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Studies on Kinetic Viscoelasticity of Slow Muscle Fibers
—2. Dynamic Stiffness Changes Studied by Quick Release Method
and Frequency Response Method—
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Abstract

Purpose : To evaluate the mechanical properties
of slow fibers and fast fibers which make up the
extraocular muscles in rabbits.

Subjects and Method : 1 studied the contractile
properties and viscoelastic properties of the superior
rectus muscle (SR) and the retractor bulbi muscle
(RB) of rabbits using the quick release method and
the frequency response method.

Results : In the quick release method, isometric
tension transients were slower in the SR than in the
RB. In the frequency response method, the muscle
length is perturbed sinusoidally to measure kinetic

viscoelasticity. In resting muscle, dynamic stiffness
was not changed with increasing frequency. In
contracted muscle, dynamic stiffness was increased
with increasing frequency, and the rate of increase
was greater in the SR than in the RB.

Conclusion : It was concluded that the viscoelas-
ticity of the activated cross bridge is greater in slow
fibers than in fast fibers. (J Jpn Ophthalmol Soc
105 : 745—1749, 2001)

Key words : Extraocular muscles, Slow fibers, Fast
fibers, Dynamic viscoelasticity
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H3.4~4.0kg)8 Lz vy, ¥ bV ESY —LF b Y
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A 7V —% QFEEFICED T S ERERT v
A=Y RFEAL, HiROEIC L > THET 2EREE
EEE7 WL OB L., ZORNDEHREOEE
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(quick release method)
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(quick release method)

ANIHETR ST %2 F64E L 7R 80 & S FIME 21T S &,
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BEEHE IR 2 WE T U TES e Rl 2 vz, &
B, BREEHRRICRT LRIFA —N—y2a— LT
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(frequency response method)

MEIGHEIF & EiER O RIER B L CIRERE S 7 RIS
0.1mm, FEHE0.5~20Hz 0IEE 252 CHEsnT:
i O dynamic stiffness 2 4 127~ 3. 20 Hz & B}
% dynamic stiffness O3, EH CEIGHEEECIX
3.0£0.9 CPfE 4 RZE) ¢/mm (n=8), FifEkF Tt
10.1+1.9g/mm(n=38), REKZIIFHIFFNnZNn2.9+

3 FRAESRBICE(LSEIGEORERNOEIL.

0.9g/mm(n=38), 6.2+t1.5g/mm(n=8) T H-o7:, M
B A2 L X ¥ 72D dynamic stiffness D2 biE, &I
MERF CRIEF AR Z2ELI T THIFEAERILL &
MoleDITK L, FERFCIX 5 Hz £ TIRIRBIFEE O
¥inL & %12 dynamic stiffness 2SEH04 2 B H >
7z. 20Hz & 0.5 Hz W& B J 2 8RO Z LI,
FEIHERFIC B\ C LB T 1.08, HREREESIfHT1.05 T
bHote, FEMERIICBE W T RE/ T 1.20, REKESH
T1.13 Th-otz. LHEM & IREREEE ) O RiHRNIC B
ZENR R ORI p<0.02 DERETEEEN
Ho 7tz (Welch D t #7E).
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% 7 SR O BRI R Ic D W TR L, B
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xley 50O R S 2 2B AL S Bk 2
% 1B 51 O EIERYZEAL (isometric tension transients) %,
O Wik RZ b E AL 72 BN 2 R E T, @ iR
MR OEALSE T 12Hi BRI OBEIE, @ RAIZE
Lo, @Ww-< b LRAEIEI O 4 @i X
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BWRE 7027y YO, @ O#lEE7aX7Y
v VHEEOMEEIC L 20 EHZE L, Huxley 5 DWW D
BHIE LCHEL, Z2O0RAT Vv YDT7I7F—3F Y
O EEREEY A 7 VRSB L 2. AKBFSE O quick
release method & ¥ ) % R JJEIERKERT X Huxley & O
Z7uA7Y Y VEEOEMRICHYE T 5, 20k, |’
EERFE DS EEMIC B W TIRERES I L D b E» o 78
RiE, FEMHCEENIEBHHEHEO 7 v A7) v VHHE
DT 7 F  NDEFEEIE T O ICHMEEFEDOEIFHIR
WENDIDTHY, ZHITEMEHEO 7 a X7 ) v
JEBWTC, WEHEEOY A 2 ) v 7 KGO EEEHH
BHEO 27027 ) v Y XD bBOLLDICREAREBICHE 2

S TWLWBRENRE W » LRSI,

Rz, BPEHEZEMCxTT 25RIZ b1, Saeki 5928
> 2= HER % F w72 frequency response method
DEERIZ BT, dynamic stiffness & IRENE I L D
BfRIZDOWT, 0.8~8 Hz ORI TIZIEEIE I D &
& BT dynamic stiffness DB A 54 555, FhLL
LORBE B CREMBA LN N T EBHREL T
5, L, B —EOREE E TIEEEOHEIMIfES T
70U RAT7 Yy Y ORMMEEROREIBEML TR, b
ZHEREZ L E70RAT ) v Y OMEERSHIAL L
T, TN EORGEIINAS RN LI L 20T
HBHEFHL T B, AR TIE, 5Hz £ TIIHERK
OEINE & IR L Tz, HEERIIIES R RO
L KIG L Wiz), ZOEEEZaRATY) v YOk,
BEZOLHCL2bDEFZ 6Tz, Z OB
EHHKBOWTRERES LD bEro/22 iE, EEH
WEDVELEENIEHEHEDO 7 u X 7Y v ICBIT 3
R ERNHEGRHE L D bR, IRBIA S oEime st
L C dynamic stiffness 23¥h013 2 ERINH D, F7-8
GERE & 0 b IBERFIC B W T o 7o L 1E, HERHE
WCHREST 2R EEN 7 o X 7)) v Y OIEFIRICEE S %
FET o0 LRI,

R I8, AFIFRICKEL CHE L 3~ o KM
230 F U7 IIERKEMNES A B SR S W L &
7.

AREOEFIX, 5100 M AARREFEERES L UFE 330
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