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Studies on Kinetic Viscoelasticity of Slow Muscle Fibers
— 1. Tension, Fatigue Resistance and Stiffness in Rabbit Extraocular Muscles—

Yasunori Hiraki
Department of Ophthalmology, Kawasaki Medical School

Abstract

To evaluate the mechanical properties of the slow
fibers and fast fibers which make up the extraocular
musecle, T studied the contractibility and viscoelas-
ticity properties of the superior rectus muscle (SR)
and the retractor bulbi muscle (RB) of rabbits.
Eighteen to nineteen percent of whole muscle ten-
sion was produced by slow fibers in SR and 1 to 5%
by those in RB. After long continuous contraction,
fatique-resistant fibers left residual tension in SR,
but the tension was almost entirely absent in RB.
The frequency response method was used to examine
kinetic viscoelasticity. The muscle was stretched

sinusoidally, with an amplitude of 1 mm at 20 Hz in
Lmax. The tension amplitude to sine wave vibrations
during tetanus (P) and resting (Po) were then
examined. The dynamic stiffness ratio (P/Po) was
higher in SR (3.1) than in RB (2.0). I suggest that
the viscoelasticity of the activated cross bridge is
greater in slow fibers than in fast fibers. (J Jpn
Ophthalmol Soc 101 : 3—11, 1997)

Key words : Albino rabbit, Slow fiber, Fast fiber,
Viscoelasticity, Frequency response
method
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77 > 10%/ml 2EhL 7.
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L THBSAEEE % 20~250 Hz O TEL & ¥ 1B o NHE
RN &, RIBSEE % 100 Hz & L THRAGERERE 2 0.2~1.5
msec D] TEAL & € 1-BONHEER S 6, B AU EE R
T/ SN 5 Rkl & WIBSEE 23R D, R, Boh
Fe R e & REAEE & o T i E S R A L S
BEDINHETR 1 &, T RIGETR ) O Fe 42 B 2 il 3 ]
ki,
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a) Slow fiber ratio

Massive fl# TH &5 i - i & E& O PEHR I (M) &,
point F# TH & Hu7z A FRRHE D YHHTR S (P) 5 & slow
fiber ratio : (M-P)/M(%) Z3K& 7z, Zhid, £/ O L
faac B 2 IFEEME O TEEVER & FE 4 T 2 BHEOIYL
RO S» s HE&E2RT,

b) Fatigue resistance ratio
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FriE I TINS5 L R ARME LI T L, B R R O
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fit & B - BRI ok JUHE B S (F) 2 & fatigue resis-
tance ratio: F/M (%) 2Rk 7. 24, 2 OIEEE N
BT B EGTIETIERME ORI O o 28 & E
i
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® : FEfT o HRERERS|EH

Hz LA TRRIHER S 8 OBl & 43 A 6 113 58 L5
THo74,100 Hz U ETCRRTELEHEE Ro/z, £72, B
BR£5 |1 & FRROMEE 275 U 72 WOETR A7 1, Wil & b
100Hz #—7 ¥ 2fHABA ST (K3 A), R,
F B % 100 Hz & L, FFRcRFiE % 0.2~1.5 msec @
TS EOIEERT I, WA & 612 0.8 msec
PE—7 LT AEASA SN (K3 B). %72, FrlhRrk
0.8 msec, FIEHEE 100 Hz & L, RIEEH 2 EL S ¥ 72
P NSRS, WA E b I 30ETHRACEL (M
4), SEAERE G B OR ) O I E LB HE R 22 1, RIE
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2 n 5
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RIREE|5% slow fiber ratio
5 RUBCHEIC & 2R & BEriRkEDINER D
DT HE,
A I point RIB THE & h iz mANKER S (P) & mas-

sive fil# CH o Lz BANMEEIM), B : slow
fiber ratio ((M—P)/M], L ix 18.5+£8.1% (n
-10), IREREEF A5 4.6+4.6% (n=10) TH - 7=,
8 . point # ¥ (P), B+ 8 : massive il 3 (M),
e : LT ol AREREES|H

FEHEARRES B O 2 EONFERI 2 FRAEL Ty
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1) Slow fiber ratio

Point fl# T & huiz SR IER S (P) 13, LE# Tl
7.8+2.1g(n=10),RERESIA T 4.8+1.9 g(n=10)
T & -7z, Massive I8 T & hu iz i K ILAE R 11 (M)
W, EEM T2 10.3£2.0g(n=10),iREkE 5| T
5.0£1.9g(n=10)T -7 (5 A).Slow fiber ratio
((M—P)/M(%) )i, LB T % 18.5+8.1% (n=10),
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fatigue resistance ratio

LER RERES B

6 FUBEEREIC & S EARRRE & BRI OUERD

DR,

A > massive #J{ TH 5 L ik oBKINEEERD

(M) &, massive §lli# % 120 FPRI O & B - &I

B EEE S (F), B fatigue resistance ratio

(F/M), EEMI 17.6+6.6% (n=6), IRERHES |F71Z

1.0+1.7% (n=6) TH - 7.

B8+  massive | #0E # (M), ¥ : massive I #

120 FoElse sk (F), @ @ LEAN o [ ERERERS[HH

IRERES B T 4.624.6% (n=10) TH -7z (4 5 B).

2) Fatigue resistance ratio

Massive #ll i % 120 F[EFEFE S - B F o Lz T
WS (F) i, EEAF T 1.8+£0.8 g(n=6), IRER{RS |
TiE0.1£0.9g(n=6)Tdh > 7z (K 6 A). Fatigue resis-
tance ratio(F/M]it, L 1E # T3 17.61+6.6% (n=6),
HRERRE I TIE 1.0£1.7% (n=6) TH > 7z (4 6 B),
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52 1 mm, 20 Hz O IERE & 5 2 2048 6, I
fF(Po) & 5iiifs (P) B o M- iRNEEBZE] 7 R 7.,

BhRZEAL

5L FHINT O B ARG 1 B 4 S BifsE

- Ak 7

Pot P, #h®*n LERHTIX3.240.72,9.6+2.2¢
(n=10), IEREB I TI1£5.0+1.02,9.7+1.6 g(n=10)
TH-7(HM8A).P/Poid, LEM Tix3.1£0.9(n=
10), [RER#E S & T132.020.4(n=10)T H->7 (4 8
B).

2) FWESTRRIC 3 1T BHIE

iz 1) & EERO RS 25 2 248 6, 120 B RIRE R iE
SETHONLRANES %K 9 1R T, 120 B REAKE I
BB BRI T R SIZEE) & P, 120 BT A
W ko THIGE & LIHREEORNZEH) %2 Po & L7z,
M b ISR E LS SRS A 5B DY,
ARERE i S B T ¥ 5 Ok, FEHTIREL
PR F L7z, FEHTIE, 120 B0 b IR 05
FELTWwW3E72D P >PoTholkds IRERES R Tk
120 P65 I 1313 & A EPEERIDBERIE L TR niz
DIZIEFERP=PoThl-/.Pot PR, 7hFh LtE
BHTI3.120.52,5.1£0.5g(n=8), IRER& 5| T
5.3+1.5g,5.4+1.4g(n=8) TH -7 (10 A).P’'/Po
i, FESTIE1.6+0.3(n=8), IREKEFIHTiZ 1.0+
0.0(n=8)TH-7:(410B),

IV & &

A D H 2lEEEEZ 5N TE D™, Z0
ERE R AT OREEIC X o TEL D, ORI AT LR HE
BIE < BIEH TN & W AR IC B v T, kg
PEAT AR 2 S FHHR I O B AR < D v THE
GRS R N T Ef2hS, LTI B A & E— ORI &
L THo 1z 7e O ICREREATARAE D& W I X 2R a T
WL I LR, IUHRER PR EER L 20w TOMRE
B+ 53 T Hoie,— 75, SR LL# T3, frequency
response method??®*) %, HIF W EEHME H 5 I HE
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100msec
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7 IRENICX T 2 RERRDEE) (RAGENER) .
AEEORICH LT, 20 Hz OFF#IC X 2HRE 1 mm OFRELE S 2 7 BEOZBIRE LB %, SRR

(Po) B & UfERF (P) 12 5 W TaEk L 72, SRIHERF

12 Fe R I 35

SWTIRNEERE {5,
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(9)47 2.5 () g F25 H
34 F2 r2
: 4
s 15 5 H1.5
0- r 1 0 & 1
+TER RIS |55 P/Po LEE ARERT% 5| B P'/P'o
b [
48 :ggﬂjﬂigﬂﬁﬁ‘ jﬁj}ﬁ:ﬂﬁf s 210 A5RSEEC 51T BRI
(P./P ) Dk, BN R R 35 4T S = A:PotPORNB:ESRICE T 2 E L
(8)
; _ (P'/P0)
B 33.140.9(n= KA1 12,0+
LEEHI3.1£0.9(n=10), RFRII%H132.050.4 EERIZ1.640.3(n=28), REEI M iEZ1.0+0.0
(n=10)TH > 7. (n=8)TdH-1:
) i — - DI,
B:Po 8:P e FEH *IREREES B:Po B:P e: LEE o EREAE
HEZTIL FEREE 0.8 msec 12 B 1T B /@ &3 I, AT HE T

T e R e SR R SN

i 250 Hz, B S ME T 60Hz ThH-o EE L, K
Fr923 2 2 AR O e 8 W T, FERRE 1 msec,
S 100 Hz THifEREZ E L TWa, KR TH

EROZEAL - FEEEIER 0.8 msec, BIBIEE 100 Hz ORI 1L, 5
%ﬁfxﬁﬂ t«f&ﬂﬁ*ﬂ?%flﬁf&f’ > T2 B3, INHETR T & BN

N T CHE R & S A3 F L F 4 0.8 msec, 100 Hz %28 2

| l % EWEERSIOME T L7z & & i, RSt o0 /<L 2 3

r < 72 % L AARHER O BB 2SI b A X TS S

IRBRT%5 |85 | 8 BALOERIER O FET 5 2 L2k, @;g;sgfﬁ@,j;@ ¢ #
5 EEHE u@%ﬂrrm;um<g 8\ A

EQLH BREELZWI EM—HEFZ 5N, _}7,;&%#&:

X9 IRENCNT B ZERIERDEE) (FHR ) .
RO L T,20Hz O FERH I X 2 HIE1
mm DOFFREZEAL %5 Z 508 5 IEE % 120 FPRSEs: =
BB OZEINTRZEE). 120 FHRAEE &, 7 O %R
# 1k TR & LRI O Z BRI EE 2 # h 2
P& Po & Uiz, Wifi & b IcEFREERIC 2 TR D
OBWERA SN, FEMTRES»ICETL, 120
By RNV L T a0, REREBE BTk A
HICE T L, 120 I3 IE L A VIR IEE L
Taign,

A YE—F U AZFAT 2 H/EPREcL>T7aR

7y Y ORTHERHE S, M ERORN 2 LiconT
HFHEWMREBITbR T w3, % 2 T4 [E, frequency
response method % MR G H L T, SRANRREE & 25
BRHED R PE DB H % il 7z,

F T, B EHEDIERR 1 35 17 2 R R 2 RS

%It o T, Bl ORIB SR &, B B 1T 2 R
e & BATRRMED L B l{?%ﬁ%’ﬁﬁ’iﬁ}ﬁiﬁbf*&) bl
BBETH-> T2 HRIBOEFIC 2B T, REI 555
REEHZIREELRRBICHBELRIc BT, F

BOWTEMBESTEI LIS T2 Er M@ E %2
3, Kuffler & %913 38 /i R i 0 B 43 50~150 Hz o 4
WMTH—20mV oy 2 2R LTED,—20
mV ZEgfBEh TOhERRKENEZREL TWE Z
&350 B ARHE O B/ NS SRS 2 B R ARAE 1 L
EWI YR Eh s, BHiRELr@mE S E2010+45
RERHTHD EFEZ SNz, i, IRERES o EH E
EL & [AER ORISR TR S hie 2 &, S ERHE D IN
RS CEBLL TWw 3 b 0 L Bbhie,

KN, R ORI D 2 BEERMED 5 o 2 IHHE
R J10OEE % slow fiber ratio & fatigue resistance ratio
D 2 @ 6RO Iz, KWL Tz slow  fiber ratio &
fatigue resistance ratiold, FEM TR T F h
18.5%,17.6% L IFIEF—HL, ZhE TOME L §iT
LU Twfe, 270, IRERES AT TR TN T 4.6%,1.0%
EReE—IT A 5T, slow fiber ratio DEHE S
1, IRERES 1T I b b T I BRSNS T T W AT
REMEAYRIE Sz, UL L, K23 2 2 IRERE S | T/
L2z & Bz, %%ﬁﬂf’ﬁ&@’%lﬁ TIENEM: & 0 2 H AR
BEEL TV LU REENTETE & 2 L, fatigue
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resistance ratio OFEH 2 & 13, HRERE S |57 12 13 B H5 fa At
BIEEAYEENTOWEWLE bEZ SN, —H, SR
e v TR S TEAE S B T & %, point REIC v TR
AR HE D RIFF IR O AT E R Wi O I, KET
AR & BREOIME 2 TR IR T E o,
L L, point Fl#1C 35 (F 2 B i faAE 0 IUHE I 1 BEERAr
IKIRE S N3 7- 0, EAARHEDIURRE I O EE 52 7%
W Y5, slow fiber ratio X {EEY O IEEIE G % %
7 D AERME & M O IS BN 2 R U 2 o kR
I, fatigue resistance ratio (L5557 ME O TALHE & 5557
EHE ORI IZIZAM I N TVE EFZ bR,
I, W D WTHRET T 3 &, BT O RS 3: 2 8a
T3Whlco T, Hill DFRHEE®cL>THi %%
FALT 2 HES RN TH S, ZHITE & IEER, 1N
R LA D hd 2 MY E R, e % LBy
IZD D B EYBEEEED 3 KIS ETLTH
%, 2@ Hill OB BEE A REERE2 L TIID S
EAEEREO#IESIC 1mm OREE S 2 B IC R
A5 Po ik, EVIHEESR B L NI B R4
WL, MHERE D ST Pz id 2 S o2 T UE B A
LT 5, NHEEFEO S B, WSS T 5DIF 707
Dy P THD®, GO, 24y YEICEET S 2
DA v I LEIRT 7 F CHEBEE & R0 RT
CLICEoTHRET . HREEREICHE > FREN
WA & AW T, MEGHERE & SEMERs c BV TR
—ETH5012,Po k PIcBid 3 EY|HMEE$ LA
Gl ER IR — R E B, £, 77 F >, 34>
BRI ORI BT L RETH 572 &, IUHHKE &
BIGERF I B T 2RIELLL(P/Po)iz 27 0 A 77 v ¥ DR
MU EEERT. E,bE2 k03 2 it L - T, &/
DOHEEPIGHEENZ I LARELHRL T, 707
VY OIEBRICB U SMIE R T 5 LITE S,
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