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The effect of fatigue on hip and knee angle when performing the barbell back squat. 
Abstract 
The purpose of this study is to examine the effect of fatigue on the knee and hip angle. The participant performed the barbell back squat with 90% 1 repetition maximum while being marked in specific joint sites (knee, hip, and ankle) to be able to locate through video analysis. The results found that when the participant was fatigued joint angles were affected and impacted the performance of the movement. More forward torso lean, because of the fatigue of the quadriceps resulting in the hips and lumbar spine compensating for the fatigue. Because of the high degree of variability in the angles presented, this is not just down to fatigue alone, however, it is a large factor and creates avenues for potential risk factors occurring when performing. The implications of the change in technique due to the change in angle an increased risk of potential injury and a decrease in performance due to not being able to produce as much force which will then lead to not being able to complete the movement. 
Introduction 
This study analyses the effect of fatigue on knee and hip angles while performing the barbell back squat. The exercises is a multi-joint compound movement that involves multiple muscle actions to complete. In this study, the fatigue is measured by velocity loss in each repetition as the approach to 0 repetitions in reserve (RIR) occurs. A load of 90% of 1 repetition max (1RM) was used to assess the effect of fatigue specifically on hip and knee angles during the second and final repetitions. The barbell back squat engages the entire posterior chain, and glutes. When the glutes, quads, and plantar flexors eccentrically contract, they help control movements such as hip extension, knee flexion, and dorsiflexion. The concentric portion of the movement involves the glutes, hamstring, quadriceps, and calves; during this phase the primary action is the extension of the hip and quadriceps. The barbell back squat occurs in the sagittal plane and the frontal axis of rotation. Potential issues with measuring fatigue during this specific movement could arise when analysing the data, as technique breakdown during the most fatiguing part of the set may influence the results, with the participant focusing on moving the load rather than maintaining technique. This could impact the variability of knee and hip angles in each repetition. Technique can vary from person to person due to individual anthropometrics affecting how the movement is performed. Individuals with longer femurs will take longer to reach full knee flexion at the bottom position of a squat compared to individuals with shorter femur length. Previous studies have shown there is an impact on squat performance based of participant’s structure and body metrics e.g. height and bone length. The study will determine if fatigue affects hip and knee angles through the performance of the barbell back squat, using a load of 90% of 1 repetition maximum. 



Method 
Analysis of the barbell back squat performed to voluntary fatigue using a total of 90% 1 repetition maximum (1RM) was conducted using an iPad and dartfish motion capture system. The participants joint centres were located and marked around the ankle (lateral malleolus); knee (lateral condyle), hip (greater trochanter) and shoulder (head of humerus) (figure 1) were located to allow for a joint angel to be measured every 4 seconds around the knee and hip. Out all the repetitions performed, the second and last repetition were taken for analysis. Before, performance of the barbell back squat the participant performed a relevant to prime the nervous system, relevant muscle groups and to improve overall mobility. To prevent, any potential injuries or harm to the participant two spotter were deployed to make sure if the participant unexpectedly reaches muscular failure there will be a safety net. The participant involved was a trained lifter with previous experience with the barbell back squat. 

Results 
The results from the second repetition: 1.2 seconds to reach full hip flexion and 1.6 seconds to reach full knee flexion. From full flexion to greater extension, it took an additional 1.6 seconds for both knee and hip to fully extend. The total time taken to perform the repetition was 3.2 seconds. For the final repetition, it took 2 seconds to reach full hip and knee flexion. From full flexion to full extension, it took 2.4 seconds for both the knee and hip. The total time taken to perform the repetition was 4.4 seconds. In the second repetition, the greatest point of hip flexion was 72 degrees, and for the knee flexion, it was 129 degrees. Full hip extension was 157 degrees, and knee extension was 165.3 degrees. In the last repetition the greatest point of hip flexion was 81.3 degrees and for the knee flexion, it was 131.6 degrees. Full hip extension was 164 degrees and knee extension were 175 degrees. The time of completion difference from the second repetition and the final repetition was 1.2 seconds. 
Discussion
From the results, a comparison can be made between the second and last repetition. One area to highlight first is the time taken to complete each repetition, Because the last repetition was close to muscular failure, the ability to generate force through the quads, glutes, hamstring and calves had drastically reduced. Between both repetitions the eccentric control of the movement is stable, however the concentric push back up is limited due to fatigue and technique breakdown. The breakdown comes in the final repetition as when the participants reach the greatest knee flexion it is 10 degrees less than the second rep representing the participant in-ability to perhaps to complete a full range of motion repetition. In one older study looking at fatigue in the quadriceps, it found similar results when looking fatigue highlighting how fatigue affects technique. Obviously, during this study we must consider of there was a participant's size of only one. As techniques affected, the joint angle in correlation will be affected closer to muscular failure. Furthermore, It’s been found that when analysing the barbell back squat, the angle of the knee and hip are lower when momentary muscular fatigue isn’t present compared to when it is present and the angles drastically change. Due to the change in position of the knee and hip when fatigue is induced on the hip angle it's common to see greater forward lean. As the position of the load has changed and is no longer potentially medical to the mid-line of the body, more overall load will be placed on the lumbar spine to account for the hip displacement.
Conclusion 
To conclude, clear evidence suggests that fatigue plays a crucial role in knee and hip angles. Through data analysis, we determined that the overall velocity per repetition decreased. This is supported by data showing that eccentric control was maintained throughout. Comparing the second and last repetition, the participant took the exact same amount of time to achieve the greatest hip and knee flexion. On the other hand, concentric velocity decreased with each repetition, highlighting evident fatigue throughout. From the starting point of the set to last repetition, the time taken to reach full extension of the hip and knee increased. This is noticeable when comparing the second and last repetitions, as the participant took one second longer to complete the last repetition. Technique breakdown occurred during the second repetition, as greater hip flexion was achieved compared to last, indicating a potential inability to achieve a full range of motion. Fatigue during the barbell back squat changes the mechanics of how it is performed. Which will vary among individuals due to anthropometrics affecting performance. However, the potentially advantageous position at the beginning of the barbell back squat deteriorates as more fatigue is induced per repetition, highlighting the importance of maintaining sufficient lifting techniques to help reduce the probability of injury. One consideration for a future study application would be to increase the sample size of testing of individuals with varied anthropometrics to provide more data, insight and have a definitive understanding. 
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