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Abstract

Measuring lower-extremity extension force and power can be useful for assessing fall risk and the need for assistive
devices in older adults. A servo-controlled dynamometer can measure strength exhibited during a lower-extremity
extension movement under multiple conditions, but it creates too great of a physical burden for some older adults.
The purpose of this study was to estimate the maximum isometric extension force and unloaded velocity achieved
during lower-extremity, multi-joint movement in older adults and to investigate the validity of a new burden reduction
protocol that excludes measurement conditions that place a heavy burden on older adults. We measured muscle
force and velocity during lower-extremity, multi-joint movement using a servo-controlled dynamometer in 50 older
adults aged 65-78 years (17 males, 33 females; 70.3 = 3.9 years) . As a conventional protocol, five testing velocities
ranging from low to high were used to estimate the maximum isometric lower-extremity extension force (Fm5) and
the maximum unloaded velocity (Vm5) . As a new burden reduction protocol, three moderate testing velocities were
used to estimate the maximum isometric lower-extremity extension force (Fm3) and the maximum unloaded velocity
(Vm3) . We measured six physical functions (5-m usual gait speed, 5-m maximum gait speed, timed up and go, one-
leg stance with eyes open, five-times chair stand test and alternate step) and also measured the maximum isometric
knee extension force using a Biodex dynamometer. The validity of the burden reduction protocol was examined
through correlation coefficients with a conventional protocol, six physical functions and a knee strength measurement.
Results indicated significant correlations (» =0.646-0.926) between the Fm3, Vm3 and Fm5, Vm5. There were also
significant correlations between Fm3 and the 5-m maximum gait speed (» =0.428) , timed up and go (» =-0.305) ,
alternate step (» =-0.383) and the maximum isometric knee extension force (» =0.667) . These results suggest that
muscle strength measurement of lower-extremity, multi-joint movement using three moderate testing velocities and a
servo-controlled dynamometer is useful for evaluating dynamic lower-extremity function in older adults. This method
is a simple and low-burden alternative to the conventional protocol using five low to high testing velocities.
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Figure 1. A servo-controlled dynamometer, Power meter
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Table 1. Characteristics of the study participants (n = 50)

Variables Moera&iEnS)D
Age, yr 703 + 39
Height, cm 1562 + 7.9
Weight, kg 544 + 107
BMI, kg/m? 223 + 43
Medication, yes 46.0 (23)
No. of medications per participant 22 + 18
Mobility limitation, yes 6.0 (3)

Notes: SD: standard deviation, BMI: body mass index, Mobility limitation includes the difficulty for walking, climbing stairs,

and/or standing up from a chair.

Table 2. Comparison between lower-extremity, multi-joint strength values estimated from five and

three testing velocities (n = 50)

Variables

Five velocities

Three velocities

Maximum isometric lower-extremity extension force Fp,, N

Right lower-extremity 739.3 + 1609
Left lower-extremity 7386 * 1725
Both lower-extremities 12705 + 3645

Maximu unloaded velocity Vy,, m/s

Right lower-extremity 1.08 =+ 0.19
Left lower-extremity 1.09 + 0.15
Both lower-extremities 113 + 0.12

622.0

I+

161.1*
629.9

I+

161.2*
1087.1

I+

311.3*
118 + 0.24*
116 + 0.18*

119 =+ 0.16*

Notes: Values are mean + standard deviation, *Significant difference

26

(P <0.05) from five testing velocities.
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Figure 2A. Maximum isometric lower-extremity extension force of multi-joint ; (a) right; (b) left; and (c) both lower-extremities
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Figure 2B. Maximum unloaded velocity of multi-joint ; (d) right; (e) left; and (f) both lower-extremities

Figure 2. Scatter plots of lower-extremity multi-joint muscle strength values estimated from five and three testing velocities

Note: Fm3: maximum isometric lower-extremity extension force of multi-joint in 3 testing velocities, Fm5: maximum isometric lower-extremity extension force of multi-joint in 5 testing velocities, Vm3:
maximum unloaded velocity of multi-joint in 3 testing velocities, Vm5: maximum unloaded velocity of multi-joint in 5 testing velocities.

Table 3. Physical function values and their correlation coefficients with lower-extremity, multi-joint
strength values estimated from three testing velocities (n = 50)

Variables

Mean + SD VS Fm3 (r) VS Vm3 (r)

Usual gait speed, m/s 1.38 + 0.19 0.049 -0.21

Maximum gait speed, m/s 2.03 + 0.29 0.428" 0.187

Timed up & go, s 6.3 + 0.8 -0.305" 0.014
One-leg stance with eyes opened, s 385 + 223 0.113 -0.080
Five-times chair stand test, s 69 + 15 -0.098 -0.069
Alternate step, s 44 + 06 -0.383" -0.146
Knee extension force, Nm 926 + 333 0.667" 0.527*

Notes: SD: standard deviation, Fm3: maximum isometric lower-extremity extension force of multi-joint in three testing
velocities , Vm3: maximum unloaded velocity of multi-joint in three testing velocities , * P < 0.05.
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