	
	
	



Biomechanics Analysis Assignment

Summary
This kinesiological assessment evaluates movement patterns, imbalances, and postural alignment following a severe ACL reconstruction. ACL injuries significantly impact knee stability, strength, and overall athletic performance, requiring thorough biomechanical analysis to aid rehabilitation and optimize recovery. The subject, a 25-year-old male golfer and former football and rugby player, has experienced ongoing discomfort and performance limitations post-injury. This assessment examines movement efficiency, asymmetries, and angular displacement to identify areas for improvement. Postural analysis highlights compensatory adaptations, with left pelvic and shoulder elevation potentially linked to the ACL injury. These imbalances may contribute to altered loading patterns and increased injury risk. Muscle asymmetry analysis reveals reduced peak power in the injured leg, suggesting prolonged neuromuscular deficits. Knee angular displacement data indicates potential limitations in full extension, affecting movement mechanics and joint stability. A slower eccentric phase may reflect weakened hamstring control, impacting force absorption. Addressing these deficits through targeted strength training, mobility work, and neuromuscular control exercises will enhance recovery and performance. Progress should be tracked through strength testing, movement analysis, and postural assessments to ensure effective rehabilitation and reduce the risk of re-injury.
Introduction
The purpose of this kinesiological assessment is to evaluate movement patterns, explore potential imbalances and potential abnormalities following a recovery from a severe anterior cruciate ligament (ACL) operation. It is important to assess these kinds of injuries as on many occasions after ACL surgery, the athlete will not be at their peak performance as it is a serious injury, kinesiologically assessing this can provide insights to athletes on how to combat the aftermath of an ACL injury, enhance the rehabilitation progress and to maximize performance. 
The subject of this assessment is a 25-year-old male who plays golf 3-4 times a week. Before suffering from a grade 3 ACL tear in their left knee, the subject played football for his local team, training 1-2 times per week and playing a match every weekend, and rugby for Carmarthen District. The subject underwent surgery and has made a recovery, although it has been noted that they do not feel they can perform to their true potential during sports such as rugby and football, experiencing tenseness and slight pain in their knee area. The focus of this assessment is to analyze movement and imbalances, postural alignment and evaluation of linear and angular displacement, velocities, and accelerations to identify any potential areas that could be improved to promote a full recovery and a return to their sport.
[bookmark: _Int_95e9Q88T]Connecting the femur and the tibia, the anterior cruciate ligament (ACL) supports the knee by ensuring stability and preventing exaggerated forward movement and restricting knee rotation (Yoo and Marappa-Ganeshan, 2022). ACL injuries have a major impact on an individual balance and strength in the knee and can be career ending for athletes (Petushek et al., 2018). A systematic review was conducted by Wright et al., (2011) and it was reported a 17.2% second injury risk, this shows how serious an ACL injury can be and how it can affect athletes in the future. During rehabilitation of an ACL operation, the rehabilitation therapist will do knee extension exercises and some weight bearing activity to promote quadricep contraction and enhance ACL stability and strength, there is usually no specific set period but rather the process progresses as the patient strengthens (Cavanaugh and Powers, 2017).
Each of the assessments aim to provide insights into potential factors affecting the subject's recovery and performance post-ACL recovery. Movement analysis will be conducted to evaluate fundamental movement patterns and range of motion and any potential asymmetries in both knees, further looking at strategies to improve overall functional movement. Postural analysis will be assessed to identify any compensatory patterns and imbalances in the subject's posture which could be potentially causing joint stress, movement inefficiencies and improper loading. Through video-analysis, movement efficiency will be analyzed by looking at linear and angular displacements, velocities, and accelerations. Asymmetries in power will be analyzed on the left and right leg which will provide insights on potential imbalances caused by an ACL injury and give insights to future rehabilitation elements for the subject to maximize their recovery and performance. For reference, when measuring the subject's knee angle during a leg press exercise, this assessment utilizes external angles rather than internal. Usual research considers a fully extended knee to be °0 whereas this assessment considers it °180.
Analysis
This section of the biomechanical assessment will look at 4 different tests that were run on the subject to analyze their posture, knee angular displacement, imbalances or asymmetries and movement analysis.
Postural Analysis
[bookmark: _Int_1GJab6dv]A postural analysis was conducted on the subject to assess any potential alignment, asymmetry and compensatory issues that may have developed due to the ACL injury and rehabilitation process. The posture of the subject was assessed by utilizing visual and photographic analysis. The photo as seen below in Figure 1, shows the subject standing in a static position facing away from the camera. Stickers were placed on important anatomical landmarks including each side of the clavicular bones, back of cervical vertebra, middle of thoracic vertebra, one on each suprailiac crest, one on each crease of the back of the knee and one on each talus bone. As shown in Figure 1, the subject's shoulder alignment shows a significant left to right tilt, this could be a result of spine curvature as the middle of the thoracic vertebra is slightly not in line with the cervical landmark. The pelvis also demonstrates a left to right tilt, this could possibly be a result of the subject overcompensating by engaging muscles in the hip to help stabilize the weakened knee, leading to an elevated pelvis. The elevation of the left shoulder could be a secondary adaptation, meaning the upper body is adjusting to the uneven pelvis to try and maintain postural alignment

Figure 1: Photographical analysis of subject's posture.
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Muscle Asymmetries
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The subject was tested on leg power using the Keiser A300 Leg Press Machine (Keiser,Fresno, USA). Muscle imbalances and asymmetries are quite common after rehabilitation of an ACL injury (Hughes et al., 2020).  As shown above in Figure 2, the subject demonstrated lower peak power in the rehabilitated leg (Left) for every rep apart from the first one. These results were analyzed with the SPSS Statistics software, looking at differences in results from the previously injured leg to uninjured leg. A paired t-test was utilized; A two-sided p less than 0.5 would show a significant difference but anything above would not. This is shown in figure 3 below.



Figure 3: Paired samples t-test results analyzed through SPSS statistics.
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[bookmark: _Int_Fb2b0wBC][bookmark: _Int_ImT2ue0W][bookmark: _Int_8HJHptB5]As seen in figure 3, the two-sided p is above 0.5 which indicates an unsignificant difference between the results, although there are slight differences, as the subject demonstrates higher peak power in the uninjured leg, this suggests that during rehabilitation after surgery, weight was shifted onto the right leg to allow the injured leg to recover, this results in the uninjured leg absorbing more force therefore possibly causing an increase in muscle power compared to the injured leg. The rehabilitated leg may experience reduced strength potentially due to continued restriction of muscle activation during the healing phase following surgery (Thomas et al., 2013). The rectus femoris, vastus medialis, vastus intermedius and vastus lateralis are the four muscles of the quadriceps, all aiding in knee extension and knee stabilization (Bordoni and Varacallo, 2018), due to the subjects ACL injury, these muscles could have possibly been weakened, reducing strength, power, and stability in their left leg. As the subject's rehabilitated leg is clearly less powerful as observed in figure 2, it struggles to generate enough force leading the the uninjured leg compensating by producing more force to complete the repetition; This will create an imbalance where the subject may favor the stronger side leading to asymmetrical loading. If these issues are unaddressed, it could potentially lead to future weakness in the rehabilitated knee and risk future injuries.
Angular Displacement and Movement Analysis
Angular displacement is the movement of a part of the human body through a circular motion, in the case of this assessment, the leg press was the exercise used. The angle of the subject's knee was measured every 0.1 seconds throughout a whole repetition of the leg press, the wight of the exercise was 60% of the subjects 1 rep max (70kg). These results have been plotted in graph from in figure 4 below.
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For an athlete or person who has experienced a severe ACL injury, it is common that full extension and flexion range of motion may be decreased (Shelbourne, Freeman and Gray, 2011). The subject at 0s starts with a fully flexed knee at an angle of °87, starting the concentric phase of the movement which ranges from 0s-6s, showing the knee extending rapidly reaching a peak angle of °154, this indicates that the subject does not reach full extension, possibly due to a lack of ROM caused by their ACL reconstruction. The concentric phase of the movement comes from stabilizing the core and contracting the quadriceps and glutes, activating the muscles to push the weight away from the body. The knee remains stable during the lockout (°152-°154), the subject pauses at the isometric phase for a total of 0.4 seconds, potentially indicating hesitation and instability. As the subject progresses into the eccentric phase of the movement (1.0s-1.7s), it can be observed that the knee flexes in a controlled manner, finally returning to °95; A slow eccentric contraction can be of great benefit to the rehabilitation of the knee after ACL reconstruction (Hody et al., 2019). Comparing the concentric and eccentric phases of the repetition, the concentric phase demonstrates a quicker and more powerful movement, whereas the eccentric phase demonstrates a slower and more controlled movement. Many sports therapists throughout ACL reconstruction implement eccentric programming as usually the injury of the ACL typically happens through an eccentric phase of activity (Guruhan et al., 2020).
Recommendations
[bookmark: _Int_zM1jPOfy]Throughout the assessments conducted on the subject, there are numerous areas for concern. Certain interventions could be utilized to improve the subjects overall knee health and can strive to fully return to their sport. Strength and muscle balance training would be important for the subject to address any asymmetries between the rehabilitated knee and uninjured knee. Implementing unilateral exercises to resistance training (Bulgarian split-squats, single leg press etc.) can be of great benefit to the subject to ensure equal loading between legs. Unilateral training can improve overall symmetry, balance and stability, decreasing the risk of further injury and postural alignment problems in the future (Zhang et al., 2023). For the subject to further improve their postural alignment, implementing effective stretching routines and core exercises is important to try and balance out any imbalances in posture (Alessandra Beggiato Porto, Anderson Nascimento Guimarães and Hugo, 2024). Neuromuscular control can decrease following ACL reconstruction, utilizing balance and coordination drills in the subjects training can effectively aid in enhancing their knee stability (Chmielewski, Rudolph and Snyder-Mackler, 2002). As the results show the subject struggling to achieve full extension in the leg press, dynamic stretching and mobility drills should be implemented into training to improve range of motion and reduce any stiffness around their rehabilitated knee (Iwata et al., 2019). In order for the recommendations to be effective, progress should be monitored, when working to improve the subject's strength and power through unilateral training, they should continue to test their peak power in each leg to ensure that the methods are working effectively, there are also other tests for strength that the subject could do such as 1 rep max. Re-assessment of joint flexibility and range of motion should be conducted when working on stretching and mobility, as well as keeping an eye on postural alignment. All these interventions can help the subject improve their overall long-term health and aid in a return to sport with improved athletic performance, reducing risks of future injuries by improving stability in the joints. 
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Figure 4: Angle of Rehabilitated Knee During Leg Press
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Figure 2: Power of Left and Right Leg During Leg Press
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