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Abstract

International Journal of Exercise Science 19(6): 6010, 2026. The rotational shot put, introduced in the
1970s, has evolved into the predominant technique in elite men’s competition; however, its key biomechanical
determinants remain less comprehensively quantified than those of the glide technique. Guided by projectile
motion principles and contemporary shot kinematics research, this study evaluated the predictive contributions
of release velocity, release angle, and release height to throw distance among elite male rotational shot putters
competing at World Championships (n = 32). It was hypothesized that all three parameters would significantly
predict performance, with release velocity demonstrating the greatest relative influence. Multiple linear regression
analysis revealed that the combined model explained a substantial proportion of variance in throwing distance
(R? = .61; Adjusted R? = .58, p < .001). Release velocity emerged as the dominant predictor (f = 0.882, B = 2.352,
95% CI [1.72,2.98], p < .001), while release angle ( = 0.334, B = 0.09, 95% CI [0.04,0.14], p < .001) and release height
(B =0.213, B =1.51, 95% CI [0.58,2.44], p = .003) also contributed independently and significantly. The regression
model indicated that a 1 m s increase in release velocity corresponded to an estimated 2.35 m increase in throw
distance, whereas each additional degree of release angle predicted approximately 0.09 m of improvement. These
findings demonstrate the substantially greater proportional contribution of release velocity relative to release angle
and release height. By quantifying the relative magnitude of these kinematic determinants, this study provides
evidence-based benchmarks to inform individualized coaching strategies and optimize elite rotational shot put
performance.

Keywords: Biomechanical phenomena, shot kinematics, track and field, athletic performance,
training strategies, linear models

Introduction

The introduction of the rotational shot put in the 1970s marked a transformative milestone in
the biomechanics of throwing events, providing a distinct alternative to the glide technique
and reshaping performance strategies at the elite level.! American thrower Brian Oldfield
demonstrated the competitive potential of the spin style with his professional best of 22.86 m in
1975. Although this performance exceeded existing amateur marks, it was not ratified as a world
record due to Oldfield’s professional status under International Amateur Athletic Federation
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(IAAF) regulations at the time.? Nevertheless, his throw highlighted the capacity of the rotational
technique to generate unprecedented release velocities and competitive distances. Building on
this innovation, Aleksandr Baryshnikov formally legitimized the technique by setting a ratified
world record of 22.00 m in 1976, establishing the rotational style as a viable and mechanically
advantageous alternative to the glide.?

From a biomechanical perspective, shot putting exemplifies the application of classical lever
mechanics and projectile motion principles. Force generation originates in the lower extremities
and is transferred sequentially through the kinetic chain, culminating in the upper extremity
at release* The shoulder complex functions mechanically as a first-class lever system during
the delivery phase, in which the axis is located at the glenohumeral joint, the internal force is
generated by the deltoid and associated musculature, and the external force is represented by
the mass of the shot acting through the distal segment. In contrast, the elbow joint operates as
a third-class lever during extension, where the axis is the humeroulnar joint, the internal force
is applied via the triceps brachii insertion on the olecranon, and the external resistance is the
implement held in the hand.” This third-class configuration favors angular velocity and distal
segment speed at the expense of mechanical advantage, thereby facilitating rapid acceleration
of the implement at release. The coordinated interaction of these lever systems underscores the
necessity of synchronized lower- and upper-body force production. Consequently, maximal
strength development, rate-of-force development, and neuromuscular coordination are essential
for optimizing the transfer of momentum from the ground through the implement.®

Kinematic analyses consistently identify release velocity as the dominant determinant of throwing
distance, with release angle and release height exerting significant but secondary influences.?’
From a projectile motion standpoint, horizontal displacement is governed by the horizontal
component of velocity (vx = v cosf) multiplied by flight time. Flight time itself is influenced by
the vertical component of velocity (v, = v sinf), gravitational acceleration, and release height.
Thus, while theoretical models suggest an optimal release angle approaching 45° when release
and landing heights are equal, empirical data in shot put consistently demonstrate optimal angles
between approximately 34° and 38° due to human force-production constraints and elevated
release heights.®> Importantly, if resultant velocity remains constant, increasing release angle
necessarily reduces the horizontal velocity component, illustrating the inherent tradeoff between
angular elevation and horizontal propulsion.

Furthermore, linear release velocity is directly related to angular velocity through the relationship
v = or, where o represents angular velocity and r represents the radius of rotation. Taller athletes
possess longer segment lengths and greater potential rotational radii, which may enhance linear
velocity attheimplement provided sufficientangular accelerationis achieved. This anthropometric
advantage partially explains why elite male shot putters frequently exceed 1.93 m (6'4”) in height.
However, anthropometry alone does not determine performance; neuromuscular capacity and
technical sequencing remain decisive in converting rotational motion into effective implement
velocity .?

The widespread adoption of the rotational technique was neither immediate nor seamless. During
the 1980s and 1990s, the spin was frequently criticized for inconsistency, technical variability,
and increased foul rates relative to the glide technique. Over time, iterative technical refinement,
biomechanical feedback, and enhanced strength and conditioning practices improved movement
repeatability and stability. Empirical evidence indicates that consistency of movement patterns
under competitive stress is a decisive determinant of maximal performance output.’ The historical
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evolution of the rotational technique over the past half-century therefore reflects the interplay
between biomechanical efficiency, motor learning, and individualized technical adaptation.

Bridging biomechanical theory with applied coaching practice requires predictive models that
quantify therelative contributions of controllable performance variables." Prior investigations have
demonstrated strong associations between strength development and throwing performance,'*?
reinforcing the importance of integrating strength, kinematics, and technical execution within a
unified performance framework. These relationships are rarely linear; instead, they emerge from
complex interactions among segmental sequencing, release parameters (velocity, angle, height),
and the nonlinear dynamics of motor coordination.”® Contemporary regression-based and
predictive modeling approaches permit estimation of how incremental adjustments in release
velocity, angle, or height translate into measurable gains in throwing performance distance.'**
Such approaches not only advance theoretical understanding but also provide coaches with
actionable metrics for periodization and technical prioritization. Notably, in Paralympic seated
shot putters, release velocity similarly emerges as the dominant determinant of performance,
with release angle contributing independently but to a lesser magnitude.'®

Despite the acknowledged importance of release parameters, few investigations have isolated
their relative predictive contributions specifically within elite male rotational shot put competition.
Accordingly, the purpose of the present investigation was to evaluate the independent and
combined predictive contributions of release velocity, release angle, and release height to throwing
distance among elite male rotational shot putters competing at World Championships. Guided
by principles of projectile mechanics and prior kinematic research, it was hypothesized that
release velocity, release angle, and release height would each significantly predict performance
distance, with release velocity demonstrating the largest standardized effect size. By constructing
aregression-based model derived exclusively from world-class competition data, this study seeks
to advance biomechanical theory while simultaneously providing evidence-based guidance for
high-performance coaching practice.

Method

Biomechanical data from men’s world-class championship performances were systematically
analyzed to evaluate the independent and combined contributions of release velocity, release
angle, and release height to throwing distance in elite male rotational shot putters. Consistent
with projectile motion principles and the study’s a priori hypothesis, all three release parameters
were entered simultaneously into a regression model to determine their relative predictive
magnitudes.

Data Collection

Performance data were obtained from publicly accessible World Athletics databases and official
biomechanics project reports associated with major international competitions. Men’s shot put
performances were drawn from four championships: the 2017 JAAF World Championships in
London (outdoor), the 2018 IAAF World Indoor Championships in Birmingham (indoor), the 2019
IAAF World Championships in Doha (outdoor), and the 2022 World Athletics Championships
in Eugene (outdoor). These championships were purposefully selected because they represent
the most recent competitions for which standardized biomechanical datasets and verified official
competition records were publicly available at the time of analysis, thereby ensuring temporal
relevance, methodological consistency, and data accessibility.
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The data sources provided kinematic parameters derived from standardized three-dimensional
motion analyses conducted within the World Athletics Biomechanics Project framework.”!78
Release velocity was defined as the resultant linear velocity vector of the implement’s center of
mass at the instant of release, incorporating both horizontal (vx) and vertical (v,) components.
Release angle was operationally defined as the angle between the horizontal plane and the
resultant velocity vector at release. Release height was defined as the vertical distance between
the implement’s center of mass at release and the ground surface. All kinematic variables were
calculated from synchronized, high-speed, three-dimensional camera systems using established
reconstruction algorithms, direct linear transformation procedures, and filtering techniques
consistent with international biomechanical standards.”'”*®

Although aerodynamic drag can theoretically influence projectile displacement, air resistance
was not directly modeled in the present analysis. Given the mass of the men’s shot (7.26 kg) and
the velocity range typical of elite competition, prior modeling indicates that aerodynamic drag
contributes minimally to overall displacement relative to release kinematics.” Furthermore, wind
effects in shot put are negligible compared to other implement events such as javelin or discus.
Accordingly, release parameters were treated as the primary determinants of performance.

Performance outcomes were quantified using official competition distances measured by certified
officials in accordance with international competition regulations. This dual-source approach,
combining validated biomechanical analyses with official performance records, enhanced
measurement reliability while minimizing methodological bias. The exclusive use of data collected
during world championship finals ensured strong ecological validity,' as performances reflected
maximal-effort throws executed under elite, high-pressure competitive conditions.

A detailed summary of competitions, venues, event types, data sources, and sample distribution
is provided in Table 1. All analyzed information was publicly available and fully de-identified,
consisting solely of official competition results and World Athletics biomechanics reports.
No athlete interaction occurred, and no private, identifiable, or sensitive data were accessed.
Consistent with federal regulatory definitions, this secondary analysis does not constitute human
subjects research and therefore does not require Institutional Review Board review or approval.?

Athlete standing height was not consistently available in publicly accessible biomechanics
reports and therefore was not included as a predictor variable. Release height was analyzed as
a measurable performance variable reflecting both anthropometric and technical contributions.

Participant Selection Criteria

Inclusion criteria were restricted to male elite shot putters utilizing the rotational (spin) technique.
Athletes employing the glide technique were systematically identified through review of official
competition video footage and corroborated against biomechanical classification reports and
were excluded from the dataset.

To minimize intra-athlete variability and maximize between-athlete comparability, only each
athlete’s single best legal attempt from the championship final was retained for analysis. This
approach emphasized peak competitive output and avoided repeated-measures dependency
within individuals.

The final dataset comprised 32 throws across the four championships, corresponding to the
top eight finalists from each event (Table 1). By standardizing the dataset to one representative
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performance per athlete, the analysis reduced intra-individual variance and strengthened the
robustness of biomechanical comparisons across competitions.

Table 1. Summary of men’s shot put performances included in the dataset.

Championship Year Venue Competition type f;?ﬁ ldsésa (n) Data source type
IAAF World 2017 London Outdoor World 8 Biomechanics report +
Championships (Outdoor) Championships official results

IAAF World Indoor 2018 Birmingham Indoor World 3 Biomechanics report +
Championships (Indoor) Championships official results

IAAF World Outdoor World Official results +
Championships 2019 Doha (Qutdoor) Championships 8 broadcast footage
World Athletics 2022 Eugene Outdoor World 3 Official results +
Championships (Outdoor) Championships broadcast footage

Note. The dataset includes 32 throws, corresponding to the single best attempt of each of the 8 finalists from each of
the 4 championship finals analyzed.

Statistical Analyses

All statistical analyses were conducted using JASP (University of Amsterdam, Amsterdam,
Netherlands). Descriptive statistics (mean, standard deviation, range, and coefficient of variation)
were calculated for all kinematic and performance variables to characterize central tendency and
dispersion. Data are presented as mean + standard deviation.

To evaluate predictive relationships, a multiple linear regression model was constructed with
throw distance as the dependent variable and release velocity, release angle, and release height
entered simultaneously as independent variables. This model specification was consistent with
the a priori hypothesis that all three parameters would significantly predict performance, with
release velocity demonstrating the greatest standardized effect size.

Standardized beta coefficients (), unstandardized coefficients (B), standard errors, p-values,
and 95% confidence intervals were reported to permit comparison of predictor magnitudes and
to align with contemporary statistical reporting recommendations.” Pearson product-moment
correlation coefficients were calculated to examine bivariate associations among predictors and
between predictors and performance distance.

Model Development and Assumption Testing

All assumptions underlying multiple linear regression were evaluated prior to interpretation.
Linearity was confirmed via visual inspection of scatterplots between each predictor and the
dependent variable. Independence of residuals was assessed using the Durbin-Watson statistic.**
Homoscedasticity was evaluated through inspection of standardized residual plots against predicted
values. Normality of residuals was assessed using Q-Q plots and standardized residual histograms.

Multicollinearity was evaluated using variance inflation factor (VIF) and tolerance statistics, with
thresholds of VIF <5 and tolerance > 0.20 indicating acceptable independence among predictors.?
Only after these diagnostic criteria were satisfied was the regression model interpreted. The
final predictive equation was used to estimate competition throw distances, thereby quantifying
the relative mechanical contribution of each release parameter within elite rotational shot put
performance.
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Sensitivity (A Priori) Power Analysis

A sensitivity (a priori) power analysis was conducted using G*Power 3.1 (Heinrich Hein University,
Diisseldorf, Germany) for a multiple linear regression model with three predictors (a = 0.05, two-
tailed) to determine the minimum detectable effect size with the available sample (n = 32; df: =
3, df2 = 28) at 80% statistical power. The analysis indicated that the study design was capable
of detecting an effect size of f> ~ 0.34, corresponding to a medium-to-large effect per Cohen’s
conventions and equivalent to R? ~ 0.25 for the full model.” Because the dataset represented a
tixed census of world championship finalists rather than a recruitable sample, sensitivity analysis
was used in lieu of post hoc power estimation.

Results

Descriptive Statistics

Descriptive statistics characterized the distribution of performance and kinematic variables
among the elite male rotational shot putters (n = 32). The mean official competition distance
was 20.85 £ 0.78 m (range: 19.50-22.10 m). Mean release velocity was 13.59 + 0.29 m s (range:
13.00-14.20 m s7'). The mean release angle was 35.91 + 3.0° (range: 30.5-41.0°), and the mean
release height was 2.20 £ 0.11 m (range: 2.00-2.40 m). Coefficients of variation indicated relatively
low dispersion for release velocity (2.13%) and moderate dispersion for release angle (8.35%) and
release height (5.00%).

Descriptive statistics for all performance and kinematic variables are presented in Table 2.

Table 2. Descriptive Statistics for Rotational Shot Put Performance Variables (n = 32).

Variable Mean SD Range CV (%)
Throw Distance (m) 20.85 0.78 19.50 - 22.10 3.74
Release Velocity (ms™) * 13.59 0.29 13.00 - 14.20 213
Release Angle (°) * 35.91 3.00 30.5-41.0 8.35
Release Height (m) * 2.20 0.11 2.00 - 2.40 5.00

Note.n=32world-class rotational shot putters. SD = standard deviation; CV = coefficient of variation. Values represent
descriptive performance and kinematic release parameters from verified World Championship competition data.
(*) indicates a statistically significant association or predictor in the regression model (p < .05). Inferential analyses
indicated that release velocity, release angle, and release height were all significant predictors of throw distance in
the regression model (p < .05).

Linear Regression Analysis

A multiple linear regression model was conducted to examine the predictive contributions of
release velocity, release angle, and release height to throwing distance. The overall model was
statistically significant, F(3, 28) = 14.62, p < .001, explaining 61% of the variance in performance
distance (R? = .61; Adjusted R? = .58). The standard error of the estimate was 0.50 m. Diagnostic
testing confirmed the model’s stability; specifically, multicollinearity was ruled out as VIF values
ranged from 1.05 to 1.12, well within the acceptable limits defined in the methodology.

Standardized beta coefficients indicated that release velocity demonstrated the largest effect
magnitude (p = 0.882, B =2.352, 95% CI [1.72, 2.98], p < .001). Release angle (f = 0.334, B = 0.089,
95% CI [0.04, 0.14], p < .001) and release height (p = 0.213, B = 1.508, 95% CI [0.58, 2.44], p = .003)
also contributed independently and significantly to the model.
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The regression equation was:

Distance (m) = 2.352 x Release Velocity (m s?) + 0.089 x Release Angle (°) + 1.508 x Release
Height (m) — 17.618

Based on the unstandardized coefficients, a 1 m s increase in release velocity (approximately a
7% relative increase within this cohort) corresponded to an estimated 2.35 m increase in throwing
distance. A 1° increase in release angle (approximately a 2-3% relative change) predicted an
estimated 0.09 m increase in distance. A 0.1 m increase in release height predicted an estimated
0.15 m increase in performance distance. Bivariate correlations and full regression statistics are
presented in Table 3.

Table 3. Descriptive Statistics, Correlations, and Regression Coefficients for Kinematic Predictors of Shot Put
Distance.

95% CI [LL,

Variable M SD 1 2 3 B B UL] p-value VIF
ﬁilzis)e Velocity 1359 029 — 154 291* 0.882 2352 [1.72,298]  <.001 1.10
Release Angle (°) 3591 3.00 154 — 204 0334 0.089 [0.04,0.14]  <.001 1.05
Release Height (m) 220 011 291* 204 — 0213 1508 [0.58,2.44]  .003 112
Performance 2085 078 — L _ _ _ _ _

Distance (m)

Note. n = 32 world-class rotational shot putters. Correlation coefficients are Pearson’s r. * p < .05. The regression
model was significant: F(3, 28) = 14.62, p < .001, explaining 61% of the variance in performance distance (R? = .61;
adjusted R? = .58). Boldface standardized {3 indicates the strongest predictor of performance distance. VIF = Variance
Inflation Factor (values < 5 indicate acceptable independence).

Correlation Analysis

Pearson’s product-moment correlation coefficients were calculated to examine bivariate
associations among the independent variables. No significant relationship was observed between
release velocity and release angle (r = 0.154, p = .339). Correlation coefficients among all predictor
variables are reported in Table 3. A summary of overall model fit statistics, including explained
variance (R?), adjusted R? standard error of the estimate (SEE), and model significance, is
presented in Table 4.

Table 4. Multiple Linear Regression Model Summary Predicting Shot Put Performance Distance.
Model R R? Adjusted R? SEE F df p-value
1 78 61 58 0.50 14.62 (3,28) <.001

Note. Dependent variable: Performance Distance (m). Predictors: Release Velocity (m s?), Release Angle (°), and
Release Height (m). SEE = Standard Error of the Estimate. Model significant at p < .001.

Summary of Findings

Cumulatively, theregression analysis demonstrated that release velocity, release angle, and release
height were all statistically significant predictors of throwing distance in elite male rotational
shot putters. Among these variables, release velocity exhibited the largest standardized effect
size, followed by release angle and release height. Correlation analyses indicated no statistically
significant association between release velocity and release angle. The overall regression model
accounted for a substantial proportion of variance in performance distance (R? = .61; Adjusted R?
= .58), with a standard error of the estimate of 0.50 m.
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Discussion

The present investigation quantified the independent and combined contributions of release
velocity, release angle, and release height to throwing distance in elite male rotational shot
putters. Consistent with projectile motion theory and prior biomechanical analyses,*” all three
kinematic variables significantly predicted performance distance. Among these, release velocity
demonstrated the largest standardized effect size, followed by release angle and release height.
Importantly, statistical significance should be interpreted alongside proportional magnitude:
within this cohort, a 1.0 m s increase in release velocity (approximately a 7% relative increase)
was associated with an estimated 2.35 m improvement in performance, whereas a 1° increase
in release angle (approximately a 2-3% relative change) corresponded to an estimated 0.09 m
increase. These proportional differences highlight the substantially greater mechanical sensitivity
of performance distance to changes in release velocity relative to angular or height adjustments.

From a projectile mechanics standpoint, horizontal displacement is governed by the horizontal
velocity component (v cost) multiplied by flight time, while flight time is influenced by the vertical
velocity component (v sinf), gravitational acceleration, and release height.? When resultant velocity
is held constant, increasing release angle necessarily reduces the horizontal velocity component,
illustrating the inherent tradeoff between angular elevation and horizontal propulsion. This
mechanical constraint helps explain why empirically observed optimal release angles in shot
put (~34°-38°) are consistently lower than the theoretical 45° predicted for projectiles launched
from equal heights.?** The present study observed a mean release angle of 35.91°, aligning with
contemporary biomechanical evidence that human musculoskeletal constraints limit vertical
force production relative to horizontal force application.?

Importantly, the angle-velocity relationship is not uniform across athletes. Individual differences
in strength capacities, rate-of-force development, segmental sequencing, and anthropometry
alter the velocity-angle optimization profile.’® Taller athletes possess longer segment lengths and
greater potential rotational radii (v = wr), which may enhance linear release velocity provided
sufficient angular acceleration is achieved. However, anthropometric advantages are neither
deterministic nor sufficient; neuromuscular coordination and technical efficiency ultimately
govern effective energy transfer through the kinetic chain.? Accordingly, optimal release
configurations are athlete-specific rather than universally prescribed.

The absence of a statistically significant correlation between release velocity and release angle
(r = 0.154, p = .339) suggests that, within this elite cohort, these variables operate with relative
independence. This finding does not imply the absence of biomechanical interaction; rather, it
indicates that athletes may achieve high release velocities across a range of individualized angle
strategies. Prior research similarly demonstrates that optimal release angle is influenced by release
height and force-production capacity rather than dictated by a singular theoretical value.”*

Release height also contributed independently to performance distance (f = 0.213, p = .003),
though with smaller relative magnitude compared to velocity. Theoretical modeling indicates
that increased release height alters optimal trajectory conditions by reducing the required
vertical velocity component for maximal displacement.?** In practice, release height reflects
both anthropometric structure and technical extension at delivery. While athlete stature is non-
modifiable, technical factors such as trunk extension, block mechanics, and segmental sequencing
can influence effective release height.*® Thus, height interacts with, but does not replace, the
primacy of velocity generation.
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Collectively, these findings reinforce that release velocity represents the principal kinematic
determinant of elite rotational shot put performance, while release angle and release height refine
trajectory efficiency within biomechanical constraints. This hierarchical contribution aligns with
prior investigations in both able-bodied and Paralympic throwing populations, where release
speed consistently emerges as the dominant predictor of distance.®

The broader translational relevance of these results extends beyond the rotational technique alone.
Although the present dataset focused exclusively on rotational throwers, underlying principles
of force application, impulse generation, and kinetic-chain sequencing are shared across technical
models.” Case-based biomechanical profiling of elite glide throwers has demonstrated that
individualized assessment of hand-force development, impulse characteristics, and segmental
timing can translate directly into measurable performance gains.”*These observations underscore
that predictive modeling of release parameters serves not merely as descriptive analysis, but as a
framework for evidence-informed technical refinement across technical paradigms.

The historical evolution of the rotational technique further contextualizes these findings. Initially
characterized by variability and perceived inconsistency, over recent decades the rotational style
has progressively achieved dominance in elite men’s competition.>® Its biomechanical advantages
include longer acceleration pathways, enhanced angular momentum generation, and increased
opportunity for horizontal velocity development. As technical models have matured and
strength-power training methodologies have advanced, the rotational style has demonstrated the
capacity to combine velocity potential with competitive stability.” The present findings quantify
the kinematic underpinnings of this progression by isolating the relative magnitude of release
determinants within world-class performance.

Future research should move beyond linear additive models to examine interactive and
potentially nonlinear relationships among release parameters.”” Although release velocity
exhibited the largest independent contribution in the current model, its influence occurs within
a coordinated system of segmental sequencing and force transmission. Advanced analytical
approaches including musculoskeletal modeling and neuromuscular recruitment profiling'4, may
turther clarify how individual force-production capacities shape release velocity- release angle-
release height optimization. Such integration would enhance both theoretical understanding and
individualized performance modeling.

Historically, detailed biomechanical analyses were confined to specialized laboratory
environments with limited accessibility. The present study demonstrates that publicly available,
de-identified championship biomechanics datasets can support high-level predictive modeling
without reliance on laboratory-exclusive instrumentation. This democratization of biomechanical
analysis expands the capacity for evidence-based decision-making in applied coaching contexts
while maintaining scientific rigor.

In summary, elite rotational shot put performance is most strongly influenced by release velocity,
with release angle and release height contributing secondary yet significant refinements to
trajectory optimization. The quantified proportional sensitivity of distance to velocity changes
reinforces the central role of horizontal impulse generation within biomechanical constraints. By
integrating statistical modeling with mechanical principles, this study advances a data-driven
framework for understanding and optimizing elite throwing performance.

International Journal of Exercise Science http:/ /www.intjexersci.com




Int | Exerc Sci 19(6) 6010, 2026
Practical Applications

The present findings provide a quantitatively grounded framework for performance optimization
in elite rotational shot put. By isolating the proportional contributions of release velocity, release
angle, and release height, this study offers applied guidance rooted in empirical magnitude
rather than heuristic tradition. Importantly, the statistical hierarchy of predictors should inform
training prioritization: interventions targeting release velocity are likely to yield substantially
greater returns on performance distance than equivalent proportional changes in release angle
or release height. A schematic decision framework linking kinematic determinants to applied
intervention strategies is depicted in Figure 1.

Coaching Application Model for Rotational Shot Put (Evidence Based)

Shot Put Performance

(Distance)
Release Velocity Release Angle Release Height
B =0.882 B =0.334 B =0.213

| | |

Strength & Power Optimize 36-38° Overhead Lifts
Plyometrics Precision Drills Olympic Derivatives
Technical Drills Video Analysis Mobility Work
Momentum Transfer Individualized Windows Trunk Alignment

| | |

Athlete-Specific Load Profiling
Bar/Radar Velocity Monitoring
Velocity-Focused Periodization

Anthropometry-Based Angle Targets
Realtime Feedback/Cues
Constraints-Led Progressions

Mobility Screens (Shoulder/Thoracic)
Posture & Extension Coaching
Arm Length-Adjusted Reach

Figure 1. Kinematic Determinants and Coaching Strategies in the Rotational Shot Put.

The following evidence-informed recommendations derive directly from the model outputs:

Prioritize Release Velocity as the Primary Performance Lever

Given the substantially larger standardized effect size associated with release velocity (3 = 0.882),
performance programming should prioritize horizontal impulse generation and distal segment
acceleration. Training emphasis should include lower-body maximal strength development,
rate-of-force development, rotational power production, and ballistic implement training to
enhance angular acceleration (v = or). Technical refinement must ensure efficient momentum
transfer through the kinetic chain, particularly during the block and delivery phases, to maximize
implement speed at release.”

Refine Angular Optimization Within Biomechanical Constraints

Although smaller in relative magnitude, release angle remains an independent determinant of
distance. Empirical and theoretical evidence consistently supports an optimal release window of
approximately 34°-38° for elite male shot putters.”* Coaches should target angular refinement
within this constrained window rather than pursuing theoretical projectile maxima (e.g., 45°).
Angular adjustments must preserve horizontal velocity; therefore, angle training should occur
under velocity-constrained conditions to prevent unintended reductions in implement speed.'
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Individualize Angle-Velocity Profiles

The absence of asignificant correlation betweenrelease velocity and release angle within this cohort
suggests that athletes may achieve high velocity across individualized angle strategies. Coaches
should therefore determine athlete-specific optimization windows based on anthropometry,
force-production characteristics, and technical sequencing. Release angle should be evaluated
relative to achieved velocity rather than prescribed universally.'**

Enhance Effective Release Height Through Technical Extension

Release height demonstrated a statistically significant but secondary contribution to performance
(B = 0.213). While standing height is non-modifiable, effective release height can be influenced
through trunk extension, postural control, and optimized block mechanics at delivery. Overhead
lifting derivatives, Olympic lift variations, and mobility interventions may support vertical
extension capacity.” Training should treat release height as a refinement variable that complements,
but does not substitute for, velocity generation.

Implement High-Fidelity Monitoring Systems

Given the measurable sensitivity of performance to release parameters, coaches should employ
high-speed video, radar-based velocity tracking, or validated motion analysis systems to profile
release velocity, angle, and height in real time. Longitudinal monitoring enables detection of subtle
performance shifts (e.g., £0.1m s velocity changes) that may materially influence competitive
outcomes. Integrating data capture into training cycles facilitates adaptive load prescription and
technical cue refinement within an evidence-based framework.?

Utilize Predictive Modeling for Performance Forecasting

Theregression equation derived from the present study provides a quantitative tool for forecasting
performance under defined kinematic conditions. Coaches may use predictive modeling to
establish performance benchmarks, simulate potential gains from targeted interventions, and
evaluate whether training-induced kinematic changes translate into projected competitive
improvements.’’* Such modeling shifts decision-making from intuition-based estimations to
probabilistic performance forecasting.

Synchronize Horizontal and Vertical Force Production

Although velocity, angle, and height exert statistically independent effects, elite performance
depends on highly coordinated sequencing within the kinetic chain. Training should integrate
multidirectional medicineball throws, ballisticresistance movements, and plyometric progressions
that reinforce synchronized horizontal propulsion and vertical extension.**¢ Strength and
conditioning design should reflect both impulse magnitude and temporal coordination to ensure
that kinematic refinements translate into competitive displacement.

By grounding intervention strategies in quantified effect sizes, coaches can allocate training
emphasis proportionally to mechanical return. Regular biomechanical profiling combined with
individualized technical refinement promotes evidence-based performance optimization rather
than reliance on traditional heuristics.” This data-driven approach supports sustained competitive
advantage in elite throwing environments.>
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Several limitations warrant acknowledgment. First, the dataset was restricted to elite male
rotational shot putters. Although the rotational technique is increasingly adopted in women’s
competition, the glide remains prevalent at the elite female level, limiting the availability of
comparable high-quality biomechanical datasets. Consequently, extrapolation of these findings
to female populations should be undertaken cautiously. Sex-based differences in anthropometry,
strength characteristics, and technical preference may alter relative kinematic contributions to
performance. Future investigations should examine elite female rotational throwers as sufficient
championship-level data become available to determine whether predictor hierarchies are
conserved across sex.

Additionally, while the present model isolates linear additive contributions of release parameters,
throwing performance is inherently multivariate and may involve nonlinear interactions not
captured within the current regression framework.” Continued refinement through expanded
datasets and advanced modeling approaches may further enhance precision in performance
forecasting.

This investigation quantitatively evaluated the kinematic determinants of elite men’s rotational
shot put performance using world championship data. The findings demonstrate that release
velocity exerts the largest proportional influence on throwing distance, while release angle and
release height contribute independently and significantly to trajectory optimization. Importantly,
the relative magnitudes of these predictors provide empirical guidance for prioritizing
performance interventions within biomechanical constraints.

By isolating and quantifying the mechanical contributions of controllable release parameters, this
study advances beyond descriptive analysis toward predictive modeling of elite performance.
The integration of statistical modeling with projectile mechanics offers a framework through
which coaches and performance analysts can evaluate training adaptations in measurable terms
rather than relying solely on observational heuristics.

The continued progression of the rotational technique at the highest levels of international
competition, exemplified by athletes who consistently extend performance benchmarks, reflects
the growing convergence of sport science, technical refinement, and applied strength-power
development. As biomechanical profiling becomes increasingly accessible through publicly
available datasets and field-based monitoring technologies, evidence-informed decision-making
can more readily inform elite coaching practice.

Ultimately, elite shot put performance emerges from the coordinated optimization of velocity
generation, angular precision, and effective release height within athlete-specific constraints.
By situating these variables within a quantitative and mechanistic framework, the present
investigation contributes to a more rigorous understanding of high-performance throwing and

supports continued advancement in evidence-based training methodologies within track and
field.
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