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PURPOSE: This study investigated the muscle fiber type-related contractile properties and examined the relationship between whole
limb muscle strengths and single muscle fiber contractile properties in Korean men.

METHODS: Six Korean men (29.8+1.49 yr) were recruited and participated in the study. Samples were obtained from vastus lateralis
muscles. CSA, Po, SE, Vo of single fiber segments were measured using an isometric force transducer and a high-speed motor. Silver
staining was performed to identify MHC isoform composition of single muscle fiber segments. Multiple regression was tested to iden-
tify the relationship between single muscle fiber contractile properties and whole muscle strength.

RESULTS: MHC isoforms were distributed in different proportion (Type I: 57.3%, Ila: 34.2%, lla/Ix: 4.3%, IIx: 4.3%). CSA of type
IIx were smaller compared to type I (-50%) and type Ila (-57.5%). Po in type Ila was 12.9% higher compared to type I (p<.05). While
SF in type Ila were 7.7 % higher than type I, type IIx were higher than type I, Ia, Ila/IIx (31.4%, 25.7 %, 30.9%). Vo increased in the
order type I<Ila<Ila/Ilx<IIx. There was positive correlation between single fiber and properties (Po vs. thigh strength: 7*=.248, Po vs.
thigh power: 7 =.058, Vo vs. thigh power: 77 =.095).

CONCLUSIONS: These results suggest that single muscle fiber contractile properties were exclusively dependent on fiber type iso-
forms, ruling out a possibility of race-induced difference in fiber type-matched contractile properties.

Key words: Korean men, Single muscle fiber, Whole muscle strength, MHC isoform, Hybrid fiber
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Table 19]] 7|&3}Fith o] A= Bt S ojgt B IRB (Institutional
Review Board)2] 4-¢1-8- HFo} £~8J =] thH(B-1610/365-001).

2) Al 2™
=44 18 =& A8|(BTE Primus RS, BTE tech, MD, USA)S A}
ool 5 A1 Ao] 21431 dEAFRe 7 & BoAsT

524 T (isometric strength) T} 2|t
T} 19 (isokinetic power, 240%sec) S
o) 0} ARME AES 24T

P (isokinetic strength, 60%/sec)

2x3l7) 99 AR 2e) 2

#=|(muscle biopsy)

SE ol el i 2 2 A L B
S A2 olof ofsf 7Y%l o, A%
Sick WA 2-2u4HH|(Ultrasound V20 Prestige, Samsung Medison

st 8

e
=2

H(muscle biopsy)S 4§

Table 1. In vivo characteristics of subjects

Participants (N=6)

Age (yr) 29.8+1.49
Height (cm) 175.7+£1.73
Weight (kg) 77.57+2.12
Body mass index (kg/m?) 252+1.06
Mid-thigh girth (cm)

Right 53.93+131

Left 54.08+1.34
Waist-hip ratio 0.85+0.02
Skeletal muscle mass (kg) 33.52+0.72
Body fat mass (kg) 1847+1.75
Percent body fat (%) 23.67+1.84
Grip strength (kg)

Right 4245401

Left 43.32+3.34
Isometric extension (Nm)

Right 229.05+341

Left 219.5+8.09
Isokinetic strength (60°/Nm)

Right 190.06+9.86

Left 188.1+10.81
Isokinetic power (240°/Nm)

Right 88.5+8.23

Left 90.57+541
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Fig. 2. Real time trace of a single slack (A). Straight line was fitted to a plot
of slack length versus time (B). The slope of the first-order least-squares re-
gression (r’=.996) fit to the data points represents the fibers’ unloaded
shortening velocity (0.43 fiber length [F1/s).
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7} £019)= microtubed]] ‘oA MHC E4] A|7H4] -20°Co]| 234519,
T}, S1439.0] MHC 242 SDS-PAGE (Bio-Rad Mini-PROTEAN Tetra
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Fig. 3. Silver stained gel image of human single muscle fibers for MHC fiber
type. Single muscle fiber express type | (lanes 2,4 and 5) or type lla (lanes 3,
6and 7) or type lla/lIx (lane 8) or type lIx (lane 1).
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AATL type 1 A= 57.3% 2 7P & BELE LERH O, type Ila
HRE 3262 T MR e RES HeAT £2 418 of 3
(type ITa, TTa/I1x, 11x) 2] A= 714 =9k}, HHH, type [la/llx A6
4.3%, type IIx A7+ 4.3% 2 -2 B35 LEFTH(Table 2). 3= A
ol FAJe] MHC o} B E 7ol A7 A4 (chisquare good-
ness-of-fit) © &= HZF7r Ak MHC o5 7hof| 3zu]&0] Zpo]7} Qli=
70 2 LEPTH(chi-square =92.88, p=.001). IE3F ATg§ Lol A A%k
ol Y49 type lIx 3£ 7} 3251E] o] Q1= Widrick et al. [29]9] A4-4
WS 7| 2 285t} HEet A Q1FHS] MHC off 7F 2
H|&-of] ZFo|7} Q= A0 2 LreRgtH(chi-square =25.647, p=.001).

2, thed 2R 9| %!E*E’“(cross—sectional area, CSA)

%E'W(CSA) Fig. 4A0f|A] Hoj 2| = H}
o} Z¥ol, type Ila (71441 um’ £1,129.6)7} BE o}y & 714 27 el
ol BAIA 0 & 901511 9F9Fth(p > 05). type Ix (4,534.9+2,028.1
pm?)= type 1 (6,822.9 +833.6 um*)Z} type [la (7144.1 £1,129.6 pm?)o]|

Table 2. MHC isoform composition of whole muscle in 6 young male

MHC Isoform | lla lla/llx lIx

No. of fibers 67 40 5 5

Percentage 57.30 34.20 430 430
10,000

8,000

6,000

4,000

2,000

Fiber cross sectional area (um?)

| lla lla/lix lIx o

250 - ab,c
200
150
100

50

Maximal Ca** -activated force (kN/m?)

| lla lla/lx lIx o

ES

H|3l] ¥z} -50%, -57.5% A ERE S (p <.05), type [a/llx (5,967.1 +
2,688.6 pm?*)2H= ko |7} GIATHp>.05).

3. el ZM[e H|cy —1‘—."-? #(maximal Ca**—activated force,
ol E=stst +52(SF)
g S 22(Po) & Fig 4BoA] Hoj )= v}
o} o], 7419 okl type Ila (085 0.1 mN)7} X415 oF4]
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o1 1 Ao} 91-& wojEch

2l type Ila
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4, T 2H[{9| Fof = £5(Vo)
o 244-6-9] 2| 423 £ (Vo) Fig 4D A Hojz]= vfe} 2

15

Maximal Ca** -activated force (mN)
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Maximal shortening velocity (FL/sec)

| lla lla/llx lIx Q

Fig. 4. In vitro single muscle fiber size and mechanical characteristics of the vastus lateralis. Values are means+SE. (A) Average fiber cross-sectional area

(CSA). (B) Maximal Ca**

-activated force (Po). (C) Specific force (Po/CSA). (D) Maximal shortening velocity (Vo). *Significantly different from type | fiber

(p<.05); *Significantly different from type lla fiber (p<.05); “Significantly different from type lla/llx fiber (p<.05).
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Table 3. Multiple regression analysis between whole muscle strength and single muscle fiber strength

De. Inde. r B B t P VIF
Isokinetic Po 248 18.727 187 2311 023 1.015
Strength (60°)
Isokinetic Po 058 10.978 227 2.542" 012 1.005
Power (240°) Vo 095 1.362 193 2.159° .033 1.005

“statistically significant (p <.05).

o], 7149 o} &l type Ila (244 +04 FLJS), type ITa/IIx (.60 +12 FL/
8), type IIx (7.37+ 3.3 FL/s)ol 4] BL5= type I (0.66+0.1 FL/s)o]| H]3]] 271
LFERATH(73%, 74.6%, 91%). T2-0] type [x0] |t} S2 4wl nE
oF4 % 714 370 Liebgteh(p< 05).
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