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                                Biomechanical analysis of the Barbell Bench press

Introduction.
The barbell bench press is one of the most popular performed upper body exercises in sport and strength training (Król &  Gołaś, 2017). It is a competitive form of powerlifting and is widely used in athletic preparation programmes to develop upper body strength, hypertrophy, and pushing power. Athletes in rugby, American football, basketball, combat sports, and track and field frequently use the bench press to enhance force production capabilities. Due to the substantial loads involved and the mechanical stress placed on shoulder and elbow joints, understanding the biomechanics of the bench press is critical for maximising performance while minimising injury risk. Biomechanically, the bench press is a multi-joint compound movement involving coordination motion at the shoulder, elbow, and scapulothoracic articulation. The prime moves include the pectoralis major, anterior deltoid, and triceps brachii. The movement involves both eccentric (lowering phase) and concentric (pressing phase) muscle actions. Key biomechanical principles underpinning the movement include kinematics (joint angles, displacement, velocity), kinetics (force production and torque). Newton’s laws of motion (Krantz, 1973). Impulse momentum relationships, and lever systems. Both the shoulder and elbow function predominantly as third-class levers, meaning large internal muscular forces are required to overcome relatively smaller external loads. 
Efficient performance of the bench press depends on optimal bar path, joint alignment, and coordinated force production across the kinetic chain. Technical errors such as excessive shoulder abduction, poor scapular control or wrist hypertension may increase joint stress and elevate injury risk, particularly at the anterior shoulder complex. 
The aim of this report is to investigate the biomechanics of the barbell bench press with respect to mechanical efficiency, safety and performance demands. Specifically, this investigation will analyse joint kinematics, bar path characteristics and estimated force of production. Potential injury risks and performance limitations will be identified, and evidence informed recommendations will be provided to enhance performance and reduce injury risk. The report will present methods, results, discussion, and concluding recommendations. 
Method
Biomechanical data was collected as a video combined with structured observational assessment. One resistance trained participant (Male 20 years old, body mass 84kg, minimum of two years resistance training experience) Volunteered for data collection, data were anonymised for ethical purposes. 
The participant performed the barbell bench press at 75% of his self-reported one repetition maximum (1RM). Three repetitions were completed under controlled conditions the participant lay spine on a flat bench with feet laced flat on the floor and scapulae retracted against the bench surface. Grip width was set at approximately shoulder width, a standard Olympic barbell (20kg) loaded with calibrated weight plates was used. 


A video was recorded at 60hz using a smartphone camera positioned at a rear-view angle (directly behind the participants head) motion analysis software (Dartfish) was used to measure elbow joint angles, shoulder abduction angle, vertical and horizontal bar displacement, concentric phase duration. Peak bar velocity was estimated using displacement and time data. Estimated net force applied to be barbell was calculated using the equation F =ma, incorporating gravitational force and estimated acceleration. Observational analysis assessed wrist alignment, scapular stability, elbow flare, and bar path consistency. The approach provided meaningful insights into technique efficiency and mechanical characteristics. 
Results
Elbow angle at lowest point 94.6 degrees 
Shoulder abduction angle 72 degrees 
Vertical bar displacement 33cm 
Horizontal bar displacement 6cm 
Concentric phase duration 1.2 seconds 
Estimated peak bar velocity 0.60 m/s 

Bar path characteristics 
 The bar followed a straight movement down towards the lower sternum. During the concentric phase, the bar moved upward and slightly posteriorly toward the shoulder joint, horizontal displacement was minimal (Wilson et al., 1989).
Joint Kinematics 
At the lowest point of the lift, the elbow joint angle was 94.6 degrees suggesting moderate elbow flexion, shoulder abduction around 72 degrees remaining below excessive abduction threshold. Wrist extension of approximately 35 degrees was observed across all 3 attempts. 
Force and Velocity 
 Estimated peak force occurred during the initial concentric phase immediately after the bar left the chest. A visible reduction in bar velocity occurred during the mid-range phase of the lift, indicating a sticking region. Peak bar velocity was reached during the final third of the concentric phase (Rahmani et al., 2018).
Consistency 
Inter-trial variability was low, with less than 5% variation across repetitions for measured variables. This indicates consistent technique and good form across all three attempt trials. Overall, the participant demonstrated stable bar control, moderate shoulder abduction, and controlled concentric velocity with noticeable deceleration during mid-range pressing. 



Discussion 
The purpose of this investigation was to examine the biomechanics of the barbell bench press in relation to mechanical efficiency, performance demands and injury risk. The findings indicate generally effective technique with minor areas that could be optimised. 

Mechanical efficiency 
Mechanical efficiency in resistance exercises refers to the effective transfer of force to the external load while minimises unnecessary movement and joint stress. The J-shaped bar path observed in this investigation reflects an efficient processing strategy. (Saeterbakken et al., 2017). A slightly curved bar path reduces shoulder joint moment arms during the concentric phase, allowing improved force transfer and mechanical advantage. Excessive horizontal displacement would increase shoulder torque and reduce efficiency; however, the observed displacement of 6cm suggests that the movement went well in a controlled manner. 
The elbow angle of 94.6 at the lowest position falls within a functional range that allows adequate muscle length tension relationships without excessive stress at the elbow joint. Similarly, shoulder abduction of 72 degrees is mechanically favourable. Excessive abduction increases anterior shoulder stress, while to narrow a position may limit pectoralis major to contract. The participants positioning appears mechanically balanced which in favour will help execute the movement to its safest and purest form. 
The mid-range deceleration represents the sticking region, where the joint angles create less favourable leverage. During this phase, torque demands at both the shoulder and elbow are high, while muscle force disadvantage explains the reduction in bar velocity. 
Kinetic considerations 
Force production during the bench press must overcome gravitational force and generate sufficient acceleration to move the barbell. According to Pourciau (2006), force is proportional to acceleration. The estimated peak force indicates substantial muscular effort, particularly during the initial concentric phase of the movement. The initial push off the chest likely benefits from stored elastic energy accumulated during the eccentric phase. Controlled lowering allows stretch of active musculature, potentially continuing to force enhancement at the start of the press. As the bar moves upward, mechanical advantage improves and velocity increases toward lockout (Komi, 2003).
Although ground reaction forces were not directly measured, stable lower body positioning suggests effective force transfer through the kinetic chain. Leg drive increases overall system stability and may enhance total force outpoint during the movement. 

Safety and Injury risk 
Shoulder injuries are common in resistance training, particularly involving anterior shoulder structures. Excessive shoulder abduction or flared elbow can increase stress on passive joint structures. In this case, shoulder abduction remained within range reducing excessive joint strain. However, wrist extension was consistently observed. Maintaining excessive wrist extension under heavy load increases compressive forces at the wrist joint and may contribute to discomfort or chronic irritation. A more neutral wrist position would reduce the external moment arm at the wrist. 
The slight reduction in scapular retraction during the latter portion of the concentric phase may also increase anterior shoulder stress. Scapular stability is essential for maintaining optimal shoulder joint alignment. Loss of retraction may decrease subacromial space and compromise joint integrity under heavy loads and pressure. 

Performance demands
The barbell bench press requires a coordinated extension at the elbow and horizontal adduction at the shoulder because both joints function as third-class levers, substantial muscular force is required to overcome external resistance. Performance improvements depend on neuromuscular coordination, maximal strength and rate of force development. The observed concentric duration reflects controlled strength focused execution rather than explosive power output. For athletes requiring upper body power improving acceleration during the early concentric phase of the movement would be beneficial to maximising results. 
Methodological Evaluation
A strength of this investigation was the use of repeated trials and objective angle measurements the consistent technique across repetitions improves reliability of findings. However, limitations include reliance on 2D analysis, which does not account for transverse-plane movement such as subtle shoulder rotation absence of electromyography prevents confirmation of muscle activation patterns. Additionally, estimated force calculations lack the precision of force plate analysis. Future investigations should incorporate three-dimensional motion capture, direct force measurements and muscle activation analysis for more comprehensive biomechanical benefit. 

Practical Implications 
From a performance standpoint, addressing the sticking region through the triceps strengthening and explosive training methods may enhance concentric acceleration. From a safety perspective improving wrist alignment and maintaining scapular retraction throughout the lift would reduce joint stress (Mausehund et al., 2021). 

Conclusion and Recommendations
This biomechanical investigation of the barbell bench press identified generally efficient movement mechanic's characterised by a stable J-shaped bar path, moderate shoulder abduction, and consistent joint angles. The participant demonstrated controlled force production with identified deceleration in the mid-range sticking region. Mechanical efficiency was supported by minimal horizontal bar displacement and coordinated joint extension. However, minor technical limitations were observed, including wrist hyperextension and slight loss of scapular retraction during the final phase of the lift. These factors may increase injury risk under heavier loads in the future. 
To enhance performance 
Could implement explosive or velocity-based bench press training to improve rate of force development, could also strengthen triceps musculature to reduce impact of sticking region. Would look to maintain consistent “J-shaped” bar path to optimise joint movement in arms, to reduce the possibility of injury maintain shoulder abduction between approximately 45-75 degrees. Adopt a neutral wrist position to minimise joint stress and strain, Furthermore, could look to reinforce scapular retraction and upper back engagement throughout the lift. For any rehabilitation context, always begin with lighter loads and make sure to have constant controlled tempo, Emphasise joint alignment before progressing intensity. Overall, biomechanics analysis provides valuable insight into technique optimisation, injury prevention, and performance enhancement in the barbell bench press. 







Top phase of the movement the barbell is positioned above the chest with the elbows nearly fully extended. The shoulders move into horizontal adduction with the triceps extend the elbows concentrically.                     [image: ]
                                                                                                 












[image: ]The barbell is close to the chest with the elbows flexed at about 90 degrees and the shoulders in horizontal abduction. The pectoralis major, anterior deltoid and triceps brachii are all contracting. 










The participant starts the movement at around 155 degrees with the elbow starting to move away from the body. At this point all the pectoralis major, anterior deltoid, and triceps brachii contract eccentrically to resist gravity and regulate bar velocity. 
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This is the movement in the mid-range also known as the sticking region at this moment the shoulders are moving horizontally, and the elbows are extending more aggressively as the triceps brachii increase their contribution. 
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At the lowest depth of the bench press when the bar is lightly touching the chest the shoulders are in peak horizontal abduction and the elbows are flexed roughly 90 degrees or slightly more, this position places the pectoralis major under significant stretch, increasing passive elastic tension and stretch shortening potential.
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