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Abstract:

Background and Aim: This study aimed to identify the biomechanical characteristics of motor actions, focusing
on the manifestation of muscle force during adduction and abduction in both supinated and pronated arm
positions in the frontal plane. It also explored how these factors influenced technical mastery and performance in
competitions. The primary objective of the research was to develop and scientifically justify a specialized
strength training program for gymnasts aged 14-15, using weights and resistance exercises. Material and
Methods. The study included 24 gymnasts aged 14—15, divided into an experimental group and a control group.
Strength tests were performed using a patented belt transmission dynamometer, assessing the strength of
adduction movements (top to bottom) and abduction movements (bottom to top) in three arm positions (left and
right). Specific training programs incorporating weights and resistance were developed for each apparatus used
in men's gymnastics polyathlon. They were tailored to the training stages and the age of athletes. The loads,
repetitions and training regimens were optimized so that to enhance performance. Results. Absolute strength
indicators recorded before the experiment showed no significant differences between the experimental and
control groups (P>0.05). Pedagogical observations indicated that 75% of the strength abilities demonstrated by
gymnasts were dynamic, while 25% were static. Analyzing shoulder muscle strength indicators for adduction
and abduction revealed the statistical significance between the control group and the experimental one. Highly
significant differences (6.25%, p<0.001) were observed in the supinated adduction test for the right arm. Other
significant differences (56.25%, p<0.01) were found during the arm adduction and abduction tests in various
positions. These different values in supination and pronation for both arms - right and left - confirm the impact
of training on the specific strength of scapular girdle. Moderately significant differences (6.25%, p<0.05) were
observed in the adduction test with the hand moving inward (right arm) Non-significant differences (31.25%,
p>0.05) were identified in the following tests: pronated adduction - right arm; pronated abduction from bottom -
right arm; inward abduction from bottom - right arm; pronated adduction from bottom - left arm; supinated
abduction of the right arm from the side. The technical evaluation of gymnasts was carried out according to the
rules of the International Gymnastics Federation. It emphasized the connection between specific strength levels
and performance in the execution of elements. The evaluation underlines the importance of developing adduction
and abduction strength of the scapular girdle to enhance competitiveness. Conclusions. This study highlighted
the considerable influence of developing specific adduction and abduction strength of the scapular girdle on
technical mastery and competitive performance in gymnasts aged 14-15. The implementation of a specialized
exercise program, using weights and resistance, led to statistically significant improvements in both dynamic and
static strength. Thus, this program demonstrated the effectiveness of the proposed methodology.
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Introduction

This research was needed due to the developmental particularities of 14-15-year-old gymnasts who
reached an advanced stage of sports specialization. That particular stage is characterized by rapid physical
growth and high demands in terms of technical training. Performance in artistic gymnastics is deeply influenced
by the level of strength qualities, especially the specific strength of the scapular girdle muscles (adductors and
abductors of the shoulder). These muscles have a considerable contribution to the correct execution of complex
technical elements.

The context of the paper was generated by the necessity to balance the strength development between the
muscle groups involved in shoulder adduction and abduction movements, in order to prevent functional
imbalances and improve technical performance. Specialized literature and also current sports practice identify
deficiencies in the development of this specific strength, which lead to loss of points in competitions and an
increased risk of injury. The lack of customized training programs adapted to motor requirements in men’s
gymnastics revealed the need for a structured intervention, based on scientific data and practical experience.
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Technical training of gymnasts largely depends on their strength capabilities. It was demonstrated that
specific strength training significantly improves the execution quality of gymnastic elements, particularly in the
case of young gymnasts (Zasada et al., 2016). Strength has a considerable influence on the technique of
performing the elements: the longer the support-free phase is maintained, the more precise the required final
body posture must be (Andreeva, 2013; Biegajlo et al., 2022).

Particular attention is given in gymnastics to the development of static and dynamic strength, speed-
strength skills and strength endurance. All these attributes play a critical role in increasing performance. The
relationship between isokinetic leg muscle strength and dynamic balance highlights gymnastics-specific
differences, particularly in adolescent girls (Kyselovi¢ova et al., 2023). Innovative training methods have proven
effective in boosting the special physical fitness of athletes in aerobic gymnastics (Kokarev et al., 2023).
Integrating health fitness elements has been shown to enhance the physical and functional fitness of young
gymnasts (Romanova et al., 2023). Also, physical education classes aim at developing the speed-strength skills,
contributing to the overall athletic performance of gymnasts (Dudka, 2022).

Analyzing the scientific and methodological literature on strength training, three primary methods meant
to develop strength qualities have been identified: exercises with external resistance, exercises utilizing body
weight and isometric exercises. Resistance training with external loads is widely acknowledged as a cornerstone
for building muscular strength. Progression and specificity in this type of training are highly important in
optimizing the results (Kraemer & Ratamess, 2004; Zatsiorsky et al., 2020). Exercises using body weight are
also effective, ensuring versatility and accessibility for athletes of various levels (Fleck & Kraemer, 2014;
Brown, 2007). As for the isometric exercises, they help to gain strength by improving muscular activation and
force generation, especially when integrated into targeted training programs (Suchomel et al., 2018; Stone et al.,
2007). The effectiveness of these methods was demonstrated across different people, including younger and
older athletes. Their adaptability and significance in strength development was pointed out (Van Roie et al.,
2013; Morrissey et al., 1995).

Modern requirements for performing gymnastic elements involve the execution of movements with
straight arms. That means strength and coordination of the adductor and abductor muscles of the shoulder girdle
are highly important. This approach not only enhances the aesthetic quality of routines but also ensures
biomechanical efficiency and reduces the risk of injury (Mandroukas et al., 2023; Potop et al., 2019;
Ramsbottom, 2018). Proper training and rehabilitation techniques are critical in meeting these demands, as they
address both physical conditioning and recovery needs of gymnasts (Tilley & James, 2020). Developing
fundamental skills through structured and progressive training programs is essential for preparing gymnasts to
meet these high technical standards (Mitchell et al., 2002; Sleeper, 2012). The historical and theoretical
foundations of gymnastics further underline the importance of strict shape and muscle engagement in achieving
optimal performance (Lindhard, 2018).

Preliminary research shows that specialists in artistic gymnastics pay special attention to physical training
through the use of weights and resistances. However, methods for developing strength skills with the help of
weights and resistances are insufficiently studied or not scientifically substantiated in a proper way by the
specialized literature.

To solve the identified problem, a specific training program focusing on the development of the scapular
girdle strength (particularly the adductor and abductor muscles of the shoulder) was created and implemented.
The program integrated various exercises: with external resistance, with body weight, isometric exercises, and
also modern methods, including devices with gyroscopic movements.

The study was conducted as part of a pedagogical experiment, in which the subjects were separated in
experimental groups and control ones. Initial and final testing allowed for a comparison between the two groups
in terms of muscle strength development. The results were statistically analyzed to highlight significant
differences following the application of the program, demonstrating the effectiveness of the intervention.
Analysis was completed with the theoretical correlation of the results with the specialized literature and the
recent studies in strength training and sports medicine fields.

The main purpose of the research is to develop and validate scientifically a technology of specialized
strength exercises for gymnasts aged 14-15, based on the use of weights and resistance. This, in turn, will have a
positive influence on the quality of strength-demanding gymnastics elements and enhance success in performing
competitive routines. To study this problem, the biomechanical characteristics of motor actions were identified.
These include adduction and abduction strength manifested in supinated and pronated arm positions across
various planes, reflecting the distinctive features of technical mastery and their impact on competitive activity.

Material & methods
Participants

The study was carried out throughout the 2023-2024 academic year in a specialized gymnastics school.
The research involved 24 gymnasts aged 14 to 15, divided into two groups: an experimental group from
Tashkent and a control group from the Children's and Youth Sports School in Fergana. Participants were
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informed in advance about the conditions of the experiment and gave written consent. The study was approved
by the Ethics Committee of the Uzbek State University of Physical Education and Sport.
Test protocol

The research was conducted according to the plan authorized by the Scientific Department of the Uzbek
State University of Physical Education and Sport. The tests were performed using a patented belt transmission
dynamometer (No. 007929). Strength of adduction movements (top to bottom) and abduction movements
(bottom to top) of both arms was evaluated in three positions: pronation, supination and inward turned hand. The
subject was sitting on a gymnastics bench with the back against the Swedish ladder, with the dynamometer fixed
at the top for adduction movements and at the bottom for abduction movements.

e Adduction and abduction in the sagittal plane: Test no.l: Adduction movement of the right arm in
pronation; Test no. 2: Adduction movement of the right arm in supination; Test no. 3: Adduction movement of
the right arm with the hand oriented inward; Tests no. 4-6:indicators for the left arm (adduction in pronation,
supination and hand oriented inward); Tests no.7-9: indicators for the right arm from bottom to top (abduction in
pronation, supination and hand oriented inward); Tests no.10-12: indicators for the left arm from bottom to top
(abduction in pronation, supination and hand oriented inward).

e Adduction and abduction in the frontal plane: Test no. 13: Adduction movement of the right arm in
pronation from the side; Test no. 14: Adduction movement of the left arm in pronation from the side; Test no.
15: Abduction movement of the right arm in supination from the side; Test no. 16: Abduction movement of the
left arm in supination from the side.

Data collection and analysis
Workout complexes using weights and resistance were developed for each apparatus in men's gymnastics
polyathlon. The preparatory period was divided into two stages:
e The first stage aimed at developing strength skills through traction. Coaches intensively used additional
weights during this phase.
e The second stage concentrated on the development of overall strength.

Stages were differentiated by the methods used: in the first stage, weights and resistance were actively
employed, whereas in the second stage, exercises were performed without weights or using only the body
weight. Within the developed methodology, gymnasts practiced various training regimens with weights and
resistance. Optimal loads, number of repetitions and weights were determined for each age group, tailored to the
objectives and training phase.

In the control group, exercises were performed using only body weight, while in the experimental group,
additional weights were used.

Fundamental elements requiring motor actions in supinated and pronated arm positions:

Floor exercises: front hold (plank), turnovers, high angle holds, circles.

Pommel horse: circles, cross-circles, transitions, Flair - "Delasallo" circles, flares, power dismounts into a
balanced position.

Still rings: twists, kips, forward and backward swings, extension raises, power balance holds, horizontal
hanging positions, large forward and backward circles, iron cross.

Vaults: turnovers.

Parallel bars: swings, uprises, strength balances, transitions over the bars, under bar skills, dismounts.

High bar: various pull-ups with overhand and underhand grip, front and back giants, transitions, release-and-
regrasp elements, reverse forward and backward giants.

Structure of the gymnasts' strength development program:

1. Trunk exercises:
e Raising the torso from supine or prone position;
e Focus on back extension and flexion, using additional weights.

2. Legexercises:

e Leg raises while hanging from stall bars, with progressively increasing difficulty angles (90° and bar
touch);

e Jumps onto elevated surfaces (40-50 cm and 10 cm), with additional weights on the back or arms.

3. Exercises on apparatus:

e Low bar and rings: jumps into support position with straight arms, using weights at the waist;

e Pommel horse: Cross- movements and circles, using weights on the legs.

4. Balance and plank exercises:

e Maintaining static and dynamic positions (plank, horizontal holds, transitions between positions).
e Inclusion of weights for additional difficulty.

Progression and adaptation:

Exercises are performed in 3-5 sets, with 8-30 repetitions, depending on the movement type and intensity;
e  Weights, apparatus height and difficulty levels are gradually adjusted every two weeks.
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The training regimen included:
e For strengthening the arm muscles and shoulder girdle: 3-4 sets of 11-12 repetitions.
e For back and abdominal muscles: 3-4 sets of 10-12 repetitions.
e For leg muscles: 3-4 sets of 20-30 jumps.
The study analyzed the structure of motor actions and identified methods for developing strength skills through
the use of weights and resistance. The strength development program was implemented. In the main (core) part
of the training sessions, coaches organized strength exercises. In the preparatory part, gymnasts alternated
stretching exercises with warm-up routines. During the final (cool-down) part, gymnasts performed a complex of
exercises in circuit system, which increased the density and intensity of the training session.
Specific distribution of loads and weights used in training for the development of strength and strength-speed
skills:
Exercises for developing strength:
* For arms: the load varies from 300 to 500 kg;
* For legs: the load ranges between 400-600 kg;
* For lumbar area: the load is the highest one, ranging from 500 to 800 kg.
Exercises for developing strength-speed.:
* For arms: the weights used are smaller, ranging from 250 to 400 kg;
* For legs: the range is similar to the range for arms, namely 250-400 kg;
* For lumbar area: the load is 300-500 kg.

These distributions are modified according to training objectives, aiming to develop the specific strength
of each muscle region, thus contributing to gymnasts’ overall performance improvement.

The statistical analysis performed using Microsoft Excel included the calculation of the arithmetic mean,
standard deviation (£SD), coefficient of variation (Cv, %) and the use of the t-test parametric test (both unpaired
and paired), with a significance level of P<0.05. This analysis evaluated the initial homogeneity of the groups
and the significant differences between the initial and final performance averages. Results highlighted significant
differences between the experimental and control groups at the final testing (P<0.05). Thus, the effectiveness of
the training method used in the experimental group was confirmed.

Results

The technology for specialized strength training was developed on the basis of the theoretical materials
regarding the subject approached. At the beginning of the experiment, strength indicators were determined for
the pronation and supination movements of the shoulder joint (Table 1).

Table 1. Comparison of the statistical characteristics of scapular girdle strength capacity in gymnasts aged
14-15 at the beginning of the experiment

Tests, Control group, n=12 Experimental group, n=12 t P

kg mean<SD | CV,% | mean+ SD v, %

1 22.92 +2.89 12.61 22.33+2.88 12.90 0.50 >0.05
2 21.08 +£2.44 11.57 21.50+2.54 11.81 0.41 >0.05
3 21.25+2.67 12.56 21.75+2.69 12.37 0.46 >0.05
4 20.17 +£2.35 11.65 20.58 £2.46 11.95 0.42 >0.05
5 19.17+£2.23 11.63 18.83 £2.24 11.89 0.37 >0.05
6 18.08 £2.27 12.55 18.50 +2.37 12.81 0.44 >0.05
7 17.33+£2.19 12.63 17.00 +2.18 12.82 0.37 >0.05
8 16.50 + 1.91 11.58 16.92 +2.02 11.94 0.52 >0.05
9 16.92 £2.27 13.42 16.58 +2.31 13.93 0.36 >0.05
10 15.83 +1.83 11.56 1550 +1.82 11.74 0.45 >0.05
11 14.67 £ 1.85 12.61 1492+ 191 12.80 0.33 >0.05
12 13.75+1.59 11.56 14.08 £+ 1.68 11.93 0.50 >0.05
13 20.33 £2.36 11.61 20.75 +2.46 11.86 0.42 >0.05
14 19.33 £2.05 10.60 19.92+2.17 10.90 0.68 >0.05
15 18.92£2.19 11.58 18.50 £2.19 11.84 0.47 >0.05
16 17.42 +1.85 10.62 17.83 +£1.93 10.82 0.54 >0.05

Note: description of material and methods; p = 0.05: critical t value = 2.074; p = 0.01: critical t value = 2.819; p
=0.001: critical t value = 3.693.

The absolute strength indicators recorded before the experiment in standard conditions (Table 1) show
that the experimental and control groups did not have significant differences at P<0.05 as for the maximum
strength development of the shoulder adductor and abductor muscles. The average value of arm movements on
frontal plane in terms of adductor muscles ranged between 20.33 and 20.75 kg, while for the abductor muscles it
ranged between 18.9 and 18.5 kg. The average value of muscle strength on sagittal plane (antero-posterior) for
both arms was 21.8 + 2.6 kg. Analyzing the average strength value of the muscles during pronation movements
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showed a value of 22.6 + 2.8 kg for the right arm, while the left arm had a value of 21.3 £ 2.5 kg. During
supination movements, the average value for both arms was 18.6 £ 2.6 kg. Abduction strength of the arms during
pronation movements was 16.9 £ 2.1 kg, whereas it was 14.3 £ 1.8 kg during supination movements. The
difference between the adductor and abductor forces of the shoulder muscles was approximately 4.75 kg in favor
of the adductor muscles. Statistical analysis revealed that there was no significant correlation between the results
of the groups (P>0.05), which indicated the absence of significant differences and became the basis for further
research.

Pedagogical observations on the competitive activity of 14-15-year-old gymnasts highlighted the
manifestation of strength abilities: 75% of these are represented by dynamic efforts and 25% by static efforts.
The expert evaluation of the elements related to strength abilities is presented in Figure 1.

Highbar I 1.2
Parallelbars " 1.6
Stillrings I 1.6
Pommelhorse e 1.8

Floor N 1.4

Fig. 1. Faults in the compulsory elements execution

The expert evaluations on the competitive exercises that include elements demonstrating the activity of
abductor and adductor muscles were analyzed. The analysis identified significant deviations from the technical
model required for the successful execution of these exercises. Most of the faults related to the strength
manifestation of gymnasts, especially when the number of elements in combination increases, are typical ones,
leading to a loss of 8.1 points. The more complex the requirements for competitive exercises, the more
significant the athletes' special strength abilities become. Men's artistic gymnastics requires carefully selected
exercises for the targeted development of strength, consistent with the motor actions structure in the elements.
This research helped to establish priorities in choosing methods for developing the strength qualities of adductor
and abductor muscles, leading to the development of a program based on the use of weights and resistances.

Table 2. Comparison of the statistical characteristics of scapular girdle strength capacity in the gymnasts
aged 14-15 at the end of the experiment

Control Group, n=12 Experimental Group, n=12 t P
Tests, kg

Mean £SD CV% | Mean £SD CV%
1 25.61+3.19 12.46 | 26.98 +3.27 12.12 179 | >0.05
2 23.52+2.69 1135 | 26.49+£2095 11.14 4.16 | <0.001
3 23.68 £2.93 1237 | 25.79£3.14 12.18 2.84 | <0.05
4 21.94+2.49 1135 | 2439+2.72 11.15 3.56 | <0.01
5 20.87 £2.39 1145 | 2229+248 11.13 213 | <0.01
6 20.35 +£2.53 1243 | 2243 +£2.72 12.13 3.01 | <0.01
7 19.43 £2.39 12.30 | 20.59 +2.49 12.09 174 | >0.05
8 1823 £2.07 1135 |20.19+225 11.14 3.13 | <0.01
9 1924 £2.55 1325 | 2041 £2.69 13.18 1.70 | >0.05
10 17.21£1.96 1139 | 18.45+2.05 11.11 2.05 | >0.05
11 16.53 £2.06 1246 | 18.63 £2.26 12.13 335 | <0.01
12 1534 +1.74 1134 | 17.47+£1.94 11.10 3.68 | <0.01
13 2247 +2.56 11.39 | 24.98+2.78 11.13 3.60 | <0.01
14 21234223 10.50 | 23.63 £2.42 10.24 3.69 | <0.01
15 20.56 +2.35 1143 | 21.79+2.42 11.11 187 | >0.05
16 19.07 £ 1.97 1033 | 21.16 £2.15 10.16 3.42 | <0.01

Note : df =22; p=0.05,t=2.074; p=0.01; t=2.819; p=0.001; t = 3.693.
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The workout complexes created for the development of strength skills in gymnasts must take into account
the kinematic structure of the gymnastics exercises for each apparatus. Problems in training affect competitive
performance and entail a low level of technical performance of motor actions. A repeated test of shoulder
adduction and abduction strength indicators was made at the end of the experiment. The analysis of the shoulder
adduction and abduction strength indicators (Table 2) showed the statistical significance level between the
control and experimental groups. Very significant differences (6.25%, p<0.001) were observed in Test 2
(adduction in supination, right arm). Significant differences (56.25%, p<0.01) were found in the following tests:
no.4 (adduction in supination, left arm), no.5 (adduction inward, left arm), 6 (adduction, left arm inward), no. 8
(abduction in supination from bottom, right arm), no. 11 (abduction in supination from bottom, left arm), no. 12
(abduction from bottom, left arm inward), no. 13 (adduction in pronation, right arm from the side), no. 14
(adduction in pronation, left arm from the side) and no.16 (abduction in supination, left arm from the side).
Moderate significant differences (6.25%, p<0.05) were noted in Test 3 (adduction with hand inward, right arm).
Insignificant differences (31.25%, p>0.05) were found in Tests: no. 1 (adduction in pronation, right arm), no. 7
(abduction in pronation from bottom, right arm), no. 9 (abduction from bottom inward, right arm), no.10
(adduction in pronation from bottom, left arm) and no. 15 (abduction in supination, right arm from the side).

The relative increase in shoulder joint strength in the control group was 12.05%, while in the
experimental group it was 25.33%.

The technical training evaluation of the gymnasts have characteristic results for this stage of training. The
evaluation carried out by the expert committee was based on the judging rules approved by the International
Gymnastics Federation (FIG), expressed in points, with the following scoring: minor faults — 0.1-0.3 points,
medium faults — 0.3 points, major faults — 0.5 points. The evaluation of the technical training elements allows
confirmation of the connection with the strength training indicators. As shown in the graph, following the
experiment, the errors made by gymnasts at Candidate Master of Sports (CMS) and Category I (CI) levels
ranged up to 3 points. Thus, the overall evaluation of execution faults in the gymnasts' technical training
influences their competitiveness when performing technical elements (Fig. 2).

B CMS (CG) CMS (EG) CI(CG) CI(EG)
8 7.3
6
6
" 43
2 3.5
.g 4
=9
2 12 L6 13,012 12 PP
-0.6 o6 IO-8 ! .0-9 0.6 .'0-8 ! 06 I ~ 07
0
Floor Pommel horse  Still rings Parallel bars High bar Total

Fig. 2. Results of the Execution Score for the technical elements of Men’s Gymnastics Polyathlon
Note. CMS — Candidate Master of Sport, C I — category I, CG — control group, EG — experimental group
The development of abduction and adduction strength in the upper scapular girdle has a direct impact on
the score achieved. Therefore, in the development of special strength skills, it is necessary to take into account
the structure of the movements in gymnastics competitive routines, as well as to select the appropriate means
influencing the nature and sequence of these movements.

Discussion

This study focuses on the group of gymnasts aged 14-15 who reached the stage of advanced
specialization and sports improvement during their rapid physical growth. The technical training of gymnasts
largely depends on their strength skills level. Strength significantly influences the technique of performing the
elements: the longer the support-free phase is maintained, the more precise the required final body posture must
be. In gymnastics, special attention is also given to the development of static and dynamic strength, speed-
strength qualities and strength endurance. Based on the analysis of scientific and methodological literature on
strength training, three main methods for developing strength qualities can be identified: exercises with external
resistance, exercises using body weight and isometric exercises.

The effectiveness of these methods is related to a more rational distribution of training means, which
considerably improved the functional capabilities of gymnasts' bodies consistent with various strength indicators.
Thus, a high level of development in both special physical and technical training was reached. All these aspects
are the basis for obtaining remarkable sports results within the pedagogical experiment. The effectiveness of the
proposed program is confirmed by the main materials of the pedagogical experiment. This program is grounded
on the synthesis of theoretical data and practical experience, also on the use of additional unconventional tools.
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The results obtained before the experiment highlight an initial uniformity in the absolute strength level
between the experimental and control groups. This uniformity is confirmed by the absence of significant
differences (P>0.05), which ensures fair conditions for investigating the impact of the intervention. This also
emphasizes the predominance of the adductor muscles strength compared to the abductors, and the need for
further analysis to achieve the functional balancing of these muscles (Table 1).

The findings are consistent with the principles outlined by Haff and Triplett (2015) regarding the role of
targeted strength training in addressing muscle imbalances and optimizing performance. Furthermore, research
conducted by Small (2024) shows the importance of challenging motor tasks in improving balance control, a key
factor in achieving functional equilibrium in gymnastics. Specialists such as Wise (1996) analyzed the
differentiated muscle activity in various tasks, emphasizing the necessity of tailored interventions. Adaptive
sports medicine insights provided by McMullen et al. (2021) also stress the importance of functional muscle
balance in enhancing technical execution. Lately, Giizel and Kurcan (2024) demonstrate the effectiveness of
structured training programs (Pilates, for example) in improving body composition and overall muscle balance,
further supporting the need for specific conditioning in artistic gymnastics.

Specialists underline the importance of prioritizing exercises that develop the specific strength of the
adductor and abductor muscles. These exercises are highly necessary considering that deficiencies in the
manifestation of this specific strength, exacerbated by the complexity of technical combinations, significantly
contribute to the loss of competition points. This fact underscores the need for a special training program adapted
to meet the motor requirements of men's artistic gymnastics (Fig. 1).

Other specialists like Jha, Bajpai and Mishra (2023) proved that this program is absolutely necessary. The
authors analyzed the effects of active physical training compared with active resistance training in the case of
groin pain in young gymnasts, highlighting the positive impact of targeted exercises on performance. Also,
Outevsky and Martin (2015) point out the relevance of applying conditioning methodologies inspired by
gymnastics and artistic dance to improve specific physical capacities. Sleeper (2012) developed a reliable
method for measuring the physical abilities of young gymnasts, providing a valuable framework for evaluating
progress. Furthermore, Manning (2014) investigated the biomechanics of technique selection in women's artistic
gymnastics, offering perspectives that can be extended and adapted to the requirements of men's gymnastics.
Ranieri, Potter, Mascaro and Grant-Ford (2020) detailed the process of returning to competitions, demonstrating
the importance of developing specific musculature to support gymnastics performance.

The results of the repeated testing reflect significant and very significant differences in the development
of shoulder adduction and abduction strength between the experimental and control groups. These differences
validate the effectiveness of the training program especially tailored to the specific requirements of men's artistic
gymnastics, stressing on complex exercises which involve supination and pronation movements (Table 2).
However, the absence of significant differences in certain tests points to an area that requires adjustments and
refinement in methodology to optimize physical training in these deficient areas (Campos, 2010; RM & CE,
2017).

In the context of rehabilitation and shoulder strength development, recent research reveals the role of
training programs that include specialized devices, like those based on gyroscopic movements. These training
methods have already been successfully used to treat impingement syndrome and lateral epicondylitis (Babaei-
Mobarakeh et al., 2018). Also, the integration of moderate to high resistance exercises is recommended in
managing biceps injuries, according to recent studies that point out the effectiveness of this type of exercises in
athlete recovery (Borms et al., 2017). Other studies, investigating the impact of physical exercises on the elderly,
suggest that applying such methods can significantly improve strength and functional performance for
wheelchair users. A potential adaptation of these techniques of gymnastics could enhance shoulder adduction
and abduction strength (Wotoszyn et al., 2021).

Results demonstrate the correlation between the specific strength training of the muscles involved in
abduction and adduction movements at scapular girdle level and the considerable diminution of technical
mistakes. Thus, the importance of using exercises adapted to the specific motor structure of gymnastics is
emphasized.

These exercises contribute to improved performance and increased competitiveness for elite athletes (Fig.
2). So, the studies mentioned above reveal the importance of training programs focused on the specific strength
of the scapular girdle for injury prevention and technique optimization (Malif et al., 2023; Concannon et al.,
2020; Sleeper, 2012).

In our opinion, integrating a specific training program based on exercises consistent with the technical
and motor requirements of gymnastics is key to optimizing the performance of young gymnasts. We believe that
a balanced approach, combining strength training technologies with innovative methods and non-standardized
tools, will significantly contribute to developing functional muscular balance and preventing injuries. All these
will support the progress of athletes during their advanced specialization phase.
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Conclusions

1. The results obtained confirm the effectiveness of the specific training program for gymnasts,
particularly in the development of adduction and abduction strength at scapular girdle level. Complex exercises
involving supination and pronation movements are essential for optimizing technique and preventing injuries,
demonstrating the effectiveness of the proposed training regimen for gymnasts aged 14-15.

2. Despite the progress made in developing muscular strength, studies highlighted the need to adjust the
methodology to achieve an optimal functional balance between adductor and abductor muscles. Deficiencies
identified in certain areas suggest a more targeted approach to exercises in order to correct imbalances and
support high-level athletic performance.

3. Integration of non-standardized tools in training: the use of non-standardized tools, such as devices
based on gyroscopic movements or active resistance methods, has demonstrated a significant positive impact on
increasing strength and functional performance. These innovative techniques are crucial for improving
endurance and supporting the progress of 14-15-year-old gymnasts.

4. The research contributed to the development and scientific foundation of specialized strength exercise
technologies for young gymnasts, based on the use of weights and resistance. These technologies are
fundamental for the development of athletes during their advanced specialization phase, ensuring adequate
physical training for top-level performance and injury prevention.
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