IERENMER D MEOESR) &

EHHRAE & DRIR

= =

Relationship between lower limb motion and trunk extension angle during

pitching motion

AFFHLZ *12 JRANGR*S, B —*2,

IRk 12

SEARBEIF-*12) (LG EATR <2, S HHE R 2, AR fRe 124

F — « 77— K : Pitching Analysis, Trunk Extension, Lower Limb Joint Motion

BEEREDVE, fREROp, TR

(BE) BEBEZE 2F0EHICE > Tiibh, I

Ry, EETHL. LaL, HEREBETO

T B SR B AS AR A FE I T BICOWTIRA TH 5. AT, HEREETO TS L O
KR AR, NEESNEE— A N OBREREL .

ERAEORT 20 BN E L, ke =

SOCEVEIAAT 268 TRl L7z, TR B L O R

AEZEHRL, €7V v oMBREEH TR Lz CAREAKES%).
BRI E— 2 > b &K RAE L ORItRTIX, AELRAOMHMBEZEDz (r=050).
B O B A 1 AR R A BT, RE B E EhA E L E ORI (r=0.42~05, 045~052), MR

ciZE oMM (r=-044~-061, —042~—0.71),

JE BT

TIRHAOHMY (r=-042~-052) TH -

7e. ATy TR, RBIEE T IE OB (r=045~054), BREEHE T3 OB (r=-047~ - 0.67)

ThoTz.

iR A BEDMEAL & 7% 2 T HGEB)IL, IR ERT OB AR + — 2 LA TH - 72 Db
SEERIEDOIHTICNE, THHEEZ &0, ZHOMEPERLER L. SRIITSNOEDF 2y 7KL ¥

FDIATT = 2DBEIEALTHDO0 L5000

[EU®IC

PeBRBEE & L L OBRICOWTIE, INEAT
&, MHERRZ Y30 UL ETHhIUE, BRI
BEEDfERRE T & STV 5D, H2gA: o 7 i 3
% AN FOv= T ATl RT LN B R R T
Al L 724G R, BEEE T B CHMERR B A s
ARICEMHETHZ LWEIN TS, F-mE
WCBL T, RS Lo, @R L, R
EEFTIE, MO MIEMEIME & s ST
WEH T X)) IIAREETIE, RIEREEFIZO

ORI EHR A R — - R ERF 22T

ORI NE) T gy Y=y

BN LER R ) N E Y T — 2 a Vi

O RURRIE LR B R SR BE R 2 Fe 8 B 2B RE T A AV R
Corresponding author : )% it (torud271@koto.kpu-m.ac.jp)

BARERR X R — VYV EFREES

ST BLENDA.

BIBENDD 5.
ANRLEHEPIREEL T ERITHERE LT
X, WEREEFOFBRME, Wb L[ LD A
WL TW5., COREMEL T8 R E
24U HBCIE W RIiRI S, T8 R SERE T L z.,
R b EELBEHETH LY. TEREErh oM
FEOEENMEIZOWTIE, EEEEO 1 EHETH
D, TANVF—AZEICHG LTV e snT
W e, MEICHE 2 RS E R TE,
WERERE L, TH SRR T § 5 &
WG SINTVBY, L L, SEREE o i
ARG 2 B MR TFI2ow T, APZ%
JEVAE AN

Sl ivbiuik, FEREVE O R AR A
BE L NS RCE — 2 >~ N (S BEISA B L R)
BLOTHEEMAE L OBKRE AL 720 THE

Vol. 33 No. 1, 2025. 93



.

VICONMX

a TIMEHAS 108 BRE 500Hz .

5m

y

& PULSE throw (ALIGNMED #t)

““’ Plug-in Gait model : 39 ¥ —H—8517

1 EHAIRIR

SmEIFDF Yy MIRARIEKEITL, HRBEOBRRICKHFY—D—2BFL, 10 BOFRIMEH X 5 THRE

L. SifEs i
¥ 5.
MRELVTGE

XL, EEE R AR T 20 B, & 1725
*53cm, K#E713+10kg TH - 72. 4 F A
OU—, 7% —A0—0OFFIIEHENL7-

BEREETIE, Toho+r—3I 7T v T,
5m i D A v MIWMd o TEIHEk%E 5 [ TH
B, FREPRETH 72 DRI LRE L7
BIEOIAT TIE, HEOWMEZSE T, ik
DARFNT 39 18 D ARAV RS~ — 1 — % Davis
5” % Kabada " O#i5 % ZE \MEK & N7
M1 7 b Vicon Plug in Gait 26> TREfF L, 10
BORINE A A T THEK S L5 ZIRICENEFAT 2
& (Vicon motion systems fL:# : VICON MX) #%
AT, GRINL7z (R11). 7 AT DR ARJEIE
B 500Hz & L7z, FHiisEHE & LT, BB, M
B, JEPEI O BIEIMA R, AR KA 2 R
L7 (F1). HBEIA ML 21, PULSE throw
(ALIGNMED #) 2 HwC, NBHNKE— X~
b DK% FHI L 72, PULSE throw (&, 3 #illjn
HWEFB L3 vy f 0 X a—T 2L 72/
RO 27 I TVTNA A ThHAL. BHTXE L L
T, by FRY Y g v (FERERT R o E B )
ML 740 —AN—FTL LA T4V FT7 o7
W, 7= —avyx I W, LA hayx W
77 V—=Ya ¥, 7ru—2r-—Hog
TJx—A%EHALL, Thoo7 = — XWRIICEE

D EREREMEE 100% (ZIEH L L 72, BeEkflEo
mARZEEIZ33%, 7y bary 7 bt 82%, MER
(Maximum External Rotation) 1% 88%, R—1)
) — 213 89% TH - 7z. MatFWFHT Clx, K
DERMIEMEE, K, RE, HEHAMLAB
JOTHCBEEI AR LTE T Y MR E
e, IROOERDPARICHEEL TW 2 XH%Z
g U7z BRI BOK#ES% & L, /M
K UIRARMEE R L7
AT, ~AVY U FEFIHEIWTCEIE L,

HIEN TP R R S e S S EN OV e d Y = Y A B
(EHF S % —w—-01-000099 5). F 72405
OFZRBEIIE, FHNWIREDO B, ik Wi~
DEMEHFEE L TOAFREEDS VT & 23
L, &flEEZ8THEML.

B R

PR A X, T8 BB iR R A e AT C i R A
EERO7(R2). HEESNRKE— X » M, 383
+89Nm, Eki#id 1167 +65km TdH -7z, K4,
Bk X ORI — 2 > b & AR R £ )5
LOMR (T2 TIE, HBEBNKE—XY MEH
BRAOMBZ RS, REMEAEIREVET
TIE, JBEEANRE— A > b AMEAE 2 RS T
Ho7z (r=—050).

Tl ) o> B B A BE & ARER iR M EE TR (R103), I
R i Bh G E L IE O M B (r=042~05, 045~
052), MRt CIZAOHME (r=-044~

94 HARRR XK —VEFRES  Vol. 33 No. 1, 2025.



RIEREEh O TEES) & FEMEAE & DRR

e
Eeh (—)
¥ g1¢ll=' (+)
ZR{7 e ~ tg;%%; FERSRE O A
e o i//V/ &: g
B i?ﬂ
Shex P
%%mﬁﬁﬁﬁﬁgg” Y
B i = BB 3
REE EE EE & ~ :
LORTRE 5
e e )= RENESEAE
HERPE R FEEHAY FEREEIAY
ot . EORTBE
BECIA FEXRBREIX Y H
EORTBE

1B

[Eeh

X2 fAmemRAEZL

-061, —042~-071), RPBHEE TIZHEDOME

(r=-042~-052) Th-7=. A7 v 7HTIZ(A %z B
4), BBIRIRMCIEDMBI (r=045~054), WM PRI 15 2 I BB CE — 2 > M ICR O
M CIEADHI (1= =047~ =061 Thof2.  ME#OE D% ) FRMEFLOEFCE, I

BTN CE— 2 > MR L, HNBEEFEEICO %
MBI D DL EE 2 7.

HARRKRX R —VEFEEE  Vol. 33 No. 1, 2025. 95



R’ E

Fr IS4 20 © W B 2 B0 B TR £ &
R & OBIFRIZOWTIE, il B B 5 o Jie i
AR B K OB 5 o st i, e B £ T i 45 (B
5) ARSI DR DRERTH - 72, A
R, waes (B - B - RBED 2YRl L Tw
5, BERBEERFBTFOARARL 7 + — 212 R, BIER
BERTEICB W T, B - - REfioE—xX 2 b
NEBERL TR TR EFR UL
T+ —LThol.

D F WEEKFCEOLRBORND, T Rk
BMEARIIO %), JH - HEESANDOZX ML A
WRIZOLDEBNDBDHEHEEZ .

Ty baryy s b poR=NVY ) —RIZHT S
ATy THOEH I FHRHmETIEX, A7y TH
JIA 136 0 | e AR B D A5 7 D 9 Lo

®2 GHREBEAKECHR KE HEH
ARE—X > b EDRR
HBISMIARE— X > b EFBREBRE
AETIRAOHEREZRL, AREE
PP EVERBBARE—X > b

PHEKXT 3.
r
BEges 0.39
ONEEY 0.18
FR ok 0.37
BN E—* > b —-050

THBEWINE AT - 7214, KO ICRBAITT 5 &
WHEINTWEY REERTIE, A7 v THIEM
iR D RIS 2 B &, AR £ BE 2V E Al
2% o THY, DX 0 IBEBEN MR O SR 7%
OPEHE (7L —FER) 2SR BT IS
BT LWRMEED D EEZ . F2AT Yy TH
BRIE OMEE — X >~ MIRED 3HEREE, K
X PRLEL SRTWEYY, 257y THO
TR T2 L, BRIBEL, RESOHR
AR 24U, R A RO LE 2 7.

RFEORRF L LT, BRERFENLELT
BY, F, BV ARUPRES TS, F72
TR BIEESNCHE H L7228, 4B EROS X /M
fit— 22 M EMMOZERIZO VTGS T % 4%
Wb, ARWFFERERIIBBTIIZED 7280, T IHGE
B LR MRAE L ORRIIAHTH Y, S
BONTREBM R EAL v b & AKR— Y BI CHEE
L, WEEFOREFHHRL/NT7 + —< ¥ ZADTH
IZBWT, E0X) BEREDZLTOD, WE
LTV LEDND 5.

T 72, B ORI 2 B) X AR R I B R
B T3 BAi BB dgE &, BeERBHAAIRE (il 8
o) AEREE (REE) [CRITT 7 = — X
DOHFEEEET LTRSS NI, Lal, &
WA IS T T HEIE, £ ONRTD M L
TWa7eD, SHMEBEXZHER L, SLERMNT %

¢ )70 XE:1~22%

XEEET 20
-30

80 XB&:20~45%

X&: 77 ~85%
r:—0.42 ~—0.71

r:—0.44 ~—-0.61
0

B BRI I—X
0 EKBE0E
0 20 40 60 80 100(%) 32 ATVIHMBRRAFL
82 TwkIIVARLE
88 BEESBANME
40 =1 ~ 9
20 gD 2% 050 89 K—JUU—2
100 BHET
2EE 0
500 20 40 60 8d 100 (%)
o BELEEAROKE

X : 86 ~95%

r:042~05 r:0.45~0.52
0 20 40 60 100 (%)

80

3 fAErEAE & SHBEEER) & ORR

% HAHIRR X K — VESRF -

Vol. 33 No. 1, 2025.



BIRENFR DT IRES) & e BRAE & DRk

¢ Y150
100

BREIEN
50
0 (%)

o0 20 40 60 80 100
140 XM : 79 ~ 83%
90 r:—0.47 ~-0.67
BRESED 40 % BT —X
o 0O R
104 50 40 60 80 100 32 25y THERAE L
D) 82 TwhkIVALE
20 88 EEmELIE
10 80 A—JUU—2
@m0 (%) 100 #EEY

X 83~ 100%
r:0.45~054

BREGEEZESROICXE

4 FRHEERAEEXT v THEEEER & OREF

: K
W\R .§
BES A ’ :> FEROBAR S
JEliziE Nl Ag
/J//
...

[ W 7

5 WHEIFORZOEHEN

T4 R7y 7THIC, BHOKREEMAE, WEEDEEICHEN, TREMOBELR

EHZEROZE, FRHPETEEREDHS.

ExRHWT, WFHOBREZRE L Tw RN
»H5.

AWFZE T L 72 PULSE throw 13Ji < AR —
VHGTOHHINY, ZoFHAMsHE ST T
W5, ZRICEIERIT R E CTRMRE S e &
BZ b NTHB Y, ST =ZWocEE
TR EPSHEONZA P L AETHHRETLTw
SUEND 5.

w&

PR T 20 24030 U, S BRI O fR i
FRE & I BIEIAMNCA P L AB I OT AL OB

Eh
AR

PR

AR R —VE

PR i L7z, AR A B & I B EiA CA - L
NGB OMBE Z D7z, T REEES I LT
X, 7y harvy s sF oK - EREEOE
B2 SR AR R A A L & BAfR 2 RO 72
BREF O TIGEB) O gy AL, IREp R I &

- 5o
Blxd 70, HELRFHERA Y NEeER D,

FIEMER

RSB L, FRT NS AT % L.

ZERM

W Bl 7— & 88, SR, ik, 7uedx
7 NEBL U v — A3, BGE, WAL, BAROBE)

Vol. 33 No. 1, 2025. 97



R’ E

WRAR GRE, 7— 288, EX%0hr, ERoRE
LEZF4 T4 )
Wak— (A, i,
B S AT, i,
EIFATAVY)

AR MY (FRORBELE T 174 ¥ 7)
INIRFEAE (GRA, idiam, )
HbEER (WA, ke, W)
HEMMESL, Yoy y VEM, B FRORE
LTt T4 7)

HREHE)
)y =23t ERRO RE L

X

D WH E Rk, SIEA, . M EREGET
(BT B I PRI 55 o> i B I 12 BY 9 % i 1T & A
72, HAEIEHVEL A R — v R4 458, 2016; 36: 43-51.

2) BRI, HACE, HEERE, ML b - s
HORTFIT B 2 458 LI BE & o BR. H AR
Wi & MERE. 2018; 25: 219-221.

3) WAL, MR CRHE Y, M mRERET
WBUTLEMEBTHET 4 22 M OBFR. BEN
A FXH =7 A, 2020;41:93-97.

4) PG, ARTERD, BRFHEORER, . $ERBED
IER NN i) A <Y = Rl A N R =i TR
BB & OWaE D EmkE. iR 2009; 58: 379-
386.

5) JEHTCH, Bk EZ, HdH L BEROBERS)
PEIZH SN2 EB)ESEIC BT BT OIE D Jo 5.
INAF A =7 ARFE. 2015;19: 118-125.

6) JERUMA, BETEC, R, ML KT T A R
Y MR OTE T IS 2 5B KOF
%, 2009; 58: 73-80.

7) HUEEH, AT, WG, ML BeERkEfEIC B
VF B S AR B & T AT JE B 0O 5 0 B R P — IR R R
BLUOKKEER ToOMN— HENA A+ X AR
AR, 2011; 32:167-172

8) WA, INIIEAE, MHFAZ. FEER | Rk
FEIRTHINEY F— a3y HEREEISZ

98 BARRKR R R —VEFR

#®

RDIERBEET T a0 —F  BEREIEEHGE:. MEDI-
CAL REHABILITATION. 2019; 239: 49-55.

9) Davis RB, Onupuu S, Dennis T, et al. A gait analy-
sis data collection and reduction technique. Mum
Mov Sci. 1991; 10: 575-587.

10) Kabada MP, Ramakrishnan HK, Wootten ME.
Measurement of lower extremity kinematics dur-
ing level waking. ] Orthop Res. 1990; 8: 383-392.

11) Iz, SRR, W E—, i HBEiR TR
ERFOYNEY) T = 3 VEIERICBT 5% EkE)
VEfAT. BRI B~ MERE. 2016; 23: 1-4.

12) SRMTR, HE i BRI, . B T R
EEET L RRAERTORKBEICBT L T -
PR E). BB 2R ) N T — 3 3 v 2018; 29: 447-
453.

13) Bz, MR, R F— ML IETA) 12
BIERS B2 DA 8T X — 5 BRIRASA F X 7
=27 A, 2023; 44: 249-254.

14) RS, R, WRMYE, ML SRR T
B 2 BT RO T BB BRSNS A A+ 2 7
=7 A. 2022;43:271-275.

15) Yusuke K, Yoshikazu K, Kenta, et al. Effect of
quantitative partial valgus stress during baseball
pitching on ball velocity and subjective pitch-effort.
J Shoulder Elbow Surg. 2022; 32: 168-173.

16) REHIFESL, HAEF L. v =7 7 7V v 2 M
W7 BRI E R O B E AL IOV 7 FHI o BRGEE—
E-VarvFy T Ty VAT ALORE— HA
FRIR A R — v R REE. 2024; 32: 278-285.

17) Camp C. L., Stacy L, Stuart N, et al. Are Wearable
Sensors Valid and Reliable for Studying the Base-
ball Pitching Motion? An Independent Comparison
With Marker-Based Motion Capture. Am ] Sports
Med. 2021; 49: 3094-3101.

(A4 12024 43 5 22 H, 23 1 2024410 § 10 H)

Vol. 33 No. 1, 2025.



BIRENFR DT IRES) & e BRAE & DRk

Relationship between lower limb motion and trunk extension angle during
pitching motion
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(Abstract] Trunk extension is crucial for maximum external rotation of the shoulder joint during the throwing
motion. This study investigated the relationship between lower limb motion and trunk extension angles during
this motion. Twenty high school pitchers participated, with their pitching motions captured using a three-
dimensional motion analyzer (VICON MX). We analyzed the correlation between lower limb joint angles and
trunk extension angles using Pearson’s correlation coefficient. The correlation between the joint angle and trunk
extension angle of the pivot leg was positive for hip flexion (r=0.42-0.5, 0.45-0.52), negative for knee flexion (r=—0.44
to —0.61, =042 to —0.71), and negative for ankle dorsiflexion (r= - 042 to —0.52). In the stepping leg, the correla-
tion was positive for hip flexion (r=0.45-0.54) and negative for knee flexion (r= - 047 to — 0.67). We suppose that
these results indicate that lower limb movements leading to decreased trunk extension angles are similar to those
observed in athletes with throwing disorders. These results underscore the critical importance of evaluating
whole-body mechanics, including lower limb joints, in pitching motion analysis.
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