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ABSTRACT

Purpose. The aim of this study was to determine the influence of some strength and power dimensions on success in athletic
throwing disciplines.

Methods. The research was performed on a sample of kinesiology students (n = 38). The sample of variables was derived
from 12 tests for evaluating power and strength, and three tests for evaluating athletic achievements in throwing (discus,
javelin and shot put). Testing included bench press, deadlift, pull-ups, standing long jump, Sargent jump test, triple jump,
and 5-, 10-, and 20-metre sprints.

Results. The indicator values of metric characteristics show that the applied motor tests, such as the standing long jump
(ICC = 0.91) and the 5-metre sprint (ICC = 0.86), exhibited high reliability, good homogeneity, and a normal data distribution.
The impact of the predictor variables on success in throwing disciplines was determined using classical regression analysis.
For the shot put, strength significantly influenced performance in the early learning stages, with a B coefficient of 0.44 (p =
0.03) during initial measurements, increasing to 0.55 (p < 0.01) in the final phase. In contrast, power became more relevant
in the later stages for javelin (3 = -0.31, p < 0.05) and discus throwing (8 = 0.49, p < 0.01), underscoring the evolving importance
of explosive power in these disciplines as athletes refine their techniques.

Conclusions. These findings highlight the importance of tailored training protocols that address the unique demands of

each discipline, providing valuable guidance for coaches and athletes in optimising throwing performance.
Key words: power, strength, athletic, influence, throwing disciplines

Introduction

Throwing skills are elementary forms of movement
that aim to manipulate a particular object in space.
These skills are defined as ballistic motions initiated
by explosive activation of agonists, followed by their
relaxation period, and ending with deceleration due
to the antagonist’s action or the passive stretching of
connective tissue [1].

As a natural form of motion, throwing skills be-
long to a group of innate biotic motor skills that be-
gin in early childhood [2]. Competition in athletic
throwing disciplines takes place in highly standard-
ised conditions (weight of launchers, throttle diameter,
length, etc.), which are determined by the rules of the
International Association of Athletics Federations
(TAAF), and athletes are ranked based on exact meas-
ured results with actual devices. Therefore, the results

in throwing disciplines are considered more objective
compared to sports where outcomes are influenced by
subjective judgement, as they rely on precise measure-
ments obtained under standardised conditions defined
by the rules of the IAAF [3]. Throwing can be defined
as any activity in which a person tries to ‘throw’ an ob-
ject, e.g., a ball or a disc, through the air using his or her
arm. During throwing, movements consist of several
individual lower- and upper-body actions. Throwing in
sports is influenced by various factors. The purpose of
the throw depends on the particular activity. For in-
stance, accuracy is crucial in sports like baseball or
handball [4, 5], while athletic throwing disciplines aim
for longer throws in the shot put, discus, javelin, or
hammer. The nature of throwing is also determined by
factors such as space restrictions, technical limitations,
and the thrower’s ability to produce the appropriate
motion, which is influenced by their training and an-

Correspondence address: Paula Matijasevi¢, Faculty of Kinesiology, University of Split, Teslina 6, Split, Croatia,
e-mail: paula.matijasevic@kifst.eu; https://orcid.org/0000-0002-5130-7788

Received: December 10, 2024
Accepted for publication: March 30, 2025

Citation: Zuvela F, Skori¢ J, Matijagevi¢ P. Influence of different strength and power dimensions on success in throwing
disciplines. Hum Mov. 2025;26(3):79-88; doi: https://doi.org/10.5114/hm/203540.


https://orcid.org/0009-0004-0066-8040
https://orcid.org/0009-0008-2157-7411
https://orcid.org/0000-0002-5130-7788

HUMAN MOVEMENT

F. Zuvela, J. Skorié, P. Matijasevi¢, Throwing disciplines

thropological characteristics. Ultimately, every throw
results from the interaction of the thrower’s neuro-
muscular and musculoskeletal system, and success is
linked to the body’s efficiency in producing the required
movements for the throwing technique [6, 7].

The ability to overcome resistance, also known as
strength, is essential for success in athletic throwing
disciplines [8]. Motor skills, particularly those related
to energy regulation mechanisms, significantly impact
sports performance in these disciplines, more so than
morphological characteristics [9]. Empirical research
shows a strong correlation between motor tests that
measure maximum power production and performance
in the women’s hammer throw and men’s shot put [10,
11]. Motor tests such as deadlifts, cleans, bench presses,
and full squats help develop maximum strength, which
is crucial for generating the forces needed to release the
device, resulting in greater throwing distances quickly.

While the role of explosive power and maximum
strength in throwing events is crucial, the influence
of motor tests on their development in specific phas-
es of learning throwing disciplines has not been suf-
ficiently investigated. Exercises such as standing long
jumps and sprinting are often used to develop explo-
sive power in throwers [12, 13]. These tests have been
shown to be reliable indicators of success in javelin
throwing. However, existing studies have primarily fo-
cused on the relationship between maximal and explo-
sive strength and throwing performance at a single
point in time. The development of motor skills and
abilities occurs systematically and in parallel. Different
exercises are applied at different stages of learning
throwing disciplines to develop strength and power.
This lack of sufficient investigation underscores the
need for further research.

Building on previous research emphasising the im-
portance of specific exercises for success in athletic
throwing disciplines, this study focuses on analysing
the impact of selected exercises applied through ran-
dom learning methods on performance in the shot put,
discus, and javelin. The aim of the research is to pro-
vide a deeper understanding of how these exercises

contribute to the development of strength and explo-
sive power, and their influence on different learning
phases (initial, transitional, and final) in throwing
disciplines.

Material and methods
Experimental design

The subjects were introduced to the goal and the
design of the experiment at the very beginning of the
experimental program. This study employed a longi-
tudinal design, conducted over a period of five weeks,
allowing for the systematic observation and measure-
ment of participants across multiple time points. The
five-week duration was chosen based on existing litera-
ture highlighting significant neural and motor adap-
tations within 4-6 weeks of consistent training [14].
During the investigation (testing days), all subjects did
not have any obstacles that could prevent them from
giving their maximum effort. To reduce any interfer-
ence in the testing, they were asked to refrain from
drinking alcohol/caffeine-containing beverages for
24 h before and during the testing days. With the goal
of avoiding any circadian variations, all tests were per-
formed in the morning at 9 am [15]. The experimental
design and order of measurements are presented in
Table 1. Subjects did not have any prior knowledge of
the particular throwing discipline. The throwing skills
evaluation and learning process sessions were per-
formed at a local athletic club with a temperature rang-
ing from 21.5 to 25.4°C during half of April and the
entire month of May. The motor abilities assessment
was performed inside a training gym, with an aver-
age ambient temperature of ~25°C.

Subjects

Thirty-eight (n = 38) first-year undergraduate male
students of the Faculty of Kinesiology, University of
Split, Split, Croatia, volunteered to participate in this
study. All students regularly attended the Athletics II

Table 1. Study design

Lesson

Description

1 Shot put, javelin throw and discus throw - Initial evaluation

2 (5-, 10-, 20-m sprints) evaluation

Bench press, deadlift, pull-ups, (3-, 5-kg medicine ball throw tests), standing long jump, Sargent jump test, triple jump,

3-7  Shot put, javelin throw and discus throw - Learning process

8 Shot put, javelin throw and discus throw — Transitive evaluation
9-14  Shot put, javelin throw and discus throw - Learning process
15 Shot put, javelin throw and discus throw - Final evaluation
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course. Subjects gave their written consent after being
thoroughly informed about the potential risks and pur-
pose of this study. Each subject had the full right to
withdraw from the study at any time during the testing
days. The sample consisted of male participants of simi-
lar age, which allowed for controlled conditions regard-
ing gender- and age-related variability in motor learning
capacities and physiological adaptation. This approach
enables a more precise understanding of the impact of
the interventions studied on a heterogeneous popula-
tion, thereby increasing the generalisability of the re-
sults. In order to participate in this study, subjects had
to fulfil the following criteria: (i) being fully healthy
(absence of pain, illness, injury or metabolic syndrome
symptoms, or cardiovascular and pulmonary disease,),
(ii) clear of any drug-related consumption, (iii) attend-
ance for at least 80% of the course.

Measurements

After the techniques for each throwing discipline
(shot put, javelin throw, and discus throw) were initially
demonstrated and explained, participants were given
time for one trial throw to familiarise themselves with
the movements. Following the trial throw, the meas-
urement phase began. Considering that it was the par-
ticipants’ first time performing these techniques, they
were allowed five attempts during the initial measure-
ment phase. This approach accounted for the possibil-
ity of frequent rule violations, such as overstepping,
due to unfamiliarity with the technique. Out of the five
attempts, the three best throws were recorded for anal-
ysis. Participants were given a 5-minute rest between
each attempt to ensure optimal recovery. The throws
were evaluated by three independent judges, experts
in throwing disciplines, with an average of 25 + 3.4
years of experience as head or assistant coaches. The
assessment criteria were adapted from the techniques
described by Zuvela et al. [16]. Both major and minor
errors were considered during the evaluation to pro-
vide a comprehensive assessment of each participant’s
throwing skills.

Shot put (SP)

For the shot put, subjects used the O’Brian tech-
nique, a rotation(al) structure consisting of a pushing
and pushing-back move, through which the thrower
tries to improve their result. Major mistakes: (1) wrong
basic holding position of the shot in the hand, (2) jump
with two legs and/or the absence of one, (3) execution
from the shoulder, (4) ‘basketball throw’, (5) foul due to

a loss of balance and posture of the wrong leg in the
power position. Minor mistakes: (1) irregular upper
arm and elbow position, (2) loss of balance while pivot-
ing, (3) insufficient momentum with the leg that cir-
cles around, (4) bad velocity of the implement at release,
insufficient shot velocity at release and stepping over
the sector line (unconsciously).

Javelin throw (JT)

The subjects were required to demonstrate the jave-
lin throw through seven steps of a straight run and five
crossover strides. Major mistakes: (1) wrong javelin
hold, (2) throwing the javelin from the wrong leg (same-
side hand and leg), (3) hitting the floor with the tail
of the javelin, (4) stepping over / running over the line.
Minor mistakes: (1) incorrect distance between the
javelin and the head (too small / big), (2) irregular run-
ning rhythm, uncontrolled movement of the javelin
while running, from straight ahead to crossover, (3) bad
release angle, irregular position of the javelin (bent arm)
and bad velocity of the javelin at release.

Discus throw (DT)

The subjects were required to demonstrate DT
through the traditional rotation technique. Major mis-
takes: (1) movement of the front leg, (2) uncontrolled
discus throw - foul flight, (3) irregular throw / stepping
out of the circle due to a loss of balance and throwing
the discus while running in a circle. Minor mistakes:
(1) wrong position of the arms while throwing, (2) un-
controlled activity performance - throwing only by hand,
(3) bad angle of discus release and fouls committed
during the exit phase.

The sample of variables for the assessment of
strength, power and speed consisted of 12 tests: for
strength: bench press [17], deadlift [18] and pull-ups
[19], for power: 3-, 5-kg medicine ball throw; stand-
ing long jump [20], Sargent jump test [21] and triple
jump [22] and for speed: 5-, 10- and 20-m sprint [23].
All subjects were tested using the same protocol and
order: (1) power assessment, (2) speed assessment, (3)
strength assessment.

The bench press, deadlift, and pull-ups were per-
formed during the strength assessment following
a standardised protocol for determining maximal
strength using the one-repetition maximum (1RM)
method [24]. Participants began the testing with a pro-
gressive warm-up, after which the load was gradually
increased until they reached their maximal capacity.
The analysis included only one successful maximal
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attempt for each test to ensure data consistency and
reliability. Pull-ups were conducted with additional
weight attached to a belt worn around the participants’
waists [25]. The test began with a minimum load of
2.5 kg, and the weight was progressively increased by
1 kg increments until participants reached their maxi-
mum strength level. Each participant was allowed up
to five attempts to avoid premature fatigue or upper
extremity muscle failure, ensuring accurate and valid
results.

For the remaining tests, including the assessment
of explosiveness and speed, participants were allowed
three attempts for each task, with the best result taken
into account for analysis. A three-to-five-minute rest
was provided between attempts to minimise fatigue
and ensure the maximal reliability of the data. This
approach ensured standardised testing conditions and
optimal participant performance. The testing was con-
ducted by professionals who were members of the Fac-
ulty of Kinesiology, University of Split.

Learning process

The motor learning process took place over a period
of five weeks under the expert guidance of professors
from the Faculty of Kinesiology in Split. Learning the
techniques for throwing the javelin, shot put, and dis-
cus requires a combination of acquiring specific motor
patterns and physical preparation. Throughout the mo-
tor learning process, the participants progressed through
several key stages. The first phase involved a technical
analysis of each throwing discipline, with a focus on
the biomechanics of movement, optimal throwing an-
gles, and sequence of movements. This initial assess-
ment, conducted precisely, made it possible to precisely
identify the specific requirements for each discipline.

After the initial assessment, participants learned
the fundamental technical aspects, such as the proper
starting stance, optimal body positioning, movement
and weight transfer, and the correct grip and handling
of the throwing equipment. During this phase, special
emphasis was placed on developing stability, balance,
and power distribution throughout the entire movement.
The process then advanced to more challenging exer-
cises after mastering the basic technical aspects. These
exercises focused on enhancing coordination through-
out the entire movement, increasing take-off and ro-
tation speed, and improving the explosive power re-
quired to achieve the maximum throwing distance.
This phase also involved refining the transfer of kinetic
energy throughout the body, with an emphasis on bio-
mechanical efficiency. The final phase of the process,
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the corrective measures, was a crucial part of the train-
ing. During this phase, the instructors carefully ana-
lysed the participants’ performance and provided feed-
back to address any technical errors. This phase aimed
to improve the throwing performance and achieve the
best possible result.

Statistical analysis

All data were analysed using Dell Statistical version
13.0 (Dell Inc., Round Rock, TX, USA) and are pre-
sented as mean + SD. Assumptions of normality of dis-
tribution were tested with the Kolmogorov—-Smirnov
test with Lilliefors correction. The reliability of the vari-
ables assessing power was tested by determining the
systematic bias and retest correlation. The systematic
bias between the 3 consecutive trials was calculated
by a 1-way analysis of variance for repeated measures
(rm ANOVA), which was also used to assess perfor-
mance changes across the initial, transitive, and final
measurements for SP, JT, and DT. The assumption of
sphericity was checked, and if violated, Greenhouse-
Geiser adjustments of the p-values were reported. To
compare the means, the Bonferroni post hoc test was
employed to determine the magnitude of differences,
with Cohen’s d used as the effect size (ES) metric. The
effect sizes were categorised using the following thresh-
olds: < 0.2 as trivial, 0.2-0.6 as small, 0.6-1.2 as
moderate, 1.2-2.0 as large, 2.0-4.0 as very large, and >
4.0 as extremely large [26]. The Intraclass Correlation
Coefficient (ICC) was calculated from the ANOVA for
repeated measures to determine the test-retest corre-
lation with a 95% confidence interval. ICC values were
classified according to Hopkins [27]. Additionally, the
coefficient of variation (CV) was calculated. The Inter-
item correlation (IIr) and Cronbach’s alpha (o) were
calculated with the aim to assess the objectivity of the
judges for three specific athletic skills evaluations. Prin-
cipal Component Analysis (PCA) with varimax nor-
malised rotation was used to determine the factor struc-
ture of the variables assessing strength and power.
Factor scores were then used in a regression analysis
to determine the influence of certain dimensions of
strength and power on the success in the discus throw,
shot put and javelin throw in the initial, transitory and
final measurements. The factor scores were then used
in a regression analysis to determine the influence of
certain dimensions of strength and power on the suc-
cess in the discus throw, shot put, and javelin throw in
the initial, transitive, and final measurements. For sig-
nificance testing, alpha was set at p < 0.05.
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Results

The results were initially processed using descrip-
tive statistics, and Table 2 presents the key predictive
variables of strength and explosive power in the tested
throwing disciplines. The results of the strength tests
demonstrated pronounced variability among the par-
ticipants, as evidenced by the values for bench press
(82.08 £ 14.96 repetitions), deadlift (112 + 30.16 kg),
and pull-ups (26.76 + 8.34 repetitions). This variability
indicates heterogeneity in individual capabilities across
the assessed strength parameters.

Table 2. Descriptive statistics of predictive variables

Variable Mean + SD Min Max
BP (kg) 82.08 + 14.96 60.00 120.00
DL (kg) 112.00 £ 30.16  60.00 160.00
PU (kg) 26.76 + 8 .34 10.00 46.00
5m (s) 1.06 = 0.05 0.93 1.19
10m (s) 1.80 = 0.07 1.65 1.93
20m (s) 3.05 £ 0.09 2.85 3.24
MBT3 (m) 8.19 £ 1.11 6.33 11.00
MBT5C (m) 9.81 £ 1.72 6.80 16.60
MBM50H (m) 10.60 + 1.51 7.70 14.60
SLJ (m) 251 +0.12 2.30 2.89
ST (cm) 51.41 + 5.51 35.00 62.50
TJ (m) 7.31 £ 0.59 6.35 8.94

BP - bench press, DL- deadlift, PU - pull up,

5m - 5-metre sprint, 10m - 10-metre sprint,

20m - 20-metre sprint, MBT3 - medicine ball throw
with 3 kg, MBT5C- chest medicine ball throw with 5 kg,
MBT50H - overhead medicine ball throw with 5 kg,
SLJ - standing long jump, ST - Sargent jump test,

TJ - triple jump

The statistical analysis results shown in Table 3 con-
firm the high reliability and homogeneity of the tests
used to assess explosiveness. The Kolmogorov-Smirnov
test with Lilliefors correction analysed the normality
of the data distribution, while the intraclass correlation
coefficients (ICC) confirmed the stability of the results
between repeated measurements. High ICC values,
such as 0.91 for the standing jump and 0.86 for the
5-m sprint, indicate the consistency and precision of
the tests.

Table 4 represents the factor structure of all applied
tests. Based on the factor structure, there are two mech-
anisms (two factors) that are responsible for the com-
plete definition of the analysed motor space. Depend-
ing on the partial projections, the first factor (F1) can be
called strength. The second factor (F2) is primarily de-
fined by the variables for assessing the type of running
power and will be called power.

Figure 1 shows the progression in performance for
each throwing discipline. A repeated-measures ANO-
VA revealed performance changes across the initial,
transitive, and final measurements for SP, JT, and DT,
revealing significant effects of time (F = 4.26, p = 0.024;
F=54.44,p<0.001; F=12.92, p <0.001, respectively).
Pairwise comparisons showed significant improvements
in JT from the initial to transitive (p < 0.001, ES = 0.77
[moderate]), and transitive to final (p < 0.001, ES = 0.64
[moderate]) measurements. Similarly, DS increased
significantly from the initial to final (p < 0.001, ES =
0.77 [moderate]) and transitive to final (p = 0.01, ES =
0.45 [small]) measurements. In SP, performance im-
proved with a trend towards significance between the
initial and final measurements (p = 0.056, ES = 0.31
[small]).

Table 3. Reliability of variables assessing power

Variable (mear’Il‘ li SD) (meaI’I; Zi SD) (meazi SD) Fp) ICC (95%CD) CV (%)
5m (s) 1.06 = 0.06 1.06 = 0.07 1.06 = 0.06 0.29 (0.97) 0.86 (0.76 to 0.92) 1.56
10m (s) 1.81 = 0.08 1.81 = 0.08 1.79 = 0.08 1.15 (0.32) 0.85 (0.75t0 0.92) 1.13
20m (s) 3.12%0.12 3.09 £ 0.10 3.08 = 0.10 3.44 (0.07) 0.88 (0.80 to 0.94) 0.89
MBT3 (m) 8.13=1.14 8.30 £1.13 8.14 = 1.44 0.70 (0.43) 0.87 (0.78 to 0.93) 3.76
MBT5C (m) 8.89 = 1.30 9.34 = 1.24 9.57 = 1.76 7.42 (< 0.01%) 0.88 (0.80 to 0.94) 3.92
MBM50H (m) 9.81 £1.36 10.14 +1.35 10.30 = 1.60 4.92 (0.01%) 0.89 (0.82 to 0.94) 3.44
SLJ (m) 243 +0.13 247 £0.12 248 £ 0.14 5.24 (0.01%) 0.91 (0.85 to 0.95) 1.20
ST (cm) 48.50 £ 6.00 49.75+5.61 50.57 + 5.56 2.31 (<0.001*) 0.95(0.91 to 0.97) 2.18
TJ (m) 6.88 + 0.60 7.13 £ 0.52 7.27 £0.60 2548 (<0.001*) 0.94 (0.89 to 0.96) 1.83
5m - 5 metre sprint, 10m - 10 metre sprint, 20m - 20 metre sprint, MBT3 - medicine ball throw with 3 kg,
MBT5C - chest medicine ball throw with 5 kg, MBT50H - overhead medicine ball throw with 5 kg,
SLJ - standing long jump, ST - Sargent jump test, TJ - triple jump, T1,2,3 - consecutive trials,
ICC (95%CI) - intraclass correlation coefficient with 95% confidence interval
* Greenhouse—-Geiser adjustments for the p-value
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Table 4. Factor structure of the variables assessing
strength and power

Variable F1 F2

BP (kg) 0.68 0.43
DL (kg) 0.60 0.24
PU (n) 0.42 0.24
5m (s) 0.01 0.73
10m (s) -0.11 0.89
20m (s) -0.02 0.90
MBT3 (m) 0.56 0.58
MBT5C (m) 0.80 -0.14
MBMJ5O0OH (m) 0.59 0.05
SLJ (m) 0.67 -0.26
ST (cm) 0.47 -0.15
TJ (m) 0.63 -0.47
A 3.38 3.10
Variance % 28.12 25.85

The highest coefficients of multiple correlation and
coefficients of determination were in the final meas-
urement for all athletic skills (SP: R = 0.58, R* = 0.33;
JT: R = 0.50, R* = 0.26, DT: R = 0.49, R* = 0.25),
while at the initial measurement time, these values were
lowest (SP: R=0.44, R*=0.18; JT: R = 0.12, R* = 0.02,
DT: R =0.19, R? = 0.09). This is logical since the sub-
jects acquired learning skills over the time of the in-
vestigation (Table 5).

Table 5. Influence of latent dimensions on the success
in the shot put, javelin and discus throw during initial,
transitive and final measurements

BP - bench press, DL- deadlift, PU - pull up, 5m - 5-metre
sprint, 10m - 10-metre sprint, 20m - 20-metre sprint,
MBT3 - medicine ball throw with 3 kg, MBT5C- chest
medicine ball throw with 5 kg, MBT50H - overhead
medicine ball throw with 5 kg, SLJ - standing long jump,
ST - Sargent jump test, TJ - triple jump, A - eigenvalue,
F1 - first factor: strength, F2 - second factor: power

104

e e e

= Initial Transitive Final
= p p B p p p
Sp F1 0.44*** 0.03 0.53%** <001 0.55%** <001
F2 0.00 ’ -0.06 0 -0.19 ’
IT F1 0.11 0.75 0.31 017 0.41** <0.01
F2 -0.05 ’ -0.03 T -0.31* ’
DT F1 0.29 0.19 0.26 0.12 0.49*** <001
F2 0.02 ’ 0.21 ’ 0.10 ’

SP -shot put, JT - javelin throw, DT - discus throw
F1 - strength, F2 - power

B — beta weight, R - coefficient of multiple correlation
R? — coefficient of determination

* p<0.05, ** p <0.01, *** p <0.001

* Kk e e ok

JT (m)

& k&

Figure 1. Progression in SP, JT, and
DT performance across five weeks

Initial Transitive
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Discussion

Our study’s primary goal was to investigate the prac-
tical implications of specific motor tests on the devel-
opment of maximum strength and power in learning
throwing events. Our findings suggest that tests fo-
cused on strength have a significant impact on shot put,
particularly in the early stages of training. This is cru-
cial for coaches and athletes to understand, as the
heavy weight of the shot put necessitates a focus on
initial power for successful performance in shot put,
discus, and javelin events. The heavier weight of the
shot put also means that athletes need to develop greater
strength from the early stages of learning. Previous
research by Zhao et al. [28] has highlighted the im-
portance of maximal strength in shot putters, identi-
fying it as a critical factor in early talent identification.
In contrast, specific motor skills are less crucial in the
early stages of training for javelin and discus throw-
ing due to the lighter weight of the equipment.

The results of this study confirm the significant im-
pact of tests on the development of maximal strength
in the final phase of preparation for the shot put, jave-
lin, and discus disciplines. These findings, which high-
light the strong correlation between strength and throw-
ing performance, align with previous research that
emphasised the crucial role of maximal strength [10].
Numerous studies have demonstrated this correla-
tion, showing that strength, as measured by 1RM in
multi-joint exercises like squats and jerks, strongly in-
fluences throwing performance [29, 30]. Many ath-
letes utilise resistance training programs to enhance
strength and alter muscle architecture. Changes in
vastus lateralis muscle thickness and fascicle length
have been identified as significant factors, explaining
33% of the improvement in throwing performance
[31].

In conclusion, javelin throwing is unique among
throwing disciplines in its requirements. It necessitates
a run-up in the preparatory phase, unlike the spatially
limited disciplines, and places a significant emphasis
on explosive power, in addition to maximal strength.
These unique aspects of javelin throwing are under-
scored by the findings of Maeda et al. [32], who estab-
lished a significant correlation between the javelin
throw distance and field tests for maximal and explo-
sive power development using the 100-metre sprints
and various long jumps. The results highlight the cru-
cial role of lower body strength in the javelin throw per-
formance and the efficient transfer of power to the
upper body during the throw.

Due to the complexity of the technical demands in
discus and javelin throwing, the impact of maximal
strength becomes significant only in the final stages of
technical refinement. Simultaneously, the results in-
dicate that mastering technical elements significantly
contributed to performance improvements in the dis-
cus and javelin. In contrast, no substantial progress
was observed in the shot put, highlighting the critical
role of maximal strength. Shot put requires exception-
ally high levels of strength, which are essential for gen-
erating the force needed to achieve the desired distances
[9]. In contrast, in the discus and javelin, precise tech-
nical execution, including movement coordination and
optimisation of the release angle [33, 34|, enabled sub-
stantial progress in the early stages of training.

To enhance performance outcomes in throwing dis-
ciplines, it is essential to implement training method-
ologies that simultaneously promote the development
of physical capacities and adaptability to the technical
demands specific to each discipline. In this context, our
research was based on applying a random practice
schedule, which previous studies have identified as
a practical approach for the long-term retention and
transfer of motor skills. This training method fosters
adaptability in athletes by exposing them to diverse
and unpredictable situations and challenges [35, 36].
The results of our study indicate that a random practice
schedule proved highly beneficial. It enabled athletes
to gain a deeper understanding of the technical ele-
ments of throwing through increased cognitive engage-
ment and the interconnection of different movement
patterns. This adaptive approach establishes an effec-
tive synergy between maximal and explosive strength
development and the technical and cognitive demands
specific to throwing disciplines, providing a compre-
hensive foundation for sustained and long-term per-
formance improvements.

The obtained results are consistent with the find-
ings of Magill and Anderson [37], who highlighted that
variability in training, such as practicing different throw-
ing patterns (e.g., overarm, underarm, sidearm), sig-
nificantly contributes to the long-term acquisition and
adaptation of motor skills. Such an approach enables
athletes to develop the technical and motor flexibility
necessary for effective performance in diverse and dy-
namic competitive conditions. The systematic imple-
mentation of this methodology not only optimises mo-
tor learning processes but also establishes a foundation
for long-term performance consistency and success in
throwing disciplines.
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Conclusions

Based on the findings of this investigation, optimis-
ing performance in throwing disciplines necessitates
the adoption of specific movement patterns tailored to
each discipline. These patterns enable the proper ex-
ecution of the technical elements required for events
such as the Shot Put (SP), Javelin Throw (JT), and Dis-
cus Throw (DT). Shot put training should emphasise
maximal strength from the outset, while the discus and
javelin require a focus on technical refinement and
explosive power in later stages. In the discus and jave-
lin throwing disciplines, strength and power proved
to be key success factors in the final stages of prepara-
tion, when the throwing technique was refined to a high
level. The implications of these results are significant
for the planning and programming of athletics courses,
particularly those focused on throwing disciplines.
Furthermore, the findings provide valuable insights
for defining training methods integral to the compre-
hensive and integrative system of athletic preparation
for these disciplines.

This study has several limitations that should be
noted. First, the sample size needed to be bigger, which
makes it difficult to generalise the results to the broad-
er population. Also, the participants were homogene-
ous, as they were all first-year students at a kinesiol-
ogy faculty. This does provide insight into the results
across different age groups or athletes with varying
levels of experience in sports. Future research should
include a larger number of participants of different
ages, genders, and sports levels to increase the appli-
cability of the results. A longer time frame would allow
for a better understanding of long-term development
and adaptations in throwing.
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