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The biomechanical analysis of knee strength with an athlete suffering from meniscus tear 
Overview 
The biomechanical analysis in this study focused on assessing knee strength and movement mechanics in a young athlete recovering from a long-term medial meniscus tear. By utilizing postural analysis, knee joint movement tracking during leg press exercises, and power output comparisons. The study identified the subject’s key asymmetries and performance limitations.
Findings indicated that the injured leg has regained considerable strength, fatigue-related deficits persist, particularly in power output during high-resistance trials. Postural assessment revealed minor spinal deviations and compensatory weight-bearing patterns, suggesting the requirement for targeted corrective exercises.
The study emphasizes the importance of a structured rehabilitation program incorporating strength training, neuromuscular control exercises, and endurance conditioning to restore optimal knee function. By prioritising muscular imbalances and movement deficiencies, the subject can enhance stability, prevent further injury, and improve overall athletic performance. Additional reassessment and professional guidance are recommended for the subject’s long-term recovery, ensuring confidence back into the subjects sporting performance. 
Introduction 
The purpose of the analysis is accessing knee strength and biomechanics in a young athlete dealing with long term meniscus tear in their left knee. 
Biomechanical analysis is useful tool in the world of sports, providing an objective assessment of an athlete’s overall movement patterns, muscular imbalances and an athlete’s functionality (Bartlett, 2007). The analysis displays valuable insight into the athlete’s body response to injury and will contribute to tailoring the specific type of rehabilitation needed to restore optimal function. 

A medial meniscus tear can be fatal to athlete’s performance without the proper care and recovery. A biomechanical analysis is extremely important on the matter of a medial meniscus tear considering the knee joints duty is to absorb impact forces and stabilise movements. Meniscus tear injury is very common in sports like football and basketball, multiple compensations can develop consciously and subconsciously. The compensations can result in altered gait mechanics, muscle imbalance and reduced force production in the athlete’s affected limb (Logan et al., 2017). Without the correct rehabilitation the athlete may experience secondary injuries and decline in overall performance (Manske & Prohaska, 2010). By conducting a biomechanical analysis, it will allow precise data collection procedures to quantify the differences and interpret an effective strategy plan to prevent further problems evolving. 
The primary objective of this study is to analyse the power, assessing the angle of the injured limb during a leg press movement and the symmetry of both the subject’s lower limbs. With the priority on recognising the discrepancies between the injured and uninjured sides. The analysis will conduct assessments on muscle balance symmetry and force using the kaiser leg press machine. Assessments on postural analysis will also be taken into consideration to collect a wide range of data on the study, thus creating a comprehensive picture on the condition of the subject and what intervention of treatment should be set in place. 

Client profile 
The subject is an active 20 years old who sustained a medial meniscus tear on their left knee. The subject hasn’t undergone surgery or any treatment, but in hopes to have surgery soon. Injury happened 4-5 years ago and the main sports the subject plays is football and golf in their spare time. The subject is seeking data on the injured limb and guidance towards rehabilitation strategies. 
 By assessing functional asymmetries and compensatory movements it will gain vast knowledge on the impact of the injury and how his performance is affected particularly in knee flexion, extension, and rotational movements. Subject still experiences sharp pain occasionally in the injured region of the knee and has expressed concerns of compensatory weight distribution causing strain to their joints and uninjured leg. 

Overview of the assessments
Muscle balance and symmetry testing will be conducted to determine the difference between left and right limb power using the kaiser leg press. Identifying compensatory shifts will be employing postural analysis. By integrating these assessments, we can develop evidence-based recommendations that support effective recovery and long-term athletic performance. 
 meniscus function and injury implications 
 meniscus is the main contributor in the knee joint stability, shock absorption and load distribution (McDermott, 2011). The meniscus is c shaped cartilage and is located between the femur and tibia bone with each knee comprising of two menisci known as medial and lateral meniscus. Meniscus injuries can lead to joint instability, altered lower limb biomechanics and reduced proprioception. If injury isn’t rehabilitated correctly the athlete can drastically increase the chances of a secondary injury such as cartilage degeneration and ligament strain. Further down the line implications can result in knee osteoarthritis (Culvenor et al., 2019). Athletes dealing with meniscus injury often experience strength deficits and neuromuscular inhibition evidently resulting in asymmetrical force production. Understanding that meniscus injuries cause neuromuscular dysfunction and muscle atrophy it is crucial in identifying the athletes overall balance and potential weaknesses for future injury prevention. 

The study assessed the subjects injured knee joint angle during leg press. Figure 1 presents the angular displacement of the subjects injured knee joint throughout the duration of a leg press movement. The x axis displays time while the y axis displays the knee joint angle in degrees. 
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Data collection describes the initial phase (0-0.5) of the subject’s knee starting at an angle of 100 degrees and increasing gradually. This phase of the movement aligns with the eccentric portion of the leg press, coinciding with the knee flexing as the weight descends. The subject’s peak knee flexion (0.5-1.0) reaches a maximum angle around 150-160 degrees, indicating the subject’s full range just before transitioning to the concentric phase of the movement. Subject’s extension phase (1-1.8) demonstrated the angle of the knee decreasing as the legs go through the pushing motion of the analysis, highlighting controlled movement back to the starting position of the movement. The end phase of the angle (1.8-2) returns to original starting point of 100 degrees, completing the leg press repetition. 

The analysis suggests the subject has smooth control throughout a leg press movement and displays positive results for future preparation in rehabilitation. possible assessment on injured leg with unilateral analysis could be implemented on data collection to improve subject’s performance 

The study also assessed the subjects power output of injured and uninjured leg. Figure 2 presents a comparison of the output of both limbs across 6 conditions of weight. The y axis displays power output in watts and the x axis displays the 6 trials. The colour Blue represents injured leg and other colour orange represents the uninjured leg  
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Trial 1 highlights the subjects injured leg and how it slightly lowers the power output compared to the uninjured leg, suggesting limited force production or early-stage weakness. Trial 2-3 pronounces power output to almost be identical in both legs, highlighting the performance of the uninjured leg is maintaining stability and the possible reason for the previous trial’s deficit in power outcome between both legs. Trial 4-5 illustrates both legs producing similar power levels, emphasizing the subjects uninjured leg redeveloping substantial strength and both legs are working accordingly with weight distribution and balance. Trial 6 is where the underline data was collected, assessment provided a drop in power output observing both legs. The injured leg had greater reduction compared the uninjured leg. The trial indicated fatigue was affecting the subjects injured significantly with additional limitations. 
The analysis demonstrates the subjects uninjured knee has almost made a full recovery in relation to power output across the trials apart from small variations in the first and last trial. The trials signify the injured leg has improved in strength but still suffers from limitations linking to muscular endurance or fatigue (Enoka & Duchateau, 2016). Additional testing would assist the analysis’s perception on the subject’s rehabilitation strategy.  

Purpose of postural analysis 
The study opted for postural analysis as it’s an essential procedure for assessing the biomechanical adaptions and compensatory patterns that can possibly occur due to a medial meniscus tear (Kendall et al., 2005). The knees a very important in maintaining overall posture due its role in servings as a key link between the foot ankle complex, hip and spine (Neumann, 2016).
The postural analysis accessed static alignment, prioritising compensatory patterns in relation to the subjects left medial meniscus tear. Despite the subject sustaining the injury for a couple of years without treatment or surgery, the subject distinguishes minimal limitations with functionality. The analysis exhibited slight asymmetries, but overall maintenance of postural integrity remains intact with only minor alterations needed to enhance the subject’s balance
Figure 3
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Figure 3 displays a posterior view of the subject in the postural assessment. Anatomical landmarks and alignment indicators have been mapped onto figure 3 using digital software, providing a structured evaluation on asymmetries and posture. Subjects shoulder alignment appeared to have slight asymmetry with the right shoulder positioned slightly lower than the left, indicating possible muscle imbalance or habitual postural tendencies. Spinal curvature had slight lateral deviation implying potential mild scoliosis or muscle imbalance causing uneven weight distribution (Schamberger, 2013). Pelvic alignment appeared relatively level with no pronounced tilt or rotation. Lower limb alignment was strong in both knees and ankles, however the positioning in both limbs depicted compensatory weight bearing. The subject’s feet positioning was neutral with no significant pronation or supination visible from the posterior angle. 

The postural deviations identified elaborates the subject has muscular imbalance, functional compensations or issues with a potential spinal curvature. Determining the exact causes to the subject issues, assessments like flexibility testing would be beneficial for data collection. 

Recommendations
Based on the postural analysis, the subject’s knee joint movement during the leg press, and power output comparison between the injured and uninjured leg supplied sufficient evidence for an effective strategy plan. Several recommendations can be adjusted to support the injured leg's rehabilitation, improving biomechanics and enhancing the subject’s overall performance. The postural analysis identified slight asymmetries in shoulder alignment and potential spinal deviations. To resolve these imbalances, targeted corrective exercises should be implemented, such as postural awareness drills, mobility work to enhance muscle symmetry and unilateral strength training. Adding stretching and mobility to the subject's rehabilitation focusing on movements prioritising the shoulders and thoracic spine to assist in achieving enhanced posture (Kendall, McCreary, & Provance, 2005). Reinforcing the subject’s spinal alignment and reducing compensatory patterns, the data analyse suggests core exercises such as planks and side bridges to improving stability. The knee joint angle analysis during the kaiser leg press machine indicates the subjects injured knee follows a controlled movement pattern, however the subject is still susceptible to fatigue or minor instability.

To influence the subject's recovery rehabilitation successfully, incorporating controlled eccentric exercises such as slow-tempo squats with body weight or barbell will ultimately strengthen the knee joint. Isometric exercises such as wall sits, and single leg holds should be recommended ensuring enhancement to joint stability (Escamilla, 2001).  Additionally, focusing on neuromuscular control to engage the subject’s overall balance. Movements like the single leg stance with unstable surfaces would benefit the subject's proprioception and aid injury prevention. 

The power output analysis describes the injured leg has regained significant strength but there are slight inconsistencies, especially in the first and last trials of the assessment. The trials indicated the injured leg is still dealing with fatigue related limitations. To overcome the subject’s issues, advising progressive overload training should be implemented into the rehabilitation plan, gradually increasing resistance over time while ensuring correct biomechanics is on high priority (Enoka & Duchateau, 2008). Endurance training including high rep sets to solidify proper conditioning on sustaining force output, additional plyometric training would establish power generation which is necessary in reclaiming an athlete's fundamentals after injury (Suchomel, Nimphius, & Stone, 2016)
A well-defined rehabilitation programme combining, strength training, mobility training and endurance exercises facilitating the subject’s recovery growth is highly recommended. Regular reassessment would be advised to monitor all progress the subject has accomplished in improving injured limb. If pain continues or worsens over time, seeking evaluation with a physiotherapist is recommended.

Word count: 1951



References 

Enoka, R. M., & Duchateau, J. (2008). Muscle fatigue: What, why, and how it influences muscle function. Journal of Physiology, 586(1), 11-23. https://doi.org/10.1113/jphysiol.2007.139477

Kendall, F. P., McCreary, E. K., & Provance, P. G. (2005). Muscles: Testing and Function with Posture and Pain (5th ed.). Lippincott Williams & Wilkins.

Suchomel, T. J., Nimphius, S., & Stone, M. H. (2016). The importance of muscular strength in athletic performance. Sports Medicine, 46(10), 1419-1449. https://doi.org/10.1007/s40279-016-0486-0

Escamilla, R. F. (2001). Knee biomechanics of the dynamic squat exercise. Medicine & Science in Sports & Exercise, 33(1), 127-141. https://doi.org/10.1097/00005768-200101000-00020

Culvenor, A.G., Collins, N.J., Guermazi, A., Cook, J.L. and Vicenzino, B. (2019). Early knee osteoarthritis is evident following anterior cruciate ligament reconstruction: a systematic review and meta-analysis. British Journal of Sports Medicine, 53(19), pp. 1162-1173.

Manske, R.C. and Prohaska, D. (2010). Meniscus injuries: a review of rehabilitation, treatment, and outcomes. Journal of Orthopaedic & Sports Physical Therapy, 40(3), pp. 160-170.

Logan, C.A., Beaulieu-Jones, B.R., Sanchez, G., Yanke, A.B., Provencher, M.T. and Nissen, C.W. (2017). Meniscus injury and repair: clinical and functional outcomes. The Journal of Sports Medicine, 45(8), pp. 1842-1855.

Bartlett, R. (2007). Introduction to Sports Biomechanics: Analysing Human Movement Patterns. 2nd edn. Routledge, London.

Neumann, D.A. (2016). Kinesiology of the Musculoskeletal System: Foundations for Rehabilitation. 3rd edn. Elsevier, St. Louis.

Kendall, F.P., McCreary, E.K., Provance, P.G., Rodgers, M.M. and Romani, W.A. (2005). Muscles: Testing and Function, with Posture and Pain. 5th edn. Lippincott Williams & Wilkins, Baltimore.

Schamberger, W. (2013). The Malalignment Syndrome: Implications for Medicine and Sport. 2nd edn. Churchill Livingstone, London.



Page2

image1.png
Figure 1: Angle of Injured Knee Joint During Leg
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Figure 2: Power output of injured and uninjured leg
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