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Kinetic analysis of lower extremity in baseball pitching
for collegiate pitchersin thefirst and second divisions

Abstract

In a baseball game, the pitcher is a key point of the game because the pitcher has
60-75% of influence in a successful game. Many studies had focused on estimating the
loadings a pitcher sustains at the throwing shoulder or elbow during baseball pitching,
but less study investigated the loadings in the lower limbs during pitching. Purpose:
The purposes of this study were to estimate the kinetics of the lower extremities during
baseball pitching by comparing the different competition level, and the findings could
lead to understand the injury mechanics at baseball pitching. Methods: Fifteen
collegiate baseball pitchers were investigated in this study. VICON 612 motion analysis
system was used to record the trajectories of markers with a sampling rate of 250 Hz.
Ground reaction forces and moments of the leading leg and supporting legs were
recorded by AMTI force plate with a sampling rate of 1000 Hz. The joint forces of the
lower limbs were computed with inverse dynamic method. The difference between the
joint forces of the first and the second divisions was tested using an independent t test.
Results: The compression forces of leading leg of the first division were lower than the
second division after supporting leg contacted floor. It indicated the push off effect of
the leading leg of the second division was less to shift the center of body mass than the
first division. At statistics, maximum of joint moments of the second division were
significant larger than the first division. It showed the effect of the muscles activation of
the lower limbs was more substantial than the first division on the pitching. For the
sport injury, the second division pitchers had larger anterior force acting on the knee
joint of supporting leg than the first division when they flexed knee during pitching. It
implied the second division pitchers getting higher risk on the knee joint pain than the
first division when both division pitchers with the same pitching numbers. Muscle
concentric and eccentric contraction time of the first divison was longer than the
second division during throwing, and transferring frequency of the concentric and
eccentric contraction of the first division was less than the second division. It indicated
that the second division pitcher would have higher risk of the muscle strain than the first



division. It suggested that strengthening the muscle groups of the lower extremity with
eccentric contraction isimportant for baseball pitchers.

Key word: Throwing movement, Joint force, Joint moment, Muscle contraction pattern,
sport injury
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motion analysis system
VICON 612 VICON 612 motion
analysis system Oxoford Metrics Limited., UK
250 6
MX13 3.2

three-dimensional

trajectory
3.2
force plate
AMTI AMTI force plate, Type
OR6-7-1000, Watertown, MA, USA 1000

A/D converter VICON 612
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(Haug, 1991)

I:'2y><z (a1ﬂ’7) = I_Flj LX3
SaSHSy +CaCy  SaSHCy —-CaSy  SaCp
= CBSy CpCy -6
CaSBSy —-SaSy CaSHCy+SaSy CaCp

a By
B = Atan2(~T, \[T3 +T2)
a = Atan2(-T,,/CB,T,,/Cp)
y=Atan2(-I.,,/Cp,T,/Cp)
S (sine) C
(cosine) Atan2 (tangent)
a y
sagittal plane
p X
frontal plane y z
transverse
plane

(Inverse dynamics)

de Leva (1996)
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generalized cross-validation spline smoothing

McConville

GCVSPL (Woltring, 1986)
(1980)
()
free-body diagram —
Newton-Euler equations
Fpl =ma - Fy - F,
lfpl Ifd| m
aI IEva
Mdl rpl
a_jl é)l
(Joint Power)
Winter (1983)
Pj (Mj) (0)1)
P. =M W

28



VICON 612

Vicon Workstation

c3d
txt GCVSPL (Woltring,
1986) 6 (cut-off frequency)
smooth
T
SPSS12.0 t (Independent t test)

0.05

29



30



18 25 20.80+2.31
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10.02+5.05 5.77+0.67 0.04~*
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32



/ /

( 4.1 (a) 4.1 (c))
/
(55~81% ) (4.1
(b)) (55~69% )
(70~78% )
(79~81%
)
(  4.2)
(89~96% ) (4.2 (a))
(56~78% ) (4.2 (b))
(66~76% ) (4.2 (c))

33



( 4.3)

7~13%
(14~15% )
( 4.3 (b))
(80~84% )
/
( 4.3 (c))
/ /
( 4.4) (79~100%
) ( 4.4 (a))
( 4.1 4.4)
/ /
(  4.5)
(79~92% )
( 4.5 (b))
( 4.2 4.5)



(36~42% )
(4.6 (b)) /
(4.6 (a) 4.6
(c))

( 4.3 4.6)

35



(b)

x < SsauBaQ »

%

Eve
*t-test, p<0.05

Inv

ER=

IR=

DF=

PF=

36



(b)

100

80

60

40

20

%

Abd
*t-test, p<0.05

Add

ER=

IR=

37



38

ER=

Add= Abd=
*t-test, p<0.05



AT

-20
D
%
+
o
4.4 Inv= Eve=
PF= DF= IR= ER= *t-test, p<0.05

39



%

(b)

100

80

60

Abd
*t-test, p<0.05

Add

ER=

IR=



41

ER=

Add= Abd=
*t-test, p<0.05



(69~83% ) (98~100% )

( 4.7 (c))
( 4.7 (a) 4.7 (b))
( 4.8)
(19~23% )
(4.8 (c)) (66~81%
) ( 4.8 (a))
(74~83% )
(73~81% ) (
4.8 (b) 4.8 (c))
( 4.8)
(93~100% ) (
4.8 (c))

42



( 4.9)

(17~24% )
(4.9 (c)) (50~69%
) (4.9 (a)) (30~40%
)
(4.9 (b)) (70~72%
) (78~79% ) (72~82%
) ( 4.9
(97~100% ) ( 4.9 (a)
(94~100% )
( 4.9 (b))



(  4.10)

(16~24% )
(25~29% ) ( 4.10 (b))
(82~89% ) (75~76%
84~86% )
(  4.10 (a) 4.10
(c)) (90~100% )
(  4.10
(a))
(77% )
(78~97%
)
(98~99% )
(
4.10 (b))
( 4.11)
(36~38% )



( 4.11 (a))

(75~76% ) (84~89%
)
( 4.11 (a) 4.11 (c))
(78~83% )
(84~88%
(  4.11 (b)) (90~100%
( 4.11 (a))
(33~42% 61~62% )
(29~44% )
( 4.12 (a) 4.12 (b))
(75~76%

) ( 4.12 (c))

45



(b)

Post

Ant

Com

Ten=

L at
*t-test, p<0.05

Med=

46



Post

Ant

Com

Ten=

L at
*t-test, p<0.05

Med=

47



(b)

L () |

[Q\ o N

m —byNn >

©®
-

L 1 (an) 1 1

1
42024680W_
LI T T |
1

_m ——pyn —>

%

Post

Ant

Com

Ten=

L at
*t-test,

Med=

p<0.05



Post

Ant

Com

Ten=

L at
*t-test, p<0.05

Med=

49



Post

Ant

Com

Ten=

L at
*t-test, p<0.05

Med=

50



Ant

N Ao NDT WO N
+— oyn —> 8

o

%

)

IIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIIII

(b

<t M
B — Gy —> ®
M |

%

Post

Ant

Com

Ten=

L at
*t-test, p<0.05

Med=

51



(a))

(c))

75~83%

(

4.13) (0~21% )

22~24%
( 4.13
(25~38% )
( 4.13
(69~83% )
( 4.13 (b))
(77~78% )
(  4.13 (a))
4.14) (77~80%

)
( 4.14 (a) 4.14 (c))

52



(9~

(

35% )

4.15)

(29~35% ) ( 4.15 (a)

(a)

)

(65~75%

( 4.15 (a))

( 4.15 (a))

/
4.16 (b))

(

53

)

4.15 (c))

4.15 (c))

(95~100%

75~78%

/
(  4.16
(79~93%



94% ( )

94%
95%
( 4.16 (c))
/
/
(  4.17) (26~37%
)
( 4.17 (b)) (77~83%
)
( 4.17 (a))
(85~99% )
( 4.17 (b))
(29~41% ) / (28~32%
) (  4.18 (a) 4.18 (c))
(80~82% ) (76~77% )
(74~82% ) (  4.18)



( 4.18 (a) 4.18 (b))

75  82% (

( 4.18 (c))

55



(b)

Eve
*t-test, p<0.05

Inv

4.13

PF=

ER=

IR=

DF=

56



(b)

Abd=

Add

4.14

p<0.05

*t-test,

ER

IR=

57



%

(b)

Abd=
*t-test, p<0.05

Add

4.15

ER

IR=

58



(b)

Eve
*t-test, p<0.05

Inv

4.16

PF=

ER=

IR=

DF=

59



(b)

Abd=
*t-test, p<0.05

Add=

4.17

ER

IR=

60



(b)

Abd=
*t-test, p<0.05

Add=

4.18

ER

IR=

61



100%

(a))
(5~13% )

(50~51% )

(52~54%

(82~83%

(84~85%
(9~12%

(  4.19)

(11~12% )
(95~96%
(
) ( 4.19
)
) ( 4.19 (b))
51~61% )
(71~72%

( 4.19 (c))

62



( 4.20)

(76~85% )
(
4.20 (a)) (38~44%
)
( 4.20 (b))
(59~65% )
(75~85% )
(86~87%
) ( 4.20 (c))
( 4.21)
(97~100% )

( 4.21 ()
(79~80% )
( 4.21 (b))

63



(  4.22)

(29~33% )
( 4.22 (a))
(83~84% )
( 4.22 (b))
(50% )
(51~54% )
( 4.22 (c))
( 4.23)
(94~95% )
( 4.23 (a))
(22~40%



(91~100% )

( 4.23 (b))
( 4.24)
(83~86% )
(94~98%
)

( 4.24 (a))

(85~86% )
(95~99%

( 4.24 ()

65



(a

%

(b)

%

*t-test, p<0.05

66

4.19



%

*t-test, p<0.05

4.20

67



%

(b)

%

*t-test, p<0.05

4.21

68



%

(b)

o
ter <> SRR
_ =
o !
.. X O .
H T o—
—48 o
'
o
o)
o
N
4 o
o — o~

%

%

*t-test, p<0.05

4.22

69



r -“ + o
. o
R D S
—
i ot
R [
[ ! B e o
'y 1
)
- O
1 .
L
(@]
O
—
2 S
o
N
..]-.1.“11 L 0O g
AN o AN

BYSWN

(b)

%

*t-test, p<0.05

4.23

70



(b)

%

*t-test, p<0.05

4.24

71



( 4.25)

( 4.26)

( 4.27)

72



(

(

(

4.25)

4.26)

4.27)

73



4.25)

4.26)

4.27)

4.25)

74



(

(

(

4.26)

4.27)

4.25)

75



(

(

(

4.26)

4.27)

4.25)

76



(

(

4.26)

4.27)

77



Law
LU

BEE

LR L
LT

Inv= Eve=

78



DF=

79



£a

4.27 IR= ER=

80



4.3 ~

1.10
1.65 7.10
1.55 1.67
1.41
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(N/kg)

10.

23%0.

A47+x0.

.10+0.

.23%1.

45+1.

.72+0.

.62+0.

45

65

51
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18

44

.96
.44
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11.

23+0.

.43+0.

.71+0.
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45 (N/Kg)
p
5.33+1.23 7.07+1.42 0.03*
1.29+0.97 4.48+2.23 0.00*
5.72+1.85 8.34+1.40 0.01*
0.78+0.10 1.13+0.28 0.00*
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*t-test, p<0.05
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110.23 km/hr 90.92 km/hr Matsuo (2001)

92



138.24+2.16 km/hr
119.52+3.24 km/hr
(5 ) (18.44
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( 5.2)

5.1

Mastuo (2001) (2009)
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5.2

Grown (1987) Mastuo (2001) (2009)
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(69~89% ) (  4.5)
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( 4.4)( 4.4, 4.167,
4.22)
(79~92% )
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Teitge (2008)
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patellae) (arthrosis)
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Nm/kg 1.62 Nm/kg 1.20 Nm/kg
0.73 Nm/kg 1.61 Nm/kg 1.26
Nm/kg 2.08 Nm/kg
0.19 Nm/kg 2.32 Nm/kg
0.99 Nm/kg 1.93 Nm/kg ( ~ )
Alexander Vernon (1975)
1.43 Nm/kg 1.41

Nm/kg

1.15 1.13 1.45

101
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1.33 Nm/kg (Thorpe, Li, Crompton & Alexander,

1998)
1.74
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(Thorpe et al.,
1998)
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4.27)
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( 4.25) Andrews (1998)

Tyler Slattery (2010)

80%
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( 4.5) Devita Skelly (1992)
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4.26)
( 29.47+7.27°
( 88.83+19.83 km/hr

Werner (2008)
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39.98+13.96°)

85.11+£6.03 km/hr)
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( 4.5, 4.1)
Werner (2008)
Dun (2007)
( 43.8+7.4°
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(2007)

( 4.5)

80~90%

M atsuo

Werner

M atsuo

(2008)
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38.5+11.4°)
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35%
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( 4.1)

( 4.6, 4.26)
Slattery(2010)

Matsuo (2001) Werner (2008)
M atsuo (2001)

Werner (2008)

( 4.6,  4.26)
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(  4.13~ 4.18)
(42% )
(60% ) (80% )
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Fx 0.67+0.39 1.89+ 1.09 2.24+1.33 0.21+0.29 2.45+1.06

0.97+0.56 2.12+1.68 2.06x£1.07 0.28+0.51 2.66+1.11

Fy -1.81+0.54* 0.41£1.07 1.62+0.81 0.33+0.34 1.62+0.81

-0.57+0.87* 1.41+1.83 1.92+0.72 0.12+0.23 2.21+1.13

Fz -6.64+0.92 -6.77+£1.03 0.27£0.42 0.17+0.20 0.37+0.36

-5.70+1.49 -5.54+2.21 0.13+0.17 0.10+£0.21 0.17+£0.20

Fx -0.03+0.39 -0.09+0.38 0.04+0.38 0.09+0.22 -0.31+0.29
0.08+0.47 -0.49+0.83 -0.21+0.51 0.22+0.50 -0.60+0.71

Fy -3.44+0.80 -2.51+0.90 -0.17+0.49 0.10+£0.30 -3.44+0.81
-2.69+1.38 -2.39+1.97 -0.20+0.45 0.01+0.20 -2.88+1.41
Fz -10.23+0.45* -11.68+0.86 -7.54+1.48 0.04+0.20 -11.74+0.77
-11.23+0.89* -12.58+1.23 -7.50+3.31 -0.01+0.18 -12.58+1.23

Mx 0.03+0.05* -0.03+0.05* 0.08+0.04 0.02+0.03 0.09+£0.04

0.12+0.09* 0.07+0.11* 0.06+0.02 0.01+0.01 0.13+0.09

My 0.61+0.20 1.39+0.27 1.18+0.22 -0.01£0.06 1.39+0.27

0.74+0.38 1.62+0.37 1.18+0.44 0.00+0.04 1.62+0.36

Mz -0.06+0.08 0.01+0.20 0.33+0.18 0.07+0.07 0.33+0.18

0.02+0.05 0.20+£0.34 0.35£0.14 0.02+0.05 0.39+0.20

Mx -0.06+0.06 -0.27+0.13 -0.18+0.09 0.00+0.03 -0.27+0.13
-0.01+£0.09 -0.22+0.14 -0.16+0.13 0.00+0.01 -0.22+0.14

My 0.29+0.19 0.45+0.11 -0.09+£0.12 -0.04+0.06 -0.10+£0.11
0.28+0.22 0.38+0.20 -0.03+0.02 -0.02+0.04 -0.04+0.03

Mz -0.39+£0.10 -0.50+0.10 -0.06+0.11 0.02+0.06 -0.50+0.10
-0.34+0.11 -0.39+£0.10 -0.07+0.12 0.00£0.04 -0.391£0.11

*{-test, p<0.05
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-0.67+0.14 -0.58+0.32 -0.25+0.34 -0.15+0.41 -0.77+0.20
Fz -9.39+0.48 -10.21+0.74 -6.11+1.31 -0.37+0.29 -10.31+0.62
-10.01+£0.87 -10.48+0.89 -6.03+2.71 0.05+0.62 -10.59+0.89

Mx -0.26+0.19 1.04+0.37 1.47+0.46 0.05+0.20 1.47+0.46

-0.07+£0.20 1.34+0.46 1.71+£0.23 0.06+0.17 1.78+0.29

My 0.17+0.28 0.85x0.48 0.40£0.63 0.25+0.44 0.88x0.47

0.29+0.25 0.97+0.38 0.44+0.41 0.38+0.53 0.99+0.38

Mz 0.03+0.05 -0.03+0.08 0.06+0.07 0.03+0.05 0.08+0.06

0.06x0.07 0.00£0.11 0.05£0.04 0.02+0.05 0.10+0.05

Mx -0.77+0.16 -0.44+0.25 0.04+0.20 -0.11+0.20 -0.78+0.16
-0.71£0.11 -0.63+0.10 -0.09+0.10 -0.06+0.15 -0.75+0.09

My -0.24+0.27 -0.28+0.43 -0.91+0.49 -0.04+0.48 -0.91+£0.49
-0.35+0.22 -0.47+0.31 -0.83+0.33 0.15+0.48 -0.85+0.31

Mz -0.24+0.06 -0.30+0.08 -0.08+0.06 -0.01+0.05 -0.31+£0.07
-0.20£0.05 -0.32+0.10 -0.12+0.09 -0.01+£0.03 -0.32+0.09

*{-test, p<0.05
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Fx 5.33+1.23* 4.90+1.32* 4.11+1.12* 5.33+1.23*
7.07+1.42* 6.77+1.52* 6.05+1.65* 7.08+1.44*
Fy 1.29+0.97* -0.47+1.61* -1.13+1.25* 1.29+0.97*
4.48+2.23* 3.01+2.71* 1.4+2.65* 4.48+2.23*
Fz -0.19+0.14 -12.50+1.58 -10.51+1.18 -0.19+0.14
-0.20£0.17 -12.08+1.02 -11.02+1.34 -0.20+0.17
Fx -0.20+0.35 4.11+1.12* 2.06+1.15* -0.20+0.35
-0.09+0.47 6.04+1.63* 4.02+1.37* -0.09+0.47
Fy -0.89+1.16 -1.40+1.44* -2.36+1.08* -2.44+0.99*
0.01+0.94 1.46+2.65* -0.43+2.01* -0.90+1.58*
Fz -12.99+1.62 -13.02+1.66 -12.65+1.69 -13.20+1.67
-12.38+1.07 -12.77+0.85 -12.66+1.22 -13.02+1.02
Mx 0.04+0.04 -0.15+0.20 -0.13+0.14 0.04+0.04
0.06+0.11 -0.06+0.20 -0.05+£0.18 0.06+0.11
My 0.68+0.31* 0.76+0.29* 0.80+0.26 0.83+0.26
1.14+0.43* 1.17+0.44* 1.16+0.43 1.20+0.43
Mz 0.07+0.06 -0.19+0.18 -0.28+0.17 0.07+0.06
0.34+0.31 0.11+0.38 -0.04+0.33 0.34+0.31
Mx -0.15+0.19 -0.17+0.20 -0.19+0.19 -0.19+0.19
-0.18+0.19 -0.10+0.21 -0.09+0.18 -0.19+0.18
My -0.11+0.11 0.65+0.31* 0.61+0.30* -0.11+0.11
-0.03+0.12 1.10+0.43* 1.02+0.42* -0.03+0.12
Mz -0.20+0.17 -0.30+0.18 -0.41+0.19 -0.42+0.19
-0.09+0.16 -0.04+£0.34 -0.25+0.16 -0.26+0.14
*t-test, p<0.05
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Ex 5.72+1.85* 5.19+1.57* 4.84+1.71* 5.76+1.83*
8.34+1.40* 8.16+1.53* 7.38+1.90* 8.37£1.43*
Fy 0.93+0.29 -2.50+1.08 -1.98+1.05 0.93+0.29
1.14+0.24 -1.99+0.79 -2.49+0.89 1.14+0.24
Fz 0.34+0.15 -11.36+£1.49 -9.72+0.88 0.34£0.15
0.33+0.19 -10.76+£1.12 -9.71+1.05 0.33+0.19
Fx -0.33+0.48 4.80+1.70* 2.70+1.87* -0.34+0.48
-0.36+0.36 7.35+1.87* 5.03+1.94* -0.36+0.36
Fy -2.58+1.06 -2.84+1.07 -2.88+1.13 -2.96+1.09
-1.99+0.79 -2.68+0.78 -3.00+0.70 -3.01+0.69
Fz -11.86+1.58 -11.87+1.63 -11.54+1.62 -12.09+1.67
-11.25+1.24 -11.44+1.03 -11.14+1.29 -11.67£1.15
Mx 0.33+0.18 -1.03+0.46 -0.90+0.39 0.33+0.18
0.42+0.17 -0.78+0.49 -1.04+0.52 0.42+0.17
My 0.07£0.15 -1.09+£0.51* -0.29+0.49 0.13+0.17
0.09+0.10 -1.66+0.44* -0.88+0.58 0.09+0.10
Mz 0.05+0.05 -0.30+£0.19 -0.36+0.21 0.05+0.05
0.09+0.09 -0.38£0.24 -0.43+£0.16 0.09+£0.09
Mx -1.06+0.47 -1.22+0.46 -1.28+0.45 -1.31+0.45
-0.79+0.48 -1.09+0.50 -1.26+0.45 -1.27+0.45
My -1.61+£0.53* -1.42+0.54 -1.09+£0.51* -1.61+£0.53*
-2.08+0.23* -1.95+0.31 -1.67+0.45* -2.08+0.24*
Mz -0.30+0.19 -0.40+0.20 -0.47+0.20 -0.47+0.19
-0.39+0.21 -0.48+0.19 -0.58+0.11 -0.58+0.12
*{-test, p<0.05
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0.47+0.20 -5.62+1.49 -4.67+1.09 0.47+0.20

Fx
0.48+0.26 -6.04+1.18 -4.84+1.32 0.48+0.26
Fy 2.35+0.82 1.70+1.03 1.30+1.05 2.35+£0.83
3.12+1.19 2.39+1.39 1.80+1.10 3.12+1.19
Fz 0.78+0.10* -10.01+1.40 -8.42+1.10 0.78+0.10*
1.13+0.28* -10.43+1.56 -9.37+1.76 1.13+0.28*
Fx -5.83+1.55 -5.97+1.63 -5.83+1.59 -6.04+1.63
-6.60+£1.32 -6.56+£1.23 -6.09+1.14 -6.70+£1.27
Fy -0.07+0.26 1.25+1.03 0.57+0.84 -0.15+0.41
0.02+0.21 1.79+1.11 1.00+0.77 0.01+0.24
Fz -10.47+1.46 -10.50+1.42 -10.16+1.42 -10.67+1.42
-10.55+1.47 -10.91+1.67 -10.81+1.93 -10.99+1.78
Mx 0.96+0.20 -0.52+0.52 -0.560.58 0.96+0.20
0.99+0.19 -0.36+£0.30 -0.75+£0.30 0.99+0.19
My 1.60+0.62 1.97+0.68 2.32+0.54 2.32+0.54
1.44+0.82 1.64+0.73 1.90+0.53 1.93+0.57
Mz 0.42+0.27 0.53+0.25 0.57+0.24 0.58+0.25
0.44+0.36 0.65+0.36 0.73+0.36 0.73+0.36
Mx -0.53+0.53 -0.79+0.54 -0.98+0.57 -0.99+0.57
-0.36+£0.30 -0.79+£0.29 -1.09+0.37 -1.09+0.37
My -0.47+£0.45 1.60+0.63 1.83+0.57 -0.47+£0.45
-0.21+0.13 1.39+0.77 1.56+0.65 -0.21+0.13
Mz -0.20+0.16 0.41+0.25 0.32+0.24 -0.20+£0.15
-0.34+0.11 0.44+0.36 0.56+0.36 -0.34+0.11
*t-test, p<0.05
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