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Abstract

The purposes of this study were firstly to develop a rational and practical apparatus to
estimate the coordinated exertion of force and to prepare test methods, and secondly to clarify the
relationship between physical fitness and the characteristics of the coordinated exertion of force in
healthy middle and old-aged people, which was derived from a comparison of their performance
with those of healthy younger people as well as from the viewpoint of sex differences. Various
measurements were taken from 298 healthy younger people aged 18 to 28 years, 29 light nervous
function disorder people aged 16 to 20 years, and 152 healthy middle and old-aged peop]e' aged 38
to 78 years to inspect research assignments and hypothesis in this study. A highly multipurpose
apparatus to estimate the coordinated exertion of force based on target pursuit using grip exertion
was devised for the measurement and estimation methods. A coordinated exertion of force test to
analyze quantitatively characteristics of coordinated exertion of force in healthy middle and
old-aged people was developed. It was inferred that ability measured by the coordinated exertion
of force test differs from that measured by general physical fitness tests based on the exertion of
maximal ability.
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BEABICBVWTIRERGHERET A LEIBOD TH2L, DLARRTOAZW
PICEDCEREHICREBE LSS NEETH S (Halaney and Carey, 1989). 7=, 5B
BIZABRLEGEL2FT IO, BMEFEZEZECHLTIE<HEETILIKCE
B WETILERDD (I, 1974). &b, Z0O X REEFESILHN, FHEOH
WHEBERICL > THEBICHEES N, BREEOFERVEERERLQR>TWVS. 2F), &
ZABIZIELLBEELTVAENED, HAWVI/NI R HEERICHALRLY, REREHLK
UHFHEZRELL2BOHMRRAT 2T o720 3228 (KEE, 1989) FIHRBRBIUH LD
BIRERE (dEAED, 1981) B ELLEAL TV E2NENCELDEEZLND. - T,
BRXBAORELERSFI, SEISBBECS L TAEMICIRE LS 2H I RERER
(Henatsch and Langer, 1985) 2l ¢ 2 Z L EEMOLELEZILND.

B LESICB VLTI, EREFORELEBEENSE, RERLEERBERIDD
BECKTICLABEORARNAE . F - BEHICIE, FHIIMEE L BITETL,

BAZLIEKRTDZ DAL MNIZEN TV B (Stanley and Taylor, 1993; Rikli and Edwards,
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1991). - BFEEOREMBEICEL T, FEABEES L EORESENETRE
BERELBESIN, 7 - BEFOENCHEL-ZHARBERHREEOHE IV oo if
HFEN TS (Aniansson et al., 1980; Judge et al., 1993) #3, DX 5 R ESEKEDEE
ARFMIEIC O VW TIRRERNS Z2MbTR— S B2y JVEIED, 1993). $7-,
PoREEORAREREROBMERBIVOHZICBELTCLHELMICERTVARY., Lo
T, HOREREREOCRE - FMELZBILAELET, 7 - BEZFOGHREFREEDL
HERALNICTEIZENEETHAD.

BEREECESKERTOHGHEEOREIT, RECEERERA OB IRNK
<, RIMRE (KMEEE) SOBMOBERREVWED, FOMBIRORIA LY K
SREA, T2bLTHRIY EE, BICEERHERAEHEEZELONZ (EA-HE, 1997).
INET, FREHFELSF CREBEERBEN»L LB TRICE 3 EDORAMRESL R
B L7z (FbAiZAs, 1981 ; 4k, 1991), AMIILZE, LEE2HZ20VEU ALY F—
avYoHTIRNT v¥ 2 JEBEDOHH R (Carey, et al, 1988; Halaney and Carey, 1989; Riviere
and Thakor, 1996) %234 6N 5. L2 L, BRKTOEAT A M LTHARERESED
EDRREEB L O MEEIRTEI I T2 (Dustman, et al., 1984). EEOF %
MEBICH > Tit, MEBEOHERE, X MR, HHREFARELTAMTILEES
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ELTH, AIEEOEEE, FEMEBIOZYMEOMEIBEINTWAS.
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Fig. 2. Bar chart display (100 mm x 140 mm) of demand vaiue. The left bar (A) Fig. 3. Sinusoidal-wave display {100 mm x 140 mm} of demand vaiue. The thin
shows the demand value and the right bar (B) is the exertion value of grip line (A) shows the demand value and the broken tine (B} is the exertion value of
strength. The test was fo fit tine B (exertion value of grip strength) to line A grip strength. The test was fo it fine B (exertion value of grip strength) to line A
{demand value), which varied in the range of 5-25% of maximal grip strength (demand value}, which varied in the range of 5-25% of maximal grip strength
value. The fength on the display Is 50 mm top fo botiom. Frequency of change value. The length on the display is 33 mm top to bottom. Frequency of change
in demand value is 0.3 Hz. The test fime was 40 sec. for each trial. The ability in demand value Is 0.1 Hz. The test time was 40 sec. for each trial. The abillty
to coordinate exeftlop of force was @lwl'fned using the data from 25 sec. of to coordinate exertion of force was calculated using the data from 25 sec. of
triat following the initial 15 sec. of this period. tria following the initial 15 sec. of this period.

5. ZORBIE, HARE-HRIBVWTELBEZICHAH LD 2 BEINLTWVD (3K, 1967 ;
Meshizuka and Nagata, 1972). FHERICBWVW T HLHBREIZIEREL2 BT D Z & N AHE
Thoiz. ’ .

BBEADENHDNVEIHNITERZRDZOT, BIHWERMETITRL, HEIHEREZF
AL, MAMWERBEREISEADODENR T —AVIEODEWNIIPDLLT, EAREDT 4 X7
VABRMBERDIIICERELE. 2F0, BAHARKEOKRK/NMIPI»P LT, FAXMBHER
HERXEICT A ATV, LIC—EOHBEEESTHILCY 7 by TOT/ 0l T A5RE
L7z, FHERIZBWT, B 7BLVPERBORTERITENENMILICER L. #
BRENERELZRLTVWEIIE, BERENRT A AT LA ETHREZBRY KELLEEHTHZ
LERELE. Y7 T el T ABLUT A AT VA RTROBROGEHNT, B
7 7RG TIIERESZ 5S0mm LLET, BERFAEXNTIE3B3mm LR TEEFIFIZ L
BERBEEHBENTE., Lo T, METREOTRMEEL EREOCRIEOCIEIIE 2.

3. REFIR '

BORBERARET X OIS, HRECHEFOATLEBL R EFRRELE
(Oldfield, 1971). BAFFOEERIL, HREFL/LBICLTVWERUZBIIRE L. flx
FILLO2ERBABERISEREIC 1 oBOKRBEEZEHAT2ES LIF3IEERL, &E&
ExZDOANDOEBAZFKRELEL L. HAHRERERT X MI, #8 1 H%E, SR THIZ1 S
FMOKRBEEHEATEKEERE L. FBREFIIENL, FEHEEXBRIZELS L, EESOMIC
BEoBECSTALERET, BHE2REL:Z. HGHAREREECTIMEREL LT, EXHEL
BAREME L ORFBERICHES EEHENIC
BEHL, ZKkDZE (Maximal difference : MD)
BLOTZEZ0#HFn (Total sum of differences : TD)
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REEICEND EERLE (K4). $BREIZ " mmu,m.m::::.:ﬁi:sw)
X, T4 A7 VLA LOBEREEZZELRLT W e o s o s g gt
MB~NMEBICY DL 9 RLE.
I. FAEEROME
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ELVBAEBICEVEEZRLEZ LD, BHARERERIIZ X NEBILENOD 5B
MEZBRA LR OBRMCHEMT S L BAETHS.

2. BN RERERLE DI, AT —AHBRIV kg R —ABRABLIVEHTHS.
3. BEIBIIZMEEDOFEEMEBREIL, 60T XMLV 0OBTRAFNOFRIELS (X
DE 096, ZOKFI:092), 30T A NREYELHBENE (F1).

4. BRECHENOH HIRERBETAMELT, B 7B LI UOEBOBETREL b
BBz ORI,

Uk, BARERERNERELA L U N —
REICBHLC, MM LTRERS S T o e o W A e
UBOBMEFRAL, 30 DREDT 2 a8, s 5 8B
$£h, EEEOANLEY T 78 L UEFO st oy B E
MEERTEE bRAEOBE T 2 ik 4 s ww m
LTHMEEX BN, e i T R
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2. HBHRERERT X MI, HREECR SR i e £ (S ISR TS
ROENEFTIHELHMNTHZLHNT Baenan
5. T, TERAEALIT 0.631~0.931  « e fe v e
U>7ﬁ?§f£ﬁ§'€‘&>o7‘: ( 5). L 12 g

3. BHRERLET 2 MNC K> CERFE |
ET NI — VBRI TIEHRIRFRET
H5. '

4. HARERERT XA N, BREBMET X b -
BILORITR—FT X NOBRIEBEOER br=0.772 (SG V§ 1G)
X T AN 535 ICC=0.70-0.99).

5. HARERERET X MIBREEE, b
VWIEIRTAR—FT XM EERWFEBEZTRL
7. ILLBERLET X bOBRFERO
BREREARTH S 2ES T (r=0.49, Fig. 5. Frequency distribution batween SG and IG, and NG and IG for bar chart and wave
p<0.05) (i% 2). display. br: biserial correlation

6. B Z27BLUVEELLIZEWRIT Fﬁﬁ Relationshios b i e orce and nervous function tests (V=48)
ICCZRLIZ(BSZ 7:087, ER:0.95).
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. 7 . % f 5 7 38 J: U{‘%&ﬂ% 0) [_Trﬁj 5__ Z ]_\ LC }5 l/ \ _(_ ) Coordinated exertion of force ("/‘é')ar Chart :g‘:g ggg .
inusoidal Wave . . .49+

E ﬁiﬁ ?EU /'-:E{IE ‘j: ;ﬁ‘::é‘: 7?: & % % /—7:\- L/ 7‘:: . Note) *p<0.05, **p<0.01

8. BT 7RBIVELL ITHFRENLIE . Pastaon prdee momentcomelaons beeon St and anch 051,
WHRICCZRLI-(ES Z 7:0.33~0.71,
K 1 0.48~0.76). H2 T 7R L VKO B HMBIEMED limits of agreement X Z T h
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-112.2 235 218.6%, -139.2 735 352.8% T - 7=. | :
9. B 7 7BLUEEORITH I L U'A HBIZEMED the repeatability coefficients i3 % i F
FU141.4 L 173.0%, BLU1523 & 1764% Tho7=. H5 A b & b limits of agreement

TR EN- 7.

Uk, BARERERET X MI, BRBEBLIUORIR—-FFRMCHEESNBERN
EERERRDIENDEZRAEL, FEBBTRINDIERBEOIA AT L > THLRET B8EHIISD
BD RSN, LAL, BRUT, BHRERABET X PO ZYHEITHERNE VL H
Wrehil. £, B S 7BIUVEFBOBAETEL VB HAREFREENEEOLTEHITITIT
3RITTEEL, HAREFREEORMELICERCKIGTS. RITHBLUCEHOB HRE
REERAEEDCBERLED T, ZTNOHDT XA MILROBHAREREELZTEWICELZ D
LSNAEOCHENEDRTAINTHD LA SN,

FHI: P -5EE (BBHB) BTG HREREEOEHEICETIHE
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D, BDORKEBRBEAERLLNE. 1400 1 r ! —
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Fig. 8. Coordinated exertion of force of the elderly men (M) and younger men ([J). [*The

% fﬁ-% c],: D 9’7\ ‘Q s j( % Zﬁ ‘{@ }\ % 73)§ %L 6 j’[, Z) : mean for the elderly men was significantiy greater than that for the younger men {p <0.05).

t The mean for the first trial was significantly greater than that for the second and third

L, BEBEEANE —UBRIRD, BITE i Tt ton mivesneans reser v bat o e b v

QC 1&_]:, %/‘T\"g— : k , ﬁ"l‘ﬁ }‘i%’rﬁf J: 'O 9’7\ /Z) Z)§5-§ because they were identical to the results of men.]

KEBBEULZETERERTLEZbNS.

BREL - BEBCBT A HRERREL KRN EOBERS LU ZTOREICET IHE

1. - BEEOES, BRI 4 — KA 7 BBEELARAVEREDRBICES MR
CIIHEZERRONRVE, R4 — PRy 7 RBEET 2B R TOBHREBEICESS
NEEFREEIIUEERFEL, BENBER TV, £k, GHREFBETMEE L
EHLOBRLELRTRERS. '

2. AFRETBRLUEBRKEABBCESCHBEBET R FPRBLICED (HH) LEKRT
DHEAFEBCESHHRERBET A N EOBRIRELL LB (F3).

B.HANRERABELEGHNER L OBBRIIELE VRS EREN L LAZRBENZ .
UL, #-BEEOBE, BRLOVBERATOHARBRUES GHAREREET 2 b

BREROBERENRBICESCAANT A N RERZEHERFE LTS EHHI ST,

Table 3
Correlation coefficients and partial age-controlled correlation coefficients between variables estimating coordinated exertion of force and physical fitness tests in men and women

Variable 1 2 3 4 5 8 7 8 9 10 11 12 13 pr
1 Grip strength . 0483 ~  0.211 0.282 0.098 -0.080 0.178 0.051 0.242 0.160 0.270 -0.411 ~ ] -0.168 -0.381 *
2 Shoulder arm strength [pull] 0.380 * 0.426 * 0.242 -0.091 -0.239 0.084 0315~ | 0.149 -0.025 0322 |-0.285 -0.263 -0.212
3 Shoulder arm strength [push] 0.308 0.485 ~* 0.307 -0.052 -0.312* 0259 0.383 * | 0.158 -0.124 0.228 -0.068 -0.117 -0.028
4 Vertical jump 0321 0174 0.166 0.239 -0.141 0.165 0.185 0.092 0.303 0.280 -0.278 -0.391 -0.180
5 Foot balance with eyes open 0.111 -0.115 0.112 0.438 ~ -D.288 0.134 0.297 0.048 0.256 -0.160 -0.027 -0.086 0.005
8 Whole body reaction time -0.027 -0.030 -0.041 -0.402 ~* | -0.121 <0.271 -0.523 =~ | -0.229 -0.058 0.004 0.153 -0.049 0.183
7 Tapping with finger 0.420 = 0247 0.266 0.270 0.188 -0.241 0.093 0.223 0.108 0.347 * | -0.117 -0.228 -0.040
8 Stepping with foot -0.003 0.237 0.205 0.328 * | 0.170 -0.258 0.468 = 0.288 -0.002 -0.108 -0.046 0.188 -0.115
9 Trunk flexion 0.017 -0.215 -0.143 0.178 0.007 -0.320 *  0.025 0.123 0.267 0.080 -0.001 0.301 -0.122
0 Trunk rotation .223 0.054 0.04 0582 ~*| 0.350 * -0.452 = 0.234 .374 * | 0. 0.133 -0.180 0.0568 -0.215
_11 Vitai capacity 454~ 0.315 ¢ 0.268 0.21 -0.139 -0.20 0.524 * 471 ~ 3 0.200 -0.133 -0.408 = 0.015
2 Coordinated exertion of force -0.302_ -0.08; -0.13] -0.07 0.084 0.08! 0.057 .028 X -0.007 _ [-0.145 0.356 *
_13 age -0.485 ©* -0.408 ** -0.104  -0.317 * | -0.189 0.284 -0.289 .022 .04 -0.319 = -0.138 0.020
pr -0.337 *  -0.08 -0.134 -0.08 0.088 0.088 0.0 0.025 .02 -0.001 -0.144
Note) left: correlation in men, right: correlation in women, pr: partial age-controlled correlation cosfficients b 1 variables estimating coordinated exertion of force and physical

fitness tests. *£p<0.01, ¥p<0.05
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V. #58 .
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L ORHEE) 2AVT, RERFENIZ L0 hnoath - BEZEORB IR AV -5E
BRECESHGNREEREEREOREZEBRLCLBRN T LN TE . MEBICES EHIK
TOZELVWEBEOHAIRBREREEBESBALMCENTZZ EICXY, 4%, SIRHANS

— 3

ZOMOEFEHERBICELIRERMELBALNIT I ENARICRBZLEEZONS.

X#R (References)

Aniansson, A., Rundgren, A. and Sperling, L. (1980)
Evaluation of functional capacity in activities of daily
living in 70-year-old men and women. Scandinavia
Journal of Rehabilitation Medicine, 12, 145-154.

Carey, J. R., Patterson, R., and Hollenstein, P. J. (1988)
Sensitivity and reliability of force tracking and
joint-movement tracking scores in healthy subjects.
Physical Therapy, 68, 1087-1091.

Dustman, R. E., Ruhling, R. O., Russell, E. M., Shearer, D.
E., Bonekat, H. W, Shigeoka, J. W., Wood, J. S., and
Bradford, D. C. (1984) Aerobic exercise training and

- improved neuropsy chological function of older
individuals. Neurobiology of Aging, 5, 35-42.

Halaney, M. E., and Carey, J. R. (1989) Tracking ability
of hemiparetic and healthy subjects. Physical
Therapy, 69, 342-348.

NBER, KK%—, SHHEE, GLURET, KT
FOINBEHREILBT RN - CrFhHL FHETHE
HOBRE, #®E& U /N, 21, 489-492.

HEBINHEIERZICE T2 ABSE. ABMIE, 3,
265-274.

Henatsch, H. D., and Langer, H. H. (1983) Basic
neurophysiology of motor skills in sport: a review.
International Journal of Sports Medicine, 6, 2-14.

Judge, J. O., Underwood, M., and Gennosa, T. (1993)

Exercise to improve gait velocity in older persons.
Archives Physical Medicine Rehabilitation, 74,
400-406.

MNPNFROTHMB D A - FE - SV —EHOFEHIIHE
BEEFEHE, 19, 201-206.

AtE, SHE—, WAMBABNFHEEOEH AL
BO-HWoBHEHORE. FHFE, 30,
231-239.

L AEIE(1991)5 FHiIB REBY 1E A & J 7= it B 7 SE B 0 B 5
EBAODRE. FEHFE, 40, 74-82.

Meshizuka, T., and Nagata , A. (1972). A method for
measuring muscular group "control-ability” and its
appératus. Research Journal of Physical Education,
16, 319-325.

BAEZ, MEA—ERI9NEF R MO OKBH
EMXE()EDHHE L EHEE. XRESHK
R,

Oldfield, R. C. (1971) The assessment and analysis of
handedness: the edinburgh inventory.
Neuropsychologia, 9, 97-113.

KEIZEHEN98)SID 7V —F 4 > 7. Japanese Journal of
Sports Science, 8, 663-667.

Rikli, R. E. and Edwards, D. J. (1991) Effects of a
three-year exercise program on motor function and

cognitive processing speed in older women. Research.

_71_



Quarterly for Exercise and Sports, 62, 61-67. Stanley, S. N. and Taylor, N. A. S. (1993) Isokinetic muscle

Riviere, C. N. and Thakor, N. V. (1996) Effects of age and mechanics in four groups of women of increasing age.
disability on tracking tasks with a computer mouse: European Journal of Applied Physiology and
accuracy and linearity. Journal of Rehabilitation Occupational Physiology, 66, 178-184.

Research and Development, 33, 6-15. IWABETI(1983)ENEDREERE. THERE : TR

FURYBEERROES

CORBYII. BORERRENEBELEREL, AEAEERE LI LT, B - BEEOHNFERBED
BHEZESMIL, TRICRTERREZFE TV S,

F9, FIEABICEL T, HIEEEIL 40 7, EERERIIIRIERLE 15 DLEORMERIAYT 5T A bAY
ik@ﬁiﬁ&@@ﬁﬁ7ﬁ&@ﬁ%a%Eﬁ%?%%ct%%e#mbko%%bk%ﬁ%ﬁ%&%?x
FOZWM, EEEDS L UESBEIHEBNE . HHRERBEDBLOHUENTRETHD . LROBHHFE
EFBERZBNICIER D 2EWET AN TH B LHME NI, R, - BEBSOHIFEEFERORNE
m%bf\¢-%E%®%ﬁ%ﬁ%§%m%¢%;9%0\k%t@A%ﬁﬁEb\ﬁﬁm%ﬁ&b%éc
L. B BEZORTEOTHEIIEESE L BRAVETERL, TOERTERICEEENZEDONEZVLT L
BHALMIC Uz £, MOEABER L OBEBRBIUCZOMRICE LT, HRERERET A MNIBRLED
PRDBAEENFIBICE D FEHNT A ERBABZBHEREREA TV LYW E N, T5IC, F - &F
ZOBH IR EBRBEOBEMRICIREZRBAENEET S L EHER L.

DEDEXSIc, A#Hid, b FOBHREFABEONERELZHEL. TOMEBLUHBEZERLL
T, B BEEOHHRERBEOKRE (2. BYMRES) BIXUEHLOBBREAELMNMC U, o
T, BEEERRIAHXMEL R G IKfEd % LHE L,

_72_



