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Variations in Shoulder Loading Due to Differences in the Site of
Stepping Foot Contact during Baseball Pitching
— Consideration on flat floor —
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Abstract

This study examined the effect of the site of contact of the stepping foot on shoulder
loading during baseball pitching. Measurements were performed in 10 right-handed pitchers
who belonged to a university baseball club, on an indoor flat floor. Pitching movements were
classified into 7 categories: (1) [normal], (2) Stepping stride with a [narrow], [medium], or
[wide] and (3) Stepping with an [inside] (in the right direction for the pitcher) , [center],
and an [outside] direction. VICON was used to make the measurements. The velocity of the
ball and motion-dynamic data of the right shoulder joint were calculated based on the 3-D
coordinate values obtained. As a result, the velocity of the ball and the anterior, inferior
shearing forces in the humeral head were significantly higher in the [normal] compared with
[narrow] and [outside] conditions. There were no significant differences in the internal
rotation and posterior shearing force under the different conditions. This suggests that, when
the velocity of the ball is low, the pitcher has fewer injuries in relation to the anterior and
inferior shearing forces. However, even when a step condition that slows down the ball
velocity is selected, the shoulder loading may be relatively great, depending on the direction
of the shearing force.

X—TJ—F FERKEER, KooEEMNT, Wihe v s, SEkTD
throwing shoulder injuries, 3-D motion analysis, internal rotation torque,
shearing force

D o b Maki Hospital
2) KEEE RS Osaka University of Health and Sport Sciences

_29_



FEHREIR S @ ATy TAEOEVHIE M OAMIZE 2 5

1. &8

BKEREEF IHHREF L VEEDO—-DT
HB. A, KEREERICHREEST LEBEHO
B, "M A AD =7 ZA0FEZHCTE
BILTHE VI NENRBEIORFT SN
Tw5 (Fleisig et al., 1995, pp. 233-239 :
AHi3H, 2004, pp. 123-132 : EHITH, 2007,
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TIX 67 Nm ®jig bV 27 & 310 N O Hij J7 55 #r
TIBELLEHMELTWAS., BEIEA (1999,
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A BRI B O E T oBlEAr S, Al
WHR=IY Y =2IZHPTFTDORAT v TR~
DOMEL VS THBENEETH 5 LB~
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G7L—24) BETOFYHEL L7
MOBRBEMEIZROLIICLTHREL. £
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L7z, RICFEDR=NV) ) —AELSL Yy
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LT BIRBD R — 25X —Z EATE (0, 1844, 0.7)
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IWCEH L7z REICBIT 5 EE)EERICT,
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HegWih e LCHEB L /2, ERicBY
BB ENERLRIC T, Z WS SRR S % BE A
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3. ¥R
3.1. R—ILEE

V) — ABEHO R — VEE % S ERE O
WEEERREETRTE, AT v TIREMHEIC
BwTi, @], Dawvl, [ el
DNEIZ 327 = 1.3m/s, 324 + 12m/s, 320 +
1lm/s, 313 £ 13m/s ThH o7z, F2AT v
THmGEFIIB W, @EE], [H], [N,
(4] @ JEIZ 327 £ 1.3m/s, 321 = 1.6m/s,
320 = 15m/s, 309 £ 16m/s Tho7z. ZOD
Ih, E] E BRw], [ & 4] &
DHIEFRICHMEEZ R L 72, DPE1IEDE
W]l kg, [Nl & A I FECE
xR L7z (£1-2).
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3.2. /BREBEIIC BT HAE bV L BAEIRD & L] A el [ W] B &
JHEEATE bV O =27 fEIZBWT, & ) U S N AR A S R S S -y
FMHTHEREREZIROON o7 (K1 - W EZR L7z, nfeEs 1 ] & (W]

2). MEHAOY =228V, [ AU L) EBIIENMEER R L (F1-2).
g GEE] 25 vl & B X b, (] b, RIEHEMB X ORKIVEMN O SN, B
2] T IAEEICEWEEZR L Lk MEiNE V2 BXOEHEROOE— 27D
JisgwiE D] 2% kvl & [ X MR MICE L Tk, &M THRELZER
DOEEICEHWEER Lz, T2, THIW BOSNLholz (£3:4).

®1 K—JIVERE, EEH MV SSUEERDOE—-VE (X7 v 7T1iE)

n=10 BE JELN Fif JiLY EEE
AR—ILEE(m/s) 327 =13 313 £ 1.3 320 = 1.1 324 £ 12 @EESHEL, EESDE, FREDHEL

RFERILY (N-m) 59 + 10 57 =9 58 + 9 58 + 9 n.s.
BIAEIET A1 (N) 252 + 23 234 + 25 243 + 26 237 + 26 GEESHEEL, BN
%A BT (N) 497 =+ 96 459 =+ 92 474 + 96 471 =77 ns.

LB (N) 76 =+ 50 68 =+ 47 75 =+ 47 93 + 48  JELWIELY, [ELY>HRS
TABIHT 7 (N) 422 + 49 361 += 41 373 + 37 400 £ 64 EESIEL, EE>HMH
ERIZES| A (N) 689 =+ 100 629 *+ 114 647 =111 643 =97 ns.
THECIZERE BEIKEE(X5%

®2 K—ERE, BEEH MV SSUVEEBIOE—-VE (X7 v TE)

n=10 BE 5 & A F5E=
R—ILEE (m/s) 327 =13 309 + 1.6 321 =16 320 =15 @EH, D4

RFER LY (N-m) 59 + 10 59 + 9 58 + 10 57 =10 ns.

BT BIER 1 (N) 252 + 23 226 =+ 27 241 + 34 247 £ 28 @EE>H

%A BT (N) 497 + 96 437 =109 474 += 104 470 = 97 ns.

L ABIHT I (N) 76 =+ 50 65 + 47 72 + 28 76 = 53 ns.

TAHBER A (N) 422 + 49 327 + 54 390 =+ 57 377 = 42 @EHN, EESA, DA
EREZES| A (N) 689 =+ 100 584 + 113 653 %= 102 680 =+ 102 @E>H, B>

FHEIRERE HREKEILS%

#*3 EBEEMSSURAIEMC, BE MV SLUEERAOE - V@RS (X7 v TiE)

n=10 BE L FE B H5EE
RIEIEH (s) -0.150 + 0.022 -0.168 = 0.021 -0.160 *= 0.021 -0.168 =+ 0.025 n.s.
BARSMER(s) -0.062 = 0.003 -0.065 = 0.003 -0.064 + 0.003 -0.064 + 0.003 n.s.
REERILY (s) -0.044 = 0.002 -0.047 = 0.003 -0.047 = 0.004 -0.046 *+ 0.003 n.s.
BIAEIMTA(s) -0.102 = 0.016 -0.107 = 0.014 -0.108 = 0.014 -0.108 = 0.013 n.s.
#%AEMA(s) 0068 =+ 0.004 0068 =+ 0004 0.068 =+ 0004 0.069 =+ 0.004 ns.
+ABERA(s)  -0.096 = 0.013 -0.105 = 0.027 -0.097 = 0.015 -0.095 * 0.012 n.s.
TAHEMH(s) 0026 =+ 0006 0025 =+ 0006 0025 =+ 0.006 0.025 =+ 0.008 n.s.
5EfI#ES|H(s) 0008 =+ 0006 0006 =+ 0.005 0008 + 0005 0006 =+ 0.004 n.s.
EHELZERE X)) —REHRERE
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AEERILY (s) -0.044 = 0.002 -0.046 = 0.003 -0.047 = 0.003 -0.046 *+ 0.003 n.s.
BIABIM A(s) -0.102 = 0.016 -0.105 = 0012 -0.103 = 0.013 -0.107 = 0.016 n.s.
#%ATES(s) 0068 =+ 0004 0071 =+ 0004 0070 =+ 0.005 0.069 =+ 0.005 n.s.
LEAEIETA(s)  -0.096 = 0013 -0.102 = 0.033 -0.098 = 0.011 -0.100 * 0.015 n.s.
TAEIMS(s) 0026 =+ 0006 0028 = 0.005 0.026 =+ 0.007 0.025 =+ 0.006 n.s.
SEfi#ESF|A(s)  0.008 =+ 0.006 0.004 =+ 0.006 0.006 =+ 0.004 0.006 =+ 0.004 n.s.
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SUFTHRDLE, R—VHEEIRZ A7 v TIET
B L 7-354, a1 & U], D] & [
I0b, [HE] X BRe] D AERIIHEN
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DAERNP S, AT v FTIRTHET 5 &, [Hwv]
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K B25EMTHrEEZEZ LN FHRIZ, A
Ty 7HNTREST AL, H] 1k EF] &
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TRA=NVHEEMEVICOEDL ST, Zofd
DEMEERL SOV, BEESNTGE L 212k
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