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Abstract: Objective To study the effect of medial collateral ligament (MCL) release on the squatting motion
followling total knee arthroplasty (TKA) and provide reference data for ligament release during knee replacement
surgery. Methods Based on CT and MRI images of a volunteer, a three-dimensional (3D ) geometric
anatomical model of the natural knee joint including bone tissues and major soft tissues was established. A finite
element model of the artificial knee joint was established by simulating TKA surgery. The squatting motion after
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30% release of the upper end, lower end, and both ends of the MCL was simulated, and motion characteristic
data of the knee joint at flexion/extension angles from 0° to 135° were obtained. Results The effects of ligament
release at different locations on knee squatting motion varied. After releasing the lower end, the medial
translation, posterior translation, superior translation, and adduction of the femur relative to the tibia increased by
13.74% , 3.83%, 9.74% , and 2.37% , respectively, while the external rotation decreased by 36.8%. After
releasing the upper end, the medial translation and posterior translation increased by 10.65% and 10% ,
respectively, while the superior translation, adduction, and external rotation decreased by 4.52% , 33.89% , and
67. 1% , respectively. After releasing both ends, the medial translation, posterior translation, and superior
translation increased by 14.77% , 9.39% , and 22.56% , respectively, while the adduction and external rotation
decreased by 15.62% and 47.3% , respectively. Conclusions After MCL released, the medial translation,
anterior translation, superior translation, and abduction of the femur relative to the tibia increased, while the
external rotation decreased. Releasing the lower end had the least effect on these femoral movements, showing
an obvious advantage.

Key words: total knee arthroplasty; medial collateral ligament; tibiofemoral joint; squatting motion; finite element

analysis
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Fig.1 Kbnee joint model (a) Native knee joint anatomical model, (b) Post-TKA 3D anatomical model,

(¢) Post-TKA 3D finite element model
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Fig.2 Medial collateral ligament model (a) Before upper end
release, (b) After upper end release, (c¢) Before lower end

release, (d) After lower end release
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Fig.4 Tibiofemoral joint motion of the knee joint

(a) Medial and lateral translation, (b) Superior

and inferior translation, (c¢) Anterior and posterior translation, (d) Internal and external rotation,

(e) Adduction and abduction
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Fig.5 Comparison of tibiofemoral translational motion reported by different researchers (a) Medial and

lateral translation, (b) Superior and inferior translation, (c¢) Anterior and posterior translation
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Fig. 6 Comparison of tibiofemoral rotational motion reported by different researchers

(a) Internal and external rotation, (b) Adduction and abduction
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