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Relationship between muscle fiber composition, capillary supply and
cardio-respiratory functions in female college swimmers

Shigeru KATSUTA, Ryoichi MITSUZONO*, Ken-ichi TABUCHI** and Takeo NOMURA

The purpose of this study was to examine muscle fiber composition and capillary supply in
swimmers, and to assess the relationship between muscle fiber composition, capillary supply and
cardio-respiratory parameters. Biopsy samples were taken from M. deltoideus and M., vastus lateralis
of eight female college swimmers. \.702max was measured during swimming in swimming flume.

The results were summarized as follows.

1. In muscle fiber composition of female college swimmers, M. deltoideus and M. vastus lateralis
showed the tendency of slow type (% ST: 72.4+15.0%) and the moderate type (% ST: 50.4+7.4%),
respectively. In both M. deltoideus and M. vastus lateralis, the cross-sectional area of ST and FT
fibers ranged approximately from 3000zm? to 6000 m?, but there was no significant difference in
cross-sectional area among subjects.

2 . Capillary supply of female college swimmers showed higher values in M. deltoideus than in M.
vastus lateralis, and the capillarization was similar among subjects.

3. The rate of ST fiber in M. deltoideus correlated highly (r=0.802, p<0.01) with \./'Ozmax (ml/kg-
min) during swimming.

From these results, it is suggested that higher % ST and remarkable capillarization of upper
limbs is necessary for improvemert in the capacity of swimming.
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Table 1. Physical characteristics and career of subjects

Subiects Age Height Weight 9% Fat Career Best Record
L (yrs) (cm) (ke) (%) (yrs) (min. sec.)
N.K. 20 162.5 55. 15.4 12 100mBu. 1'05761
: 200mBu. 223744
Z.T. 19 160.1 51. 17.2 8 100mFr. 1700773
200mFr. 214749
T.S. 20 164.2 54. 17.2 9 200mFr. 216724
400mFr. 4’44763
K.N. 20 157 .4 53. 15.1 12 200mFr. 211701
400mFr. 4'36”79
Y.S. 19 156.1 48. 15.1 11 100mBr. 1719789
200mBr. 249”57
Y.F. 19 160.7 56. 14.6 12 100mBr. 1'20”56
200mBr. 2'53742
H.M. 19 168.1 57. 16.4 11 100mBa. 1’10702
200mBa. 2'26”796
N.S. 21 157.5 52. 18.9 13 200ml. M. 2'33745
) 400ml. M. 516”39
Mean 19.6 160.8 53. 16.2 11.0
S.D. 0.7 4.0 3. 1.5 1.7
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= RN ATy LD, BREOR
=A% (M. deltoideus) & UCEMNEILH (M.
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(Nikon, HFM—35A) 21774, ZOEEER
BH RO RE R, WREOERL (%
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X ZENZN10—20RDFE), 2 E D 2 ZTHE
MEOETELL (% areaST) #EHH L7, BHME
oW THFEBRE, BAEES D OEMMmE K
(CD), CD/#5igutsr (C/F ratio), Hiff#E 1A%
WY EATY 2 BlMESK (CC) EEEHEL, B
HETR ok,
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7 AGP—2000) %Wz,

3. MRERRMEEOAE

BAREEENE (VO,max) B & VBEAE (0,
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Muscle fiber composition of female college swimmers

Subjects M. deltoideus M. vastus lateralis

B 0O, - 0,

% ST % area area ST area FT 9% ST % area area ST area FT

(%) ST ) (um?) (%) ST (m®) ()
(%) (%)

N.K. 47.3 48.9 3821 3585 41.6 41.5 3312 3328
Z.T. 59.4 60.0 3676 3578 49.1 47.4 4707 5035
T.S. 79.9 76.9 2719 3249 50.8 51.6 3390 3285
K.N. 73.9 75.1 3969 3725 53.3 54.9 4409 4133
Y.S. 67.2 66.2 3593 3752 43.1 40.6 3762 4176
Y.F. 74.2 65.0 3924 6086 44.8 44.0 5015 5184
H.M. 97.8 97.0 2613 3555 57.8 57.8 2824 2827
N.S. 79.4 81.4 3469 3048 63.0 60.6 5911 6530
Mean 72.4 71.3 3473 3822 50.4 49.8 4166 4312
S.D. 15.0 4.7 526 945 7.4 7.6 1029 1224
2. EfROERH Hiz ) OBMMESIZ DV TRLZCDIX, iR

Table 313, HEARE D =ZA B & CHMAIETI
B 5 BMME 546 %, CD, C/Fratio, CClZ D
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Table 3. Capillary supply of female college swimmers
Subjects M. deltoideus M. vastus lateralis
CD C/F CcC CD C/F CcC

ratio ST FT ratio ST FT
N.K. 352 1.50 5.1 4.0 324 1.32 4.2 3.8
Z.T. 388 1.43 5.7 4.8 286 1.44 6.1 5.0
T.S. 460 1.51 5.3 3.2 216 1.33 5.0 3.3

K.N. 340 1.53 5.2 4.0 — — —
Y.S. 348 1.32 5.4 4.2 240 1.22 5.4 4.5
Y.F. 224 1.57 5.1 4.6 308 1.51 5.0 3.8
H.M. 354 1.42 5.7 3.5 254 1.47 5.1 3.8
N.S. 336 1.79 5.6 3.6 228 1.67 5.9 4.5
Mean 350 1.51 5.4 4.0 265 1.42 5.2 4.1
S.D. 65 0.14 0.3 0.6 41 0.15 0.6 0.6

CD; Capillary Density (/mr*), C/F ratio; Capillaries per fiber
CC; Mean number of capillaries in contact with fiber

Fratio, CCOWTN b BEEZENALNLZ -
720 ZAMBDCD, C/Fratio, CCIX, AMALFTD 7
nNZEhOELD b, BVEREZRL TV, %k,
AERHE Y A 7R B A %2 FM L 72CCix, FT
ML D B STIED AR =AM/, MUILET O WS
NEZBLTAFWETH -T2,
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Table 4%, EFAfE (swimming flume) & b
Ly K S VO&EE T A 2B 3 V0,max, W
WA (R) % & HR &, ERRAMIZE T 2 0,debt
PRLIEZLDTH S, VO,max( £ /min & ml/kg.
min)ix, bV w ¥ IV TOENREFRAKE TOE L
D HEVERIZS D, VO,maxOHHER BT

EERENHSNT, REHRIZDWT b EEI,
BRI B T1.21, 177beats/minT4H 3 DI
L, Py R 3L Ti1.04, 200beats/min. &
WEEBOHICERZENRD SN T2, AR
RKIREI DI TH A2 VO, maxiz i L, HEEBEHN
BEHDHEIE L 33 0,debt X WM E B OB AE
NREL, BEEFEOEREED ShkhoTz, &
B, WHREH MLy P S22k 3V0,
max, O.debt D b, E¥AMIZ & 3VO0,max,
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Table 4. Cardio-respiratory parameters during exhaustive swimming and running
swimming flume treadmill
Subjects VO, R HR Oadebt VO, R HR
I/min.  ml/kgmin. beats/min. 1 ml/kg I/min.  ml/kg*min. beats/min.
N.K. 2.00 36.4 1.35 180 3.00 54.6 — - - —
Z.7T. 2.44 47.3 1.41 — 5.64 109.5 2.98 54.2 1.03 199
T.S. 2.68 49.5 1.18 167 4.62 85.6 3.57 62.5 1.08 200
K.N. 2.84 53.1 1.14 186 3.37 63.0 3.23 61.6 1.05 202
Y.S. 1.91 39.7 1.26 164 3.85 80.1 - - - —
Y.F. 2.83 50.0 1.29 189 4.88 86.3 3.58 61.5 1.02 202
H.M. 3.73 64.9 0.90 166 4.39 76.2 3.06 49.2 1.03 195
N.S. 2.27 42.0 1.14 184 4.7 89.9 — — - —
Mean 2.59 47.9 1.21 77 4.31 80.7 3.28 57.8 1.04 200
S.D. 0.58 8.9 0.86 16.8 . 0.28 5.9 0.03 3

0.16 11
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BERE (R 278, % ST &O0,pulse max & DEIZE
bEWAEBER S (r=0.816, p<0.01) 2’251
foo Elz, SMULERIZ BV TIE, BHIMBE O
b I WBIEL & 5CC (ST fibers) & 0,debt&
DN D HE B ABEBERITRD 5 i1/, 0,debt
OWTH, ZABHDOCC (ST fibers) & DI
mVWHERRECE R T EAIC D o T2,

Table 5. Correlation coefficients between muscle fiber properties in
M. deltoideus and cardio-respiratory parameters
% ST %area ST CD C/F ratio CC(ST)
VO.ma (I/min) 0.793* 0.740* —0.073 —0.046 0.271
2max (ml/kg*min) 0.802** 0.763* —0.005 —0.143 0.339
O,pulse max (ml/beat) 0.816* 0.775* —0.073 —0.046 0.271
O.debt §)) 0.274 0.197 0.039 0.138 0.579
z (ml/kg) 0.143 0.095 0.118 0.064 0.614
* p<0.05, **; p<0.01
Table 6. Correlation coefficients between muscle fiber properties in
M. vastus lateralis and cardio-respiratory parameters
% ST %area ST CD C/F ratio CC(ST)
VO.max (1/min) 0.469 0.558 —0.102 0.334 —0.031
: (ml/kg*min) 0.471 0.552 —0.190 0.266 0.084
O,pulse max (ml/beat) 0.473 0.559 —0.102 0.334 —0.031
O.debt (0 0.291 0.202 —0.214 0.506 0.779*
? (ml/kg) 0.227 0.115 0.296 0.369 0.892**

* p<0.05, **; p<0.01
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