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Relationships between architectural changes due to isometric voluntary
contraction and isokinetic force and anaerobic power productions in
vastus lateralis muscle.
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ABSTRACT

The purpose of this study was to clarify the relation between the architecture
characteristics in isometric contraction and isokinetic force and maximal anaerobic
power production in vastus lateralis muscle in varsity athletes. Thirteen male varsity
skiers were served as subjects. Angle of pennation for the vastus lateralis muscle in vivo
was measured by means of B-mode ultrasonic scanning method in relaxed and maximal
isometric contracted conditions on standing position. Pennation angle ratio between
relaxes and contracted condition in vastus lateralis was obtained by ultrasonic view.
Maximal isokinetic knee extension force during concentric action was measured at
velocity of 60, 120 and 240 degrees per second using isokinetic dynamometer. Maximal
anaerobic power was determined using cycle ergometer. The pennation angle in all
subjects showed larger values of 27.41x2.9 degrees in maximal voluntary isometric
condition than that of 20.9%1.7degrees in resting condition. The pennation angle ratio

~ was significantly closed to knee extension peak torque at all the velocities in all subjects.
A higher correlation coefficient was observed at the lower velocity of 60 degrees per
second (r?=0.886, p<0.01). A similar tendency was observed between maximal anaerobic
power production relative to body weight and r pennation angle ratio in all athletes
(r:=0.732, p<0.001). From these results it is considered that muscle architecture changes
due to voluntary isometric contraction of the vastus lateralis muscle reflected isokinetic
force of knee extension and maximal anaerobic production capacity in athletes.

Key wards; ultrasonic method, pennation angle, isokinetic force, and maximal anaerobic
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L1 ; the length in resting condition.

Contracted |

Pennation angle ratio (%)

voluntary contraction.

L2 ; the length at the isometric maximal voluntary contraction.

X1 Measurement of pennation angle of the vastus lateralis .
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8 1 ; angle of pennation in resting condition.
8 2 ; angle of pennation at the isometric maximal
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<1 Changes of pennation angle ratio in the vastus lateralis muscle.

Ultrasonic scanning

1D EHE (PAR) 3. &#EE T31.01

6 1(degree)  62(degree) Pennation
angle ratio (%)

Y.M 20.5 28.0 36.6
T.F 20.0 28.0 40.0
T.A 21.0 30.0 42.9
H.K 17.0 22.0 29.4
K.H 22.0 29.5 34.1
T.K 22.0 30.0 36.4
G.I 22.0 29.5 34.1
H.A 23.0 28.0 21.7
N.K 23.5 29.5 25.9
K.H 21.0 29.0 38.1
M.N 21.0 27.0 28.6
ET 19.0 23.0 21.1
Y.G 20.0 23.0 15.0
Means 20.9 27.4 31.0
*sd 1.7 2.9 8.3
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[X|2 Relationship between pennation angle ratios
and peak torque per body weight.
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X]3 Relationship between pennation angle ratio of
the vastus lateralis muscle and anaerobic power
to body weight ratio.

=2 Changes of isokinetic peak torque for knee extension on the right leg.

Absolute (Nm)

Peak torque/Weight (%)

(deg/sec) 60 120 240 60 120 240
Y.M 242.9 190.1 139.8 399.3 312.5 229.8
T.F 281.5 219.8 163.9 413.4 322.8 240.7
T.A 250.9 209.2 148.8 397.6 331.5 235.8
H.K 236.1 170.4 123.5 342.1 246.9 179
KH 225.5 193.9 131.7 388 333.7 226.6
TK 248.4 189.8 139.8 372.2 284.4 209.5
G.I 242.7 187.7 140.3 398.9 308.5 217.3
H.A 241.2 180.2 136.3 322 240.6 182
N.K 247.6 201.9 183.3 345.2 281.5 255.5
KH 247.1 190 131.5 391.6 301.1 208.4
M.N 254.3 193.8 130.9 368.5 280.8 189.7
ET 208.3 166.2 119.5 330.1 263.4 189.4
Y.G 199.5 164.5 116.2 285.3 235.3 166.2

Means 240.5 189 138.9 365.7 287.9 210
+sd 20.6 161 18.3 38 33.9 27.2




IMULEBHDFREBBNIBICH O EROEILEFREH N R UOERRERR /3T —

A

-

E b DOERIZE T SIMNAHDOIRAEIZ DN
Tid, MRIZEREFHE AW TIhETIONLD
ORI TWB, MRIZEE WIS
&% & . Giannini et al.® 23 E R & S EHE) % 17 -
TW327Hh 636D FH T HEE CTIRAHEZIET
DIMULFRO R AL, BFETI2E ~27.1E T
Ho7-Z &, Naricietal® |3, 171 THh 722 &
r¥E L TW5, @5z H\THenriksson-
Karsen et al.” i3, MO HERE CREFIFEN11.05
Toh ., NHERFTIF20E~25.1B ThHh->7=Z & %
ML LTWwW3b, £ 7. Rutherford and Jones!®
(3. 18~40K D FH L HERT DO PIK A H K T 6
~958 . PHERF I ABIZE AL Z2 %
O 2L T %, KRR TH S = MAIARR D
PPRAOF1E1E, LafE» 2098 . FREHEE
HRAPERET27T4E TH D, ThFEF TOHEEIS
WARENMERITH -7z, TOBHELTEILN
5 Z &E, RMEOHEERSE IXBE LD 2K — Vg
BCHHol L ThHd, HEADEZAE. b L
— =Ko THEAR L Z25MAABOTIIR B D &
KIEIL,30ETH DI ENREINTWS (fFk?),
72, AR TORRADHIE IS, RiEFER U
RTFICK 5 H00ERE & & IRBIf 2 58 2R &
TEREL 72, W7READHERF O SMBIARS O PIA A 1
BRBAE O ML (RRE30E LUIAN) THIPUEIZfE W
BRICHEM U 72 2 & 5 5 SMEIE R O fhsie 13
IZHE->TELSZD, KDHREDEAE TH 5
PPRANINL - T A ZRT I EAEMEINT
\V% (Fukunaga etal.’), Zho6DZE&aERE
T 5 EARMETHSNMULFHOPIRAIL., &
afhE S O AR IDURERSE & B IS BT RIS R TEVWE
ARLI-ZEBELILONS,

A7 TR 6 N 7= R O F3 M & KAs 1D
EgEIE. RAEREE L L, EHLY PREL T
WA R IZ LK 3B FORBFERREDOHIERE L
IZIFFEHETH - 7=,

INFE TOMETIZ,

VA THIZE L 2R A &

EEMH N A EBRAT-REEIH DI DR LA TH
B, AR TIXPRR AL =2 7 FRlGHER & Kt
e DR HH U, FHRMRAA L DFERKIC
DWTHET LR, SHEIERE TOFRERK
I ETITRATLER L IEE HEBEBERZ R L.
Z OAEBEBfRIE, BOHlEERE (60°/s) md
%<Jmﬂ%&#méﬁ<&5@ﬁ#m®6hto
Bis., fAOREOR X RIPIRADELED K % X
ICBAfR L, AR A < . BV NE < &
PEZDENEDOEEEI/NEL 55T L E2EK
LTWa,
Ichinose et al.?’ 2 &  DEMEIFOFE S1DOZAL
& THATAFR D Figsnte = D ZEL D BILRIC DV THIER
L. JEHH70E THRE NIZmRTH ) . BEHEIHE
JEHHSSEE . 100 & HEX N BT E Z DIRIIIK
TFaZLaMEL TS, /-, M HEl
TESEE & B\ THMBIAFR O FRRHE D FE ke 4 i
LR TR, BB OERIA 1005 2 5 58
EEITIEML, 60BE TR ARENELN TS
(Ichinose et al.?) , A2 THIE L 7=FHRAISHE
BEfiHENS THEON-EDTH D, FEHRBAT
NIIREABICEABREL -2 P L7 2L -
IZpogmEOMIZIE, BRHllERE L EER KL
BRI AR O N T WA, X512, LITMEOM
RAEZEL T, PIRADORIE = KR 1D RB
5 R AhssiE R E iR & 5 S BAE A O JEBH70
MO0 TEML., Tho 2RI T 5 LEMENE
Abh, AKR—VYEREGEFO N -V I
WHHATEATHAD TR INT-,

x7/-, KR TIIH LT A -2 —FHNTOD
RAERRME T — L PIRADE LR & ORIZIE
DERLMHBEERVBED Sz, EBERM/ VT —
DOR/NME, ZOEEBISIMU T BHRICHE X
NHEZEREBELZONS, PIRGHBPHE L 72354
TOHEBHRRE L 55 T EI3RHDPNHEEE H
<\ k<ﬁ©%w;a%%ﬁﬁéouh6®%%
A —F VRN —Z VI OIIEIZT B 1-9IC
Z. SHICHBEREMEESZLIZLD XK
— VUV BRBGETF O NI RABRRMN N7 — /0D




ERBIENSDHEET A EVABRICEATHA
5 Z MR I N,

xF £ O

A ETIIBRAREZED X R -V BEEE 2SR
LT, BEWEIZ K MUTAR DR O i E
12 B L., EFEBICIAHOMB IRV HERE
BENC & A AREBRES Sy -FHEL., HOF
WEALE ST+ —< Y 2L DBERIZOWTRET L
7o TORER., XOKEZENHENIIE -7,
1. HMUEFHOPIRAOEYE T, HEfkET

20917 AR L. FREHMENMEICXL - T
27.4E29FIZHW KL, ZOEAEIZI31.0L
83%TdHh 7=,

2. MomBEEEIC L 25EERKHIIOKEL
X, PIRAOFHIKEIZ K B3ELELE OB TE
HIERE & AR EHBEBERIED L7,
ZOREREIIL, HMIrREKREL T
60/s& DIV &L . HIEREDHEKIZHE
> UKL B BEMAEAA S LTz,

3. MoMmEEMEIZ X 2 FEERKRA K, PR

AOBHPREIC K AIELBRLBZHERE L LA
EHBEBERIED LN, £/, RERE
1360/sh 3 5 < . 240/s T KW AR
TEME DAL N, PEREHO ABZECIZFHH T
B8543 Z B EZ LT,

4. hEH ) OBRKERZM ST — 2, FIRA
DEALR L HRE EHEBRE®H 6 17z,

5. IN6DT eh» 6, BPGREIZHE S PRRERDE
IROZBEALERIZZ DO NIRINT — 2 XBR9 5 T
HAHIIEDHERE I N,

"ty

AL, BELsRFRTEES BT P
Fir D20004F-BEMF 7B RIS K - TELE L 7z,

5|H - 2F38

1) Fukunaga, T,, Ito, M., Ichinose, Y., Kuno, S., Kawakami,
Y. and Fukashiro, S.: Tendinous movement of a human

HE - 55 - ARk

muscle during voluntary contractions determined by
real-time ultrasonography. J Appl Physiol 81(3):1430-
1433, 1996.

2) Fukunaga, T. Kawakami, Y., Kuno, S., Funato, K. and
Fukashiro, S.: Muscle architecture and function in
humans. J. Biomech. 30(5): 457463, 1997.

3) Fukunaga, T. Ichinose, Y., Ito, M., Kawakami, Y. and
Fukashiro, S.: Determination of fascicle length and
pennation in a contracting human muscle in vivo. J Appl
Physiol. 82(1): 354-358, 1997.

4 /AR ABRFOREZEOIRRZHS. BFOF=F,
47(5):329-337, 1997.

5 BB K BHREEBNZIB 2D A X =0
. WEHZZE, 42:337-348, 1998.

6) Giannini, F., Landoni, L., Merella, N., Minetti, AE. and
Narici, M.V.: Estimation of specific tension of human
knee extensor muscles from in vivo physiological CSA
and strength measurements. ] Physiol (Lond). 432:86,
1990.

7) Henriksson-Larsen, K., Wretling, M.L., Lorentzon and R,,
Oberg, L.: Do muscle size and fiber angulation correlate
in pennated human muscles? Eur. J. Appl. Physiol.
79(3):294-297, 1999

8) Ichinose, Y., Kawakami, Y., Ito, M. and Fukunaga, T.:
Estimation of active force-length characteristics of human
vastus lateralis muscle. Act Anat. 159(2-3): 7883, 1997.

9) Ichinose, Y., Kanehisa, H., Ito, M., Kawakami, Y. and
Fukunaga, T.: Relationship between muscle fiber
pennation and force generation capability in Olympic
athletes. Int. J. Sports Med. 19(8):541-546, 1998.

10) Ichinose, Y., Kawakami, Y., Ito, M. Kanehisa, H. and
Fukunaga, T.: In vivo estimation of contraction velocity of
human vastus lateralis muscle during Xisokinetict action.
J Appl Physiol. 88(3): 851-856, 2000.

11) Tto, M., Kawakami, Y., Ichinose, Y., Fukashiro, S. and
Fukunaga, T.: Nonisometric behavior of fascicles during
isometric contraction of a human muscle. J Appl Physiol
85(4):1230-1235, 1998.

12) Kanehisa, H. and Fukunaga, T.: Velocity associated
characteristics of force production in college weight
lifters. Br. J. Sports Med. 33(2): 113-116, 1999.

13) Kawakami, Y., Ichinose, Y. and Fukunaga, T.:
Architectural and functional features of human triceps
surae muscles during contraction. J Appl Physiol. 85(2):
398404, 1998.

14) Maganaris, C. N. and Baltzopoulos, V.: Predictability of in
vivo changes in pennation angle of human tibialis
anterior muscle from rest to maximal isometric
dorsiflexion. Eur. J. Appl. Physiol. 79(3):294-297, 1999.

15) Narici, M.V,, Landoni, L. and Minetti, A E.: Assessment
of human knee extensor muscle stress from in vivo
physiological cross-sectional area and strength




IMAEER DFERIEFEENME ICH O RO E(L EEFREFHNRVERERES/XTD—  —85—

measurements. Eur. J. Appl. Physiol. 65:438444, 1992.
16) Rutherford, O.M. and Jones, D.A.: Measurement of fiber
pennation using ultrasound in the quadriceps in vivo.
Eur. J. Appl. Physiol. 65: 433437, 1992.
17) AHEA, ZEEE, EH #H, BSA—Z, XHFH
He - IRRBE Ei (b A & TR RhAR I O 5 kst K OB MG E)

"h_

b

IZ K 5 IFE. Bl LS8 REZEBEWZEAHE, 10-11;
41-47, 1992.

18) Wickiewics, T.L., Roy, RR, Powell, P.L., and Edgerton,
V.R.: Muscle architecture and force- velocity relationship

in humans. J Appl Physiol. 57(2):435443, 1984.



	角田直也ら著_p79
	p80
	p81
	p82
	p83
	p84
	p85



