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Virtual mechanical testing is a non-destructive image-based approach to evaluating bone healing S AND DISCUSSION

that preserves the sample for other analyses. Poor Healers
| L =2 T ]

OBJECTIVE
The goal of this study was to assess the validity of virtual torsion tests in
an independent dataset with a large-defect limb salvage model that heals
much more slowly. Our hypothesis was that virtual torsional rigidity (VTR)
is strongly correlated with the torsional rigidity measured in physical
biomechanical testing.
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—| PREVIOUS WORK

Previously, we developed and
validated the computational methods
for measuring the virtual torsional
rigidity (VTR) of intact and healing
ovine osteotomies'. For small
defects (3 mm) and moderately large
(17 mm) defects with autograft, we
demonstrated that the virtual torsion
tests are a reliable surrogate for
destructive and labor-intensive
physical biomechanical tests in ovine
surgical models that progress to

union within 9-12 weeks.
[1] Schwarzenberg et. al, J Orthop Res. 39(4), 727-738 (2021)

Representative slice
views demonstrate a
wide range of healing
in the dataset as seen
by the range of values
of E, indicative of callus
development
throughout healed
tibiae.

Young'’s Modulus, E (MPa)

e

Virtual torsional rigidity (VTR) and torsional rigidity determined from physical tests (GJ)
had no significant difference between means (p = 0.350). VTR and GJ were strongly and
significantly correlated, and the linear slope approached unity (slope = 1.014) indicating
high absolute agreement.
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With M = moment reaction,
L = = the working length of
the bone segment,
@ = angle of twist
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defect zone (A). The models
were virtually realigned and
cropped to the ROI (B). A
quadratic tetrahedral finite
element (FE) mesh with

CONCLUSIONS

The results of this study demonstrate that the virtual torsion test is a robust
methodology that is adept at evaluating the healing progress of a bone regardless of
surgical techniques, sample types, and other experimental characteristics. Compared
to the previous validation study, the dataset utilized in this investigation had lower
resolution scans and had larger defects. Despite these differences, strong agreement
was observed between physical and virtual torsional rigidities. This suggests that
virtual mechanical testing is a valid and reliable surrogate for physical
mechanical tests and can be used to expand the available data.
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rotation through the bone’s long
axis on its proximal end. Torsional
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each torsional stiffness by its
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corresponding gauge length.
T
A phantom calibration was used to calculate bone mineral density (pgcr) from
the voxel Hounsfield Units (HU) of each scan:
pocr = 0.597 x HU + 4.146 (1)
Elementwise material properties in the FE models were defined using a
piecewise function, according to our previously-validated dual soft-hard model

, j’ of the tibia and applying a 1°
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for mineralized and non-mineralize tissue:
Pocr > Peur > E =10225p4cr  (2)
pocr < Peur > E =50MPa (3)

[2] Inglis et al, Sci Rep. 12(1), 2492. (2022)

Peur = 665 mgHA/cm?
E,c = 50 MPa

Young's Modulus (MPa)
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