-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by VBN

Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

A Patient-Specific Musculoskeletal Model of Total Knee Arthroplasty to Predict In Vivo
Knee Biomechanics

Marra, Marco; Vanheule, Valentine; Fluit, René; Koopman, Bart (H.F.J.M); Rasmussen, John;
Verdonschot, Nico; Andersen, Michael Skipper

Publication date:
2015

Document Version
Peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):

Marra, M., Vanheule, V., Fluit, R., Koopman, B. . H. F. J. M., Rasmussen, J., Verdonschot, N., & Andersen, M.
S. (2015). A Patient-Specific Musculoskeletal Model of Total Knee Arthroplasty to Predict In Vivo Knee
Biomechanics. Abstract from 5th Dutch Bio-Medical Engineering Conference 2015, Egmond aan Zee,
Netherlands.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbon@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: April 29, 2017


https://core.ac.uk/display/60627233?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://vbn.aau.dk/en/publications/a-patientspecific-musculoskeletal-model-of-total-knee-arthroplasty-to-predict-in-vivo-knee-biomechanics(7e3055ca-d2f6-4e51-b682-540ce3e0ab56).html

A PATIENT-SPECIFIC MUSCULOSKELETAL MODEL OF TOTAL KNEE
ARTHROPLASTY TO PREDICT IN VIVO KNEE BIOMECHANICS

Marco A. Marra*l, Valentine Vanheulez, René Fluit3, Bart H.F.J.M. Koopman3,
John Rasmussen®, Nico Verdonschot', Michael S. Andersen*

'Orthopaedic Research Laboratory, Radboudumc,
P.O. Box 9101, 6500 HB Nijmegen, The Netherlands
*e-mail: Marco.Marra@radboudumc.nl
*Materialise N.V., Technologielaan 15, 3000 Leuven, Belgium
3University of Twente, P.B. 217, Gebouw Horstring, 7500 AE Enschede, The Netherlands
4Aalborg University, Fibigerstrade 16, DK-9220 Aalborg East, Denmark

ABSTRACT

Musculoskeletal (MS) models are useful to gain information on in vivo biomechanics that
would be otherwise very difficult to obtain. However, before entering the clinical routine MS
models must be thoroughly validated. This study presents a novel MS modelling framework
capable of integrating the patient-specific MS architecture in a very detailed way, and
simultaneously simulating body level dynamics and secondary knee kinematics. The model
predictions were further validated against publicly available in vivo experimental data.

The bone geometries were segmented from CT images of a patient with an instrumented Total
Knee Arthroplasty (TKA) from the “Grand Challenge Competition to Predict /n Vivo Knee
Loads” dataset. These were inputted into an advanced morphing technique in order to scale
the MS architecture of the new TLEM 2.0 model' to the specific patient. A detailed 11-DOF
model of the knee joint was constructed that included ligaments and rigid contact. An inverse
kinematic and a force-dependent kinematic technique” were utilized to simulate one gait cycle
and one right-turn trial. Tibiofemoral (TF) joint contact force predictions were evaluated
against experimental TF forces recorded by the TKA prosthesis, and secondary knee
kinematics against experimental fluoroscopy data.

The coefficient of determination and the root-mean-square error between predicted and
experimental tibiofemoral forces were larger than 0.9 and smaller than 0.3 body-weights,
respectively, for both gait and right-turn trials. Secondary knee kinematics were estimated
with an average Sprague and Geers’ combined error as small as 0.06.

The modelling strategy proposed permits a high level of patient-specific personalization and
does not require any non-physiological parameter tuning. The very good agreement between
predictions and experimental in vivo data is promising for the future introduction of the model
into clinical applications.
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