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          Kinesiological Evaluation of the overhead shoulder press.

Abstract
This study explores how fatigue impacts wrist, elbow and shoulder performance and angles during the overhead shoulder press. A participant completed overhead shoulder press at 30% of what the participant can manage while doing as many repetitions as possible, with joint markers placed at the wrist, elbow and shoulder to allow for motion analysis. The data showed that as fatigue set in, joint angles shifted, which affected overall movement and performance of quality. Improper form was observed due to arching of the spine, likely due to bicep fatigue, causing compensatory movement patterns involving the shoulders and middle back. Although fatigue isn’t the only factor that can influence improper form, it plays a significant role and may increase the risk of injury or hinder performance by limiting force production and range of motion. (Koźlenia, Dawid, and Jarosław Domaradzki 2021.)
Introduction

This report focuses on the overhead shoulder press, a common training exercise used to build strength in the upper body. This movement involves lifting a weight (such as a barbell or dumbbells) from shoulder level to above the head. In this exercise, the main joints involved are the wrist, elbow, and shoulder. We will look at how these joints and their muscles work together, and how fatigue can change the movement and affect the body. Also investigates how fatigue influences wrist, elbow and shoulder angles during the overhead shoulder press, a multi-joint, compound lift that requires coordination of several major muscle groups DiGiovanni, Kiel (2023). Fatigue was tracked through repetition velocity as the participant approached zero reps in reserve (RIR). Overhead shoulder presses were performed at 30% with as many reps as possible to reach the point of fatigue due to muscle exhaustion with specific focus on comparing joint angles in the from the first rep and final reps of the set. The overhead shoulder press mainly happens in 2 planes of motion: the sagittal plane (up and down movement) and the frontal plane (movement away from and towards the body’s midline).  The movement starts with the weight at shoulder height and then ends with the arm’s fully extended overhead. This is a vertical movement that involves both linear and angular displacement the arms and weight travel upwards (linear) and the joints rotate (angular) to allow movement. 

Method
Analysis of the overhead shoulder press was achieved to voluntary fatigue by using an iPad and an app called dartfish a motion capture system. In the preparation phase the participant used a marker to label the exact point of the movement this includes the wrist, elbow, and shoulder which showed the location of the joints so it could be picked up by the motion camera. This being done would allow for a video to be captured and measurements to be taken every 4 seconds, based off the wrist, elbow, and shoulder out of all the repetition the first and last were taken for analysis. Before performing the set that will be kept on video the participant took part in a few warmups sets to prime the nervous system and to eliminate any chance of injury. This would improve mobility to undertake a set till failure there was also a spotter placed directly behind the participant just in case the participant hits complete muscular failure and drops any weight or potential harm to themselves. 
[bookmark: _Int_DuqOUQYg]There were 4 main phases of this movement the preparation phase (start position) the barbell was held shoulder height with the wrist straight, elbows bent, and the shoulders active, next came the pressing phase (concentric movement) the arms push the weight upwards, elbows extend, shoulders flex (arms go upwards) the muscles will then shorten to create force. Followed by the top hold phase (End position) the arms would be fully extended overhead, as the muscles stay contracted (isometric hold) and then end with the lowering phase (eccentric movement) the arms would lower the weight back down to the shoulders, the elbows would flex with the shoulders extending while the muscle lengthens under control to complete the full range of movement. The movement includes the shoulder anterior deltoid contracts to lift the arm; the trapezius helps to stabilise the shoulder blade. With the triceps brachii extending the elbow in the pressing phase, and the wrist that remains in a neutral position, stabilised by isometric contraction of the forearm muscles. 

Results 
Gathered from the video analysis the first repetition was 1.1 seconds to reach full extension of the overhead press with the elbows locked. On the other hand, when it came to contracting the movement back down to the shoulders it took 1.6 seconds the difference being the control on the way down of the weight using the shoulders to stabilise the back and compress the torso for stability and to maintain correct form. At the start of the first repetition the angle of the participants wrist, elbow, and shoulder was 36.1 degrees once the participant entered the concentric movement phase (upwards movement) and was fully extended the measurements were taken at 168 degrees at full extension. With the ending of the repetition coming to an angle of 39 degrees. Fast forward to the final repetition with the starting angle being 36.8 degrees with the bar on the shoulders in the starting phase pushing through to full range with the angle changing to 153.3 degrees fully extended, lastly ending the last repetition with an angle of 31.9 degrees. 
Discussion 
From the results of the analysis a comparison can be made between the first and last repetition a difference can be noticed due to the last repetition being pretty much muscular failure, this is when muscle fatigue would become apparent and noticeable with change of form this is proven by the changing of angles from the first repetition and the last repetition. In the first repetition, the movement began at 36.1 degrees reached a peak extension of 168 degrees and ended at 38 degrees during the lowering phase. By contrast the final repetition began at 36.8 degrees, reached only 153.3 degrees at full extension, and concluded at the lower end angle of 31 degrees. This reduction in peak extension from 168 degrees to 153 degrees suggest that a decrease in the ability to fully lock out the arms overhead. Fatigue plays a significant part here, as muscular endurance diminishes across repetitions. The triceps and deltoids are a key part in the pressing phase, may lose their power in generating force leading to incomplete extension, stable muscle may become unstable which could lead to the reduction in joint alignment. The decrease in the ending angle from 38 degrees to 31.1 degrees during the lowering phase may indicate changes in movement strategies, possibly due to reduced control or altering motor patterns under fatigue, this change can compromise technique, increase the risk of injury, and decrease over all performance and form. In this summary, in variation from the first repetition to the last repetition of the joint angles highlights the effect of fatigue can impact the range of motion and the execution quality. 
Conclusion 
The observed changes in joint angles between the first and last repetitions of the overhead shoulder press clearly demonstrates the effects of muscular fatigue on performance. As fatigue becomes more prominent the decline in range of motion becomes more apparent, particularly in the ability to reach full range of motion. Along with altered control during the lowering phase of the movement, these biomedical changes not only reduce movement efficiency but also increase the risk of improper technique and boost the chances of injury. Understanding how the joints are affected under fatigue is essential for optimizing training programs, ensuring proper technique in maintained and preventing overuse for injuries. Furthermore, these findings highlight the importance of also monitoring movement quality across repetitions, especially in high volume or high intensity training. Implementing rest periods, improving muscular endurance, and incorporating mobility and stability training could help the impact of fatigue on joints and muscle. 
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