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Validation of ground reaction force in sit-to-stand for assessing lower-extremity function
in community-dwelling older adults
Taishi TSUJI

The purpose of this study was to examine the relations among the ground reaction force
(GRF) parameters in a sit-to-stand (STS) movement and 1) isokinetic strength and power at
knee and ankle in older adults, or 2) physical functioning, a history of falls, a fear of falling
and a mobility limitation, and 3) to investigate whether the level of GRF parameters can
predict incident falls or mobility limitation. Furthermore, we compared the strength of these
associations with the 5-time STS test. Forty-seven, 363 and 77 subjects were recruited for the
criterion validity study, the cross-sectional study and the longitudinal study, respectively.
After adjusting for age and sex, significant partial correlations were found among all power
parameters and rate of force development (RFD) (partial r = 0.34~0.47). No isokinetic
parameters were significantly related to the 5-time STS test scores. RFD was correlated with
the timed up and go test, the standing time from a long sitting position and the 4-way choice
reaction time (partial r = -0.37~-0.52). The levels of GRF parameters were poorer in subjects
reporting any falls, a fear of falling or having a mobility limitation than those reporting no
fall, no fear of falling or having no mobility limitation. In addition, each of these degrees of
the relations was similar or stronger than those of the 5-time STS test. The lower RFD score
could be a predictor of incident mobility limitation 1 year later (odds ratio = 2.07, P < 0.05).
These results suggested that the GRF parameters in a STS movement might be able to be the
beneficial measurement variables to assess the lower-limb muscle function compared with

the 5-time STS test.
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1) F/w: peak force per body weight.
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2) RFD1/w: maximal rate of force development
(A10 ms) per body weight.
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3) RFD9/w: maximal rate of force development
(A90 ms) per body weight.
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4) T1: a time during developing force.
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5) T2: chair-rise time.
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AT 0%

Mean  SD Mean  SD Icc F P-value
Flw (kgf - kg bl 1.35 + 0.09 1.36 = 0.10 0.913 0.52 0.48
RFD1/w (kgfls - kg b 14.73 + 2.65 15.98 = 2.60 0.505 3.62 0.08
RFD9/w (kgfls - kg b 10.25 + 1.41 10.19 = 1.13 0.872 0.13 0.72
T1 (ms) 325 + 127 324 = 122 0.842 <0.01 0.97
T2 (ms) 836 + 170 840 = 147 0.819 0.02 0.90

n=14  (GR7HFHH#26.6H)

SD: standard deviation. ICC: intraclass correlation co-efficient.

F: peak reaction force. RFD1: maximal rate of force development (/110 ms). RFD9: maximal rate of
force development (/190 ms). T1: a time during developing force. T2: chair-rise time. w: body weight.
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Fhw RFDlw  RFD9/w T1 T2

Gcgt-kg") (kafls-keg) Gkgbls-kg')  (ms) (ms)

<BEBAMi(RR >

25 .07 27 -.02 -.19 -.15

e 31 % 17 32 * .04 -.12 -.07

G (60 degls) TH AT~ (Wikg) 47 B34 29 AT* -3 -.25 =15
< B B AR >

St (60 degls) Sk Ly (Nmikg) 47 B4 % 14 B33 % .04 -.11 -.23

S (60 deghy) VAU~ Wik 4T 33% 23 45 % -17  -.22 -.27
< RBASER >

SHHE (60 degls) Bk hv”  (Nmikg) 39 .16 25 22 -.01 =18 -.00

FilitE (60 degls) WH/SU—  (Wikg) 39 24 A © B84 % - 11 -.30 -.08

(Nm/kg) 39 .30 .19 B39 % -.48*% -.49* -.28

k) 39 38 % .25 AT * - 46 % - .45 * -.16

force development (/110 ms). RFD9: maximal rate of force development (/190 ms). T1:
ime. w: body weight.
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Fiw  RFDIw  RFDOM 1 T2 ‘ 5‘1 ‘/; o g
(kef'kg') (kefiskg') (keflske’)  (ms) (ms) ©)
partialr  partialr  partialt  partialr  partialr partialr
<RI F—VVATAF>
sefirs bavim o ses  [EEEE ENE0EI - .37+ [
Bh (kg) 361 .20 * 14 % 19 * A3* - 14 % .21 %
I ) 363 -.26%* -.22% - 26% 23 * 29 * 39 %

o 363 [-.37*

© 361 -.38* [-30+ HEEE @38+ EIE 33 %

Cem 361 19 *  18*  21%* -.12%* -.15%* -.24%

(cm) 363 18 * .18 * 21* -.18* -.21* -.13*

() 362 18 * 31 .29 -.18% - .23 % 11

(ms) 360 23 * 28 -.30 * 33 * 39 % 34

(m9) 362 |[-.32 % 3o« [NE2E [NG3E EEE [EE

© 63 -.28* [£.31 37+ [ESE B 31
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SF-36 Physical function 171 .20 * .14 26% - .10 = 2P -.24 %

*P<005 (H
F: peak reacti
90 ms). T1: a

0.4>[partialr| = 03 [ 0.3>|partial-r| (P<0.05)
opment (/110 ms). RFD9: maximal rate of force development (/]
time. wt body weight.
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* P<0.005. RFDY: maximal rate of force development (/190 ms). F: peak reaction force. w: body weight.
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OR 95% CI P-value
<EEFEE >
TEA M 15 A 23 1) 58 4
Frw -0.1 (kef-kg ™) 0.49 0.23 - 1.07 ns
RFD1/w -1 (kgf/s kg ") 0.88 0.74 - 1.05 ns
RFD9/w -1 (kgf/s-kg ") 0.78 0.53 - 1.16 ns
T1 10 (ms) 0.97 091 - 1.04 ns
T2 10 (ms) 0.99 0.95 - 1.03 ns
SlElFE -0 b L% 0 R 16 1.05 0.78 - 1.39 ns
<EEBBBEEIHRORHRARLE >
G117 A B MR
Fiw -0.1 (kgf-kg')  2.87 0.88 - 9.35 ns
RFD1/w - 1 (keffs-kg-1) 1.34 0.97 - 1.87 ns
RFD9/w - 1 (kgffs- kg-1) 2.07 1.10 - 3.89 0.02
T1 10 (ms) 1.14 1.03 - 1.25 0.01
T2 10 (ms) 1.10 1.03 - 118 0.01
BIEE AN AN S| 1() 1.63 1.05 - 2.53 0.03
R, N AT A BT BB VER ORERE, N—2 T4 0B 2R
Tk Ak

OR: odds ratio. CI: confidence interval.

F: peak reaction force. RFD1: maximal rate of force development (/]10 ms). RFD9:
maximal rate of force development (/190 ms). T1: a time during developing force. T2: chair-
rise time. w: body weight.
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