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Tab.2 Kinematic and kinetic indexes selected for action analysis of standing shot put
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Fig.6 Kinematic characteristics of the upper limb joints in full-mark and non-full-mark groups during the fast push phase
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Fig.10 Lower limb joint dynamics characteristics of full-mark and non-full-mark groups during the fast push phase
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Fig.11 Muscle groups’ iEMG values of full-mark and non-full-mark groups during the rapid push phase

B WL (ESR) 5 ARl 3 2 S+ A AR B B R LA A
BEAFAL(ESR), HKE A A WL (ESL) . fEMZHRY
WA S 22 i, A7 B WL (ESR) (¢1=-2.09, P
<0.05) AHEAMEHIL(EOL) (1=-2.17, P < 0.05) . /2
BRWL(GML) (1=-2.35,P < 0.05) £ A NL(GAR)
(1=-3.30, P < 0.05) s34l /N TR 0 4. Hopth fr
MWLA P SE R WA LR 22 R TIEF I8 L (P
>0.05), FERTIAR 12 S LPR b, W A2l T4 =
FL(MDR) )-SR B R TR 2H 2 5k, HABL
I SEAERE B AR R/ N TR 40 4
232 BUER FAAE

LA B3 R A 30% ), fE A LA

IR TR A R 12 R, 7R R 1 B
(P2), FENILIA TG B 5 8T, T S 5219 & T3 LA —
KU . HERNL(GMR) A2 WL(ESR) A1
SMEHIL(EOR) 2 IL(ESL) A7 il — Sk IL(BBR);
MEEFSOLTF IR, Wl A AR YO . A7 HE L (GAR)
4 B HNL(RER) . A7 = ff WL (MDR) | Z= i 4M &I
(EOL) . ZEE RN (GML) £ il =3k L (TBR) A7 g
KWL(PMR) ; FETH 4 AR : 22 R L(GML)
A MR WL (GAR) ) 22 8 A RHUL(EOL) A7 i EL L
(RER) 47 =AML (MDR) A7 KL (PMR) A7 ik =
SLWL(TBR).

—a— il

M

=
U1

B

RER MDR EOL GML TBR
BBR GAR
EOR ESL
GMr ESR

m
13 6

GMR ESR
EOR ESL BBR GML GAR
EOL

—o— g

PMR

—F—p— o

RER ~ MDR pmR
TBR

B12 CHREEHEBRRY B 5 LE R0 AE R 5 AL B RE B R

Fig.12 Muscle groups activation timing characteristics of full-mark and non-full-mark groups during the fast push phase
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Biomechanical Characteristics of In-Situ Shot Put Action in Sports College
Entrance Examination

LIU Lin"*?, MA Yong"**, GONG Bogi*, JIA Mengyao''>*, WANG Zhaoyi"**, HUANG Ruifeng'*"*,
ZHENG Weitao' >

(1. Engineering Research Center of Sports Health Intelligent Equipment of Hubei Province, Wuhan Sports University ,
Wuhan 430079, China; 2. Research Center of Sports Equipment Engineering Technology of Hubei Province, Wuhan Sports
University, Wuhan, 430079, China; 3. Key Laboratory of Sports Engineering of General Administration of Sport of China,

Wuhan Sports University, Wuhan, 430079, China; 4. School of Physical Education, Wuhan Sports University,
Wuhan, 430079, China)

Abstract: This study aims to provide scientific guidance for improving the performance of the standing shot put by comparing
and analyzing the differences in biomechanical characteristics parameters of the in situ shot put technique between candidates
who participated in the physical education entrance examination with full marks and non-full marks. The kinematic, kinetic and
surface EMG data of two groups of subjects during the throwing process were obtained by Vicon 3D motion capture system,
Kistler 3D dynamometer and Noraxon surface EMG test equipment, and the peak angular velocities and peak moments of the
hip, knee, ankle, shoulder and elbow joints, the strike velocity and center of gravity displacement, as well as the calculation of
ground reaction forces and biomechanical indices such as the degree of recruitment of major muscle groups and the timing of
force generation were calculated and compared between the two groups of subjects during the rapid pushing phase. The results
suggest: 1) kinematics: The peak precession line velocity (LHDV-X) of the left hand, peak plantarflexion angle velocity
(LAKAV-X) of the left ankle, peak extension angle velocity (RKEAV-X) of the right knee, peak extension angle velocity
(LKEAV-X) of the left knee in the full marks group were greater than the non-full marks group (P < 0.05), and the peak trunk
displacement (CLAV-Z ), right ankle peak plantarflexion angular velocity (RAKAV-X), and right hip peak extension angular
velocity (RHPAV-X) were smaller than the non-full group (P <<0.05); 2) Kinetics: The left hip peak extension moment
(LHPM-X ) of the full marks group was larger than the non-full group (P < 0.05), and the right knee peak extension moment
(RKEM-X ) and right hip peak extension moment (RHPM-X ) of the full group were smaller than the non-full group (P < 0.05);
3)sEMG: the right erector spinae (ESR), left external abdominal oblique muscle (EOL ), left gluteus maximus (GML ), and
right gastrocnemius (GAR) of the full marks group were smaller than the non-full group (P < 0.05). It is therefore concluded
that compared with the full marks group, the deficiencies in horizontal exit velocity, right shoulder forward flexion angle
velocity, left hand pre-swing line velocity in the throwing direction, right upper extremity force and right deltoid recruitment
degree were the main reasons for the smaller throwing distance of the non-full group. Early activation of the left gluteus
maximus, left external abdominal oblique, and right pectoralis major were the main reason for the lack of upper body force and
lower horizontal exit velocity in the non-full group.

Key words : sports college entrance examination; standing shot put; kinematics; kinetics; iEMGy; activation timing

<117 -



