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Modeling System

Motion Data
Kinematics and Forces

Musculoskeletal Simulation

Body Loads
• Joint moments
• Muscle forces
• Joint reaction forces
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Total knee arthroplasty

2

About 33,000/year in the Netherlands
Dutch Arthroplasty Register (LROI). Available online: www. lroi.nl (accessed on 16 April 2021).
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Early surgical failure
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• Inadequate tibial PE insert thickness.

• Important to select an optimum insert thickness

Lee et al., J Korean Orthop Assoc, 49(5):385-388, 2014.

Massin et al., Orthop Traumatol Surg Res, 103(1S):S21-S27, 2017.



Optimum PE insert thickness
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Tibial resection depth?

Triathlon ® Knee System Surgical Protocol. Stryker Orthopaedics.



Musculoskeletal models
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• Valuable tool in the intraoperative decision-making procedure

• In vivo and non-invasive estimation of muscle, ligament forces, joint loads, and kinematics

Andersen et al., J Biomech Eng, 139(9):091001, 2017.

Marra et al., J Biomech Eng, 137(2): 020904, 2015.



Study objectives
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Investigate the influence of tibial insert thickness, in isolation, on the tibiofemoral (TF) joint, in terms of ligament and compressive 

forces, and assess to what extent thickness variation affects the biomechanical parameters in the patellofemoral (PF) joint. 



Methods: Musculoskeletal knee model 
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• Triathlon Cruciate Retaining (CR) total knee system

• Patella not resurfaced; dorsal facet 3-mm offset 3 

1. Carbone et al., J Biomech, 48(5):734-41, 2015.

2. Fregly et al., J Orthop Res, 30(4):503-513, 2012.

3. Cohen et al., Osteoarthritis Cartilage, 7(1):95-109, 1999.

TLEM 2.0 model template 1, Grand Challenge patient-specific dataset 2

Tzanetis et al., Appl Sci, 11(5):2423, 2021.



Methods: Varying tibial insert thickness
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• Reference tibial insert thickness (9 mm)

• Varying thickness with 2 mm increments or decrements

Simulating a chair-rising activity
Motion capture data available as part of the
open-access grand challenge competition
dataset.

Tibial insert thickness variation
PE Inserts of 5 mm, 7 mm, 9 mm 
(reference), 11 mm, and 13 mm 
thickness.

CR Triathlon implantation
Mechanical alignment of the
femoral and tibial prosthetic
components.



Results and Discussion: Tibiofemoral joint
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• Medial and lateral collateral ligaments (MCL, LCL) strain 0-6%

• Slack MCL and LCL in flexion; knee instability

• Posterior cruciate ligament (PCL) strain ~ 10%
Overstretched ligament?

4. Butler et al., J Biomech, 19(6):425-432, 1986.

~ 14% yield strain 4



Results and Discussion: Tibiofemoral joint
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• Consistent findings with earlier studies (9 mm,11 mm) 5

Thicker inserts (13 mm or more) could elevate joint loads; destructive wear

5. Ellis et al., J Biomed Eng, 6(2):113-120, 1984.

Too thin or too thick insert gives a sub-optimal solution

Onishi et al., The influence of tibial resection on the PCL in PCL retaining total knee

arthroplasty: A clinical and cadaveric study. J Orthop. Sci, 21(6): 798–803, 2016.



Results and Discussion: Patellofemoral joint
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• Quadriceps-femur load sharing

• Distal shift of the patella in the groove; joint line elevation

Grelsamer, Patella Baja After Knee Arthroplasty Surgery. 

Is It Really Patella Baja? J Arthroplasty, 17(1):66-9, 2002

Patella baja?

Joint line



Limitations
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• Ligamentous mechanical properties

• Representing a mechanically aligned CR prosthesis

• Simulation of one patient, while there is anatomical variability



Future directions
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• Optimized function through customized total knee arthroplasty

• Effect of morphological knee joint phenotypes on total knee arthroplasty outcomes• Effect of morphological knee joint phenotypes on total knee arthroplasty outcomes
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