yr:0<C
Velocity 80yr:0<C
Circumference 80yr:0<C O010yr40-60yr<70yr80yr,20yr30yr<80yr C10-40yr60 yr-70yr<80yr,50yr<70yr80yr
Rectangular area 80yr:O0<C O 10 yr-50 yr-60 yr < 70 yr-80 yr, 20 - 40yr-70 yr <80 yr C 10-40 yr-60 yr-70 yr <80 yr, 50 yr < 70 yr-80 yr
Left-right width 80yr:0<C O 50 yr-60 yr <80 yr C 10 yr - 70yr <80 yr
Front-back width 10yr.0<C 010 yr-30 - 60 yr < 70 yr-80 yr, 20 yr < 80 yr C10yr20yr60yr70yr<80yr,30-50yr<70

yr-80 yr
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yr: year-old, O:eyes open, C: eyes closed, df: degree of freedom.
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When examining the effect of eyes closed on COP pa-
rameters, the Romberg quotient (eyes closed sway/eyes
open sway) is generally used [15]. Romberg quotients in
our study for total trace length at all age levels were in
the range 1.00 - 1.04; in short, they continued to be low
regardless of age levels. Shin & Demura [16] reported
that similar to the other age levels, the elderly could
achieve cyclic exercises performed daily such as walking
with stable posture. Because stepping at a tempo of 60
steps/min resembles walking and is a periodic exercise
performed on the spot [16], it is considered that even the
elderly could step with a stable posture regardless of eyes
open/closed. Consequently, this explains our observation
of minimal difference in COP sway in relation to eyes
open/closed.

Romberg quotients were not different among age
groups for all the parameters; however, we could confirm
that COP sway parameters differed for 80-year-old sub-
jects in regard to eyes open/closed. Lin & Woollacott
[17] reported that balancing ability relates to leg strength.
Frontera et al. [18] studied longitudinal changes in mus-
cle strength of the elderly (65.4 + 4.2 years) and reported
that this decreased by 1.4% - 2.5% over one year. More-
over, Larson et al. [19] reported that muscle strength de-
creased by 1.5% every year after 60 years of age. The
marked decrease in leg strength of >80-year-old subjects
creates difficulties in stepping while maintaining posture.
However, when the eyes are closed stepping is dependent
on somatosensory and vestibular information only. Thus,
in the very elderly, COP sway during stepping may vary
depending on whether the eyes are open or closed. Fur-
thermore, predominantly in very elderly individuals, ma-
rked reduction in various physical functions including
dynamic balance can lead to an increase in fall anxiety
caused by sight restriction. However, in our study, they
compensated for this by taking larger steps when the
eyes were closed rather than eyes opened, thereby in-
creasing COP sway.

With eyes open, 80-year-old subjects recorded greater
circumference and left-right width than <60-year-old
subjects; however, with eyes closed, circumference, rec-
tangular area, left-right width, and front and back width
were greater than those in <70-year-old subjects. In short,
age-related differences in COP sway during stepping
differed between eyes open and eyes closed. It was con-
firmed that the hip abductor muscle groups contribute to
the stability of lateral movements of the pelvis during
stepping [20]. Furthermore, a decrease in muscle strength
(e.g., anterior tibial and peroneal muscles) related to
plantar flexion and dorsiflexion exercise of the ankle
relates to stability of the trunk and head [21]. In short,
leg strength is closely related to dynamic balance, which
maintains stability during standing. The stepping proce-
dure at a set tempo used in this study requires the subject
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to support the body with either leg alternately; however,
when leg strength decreases it becomes difficult to step
while maintaining postural stability. This becomes more
difficult with eyes closed which interrupt the sight. The
foregoing indicates the possibility that COP sway during
stepping with eyes closed is greater in 80-year-old sub-
jects when compared with younger subjects.

In addition, the COP sway (front-back width) during
stepping with eyes closed was greater in 70- and 80-year-
old subjects than in 30-50-year-old subjects. According
to Ikai et al. [22], reaction to disturbance stimulation is
slower in elderly (65 - 75-year-old) than in middle-aged
individuals (45 - 55-year-old). In-place stepping is a kind
of disturbance stimulation. The super elderly have mar-
ke dly decreased leg strength; therefore, it is inferred that
the degree of dependence on sight information for pos-
tural control becomes relatively high. This limitation
largely affects the maintenance of a stable posture. Ther-
efore, there is a possibility that COP sway is different
between the elderly individuals aged above 70 years (su-
per elderly) and middle-aged individuals.

As stated above, super elderly individuals with de-
creased leg strength find it difficult to support the body
with a single leg and step while maintaining postural sta-
bility; this can affect COP sway during stepping. To de-
crease the degree of physical sway, it is essential to en-
sure accurate sight information and increased leg strength in
the super elderly.

5. CONCLUSION

We observed a significant difference in body sway of
>80-year-old subjects during stepping between eyes open
and eyes closed, unlike other subjects. In addition, re-
gardless of whether the eyes were open or closed, we
observed minimal difference in COP sway during step-
ping in <60-year-old subjects. Furthermore, COP with
eyes open, was greater in the 70- and 80-year-old sub-
jects than the same in <60-year-old subjects; COP with
eyes closed was greater in 80-year-old subjects when
compared with <70-year-old subjects.

REFERENCES

[1] Demura, S., Kitabayashi, T., Kimura, A. and Matsuzawa,
J. (2005) Body sway characteristics during static upright
posture in healthy and disordered elderly. Journal of
Physiological Anthropology and Applied Human Science,
24, 551-555. doi:10.2114/jpa.24.551

[2] Demura, S., Kitabayashi, T. and Noda, M. (2006) Selec-
tion of useful parameters to evaluate center-of-foot pres-
sure movement. Perceptual & Motor Skills, 103, 959-973.
doi:10.2466/pms.103.3.959-973

[3] Noda, M., Demura, S., Kitabayashi, T. and Imaoka, K.
(2005) Examination of quantitative and fractal analysis of

OPEN ACCESS


http://dx.doi.org/10.2114/jpa.24.551
http://dx.doi.org/10.2466/pms.103.3.959-973

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

H. Aoki et al. / Advances in Aging Research 1 (2012) 72-77 77

sway characteristics of the center of foot pressure move-
ment during a static upright posture. Analysis Based on
Alcohol Intake, 45, 229-237.

Demura, S., Kitabayashi, T. and Noda, M. (2008) Power
spectrum characteristics of sway position and velocity of
the center of pressure during static upright posture for
healthy people. Perceptual & Motor Skills, 106, 307-316.
doi:10.2466/pms.106.1.307-316

Demura, S., Kitabayashi, T., Noda, M. and Aoki, H.
(2008) Age-stage differences in body sway during a static
upright posture based on sway factors and relative accu-
mulation of power frequency. Perceptual & Motor Skills,
107, 89-98. doi:10.2466/pms.107.1.89-98

Fujiwara, K., Ikegami, H., Okada, M. and Koyama, Y.
(1982) Contribution of age and muscle strength of lower
limbs to steadiness and stability in standing posture. The
Journal of Anthropological Society of Nippon, 90, 385-
399. doi:10.1537/ase1911.90.385

Ohnishi, A., Togo, F. and Ishimatu, K. (2010) Influence
of age, falls, and step length on the postural sway during
rapid stepping. Dynamics & Design Conference, 10, 621-
625.

Shin, S. and Demura S. (2010) The relationship between
the stipulated tempo step test, daily activity ability and
gait time in elderly. Archives of Gerontology and Geriat-
rics, 51, 333-337. doi:10.1016/j.archger.2010.01.014

Paulus, W., Straube, A. and Brandt, T. (1984) Visual sta-
bilization of posture. Physiological stimulus characteris-
tics and clinical aspects. Brain, 107, 1143-1163.
doi:10.1093/brain/107.4.1143

Mizukoshi, K., Watanabe, Y., Nakagawa, H., Asai, M.,
Ohashi, N. and Shojaku, H. (1993) Age dependent change
of postural control with special reference to visual and
proprioceptive influences. Otologia Fukuoka, 39, 745-
749.

Masani, K., Vette, A.H., Kouzaki, M., Kanehisa, H., Fu-
kunaga, T. and Popovic, M.R. (2007) Larger center of
pressure minus center of gravity in the elderly induces
larger body acceleration during quiet standing. Neurosci-
ence Letters, 422, 202-206.
doi:10.1016/j.neulet.2007.06.019

Brenton-Rule, A., Bassett, S., Walsh, A. and Rome, K.
(2011) The evaluation of walking footwear on postural
stability in healthy older adults: An exploratory study.
Clinical Biomechanics, 26, 885-887.

Copyright © 2012 SciRes.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

doi:10.1016/j.clinbiomech.2011.03.012

Duncan, P.W., Weiner, D.K., Chandler, J. and Studenski,
S. (1990) Functional reach: A new clinical measure of
balance. The Journals of Gerontology, 45, 192-197.

Himann, J.E., Cunningham, D.A., Rechnitzer, P.A. and
Paterson, D.H. (1988) Age-related changes in speed of
walking. Medicine & Science in Sports & Exercise, 20,
161-166. doi:10.1249/00005768-198820020-00010

Cornilleau-Pérés, V., Shabana, N., Droulez, J., Goh, J.C.,
Lee, G.S. and Chew, P.T. (2005) Measurement of the vis-
ual contribution to postural steadiness from the COP
movement: Methodology and reliability. Gait Posture, 22,
96-106. doi:10.1016/j.gaitpost.2004.07.009

Shin, S. and Demura, S. (2007) Effective tempo of the
step test for dynamic balance ability in the elderly. Jour-
nal of Physiological Anthropology, 26, 563-567.
d0i:10.2114/jpa2.26.563

Lin, S.I. and Woollacott, M. (2005) Association between
sensorimotor function and functional and reactive balance
control in the elderly. Age Ageing, 34, 358-363.
doi:10.1093/ageing/afi089

Frontera, W.R., Hughes, V.A., Fielding, R.A., Fiatarone,
M.A., Evans, W.J. and Roubenoff, R. (2000) Aging of
skeletal muscle: A 12-year longitudinal study. Journal of
Applied Physiology, 88, 1321-1326.

Larsson, L., Grimby, G. and Karlsson, J. (1979) Muscle
strength and speed of movement in relation to age and
muscle morphology. Journal of Applied Physiology, 46,
451-456.

Rogers, M.W. and Mille, M.L. (2003) Lateral stability
and falls in older people. Exercise and Sport Sciences Re-
views, 31, 182-187.
doi:10.1097/00003677-200310000-00005

Wu, G. (1998) The relation between age-related changes
in neuromusculoskeletal system and dynamic postural
responses to balance disturbance. The Journals of Geron-
tology, Series A: Biological Sciences and Medical Sci-
ences, 53, 320-326. doi:10.1093/gerona/53A.4.M320

Ikai, T., Kamikubo, T., Takehara, I., Nishi, M. and Mi-
yano, S. (1998) Dynamic postural control in middle-aged
and elderly people. The Japanese Journal of Rehabilita-
tion Medicine, 39, 311-316. doi:10.2490/jjrm1963.39.311

OPEN ACCESS


http://dx.doi.org/10.2466/pms.106.1.307-316
http://dx.doi.org/10.2466/pms.107.1.89-98
http://dx.doi.org/10.1537/ase1911.90.385
http://dx.doi.org/10.1016/j.archger.2010.01.014
http://dx.doi.org/10.1093/brain/107.4.1143
http://dx.doi.org/10.1016/j.neulet.2007.06.019
http://dx.doi.org/10.1016/j.clinbiomech.2011.03.012
http://dx.doi.org/10.1249/00005768-198820020-00010
http://dx.doi.org/10.1016/j.gaitpost.2004.07.009
http://dx.doi.org/10.2114/jpa2.26.563
http://dx.doi.org/10.1093/ageing/afi089
http://dx.doi.org/10.1097/00003677-200310000-00005
http://dx.doi.org/10.1093/gerona/53A.4.M320
http://dx.doi.org/10.2490/jjrm1963.39.311

