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Effect of Exercise-Induced Activation on Isometric

Strength and Endurance

Akio Funahashi

Abstract

Six male subjects were examined to assess the
relationship between exercise-induced activation
and the endurance of a fatiguing isometric
handgrip contraction at a tension set at 60%
maximal handgrip strength. Activation was altered
by treadmill walking and running at a heart rate
varying from 60 to 180 bpm. In all subjects, there
was a heart rate above and below which isometric
endurance decreased markedly: the difference
among the individuals was attributed solely to
the length of their sports experience. The optimal
performance was recorded at a higher heart rate (i.e.
ca. 115 bpm) by the subjects with more experience
in sports than by the untrained. Associated
physiological variables (ventilation and oxygen

uptake) yielded an inverted-U curve.

INTRODUCTION

The relation between the activation of the human

Center for Health and Sports Science, Kyushu Sangyo
University, 2-3-1 Matsukadai, Higashi-ku, Fukuoka 813-8503,

Japan

body and motor performance is described by an
inverted-U curve. Levitt and Gutin (7) have stated
that as activation level rises above the resting level,
performance improves up to an optimal point, but
increase in activation beyond this point results in
progressively worsened performance.

Funahashi and Hagiwara (3) demonstrated that
there was an optimum heart rate above and below
which simple reaction time fell markedly. This heart
rate was about 100 bpm measured by exercise-
induced activation. Funahashi and Matsuzaki (4)
observed that the optimal point was obtained in
the physiological state resulting from walking or
jogging. Simple reaction time, movement time and
choice reaction time were measured and compared
with heart rate. Each of the optimal points in that
study was achieved at a heart rate of about 90-110
bpm. Some papers (1,2,5,8,10,11) seem to suggest
that the level of activation which is optimal for
one task may not be optimal for other tasks. It is
possible that the inverted-U carve holds for some
types of performance and not for others. There are

almost certainly individual and age differences in
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inhibitory ability.

Afterwards, the research of Exercise Induced
Activation (EIA) advanced toward physiological
factors such as BCAA, nerve, hormone, blood, and
glucose metabolisms (12, 13, 14, 15). It is advancing
toward the direction of the development of energy
according to the nutrient, endurance exercise,
supplementation, and a new exercise program (16,
17, 18, 19, 20) after 2001.

The isometric strength and endurance measured
during exercise is probably be related to the heart
rate of the individual, but no study has far reported
on this relationship. In the present investigation,
therefore, physiological parameters and isometric
strength and endurance ware measured during
treadmill walking and running at a variety of
locomotor speeds. In addition, the effects of
differences in training were examined by comparing
results of the aforementioned tests for males in two
experimental groups: those with no sports training,

and those with five or more years sports training.

METHODS

Subjects: The subjects in this study were six male
volunteers whose age, height, weight, and sports
experience period are listed in Table 1. They were
all familiarized with the apparatus and procedure
before performing the final experiments.

Experimental procedures : Each subject was
examined only once. The subject’s age, height,

weight, resting blood pressure, and brief medical

and sports history were obtained in a preliminary

Table1. Age, height, weight and sports experience

period of subjects

Sports experience

Subj. Age, yr Ht,.cm Wt, kg period, yr

20 163 59
19 163 58
19 161 58
20 168 61
20 168 63
21 168 63

1*‘1MUOUJTJ>‘
> o oo o o

examination and an interview. Since the examination
was designed for only healthly individuals, volunteers
were not accepted as subjects if they had had a
history of any form of cardiovascular disease,
if their resting blood pressure exceeded 150/90
mmHg, or if there was an evidence of abnormal
ECG before or during the exercise stress.

Each subject performed the maximal handgrip
strength (MHS)under the following different
conditions: at rest and during runs on a motor-driven
treadmill(0% grade)at 80(walk), 100 (jog), 150(run),
and 200m/min(run)of speed. The handgrip was set
at optimal width for each subject.

After a demonstration of the experimental
procedure, maximal handgrip strength was measured
by two brief contractions on a portable strain gauge
handgrip dynamometer, allowing one minute
between the two measurements. The higher value of
the two was noted. Three minutes after the second
determination of handgrip, the subject exerted a
tension of 60% MHS and held it as long as possible.

Physiological responses were elicited before,
during, and after the exercise. The heart rate
was successively monitored by means of radio-

telemetry(Sanei-TM-201). Simultaneous measurements



Effect of Exercise-Induced Activation on Isometric Strength and Endurance

of O, and CO, fractions, and ventilatory volumes
were continuously recorded with an analyzer(Fukuda
Electrometabolor BMS-600).

Heart rate during handgrip contraction: The
heart rate increased during exerting isometric
exercise-i. e., during both the maximal handgrip
strength test and the handgrip endurance test. The
largest observed increase in an individual’s heart
rate was from 73 bpm at rest to 79 bpm during the
endurance test. The heart rate rapidly returned to
the preexercise values within 20 sec following the
cessation of isometric exercise. Therefore, the initial
heart rate was taken.

Room temperature was 20+ 1°C and relative
humidity ranging between 40 and 60%.

Six subjects received a purpose and contents, the
explanation of the procedure for this experiment and
the measurement. They observed a demonstration
successively. They were similar afterward and
understood possibility to help healthy increase and
sports activity and guidance by an experiment result

and participated.

RESULTS

Isometric strength: The values of maximal
handgrip strength for the six males are shown in Fig.
1. A group of 15 open circles(5 for each subject)is
for the three untrained subjects, and an another
group of 15 closed circles is for the three trained
subjects. Their average strengths were 42.3+1.3 kg
and 57.9£3.0kg respectively.

Isometric endurance at 60% MHS: The results of

~
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Maximal Handgrip Strength
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60 80 100
iR 120 140 160 ]Sobpm

Fig.1. Maximal handgrip strength as a function of heart
rate. [e subjects with athletic training, o subjects

without]

the endurance tests are shown in Fig. 2. Obviously,
two discreet curves were obtained. The present
study shows that the isometric endurance in both
groups is shortest when running, with a heart rate
near 180 bpm. The longest endurance recorded
occurred for a heart rate of 96 bpm for subjects with

no training, 115 bpm for subjects with training.
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Fig.2. Relationship of heart rate to duration of 60% MHS
contraction in subjects with athletic training(e)and
subjects without(o).
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Fig.3. Relationship of expired ventilation to duration of
60% MHS contraction in subjects with athletic

training(e)and subjects without(o).
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Fig.4. Relationship of oxygen uptake to duration of
60% MHS contraction in subjects with athletic

training(e)and subjects without(o).

DISCUSSION

The relation between activation and level of
performance is described by an inverted-U curve.
The level of performance rises monotonically with
increasing activation level toward an optimal point
for a given function. Around this optimal point,
however, the relation becomes non-monotonic and
further increase in activation produces a nearly
monotonic fall in performance level. Such a fall was
directly related to the amount of the increase in level

of activation(9).

An experiment was conducted(7)for subjects
on a treadmill at a heart rate of about 80(standing
still), 115, 145, and 175 bpm. After several
minutes of walking at the specified heart rate, the
subject performed a 5-choice reaction time task. A
curvilinear relationship between exercise-induced
activation and 5-choice reaction time was observed,
with the optimal performance at 115 bpm and the
lowest performance at 175 bpm. This study suggest
that, at least up through moderate levels, increased
activation should be accompanied by improved
performance.

Hammerton and Ticker(6)have showed that
severely exercising the gripping muscles had no
significant effect on performance. However, in the
present study, the degree of athletic training of
individual subjects appeared to affect MHS and
duration of 60% MHS. Subjects with high fitness
showed long isometric endurance, even when their
exercise-induced activation was high. Isometric
strength did not form an inverted-U curve.

It is the opinion of this investigator that a sub-
maximal amount of physical activity (e.g. 100-115
bpm) causes a heightened state of activation in the
cerebral cortex, by means of the ascending reticular
activating system. Many experiments have shown
increased motor performance when the subjects
have been activated.

It is not surprising that in the present investigation
the optimal performance (peak endurance for
sustained effort) occurred with higher heart rates

in trained subjects than in the untrained, under
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identical 60% MHS conditions. It is suggested
that the present data be used for developing power
and skill which is required when the student is at a
relatively high level of exercise-induced activation.
Training programs, therefore, can be arranged in
order that the student may maintain the optimal

performance under a variety of physical conditions.

The author is indebted greatly to Mr. E. Bando,

MD for his valuable suggestions and advice.
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SPEEE AR E (R %  P<0.05 N.S. not-significant
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Mo, S%OT—2 OERMMPEEL Bbh b,
BB OGRERNERIM IS 6 U TR 2 An8 7%
EfE] (BOSIRERT) & R ASIUE L C B R0y dh < I
] (FRUARREED) 2 KB L TR Y, MR O
REM B AT b RE D M | HIE L B o T
WD, — UG ROIRE HTA B SO R oD 22
FITMZ, FEOFRRIREBEAXORE & 5
WEFRIZ S 575 A T ONE HALERRE ) 3% < B
boTnbd, SEIOHEIETIE, 28 RRERH,
P95 SOGREH & HIZT R TD 7 —TF B0
THLIEERT L ERIBRFOM CHEZRILAD
A/ Yy NN D A N S il =picss =2

PERERT LD ER SN RSz
b, S%RT—AREBINL I LIZEoT
BEENBENTL D AetkErd 5,

AWREHEH H T ks EiRTF L BREFTO
AEEZRE L0, ARIONES OF T,
FRICBRIZ o 7ok iR E R F L BREFROA R
ZFH NI Do T, T T 6 4 THRREE
F LU LRILIEERTRHERENITENL TN D
B D Y . FIRRES OZEMNFH R b R
ERIZLTCWABRRSH S L5 Th b, INFPE
DFIERT & 55 & LI R E B3 2 F%E
L, IRETIThbhiTninkzd, 5% 361
HEFT—F 2EBL TN Z EIck- T, /M
AEFRERT Ok & R B2 % & Bb
o, LTI VNVEEFTERTO
TRREI D BEEME) ZA1ERLL . B HIEOREHIC
B F—= 780X L2 MBI
TTWE7mWnWEEZ S,

x4. 6 FEBTFORIIEERETF EBREFORAEIRE DLEE

BRGET LR E R T
HE (cm) 153.0%8.0 151.5%8.2 N.S.
F#E (kg) 59. 8+ 14. 4 56.0+19. 2 N.S.
# (ke) 28.7%+6.7 29.6+6. 4 N.S.
FEEPEOY (em) 29.9+5.4 32.7%+6.9 N.S.
B (ke) 70.9+16. 7 75.5+16. 6 N.S.
Rk L (E) 24.6+3.0 27.6+3.3 *
IR AR (nl/kg/47) 35.5+8.3 43.0£7.8 *
B USHHH (F) 0. 2880. 042 0.296+0.653  N.S.
DU 5 (67 SRR (FD) 0. 626+0. 070 0.555+0. 103 N.S.
S+ R % P<0.05 N.S. not-significant
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U, DO E - F-AI b S S 23,
Z DBITHERIIIC N KR — Vit Dk ) %
WE - FHET 2R o T, BEROFHH
ENEEL T DN BEMELRRT HITIETE ST
W, 2O XD RO H, BARNY RR—
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(LLFNTS) #FE s, ZOF T, Uls (15
AT - ) BROVULS (18RELAF ¢
4) OEFBRFELR L LIATEHEZ
Fhi L C& 7z, ZONTS TiE, HIERR - 5%
B REBLOEREOAHEDOEBND 7
A —/V RCREICITH) 2D TELHA L L
T, HE-(KE-30m&E - IH5EBO - B
JEN RAR— VT - 1 - B RIE S,

L

FRRHURER " -
CAITIE T AR

FTUNPERE R RE « AR—Y R 2 —
PR CUENSAR—YRSERE 2 —
FUURIERE B KRR B

EESSTTE

IXZ % b &IT NTS ~OHE S FL %
WRENTNDY, £, TR ETOERIEIE
DFERNG . mHNCBT D177 « i3V —0
==V REEFREL, Ya=T R
DEHBL Y OBEEERZHRAES LTS, 2
DEIREREMNS, V=T HRBFEIE LK
J) b L == T EAT O BRI HEEE & 72 5 A4 i -
PEWZSHIG LTz~ R — Vg B O R 7731
ik« VAT DEMES D EBBBEITRD L
Bbohs, LhLaRnb, ZOEREERERS
VamTHROBFRFERIGE Lo RAR
— Vi DR A B R L 7R E BT 5
FIXF TR, £ 2T, AW T
RAR— VB DR A B 8 U 7o A 22 (K )
EFHIZDNWTY 2 =T EFRFEZKRICETD
BURZBA ST L, EIFHIE S AT L 5L
DI DGR A 2 LA EE Lz,

2004472 65

X, N

(5 )

1. xt5E

KFRFIL, 20064 1 AICNTSEHEF L L
THE SN2 UIBY 1304 + L1254 B L
U155 13041 + 13144 T o7z,
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2. WEEA - WETE
HER O, B - B OAHB LT
N RR— VB OREEZ BB L, B - X
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LTz, FEFROHEAL, LLFIIR L, £E37
—OMEIE, HEFELHEMN L,
(1) whe

B - KE - 155 - HE
(2) WK/ SD—

ANRT— 20mAE30mE (K1) -

30 mrmAHE (K2)

A

yofk - B AR - | SF

Bkoto— N H SERBKOY (X 3)
BeSU— RNV RR—AET (K
4)
(3)

B’ - AT 4 v R—NBTERT (BT
4kg -+ 3kg) (¥5)

3. AR

7V — T T
B BIAR I X HAR BE 43 BT 1 X 0 AR B AR 3 & R
L., Wb ABKRES %Rz A= E Lz,
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N RR—=VY 2 =T BHRFORTRE A B3 % bFJE

M5 X5 a3 R—ILiEAET

(& #]

e (R - (KE - 455 - 55 OJER R
ERLICRLE, BT - ZFOThbHEBX
OMEE O 5T UIBD N UISE W b A EICH
VMEZ R LT, £72, KFIZBT S EmRICBD
T, UISOFAR UL Y b HEICEWEZ R L
77

#2112, WRA/ Y —F LU/ OBEE TR
R L, &RV —TIE, Bks Hi220m O
EMTUIBLY b UISTAHEICE WMEZ R L,
30m JFAZAHUE T HRFRIC UIBL D & UISTH
BlLEWELZ R LTz, BT —& LT h =B
BEOY, T — & LCREAN Y RAR—VET,
e LTRNBLBAT 0 v R— 12

®1. NTSEFZRFOANATRER (FEE)

PR A S HF (cm) | HE (kg) | 5 (cm) | F5H0 (cm)
A 181. 6% 78. 9ok 231.7 184. 1

5 U18 30 | IEHERZE 5.3 9.7 8.3 6.9
e e fiE 189.9 99.1 242.0 | 196.0
P fE 178. 4 71.0 228.9 182.7

Tl us | a0 [ 4.7 5.5 6.2 4.9
e 187.0 89. 3 240.0 | 189.0
SR 168.3% | 64.2% 214.5 | 170, sk

% U18 25 | FRYERE 4.8 4.4 7.3 4.0
i 177.0 72.6 228.0 | 180.0
S fE 165. 7 60. 1 212.3 | 166.7

’ U15 31 | ARHE(R = 4.0 4.9 5.1 5.2
B 174.2 72.0 225.0 | 177.0

UI8 vs Ul5  #P<0.05 #%P<0.01 #kP<0.001



Pefd - FRRIEORES - B TofE -

SEL e - M ST

F2. NTSEZEFOGHAERER (BRKH/NT— - HN)

PE AR R A3 20miE (s) | 30miAz (s) | HHEHE (s) | THZEMG () | REEHT )| B (ko) | AT4r R—14%4 ()
SERIME | 3. 04%kx 4.38 6.98% 7. 5k 27. ¥k 49. 8%k 9. 2%k
5 U18 | 30 |fE¥EfFz=| 0.10 0.15 0.25 0.6 3.0 5.9 1.4
i | 2.82 4.05 6.43 8.5 35. 6 59.9 12. 4
SESE | 3.18 4.46 7.18 7.1 25. 1 44.0 7.4
T | u1s 30 | EEHERAZ] 0.11 0.16 0.33 0.4 3.0 5.4 1.0
il | 2.92 4.13 6.26 8.1 31. 2 58. 3 9.2
SERIME | 3. 38%kx 4.92 7. 4 3%k 6. 2%k 19. 2k 30. T 5. bk
” U18 | 25 |fE¥EfFzE| 0.12 0.18 0.31 0.4 1.7 3.2 6.1
i | 3.08 4.48 6.91 7.1 22.8 39.3 6.9
SERE | 3.51 4.95 7.76 5.9 16. 3 28. 2 4.7
+ | Uv1s 31 | EEHERAZ| 0.12 0.18 0.30 0.3 2.0 3.1 4.9
il | 3.28 4.67 7.11 6.6 20. 8 34. 6 5.5
U18 vs Ul5  #P<0.05 #%P<0.01 skxP<0.001

BT ERE L, WIROBRIEES ULV &
UISTHEICEWMEZ R LTz,

30m 5 [f) 28 8 7E oD ) 7 f1E %2 30m 7 o 1 7E K
ThrU7cftiz HimA#ae h & LTk L (%
3)e TAIZEWT, ULV b UISD K3
WEA R L, UIBH 7LV & UK T DM,
F7o, ULB X0 L UL T OFRHEEICHE
VMEZ R LT,
FKA4-1—-BIZENT—BLUBNT— &
NBLOCEE AN RR—=ABTOMEES DT
Y —RNIR LT, RATIE, AT 420 HR—
NETTBT & MB 81T, RN R — L&

FERERT ERIL L, ZrlcBW T, &
N —BLOPRY =R, BFT
1£20m - 30m A& & 32 H 3 BRBEKONTHBN A2 B
Ted. FIRERGE &SI 3 BeBEONTIIFERE S A2
bhiginotz (£4-1—4-4), /=, B+
ULS TR & RN RA— VBT OFHBI 3 A2
LN, KT UISTIXEDHAE bR D
Y. BFUBBLIOLFUISTIE, AT 4
VRN TTET & RIEE N RAR— VT
BRAZ BTz (F4-5—-4-8),

3. HEEBEENDLEE

L R J7 A HAsE )

U18 1.5920. 06
B

U15 1.6140.09

U18 1.510. 05 #kx  fith
o

U15 1.57+0.06 §
BFUI8 vs £ FUIS sk P<0.001
Z7UI8 vs U5 ##tf P<0.01
BFUL5 vs &ZFULS $  P<0.01



N RR—=VY 2 =T BHRFORTRE A B3 % bFJE

Fa—1 ENT—HLUB/NT—-0HEE (BFU1I8)

F4—2 ENT-HLUH/NT—-DOHEE (BFUI5)

F4—3 ENT-BLUH/NT—-DER (ZFU18)

20m7E 30mzz Jii s | b S B 20miE 30miE T | SH BB
20mAz 1 20m= 1
30mAE 0.949 1 30mAE 0.935 1
ZARERIYS 0.3323 0.361 * 1 ZARE R %S -0. 005 0. 090 1
DAZEN=3 0N 0. 553 sk -0.6 %k -0.322 1 S H =B ~0.607 #%| 0,617k -0. 058 1
% p<0. 01 * p<0. 05 sk p<0. 01

FKa—4 FENT-HLUHNT—-0EE (£FU15)

R4—5 HHBLOCRENY RR-IVEZFOER (EFU18)

20m 30mE DI E | S BB 20m7 30mzE i ZERE | i h B
20m7E 1 20m7E 1
30miz 0. 970% 1 30mAz 0. 975 1
Jr e 0. 586k 0. 582k 1 Ji e 0. 409 0. 425% 1
AR 10N —0. 817 —0. 817+ —0. 5673 1 ASENZ4: 10) —0. 503k —0. 4915 —0. 472%% 1
% p<0. 01 sk p<0. 01 * p<0. 05

F4—6 HHBLORENY RR—-IVEFOMERE (EFU15)

®4—7 BHBLURENS RR—ILRITOERE (XFU18)

#77) MBS RJEET ##75 MBS RJERT
B 1 B 1
VB 0. 122 1 MBS 0. 430% 1
R 0. 229 0. 5633 1 Pyl 0. 638k 0. 465%% 1
% p<0.01 % p<0.01 * p<0. 05

F4—8 HHBLURE/N> RFK—IVRIFOMER (ZFU15)

(F =]

ANV RAR— VBT, BRI AR D A ik
ML THFLEML, MFOEWTRDOY
X 72— Mzt Ul F & AV CRAEIT
Do WRFITIL, Z OB T RO 5|
R TELI D, 20K 9 REBHREEN D,
R 72 K& SMFHE TR E BT D, v
= =T DOAF e T A RNKIE, BV a
=7 0# (14—16m%) TIEIT—LF—/—T
180cm, R A R 7' L —%—Tl84cm, v 7 7
L —¥%—Tl178cm, Y==7 1# (16—185%)
TIET— 1 F—/3—7Tl184cm, AA NS L —%
—T188cm, /Ny 7 7 L —%—"T180cm & = —
2y RICBT DY a =T RO HIRE T VL
AREL TS, AFETIERY > a LRI
K LTW2RnA, AR E LB FV =

(%) MBS BRI P27 MBS FJE T
#h 1 ®’Ah 1
MBS 0. 132 1 MBS 0. 233 1
RIEHR T 0. 085 0. 141 1 EEET 0. 123 0. 3645 1
* p<0.05

=7 ®F %, UISTI8L.6+53cm, UI5TI78.4
+47em TH Y, ZDO7 A NGO HAEIC
BHoTWLHZEIFHERTARETHD, KTFIZk
WTIE, 7y A RRIE, Ya=71# (14—16
%) TlEa—/F%F—/3—="T170cm, "A K7L
—¥—T174em, Xy 7 F L —¥—"T16Tm, ¥
2=7 18 (16—18i%) TIEI—/LF— X—T
172cm, AA M 7L —F¥—"7T176cm, /Ny 7 7
L—F%—"T170cm &9 BEHELZ R LTS, 4
[Ej%Hk S A7z e FICB LT, U18T168.3
+4.6cm, Ul5T165.7+4.0cm TdH V., FHHEM
IR L TREWDEIFTWD RN, 19994 (2
ARINTVWDHLARKTRFOLLHHE 1T
166.16.7cm TH Y, THETLY HLEFTAK
BUYL L TW D EENMal b D, N RAR—/L
BFICBIT D RELEIENRICEALTE, Zh



WIE PR - FEEOCS - B3F sufl - S R - | S

F TR RE TR, Ya=THRICENT
Y 2RI S TR WS, A RITE
KRR DOT — 2 HERET 52 LI X ViR
BMI (Body Mass Index) . FMI (Fat Mass Index)
K> FFM (Fat Free Mass) D #FAfi & %2272 5 T
<HbDEBEZLND,

BFH o RAR—VEHEE BT 2 EBKH9N

—lx. A7V MEFONT—LERRTH D
EMESNRTVDY ZEMDL, BOLULOM
R RT =P RAR—ABHEE I ITER S
Do BRHINT—IZIE, E-BE- D3 ODOH
T3 Y =T CTRIEEIT T2,

MEAE /ST —1F, 20m A, 30m AER IO
30m J7 1A 28 & O CIIE L7z, 30m A2 Tk
BF- U18T4.3840.15(s), U15T4.460.16(s) T
b, UIBL UlbL ODMICHERAEITRD BN
RhoTle, WHITBWTHFERIC UI8T4.92+
0.18(s), U15T4.95+0.18(s) TH V. Ul8L U5
EDMDEITRD Lo Te, RAY DAL
TV BT H15—165% D30m & O Fix'” T
. B OB TAAG), L T1TA.6(s) & AT
SNTWD, ZOZEn6ExXLHE, BADY
FEFIT, COVHEICHREL TEY, #BR
HIENT —IZIZERAERLTWD & bl d,
ZFTIES BRI AENT —OERBNLET
oD AREMER RIE S D, Fio, AENE20m &
DORE B T2, ZD20m ETIE, Bd bl
Ul8& UIbOMICHEREN BN, ZDZ
EMB N RR—VETFORKINENY —%
HIEFMNT 2454, 30m £V & &SI B
TITH MW L TOD AR B 2 bivd,

Ny RABR— VB TR, BORFHC BT BB

BN T S, EMRRRERDTZT TR,
b DD HM~DOEMERNPLETHY | £
DRI HERE L~ L & OBFE R E WY, £ 3
T LT HmAEMIE X, &I
L UIbE ORMICHERENRD b, £z,
ULBIZEBWTIEHRF R b &0 )n, Hnk
BRED D E N2 LR SN, ZOFHIZ O

THBALNTIERL, A% EBIZT — ¥ 2%

LT ZERRETHY, BRAE T —
B L Cid BRI RE b L—=0 7Tl
Bz fe T ~DY 0 K LEMEZ G074 b L—
= T A EDE TN 2 E O RERFEL
TV ZERABROBETH D,

KM ST —13, i H 3 EBEOERIE L
Tzo Bl HIZUBLY b UBDAFEITH
Mmolz, BN —
MEE T, FlId— X —R—DF -t 7Y

FIEIND, PENT —ITEBENATND Z LT
BV R T 5 2 L lC 0N b E
ERRNERTHD L VXD, WERERE &
Vo T BREBEN RIS LB ) 2 sk L TS 2
LT, BN —omE Iz oRiF TN Z ERYE
FlLWnEEbis,

HEQIIRANT —I13, RIEANY RR—RIT %
WE LTz, REANY RR—AETIE, 25 % H
WTEITHZ LM TET, LG OHROKEE
Thb, HEEEMLN DY 22— M &2
DN RR—L T, B ORTOR
REENTND Z ERERICERET 5 & R
b, MEFEERLDILDOEBEZOND, BT
U18T27.5+1.3m, Ul5T25.1+3.0m, % F Ul8

BT UI8

1T, WBEOY ¥ 2 —
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L BHIZ UL L ULLICHE RN A BT, 1997
EOBFEARNRETFT—L4 (224) ORENV

KR — L O RE 1Y 28.01+2.9m, 1999
EOLFHARETF —24 (164) 1F18.1+2.1m
THYHY, SEBE L UISE OEIIALNT
(unpaired t-test) , H& & HIZ UISA WY
—HHLTND I EDRINT,

HAx, BHE AT 4 U R—NR T ET
ZRE LTz, BACBIL Tk, 57 UI8T49.8
+5.9kg, Ul5T44.0+5.4kg, % UI8T30.7+
3.2kg, Ul5T28.2+3.1kg TH V., Fi s bic
UIb L Y & UIBD 3 A BT VME % /R LTz,
OB, SCHBEE OBIK T A O
AR THTIIDTHD L BT UIST6 4,
UIGT5 A, KT UIST6 A, UIbTS5 A (&
HIZL0MAR) & 72D EVETRWZ EA3bH
Ho N RAR— TR — L EZIE-> Ty a— 4
HOBHETHHZ D, BT R
SINTVDHDEEZZHLILDN, FEUVME TR
ST ZLITEBIREFRLVAZD, AT 4V
VIR BGEFICENTH B L HIZ UIB L
D UBD L NAREIZEWEZ R LTz, LFIZk
WL, 3kg A L7223, UI8TH.5E6.1m,
U15T4.74.9m & BERREEN R < |
TIEREVWZ EBRHERERIND Z LD, Kk
FAZBWTHRBRER O ) DIF ENLETH S &
EZHiLb,

FATIE, 7TV —HNZENT—BLY
BB L OE#EAY RR—AEF O
MR ZE #de, DT — PR T —ITEmN
FHEAZNGR D Hivlz, -+ Tid20m - 30m 4 & 32
H 3 BB ONTHIBIN A DI To A Jr A &

3 kg DA

Bk T —,

SEH 3 BBRONTITABEN A BV o 72, FFIC
TAIZBNT, ERXT— BT —& bIEN
TWAHZERH BN oTe, Flo, &
NU—IZFELTIE, ZF UL O T 2 —
TAT A VR — NIRRT ERIENY RAR—
NTITHENRENT, BHEAT 4 R
— AT T B L ORE AN RAR—VET O
BIZE T UIOA TR Nz, WEENIZEHLT
X, B LS OB B A BIER LT D AT RE
MERHER I N D, Hx e KRB &2 B LT 5
N RR—VEH T, RO TICT R TORE

ICHETTNDZEREE LY, V=T
5OEODEENRHANIRSD = &< ik LT
WS ZENRHEETHD EEDbiLD,

N RAR— VB ORI A B L 7T IE
ERR ST — B O A WE
L7z, BB FICB W TEREMICRE <, &3
U —ITENTEFENRKE SN T D BRI S
Wl olz, AFET, YVa=THROBHB L
O R T — Db AR TH D Z LB RS
TERER), 5% EILRIBIEALETHD
ENTRBEND, F£o. ABRNTAEERE I/
Mo TR NT — FRRMEDOWE b XLEETH
V., IBRDT—FOERLZIUTES G
FEEDIERDNRETH D & bbb,

AAFY vy 7 ZERE, Bk hEte L
T, ERAEOEOR E2E - I2hHTFTnEY,
N RAR—= VBB W TSR I B R D))
LY AT ADHSINLEENDL THAH, 4l
BELIEAY RR—=AY 2 =T EHEFEIL,
PR A ARREORTF L L CTIEHT 5 FTREM:
BB, TIND OB Om AR E O
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M SF, vk, FREEIT, AR,
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Fitness, 41:349-353, 2001.
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