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Abstract

The purpose of this study was to confirm the causal structure model of muscle, motor and liv-
ing functions utilizing structural equation modeling (SEM). As subjects, 103 community-dwelling
older men and women, aged 65.7 £ 6.9 years of age, participated in the study to measure muscle
cross-sectional area, maximum voluntary contractions, muscle power, 4 physical performance tests,
and 16 questionnaires regarding ability of activities of daily living. The causal structure model of
muscle, motor and living functions was hypothesized to be a hierarchical causal structure. The caus-
al structure model of muscle function was hypothesized to be a hierarchical causal structure consist-
ing of 3 sub-domains of muscle mass, muscle strength, and muscle power. Data analysis procedures
were as follows : a) testing of construct validity of muscle function variables using confirmatory
factor analysis (CFA) in SEM ; b) testing of causal structure using SEM ; ¢) testing of factor
invariance using multi-group analysis for gender. The highest goodness of fit indices was obtained
in the causal structure model of muscle, motor and living functions (NFI=.928, CFI=.978, RMSEA
=.061). The causal coefficient of muscle function to motor function was .98 (p<<.05), followed by
.34 for motor function to living function. From the results of multi-group analysis, the measurement
invariance model indicated the highest goodness of fit indices (TLI=.968, CF1=.977). It was con-
cluded that the hierarchical causal relation was among muscle, motor and living functions, and in
which muscle function was consisted of 3 sub-domains.

(Jpn. J. Phys. Fitness Sports Med. 2003, 52 Suppl : 213~224)
key word : functional fitness, physical fitness, activities of daily living (ADL),
structural equation modeling, factor invariance
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Hypothesized model among muscle, motor and living
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Table 1. Means, standard deviations.
Domain Sub Variable Unit Male Female
domain Mean SD Mean SD
Muscle Muscle Psoas major CSA em? 18.0 47 1.2 26 *
function  mass Extensor CSA cm? 50.5 78 398 55 *
Flexor CSA cm? 514 9.8 41.1 54 *
Muscle Knee extension Nm 1220 39.3 845 22.7 *
strength  Knee flexion Nm 58.6 20.1 38.0 11.3 %
Hip joint flexion Nm 292.8 903 2126 58.2 x
Muscle Running power w/kg 25 1.0 18 0.5 *
power Walking power w/kg 14 0.6 1.2 03 *
Leg extension power w/kg 14.0 4.5 9.4 29 *
Motor function Grip strength kg 359 7.7 23.7 44 x*
Sit-ups reps 19.2 6.6 1.7 56 *
10m hurdle walk s 6.4 1.1 7.2 1.1 *
6 min walk m 594.7 58.5 587.2 55.7
Living function Locomotion of whole body pts (1-16) 13.9 23 12.7 23 *
Manipulation of upper limb pts (1-16) 148 1.6 14.3 20
Manipulation of finger pts (1-16) 14.3 18 148 19
Change of posture pts (1-16) 144 2.2 14.2 2.2
Physique Height cm 162.3 6.3 150.8 54 %
Weight kg 61.4 8.1 54.1 6.7 *
Age yr 66.9 7.7 65.2 6.5
N 32 71

Note. CSA =croiss-sectional area ; pts=points ; *: P<0.05.
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Table 2.  Factorial structure of muscle function for the elderly people
in CFA, SFA and Multiple indicator models : standardized solution.
CFA model
Factor loadings Correlated

Variable (n=103) Muscle Muscle Muscle  uniqueness ®

mass strength power
Psoas major CSA 0.80 0 0 0.47
Extensor CSA 0.91 0 0 0.53
Flexor CSA 0.70 0 0
Knee extension 0 0.93 0
Knee flexion 0 0.78 0 0.24
Hip joint flexion 0 0.69 0 0.38
Running power 0 0 0.55 0.46
Walking power 0 0 0.53
Leg extension power 0 0 0.90
Factor correlations
Factor F1 F2 F3
Muscle mass 1
Muscle strength 0.83 1
Muscle power 0.67 0.76 1
SFA mode!

Path coefficients

Causal effects Muscle Muscle Muscle

mass strength power
Muscle function 0.86 0.97 0.78

Multiple indicator model

Path coefficients

Causal effects Muscle Muscle Muscle
mass strength power

Muscle mass 0.84

Muscle strength 0.77

Note. CSA =croiss-sectional area ; CFA=confirmatory factory analy-
sis ; SFA=second order factor analysis.

a : The five correlated uniquenesses posited are between psoas major
CAS and Flexor CSA, extensor CSA and walking power, psoas major
CSA and knee flexion, hip joint flexion and leg extension power, run-
ning power and walking power.

Table 3.  Goodness of fit indices of muscle function models.
Model X 2 df GFI NFI TLI CFlI RMSEA AIC
CFA 26.803 19 0.943 0.954 0.973 0.986 0.063 78.803
SFA 26.803 19 0.943 0.954 0.973 0.986 0.063 78.803
Multiple indicator 27.187 20 0.942 0.954 0.976 0.987 0.059 77.187

CFA=confirmatory factory analysis ; SFA=second order factor analysis ; GFI=
goodness-of-fit index ; NFI=normed fit index : TLI=Tucker-Lewis index : CFI=compa-
rative fit index ; RMSEA=root mean square error of approximation ; AIC=akaik in-
formation criterion.
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