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Project Motivation and Scope

AKP is highly prevalent (25-50% of
population) [1-2]

~ Femur

Altered mechanics associated with pain and

) Articular
disease [3]

Cartilage

Computational modeling:

I.  Musculoskeletal modeling (rapid, less b
precise) ,( £ m

II.  Finite element analysis (time-intensive,
more precise)

[1] B.E. Smith et al., PLOS ONE (2018) [2] M. Harris et al., Physical Therapy in Sport (2016) [3] J.K. Loudon, Int J Sports Phys Ther (2016)



Project Motivation and Scope

* Prior modeling: G
|.  Either MSK or FEA modeling L
II.  MSK used for inputs to FEA

* Link between two model outputs is unclear

could we skip FEA and just use MSK?

Generated by ChatGPT 5.3 |/ | f 1LH

Project Goal: Establish a validated workflow that enables direct comparison

between musculoskeletal and finite element modeling of the patellofemoral joint.




Musculoskeletal Modeling

Rajagopal MSK model with Lai Uhlrich updates [1,2]
Patellofemoral joint not calibrated to medial/lateral load alignment
Literature: increasing vas med force — PFJ contact/pressure on femur shifts medially [3]

Default model: increasing vas med force — PFRF shifts laterally
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[1] A. Rajagopal et al., Trans. Biomed. Eng. (2016) [2] S.D. Uhlrich et al., Sci. Rep. (2022) [3] M. Wiinschel et al., Knee Surg. Sports Traumatol. Arthrosc. (2011).



Musculoskeletal Modeling
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10° lateral
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[1] W. Scharf, Anatomical and mechanical studies of the extensor system of the knee joint, vol. 148:1-20 (1984)

12-16° lateral

15-18° medial



Musculoskeletal Modeling Bucknell

One adult male subject (35 years, 180
cm, 82 kg)

12-camera VICON + two AMTI force
plates, 52 reflective markers

Walking and bodyweight squatting

OpenSim Moco [1,2] to for kinematic,
dynamic, and muscle-driven analyses

[1] C.L. Dembia et al. PLOS Comput. Biol., (2020) [2] B.B. Wheatley et al. J. Orthop. Res. (2021)



Musculoskeletal Modeling
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Finite Element Modeling Bucknell

* OpenKnee [1] geometries (OKS009)

» Cartilage: neo-Hookean (E=6.5 MPa, v=0.475) [2]

* LPFL & MPFL as linear springs [1]

—— Coupling
——— Contact
- Spring

[1] S. Chokhandre et al. Ann. Biomed. Eng., (2023) [2]



Finite Element Modeling

« Boundary conditions = cylindrical joints [1]

4000
| F(d)=182.4136 (d-20)* - 23.2890 (d-20) |
* Quadriceps muscle forces [2]
3000t
z
* Nonlinear patellar tendon + slack [3] @
L 2 2000t
o
slack: key model calibration parameter L'C'
S 1000}
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[1] E. S. Grood et al., J. Biomech. Eng., (1983) [2] M. Strauss et al., The Orthopaedic Journal of Sports Medicine, (2021) [3] G. N. L. Onambélé et al.,
J. Orthop. Res., vol. 25, no. 12, (2007)



Finite Element Modeling

« Model validation to OpenKnee data (OKS009) P erimental [ Mode
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Model Integration Bucknel

+ Alignment of musculoskeletal and finite element model coordinate systems
» Synchronized joint loads (MSK) and cartilage mechanics (FEA)
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Model Integration Bucknell

UNIVERSITY
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» Alignment of musculoskeletal and finite element model coordinate systems . \@:
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/ Posteris
» Synchronized joint loads (MSK) and cartilage mechanics (FEA) o \/{ 51

Von Mises Stress | // \ )’ﬁ

Direct comparisons

between MSK & FEA

patellofemoral joint
mechanics.
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Limitations & Future Work

* |In vivo finite element model validation

» Dataset expansion & subject consistency
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Limitations & Future Work

» Long-term: multi-modal machine learning
» Low-cost, rapid motion analysis
 Clinical data
« FEA databases

Interventions
that address anterior
knee pain and disease
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Medial-Lateral PFJ Loading
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M. Winschel, U. Leichtle, C. Obloh, N. Wiulker, and O. Mduller, “The effect of different quadriceps loading patterns
on tibiofemoral joint kinematics and patellofemoral contact pressure during simulated partial weight-bearing knee
flexion,” Knee Surg. Sports Traumatol. Arthrosc., vol. 19, no. 7, pp. 1099-1106, Jul. 2011, doi: 10.1007/s00167-
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Finite Element Mesh Convergence

Element edge length = 1.5 mm Element edge length = 1.2 mm Element edge length = 0.90 mm Element edge length = 0.70 mm
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FE Model Calibration Bucknel

45.3° 44 .1°

45.2°

3D PT as Holzapfel- oL 125 hmm
MPFL = 30 N/mm . . .
Gasser-Ogden model LPFEL= 20 N/mm PT insertion location at

tibia shifted proximally

) 35.6°

44.7° 43.5°
PT=125N/mm
Increased # of MPFL= 30 N/mm Non-LinearPT
connectors LPFL= 40 N/mm with 2 cm slack




