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PURPOSE This study analyzed differences in ball speed and kinematic, kinetic
characteristics according to stride length. METHODS Forty participants recruited for
the study were divided into two groups based on stride length: an over stride group

(overstride, OS) and an under stride group (understride, US). Independent sample
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t-tests were conducted to analyze differences in pelvis and trunk kinematics, ground
reaction forces (GRF), and timing of pitch between groups. RESULTS Significant

differences were found between groups in drive leg GRF impulse, pelvis, trunk closed
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angle and pelvic angular velocity (p<.05). Furthermore, the OS had statistically later
pitching timings than the US at stride foot contact, maximal external rotation, and
ball release phases (p<.05). CONCLUSIONS The maximized drive leg GRF impulse

created a wider stride, significantly increasing the pelvis and trunk’s opening angles.
Additionally, the OS displayed characteristics of later pitching timings compared
to the US. However, since no significant differences in ball speed were observed
between groups based on stride length, perhaps stride length does not contribute
directly to ball speed. Future research should investigate optimal stride length
tailored to individual flexibility and physical characteristics.
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Fig. 1. Experimental environment

(RELB, LELB), right/left forearm (RFRM, LFRM), right/left
wrist (RWRA, RWRB, LWRA, LWRB), right/left finger (RFIN,
LFIN), 7th cervical vertebra (C7), 10th thoracic vertebra
(T10), right/left anterior superior iliac spine (RASI, LASI),
right/left posterior superior iliac spine (RPSI, LPSI), right/
left thigh (RTHI, LTHI), right/left knee (RKNE, LKNE), right/
left tibia (RTIB, LTIB), right/left ankle (RANK, LANK), right/
left heel (RHEE, LHEE), right/left toe (RTOE, LTOE)°] H#2}s}k
At BE 250 9 2595t Hees 1089 5+ 5 £27 7P
HE 3O AL E 7|E0 R BAESIT. BE HolEs AETo]
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o7 FHsetdti(Kageyama et al., 2014; Oyama et al.,
2014). E5t 589 Ak o] FedsE SEY|E £or
9] A7, ghol S d4SE S Uttt B 532 AY
Ato] whet gEde] F50] 7MY A S2ke AlAE oRIEY
(wind up), g8 27| FA A& (stride foot contact, SFC),
FAot= o7t AdE 933 == A-E (maximal external
rotation, MER), 5 &8 F4o] ##2] 34 F4& AUt 3=
gy o]59] AHS 2 LT A(ball release, BR), F-5H= o717}
A2 YA e AES 22 AF(follow through)Z g olst
o H(Calabrese, 2013; Fleisig et al., 2022), & B 52
0%°lA 100%7FA] t3ksto] ZF 17k] Al UrErdict.

== ey
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3) &, d=.8. 54 242 SPSS TEIHWL o|-&3FHTH(SPSS
Statistics 27, IBM Corp, NY, USA).
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Table 1. Study variables

Category Variable

Criteria

Ball speed, (km)

Trunk angular velocity,

(°/s)

The angular velocity of the trunk was calculated
from the initial contact of the stride leg to the ball
release.

Pelvic angular velocity,

(°/s)

The angular velocity of the pelvis was calculated
from the initial contact of the stride leg to the ball
release.

Trunk & Pelvis
Trunk closed angle, (°)

Pelvic closed angle, (°)

The angle of the pelvis and trunk at the stride leg
initial contact to the ground.
The angle of the pelvis and trunk at the stride leg
initial contact to the ground.

Pelvis-trunk separation angle, (°)

The pelvis-trunk separation angle is measured
when the stride leg initial contact to the ground.

Drive leg anterior GRFE, (N/BW)

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

Drive leg anterior GRF impulse,
(Ns/BW)

The integrated value of anterior GRF from the
drive leg during the wind-up to when the stride
leg initial contact to the ground was calculated.

Ground reaction  Stride leg posterior GRF, (N/BW)

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

force
Stride leg posterior GRF impulse,

The integrated value of the posterior GRF from

(Ns/BW) the stride leg was calculated.
Drive leg VGRE, The data from the wind-up to the follow-through
(N/BW) phase were extracted.
(McNally et al., 2015)
Stride leg VGREF, The data from the stride leg initial contact to the
(N/BW) follow-through phase was extracted.

Stride length, (%BH)

The stride length was calculated at the moment
the stride leg initial contact to the ground, based
on the marker attached to the heel between the
drive leg and stride leg.

BW, Body weight; BH, Body height; N, Newton; Ns, Newton-second.

7F et A] ofokthe AgATe 42 AHE Uetdtt ol F 2 v S QS-S AARRE
5 F UEhvhe ol 58 BlEe] FFH R Fo 14 & AFE ALY AA O] e AR B B
o Y& vl S A2 AlARRIT Crotin et al.(2014)9] A7 HAOR e B2 HAFES ddoR APS 119
ofsld £t Al W HEo| = Autee} A QFE ST £ A7 Aol At s D o JgdEdt
o, o= AIXH g 2ol o YA =E=A T 5 Aoty Bagic) ot AT FUYRNE dAFo R gt Ado|gi7oll, FUele
A BES BesHA| Sdistole B A2e FHote 22 450l S 13t B F& ol digt osE wol 7] 5
A aEf=ojof & H a7} QIS AlAHetTh T AfolA= Q1Y R8T A EAE gl
2 AT BE BT AFCNA 0871 USHT H =2 golg<S 1 doll sHe st BHES 2 whwol oigh o] Bad Ao
B 2s AT 4 AoH, Aot 22 552 UeHd Bzt
HSolomito et al., 2023). APALo] H2H T A] LEAE
(kinetic chain)ol s} 4149} £=2}2Q1 2|0 & THEo i &
gt B9 golge uf e Fa9 A% gty HiEtk(Seroyer 2 4 HyoAo
et al., 2010). EZo] ufz} B3 Ao] @A & A+ A= A
AAQ B ago] FFE vE £ lon, Holxl HEo nE B gFo|As B A HEo| npZ gt 7t Zubo] A
A AH T Aol Bt BiRp Ul 2A10] A A S JF BE oglzF Tl 2L 504 QoJu]st 2oz} WA
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Table 2. Differences in kinematic and kinetic variables between groups based on stride length

Variables Group M=£SD t p d
0OS(n=20) 135.18+3.87
Ball speed, (km) .900 374 28
US(n=20) 136.6+5.95
OS(n=20) 102.42+7.85
Stride length, (%BH) -5.008 <.001** 1.62
US(n=20) 92.943.26
; ; OS(n=20) 70.54+10.94
Drive leg anterior GRF, -.688 496 2
(N/BW) US(n=20) 68.03+12.16
; ; OS(n=20) 22.67+2.38
Dr.1ve leg anterior GRF 2802 008%* 89
impulse, (Ns/BW) US(n=20) 20.37+2.79
: ; 0OS(n=20) 100.33+10.96
Stride leg p/osterlor GREF, 1303 201 41
(N/BW) US(n=20) 95.55+12.22
; ; OS(n=20 12.28+1.52
Strllde leg posterior GRF ( ) 831 669 14
impulse, (Ns/BW) US(n=20) 12.06+1.69
OS(n=20) -84.95+11.32
Trunk closed angle, (°) -2.71 0% .86
US(n=20) -94.57+11.13
OS(n=20) -50.93+10
Pelvic closed angle, (°) -2.768 .009** .88
US(n=20) -59.79+10.26
o : 0OS(n=20) -34.03+5.59
Pelvis-trunk seoparatlon 367 715 12
angle, (°) US(n=20) -34.78+7.18
; 0OS(n=20) 1019.03+88.59
Trunk angtl/lar velocity, 1.186 943 38
(°/s) US(n=20) 1047.89+63.21
; ; OS(n=20) 704.97.£71.5
Pelvic ang(tjl/lar velocity, 2825 008** 89
(°/s) US(n=20) 639.13+75.85
* p<.05, ** p<.01; OS, overstride; US, understride.
Table 3. Differences in pitching phase between groups based on stride length
pitching phase (%) M+SD t p d
OS (SFC) 71.2+5.836
-2.593 .014* .82
US (SFC) 65.05+8.858
OS (MER) 80.8+5.012
-2.695 011* .85
US (MER) 75.35+7.527
OS (BR) 83.4+4.773
-2.713 01** .86
US (BR) 78.05+7.416

* p<.05, ** p<.01; OS, overstride; US, understride; SFC, stride foot contact; MER, maximal external rotation; BR, ball release.

249, Og A5 BE A%
S 29 7E fOuIs Afolvh ek gigleh ol Zure] Sefst  of e BES So} £7 o] A2AY|E Zo] Fastthy &
H $24%0] 4 HES 5o Tulw BE) AW AL AAWE Yk mebA 23 ATAE A AAH B4 9 HHjsie
5 A2 AR SHARE BEo] mE Fek 7F B T £ MEo] thd 1ol WRY Aoz JaEct

o
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Overstride

1-R-A~ -1

wind up (0%) SFC (71.2% MER (80.8%)

Understride

BR (83.4%) follow through (100%)

“ R~ A-F-Y

wind up (0%) SFC (65.05%) MER (75.35%)

BR (78.05%) follow through (100%)

Fig. 2. Differences in pitching phase between groups based on stride length; SFC, stride foot contact; MER, maximal external rotation; BR, ball

release. (The figure was adapted from Crotin et al., 2015)
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