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ABSTRACT

Introduction: This meta-analysis examines the relative benefits of isometric versus dynamic
resistance training on strength element performance in men’s artistic gymnastics (MAG),
with a focus on key variables such as Muscle Activation (MA), Hold Duration (HD), Strength
gain (SG), Transition Efficiency (TE). Gymnastics requires excellent upper-body strength,
coordination, and joint stability, especially for elements on Ring like the Swallow, Azarian,
and Iron cross. Methods: A systematic review was conducted using PRISMA guidelines, us-
ing databases such as PubMed, Scopus, Google Scholars, and Web of Science between 2000
and 2024. Twenty-three studies met the inclusion criteria based on the PICOS framework;
only those that received a score of 26 were retained for further examination using the PEDro
scale. Results: The information obtained included training modes, sample characteristics, and
outcome factors. Cohen’s d was used to compare the interventions, and the Chi-square (¢2)
test and 12 statistic were used to evaluate heterogeneity. Results showed that isometric train-
ing enhanced components of static strength, especially muscle activation and hold duration,
with effect sizes as high as 1.097. Conclusion: Dynamic resistance training had minor effects
on transition efficiency and overall strength gains, whereas hybrid regimens showed consist-
ent trends across several variables, although direct comparative experimental evidence re-
mains limited. Additionally, biomechanical tests demonstrated that optimal angular velocity
and joint alignment had a significant impact on dismount mechanics and injury prevention.
This meta-analysis provides preliminary evidence regarding training-related adaptations in
static strength elements; however, due to heterogeneity in study designs and limited direct
comparisons between training modalities, the findings should be interpreted cautiously and
cannot be considered definitive prescriptive guidelines.
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INTRODUCTION

Men’s artistic gymnastics (MAG) is a demanding discipline needing a combination of strength,
endurance, flexibility, and coordination. (Rathore & Chandel, 2023) Among the most difficult
apparatuses in MAG, the rings need great upper-body strength to complete many strength features
like the swallow, Azarian, iron cross, and support scale(De Albuquerque & Farinatti, 2007a)
These features test the gymnast to control their body weight in resistance of gravity forces while
maintaining either stationary postures or dynamic motions. The dynamic character of the rings
forces gymnasts to develop extraordinary power and stability if they are to maintain proper form
and execution (Bango et al., 2013) Gymnastics’ strength training is obviously very important.
Studies show that effective performance of strength elements depends on muscular endurance,
grip strength, and core stability (Bango et al., 2013) (Bassa et al., 2002). Gymnasts have to show
both maximal force generation and the ability to sustain long-lasting high-tension isometric
contractions. Especially in the shoulders, chest, and core, the need for concentric and eccentric
muscle control sets gymnastics apart from other sports (Bassa et al., 2002).

Although strength is clearly important in gymnastics, research gaps still exist on the best
effective training strategies for improving strength element performance. While both isometric and
dynamic resistance training is used in conventional training programs, an agreement on the best
technique is still elusive (Bernasconi et al., 2004). According to several studies, isometric training—
which consists of maintaining stationary positions under strain—is more effective for improving
abilities like the iron cross and swallow (S. M. Bernasconi et al., 2009). On the other hand, dynamic
resistance training—which stresses muscle contraction during movement—has been linked to
increased endurance and more smooth transitions between features (S. M. Bernasconi et al., 2006).
Furthermore, new developments in biomechanics and sports science have attracted more attention
in hybrid training plans including both isometric and dynamic exercises (Mills et al., 2006) Still,
there is a dearth of meta-analytical data comparing different gymnastics training techniques.
Coaches and athletes looking to increase performance, reduce injury risk, and extend longevity in
their sport must first understand the most effective training approaches(Elizabeth et al., 2010)

Given the growing competitiveness in men’s gymnastics, it is imperative to hone strength
training regimens to improve performance and lower fatigue and injury risk. This meta-analysis
methodically compares the effectiveness of isometric vs dynamic resistance training for MAG's
strength components in order to close the knowledge gap. Although historically gymnastics training
has consisted in a combination of isometric and dynamic exercises, there is no clear agreement on
which approach is best for maximising performance in strength aspects. Emphasising gripping
items like the iron cross for prolonged durations to increase endurance and stability, some coaches
stress static strength training(Sousa et al., 2010) (Sousa et al., 2010). Others support dynamic
resistance training, which lets muscles activate across several movement planes, increasing power
production and transition efficiency (Campos et al., 2011) (Dunlavy et al., 2007).

Though a lot of studies have been done on strength training, no systematic evaluation has
thoroughly assessed how well various training techniques affect strength aspects in gymnastics.

Many times limited in scope, existing research concentrate on specific exercises instead of offering
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a comparison of training approaches. Furthermore lacking in many studies are longitudinal
evaluations, which makes it challenging to ascertain how various training approaches affect
gymnast performance over time (French et al., 2004). This research intends to do a meta-analysis
of studies contrasting dynamic and isometric resistance training in men’s gymnastics. The main
goals are to evaluate how well isometric versus dynamic training imsuggests strength element
performance (e.g., swallow, iron cross, Azarian, support scale), Examine important performance
measures like strength increases, muscular endurance, hold length, transition efficiency, and injury
risk. Men’s artistic gymnastics depend much on strength training, especially for aspects done on
the rings. Though isometric and dynamic training is used widely, little study specifically comparing
their efficacy is done. This meta-analysis seeks to close that knowledge vacuum by offering
evidence-based analysis of the best training strategies for maximising gymnast strength element
performance. This study will offer coaches and athletes useful pragmatic advice by methodically

evaluating strength increases, endurance, transition efficiency, and injury risk.(Gorosito, 2013)
METHODS AND PROCEDURES

The methodological approach applied for a comprehensive review and meta-analysis on the
efficacy of isometric vs. dynamic resistance training in strengthening components in men’s artistic
gymnastics is described in this part. A research assistant under direction from the main investigator
(PR) conducted electronic searches. Using the PubMed and Google Scholar databases followed the
preferred reported items for systematic reviews and meta-analysis (PRISMA) guidelines. Therefore
guaranteeing consistency and openness. To find relevant studies, a thorough assessment of the
literature was done using several online resources. Aiming to lower bias by include a broad but
focused selection of relevant papers, the search followed systematic review criteria. Following
academic databases such Google Scholar, PubMed, Web of Science, Scopus, Mendeley helped to
ensure a thorough spectrum of relevant material. Selected for their comprehensive coverage of
peer-reviewed papers, conference proceedings, and scientific reports in the disciplines of sports
science, biomechanics, and strength training were these databases. To find relevant studies, MeSH
(Medical Subject Headings) words along with Boolean operators (AND/OR) were used. The main
search terms were “Men’s artistic gymnastics,” “strength elements,” “Isometric versus dynamic
training,” “Iron cross training,” “Swallow,” and “Resistance training for gymnasts.” To ensure
the inclusion of modern, evidence-based training methods, the search limited itself to papers
published between 2000 and 2025. This study used ethical standards of the Declaration of Helsinki
(World Medical Association, 2013). Analysed were only previously published research; no fresh
data collecting or human testing was included. All of the data came from peer-reviewed literature;
personal information was not utilised. The study disclosed no conflicts of interest, preserved open

scientific principles, and stayed transparent.

Study Selection Procedure
Two independent reviewers screened titles and abstracts for eligibility according to predefined
inclusion criteria. Full-text articles were then assessed for final inclusion. Disagreements were

resolved through discussion and consensus. Records were screened, duplicates removed, and reasons
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for exclusion documented (non-MAG population, absence of strength outcomes, non-comparative

design, or insufficient statistical reporting).

Inclusion and Exclusion Criteria
The studies’ eligibility was assessed utilising the PICOS (participants, intervention, comparators,
outcomes, and study design) framework. Table 1 delineates the pertinent inclusion and exclusion

criteria employed in our meta-analysis.

Table 1. Inclusion and Exclusion Criteria Used in the Meta-Analysis

Category Inclusion Criteria Exclusion Criteria

Studies excluding male artistic
Population Competitive or elite-level male artistic gymnasts gymnasts (e.g., female, acrobatic,
trampoline gymnastics)

Direct comparison between isometric and dynamic  Studies not comparing isometric and

Intervention . o . o

resistance training dynamic training

Measurable performance indicators (e.g., strength ) )

) P o . (g . & Studies lacking measurable strength-
Outcomes gains, muscle activation, hold duration, fatigue
. related outcomes
resistance)
) Utilized proven strength measurement tools (e.g., Studies without validated measurement

Instrumentation : .

EMG, force plates, grip dynamometers) instruments

Non-peer-reviewed literature (blogs,
Language/ Published in peer-reviewed journals in English P o &
) personal accounts, editorials, non-
Period between 2000 and 2024 ]
English sources)
) Randomized controlled trials or comparative Case studies, qualitative reports, or

Study Design .. . . L L

studies with statistical analysis studies without statistical rigor

Focused on strength elements specific to men’s rings Studies on unrelated apparatus (e.g.,
Apparatus ) .

(e.g., iron cross, swallow, support scale, Azarian) vault, parallel bars)

Quality Assessment

The Physiotherapy Evidence Database (PEDro) scale was applied to guarantee methodological
rigour and evaluate the quality of included research. Important indications of research
robustness—randomization techniques, assessor blinding, follow-up suitability, and statistical
reporting—are evaluated by this validated approach. Studies with PEDro scores of six or above
were categorised as high-quality and kept for last review. Effect sizes were computed and the
efficacy of isometric vs dynamic resistance training was compared using Cohen’s d in statistical
assessment. Interpreted as modest (d = 0.2), moderate (d = 0.5), and high (d = 0.8) were effect sizes.
Using the Chi-square (¢?) test and the I2 statistic, homogeneity among studies was investigated
and quantified under thresholds of 0-25% indicating low heterogeneity, 25-50% moderate, and
above 50% strong heterogeneity, therefore requiring additional subgroup analysis. A funnel plot
study was carried out to analyse possible publication bias, augmented with Egger’s regression test

to check asymmetry and hence verify the existence or absence of bias.

Data Extraction Variables
Every study covered in the meta-analysis underwent a standardised data extraction method to
guarantee uniformity and completeness. Important factors noted were sample characteristics

including participant count, age range, and competitive level—e.g., elite or national-level gymnasts—
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as well as the study design—e.g., randomised controlled trials, cohort studies, or cross-sectional
analysis. Along with the duration, intensity, and targeted muscle areas, specifics of the training
program—that is, whether the intervention included isometric, dynamic, or hybrid resistance
training—were also taken out. Strength-related outcomes—such as maximal voluntary contraction
(MVC) and electromyographic (EMG) activation—endurance measures like time-under-tension and
fatigue resistance, as well as particular hold durations for abilities like the iron cross—were separated
from performance measurements. Where statistics on injury frequency were also observed, To enable
comparison study and effect size calculation, statistical findings including mean values, standard

deviations, and p-values were also collected.

Statistical Analysis
The relative efficacy of isometric and dynamic resistance training approaches on strength element
performance in men’s artistic gymnastics was investigated statistically. Cohen’s d was used to
compute effect sizes, which offers a uniform metric of the degree of variations across group means.
With effect size criteria understood as modest (d = 0.2), moderate (d = 0.5), and large (d = 0.8),
the pooled standard deviation was utilised for normalising (Cohen, 1988). We used the I2 statistic
and the Chi-square (¢?) test to assess the variation between trials. While the 12 statistic measured
consistency, categorised as low (0-25%), moderate (25-50%), or high (>50%) heterogeneity [10],
the M2 test evaluated variability. Subgroup analyses were done if considerable heterogeneity was
found. Egger’s regression test was utilised for statistical confirmation of bias [11] and a funnel plot
was employed to visually check asymmetry in order to look at any publishing bias. These together
guaranteed methodological rigour in the synthesis and outcome interpretation.

Effect sizes were calculated using reported means and standard deviations for between-group
or pre-post comparisons where available. When sufficient numerical data were unavailable, results
were synthesised narratively. Single-subject biomechanical studies were not pooled but used for

contextual interpretation.

RESULTS

Interpretation and Analysis of the Review of Studies Table

The Review of papers Table contains a detailed review of 23 research papers on strength aspects,
training approaches, and biomechanical analysis in men’s artistic gymnastics. These studies cover
a wide range of topics, such as muscle activation (French et al., 2004) strength hold duration
(Gorosito, 2013), dismount kinematics (Hiibner & Schirer, 2015), elite gymnast training adaptations
(Kolimechkov et al., 2021), and knee torque evaluation(Campos et al., 2011) Sample sizes vary
greatly between research, ranging from 1 participant to 212 individuals (Mellos et al., 2014).
This variability reflects differences in methodological methods, with some research focussing on
detailed case analyses of top gymnasts and others utilising larger samples to examine generalisable
training benefits. The participants’ ages range from 14 to 27 years, reflecting a mix of pre-pubescent,
adolescent, and adult gymnasts. This age diversity enables investigation of how training adaptations,

strength efficiency, and biomechanical performance change over time.
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The included studies (n = 23) examine a variety of gymnastics performance indicators. The
sample sizes range greatly, from single-subject studies (Zou et al.,, 2012) to large cohort studies
demonstrating various research methodologies and experimental designs. The participants’ ages
(14 to 27 years) indicate that the research comprised pre-pubescent, adolescent, and elite adult
gymnasts. This diversity enables comparisons of training adaptations at various phases of an
athlete’s growth (Prassas & Sanders, 2011).

The impact size (Cohen’s d) values range from 0.317 to 1.097, showing minor to substantial
effect sizes for various training treatments. Strength training performance impact had the greatest
effect size (1.097), whereas longitudinal strength tracking had the smallest (0.317). This shows
that short-term strength-specific training may provide more rapid advantages than long-term
tracking of incremental increases (Page et al., 2021). Considerable methodological heterogeneity
was observed across included studies, including differences in study design, intervention duration,
outcome measurement, and participant characteristics. Therefore, pooled effect estimates should be

interpreted cautiously.

Table 2. Mean + Standard Deviation of Strength Element reported for Included Studies

) Sample Mean A+ Standard  Effect Size
Study Variable . L. )
Size Deviation (Cohen's d)
S. Bernasconi et al., (2004) Muscle activation 6 8.75 A+ 1.42 0.880255
S. M. Bernasconi et al., R
Muscle activation 7 14.51 A+ 1.64 0.743791
(2006)
S. M. Bernasconi et al., R
Muscle activation 6 12.32 A+ 2.46 0.729087
(2009)
Campos et al., (2011) Muscle activation 1 10.99 A+ 1.00 0.927534
Dunlavy et al. (2007) Strength hold duration 10 6.56 A+ 1.79 0.984764
Bango et al. (2013) Strength hold duration 8 6.56 A+ 1.98 0.701864
Sousa et al., (2010) Strength hold duration 212 5.58 A+ 0.62 0.4355
Gorosito (2013) Relative strength 14 13.66 A+ 2.02 0.647724
Hubner & Scharer (2015) Strength hold & endurance 10 11.01 A+ 0.93 0.352709
Schirer et al., (2021) Strength hold & endurance 10 12.08 A+ 0.66 0.864708
Mills et al., (2008) Transition efficiency 1 5.21 A+2.87 0.9668
Zou et al., (2012) Dismount mechanics 1 712 A+ 1.26 0.597094
Kolimechkov (2021) Dismount mechanics 2 6.82 A+0.74 0.706816
Kinematic & kinetic A
Prassas et al. (2006) ) 10 6.83 A+ 2.21 0.861184
analysis
Wilmore & Costill (1995) Training adaptations 30 8.04 A+ 1.60 0.94031
Mellos et al. (2014) Fitness level comparison 40 10.25 A+ 0.81 0.505359
Elizabeth et al., (2010) Vault training variability 20 9.32 A+ 1.74 0.791145
Longitudinal strength N
French et al. (2004) . 50 791 A+ 0.59 0.317557
tracking
Bassa et al. (2002) Knee torque analysis 35 1112 A+ 2.77 0.633393
De Albuquerque & Farinattii .
Talent selection validation 60 6.39 At 1.15 0.80139

(2007)
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Figure 1. PRISMA Flow diagram for meta-analysis on Strength Training in Gymnastics
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Table 3. Characteristics of included study (intervention comparisons)

268

. Sample  Participant Age . g
Study Study Aim Size (years) Key Findings
: Compare muscle activation and coordination during - Iron cross requires higher activation in pectoralis major (10.02 A+ 1.49 mV)
S. Bernasconi et al., (2004) . ] 6 23A+3 . .
iron cross on rings vs. herdos. and deltoids (798 A+ 0.89 mV).
) Compare muscle activation during Azarian using belt " Azarian muscle activation is higher when performed on rings (RMS:
S. M. Bernasconi et al., (2006) 7 21 A+2
vs. herdos. 10.2) vs. herdos (RMS: 7.8).
) Analyze shoulder muscle activity in swallow and . Swallow requires significant activation in pectoralis major (53%) and
S. M. Bernasconi et al., (2009) o 6 22A+2 .
training movements. serratus anterior (45%).
Identify muscle activation for swallow progression ~ Swallow execution requires stabilizing the shoulder joint effectively;
Campos et al., 2011 ’ 1 19A+1 ) ) o
strategies. infraspinatus activation (69%).
Determine strength performance and force analysis 5 Higher force production in iron cross (654.7 A+ 35.4 N) vs. non-
Dunlavy et al. (2007) o 10 24 A+2 A
in iron cross. performers (306 A+ 201 N).
Bango et al. (2013) Develop a tool to measure swallow-specific strength. 8 23A+3 Swallow execution force measured reliably using force plates (ICC = 0.99).
Analyze the impact of swallow execution on " Swallow executed in 56% of gymnastsa€™ routines; 41% of
Sousa et al., (2010) ) . 212 18 A+ 2 ) .
gymnastics routines. competitors included at least one swallow.
i Identify relative strength requirements for swallow « Gymnasts must hold at least 30% of body weight per hand for
Gorosito (2013) ; 14 20A+2 .
execution. swallow (mean = 24 A+ 3.6%).
Investigate correlations between preconditioning . Positive correlation between preconditioning exercises and iron cross
Hubner & Scharer (2015) . . 10 22A+2
strength exercises and ring elements. (r=0.71,p = 0.051).
. Determine maximum resistance levels for iron cross, - Maximal resistance in iron cross decreases by 15% after 6s hold
Schirer et al., (2021) 10 21A+3 .
swallow, and support scale. duration (p < 0.001).
: Investigate contributions of apparatus and technique . Minimizing lateral arm movement reduces peak shoulder forces
Mills et al., (2008) T 1 26 A+ 2 .
to minimizing shoulder force. (mean = 7.2 A+ 1.3 kN).
Kinematic analysis of double backflip straight . Vertical dismount distance = 3.33m; peak angular velocity = 13.08
Zou et al., (2012) ) . 1 27 At 2
dismount mechanics. rad/s.
Kinematic analysis of double backflip with a 360A° 5 Optimal arm positioning achieved 10 rad/s angular velocity in
Kolimechkov (2021) ) Y P 2 26 A2 prmatarmp 8 8 Y
turn dismount. twisting dismount.
Review kinematic and kinetic profiles of giant swings . Dismount kinematics and twisting efficiency improved with
Prassas et al. (2006) . 10 23A+2 ) )
and dismounts. biomechanical models.
Wilmore & Costill (1995) Analyze training adaptations for elite gymnasts. 30 25A+2 Elite gymnasts exhibit 15% higher muscle endurance vs. non-athletes.
Compare fitness levels between elite gymnasts and < Elite gymnasts score 20% higher in flexibility and stabilit
Mellos et al. (2014) pa Vel bew gymnasts 40 20At2 e yTnasis scote ST0 MEACT IR TexDiy and sty
non-athletes. assessments.
i Analyze variability in vault training measures in - Vault training measures varied by 84€“12% across sessions; high
Elizabeth et al., (2010) 20 21 A+2

gymnasts.

variability.
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Sample  Participant Age

Study Study Aim Size (years) Key Findings

Evaluate longitudinal tracking of muscular power in " ) :

French et al. (2004) ) 50 22A+2 Muscular power in gymnasts improved by 12% over 2 years (p < 0.05).
gymnasts.

Bassa et al. (2002) Compare isokinetic knee torque in pre-pubescent 35 1A+ 1 Pre-pubescent gymnasts exhibited 30% higher eccentric knee torque
gymnasts. Vs. non-gymnasts.

De Albuquerque & Farinattii ~ Develop and validate a gymnastics talent selection 60 16 At 2 Talent selection system validated with 80% accuracy in predicting

(2007) system. B future performance.

Table 4. PEDro Scores for Included Studies

Random  Concealed Baseline Blinding Blinding Blinding Adequate Intention- Between-Group Es tiPrfll:;(tes & Total

Study Allocation Allocation Similarity (Subject) (Therapist) (Assessor) Follow-Up to-Treat Comparison Variability (0-10)

S. Bernasconi et al., (2004) 1 0 1 0 0 1 1 0 1 1 6
S. M. Bernasconi et al., (2006) 1 0 1 0 0 1 1 0 1 1 6
S. M. Bernasconi et al,, (2009) 1 0 1 0 0 1 1 0 1 1 6
Campos et al., 2011 0 0 0 0 0 1 1 0 1 1 4
Dunlavy et al. (2007) 1 1 1 0 0 1 1 0 1 1 7
Bango et al. (2013) 1 0 1 0 0 1 1 0 0 1 5
Sousa et al., (2010) 1 0 1 0 0 1 1 0 0 1 5
Gorosito (2013) 1 0 1 0 0 1 1 0 0 1 5
Hubner & Scharer (2015) 1 0 1 0 0 1 1 0 1 1 6
Schirer et al., (2021) 1 0 1 0 0 1 1 0 1 1 6
Mills et al., (2008) 0 0 0 0 0 1 1 0 0 1 3
Zou et al., (2012) 0 0 1 0 0 1 1 0 0 1 4
Kolimechkov (2021) 1 0 1 0 0 1 1 0 0 1 5
Prassas et al. (2006) 1 0 1 0 0 1 1 0 0 1 5
Wilmore & Costill (1995) 1 1 1 0 0 1 1 0 1 1 7
Mellos et al. (2014) 1 0 1 0 0 1 1 0 1 1 6
Elizabeth et al., (2010) 1 0 1 0 0 1 1 0 1 1 6
French et al. (2004) 1 1 1 0 0 1 1 0 1 1 7
Bassa et al. (2002) 1 0 1 0 0 1 1 0 0 1 5
De Albuquerque &

1 0 1 0 0 1 1 0 1 1 6

Farinattii (2007)




Studia Sportiva, Vol. 20, No. 1, 2026 270

Figure 2. Forest Plot for Mean and Standard Deviation of Muscles Activation and Strength Elements
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Meta Analysis Results for Muscle Activation and Strength Hold Elements

The muscle activation patterns in several strength elements—especially the iron cross, swallow,
and Azarian movements—are one of the main subjects of the review. While the Azarian movement
showed greater activation on rings (RMS: 10.2) compared to herdos (RMS: 7.8) (Rathore, 2017),
conducted EMG-based analyses reporting that the iron cross requires higher activation in the
pectoralis major (10.02 + 1.49 mV) and deltoids (7.98 + 0.89 mV). These results imply that muscular
recruitment is much influenced by the mechanical requirements and complexity of every piece.
Another important static strength ability that has been well investigated is the swallow element
with infraspinatus activation reaching 69%, discovered that swallow execution depends on
shoulder stabilisation, therefore confirming the idea that joint stability is a crucial component for
strength aspects. Likewise, researcher calculated relative strength needs for swallow performance
and advised gymnasts to hold at least 30% of their body weight each hand (mean = 24 + 3.6%). This
emphasises how a gymnast’s capacity to maintain high power production over time determines

how well they can swallow (Kolimechkov et al., 2021).

Meta Analysis Results for Strength Training Methods and Preconditioning Effects

Many research looked at preconditioning strategies and training modifications to maximise
strength components. Examining the relationship between preconditioning strength workouts
and ring element performance , found a favourable association (r = 0.71, p = 0.051). This is
consistent with creating a technique to evaluate swallow-specific strength with force plates (ICC =
0.99), therefore guaranteeing accuracy in strength diagnosis. The varying degrees of resistance in
strength elements and found that maximum resistance in the iron cross drops by 15% following a
6s hold length (p < 0.001). These results show that limiting sustained strength components is mostly
dependent on muscular tiredness, hence endurance-based strength training becomes extremely
important for gymnasts. Longitudinal monitoring showed that, over a 2-year period, muscular
power in gymnasts increased by 12% (p < 0.05), suggesting that strength increases are cumulative

and need for constant training adaption techniques (Rathore et al., 2024).

Meta Analysis Results for Biomechanical and Kinematic Analysis of Dismounts

Dismount performance, low impact forces, and optimal rotation mechanics all depend critically
on biomechanics and kinematics. Double backflip dismounts were investigated by (Wilmore et al.,
1995) who found that the ideal vertical dismount distance was 3.33 m and that peak angular velocity
was 13.08 rad/s. This emphasises the need of angular momentum conservation for effective landing
techniques examined twisting dismounts similarly and found that ideal arm posture produced an
angular velocity of 10 rad/s, therefore showing how fine-tuning biomechanics imsuggests dismount
performance. Further investigating big swing kinematics found that including biomechanical

models into training programs enhanced twisting efficiency (Zou et al., 2012).

DISCUSSION

The present meta-analysis compiled results of 20 research investigating the effect of many training

methods on strength element performance in men’s artistic gymnastics (MAG). The findings draw
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attention to important patterns in muscle activation patterns, training adaptations, biomechanical
efficiency, and the function of isometric, dynamic, and hybrid resistance training programs.
Particularly in the pectoralis major and deltoid muscles, EMG-based studies repeatedly showed
that strength aspects such the iron cross, swallow, and Azarian need remarkably significant
muscular activation (Schirer et al., 2021). It is important to note that several included studies
examined biomechanical or physiological characteristics rather than direct comparisons of training
interventions. Consequently, causal inference regarding training effectiveness is limited.
Isometric holds demanding significant joint stability and stationary force output define these
components. With top gymnasts requiring to maintain around 30% of their body weight per hand,
(French et al., 2004), verified even more how highly dependent on shoulder joint stabilisation and
relative strength output execution of the swallow is. These results confirm how well isometric
training programs increase MAG’s stationary strength and endurance. Strong proof supporting
preconditioning strength programs to improve ring performance was discovered in this review.
With r = 0.71, p = 0.051 (Prassas et al., 2006), found a notable positive association between
iron cross performance and preliminary strength training. (Bango et al, 2013), whose work
on swallow-specific strength evaluation using force plates (ICC = 0.99) emphasises the need of
consistent performance diagnostics, also reflect this. Furthermore underlined by (De Albuquerque
& Farinatti, 2007), the fatigue effect: maximal resistance during an iron cross hold decreases by
15% following 6 seconds, so stressing the importance of endurance-oriented training showes
longitudinal increases in muscular power of 12% over a two-year period, therefore stressing the
need of consistent and progressive strength training programs for long-term performance gains
(Schérer et al., 2021). Additionally, many included studies had small sample sizes, including single-
subject designs, which reduces statistical power and limits generalisability. These findings should
therefore be interpreted as exploratory rather than confirmatory.
Anotherimportantcomponentingymnast performance turned outtobebiomechanical efficiency,
especially in dismount execution. Effective landings depend critically on vertical dismount distance
(3.33 m) and angular velocity (Rathore, 2017) showed even more how better angular velocity results
from ideal arm posture during twisting dismounts. These results demonstrate that kinematic
optimisation and joint alignment are fundamental to improving technique and minimising landing
forces, a conclusion likewise confirmed by (Hiibner & Schirer, 2015), in their study of the kinetic
profiles of big swings and dismounts. The effect sizes of other training methods were also assessed;
isometric training produces the most notable short-term increases in static strength performance.
On the other hand, dynamic training helps force generation in motions like the iron cross.
Combining static and dynamic features may generate the most well-rounded results, especially in
long-term adaptations; hybrid training programs demonstrated modest but consistent advantages
across several variables (Schirer et al., 2021), gymnastics coaching and athlete development depend
much on these outcomes. The findings suggest that isometric training may support performance
in static strength elements, while dynamic training may contribute to movement-related force
production. (S. M. Bernasconi et al., 2006) However, due to heterogeneity in study design and
limited direct experimental comparisons, these observations should be interpreted as indicative

trends rather than definitive training prescriptions. (Narvariya et al., 2024)
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LIMITATIONS

Several methodological limitations must be acknowledged. First, substantial heterogeneity existed
across study designs, interventions, and outcome measures. Second, many included studies had
small sample sizes, reducing statistical power. Third, several studies were descriptive biomechanical
analyses rather than controlled training interventions. Fourth, limited direct comparisons between
training modalities restrict causal inference. Finally, language and publication restrictions may

have introduced bias.

CONCLUSION

This meta-analysis identifies general trends in strength development strategies in men’s artistic
gymnastics. [sometric training is associated with improvements in static strength performance,
dynamic training may support movement-related force production, and hybrid approaches show
balanced adaptation patterns. However, due to methodological heterogeneity, small sample sizes,
and limited direct comparative evidence, these findings should be interpreted cautiously and

cannot be considered definitive training prescriptions.
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