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Abstract

The vertical ground reaction force (GRF) parameters in a sit-to-stand movement are
useful for measuring lower-limb muscle strength and power in older adults. The purpose of
this study was to examine which GRF parameters would be more strongly associated with
a person's physical functioning, history of falls, fear of falling and mobility limitations, all of
which are known to be related to lower-limb muscle strength and power. We performed
cross—sectional analyses on 363 community-dwelling older adults, which included 160 men

and 203 women, aged 65-85 years (734 *

5.3 years). Five parameters were measured; peak

reaction force, two rate of force development and two time-related parameters. Their rate
of force development was relatively higher correlated with results from timed “up and go”
tests, standing times from a long sitting position and 4-way choice reaction times (partial r =
-0.37 ~ -052); these tests were accompanied with a dynamic movement of lower-limb; than
their peak reaction force and time-related parameters. The rate of force development were
poorer in subjects reporting falls, a fear of falling or a mobility limitation compared with those
reporting no falls, fear of falling or mohility limitation. These results suggest that measuring
the rate of force development in a sit-to-stand movement provide a" better assessment of

lower-limb muscle strength and power.

(Jpn. J. Phys. Fitness Sports Med., 60(4) : 387~399 (2011))
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Table 1. Descriptive date of subjects.
All (n = 363) Men (n = 160) Women (n = 203)
Mean SD Mean SD Mean SD
< Characteristics >
Age (year) 734 = 53 741 = 56 72.9 = 4.9
Height (cm) 155.0 = 8.8 162.4 + 65 1493 = 55
Body weight (kg) 554 + 9.3 605 = 87 514 % 7.8
body mass index (kg/m®) 230 % 3.2 22.9 + 2.8 231 + 34
Systolic blood pressure (mmHg) 140 + 20 139 + 19 141 &+ 21
Diastolic blood pressure (mmHg) 76 = 11 76 + 11 76 + 10
Medication use (piece) 23 = 25 21 + 21 24 + 2.8
Lower limb pain”, yes % (n) 21.8% (79) 11.3% (18) 30.0% (61)
Lower back pain”, yes % (n) 14.0% (51) 13.1% (21) 14.8% (30)
History of CVD“7 yes % (n) 4.4% (16) 5.6% (9) 3.4% (7)
Smoking habit”, yes % (n) 9.6% (35) 18.1% (29) 3.0% (6)
Education (year) 111+ 2.6 114 = 2.8 109 =+ 25
Physical activity (score) 123.0 = 60.3 126.8 = 69.4 1200 = 521
Five cognitive function test (score) 615 + 185 60.1 + 185 62.6 =+ 185
< Ground reaction force parameters>
Flw (kgf-kg ) 1.38 = 013 146 = 012 132 % 0.09
RFD 1w (kgffs kg 1457 = 3.73 15.80 + 3.97 13.60 = 3.23
RFD9/w (kgfls kg 1011 = 2.02 10.85 + 2.14 952 + 1.72
T1 (ms) 312 + 104 301 = 86 320 = 115
T2 (ms) 867 = 175 845 & 155 884 = 188
< Physical performance tests’>
5-time sit-to-stand (s) 7.88 £+ 2.19 8.00 = 2.30 779 = 210
Grip strength (kg) 280 + 81 347 + 69 927 + 4.0
5-m habitual walk (s 3.69 + 0.66 3.65 = 0.66 3.72 + 0.66
Timed "up and go" (s) 592 = 1.14 572 + 1.05 6.08 + 1.18
Standing time from a long sitting position  (s) 280 = 1.24 2.43 *= 0.89 3.09 = 139
Sit and reach (em) 340 = 91 335 = 101 344 = 82
Functional reach (cny) 267 + 54 274 + 55 26.1 = 5.3
One-leg balance with eyes open (s) 345 + 224 349 = 229 34.2 + 220
Simple reaction time (ms) 499 =+ 128 482 = 123 512 + 131
4-way choice reaction time (ms) 1059 =+ 162 1047 + 123 1068 + 187
Hand working with peg board (s) 382 + 6.2 386 = 5,1 380 = 7.0
< Fall-related items>
History of any falls, yes % {n) 17.1% (62) 11.9% (19) 21.2% (43)
Fear offallingﬂ, yes % (n) 36.0% (130) 23.8% (38) 45.8% (92)
< Self-rated mobility limitations>
Climbing 10 steps”, difficult % () 17.9% (65) 11.3% (18) 23.2% (47)
Rising from chair”, difficult % (n) 10.2% (37) 6.3% (10 13.4% (27)
Walking for 15 minutes”, difficult % (n) 11.0% (40) 8.1% (13) 13.3% (27)
Mobility limitation”, incident
(Having one or more difficulties) % () 24.3% (88) 16.9% (27) 30.2% (61)

*P < 005 (presence of gender difference)

n = 356-363, because a few subjects were unable to or didn't perform, or had missing values.

a x 2 test
SD: standard deviation.

CVD: cerebrovascular disease, F: peak reaction force, RFD1: maximal rate of force development (A 10 ms),
RFD9: maximal rate of force development (A90 ms), Tl: a time during developing force. T2: chair-rise time, w:

body weight.
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Fig. 1. Ground reaction force parameters.
F: peak reaction force, RFD1: maximal rate of force development
(A10 ms), RFD9: maximal rate of force development (A90 ms),
T1: a time during developing force, T2: chair-rise time.
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Comparison in characteristics and ground reaction force parameters

between subjects with and without assessment of reproducibility.

Subjects with
assessment of

Subjects without
assessment of

reproducibility reproducibility
(n=14) (n = 349)
Mean SD Mean SD P-value
< Characteristics >

Age (years) 734 = 3.3 734 + 5.3 ns
Height (em) 1555 + 8.2 1550 + 89 ns
Body weight (kg) 536 = 6.1 554 % 9.4 ns
body mass index (kg/m?) 222 £ 22 231 + 32 ns
SBP (mmHg) 137+ 12 141 + 20 ns
DBP (mmHg) 73 = 8 76 = 11 ns

Percentage of women (Men/Women)”

< Ground reaction force parameters>

64.3% (5/9)

55.6% (155/194)

ns

Flw (kgf - ke 1.35 + 0.09 1.38 = 0.18 ns

RFD 1w (kef/s - kg') 14.73 = 2.65 14.57 = 3.76 ns

RFDY/w (kgfls - kg') 1025 + 1.41 1011+ 2.04 ns

T1 (ms) 325 = 127 311 = 102 ns

T2 (ms) 836 =+ 170 867 = 175 ns
a ;{gtest

SD: standard deviation, ns: not significant.

SBP: systolic blood pressure, DBP: diastolic blood pressure, F: peak reaction force,
RFDI: maximal rate of force development (A 10 ms), RFD9: maximal rate of

force development (A90ms).
time, w: body weight.

T1: a time during developing force, T2: chair-rise
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Table 3. Test-retest reliability of ground reaction force parameters.

Test 1 Test 2
Mean SD Mean SD 1CC ¥ P-value
Flw (kgf - kg'l) 1.35 = 0.09 1.36 % 0.10 0.913 0.52 0.48
REFD1/w (kgfls kg.l) 14.73 + 2.65 1598 + 2.60 0.505 3.62 0.08
RIFDY/w (kgtls - kg'l) 10.25 + 1.41 10.19 + 1.13 0.872 0.13 0.72
T1 (ms) 3256 & 127 324 & 122 0.842 <0.01 0.97
T2 (ms) 836 + 170 840 = 147 0.819 0.02 0.90
n=14

The two test sessions were separated 266 + 2.3 days.

SD: standard deviation, ICC: intraclass correlation coefficients.

F: peak reaction force, RFD1: maximal rate of force development (A 10 ms), RFD9:
maximal rate offorce development (A90 ms), T1: a time during developing force,

T2: chair-rise time, w: bodyweight.
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Table 4. Partial correlation coefficients between ground reaction force parameters and physical performance

tests adjusted for age.

Flw RFD1/w RFD9/w T1 T2
(kgf-keg")  (kgfis-kg’) (kgfls kg ™) (ms) (ms)
n partial-r partial-r partial-r partial-r partial-r
<Men >
5-time sit-to-stand (s) 160
Grip strength (kg) 159
5-m habitual walk (s) 160
Timed "up and go" (s) 160
Standing time from a long sitting position  (s) 159
Sit and reach (cm) 158
Functional reach (cm) 160
One-leg balance with eyes open (s) 160
Simple reaction time (ms) 160
4-way choice reaction time (ms) 159
Hand working with peg board (s) 160
<Women >
5-time sit-to-stand (s) 203
Grip strength (kg) 202
5-m habitual walk (s) 208
Timed "up and go" (s) 203
Standing time from a long sitting position  (s) 202
Sit and reach (cm) 203
Functional reach (cm) 203
One-leg balance with eyes open (s) 202
Simple reaction time (ms) 200
4-way choice reaction time (ms) 203
Hand working with peg board (s) 203

*P <005 @@ |partial-r|= 04

{5 04 > |partial-r| = 0.3

[10.3 > | partial-r | (P< 0.05)

F: peak reaction force, RFD1: maximal rate of force development (A 10 ms), RFD9: maximal rate of
force development (A90ms), T1: a time during developing force, T2: chair-rise time, w: body weight.
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Table 5. Comparison of ground reaction force parameters between no falls and any falls, with and without fear of

falling, with and without mobility limitation.

No Yes
Effect size Adjusted Adjusted
Mean  SD Mean SD P-value (Cohen's d) P-value” P-value’
< History of any falls> (n=301) (n=62)
Frw (kgf-kg ) 1.39 = 0.12 1.33 #+ 0.12 <0.01 0.48 ns 0.04
RFDVw (egffs kg')  14.81 x 3.68 13.40 + 3.77 <0.01 0.38 ns ns
RFDO/w (kgfls kg!) 1027 = 201 9.34 = 1.92 <0.01 0.46 0.04 0.03
T1 (ms) 306 = 104 339 * 100 0.03 0.32 ns 0.04
T2 (ms) 856 = 170 918 =+ 190 0.01 0.36 ns ns
< Fear of falling > (n=231) (n =130)
Flw kel kg™ 141 = 0.13 1.33 = 0.11 <0.01 0.62 <0.01 0.01
RFD 1/w (kgfls-ke') 1516 + 3.86 1351 £ 324 <0.01 0.45 ns ns
RFDY/w (kgfls-kg!) 1052 = 2.09 9.39 + 1.68 <0.01 0.57 <0.01 <0.01
T1 (ms) 301 + 103 332 + 104 <0.01 0.30 ns ns
T2 (ms) 840 + 161 914 + 188 <0.01 0.44 0.01 0.03
< Mobility limitation > (n=274) (n =88
Frw (kef kg 1.40 =+ 0.12 1.31 * 0.10 <0.01 0.76 <0.01 ns
RFD/w (kgf/s-kg')  15.26 = 3.68 12.46 + 3.03 <0.01 0.79 <0.01 <0.01
RFD9/w (kef/s-kg') 1054 + 1.93 8.80 + 1.70 <0.01 0.92 <0.01 <0.01
T1 (ms) 296 + 86 359 = 134 <0.01 0.62 <0.01 0.046
T2 (ms) 830 = 144 978 =+ 211 <0.01 0.91 <0.01 <0.01

a. ANCOVA models adjusted for age and gender. In addition, models adjusted for a history of any falls only when
a comparison between subjects with and without a fear of falling. b: ANCOVA models adjusted for medication use,
education, smoking habit, history of cerebrovascular disease, physical activity and cognitive function, in addition to "a".

SD: standard deviation, ns: not significant.

F: peak reaction force, RFD1: maximal rate of force development (A 10 ms), RFD9: maximal rate of force
development (A90 ms), T1: a time during developing force, T2: chair-rise time, w: body weight.

RFDY/w ]
P1<0.01 P1<0.01 Pi<0.01
% * %
* *
* s %
* * *
< 50%
S
3
I
é 40% (kg kg Men Women kg Men Women ns) Men Women
{“‘ i ~ 9.10 ~ 8.27 t ~ 1.37 ~ 1.24 — 1 971 ~ 101t~
*2 2 9.11 ~ 1043 828 ~ 5.06 2 138 ~ 1.43 125 ~ 1.29 2 851 ~ 970 871 ~ 1010
E 301044 ~ 1138 9.07 ~ 979 3 Lad ~ 1.48 130 ~ 134 3 791 ~ 850 8t1 ~ 870
=4 30% 4 1139 ~ 1237 9.80 ~ 10.93 4 149 ~ 135 135 ~ 1.39 4 721 ~ 790 731 ~ 810
0:) S5 1238 ~ 10.94 ~ 3 1.56 ~ 1.40 ~ 5 ~ 720 ~ 730
<
S
5 20%
@
=
b
2 10% .
©
=4
3]
=
~ 0w . R : t }
1 2 3 4 5 1 1 2 3 4 5
The lowest The highest The lowest The highest The lowest The highest
quintile. quintile. quintile. quintile. quintile. quintile.
n 72 73 72 73 72 76 74 76 65 71 68 75 71 74 74

Fig. 2. Incident rates of the mobility limitation in each quintile.
* P <0005 T P value for Cochran-Armitage trend test.

RFD9: maximal rate of force development (A90 ms), I peak reaction force, T2: chair-rise time, w: body weight.
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