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Abstract: The article is devoted to the study of the biomechanical analysis of the lead
straight punch (jab) across different skill levels in boxing. This study examines novice,
intermediate, and elite boxers, focusing on various biomechanical parameters such as punch speed,
force, shoulder and torso rotation, hip alignment, and energy transfer.

The lead straight punch, or jab, is fundamental in boxing, impacting both offensive and
defensive strategies. This study provides an in-depth biomechanical analysis of the lead straight
punch among novice, intermediate, and elite boxers using mathematical and statistical methods.
Through motion capture and high-speed video analysis, we examine differences in punch speed,
force, shoulder and torso rotation, hip alignment, and energy transfer. Our findings, supported by
statistical analysis and diagrams, reveal significant variations in biomechanics across skill levels,
offering insights for optimizing training programs.
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BUOMEXAHWYECKHI AHAJINA3 ITPSIMOI'O YIAPA BEJIYIIEN PYKOM
HA PA3HBIX YPOBHAX MACTEPCTBA B BOKCE: KOJIMYECTBEHHOE
NCCJIEJOBAHUE

AnHOTanus: CTaThs MOCBAIICHA U3YUYEHUIO OMOMEXaHMYECKOTI0 aHaIi3a MPsIMOTo yaapa
(Jvkeba) CBMHIIOM Ha Pa3HBIX YPOBHSAX MacTepcTBa B OOkce. B aToM mccnenoBaHuM M3ydaroTcs
HauWHAIOIIMe, CpeIHUE M OJIUTHblE OOKcepbl, YyAensss o0co00oe BHHMMaHUE pa3IMYHBIM
OroMeXaHMYeCKUM IapaMeTpaMm, TAKUM KaK CKOPOCTh yJlapa, CuJla, BpallleHHe IJieda U TyJOBHUIIIA,
BbIpaBHUBaHUE Oeniep U repeaya SHEepruu.

[Ipsimoii ynap CBUHIIOM, WK JKEO, SIBISIETCS OCHOBOIOJIATAlOIIKMM B OOKCe, BIMSSA Kak Ha
HACTYIaTeJIbHbIE, TaK U Ha OOOPOHUTENbHBIE CTpaTernuu. B 3TOM HccienoBaHuM MpeAcTaBieH
yriayOeHHbIN OMOMeXaHNYEeCKHU aHalIu3 MPSMOTO y/iapa CBUHIIOM CPeIU HAUMHAIOIINX,, CPETHUX
U DJIUTHBIX 60KC€pOB C HCIIOJIb30BAHUEM MATEMATHYCECKUX M CTATUCTHYECCKHUX METOIOB. C
MIOMOUIBIO 3aXBaTa JBUKEHMSI U BBICOKOCKOPOCTHOTO BHJEOAHAIM3a Mbl M3y4aeM pa3jinyus B
CKOpOCTH yJiapa, CHJie, BpallleH!UH Iieya U TYJIOBUIIA, BEIpaBHUBaHUU Oejiep U Iepeiadye SHEPTHH.
Hammu BBIBOJBI, NMOAKPEIIEHHBIE CTaTUCTUYECKMM aHAIW30M U JUarpaMMaMH, IOKa3bIBarOT
3HAYUTEJbHbIE Pa3INuns B OMOMEXaHUKE Ha pa3HbIX YPOBHSAX MAacTepCTBa, Mpejyiaras uaeu Juis
ONTUMHU3ANU ITPOrpaMM TPECHHUPOBOK.

KuaroueBble ciaoBa: OuoMexaHHKa, NpSAMON ynap CBHHIIOM, Jke0, OOKC, YypOBHHU
MacTepcTBa, epeaaya YHePruu, CTAaTUCTUYECKUI aHalIn3

INTRODUCTION

The lead straight punch, or jab, is a cornerstone of boxing technique, crucial for both
offensive and defensive maneuvers. It serves to gauge distance, disrupt an opponent's rhythm, and
set up more powerful punches. Despite its apparent simplicity, the effectiveness of the jab is deeply
rooted in biomechanics, involving a complex interplay of physiological and mechanical factors.
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This introduction aims to elucidate the biomechanical aspects of the jab and its significance across
different skill levels in boxing.

The biomechanical efficiency of the jab is influenced by several factors:

Punch Speed: The velocity of a punch is critical. Faster punches can surprise an opponent
and decrease the likelihood of counterattacks. The speed of the jab is affected by the coordination
of the shoulder, arm, and torso, as well as the initial force applied.

Force Production: The force of the jab reflects the impact delivered to the target. This
depends on both the speed of the punch and the ability to generate power through proper alignment
and kinetic chain utilization.

Shoulder and Torso Rotation: Effective punching involves rotational movements of the
shoulder and torso. This rotation generates additional force and speed, transferring energy from
the body to the punch.

Hip Alignment: Proper hip alignment and rotation are essential for optimal energy transfer
and to avoid unnecessary strain on the shoulder and arm. The hips provide a stabilizing and power-
generating base for the punch.

METHODS

The study included 45 participants, categorized into three skill levels:

Novice: 15 boxers with 1-2 years of training.

Intermediate: 15 boxers with 3-5 years of training.

Elite: 15 boxers with over 5 years of competitive experience.

Biomechanical data were collected using high-speed cameras (1000 fps) and a 3D motion
capture system. The following variables were measured:

Punch Speed: Measured in meters per second (m/s).

Force: Measured in Newtons (N) using a force plate.

Shoulder and Torso Rotation: Measured in degrees (°) via motion capture.

Hip Alignment: Measured in degrees (°) using motion capture.

Energy Transfer: Calculated based on force and speed.

Data were analyzed using SPSS software. Descriptive statistics, including means and
standard deviations, were computed. One-way ANOVA was used to compare differences across
skill levels, followed by post-hoc Tukey tests for pairwise comparisons. Correlation analysis was
conducted to assess relationships between variables.

RESULTS

This table includes the results for each parameter, categorized by skill level (Novice,
Intermediate, Elite), showing average values, standard deviations, and corresponding diagram
references for visual representation.

Parameter Level Average Value Standard Deviation
Foot Position Novice 10.5° +2.3°
Intermediate 7.8° +1.9°
Elite 5.2° +1.4°
Hip Alignment Novice 15.0° +3.1°
Intermediate 22.3° +2.7°
Elite 30.5° +3.0°

Punch Speed Novice 8.2m/s + 0.6 m/s
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Intermediate 10.1 m/s + 0.5 m/s
Elite 12.5 m/s + 0.7 m/s
Punch Force Novice 120 N + 15N
Intermediate 160 N + 12N
Elite 200 N + 18N
Energy Transfer Novice 501 +81J
Intermediate 751 +7]
Elite 100J +10

One-Way ANOVA Results: Significant differences were found in punch speed (F(2, 42) =
15.62, p < 0.001), force (F(2, 42) = 18.34, p < 0.001), and energy transfer (F(2, 42) = 22.45, p <
0.001).

Post-Hoc Tukey Tests: Significant differences were observed between all skill levels for
punch speed, force, and energy transfer, with elite boxers outperforming intermediate and novice
boxers in all metrics.

DISCUSSION

The study provides a comprehensive biomechanical analysis of the lead straight punch
across varying skill levels in boxing, revealing substantial differences that underscore the
importance of technical refinement and targeted training. The analysis highlights how
biomechanical efficiency evolves with skill progression, affecting punch speed, force, and energy
transfer.

Foot positioning is crucial for stability and power generation during a punch. Novice
boxers, with an average foot alignment angle of 10.5°, demonstrate less efficient mechanics
compared to their intermediate and elite counterparts. The improved foot alignment in intermediate
(7.8°) and elite (5.2°) boxers reflects better balance and optimized weight transfer. Proper foot
alignment enables a more stable base, facilitating a more effective transfer of force from the body
to the punch. The significant reduction in foot alignment angle with increased skill suggests that
elite boxers have mastered the intricacies of maintaining optimal positioning, contributing to their
superior punching performance. Hip alignment and rotation are integral to generating power and
speed in punches. Novice boxers exhibit an average hip rotation of 15.0°, while intermediate and
elite boxers achieve rotations of 22.3° and 30.5°, respectively. Greater hip rotation among more
skilled boxers signifies better utilization of rotational force, which enhances the punch'’s speed and
impact. The increased hip rotation in elite boxers demonstrates their ability to integrate their entire
body into the punching motion, maximizing force production and energy transfer. The
biomechanical advantage of effective hip rotation underscores the necessity of advanced training
to develop this aspect of punching mechanics. The study finds a clear progression in punch speed,
force, and energy transfer with increased skill level. Novice boxers achieve an average punch
speed of 8.2 m/s, whereas intermediate and elite boxers reach speeds of 10.1 m/s and 12.5 m/s,
respectively. Similarly, punch force increases from 120 N in novices to 160 N in intermediates
and 200 N in elites. Energy transfer, which correlates with both speed and force, also improves
significantly across skill levels, with novices transferring 50 J, intermediates 75 J, and elites 100
J.

These findings indicate that advanced skill levels are associated with more efficient
mechanics, resulting in higher punch speed, greater force, and enhanced energy transfer. The
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statistical analysis confirms these differences, with significant variations observed in punch speed
(F(2, 42) = 15.62, p < 0.001), force (F(2, 42) = 18.34, p < 0.001), and energy transfer (F(2, 42) =
22.45, p < 0.001). Post-hoc Tukey tests further reveal that elite boxers outperform intermediate
and novice boxers across all measured parameters.

CONCLUSION
This study provides a quantitative analysis of the biomechanical differences in the lead

straight punch across skill levels in boxing. The findings emphasize the need for refining technique
and optimizing biomechanical factors to improve punch performance. Future research should
focus on targeted training interventions based on these biomechanical insights to further enhance
boxing performance.
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