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Abstract: Discus throwing, a pivotal event in track and field athletics, demands precise
biomechanical execution to achieve optimal performance. This comprehensive review delves into
the biomechanical intricacies of discus throwing with a specific focus on female athletes. By
analyzing critical elements such as body posture, release technique, force generation, and energy
transfer, the study aims to enhance the understanding of female-specific biomechanical factors
influencing discus performance. Utilizing advanced motion capture technology and high-speed
video analysis, this review uncovers key biomechanical determinants that impact the effectiveness
of the throw.

The review systematically examines the following aspects:

Body Posture and Alignment: Assessing the influence of initial stance, wind-up mechanics,
and body alignment on the throw's efficiency.

Release Technique: Investigating the role of grip, release angle, arm extension, and wrist
action in optimizing throw distance.

Force Generation and Energy Transfer: Exploring the impact of leg drive, hip rotation, and
core engagement on the transfer of force to the discus.

Data from biomechanical studies involving female athletes across varying skill levels
(novice, intermediate, and elite) are reviewed to highlight differences in performance metrics such
as release speed, force, hip rotation, and energy transfer. The review integrates findings from high-
speed cameras and 3D motion capture systems, providing a detailed analysis of how these factors
correlate with performance outcomes.

Key findings indicate that elite female discus throwers exhibit significantly higher release
speeds, greater force generation, improved hip rotation, and more efficient energy transfer
compared to novice and intermediate throwers. These differences underscore the importance of
advanced technique, enhanced biomechanical coordination, and effective training regimens
tailored to improve specific aspects of the throwing technique.

Keywords: discus throwing, biomechanics, female athletes, force generation, technique
optimization, motion capture

BUOMEXAHUYECKHA AHAJIN3 METAHUSA JIUCKA Y )KEHIIIUHBI-
METATEJIA JUCKA: BCECTOPOHHHUI OB30P

AHHoTanmsA: MeTaHue AMCKa, KIOYEBOE COPEBHOBAHHE B JIETKOW aTyieTHKE, TpeOyer
TOYHOTO OMOMEXaHUYECKOTO MCIIOIHEHUS ISl JJOCTIOKEHHS ONTUMAJIBHBIX PE3yIbTaToB. B aTOM
BCECTOPOHHEM 0030p€e paccMaTpPHUBAIOTCS OMOMEXaHNYECKHE TOHKOCTH METAaHHS AUCKA C OCOOBIM
aKIEHTOM Ha CIIOPTCMEHKax. AHAIM3HUPYs TaKHe Ba)KHBIC DIIEMEHTHI, KaK IOJOXCHHE TeJa,
TEXHHKA BBITIOJHEHNUS OpOCKa, CO37[aHNe CHJIBI M TIepeiada SHEPIuH, HCCIEA0BaHNEe HAIIPABIICHO
Ha YyrayOsieHHe TOHMMAaHUS CHeUu(UUYEeCKUX JUIs JKEHIIUH OMOMEXaHWYEeCKHX (aKTOpOB,
BIMSIOMUX Ha 3((EKTUBHOCTh METaHUs JucKa. VIcronb3ys mepefoBble TEXHOJOTUU 3aXBaTa
JBIDKEHUS W BBICOKOCKOPOCTHOTO BHJEOAHANIM3a, ATOT 0030p pacKphIBaeT KIIOYEBbIC
O6romexaHnueckue GakTopbl, BIUsAONIME Ha 3(PeKTUBHOCTH Opocka. B 0030pe cucremMaTruecku
paccMaTpuBalOTCA CIeAyIomune acrekThl: [looXeHue Terna W LEHTPOBKA: OICHKA BIMSHUS
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HAyaJbHOM CTOMKM, MEXAHHMKM BpALICHHUS M MOJOXKEHHUA Tena Ha 3(p(EeKTUBHOCTH Opocka.
TexHuka BbIOJHEHUs Opocka: M3y4eHUE POJIM 3aXBarta, yrija pasruOaHusi, pa3ruOaHus pyku U
JIBYDKEHUS 3aIICThsI B ONTUMM3ALMY IUCTaHIUU OpocKa.

Coznanue cwibl U nepenadya 3Hepruu: M3yueHue BIusSHUSA JBUKEHHS HOT, BpalllEHUS
Oenep U 3a/1eliCTBOBAHUS S1pa Ha Mepeaavy CUJIbl TP METAHUU AMCKa. AHAIU3UPYIOTCS JaHHbIE
OMOMEXaHUYECKUX HCCIEJOBAaHUM C Y4YaCTHMEM CIOPTCMEHOK pa3HOI'O YpPOBHS IOATOTOBKH
(HaYMHAIOUINX, CPEIHUX M DSJHUTHBIX), YTOOBI MOJYEPKHYTh PA3IUYMsA B TAKUX IOKa3aTENIX
IIPOM3BOIUTENBHOCTH, KaK CKOPOCTh pa3roHa, CHuia, BpalleHue Oenep W mepepada >Hepruu. B
0030pe 00001IEHbI JaHHbIE, TIOTYYEHHBIE C TOMOIIBIO BBICOKOCKOPOCTHBIX KaMep U cucteM 3D-
3axBaTa JIBUXKEHUS, U IPEACTaBICH MOAPOOHBIN aHAIU3 TOr0, Kak 3TH (PaKTOPbl KOPPEIUPYIOT €
pesyiabraraMu  paboThl. OCHOBHBIE pE3yJbTaThl IOKAa3blBAIOT, YTO AJIUTHBIE IKEHIUHbI-
MeETaTeNbHULbl JUCKAa JEMOHCTPUPYIOT 3HAUUTENbHO Oo0Jjiee BBICOKYIO CKOpPOCTh BbIOpOCa,
OoNbIIyI0 CHITy, yAy4llIeHHOe BpamieHue oenep u Ooinee 3(peKkTuBHYIO TIepenady SHEPrHH MO
CPaBHEHMIO C HAUMHAIOIIMMHU METAaTEIbHUIIAMUA U METATEISIMU CPETHErO YPOBHA. DTH Pa3Inyus
NOJYEPKUBAIOT ~ BAXXHOCTH  NPOJBUHYTOH  TEXHHKH, YyIy4YIIEHHOH  OHMOMEXaHWYEeCKOH
KOOPJAUHAIMU U 3P PEKTUBHBIX TPEHUPOBOUHBIX PEKUMOB, pa3padOTaHHbBIX C YIETOM YIyUIlIEHUs
KOHKPETHBIX ACIIEKTOB TEXHUKH METaHUS.

KiroueBble ci1oBa: MeTaHue Jucka, OMOMEXaHUKa, KEHIUHBI-METaTeNIN TUCKa, CO3JaHHe
CHWJIBI, ONTUMU3ALM TEXHUKH, 3aXBaT JIBHIKCHUS.

INTRODUCTION

Discus throwing, an event entrenched in the annals of track and field athletics, epitomizes
the fusion of strength, technique, and precision. Originating from ancient Greek Olympic Games,
the discus throw has evolved into a sophisticated event demanding a deep understanding of
biomechanical principles to excel. This introduction aims to explore the biomechanical
foundations of discus throwing, with a particular focus on female athletes, highlighting the
complexity of the event and the crucial factors influencing performance.

Discus throwing is characterized by its three primary phases: the wind-up, delivery, and
follow-through. Each phase requires a distinct biomechanical approach:

Wind-Up Phase: The throw begins with the athlete in a preliminary stance, holding the
discus behind the body. This phase involves a series of rotational movements where the athlete
shifts weight from the back foot to the front foot while simultaneously preparing the discus for
release. Effective wind-up mechanics are pivotal for generating and harnessing potential energy,
which will be transferred to the discus during the subsequent phases.

Delivery Phase: This is the moment when the discus is released. It requires a precise
combination of rapid arm extension, wrist action, and rotational movement. The release phase is
critical for achieving optimal throw distance and requires accurate control of release angle, arm
speed, and wrist snap. The biomechanical efficiency in this phase directly impacts the discus's
trajectory and distance.

Follow-Through Phase: After the release, the athlete’s body continues to move to maintain
balance and stability. This phase is essential to avoid abrupt deceleration, which can negatively
affect the throw's distance. The follow-through ensures that the energy generated is efficiently
utilized and that the throw is not compromised by a sudden stop.

METHODS
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Aspect Details
30 female discus throwers categorized into three skill
levels:

- Novice: Athletes with less than 2 years of training

- Intermediate: Athletes with 2-5 years of training

- Elite: Athletes with more than 5 years of competitive
experience

Participants

- High-Speed Cameras: Analyzed throw mechanics at
1000 fps

- 3D Motion Capture System: Measured body posture,
alignment, and movements

Biomechanical Data Collection

- Release Speed: Meters per second (m/s)

- Force: Newtons (N), measured using a force plate
Measured Variables - Body Posture: Analyzed via angles and alignments
- Energy Transfer: Calculated based on force and
speed

- Statistical software for descriptive statistics,

Data Analysis . .
y ANOVA, and correlation analysis

RESULTS
Parameter Novice Intermediate Elite
Release Speed 142 m/s+ 1.1 m/s 16.5m/s+ 1.2 m/s 18.8 m/s + 1.3 m/s
Force 350N £25N 400 N+£30N 450N £35N
Hip Rotation 35.0°+4.0° 40.0° + 3.5° 45.0° +3.0°
Release Angle 35.0°+£2.5° 37.5°+£2.0° 40.0° £ 1.5°
Energy Transfer 550J+501] 650J+451] 7501 £551]

Statistical Analysis:

Release Speed: Significant differences were found (F(2, 27) = 12.45, p < 0.001).

Force: Significant differences (F(2, 27) = 15.67, p < 0.001).

Hip Rotation and Release Angle: Significant differences observed (Hip Rotation: F(2,
27) = 8.34, p < 0.01; Release Angle: F(2, 27) = 7.20, p < 0.01).

DISCUSSION

The study reveals significant biomechanical differences in discus throwing performance
among female athletes of varying skill levels. These differences highlight the complex interplay
between technique, strength, and coordination required to achieve optimal performance in discus
throwing. This extended discussion explores these findings in greater depth, examining the
implications for athletic training, potential limitations of the study, and areas for future research.

1. Increased Release Speed and Force: The analysis indicates that elite female discus
throwers consistently achieve higher release speeds and generate more force compared to novice
and intermediate athletes. The higher release speed is crucial as it directly correlates with the throw
distance, making it a primary performance determinant. Elite athletes’ ability to achieve these
higher speeds can be attributed to superior technique, enhanced muscle coordination, and the
efficient application of force throughout the throw.
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Training programs focusing on the development of explosive power in the lower body,
particularly through plyometric exercises and resistance training, could help athletes increase their
release speed. Moreover, integrating drills that emphasize the sequencing of force generation—
from the legs, through the core, and finally to the upper body—could lead to improvements in this
critical metric.

2. Enhanced Hip Rotation and Release Angle: The study finds that elite athletes
demonstrate greater hip rotation and more optimal release angles than their less experienced
counterparts. This difference underscores the importance of rotational mechanics in discus
throwing. Efficient hip rotation allows for better utilization of the kinetic chain, whereby the
energy generated from the ground up is effectively transferred through the athlete's body and into
the discus. Additionally, optimal release angles are necessary to maximize the distance of the
throw by ensuring that the discus follows the most advantageous trajectory. Coaching strategies
should incorporate exercises that improve rotational strength and flexibility, such as medicine ball
throws, rotational squats, and core stability exercises. Video analysis tools can be employed to
monitor athletes' release angles, providing feedback that helps them refine their technique to
achieve the optimal angle consistently.

3. Energy Transfer Efficiency: The results suggest that higher skill levels are associated
with more efficient energy transfer, reflecting superior biomechanical coordination and a more
effective technique. Elite throwers not only generate more force but also transfer a higher
percentage of this energy to the discus. This efficiency in energy transfer minimizes energy losses
due to improper technique or suboptimal body movements. Improving this efficiency involves
honing the timing and synchronization of each phase of the throw. Drills that emphasize rhythm
and timing, such as repetitive throws and metronome training, may enhance an athlete's ability to
coordinate their movements. Additionally, strength training tailored to increase muscular
endurance can help maintain technique throughout the throw, reducing energy loss.

CONCLUSION

This extended discussion reinforces the importance of biomechanical analysis in
understanding and improving discus throwing performance in female athletes. The findings
suggest that advanced techniques, precise biomechanics, and targeted training regimens can
significantly enhance performance. Future research should aim to address the identified limitations
and explore additional factors that may influence performance, ultimately leading to more
effective training strategies for female discus throwers.
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