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Fig.1 Photographs showing magnetic resonance imaging (MRI) scans.
(A) horizonal plane,(Byoblique sagittal plane.
SUP:supraspinatus, INF:infraspinatus, SUB:subscaplaris, DEL:deltoid.
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ZH, BRI B B LB II IR D 2 Vot-
testZ v/, R BHTUKEIZGIRHES %R
EL7,
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A. [OClFERiRER

[ GEREMTs (R85, BTV, AP TH) o
iR L (A E S 7 h OWARRE. & & I [IBEHRK
hokedRt (RC) o4 2 BGHERDOLE (%
RC) %Table 1 i, [MIFEBEITIAx k0 4 B2

Wit (PCSA) x§ 2 %W OPCSAD LLH
Z#Table2izR" L 7=,

AN, TR I B TCGO Bl
TSR TERICEOHiZR L8 (p<
0.05). PGTIEWINDFicE L THEIZRS
Nkhoi,

MRl D LERE T3, BEBRIN, FERERTUE H1c
HERL. BEH 72 b DA BRCICEIZR S
Nnigh -7 (Tablel),

BRI & JEREERBIC 1) 3 BRI O L

Table 1. Muscle volume of rotator cuff and deltoid muscles.
PG (n=5) CG (n=5)
DOM NDOM DOM NDOM

Supraspinatus m.

VL (em3) 64.8%6.5 66.4+8.2 61.3+6.5 64.0+£10.3

VL/BW (cm3/kg) 0.9%0.1 0.9%0.1 0.8+0.1 0.9+0.1

SUP/RC (%) 16.1+1.2 15.3£0.9 13.8+1.0 14.7+£0.9
Infraspinatus m.

VL (cm3) 179.8+21.3 189.2::24.1 1914%172 * 171.9+21.0

VL/BW (cm¥kg) 2.4+0.2 2.5%0.2 2.6£03 * 2.3+0.3

INF/RC (%) 41.7+0.8 43.7x29 43.0%14 39.7+23
Subscaplaris m.

VL (em?d) 186.3+26.5 177.0+13.9 193.4£27.7 196.8+24.7

VL/BW (cm¥kg) 2.56%0.2 2.3+0.2 2.6%0.3 2.6x£0.4

SUB/RC (%) 43.2+1.3 41.0£33 43.2+23 45.6+2.6
Deltoid m.

VL (cm?3) 516.7£21.9 ** 492.3+28.8 462.6+64.2 465.1+£75.9

VL/BW (ecm¥kg) 68104 °=* 6.5+0.6 6.2+0.5 6.2£0.7
Mean*SD
DOM:d t side, NDOM:nond t side.

VL:volume,BW:body weight,RC:rotator cuff muscles(=supraspinatus+infraspinatus+subscaplaris).

#p<0.05 significant different from nondominant side.

*p<0.05 significant different from control group.

Table 2. Physiological cross-section area of rotator cuff muscles.

PG (n=5) CG (n=5)
bOM NDOM DOM NDOM
Supraspinatus m.

PCSA(cm?) 14114 14.4%1.8 13.3+1.4 13.9%2.2

SUPRC(®) 17.9+1.4 18.2x1.1 16.4%+1.2 117.411.1
Infraspinatus m.

PCSA(cm?) 27.7+3.3 29.2:3.7 29.4+2.6 26.4+3.2
__INF/RC(%) 35.0%0.7 36.9+2.7 36.2%1.3 33.2%2.1

Subscapraris m.

PCSA(cm?) 37.3+5.3 35.4x2.8 38.7+5.5 39.4%4.9

SUB/RC(%) 47.1%1.4 44.9+34 47.4%2.4 49.5%£2.6
Mean=SD
DOM:dominant side, NDOM:nondominant side.
PCSA:Physiolosical cross-sectional area, RC:rotator cuff les(=supraspinatus+infraspinatus+subscaplaris).
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# (DOM/NDOMLE#) #Fig. 2 12R L7, #
FTiaCGH112.2+6.6%ThH H . PGNIS. 2
10, 1%ICN L THBICEVEZR LD (p
<0.01), fkoWcldmBFERiIcEIIR ok
hot-,
LEHEBTGRIC B VT H . AR & Rk
BEAG, BT, R THOPCSA, %RCics
WD Z IR S g d - 72 (Table2),

B. ZAH

ZAofmaRteir. milEO BB WT
PGTI RN EZICEWHEEZTR LM (p<
0.05).CGiciz#EMB R Sk d o4z (Table 1),

MR O L ik, BB mIHRE. FED
- b o fiiE. DOM/NDOMLE# iz w3hd
PGASCGIzt L THIMICEWEZ R L7228 (p
<0.05). JERERFTIIENR N kh o1
(Fig.2),
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Fig.2 Dominant/Nondominant muscle vol-
ume ratio.
SUP: supraspinatus, INF: infraspinatus,
SUB: subscapralis, DEL: deltoid.
Significantly different from control
group.=:p<0. 05,**p<0. 01.

¥ 7o, MIBERBRTERICN T 5 Z AR
s (DEL/RCH#) <id. Wit h#ic
BT, KERHUTIERPGH3121.0+13.0%TH b,
CGD103.7+8. 5% L THEICE W HZ R
L7:A% (p<0.05). JESBROU-CIEFREIRIC %
BRRohh -7 (Fig.3),

150 [ — arG
ace

DEL/RCx 100(36)

°1_
l
|

50

DOM NDOM

Fig.3 Deltoid/Rotator cuff muscle volume ratio.
DOM:dominant side, NDOM: nondomi-
nant side.

DEL: deltoid,RC:rotator cuff(subscapra-
lis+supraspinatus-+infraspinatus).
Significantly different from control
group .xp<0. 05.
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Morphological Analysis of the Rotator Cuff and Deltoid Muscles Using
Magnetic Resonance Imaging in Collegiate Baseball Pitchers

Shin Hasegawa*, Toshiki Tachi*, Masao Saito**,
Keiichi Saito**, Liqun Wang** & Kiyotada Kato***

Abstract

The purpose of this study was to investigate the muscle volume (MV) and
the physiological cross-sectional area (PCSA) of the rotator cuff (supraspina-
tus, infraspinatus, teres minor and subscapularis) and deltoid muscles in
baseball pitchers. Five collegiate baseball pitchers (PG) and five male stu-
dents (CG) volunteered to participate in the study. All pitchers reported
themselves pain-free at the time of testing. Magnetic resonance imaging was
used to measure the MV of these muscles on both shoulders of each subject.
The MV was calculated from the mean anatomical cross sectional area and
muscle length. The PCSA was calculated from the MV and muscle fiber
length. The infraspinatus and teres minor were analyzed as one muscle as it
is difficult to divide them into two muscles. In comparing the PG and CG, the
MYV of the deltoid was significantly greater in the PG than in the CG (p<0. 05).
However, there were no significant differences between the two groups in
the MV of all the rotator cuff muscles. The deltoid/rotator cuff MV ratio was
significantly greater in the PG than in the CG (p<0.05). The domi-
nant/nondominant MV ratio of the infraspinatus was significantly lower
{p<0.01) and that of the deltoid was significantly greater (p<0.05) in the PG
than in the CG. There were no significant differences between the two
groups in the PCSA of all the rotator cuff muscles. In conclusion, the base-
ball pitchers showed hypertrophy of the deltoid muscle on the dominant
side in comparison with the nondominant side, suggesting that a repetitive
pitching movement has a training effect on the deltoid muscle, but not on
the rotator cuff muscles.

Key words : rotator cuff muscles, muscle volume, physiological cross-
sectional area
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