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RELATIONSHIP BETWEEN PHYSICAL FITNESS AND ABILITY TO
COORDINATE EXERTION OF FORCE WITH REFERENCE TO SEX
DIFFERENCE IN HEALTHY MIDDLE- AND OLD-AGED PEOPLE

YOSHINORI NAGASAWA, SHINICHI DEMURA, SHUNSUKE YAMAJI, and SHIGERU SHIMADA

Abstract

The purpose of this study was to examine the relationship between physical fitness and ability
to coordinate exertion of force (ACEF) in 82 healthy middle and old-aged people aged 54 to 78 years
(male 41, female 41), and to examine its sex differences. The ACEF test was conducted with the
subject fitting the exertion value of grip strength to a changing demand value appearing on the
display of a personal computer. The variable estimating ACEF was the total sum of the differences
between the demand value and the produced strength value. The physical fitness items measured
were : grip strength, shoulder arm strength (push and pull), vertical jump, vital capacity, foot
balance with eyes open, trunk flexion, trunk rotation, whole body reaction time, finger tapping, and
stepping. To clarify the relationship between the ACEF and physical fitness, multiple regression
analysis was used after age-controlled partial correlations were computed. No sex difference was
found in nervous function based on the exertion of maximal ability, but there was with the ACEF
based on the exertion of sub-maximal strength. Also the relationship between the ACEF and age
differed in men and women. The tests of nervous function and grip strength had little relation to the
ACEF test. Each physical fitness factor and the fundamental physical fitness had low relation to the
ACEF. It was inferred that ability measured by the ACEF test differs from that measured by general
physical fitness tests based on the exertion of maximal ability. It is necessary to examine the
relationship between the ACEF test and a similar test based on the exertion of sub-maximal
strength.

(pn. J. Phys. Fitness Sports Med. 2001, 50 : 425~436)
key word : force exertion, coordination, middle- and old-aged people, physical fitness
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Fig. 1. A schematic drawing of the sysetem to measure the ability to coordinate exertion of force
(ACEF).

The subject was instructed to exert their maximal grip strength two times before the ACEF test, and the

greatest value was detemined. The exerted value of grip strength was transmitted to a personal computer

(FUJITSU FMR-50 LX) through an RS-232 C output cable connected to a hand-grip dynamometer with a

strain-gauge (YAGAMI ED-D 100 R). The ACEF test was performed three times at one-minute intervals.

Instructions were given to stand so that they could see the demand value on the monitor.
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Fig. 2. Display of demand value.
The left bar (A) shows the demand value, and the right bar (B) shows the exerted value of grip strength.
The test was to fit line B (exerted value of grip strength) to line A (demand value), which varied in the
range of 5-25% of maximal grip strength value. The length on the display is 50 mm from top to bottom.
Frequency of change in A=0.3 Hz.
The test time 40 seconds for each trial. The ability to coordinate exertion of force was calculated using
the data from 25 seconds of trial following the initial 15 seconds of the period.
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Table 1.  Means and standard deviations for 11 physical fitness-test variables and ACEF.
Men Women
(n=41) (n=41)
I (unit) Element Mean SD Mean SD t-value
1. Grip strength (kg) strength 36.4 5.28 24.8 4.96 | 10.51**
2. Shoulder arm strength [Pull] (kg) strength 21.7 6.70 13.8 3.46 6.64%**
3. Shoulder arm strength [push] (kg) strength 22.5 6.46 14.6 4,87 6.28%*
4. Vertical jump | (em) strength 31.9 7.45 23.5 6.46 5.46%**
5. Foot balance with eyes open (sec) balance 87.4 38.59 59.5 43.65 3.07**
6. Whole body reaction time (msec) agility 451.1 144.93 509.2 170.96 1.66
7. Tapping with finger (times) agility 56.4 7.29 \ 54.6 6.13 1.20
8. Stepping with foot (times) agility 45.3 9.46 39.2 8.76 3.03%*
9. Trunk flexion (cm) flexibility 1.4 8.07 9.6 6.96 | 4.96%*
10. Trunk rotation (degree) flexibility 104.7 17.28 100.3 19.41 1.08
11. Vital capacity (ml) | lung function 3323.4 698.72 2390.5 450.65 7.18%*
12. ACEF | (%-sec) | coordination 726.8 204.29 | 853.8 222.77 2.69**

ACEF : ability to coordinate exertion of force, t-value : sex difference, * * - p<0.01
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Table 3.

Results of multiple regression analysis for each physical fitness

domain to ACEF and loading for principal components.

Men Women

J
| Principal
o (n=41) (n=41) |
Test item SPRC SPRC I components
T
Muscular function |
1. Grip strength —0.315 —0.315 “ 0.393* *
2. Shoulder arm strength [pull] 0.066 —0.132 \ 0.369**
3. Shoulder arm strength [push] —0.074 0.113 | 0.364™*
4. Vertical jump 0.032 —0.187 ; 0.368* *
Multiple correlation coefficient 0.312 0.459 }
9.7%) (21.1%)
—
Nervous function |
5. Foot balance with eyes open 0.085 0.018 | 0.255*
6. Whole body reaction time 0.129 0.156 : —0.216*
7. Tapping with finger 0.065 —-0.081 | 0.250*
8. Stepping with foot 0.014 0.038 : 0.297%*
Multiple correlation coeffcient 0.155 0.177 1
(2.4%) (3.1%)
Articulate function :
9. Trunk flexion 0.024 0.051 | —0.142
10. Trunk rotation ~0.013 —0.194 | 0.181
Multiple correlation coeffcient 0.024 0.187 :
0.1%) (3.5%)
1
Lung function |
11. Vital capacity —0.145 —0.133 | 0.375**
|
Multiple correlation coefficient 0.145 0.133 | 4.194
2.1%) (1.8%) | (38.1%)
SPRC : standardized partial regression coefficient, * * : p<0.01. * : p<0.05

() : degree of contribution, a : Eigen value of 1st principal component.
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LAER L DABIZ0.29TH o - L FREFL TV 5.
TELOKRRIBREHKELIHEEOKRTD
D, FRICHETAZLIETELRZVY, KR
KERA S ACEF LR & F#h & OBRITRK
B RIBICEOBEHT AP EERLOBBREFR
BICBRX TR LENSINS.

ACEF SHEZ R B s b g rtRT 2

LD EBLIEEZBRIROON o7,
T3, BIMIREEEES & RN R
B & OB EBRE L, WHEOHBIZ0.280FEF
ZEEHELTBY, RIREREEBRL .
TELOREIBLEHAELIHBEOHERTD
D, TOZLPEROMBICEELRIZLDD
LEZOND, KEDKER, S, REFFETER
LB ARSI R OB AEE T ) fiitae 7 2 b
EHRARTOHIIBEICESC ACEFTAMED
BIRIIBEIE bRV LRSI NS,

ACEF iz L F£# & DRI B R TRL S
72\, H#E—E L L7z ACEF FHfiLRE & %
HHEEORHEBREY B L7, ACEF FFHE
BIREMTY —EL LHE, Bl bHiioh
THIBDEAELHBBRLSED S, FHEHRE
PRETZA4ENDEREEIIBAFREVPRBDO LN Do
72 AHS®E, FRHHERKRT2BNLE
YFH, MELBULRET AT K- L
BELZBEFED O, MIEOBRIEro2 L
B LTW5D, AFREOERDS 0 mSIdFE#2E
BThot. fEoT, AU LBHETH- THE
KENRBEBIIEICEBI@HmHH RIS v EL T
(Fh#EHERE) L KT COMNFEEICED C ACEF
(R — R ORERESN) OBRIIE L L KL,
CNLIRRZBEHETIEL TS b0 LR
nas.

ACEF FHMEZ & L KHHHEBEOMETIE, B
EHVWTROBHESICBVWTHEELEHM
BERREOON e o7:(K3). HHR7 14— FN
v I HERENLFRDEERE &L FOHRLE,
Wh Wb FBITOBIEDKEEICIE, HE-FHRD
ACEF "< M5 T2V, AHETERLAVT
hoh7 AL, RATORAEREICEDLC
ACEF 7 A b L3R Z 2R KENREIIES (D
DTHotz. 2F, HKENBEIIED BN
FAMNEBRKTOMMEEICED C ACEF 7 A
MNEWRRELR DD, BRIZBWTZEOMEDERIC
EZRIZVIOLHERMS NS, Lo T, ACEF i
Bl LAMETEIRL 2R KGEHNREICED S
BN ER TR ONAEHNER L IR 2145
ERAZEATVWLLDEEZ LN,
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ACEF FHliZ® L SARAFROBMBRE & b 12
BRI ENEOBBOKRFOEELEZ 5N 5.
FEF RO 5N 5 EBFES O LI INER kv
ZL, KEBRRSORME L EZ 5N D —HEE)
BB D ZEEYRE ST IR A EER AR L0 §
30 ARFRTIE, FTHUO 2 BHERR KR
ETORNERLEEZHBARTE 1 RS %
RGN LMK mo10 b R FIEIC &
D THEBETEIAT ) % 2B AR KSIKEDIRE
REML T2, KEFFEo KRS S 5 (FPFS)
BNZERIZEBTIHRRKOSEHERL, BEED
1577 % KA 2SR § 5 b T %h 2 FAE L RIIT L
7237 KRR TIX FPFS (CHEA RO LR, 4
BEOHBLEETH- 7. HH13 FPFS 12
DVTHEHBBEUI TR L VEN, FHLEELH
B bz EHmE LTS, AKIFFEEOERD
FH2ERTH- 72, EREHOKEL L
FPFS i3, 1TTBIEN 2 MREKT 11K R L Z0OHREK
WKEB—RANOEHEINL 0, LHIZHRT
BUHOHHEN D GG S E) 2 &
KELSEES D, FPFS GBI E L HIL
HEAEEED O DRBESLELEDH N 25
EOLE2OND, FRERELLGE, BK
&b ACEF FHMHiZ & & FPFS DERIIED - 7.
2% 0, FENBEBOEEL FHE, ACEF & &5
BHEDBBRIIBLE LRV EHEINS.

Vb, REFFETEIRLRKES EHE) TITD
MERET A PRUBRKEDRIEICEDCED
(BN) 7T AP ERKT ORI 5EICHD { ACEF
7T AN EDMR, SHENERSCEMMAS L ACEF
EOBRIIBIE K272 EH 5, ACEF I
KR TERL - BFHENER TR ONDBIE
HERZELZENEZRZLZDDOLHERAN NS, &
%, RKTORHBEIESCHENDTAMED
BERERETTALENHLEEZLNS.

V. # [

REFFED HEIE, 54~78 DL - HEHE
824 (P15, THA1R) MBI, BRATOMH
TIBEEFHD D F - BEEICBT AHHRE
FERE (ACEF) L AP L OBGER U ZOMEY IR

3452 THo7:. ACEF FEliZE & L TEK
fiti & W1 SEIEAE & DEERBEMIZEHE L, 208
MEH 7, FIIEOWERE, RUOFHEZEORR
DT TROHRA %/
1) W BEBORE, 1EHR7 14— KNy 708
LU WEARENRIEICES s Is 3t
EFHONLH VDS, FHT 1 — NNy 2 H S
THRKTTOZENIIIHEIHFREL, ACEF
AR Ll ORI BELTREL 2.
2) KRIRTEINL RN RIE I ED i
HEET 2 P RUBI (5 h) L KT o H5E
2B < ACEF 7 A M OBRIIBE L L b IK
Wy,
3) ACEF L &HNERL 0BFRIEIHLR L K
<, BREDEOAELRBRI RV
BRRKTOBIFEEIZE D ACEF 7 A Mt
ROBRRKENRBICESKENTAMEIIRL S
BHERZRZ TV LR S h, 5%, KT
DHNFEBIZED FAEDT A b & OBRE #ET
TEHLLENSLLEZ LN,

(HH FR1344 A3 H)
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