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Introduction
Tissue differentiation during fracture healing is sensitive to the
mechanical environment. We previously compared several
mechano-regulation algorithms [1-3] to identify the most
significant mechanical parameters consistent with healing [4].

The current goal was to corroborate the biophysical stimuli and
mechano-regulation algorithms, by comparing computational
simulations to healing seen in vivo  under different mechanical
conditions, i.e. axial compression and torsional rotation.

Methods
• The simulated in vivo experiment [5] investigated fracture

healing under axial compression and torsional rotation over
a transverse ovine tibial osteotomy (Fig. 1a).

• Sinusoidal mechanical displacement of 0.5 Hz was applied
on the FE model (Fig. 1b), with magnitudes of 0.6 mm axial
(cutoff 360N), and 7.2°  torsion (cutoff 1670 Nmm).

Figure 1a) External fixator over an ovine tibia [5], b) 3D axisymmetric FE
model (ABAQUS) of an ovine tibia with a 2.4 mm fracture  gap, and
external callus. Tissues were modeled as linear poroelastic [4].

• Initially, the callus consisted of granulation tissue, into
which precursor cells migrated through a diffusive process
[3]. Depending on the biophysical stimuli calculated from
the FE analysis, cells within the callus differentiated into
fibroblasts, chondrocytes or osteoblasts, and predicted new
element material properties by a rule of mixture. Each
iteration simulated one day healing (Fig. 2) [4].

Figure 2 Fracture healing simulated in adaptive model (MATLAB)

• Explored algorithms were based on the consecutive stimuli;
1. Principal tensile strain and hydrostatic stress [1]
2. Principal strain and hydrostatic pressure [2]
3. Deviatoric strain and fluid velocity [3]
4. Deviatoric strain alone[4]

Results
Experimental

• At 4 weeks, axial and torsion healing was only slightly
different; both showed a bony callus, no bridging and soft
tissue in the gap. At 8 weeks, torsional healing was more
advanced; bridging closer to the gap, bone formation
intracortically & higher bone density.

Modeling
• None of the mechano-regulation algorithms predicted the

tissue distribution seen in vivo at both 4 & 8 weeks, neither
with axial displacement nor torsional rotation (Tab. 1).

 

Table 1 Summary of modeling results

Figure 4 Torsional healing with deviatoric strain and fluid flow [3]

Discussion
• Deviatoric strain [4] algorithm lacks an inhibiting stimulus

and predicted too robust axial healing. The other
algorithms are better in predicting early and intermediate
healing, but volumetric thresholds interrupted final healing.

• Strain and pressure/stress [1,2] algorithms were unable to
predict healing in torsion because of low strain limits. The
deviatoric strain and fluid flow algorithm [3] predicted
healing in torsion that best resembled experiments (Fig. 4).
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Figure 3 Histology 4 weeks (light green & toluidine  blue) a) axial, b)
torsion, and  8 weeks (eosin & toluidine) c) axial d) torsion [5].
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