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PURPOSE This study aimed to analyze the differences in ground reaction forces (GRF)
and pelvis and trunk kinematic patterns between groups based on ball speed during
pitching. METHODS Twenty-nine males were recruited for this study. Participants
were categorized based on ball speed into high (HG), medium (MG), and low (LG) ball
speed groups. Statistical analysis was performed using one-dimensional statistical
parametric mapping (SPM1D) one-way analysis of variance to compare GRF and

pelvis and trunk kinematic patterns, followed by Bonferroni post-hoc tests. RESULTS
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Drive leg anterior and resultant GRF were greater in the HG than in the LG (p<0.001).
The posterior GRF of the stride leg in the HG was greater than in the LG (p<0.008).
Additionally, the vertical GRF of the stride leg was greater in the HG than in the LG

(p<0.003), as was the resultant GRF of the stride leg (p<0.003). CONCLUSIONS The
GREF of the drive and stride legs was significantly related to ball speed, indicating that
a pitching strategy to maximize the GRF of the drive and stride legs is required.
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B 250Hz00A =36ttt t9d GRFY =7] FJA A& 4
st7] Y&l ggere] VGREZE 10N°] dojrke A EE dolg
£ FA6 T B 552 APt wet dEde] £80] 7t
& =4 7= AL wind up, HEE 27] A AL stride
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r)~
il
i)
d
rO
T
2
H

)
>
rr
32 o
1o
N
I
i)
=)
, 1
m
% 5
il
o
offt
ok
b=}
o
offt
— 18
o _131‘,

a

He ol
Ho -
o]
18
9_]5
Y
£
i)
)
L
o u
e
o T
2,
b}
lo
U
oy
olX
st
).
ru]m %0
2 rr

©

SPM1D(One dimenswnal statlstlcal parametric mapping
4ot 4 vz BAF B4o] =3 F A th(Pataky, 2010). F5-E
052 A75k3laL, Hek 7 HWLE 915l Bonferroni AR A70]
P At

4. Q7 el @ FolE] 2]
2 Aol EAT 258, 25 HH el (Table 1)3} 2t

21

SPM1D B4 A3} &9l 320 47%~57% FZtollA HG7} LG
B} o ZAokFigurel). L9 FEoAE 41%~59% -7t A HG

Korean Journal of Sport Science 2024, 35(2), 288-295


http://kjss.sports.re.kr

290

D. C. Park, S. J. Kim, J. H. Kang, H. Jeon, H. J. Choi and S. Y. Lee

Table 1. Study variables
Category Variable Criteria Reference
Ball speed, (km)
Trunk aneular velocit The angular velocity of the trunk was calculated
%o s) ¥ from the initial contact of the stride leg to the
ball release. (Orishi tal, 2023)
rishimo et al.,
Pelvic aneular veloci The angular velocity of the pelvis was calculated
Trunk & Pelvis %o s) Re from the initial contact of the stride leg to the
ball release.
Trunk flexion aneular The angular velocity of trunk flexion from
& maximal shoulder external rotation to ball (Matsuo et al., 2001)

velocity, (°/s)

release was calculated.

Drive leg anterior GRF,
(N/BW)

The data from the wind-up to the follow-through
phase were extracted.

Stride leg posterior GRF,
(N/BW)

The data from the stride leg initial contact to the
follow-through phase was extracted.

(Howenstein et al., 2020)

Drive leg VGRE,
(N/BW)

The data from the wind-up to the follow-through
phase were extracted.

Stride leg VGREF,

Ground reaction force (N/BW)

The data from the stride leg initial contact to the
follow-through phase was extracted.

(McNally et al., 2015)

Drive leg resultant GRF,
(N/BW)

The data from the wind-up to the follow-through
phase, the resultant GRF (VGRF and anterior
GRF) were extracted.

Stride leg resultant GRF,
(N/BW)

The data from the stride leg initial contact to the
follow-through phase, the resultant GRF (VGRF
and posterior GRF) were extracted.

(Oyama & Mymer, 2018)

BW, Body weight; N, Newton

Drive leg anterior ground reaction force (+)

T

p = 0.001

a =0.05, F*=7.852

Force (N)
SPM {F}

,,,,,,

HG>LG

= = =High ball speed group
~—Medium ball speed group
e Low ball speed group

-2

1 1t J

60 80 100

0 20 40 60 80
Wind up SFC
Percentage of phase (%)

100
MER BR FT

Percentage of phase (%)

Fig. 1. SPM analysis results of drive leg anterior GRF, mean+SD
a, Group—based graphs of drive leg anterior GRF according to ball speed; b, Analysis of significant inter—group differences in drive leg anterior
GRF; SFC, stride foot contact; MER, maximal external rotation; BR, ball release; FT, Follow through; The red interval highlights the significant
region.
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Drive leg resultant ground reaction force (+)

8 b
15 T T T 16 [
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10 12 p<0.001
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g &
o
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+|= = =High ball speed group 2 b
~—Medium ball speed
L[ Low ball speed group 4
5 . ) ) 0 . . . X ,
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Wind up SFC MER BR FT
Percentage of phase (%) Percentage of phase (%)
Fig. 2. SPM analysis results of drive leg resultant GRF, meanSD

Force (N)

Fig. 3.

7HIGES o 2 e AT 5= A TH(Figure 2). HEde A5 I 55 AHE, AN F59 A4

a, Group—based graphs of drive leg resultant GRF according to ball speed; b, Analysis of significant inter—group differences in drive leg
resultant GRF; SFC, stride foot contact; MER, maximal external rotation; BR, ball release; FT, Follow through; The red interval highlights the
significant region.

Stride leg posterior ground reaction force (-)

a b
2 T T T T 9
s I
p = 0.008
] | ) m— - - SN " S S - (- (o " ;-
a =0.05, F*=7.088
6 I
@ 57
=
& 4l
7}
-10 - 3
12} HG > LG 2
14l ~High ball speed group 1
[ |=—Medium ball speed group
e Low ball speed group
-16 T L | . 0
0 20 40 60 80 100 0 20 40 60 80 100
SFC MER  BR FT
Percentage of phase (%) Percentage of phase (%)
SPM analysis results of stride leg posterior GRF, meantSD

a, Group—based graphs of stride leg posterior GRF according to ball speed; b, Analysis of significant inter—group differences in stride leg
posterior GRF; SFC, stride foot contact; MER, maximal external rotation; BR, ball release; FT, Follow through; The red interval highlights the
significant region.
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2 44%~55% F7I A HG7F LGEY ¢ Z L (Figure 3), YEES] 7F EhA] gkttt
VGRFE 48%~58% T-ZtollAl HGZ7F MGEH § Zth(Figure 4). &
gt O] -2 48%~59% 7oA HGZ7F MGSF LGE T B &
AL ZAT 4= YAHFigure 5). L2 VGRF, - Ho|A Z4t
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Stride leg vertical ground reaction force (+)

a
25 T T T T

20

Force (N)

= = =High ball speed group
~——Medium ball speed group

5 - Low ball speed group
- L L

SPM {F}

20 40 60 80
MER  BR

Percentage of phase (%)

SFC

Fig. 4. SPM analysis results of stride leg VGRF, meantSD

12
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p = 0.003

a =0.05,

F*=7.558

20 40 60 80 100

Percentage of phase (%)

a, Group—based graphs of stride leg vertical GRF according to ball speed; b, Analysis of significant inter-group differences in stride leg vertical
GRF; SFC, stride foot contact; MER, maximal external rotation; BR, ball release; FT, Follow through; The red interval highlights the significant

region.

Stride leg resultant ground reaction force (+)
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5
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Fig. 5. SPM analysis results of stride leg resultant GRF, mean+SD
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a, Group—based graphs of stride leg resultant GRF according to ball speed; b, Analysis of significant inter—group differences in stride leg
resultant GRF; SFC, stride foot contact; MER, maximal external rotation; BR, ball release; FT, Follow through; The red interval highlights the

significant region.
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