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Relationships between lower limb movements and either motion duration time or
ball speed while throwing to second base in college baseball catchers.

Chiharu Suzuki”, Kento Tomokiyo 2 Masafumi Fujii v
Kohei Murakami® and Akira Maeda "

Abstract

Previous studies have examined the relationship between the duration of motion time (MT) and ball speed (BS) in catchers.
However, it is unknown how lower limb movements are associated with MT and BS during throws to second base. The present
study aimed to elucidate this by examining 21 university baseball catchers. The participants were instructed to catch a ball
thrown by a pitcher and to throw it from home plate to second base with maximum effort. The kinematics of throwing motions
were recorded by using a 3D motion analysis system and force plate. The throwing motions were divided into three phases.
Duration of each phase, BS, and lower limb joint angles were then analyzed. The results revealed a significant positive correla-
tion between MT and the time from catching the ball to the pivot foot contacting the ground (P1T). Furthermore, P1T exhibited
significant correlations with the flexion-extension angle of the right and left hip joints at the times which the players caught the
ball and the right and left knee joints at that the pivot foot touched the ground (Pon). BS demonstrated a significant correlation
with the adduction-abduction angle of the hip joint in the pivot foot at Pon and the internal and external rotation angles of the hip
joint in the stride foot when the stride foot touched the ground. This study suggests that the catchers shorten MT by extending
the right and left hip joints and flexing the right and left knee joints from the catching to pivot foot contact. Furthermore, they
increase BS by abduction of the pivot leg hip joint, extension of the knee joint, and neutral position of the axis of internal and

external rotation of the stride leg between pivot foot contact and stride foot contact.

Key words: Preventing stolen bases, Kinematics, 3D motion analysis
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1. : Top of head

2. : Front of head

3. : Rear of head

. : Tragion

. : Acromion

. : Elbow lateral side

10.11. : Elbow medial side

12.13. : Wrist lateral side

14.15. : Wrist medial side

16.17. : Third metacarpal bone
18. : Upper margin of sternum
19. : 7th cervical vertebra
20. : Lower margin of sternum
21. : 7th thoracic vertebra

22.23.:

24.25. : Anterior superior iliac spin
26. : Sacrum

27.28.:

29.30.:

31.32.:

33.34.:

35.36.:

37.38. : Heel

39.40. : Third metacarpal bone

. : Catcher’s Mitt

Inferior margin of ribs

Greater trochanter
Knee lateral side
Knee medial side
Ankle lateral side
Ankle medial side
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[oxternal rot. (-)

(a) Hip joint

| Extention (-)

External rot. (-)

(b) Knee joint

(c) Anlke joint

K5 (a-c) THEHBEDES

2) PBHSHARE

BIEAEEIC DWW T, Rk LK JRPTEER 2 T
HALER DAL 5§ 2 WHEHRATH » HECh 1%, 5k
APF7E (FT7LIE 4, 2019 ; Cappozzo et al., 2005; Grood and
Suntay, 1983) ZZEI1ZH VF VAR (x-y-z) 12X D EH
L7z, & T IR BASE #4 J8E ) 2 1Y 7 v Bl i) B & AR 72
B — M EIT 2 ZE L, BB, 8l
Ol IE, (PR - 8), WHME (W @ Ik, bz £),
BLOWIE (WlE : Ik, 44 - 1) o 3 amE (K5
(a)), WEBAEmE, Jedifp Ofdh @ ik e f), BX
O'WHME (e © 1F, F45E - B1) @ 2 HHEE (K5 (b)),
JEBAENE, KEE (B IR, KE ) o1l HHEE
L7z (K5 (c)). F7z, Catch 2*5 Rel TE L 7K %
100% & L, 3IRODAT T4 »B¥E T, % KB
MEZBALLEN L7
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HEAHE R PIME = BEEER A (SD) ICX YRLZ.
2 BB ORISR % X% 7212 Pearson OFEFAH BIFREL
W BARMIEOREINAEEKEIS BEL, A
BETho MHBERHOKRE 3L, 0.90~1.00% I 125
WAHBYRE4R, 0.70~0.90% =5\ AHBY BI4R, 0.40~0.70% H
FREOMBMER, 0.20~040% K WHBIBERTH 5 & ¥
WrL7- (e &g, 2013). dcalL@ix, #alusty 7 -
(IBM SPSS Statistics 26, IBM #1:#) % H\THf7 - 7-.

m # X

1. BENT X —& EXFREE & DORfR

K LI NT 2 — % LR & OMBIRE L £ &
w7z BfERER & PIT 5 X O°P2T & P3T & oI p#E
FEDA MBI BRAED Sz, BIFERER & A7 =D

K1 BENSX -2 KUEKEE & ORR

r

Mean £ SD

MT PIT P2T P3T Bs
MT (s) 0.68 * 0.06 —
PIT (s) 0.25 + 0.06 0.69%* —
P2T (s) 0.23 + 0.05 0.27 -0.27 —
P3T (s) 0.20 * 0.04 0.17 -0.04 -0.52% —
Bs (km/h) 119.5% 53 -0.12 -0.17 0.03 0.03 —
r: Correlation coefficient k% p<0.01

MT: Motion Time  Bs: Ball speed

* 1 p<0.05
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wHEWHB R Z R L 2R /¥F X — 7 1E PIT T
bolzZ b, VBETIEMREOEIEE BIfERRHZ2 50
2 PIT B X O OEE & RBRGEE & ORI ZRT.

2. TEROEEEBFIFE & ORIfR

F 2K EERF RIS B0 B TP £ BE D FEAE B
Z, RIKBER D TO TP EE & BERR, %
4 IZKBVEREICTO TR AL & PIT & O BIREL

() OMEEMEZRLT:. b, AFROSREIL,
RTEMETHo722 e h s, MEPEW, AWK
Wezs.

Catch f > /A7 0D i B 53 e i 0 Je £ 52 5 & O% il A 1 P
NS EE & PIT & O MICHREOA E 2 IEOM
BRSO b7z (4). F72, Pon DL DK
7 o ol o e £y 2 & BOAERRE R 5 X OV PIT & IS AR
DAHELZAOMBRAIRO 5Nz (£3.4). E5IT,

wE L7, A6, X7 IZHGEAM O Catch 2 Rel g o> 5 AN oD g B 6 Jed iy (8 £ BE & PIT & IR
5 Rel T TORME (a, b, ¢, KM (d e), LB HEOHBEZAOHMMRIRO bz (4).
K2 BHERRICE TS TRREEHABE
Catch P.on S.on Rel
PL SL PL SL PL SL PL SL
F/E 116.8+11.9 111.5+17.9 874*139 78.0%f16.2 62.7+19.0 645162 29.6%*13.6 93.6*133
Hip A/A -20.1£7.9 -24.6*6.9 -11.0+5.8 -10.6 £9.0 -322%59 -29.5%6.3 73%2.6 52%5.7
IR/ER  -29.4%10.0 8.1+13.0 -235%12.0 -9.0£10.8 -39.7*12.0 -1.3+12.7 156*102 28.6+123
F/E 102.2£17.5 126.7+9.3 942%+10.6 108.1+10.7 60.5%6.5 58.9%+8.1 61.5+8.4 353*+14.7
Knee
IR/ER 24126 11.9£10.8 -7.0£11.2 49+14.6 -26.6%10.8 18.6+12.1 -11.3%£12.1 -11.4+*127
Ankle PF/DF  112.0%133 127.9%538 105.6£6.5 99.2%+7.7 96.4+17.7 853%10.7 57.8%8.0 81.7+9.8
PL: Pivot Leg SL: Stride Leg ( deg )
F/E: Flexion/Extention IR/ER: Internal/External rot.
A/A: Adduction/Abduction PF/DF: Plantar/Dorsi flex.
x®3 B[IERRICHT S TREMAE & EERE & OBR
Catch P.on S.on Rel
r(vs PL) r(vs SL) r(vs PL) r(vs SL) r(vs PL) r(vs SL) r(vs PL) r(vs SL)
F/E 0.12 0.26 -0.30 -0.14 -0.11 0.00 0.20 -0.09
Hip A/A 0.25 0.32 0.19 0.11 0.01 0.27 -0.33 0.13
IR/ER 0.27 0.32 0.33 -0.18 0.35 -0.06 0.25 -0.25
F/E 0.37 0.10 -0.63** -0.63%* -0.25 -0.36 0.20 -0.26
Knee
IR/ER -0.16 -0.04 -0.09 0.17 0.20 -0.06 -0.11 0.03
Ankle PF/DF 0.21 0.04 0.13 -0.06 0.02 -0.19 -0.08 -0.22
r: Correlation coefficient kk : p<0.01
PL: Pivot Leg SL: Stride Leg %
F/E: Flexion/Extention IR/ER: Internal/External rot. ‘p<005
A/A: Adduction/Abduction PF/DF: Plantar/Dorsi flex.
x4 BIERRICHITHTREASHAELES P1T EORR%
Catch P.on S.on Rel
r(vs PL) r(vs SL) 7 (vs PL) r(vs SL) r (vs PL) r(vs SL) r(vs PL) 7 (vs SL)
F/E 0.57** 0.66** -0.11 -0.04 0.11 0.01 0.31 -0.09
Hip A/A -0.16 -0.08 0.06 -0.04 0.07 0.17 -0.23 0.02
IR/ER -0.04 0.45* -0.07 -0.05 0.10 -0.31 0.11 -0.01
F/E 0.39 -0.06 -0.64** -0.64** -0.09 -0.10 0.12 -0.54*
Knee
IR/ER 0.12 -0.13 0.15 -0.01 0.13 -0.20 -0.20 -0.13
Ankle PF/DF 0.45 0.32 -0.03 0.34 0.29 0.21 0.18 -0.15
r: Correlation coefficient * % : p<0.01
PL: Pivot Leg SL: Stride Leg *
F/E: Flexion/Extention IR/ER: Internal/External rot. “p<005

A/A: Adduction/Abduction PF/DF: Plantar/Dorsi flex.
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HE AR O 2 T BIE OO, BB o i il
JRHI T Soon BRI THRIRAAKRE 42D, TDRIE
JEHADKRE K oz (M7 (a)). PSR TIZHEIE &
gk, BIfEh O3 & A L OB AIMERLT, 60% 15T
SEf e b K& o7z (M7 (b)), WHMEEITIX15
~40% IR 2 THMERL,  50~60%IRE 55 TN ER, 65~80%
TR, DN RE R ) WL TH - 72
(7 (c)). MeBHE o i fh i T B R A 12 AT C
filgfas K& Rb2 L (M7 (d), WHETIZ, B)
DT & A EOREHI DN T, 60% IR 35 T TESM A3
ROBRELBDIEIRENT (M7 (e)). REHOIK

X &

150 (a) Flexion (+) / Extention (-) (b) Adduction (+) / Abduction (-) 40  (c) Internal (+) / External (-) rot.
10 0 Vot 20 f Vi
o 90 0 11
8 60 '

&
)
A 30
0 g -60 ] ]
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

120 r(d) Flexion (+) / Extention (-) 20 - (e) Internal (+) / External (-) rot. 150 ~(f) Plantar(+)/ Dorsi (-) flex.
% 0 L 120
§ 60 220+ 90
@

A 30 40 60
0 L | L L J -60 | | L 1 y 30 | | L L y
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Catch P.on S.on Rel
r(vs PL) r(vs SL) r(vs PL) r(vs SL) r(vs PL) r(vs SL) r(vs PL) r(vs SL)
F/E -0.10 -0.23 -0.12 -0.17 -0.45* -0.13 0.23 0.40
Hip A/A 0.25 0.00 -0.48* 0.07 -0.26 0.37 0.16 0.23
IR/ER 0.25 0.10 -0.14 0.32 0.15 0.46* 0.12 0.12
F/E 0.14 0.05 -0.16 -0.14 -0.52* 0.08 -0.18 0.21
Knee
IR/ER -0.18 -0.04 -0.26 0.12 -0.43 -0.01 -0.01 0.17
Ankle PF/DF 0.16 -0.33 -0.03 -0.18 -0.30 -0.07 0.05 -0.12
r: Correlation coefficient * : p<0.05
PL: Pivot Leg SL: Stride Leg

F/E: Flexion/Extention IR/ER: Internal/External rot.
A/A: Adduction/Abduction PF/DF: Plantar/Dorsi flex.
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