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The purpose of this study was to compare kinematic and kinetic aspects of the throwing
with baseball (BB) and rubber baseball (RB). Throwing motions of eighteen junior high school
baseball player were recorded by two high speed video cameras at 250 fps and analyzed.
Release parameters, timing of events in throwing motion, joint angles, joint torques, and joint
forces were computed using three-dimensional motion analysis technique.

Between throwing with BB and RB, there were no differences in basic motion pattern
and timing of each event in throwing motion, although there were some differences in release
parameters. Compressive force at the elbow of the throwing with RB was larger than with BB,
and the load related to the internal rotation muscles of the shoulder of the throwing with BB
was larger than with RB. On the other hand, there were no differences in kinematic and
kinetic parameters that were indicated as critical points related to the shoulder and elbow
injuries by previous study. These results may suggest that the play with BB and RB at the
same time is not cause of injuries on the throwing arm, and the load on the throwing arm by

BB is not necessarily larger than that of RB.
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2.1 EB
Table 1 Characteristics of the subjects 2. 1.1 #HBEFOFKMFEE
Subject Le(ng)th Bod(y:ass E)((peren)ce Dominant Position Cl: ‘C)Q ﬂf :j :‘/ El \/
m, k ears
” | Table 112 A% 5 # B
A 77 68 7 Right SS. P o o )
B 1.67 51 7 Right RF %ffﬂ?ﬁ‘ %ﬁ%ﬁ%&isﬂpﬁi&%‘ﬁ?
¢ e S mR W T R Y 5 34 R 0 #K B R
D 1.68 51 8 Right 2B - e -
. L o ; Right B EF 184 (FEIE6.7T£1.94F, &
F 176 75 7 Right RF £ 1.708+0.039m i~ H
G 165 56 7 Right S8 . . N
; o o . i mor  60.2£6.8kg) TH E T O HFERH B
1 167 60 8 Right 2B 154, BT oOHEERE N34 TH
J 17 58 6 Right LF -7
K 167 62 8 Right c = B X X
L 1.67 53 7 Right 3B %&@%%Q%Ejﬂélﬁiﬁf@i
Mmoo Com P R EBREOREE DL OER
N 17 58 9 Right 3B _ IR, e
0 1.71 64 7 Right LF % (2 $ A 3 % » H E/j %) Ij\j R
P 177 67 0.25 Right P RMEETHAL, EBRA~DOW TDFE
Q 167 53 6 Right CF U . .
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Figure 1 Experimental set up.
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Fig. 2 Digitizing points of the body.
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Fig. 3 Definition of the moving coordinates.
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Fig. 4 Definition of the joint coordinates.
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Fig. 5 Events in a throwing motion.
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2.4.5 T — X DOHKALIT X OHEHL B
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ftL, 1% L ice2tBmEIc>VW T EYLEZ. £ LT, DBB-RB & DBB-BB O [#,
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Table 2 Comparison of the times from SFC to each

event 3 R
Trial | Ball
MBV MER REL UA45
Type Type
we ™ 0.051 0.130 0.169 0.264 3.1 R 2D H B IRE ]
DEE sd 0.024 . 0.040 . 0.044 . 0.054 . Table 2 1%, DBBEX L UL I
g e 0.068 0.129 0.165 0.263 BUFA A0 — A2 7@ f/lf EF] D %\
sd 0.030 0.026 0.025 0.039 R
we ™ 0.067 0.133 0.171 0.267 I AL D Bl i Al Z RB 5 L U' BB
. sd 0.036 0.029 0.031 0.037 D [E Tk $§E L7EZbDTHD.
g e 0.074 0.135 0.172 0.268 DBBE LY L®W -3— nicks v
sd 0.030 0.027 0.027 __ Si;fcam_ =S %\ B 5 oD o B - RB 35 &
Unitis second. U{\ BB O)ﬁ'ﬁﬂf—/l/ Fﬁﬁ’(‘\ﬁ%:fg%

XA B0l

3.2 UV U—RARXT A —XH

Table 31 DBBEB L O LICBITZV Y —ANRXT A —X2% RBEXLXW®BB DR T
kL2t THD. DBBIZBWTIEHWTNDONRNT X=X ZOWTH il R — L I[H
THERZTIAON o, LIZBWTIE, EFFmoY ) —2{i#&E2 RBE &
N BB CTZNZ4 1.547+0.083m £ L O 1.570+£0.091m TH Y, BBD U U — X {f
BEBRAEBEICEN>TZ (p<0.05). EAFMBLIOETFNFAOR—VHPEEIZLA
BERrENALNL, EAHFHTIE RB 28-1.120.9m/s Tho7=Dizxt L BB TIik
-0.7+0.7m/s (p < 0.05), EF M TIiL RB 2% 6.3+1.4m/s TH > 7= DIZ% L BB
TIE7.441.0m/s TH -7 (p<0.01). R— L HWHEEDOMAICLAERENLEDL N,
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RB 7% 12.1+3.7° T » = D2 % L BB TIE 14.3+2.7° (p < 0.01) Th v, BB
RBIZ< 6 AR — L) FE A B 5 % m < s & - 7z,

Table 3 Comparison of the release parameters

Trial Ball Position (m) Velocity (m/s) Angle (deg)
Type Type X Y Z X Y Z Reslutant Azimuth Altura
mean | 0.454 0.223 1.466 -0.9 28.8 3.7 29.1 17 7.6
RB
sd 0.136 0.082 0.104 0.7 2.7 0.9 2.6 13 2.6
DBB ns ns ns ns ns ns ns ns ns
mean | 0.448 0.216 1.479 -0.9 28.6 4.1 28.9 18 8.3
BB
sd 0.146 0.095 0.105 0.7 2.3 0.8 22 14 2.2
mean | 0.451 0.150 1.547 -11 30.2 6.3 30.9 2.0 12.1
RB
sd 0.163 0.126 0.083 0.9 2.7 14 2.3 17 3.7
L ns ns * * ns i ns ns
mean | 0.449 0.149 1570 -0.7 294 74 30.4 14 14.3
BB
sd 0.167 0.075 0.091 0.7 2.1 1.0 18 13 2.7

ns: no significant, *: p < 0.05, **: p <0.01
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38 . . i, B0 %S DBB-RB %,

2o sA#» DBB-BB &, 7 U
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RN L-BBEZZ N Ehmrd.
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WTH SFC 25D 60%I2 1 TIXIFIE 60°%#FF L, ZD%IiX RELIZ/ i TR&EL
B L CWw/. REL %13 120%ff i TWo7m A bTNICEH AT D H OO 1508 &
DAEEHMFFL CUA4SICE>7. DBB(EDOZ7 T 7) B W TIX, 57%0° 5 77%
EFTORMPBIY 151%7 5 157% % THOXE T DBB-RB #* DBB-BB kL v & A &
ka2 RBZRLEZ (B7%~59% T p < 0.05, 60%~63%T p < 0.001, 64%~
68%C p <0.001, 69%~72%TC p<0.01, 73%~77%T p <0.05, 151%~157%C
p<0.05). £72, L(FDOZF7) I2BWVWTIE 143%7 5 145%F THO X[ T L-RB
NLBB LYV bARICKERMEELZTTLE (p<0.05).
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Normalized time (%)

Figure 6 Comparisons of the averaged angle of the elbow.
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SFC REL UA45 LZERL, WThor 774
Sl SN 28 A2 7 1, B % N
90 A2 T T T~ jm%ZnZhAT. DBBH
60 FOLOWF NG, SFCHh DL
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w0 | CANE T RSN NI I/ N SR gVl el
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Figure 7 Comparisons of the averaged angle of the Tp<0.05).

shoulder abduction. Fig. 8IE 5 # & il B3 %
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Figure 8 Comparisons of the averaged angle of the 141% 7> 5 160% £ T O X [H
shoulder horizontal adduction (+) / abduction(-). <“DBB-RB7: DBB-BB L ¥
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B W TIE26% 5 40%FE TO XM CTL-BBAL-RBE Y b A BT K& 72K FESH iR
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Normalized time (%)

SFC

150

— DBB-RB

120 90% ~ 121% Tp < 0.01,
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Figure 10 Comparisons of the averaged angle of the

upper torso rotation. 0.01, 149%~160% Tp <

0.001). £/, L (Fo7r
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g | FREEEEEEEEE I BE Ei oo JEME 5w o B &
P DHEERAENAZ B, RB B

X ™ BB T % 1 £ 1

> 595.0£115.1Nm ¥ L O
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Figure 11 Comparisons of the averaged angle of the 4 B
lower torso rotation.

4. 1 @{EZ —

Table 4 Comparison of averaged peak values of the kinematics and

kinetics data IZoW T
Elb Should
o e Table 3 X VU ,
Trial Ball >
External - 2 N
Type T Compression Varus o Compression Internal rotation DBB RB i) ‘J: U
P ype rotation angle
force (N) Toruque (Nm) (ded) force (N) torque (Nm) DBB-BB D) F'Eﬁ "G‘ U
eg
1] — S —
mean 560.2 56.7 80.8 546.5 56.7 ) X /N 7 )l &
RB -
sd 120.7 154 9.1 143.7 15.3 L\— ﬁ Ajé';\ 73: ;‘L’i 5i A %
DBB ns ns ns ns ns .
mean | 562.1 571 82.7 531.1 51.3 ot MmN
BB
d 119.1 16.2 7.0 134.7 15.6
° ' b, —F, L-BB
mean 595.0 62.8 84.6 578.1 62.7
RB T L-RB XYV U
sd 115.1 174 9.0 139.6 17.3
L o ns ns ns ns - N3 NE=N
mean | 560.7 643 842 5715 644 ANLE D E <, F
BB N ~
sd 103.7 17.3 85 136.4 17.3 f: ﬂ: _ }I/ %)j JE E O)

ns: no significant, **: p < 0.01 ﬁﬂ ﬁ yin j( X)o7,

L72»L, L-BB B X

N LRB OWT b=l FIZA—ARBEELTEY, WERO Ao — 1 v 7E{EIC

BUOEBHELZRL W20, DBBEBELIUOLOWTRIZEWTEH RB
BIXOBBORICA T —~ o Z2DMEIZRVWEEZOND.

WIZ, A —A v 7EEROKRFAOHBERFMICOWVWTHRFTT 5L, DBB B X
FLOWVWTFTRIZEBWWTHL RBBIXUYBBOM THEERAEIZIALN R >T2Z &N
Table2 K VA TEND. £/, BBEBEIXOLOWT IZEH W T BERKE A B &£
EBIOKBOREGHEDEN XY —ZIRBBLIUOBBTIERERMETH-Z I L
2 Fig. 6~Fig. 11 LV b 5.

ARFRICBTIHEBEINT R ORA LA —A VT OEBERY - &R L
TW7e., £/, 2. 1.2 TR X1, KRBT RAEIT T@FO7 +— A4
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Figure 12 Throwing motions of each trial.
ERMESRVHBE T TELRRTHOCA—LEZREFTLLIIC) EVWIEROL &I
PO THY, WIThORELIEORBFAMEEZMER TE L8 NETH - 2
Wic&xs., ZhoDltrbbyETEXDLE, RALZEHIESAY — L 2EA L
e FEAEBREFICEBW T, BHEOHFAELIETLRAVWRBRED Z 1 —A 7 H
fEchniE, XKLL OCEREKOWT N ZHNTHE NN T +—< 2 2B XLOENE
RNY— ITHEITECRVWE VX L.

4.2 MAKBLIOHEXRKZAVWEZAD —H( V ZTEEOMHEICOWNT

Fig. 7LV, 2u—A v 78{ED 1% 5 26%%F TOXM, JT74bH SFC 5L
MBV #% £ TO 23 W< DBB-BB /X DBB-RB L ¥V & K & 72 J5 B i 4} s /4 &
EHEFELCWREZ ERNDbNS. £/, Fig. 10 B X O Fig. 11 LY DBB-BB (%
DBB-RB i2< 5~ 85%7° 5 153% % THO X[ (MER #%72>5 REL % £ To /@i
FHY) TEIR, 783%72°5H 160% £ TOXBIZE W T TR T, £h£h K& 4a0E s
DAEZRLTWVWDLZ ENATEND.

BRI O BIEI A FE I DWW CHFETT 5 &, DBB-BB iZ DBB-RB 12K 5 X 55%0 5
T7%F TOXMEB LY 151%205 157% F TO XM IZB W THBIEI o N/ &<
(Fig. 6), F£72 94%72>5 106%F TOXMEB LV 141% 71 5 160%FE THO XM TH
Bl D K SENEE DN /N E o 72 (Fig. 8). Avu—A v ZEIEICH T 5 Mo MRk
WEBEHiOKFENET, Wbwwd OEVKE ] HE--TAELDLIBEDODTH D
e EZEZDHE, BBIERBIZLKOHXR THOEY | AMflash Tnizbnzx ko,
DEBRICB T 2EEOBSG ik, Kk EHWEZ A — g v 73k Ek 2 H
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WAHEBALIDLEHERK~OAHENENTE2EVIRBELHL, TY LY =7 BIWT
=T V=T ORFERBEXNKRETHVDLIGS, NSRETHEKZELZ O THMZ
SWCAEBERLDS (WKW, 2001) ), T#XoHFEHITEICHH DAV VD THE
HTbHL@ETE5 (FHH, 1994) ] REDEHICETLIZRNHS. Zh b ok
EARMRORREDOETEZ2LE, AKEZAVWEAr—A UV TEEIZEBWT
FEEBIEOZOICEELRMIETH S &SNS FEBEH O X OVK & o [E s 5
i s, FEBAKEZAVEAr A U TR BRBPEORY RIS T
EEZHND.

4.3 B2 — NI X2BEBMOAMICH T2 DHEEDMIE

Fleisig et al.(1995) 1%, kDO v F o Z7EEIC B T 2 FERpICEELZ B A S B
LA EMEOHWVWERE LT, 2y X7 RFE (KHFIEO MER BIIZFHEY) ©JF B H
Wig hv 7 ov—27, BEFHm (K% RELE®%ICHY) OJF BEHEM ) o v
— 7, L TCayX 7 REOMNBEARK MV O —27 %% T\ 5. Table 3-3
WA LEEIIC, AMFRICEWVWTIEDBBBIXOLOWTNOEREDO A —A 7
IZHB W TS Fleisiget al.(1995) 32T 5 21 HD/RXT A —=H{IZD2WVWT, RBEB X
NBBOMTHEEREITIALON RN T,

—J, MEEOEMFmOBEE NI LI T BB Lvs RB AKEN- T
(Table 4). Z DO Z &1, HEE TORMBESAHEML 25 A TR A KT A K IC <
ODRFMIZEHT2BMPRELRDIEEZTRIBRT HEDOLE VR L.

Flo, BEHICBT 2N REAEORKEIXZ DBBEBLIO L ONTAIZENTD
RB L BBOMICAERE TR LN >7- (Tabled). —J, B{ET D 81% 5
82%F CTOXM (MER %IZMHX4 9 2 ™ME) 2BV T, DBB-BB ¥ DBB-RB £ ¥
LAEAENRKE W EN Fig. 9KV ATEND. ZORBEIZEIT 5 EfH EIX
FREEO®EE o ME#HEZ KES BB LTWVWDE L, 20447 THEM
BiNIE RV 7 BHRE I D Z & (Feltner and Dapena, 1986; Fleisig et al., 1995)
FhbtTE25E, BRAKEFRAWERAT —A  Z7EEICE W TR % W
L% LV bEBEENEGEICERTIAMBARENWI ERNEZIOLND.

IheoZ b, MAKRBIOBAKEH WA —o U TEIELZ L 2
LA, BEZRESEIERLEINDI AT A—FXIZHEITZNL OO, AT
XA REET, AR CEHEMESICERATIAMAREVWEHBIIEH D EWVZ XD

4. 4 FEE~DORME

41BN 42 TR LTSI, BTPOMIEOWFAMEZHEF CT& 58 /1 E CTIT
bhvdArn—A 7280, MAXKEZHOELGICITHREKBEORY, XK
ZHVWESAICIIERSGONELS LR BORIENBHINTZEHEL RO,
WA= EHAWEAT—A  TEIERICIEIAN 7 =~ 2B X OEIEDO L H
— VITHHEIT A T .

F, 43 THRFELAELYIC, BEHHSIBIOMEGSOREEOER &I NDFXT
q T AN T A= IZHONT, MR I OB ZHWAEZH A e —1 2 7E#E
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MICEBAEERENALRR NS T2,

IR EMNS, RALLEEREEDO Y — 2 S L -p AR ERET T,
BIEOWMAM L HECXABNETCRAT—S( T 52 FH>0 X0 1F, BAEKB IO
HREREZFHA L TCT LA T D2 ENMEBEOEEMNRZER L IOV E/R ST
LR TEXH. L, MAKEHAWESLGAEICIEMNEE, XKk 2 AW
AICIXEEENEGECERT2AMBEMT 22 EICEET ARSI THD Lk
X .

5 i

5.1 A®FETHELNTAA

AR TIEIHRFEBRETFORMKXNRKRSIOERNRZH 20—V 7EEE

SRITCHEBEATIEIC L > THHIL, MEOMHBEBIZOWVWTAAL T AT =7 ZABE A

AR i ) |l

ZORER, LUTOZENbIoTz.

O MALEZEEFHESNY - E2EHBLTWDIRFEIL, BEOHMENMER T
LZBNEOHAFICIETE AR — L EZHWEBIEM TR 7+ —~ 2 2B X OHE
RE =22 DWW T OFEITE TR0,

@ ®WMAHKEZHWEAG—A T EHMETIEIROEY &, ERNEKE2HWE X
0—A 7 EBETIEREBESONBOMES L OKRBOREN RTINS .

@ BERMICHEZREREITIERLEINDIARATA—FORE S ICHAEE X
OVEE ZCBR O fi] THEE (X E U 722 .

@ kBT, AR TIIERASENEGECERT28M2B3HENT 5.

T, HFE~OREBELTUTOMRmIEXH I,

O AL TBEIEONRY - 2 EE L TVWDIREFOSEA, AR L O LB
ODEHFZHNT T LA LTELTS, ZOZEREEOHERK LITR LRV,

@ mAEITMAEKIZL 5 kanara HERBHICEERN KA LT WbIT T AW,

5.2 S #% O

O AKWfgE AT —A  TEEICH WA = VI ARKAEKBS (H&: % 0.135kg,
B K 7.0em) BLXOARMAEK (H&E: & 0.145kg, HEZE : 4 7.4cm) T
b, BEBLIOKRETIDREFERLELTH-7=. —F, NFEEIZHVWLN S KK
BK C HIXE &N 0.128kg, EHEMLH 6.8cm TH v, Xk & @ HE M fk X
KBELIVHEREW., KBFERICBOLWTIEMRNEREHAL CEE2HVEAR — o
YIEEROBERIZIT o TELT, ARBHEMNIOILERD DL EEZEZDND.

@ HMAFHRBLIOBEXNHHREZFBELHICHITL TITHIHE, HERBI T — 20K
SN Z DT, BRI AT —A V7 EELZITIOBRESLEMT 5. 2o k)
BRRWLTFTEA =R —a2—2APHB LT <D ERHEHIN DR, RIF%E
THINED2VWTHRFTZMZATELT, SBROEEREELLETHA ).
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