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Avascular necrosis (AVN) . . pieh Biomechanical model Loading condition: Heel strike
AWM is a bone disease that most cormanly . : d“ ‘E'p’ » Loading was simplified and merged to asingle = Tested on a 3D-printed femur with a lesion
affects the hip. A=l fE -t static joint contact force (10° adduct, for stance). angled at 457, Heel strike is at 20° flexion,
Young patients, averago age 38 [3[.]_50] I1J iEn B u R a u MaterlaI_ModeI I ) Computational data ";'“'é" H Experimental data
Prevalent among the Asian population iRy + Material properties were retrieved fram non-
Mast commen risk factars far non-traumatic AVN g invasive QCT-scans using a material modal.
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Image Processing Tool Workfow
+ Load image data and reconstruct planes
= Segment femoral bone [acetabulum, soft tissue) . £
Progression of the disease Structural mechanics - i s er—
- Interruption of the blood supply (ischemia} Beam theory was used to analyse the strength of bone. : i ol s i
prevents normal bone turncver that normal Astraight beam fullows the loading vector from the bone surface : b S .\ .
fatigue lesions cannot be healed anymore. to the centre of the femoral head. A curved beam runs from the U S Discussion
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»  Poary connected trabeculas and the centre of the fernoral head to the shaft. U R e The computational tool is capable of predicting

decalcification of bone tissue leads to a The yield force, at which the bone is likely to fracture, is a0 0T N sites of increased fracture risk within the
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reduction of the Young's motulus of 72% calculated for each cross-section perpendicular to the beam. analysed bone.
Verification of the fracture prediction method Lesion position and loading of the bone play an
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Rational

To prevent fractures and to reduce associated
morbidity an early diagnosis is desirable
Mo sufficient diagnostic method currently
available
Allows a broader spectrum of different therapies
including jaint preserving procedures.
Better for young patients because joint
preserving treatments might be more durable.
Aim
+ Developmeant of a non-invasive fracture
prediction tool which can be used in the clinical
practice.

= The results from the computational fracture

prediction were verified against in-vitra tests on
3D-printed femurs (n=12).

Three different lesion types were simulated with
cone-shaped voids placed at different positions
and angles, namely 457 and 80°,

Computational prediction i Experimental data
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impartant role in analysing the fracture risk.
Predicting an accurate fracture Ioad is difficult
and dependant on the material model used,
however, the loads correlate with expected
values.
The higher predicted load for heel strike was
not reflected within the experimental results,
The loading vector is parallel to the surface of
the vaid which can induce an unfavourable
shear stress causing the lower fracture load.

Beam theory necessitates simplifications

= Stress was assumed to be uniformly distributed
over the cross section in accordance to the
Saint-Venant's principle.

+  Centroid was identical to the neutral axis.

Limitations of 3D-printed bone models

= 3D-printed material is different to natural tissue
though it has better repeatability.

»  Complex geometry {Shape of femur and hole in
surfaca)

Outlook

= Further tests on 30-printed femur models as
well a5 a Validation againat in-vitro tests on
porcine femurs are necessary and should
confirm these initial findings and results.
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