Pre prints.org

Review Not peer-reviewed version

A Systematic Review of Biomechanical
Principles in Bodybuilding: Enhancing
Performance and Safety Through
Optimal Technique

Aida Bendo " and Rando Kukeli
Posted Date: 6 March 2026
doi: 10.20944/preprints202603.0497v1

Keywords: biomechanics; bodybuilding; optimal technique; performance enhancement; safety techniques

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3585345
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 March 2026 d0i:10.20944/preprints202603.0497.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

evlew

A Systematic Review of Biomechanical Principles in
Bodybuilding: Enhancing Performance and Safety
through Optimal Technique

Aida Bendo * and Rando Kukeli

Sports University of Tirana, Rruga Muhamet Gjollesha 1001, Tirané 1001, Albania

* Correspondence: abendo@ust.edu.al

Abstract

Introduction: Bodybuilding is fundamentally influenced by biomechanical efficiency, which plays a
crucial role in optimizing muscular development and minimizing the risk of injury. Despite its
widespread significance, the systematic integration of biomechanical principles in bodybuilding
practice remains insufficiently explored, especially within emerging fitness communities. Objective:
The primary aim of this systematic review is to synthesize current scientific evidence regarding the
biomechanical principles that underpin effective bodybuilding techniques. The review seeks to
identify key mechanical factors that influence performance outcomes and to propose practical
recommendations for enhancing training efficacy and athlete safety. Methodology: A comprehensive
analysis of 23 peer-reviewed studies was conducted, focusing on the relationship between
biomechanical variables such as joint angles, body alignment, and load application and their effects
on muscle recruitment and strength enhancement. The studies were selected based on relevance,
methodological quality, and contribution to applied bodybuilding biomechanics. Results: The
findings indicate that precise manipulation of joint positioning, optimized load distribution, and
correct body posture significantly improve muscle activation and strength development. These
elements, when systematically applied, contribute to greater training efficiency and reduced injury
incidence. Discussion: The outcomes of this review corroborate existing literature in sports science,
while offering bodybuilding-specific insights that address a notable research gap. The contextual
relevance to Albania further underscores the need for biomechanical education in evolving fitness
sectors. Conclusions: Incorporating biomechanical principles into bodybuilding training can
substantially improve performance, safety, and long-term health outcomes. Future research should
pursue longitudinal and intervention-based studies to further validate these findings and inform
practice.

Keywords: biomechanics; bodybuilding; optimal technique; performance enhancement; safety
techniques

1. Introduction

Bodybuilding is a widely practiced form of resistance training that focuses on increasing
muscular hypertrophy, symmetry, and definition for both aesthetic and performance purposes.
While traditional bodybuilding methodologies have prioritized nutritional strategies, training
volume, and recovery protocols, there is a growing interest in the role of biomechanics in enhancing
training outcomes and injury prevention. Bodybuilding assesses athletes based on muscle mass,
symmetry, and definition, with stages like muscle gain, fat loss, and peak week, adhering to strict
anti-doping standards [1]. The human body is made up of a sophisticated network of articulated parts
that work together to produce force [2]. Biomechanics, the study of the mechanical laws governing
human movement, offers a crucial lens for understanding how muscles, bones, tendons, and joints
function in coordinated motion. Sports biomechanics research focuses on understanding causal
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mechanisms for selected movements, enhancing performance or reducing injuries with the growth
of modeling and computer simulation potentially reducing injury incidence. Sports biomechanics
research aims to understand the causes of specific movements to enhance performance and reduce
injuries, with modeling and computer simulation offering new potential to lower injury risk.

Biomechanics studies human motion, particularly in sports, using technology to improve
performance and prevent injuries through portable devices [3]. A study has explored the use of
biomechanical principles in resistance training for athletic populations and musculoskeletal injury
rehabilitation, enabling coaches and athletes to optimize resistance loads and techniques [4].
Biomechanical kinetic and kinematic analyses analyze human movement patterns, assessing their
impact on health and well-being. Factors like intensity, duration, frequency, age, health status, and
physical abilities are considered [5].

Recent studies underscore the importance of integrating biomechanical principles in resistance
training to enhance muscle activation, improve force application, and reduce injury risk [6]. Another
study explores the potential of biomechanics in sports injury prevention and rehabilitation,
highlighting its potential for enhanced athlete performance and health outcomes through posture
adjustments and personalized training [7].

Advancements in biomechanics in sports enhance performance, prevent injuries, and aid
rehabilitation by enhancing understanding of human movements and detecting injury-preventive
changes [8]. This need is especially pertinent considering the increasing participation of adolescents
and young adults in resistance training programs. Research suggests that regular preseason training
with movement biomechanics can reduce sports-related injuries [9]. Evidence suggests that
biomechanically informed exercise prescription not only enhances athletic performance but also
provides protective effects against acute and overuse injuries. To enhance athletic performance, a
combination of targeted training, technique refinement, and biomechanics understanding is crucial,
with biomechanical analysis providing more accurate insights [10].

Bodybuilders focus on morphological adaptations of skeletal muscle, not muscle strength, using
biomechanical strategies to obtain hypertrophic responses from specific muscle groups, rather than
strictly adhering to classic resistance training periodization [11]. Hypertrophy-oriented training,
which combines mechanical tension and metabolic stress, improves training volume, time efficiency,
and effort intensity, while preventing monotony despite not being superior to traditional methods
[12]. Strength and endurance are improved at the muscle level by hypertrophy and an increase in the
cross-sectional area of fibers [13].

In bodybuilding, competitive evaluation is based on muscular aesthetics, including mass,
proportion, and symmetry training involves both compound (multi-joint) and isolation (single-joint)
exercises targeting specific muscle groups [14]. Bodybuilding ranks competitors based on muscular
mass, symmetry, and definition, focusing on maximizing skeletal muscle hypertrophy, with male
and senior bodybuilders exhibiting varying levels of muscle hypertrophy [11], relying on different
exercise to sculpt the muscle groups. Exercise methods that are efficient and effective in altering body
composition particularly by building muscle mass and decreasing fat mass are becoming increasingly
necessary [15]. Body dissatisfaction is linked to a conception of body image that differs from accepted
beauty standards and is an issue in modern society, especially during adolescence [16]. Significant
levels of physical activity after puberty deviated from previous research and warned of significant
levels of body image distortion in teenagers [17]. Emerging adulthood is a complex stage during
which young individuals develop their personalities, form habits and lifestyles, and pursue higher
education [18]. Improving physical performance requires maintaining an ideal body composition,
which is defined by a decreased percentage of fat and sufficient muscular mass [19]. Regimented
resistance training (RT) can increase muscle size, but effective technique requires volume, intensity,
and range of motion manipulation. ROM, specifically long muscle lengths, influences RT
effectiveness [20]. Resistance training enhances body composition and body image, leading to
increased satisfaction among physically active individuals [21]. Biomechanical inefficiencies can
induce mechanical overload, maladaptive motor patterns, and tissue damage, heightening injury
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risk. Muscle mass increase is crucial for health, fitness, and performance, with muscle hypertrophy
influenced by mechanical tension, muscle damage, and metabolic stress from strength exercise [14].
Exercise effectiveness depends on biomechanical factors like joint angles, load distribution, and
technique precision, which can be inefficient, leading to mechanical overload, maladaptive motor
patterns, and tissue damage. Inadequate biomechanics can lead to tissue injury, changed motor
patterns, and increased mechanical stress, that raise the risk of injuries over time. A study has
explored the use of biomechanics in sports injury prevention and rehabilitation, highlighting its
potential for improved athlete performance and health outcomes through personalized approaches,
artificial intelligence, and wearable technologies [7].

Epidemiological data indicate Bodybuilding injuries are low compared to other sports, with
muscle strain being the most common type, followed by tendinitis and cartilage wear [22]. While
biomechanics in general resistance training is well-studied, few works comprehensively address its
relevance within competitive bodybuilding. Further, regional differences in training practices remain
under-examined. A systematic review exploring functional versus traditional training methods, has
identified a methodological overlap between Functional Training (FT) and Traditional Training (TT),
both focusing on rehabilitation and muscle strength enhancement, with effectiveness varying based
on individual needs [23], shaped by exercise selection, an insight directly transferable to adapt the
design of an individualized program according to the specific needs of the athlete. Strength and
functional conditioning training enhances physical and mental health by combining joint and
muscular exercises with high-intensity cardiovascular exercises, promoting adherence and well-
being [24].

A literature review reveals that injuries in youth resistance training are mostly accidental due to
poor technique and inappropriate loads, but safe and effective training can be achieved with qualified
supervision and age-appropriate instruction [9]. A study has revealed that biomechanical analysis is
crucial for achieving goals and enhancing kick accuracy, emphasizing the importance of
understanding interrelated biomechanical factors in enhancing kick accuracy and suggesting future
research should combine various methods [10], because sports movements require precise joint
control to minimize strain and to reinforce movement efficiency.

A growing body of evidence has reported that poor lifting techniques, overtraining, and
disregard for biomechanical efficiency are common contributors to musculoskeletal injuries in
bodybuilding populations. Weight training is a common physical activity for muscle strength,
endurance, and hypertrophy, targeting muscle groups and joint motions with gravity and resistances.
Sports injuries can occur from resistance exercises, such as tendon ruptures and joint dislocations. A
study found an estimated injury incidence of 2.6 per 1,000 hours of activity, including muscle strains,
tendon avulsions, joint subluxations, and overuse syndromes [25]. In contrast, athletes adhering to
biomechanically optimized resistance training protocols demonstrate improved performance metrics
and lower injury rates, Resistance training protocols improve performance and reduce injury rates in
weightlifting and powerlifting, with common injury localizations being the shoulders, low back, and
knee regions [26]. A systematic review showed that weightlifting and powerlifting have similar
incidence rates to non-contact sports, but powerlifting has a high prevalence of injury, particularly in
the lower back, shoulder, and knee [27]. Injury prevention programs can improve landing task
biomechanics, notably peak knee and hip flexion angles, and decrease peak knee abduction moment,
aiding athletes in overcoming ligament dominance loads [28]. Structured resistance training
significantly enhanced maximal strength, functional performance, and core muscle biomechanics,
particularly in isokinetic muscle functions and external oblique stiffness, thereby enhancing force
production capabilities and core stability [29]. Furthermore, improvements in muscular strength and
neuromuscular coordination enhance the force-time relationship and reduce mechanical
vulnerability [30]. Developing muscular strength and mastering technical skills are crucial
components of success for young players [31]. Muscular strength and cross-sectional muscle area are
positively correlated, especially at large muscle mass, enhancing strength and power, and potentially
improving exercise performance [32].
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Despite the increasing volume of research on biomechanics in strength and conditioning, there
is a noticeable lack of studies synthesizing these principles specifically within the context of
competitive bodybuilding. Existing reviews often focus on generalized resistance training without
fully addressing the biomechanical demands of bodybuilding as a sport. Moreover, there is a paucity
of research centered on bodybuilding practices in Southeastern Europe, particularly in Albania, a
region experiencing rapid growth in gym culture and athletic participation, often without structured
biomechanical education or injury prevention frameworks.

This systematic review aims to synthesize current biomechanical knowledge in bodybuilding,
by addressing existing gaps related to biomechanical factors. It examines how joint mechanics,
movement patterns, and loading strategies influence performance and injury risk. Additionally, the
review provides evidence-based recommendations for optimizing training techniques and
emphasizes the importance of culturally sensitive and regionally applicable prevention strategies,
particularly in contexts where biomechanical guidance is still emerging.

2. Material and Method

To investigate how rural forest-dependent communities This section outlines the methodology
adopted for conducting a systematic review focused on biomechanical principles in bodybuilding.
The review aims to identify biomechanical strategies that optimize performance and reduce injury
risk. The methodology comprises study design, research questions, literature search, eligibility
criteria, data extraction, quality appraisal, and statistical analysis.

2.1. Study Design

This systematic review was conducted following the PRISMA 2020 guidelines to ensure
methodological rigor and transparency [33]. A structured framework was applied to identify,
evaluate, and synthesize existing research related to biomechanics in bodybuilding. Emphasis was
placed on studies investigating movement technique, joint mechanics, and muscle activation, with
the goal of improving both performance and injury prevention.

2.2. Research Questions

1. What are the main biomechanical factors influencing muscle activation during common
bodybuilding exercises?

2. How do these biomechanical principles contribute to injury prevention?

3. What evidence-based recommendations can be made for optimizing training techniques

to improve performance and safety?

2.3. Search Strategy and Data Source

A systematic literature search was conducted across PubMed, Scopus, Web of Science,
SportDiscus, and Google Scholar, covering the period from January 2010 to July 2025. Boolean
operators were used to construct the final search string: ("biomechanics" OR "biomechanical
analysis") AND ("bodybuilding” OR "resistance training") AND ("muscle activation” OR "muscular
recruitment”) AND ("injury prevention” OR "injury risk") AND ("performance enhancement” OR
"training optimization"). Only peer-reviewed articles written in English were considered. A total of
23 studies met the inclusion criteria after full-text screening and duplicate removal. Studies were
selected based on specific inclusion and exclusion criteria to ensure relevance and methodological
consistency. A tabular summary of these criteria is presented in Table 1.

Table 1. Summary of Inclusion and Exclusion Criteria.

Criteria Type Criteria Description
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- Studies on bodybuilding, powerlifting, or resistance training.
- Focus on biomechanical aspects (e.g., muscle hypertrophy, joint kinematics, repetition
tempo, training volume, 1IRM, EMG activity).
- Participants aged 212 years, including both recreational and elite athletes.
Inclusion
o - Study designs: systematic reviews, RCTs, cohort studies, cross-sectional studies, narrative
Criteria and mixed-method reviews.
- Peer-reviewed publications from 2010 to 2025.
- Reported outcomes related to injury risk, performance enhancement, or body composition

changes.

- Studies on non-strength-based sports (e.g., endurance, team sports without strength
focus).
- Lack of biomechanical or physiological performance focus.
Exclusion
- No measurable outcomes reported.
Criteria
- Participants under 12 years old (unless in controlled youth athlete contexts).
- non-peer-reviewed articles, editorials, opinion papers, or those without full-text

availability.

Inclusion Criteria:

Studies were deemed eligible for inclusion if they examined populations engaged in
bodybuilding, powerlifting, or structured resistance training, and reported biomechanical variables
such as muscle hypertrophy, joint mechanics, repetition tempo, training volume, or strength-related
parameters (e.g., one-repetition maximum, electromyographic activity, or torque). The review
included studies with participants aged 12 years and older, encompassing both amateur and
competitive athletes. A wide range of study designs were considered, including systematic reviews,
randomized controlled trials, cohort and cross-sectional studies, narrative reviews, and mixed-
method approaches. Only peer-reviewed articles published between 2010 and 2025 that presented
measurable outcomes related to injury incidence, performance enhancement, or changes in body
composition were included. Figure 1 gives a summary distribution of published articles 2010-2025.

Exclusion Criteria:

Studies were excluded if they did not focus primarily on resistance-based disciplines or failed to
examine biomechanical or physiological performance indicators. Research involving non-athletic
populations or sports unrelated to strength training was not considered. Additionally, studies were
excluded if they involved participants under the age of 12 (unless justified by training background),
lacked peer-reviewed status, did not provide full-text access, or were classified as editorials,
commentaries, or opinion pieces without empirical data. Only original studies with clear
methodological design and relevant outcome measures were retained for analysis.

2.4. Research Setting

The studies included in this review were conducted in varied environments such as sports
science laboratories using tools like motion capture, electromyography (EMG), and force plates.
Many were also based in university departments focused on exercise physiology and biomechanics.
Several investigations were carried out in gym-based settings, providing real-world insights. Studies
conducted in Albania or involving Albanian participants were prioritized for regional relevance.
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Published articles 2010-2025
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Figure 1. Number of Articles Published Each Year (2010-2025).
3. Data Analysis

No new participant recruitment or sample size estimation was required. Statistical findings from
included studies were synthesized using descriptive and, where applicable, meta-analytical
techniques. Results were stratified by training experience (novice, intermediate, advanced) and
exercise type. Statistical significance was considered at p < 0.05, with 95% confidence intervals
reported. Table 2 gives a summary of statistical analysis methods.

Table 2. Summary Table of Statistical Analysis Methods.

Analysis Methods Description
Focuses on synthesizing and interpreting data from various studies included in the
Statistical Analysis ) ) o ) )
review, using summary statistics and meta-analysis where applicable.
Uses a standardized data extraction form to collect study characteristics:
e Study Characteristics: Author, year of publication, sample size, and
demographic participants, key outcomes.
e  Biomechanical Variables: Specific biomechanical parameters studied (e.g., joint
Data Extraction angles, force production) & tecnical skills.
e  Performance Outcomes: Metrics related to muscle activation, strength gains, and
injury rates.
e  Statistical Results: Effect sizes, confidence intervals, and p-values reported in
the studies.
Examine the robustness of meta-analysis results by re-running analyses while
Sensitivity
excluding studies with characteristics like small sample sizes or high risk of bias to
Analyses

determine their impact on overall findings.

To ensure that the selected studies are statistically representative of the target group, a
Sample Size
systematic approach to sample size calculation is employed. This section outlines how

Determination
the sample size is determined based on established statistical methods.
The sample size for studies included in the systematic review that estimates based on
Statistical the following parameters:
calculators e Population Size: The estimated population of participants aged 12 years and

older, encompassing both amateur and competitive athletes
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e Margin of Error: A commonly accepted margin of error of 5% will be applied to
enhance the precision of the sample.

e Confidence Level: A confidence level of 95% will be utilized, which means that
if this study were to be repeated multiple times, 95% of the samples would
capture the true population parameter.

e Estimated Proportion (p): Assuming a proportion of 50% for the population
engaged in bodybuilding, as this provides the maximum variability for sample

size calculation

s ) A p-value (p < 0.05) is considered statistically significant for all analyses. Confidence
tatistica

intervals (CI195%) are used to estimate the likelihood of the true effect size falling within
Significance

a range of values.

Assessing the quality of included studies is critical for ensuring that the synthesized
Rationale for
findings are based on reliable and valid evidence. This process reinforces the review's

Quali
¥ objective of providing evidence-based recommendations for optimizing training
Assessment
techniques.
*Significant differences, p <.05.
4. Results

The results of this systematic review are organized into thematic categories that reflect the
biomechanical principles most relevant to performance enhancement and injury prevention in
bodybuilding. The section includes updated visuals and tabular content to meet reviewer
expectations for methodological transparency and clarity.

4.1. Study Selection Process

An initial search across multiple databases yielded a total of 382 articles. After removing 228
duplicates, 154 articles remained for title and abstract screening. Of these, 78 were excluded for not
addressing biomechanical topics relevant to bodybuilding, mainly articles focused solely on
nutrition, psychology, or unrelated sports. A total of 76 full-text articles were then assessed for
eligibility, and 53 were excluded for reasons such as insufficient reporting of biomechanical data (n=
24), incorrect population age range (n =15), and non-peer-reviewed status (n =14). Ultimately, 23
studies met all inclusion criteria and were selected for qualitative synthesis. This correction addresses
the inconsistency noted in the previous version and satisfies. The updated PRISMA flow diagram,
including exclusion reasons, provided in Figure 2.
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database (n = 382)

Records after duplicates
removed (n = 228)

Records screened
title/abstract screening
(n =154)

Record excluded non
relevant (n = 78)

Full-text articles excluded: 53
- Insufficient biomechanical data: 24
- Incorrect population age range: 15
- Non-peer-reviewed: 14

Full-text articles
assessed for eligibility
(n =786)

Studies included in

qualitative synthesis
(n=23)

Figure 2. PRISMA Flow Diagram for Study Selection.

4.2. Descriptive Characteristics of Included Studies

The 23 studies included in the review varied in design (RCTs, cohort, cross-sectional), sample
size, participant demographics, biomechanical variables and technical skills were analyzed. The
majority focused on participants ages 12 years and older, consistent with the review’s inclusion
criteria. The characteristics of these studies are presented step by step in Figure 3 below. A summary
table (Table 3) has been added to present study characteristics such as research design, biomechanical
focus, outcome measures, and conclusions.
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Step 1: Understanding Study Diversity
Design Type: Observational, RCTs, Meta-analyses
Sample Size: Small (20 participants) to Large (hundreds)

Biomechanical Focus: Squats, Deadlifts, Bench Presses,
Overhead Lifts

Step 2: Biomechanical Principles & Muscle Activation Step 3: Injury Prevention Strategles

Proper Technique: Reduces injury risk
Optimized Joint Angles: Positive impact on muscle recruitment Strength Balance: Develop antagonistic muscles
Body Mechanics: Posture and alignment for maximum activation
Individualized Training: Tailored to individual biomechanics

Step 4: Performance Enhancement

Force Vectors: Effective force application for
strength

Step 5: Synthesis of Findings Step 6: Conclusion
Enhanced Muscle Activation Inform athletes and trainers
Injury Reduction Advances research in biomechanics

Technique Modification: Adjustments for
efficiency Performance Improvement Future research directions

Figure 3. Descriptive Characteristics of Included Studies.

Data Extraction and Key Variables

A standardized extraction protocol was used to collect consistent data across studies. This
included author names, publication year, sample size, participant demographics, and biomechanical
metrics such as joint angles, muscle activation, load distribution, EMG, technical skills results and
conclusions. Performance indicators: strength gains, hypertrophy, and injury incidence—were also
recorded, along with statistical values (p-values, confidence intervals, and effect sizes) to facilitate
meta-analysis.

Quality Assessment and Risk of Bias

All included studies were assessed using the Newcastle-Ottawa Scale (NOS), which evaluates
methodological quality based on selection, comparability, and outcome domains. Most studies scored
between 6 and 9 stars, indicating moderate to high quality. The risk of bias was generally low across
domains, although some studies had unclear reporting on blinding or confounding controls.

Narrative Synthesis of Key Themes

Due to significant heterogeneity in study designs, outcome measures, and biomechanical
variables, a quantitative meta-analysis was deemed inappropriate. Therefore, findings are presented
descriptively, grouped into key thematic areas.

Table 3. Descriptive Characteristics of Included Studies.

Biomechanical
Participant variables Key outcome/
Study no. Study design Sample size
demographics analyzed & conclusions
technical skills
Injury risk is similar to
12-16 years
Aasaetal., Systematic Injury other non-contact
9 articles weightlifters &
2017 review incidence/hour sports but lower than
powerlifter
contact sports.
Randomized The max. Elastic bands don’t
Aidar et al,, Paralympic
counterbalanced 12 subjects Isometric Force reduce strength but
2021 Powerlifting
cross-over study (MIF) with peak increase fatigue and
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(static & torque time to max isometric
dynamic measurement strength vs. fixed
strength tests) (PT), the rate of resistance.
force
development
(RFD), the fatigue

index (FI), the
time in the max.

isometric force

Poor sleep links to

body composition,
higher body fat; good

fat mass (FM),
sleep to more muscle,

Alarcén- Observational
26 competitive
Rivera et al,, cross-sectional > 18 years skeletal muscle
bodybuilders highlighting sleep’s
2025 study mass (SMM) &
role in body
their relationship.
composition.
A Narrative Bodybuilders use
Muscle
Review heavier loads, fewer
Alves etal., Competitive hypertrophy, &
(including 14 articles reps, and longer rests
2020 bodybuilding changes in body
Resistance off-season than pre-
composition
training) contest.
maximizing
muscle
exercise hypertrophy,
Eccentric and
professionals, exercise-specific
Androulakis et A Narrative 42 articles concentric tempos vary
physique sport kinematics,
al., 2024 Review if total rep time is 2-8
athletes, contraction type,
seconds.
&coaches. repetition tempo,
and range of
motion (ROM)
Knowing functional vs.
15 articles, 612 Traditional
Systematic traditional training aids
Beck etal,, participants training protocols,
review of 9.6 - 71 years in creating adaptable,
2025 (425 women functional
Controlled trial evidence-based
and 187 men) training protocols
programs.
Weightlifting
Weightlifters
injuries in the last
393 commonly experience
A descriptive 6 months include
participants, musculoskeletal
Bukhary etal.,,  cross-sectional, shoulder, knee,
where all 18-29 years injuries linked to the
2023 questionnaire- wrist
attendant weight lifted, with no
based study pain/inflammatio
weightlifters significant connection
n, body torsion

to gender, age, or BML
issues, ligament
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and muscle tears,

and stripped-off

injuries.
Motivation
Questionnaire Gender,
for Sports Educational Functional training is
Activity qualification, key for improving
David et al., (QMAD) & 189 Residential physical performance,
18 - 58 year
2025 Survey on participants Environment, Box  significantly boosting
Motivations for Affiliation, capacity more than
the Absence of Experience, traditional methods.
Sports Activity Practice Level
(IMAAD)
A quantitative
Functional foods and
approach with a cardiovascular
sports supplements
Falconi et al., non- 150 endurance,
18 - 35 years significantly enhance
2025 experimental participants muscle strength,
athletes” physical
correlational recovery time
performance.
design
muscle
hypertrophy, Preventive measures
injuries happenin  include medical check-
the squat, deadlift  ups, athlete education,
Franca & Competitors
A brief review 30 articles & bench press, competition safety,
Harcet, (2024). bodybuilders
incidence of proper training/load,
injuries; muscle and equipment
strain, tendinitis & inspections.
cartilage wear
29 young men MJ and SJ exercises are
without prior equally effective for
Gentil et al., Muscle Thickness,
Cohort resistance >18 years promoting increases in
2015 Peak Torque
training upper body muscle
experience strength &size
muscular strength
outcomes with
Higher resistance
A systematic different RT
Grgicetal,, middle-aged training frequency
review & meta- 22 studies frequencies,
2018 & older adults leads to greater muscle
analysis training volume,
strength gains.
exercise selection
for 1 RM
Krzysztofik et A Systematic trained Muscle Insufficient evidence
30 articles
al., 2019 Review athletes hypertrophy: limits guidelines for
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changes in cross-  volume, intensity, and
sectional area, frequency of RT
thickness, techniques, but well-
strength (IRM trained athletes can
tests); mechanical ~ incorporate advanced
tension, metabolic methods to break
stress, muscle plateaus and prevent
damage; training monotony.

volume measured

by reps.
body composition,
physical fitness
Resistance training
components,
improved strength,
1RM, isokinetic
Liuetal, 18-30 years function, and joint
RCT 40 participants muscle functions,
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4.3. Muscle Activation and Joint Mechanics

Several studies demonstrated that optimal joint angles and proper form significantly enhance
muscle activation patterns during resistance exercises. Muscle development is crucial for competitive
sports success, but training volume and frequency should be balanced to avoid overtraining and
excessive fatigue, especially for strength-building exercises [34]. The literature supports the idea that
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biomechanical precision in movement execution maximizes hypertrophy and reduces mechanical
stress. Recent advancements in understanding shoulder biomechanics are crucial for rehabilitation
of shoulder impingement [35], highlighting the importance of scapular stability and joint alignment
in preventing common injuries [36].

4.4. Injury Prevention Strategies

Across the included studies, consistent themes in injury prevention were observed: strength
balance between agonist and antagonist muscles, individualized training regimens, and
biomechanically informed technique adjustments. Research shows that biomechanical control
significantly reduces injury risk in high-load movements like squats and deadlifts, influenced by
modifiable parameters [37]. Exercise biomechanics investigates the influence of physical activity on
health, athletic performance, and injury prevention, aiding in the design of effective exercise
programs and enhancing sports biomechanics knowledge [5].

Performance Optimization through Biomechanics

In sports, muscles function as force generators and eccentric shock absorbers through the
interaction of contractile and series elastic components, with plyometric training enhancing speed,
power, and overall performance [38]. Biomechanical efficiency not only prevents injuries but also
enhances performance outcomes. A systematic review discusses the positive effects of muscular
strength on athletic performance, highlighting its ability to improve force-time characteristics,
general sport skills, and reduce injury risk [30]. Strength training effectiveness depends on individual
athlete characteristics, age, sport specialization, and experience. High-intensity, low-volume training
is best for explosive power sports, while moderate-intensity, high-volume regimens are better for
endurance [34]. Research on functional training suggests a new load progression strategy:
complexity, which involves increasing the technical difficulty level of exercise, aiming to enhance
muscle strength synergistically and integrate it with other physical fitness components [39].

Sticking Point and Muscle Mechanics

The sticking point in resistance training refers to the increased difficulty during lifts, impacting
athlete load and competitive achievement, and increasing the risk of form breakdown and injury [40].
Recognizing individual variations in sticking zones can guide coaches in tailoring resistance
programs effectively. Elastic band training increases fatigue and time to reach maximum isometric
strength compared to fixed resistance methods, indicating the need for proper load control for athlete
recovery, and its uses in squat exercises helps to optimize performance [41]. Researchers discovered
that applying elastic bands above the sticking point enhances movement, repetitions, and
cardiovascular responses, offering a new approach to muscle training [42].

Muscle Fiber Types and Adaptation

Type I (slow-twitch) and type II (fast-twitch) fibers respond differently to various training
stimuli. Resistance protocols targeting type II fibers have shown the greatest gains in hypertrophy
and power. Skeletal muscle adapts to training stimuli, achieving optimal hypertrophy through
increased sarcomeres, type II/I f{CSA ratio, myofibril utility, and hypertrophy areas, using specific
training stimuli for specific tasks [43]. Heavy load training necessitates more sets for hypertrophy
compared to moderate loads, causing inefficiency and increasing joint-related stresses and
overtraining potential due to high training volumes [44]. Research on mechanical overload-induced
skeletal muscle hypertrophy has evolved significantly, with innovative methodologies driving
advancements in molecular-based techniques [45]. A review also acknowledges emerging concerns
related to gene doping, which may increase body weight, muscle mass, and strength, but concerns
arise about artificially influencing fiber adaptation [46]. Genetic modifications to muscle fiber growth
signaling pathways induce hypertrophy, leading to significant differences in force development and
muscle size [47].

Isolation vs. Compound Exercises

Both isolation and compound exercises offer unique biomechanical benefits. Resistance training
focuses on hypertrophy and strength through manipulation of movement tempo, which is crucial for
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youth and injured athletes, as it controls specific phases of movement, aiding recovery [48]. A study
found that multi-joint exercises (M]) were more effective in improving muscle strength and maximal
oxygen consumption than single-joint exercises (SJ), but not in body composition [49]. Single joint
exercises promote muscle hypertrophy due to ease of learning, while multi-joint exercises maximize
strength due to greater weightlifting, with some authors suggesting MJ exercises are more effective
[14]. Muscle activation varies significantly across exercise types, further emphasizing the importance
of balanced programming.

Psycho-emotional and Instructional Context

Recent studies have highlighted the importance of coaching quality and psychological factors in
biomechanical learning and injury resilience. A study emphasizes the importance of gender-specific
coaching practices and sport-specific approaches to cater to diverse needs, highlighting the
correlation between effective coach education and improved training outcomes and athlete
satisfaction [50]. Another study explores the intricate connections between coach leadership
behavior, coach-athlete relationship, psychological fatigue, and athletes' performance, revealing
positive leadership can enhance performance [51]. A review suggests a multidisciplinary approach
to understanding athlete resilience, utilizing data science to detect potential losses and providing
personalized feedback for improved performance [52].

5. Discussion

This study contributes to the expanding This systematic review critically examined the role of
biomechanical principles in optimizing training outcomes and injury prevention in bodybuilding.
Biomechanical variables like joint angles, grip width, and movement velocity influence muscle
activation patterns, with efficient techniques influencing muscle recruitment, particularly in
compound lifts, and longitudinal variation potentially stimulating hypertrophy or strength gains
[53].

Multiple studies support the notion that biomechanical optimization contributes to improved
safety during resistance training. The association between knee proprioception, strength, and
functional symmetry in healthy individuals using isokinetic strength tests, proprioception
assessments were examined, emphasizing the significance of proprioceptive assessments in
rehabilitation and injury prevention [54]. A meta-analysis showed that training intervention

programs reduced the risk of lower extremity knee injuries by 25% [55]. Higher resistance training
frequency leads to greater muscular strength gains, particularly in upper body and women exercises,
with young individuals responding more positively [56].

Advanced biomechanics technologies are improving human movement understanding,
enabling innovative sports performance and injury management solutions, influenced by
physiological, technical, and motivational factors [57]. Biomechanics is crucial for understanding
human movement, with advancements in motion capture systems, force plates, Al-powered models,
and wearable sensors enhancing research applicability to real-world conditions [58]. These insights
suggest that embedding biomechanical instruction into bodybuilding practice is not only
scientifically justified but practically beneficial. Biomechanical analysis enhances athletic
performance and prevents injuries through qualitative and quantitative methods, using technologies
like optical devices, electromyography, and inertial tracking systems [59].

Compared to existing systematic reviews on strength training biomechanics such as those by
two studies [56,60], this review offers a more targeted synthesis specific to bodybuilding. While
earlier reviews focused on general resistance training, this study uniquely consolidates evidence
regarding biomechanical considerations in hypertrophy-driven resistance protocols.

A key area of consensus among included studies was the role of movement precision in muscle
activation efficiency. The study indicates that squat depth, grip variation, and scapular control
directly affect the activation of primary and stabilizing muscles like the quadriceps, pectorals, and
rotator cuff musculature. A new index-based approach reveals the function of muscles in the
shoulder's glenohumeral joint, highlighting its stability and how load increases compensation,
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potentially aiding in motor control strategies [61]. These findings provide a compelling rationale for
coaches and athletes to prioritize biomechanics in exercise execution.

Beyond injury mitigation, performance enhancement through biomechanics was evident in
studies examining power generation and neuromuscular control. Neuromuscular training (NT)
enhances athletes' physical fitness by improving balance, agility, speed, muscular power, endurance,
and motor muscle performance [60]. High sports performance requires the development of physical
qualities and functional features such as strength, agility, flexibility, endurance, neuromuscular
coordination, and general endurance [62]. A study shows that concentrated force outputs are
significantly higher than eccentric outputs, except for peak force, and increased during the concentric
phase of squats [63], when athletes achieved optimal alignment and range of motion. Another study
emphasizes the importance of analyzing force-velocity relationships for optimizing sports
performance, identifying ideal weight and speed ranges for squat and bench press, and evaluating
maximum strength for training objectives [64]. This aligns with recent narrative review literature
highlighting a strong correlation between optimized squat technique and explosive performance [65].

In terms of practical application, the review underscores the importance of individualized
training programs based on biomechanical assessments. Coaches and trainers should employ video
analysis, force platforms, or motion capture technologies to provide real-time feedback and adjust
exercise prescription accordingly. A study reveals that skilled coaches significantly enhance athletes'
performance in sports competitions, enhancing physical training, mental preparation, technical skills,
and goal setting techniques [66]. Strength training is a technique that enhances neuromuscular
efficiency in athletes, according to current research, enhancing their economy, muscle power, and
performance in endurance sports [67]. Research has shown that strength training improves general
health throughout life [68]. Biomechanical concepts enhance athletes’ performance by improving
movement efficiency, approach optimization, and injury prevention, but challenges include limited
resources, resistance to new teaching methods, and a shortage of experienced instructors [69].

Workshops on biomechanics education, especially for inexperienced athletes, have
demonstrated encouraging outcomes in terms of enhancing movement literacy and decreasing
maladaptive compensating tendencies. In line with global coaching standards, these observations
could guide the creation of organized certification programs for bodybuilding coaches.

This review also acknowledges that certain populations such as Albanian bodybuilders and
athletes remain underrepresented in biomechanical research. Rather than drawing unique
biomechanical conclusions about Albanian athletes, this study highlights the lack of local data and
emphasizes the need for contextually relevant investigations in Southeastern Europe.

Several methodological limitations must be noted. First, the heterogeneity of biomechanical
outcomes, intervention durations, and participant experience levels across studies limited
comparability. Second, most included studies reported short-term results, and few provided
longitudinal follow-up to determine the durability of biomechanical adaptations. Third, variations in
measurement tools (e.g., surface EMG vs. force plates) may introduce inconsistencies in data quality.
Despite these challenges, the consistency of core findings across diverse settings adds to the
robustness of the conclusions.

The current review emphasizes that understanding joint mechanics and movement coordination
is essential not only for injury prevention but also for maximizing muscle recruitment efficiency. In
line with prior literature, understanding the mechanisms that lead to the occurrence of sticking
points, discussing their mechanisms, definitions, and effectiveness.as well as different training
strategies that can be used to overcome them is important to prevent injury and promote progress in
strength practitioners [40]. Moreover, activation differences between type I and type II fibers remain
a relevant consideration in load prescription. Muscle fiber type composition influences sports
performance, with type I fibers in slower events and type II in higher events, influenced by genetics,
training, nutrition, and lifestyle [70]. Functional foods and sports supplements have gained
importance in physical performance due to their potential to enhance athletic capacity [71]. Body
appreciation plays a crucial role in promoting positive attitudes towards physical activity and healthy
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eating habits, preventing short-term issues like fatigue and chronic diseases [72]. Fitness is crucial for
physical and mental health, making it essential to identify intervention opportunities to tackle public
health issues and boost the fitness sector's growth [73]. Biomechanically informed programming
allows for more tailored hypertrophy, strength, and recovery strategies.

Ultimately, the integration of biomechanical education and screening protocols in training
environments from fitness centers to elite sports facilities has the potential to elevate safety standards
and training efficacy. Bodybuilding coaches frequently recommend nutrition, exercise protocols,
supplements, and performance-enhancing drugs, with fasted cardiovascular exercise and creatine
being the most popular and recommended supplements [74]. Recent research highlights the
significance of psychological factors in sport performance, including focus, emotional regulation,
stress tolerance, mental toughness, and mindfulness, which can be integrated into training regimens
[75].

Future research should further explore the long-term physiological effects of performance-
enhancing substances and examine how sociocultural norms influence biomechanical training
compliance in bodybuilding communities [76]. The review also highlights important topics for
additional research, including the long-term effects of performance-enhancing substances and social
factors influencing training compliance.

6. Conclusion and Recommendations

This systematic review explored the application of biomechanical principles in bodybuilding,
with a focus on optimizing performance and reducing the risk of injury. The findings suggest that a
deeper understanding of human movement mechanics and muscle activation patterns may
contribute to more effective training strategies. However, due to methodological variability and the
limited duration of many of the included studies, the conclusions should be interpreted with caution.
Rather than asserting definitive outcomes, the review highlights the potential value of biomechanical
integration in training design and injury prevention.

The evidence gathered indicates that tailoring training programs to individual anatomical and
functional characteristics could improve exercise efficiency and help minimize overuse injuries.
Practical implementation of biomechanical analysis such as evaluating joint angles, movement
tempo, and load distribution can support more targeted and sustainable hypertrophy-oriented
programs. Nevertheless, these benefits are likely to be most significant when supported by ongoing
assessment and technical refinement.

From a practical standpoint, several actionable recommendations can be derived for key
stakeholders. Coaches and trainers are encouraged to incorporate basic biomechanical screening into
routine training, using tools such as video analysis to monitor lifting techniques and identify
asymmetries. Periodic movement assessments can also help adapt programs to the athlete's evolving
capabilities. Sports physicians and physiotherapists may benefit from adopting biomechanically
informed rehabilitation protocols that focus on joint stability and neuromuscular control.

Sports institutions and fitness centers should consider investing in professional development
workshops focused on biomechanics, ensuring that their staff are trained to interpret movement data
and apply evidence-based techniques. Implementing structured, biomechanically guided strength
training programs, especially for novice and youth athletes, may enhance safety and long-term
athletic development. Additionally, fostering interdisciplinary collaboration between biomechanists,
coaches, and health professionals could help standardize best practices within bodybuilding and
strength training communities.

Finally, while this review provides an initial framework, further high-quality, longitudinal
studies are needed to evaluate the long-term effects of biomechanical interventions. Emphasizing this
need reflects a careful and realistic interpretation of the current evidence base, aligning with the
limitations acknowledged in this review.

6.1. Impact of the Study
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The study aims to fill a critical gap in localized research on biomechanics in bodybuilding in
Albania, addressing the growing popularity of bodybuilding and the lack of localized research. It
also considers cultural and economic factors, highlighting the importance of promoting physical
health through informed bodybuilding practices. The findings can inform coaches, trainers, and
sports organizations, improving training methodologies and athlete safety protocols. The study also
seeks to contribute to the global body of knowledge on biomechanics in bodybuilding, fostering
international collaboration.

6.2. Limitations

The review's findings on biomechanical principles in bodybuilding are influenced by
heterogeneity in studies, potential publication bias, and a lack of longitudinal data. The varied design,
methodologies, and participant characteristics of the studies may limit generalizability. Many studies
included in the review were cross-sectional in nature, which limits the understanding of long-term
effects of biomechanical optimization on performance and safety.

6.3. Future Research Directions

Future research should focus on standardized designs and long-term studies evaluating
biomechanical optimization's impact on performance and injury rates. It should also explore
biomechanical variability, individual factors influencing training outcomes, and the integration of
technology like motion analysis and wearable sensors for real-time feedback during training.
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