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Introduction

The permeability of bone in mechano-regulation
simulations is a contentious issue; as reportedegl
used in previous models were based on well orgdnise
trabecular bone free of marrow. To date variatiohs
over six orders of magnitude have been measured in
trabecular bone (3.71x16 m* to 1x10® m?), which
may be attributed to its structural anisotropy ahe
wide range of trabecular architectures and volume
fractions for the various sites [1]. To the autkor’
knowledge the permeability of woven bone tissueais
known; however it is likely thain vivo permeabilities
would be lower due to the presence of soft tissitlinv

the pores. The objective of this study is to inigege

the effect of various bone permeabilities on freetu
healing in a three-dimensional model of a humaiatib
with an external fixator.

Methods

A mechano-regulation model for tissue differendati
based on fluid flow and shear strain [2] was corabin
with a stochastic model for cell migration and
proliferation [3]. The mechanical environment was
determined using finite element analysis and acttt
model was used for the simulation of cell activisge
Fig. 1). To analyse the effect of permeability dre t
tissue differentiation process a parametric studis w
performed, see Table 1. The material properties
(including the permeability values) employed by
Lacroix and Prendergast [4] are used in Test 1)ewhi
lower permeability values for mature woven bone are
used in Test 2 and 3. In Test 4, immature woverebon
was assigned a higher permeability value normally
associated with mature woven bone, while the
permeability of mature woven bone was assigned a
lower value closer to that of cortical bone. Sintiolas
were performed under loading conditions that are as
physiological as possible.

Table 1: Woven bone permeability parametric study

Immature Mature
Test 1 1*10° 3.7*107
Test 2 1*10° 1.02*10%
Test 3 1*10° 1.02*10%
Test 4 1*10° 1.02*10'°
Test5 3.710° 6.85*10°

Figure 1: FE model of fractured tibia with exterrfadator (a), and
illustration of random-walk cell proliferation in @allus element (b).

Results

The predicted tissue differentiation patterns in al
simulations are initially quite similar; howevers ¢he
regenerating tissues moved into the woven bondsfiel
the associated elements were assigned different
permeabilities, based on Table 1. The effects eéh
values are illustrated in Fig. 2.
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Figure 2: Transverse cross-section of the callligsirating the
predicted healing patterns over time

Discussion

Finding a correct value for permeability will prazi
more accurate fluid velocities and therefore alfowa
better definition of the mechano-regulation diagram
proposed by Prendergast [2]. A permeability valfie o
1.02x10** m*Ns for mature woven bone predicted the
most accurate results. It was found that higher
permeabilities allow greater fluid velocities ineth
regenerate and therefore induce soft tissue foomatf
callus stability is not achieved in the initial gés of
healing the increasing loads ensured that the nmézdla
stimuli remain high and prevent ossification. Ore th
other hand, reduced permeabilities generate loluet f
velocities and therefore promote either bone foionat
or resorption. If however, resorption occurs toolyea
the remaining tissues in the callus have to comgtens
for the resorbed bone tissue and endure greatds.loa
Accurately defining the permeability of both immeagu
and mature woven bone is therefore pivotal in
simulating bone regeneration with mechano-regufatio
algorithms.
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