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Abstract

This paper aims at providing a preliminary understanding in biomechanics with respect to
the effect of FPC dental implants on bone remodelling. 2D multi-scale finite element models are
created for a typical dental implantation setting. Under a certain mastication force (<200N), a global
response from a macro-scale model (without considering coated surface morphology details) is first
obtained and then it is transferred to the micro-scale models (with coated surface morphology
details and various particle sizes) for micro-scale analysis. A strain energy density (SED) obtained
from 2D micro-scale Finite Element Analysis (FEA) is used as a mechanical stimulus to determine
the bone remodeling in term of the change in apparent bone densities for cancellous and cortical
bones. The change in bone densities is examined as a result of bone remodelling activities over a
period of 48 months.

Introduction

Osseointegrated dental implants have been accepted as clinically desirable restorative device
and have predictable outcomes for the management of partially and fully edentulous patients.
Osseointegration becomes one of critical factors to determine the success of implantation as it
directly affects the stresses acting on the peri-implant bony tissues. A better osseointegration is
believed to be able to improve adaptive remodelling process and minimise healing time. In this
regard, fully porous coated (FPC) implant has been making significant success in implantation in-
vivo over the last decade and there has been clinical evidence that these coatings create a better
osseointegrating environment [1]. However, it still remains unclear how the implant biomaterials
and corresponding surface morphologies would affect the bone remodelling activities.

Concurrently with the osseointegration process, bone regulates itself in response to
mechanical loads by adapting its internal morphology and properties for accommodating the
fundamental loading environment, knowing as “bone remodeling” [2]. In this regard, the bone
remodels in line with the change of mechanical loading induced by implant. As bone remodels
positively, the better quality of bone can be achieved, which leads to the stabilization of the dental
implant. As a general remodelling rule, a decrease in mechanical strain may cause bone disuse and
resorption, whereas an increase may lead to bone apposition where bone is more engaged to
stabilise the dental implant.

However, the relation between the existing surface coating and dental bone remodeling has
not been well reported. This preliminary study will explore the effect of two-unit cantilever fixed
dental prostheses on bone remodelling by using the finite element method (FEM) as a tool for
remodelling simulation. The role of cantilever bridge on a bone’s response is justified and therefore
to provide a new and effective approach to the improvement of restorative longevity.
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Materials and Methods

Two 2D microscopic models that have Imm % 1mm dimension were created based on the
information of 2D macro scale model from previous study [3], representing the localized cortical or
cancellous regions in Models I and II, respectively. Each microscopic model consists of three parts:
threads of dental fixture; localized cortical or cancellous bone and a blood layer where the bony
tissue shows the most significant change during the osseointegration healing processes after the
insertion of the implants. The spherical-shaped, atomized particles of Ti6A14V alloy porous coating
with diameter 50 um and 25 % porosity were also modelled in blood layer.
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a) 2D - macro scale model b) 2D - micro scale model

Fig. 1 Multiscale finite element model

Initially, a mechanical load of 200N was applied on top of the crown at a 2 mm offset from
the centre to the buccal side in the perpendicular direction to the crown surface of the macro-scale
model. Then the displacement field was extracted from the macroscopic model (Fig. 1a), which was
used as the kinematic constraint for the microscopic models (Fig. 1b). Finally, strain energy density
(SED) was evaluated for accessing the mechanical response in the microscopic model.

All the biomaterials associated were presumed to be linear elastic, homogenous, and
isotropic for sake of simplification in this multiscale analysis. The corresponding properties such as
Young’s modulus and Poisson ratio were obtained from the literature [4]. The analyses were
performed in ABAQUS version 6.7.1.

In order to perform bone remodeling analysis, the SED was used as a mechanical stimulus for
evaluating the bone remodeling processes. The SED model has been successfully used in many
remodelling studies in the long bone scenarios, e.g. [5-7]. According to Weinans et al [5] the change
in bone density (p) can be expressed as a function of the mechanical stimulus:

dp U
—=B(—-k), O<p<p 1
dt ( ) cb ()

where B is a constant, U is the strain energy density (strain energy per unit of volume) and p is the
local density (bone mass per unit of volume), £k is the threshold value and p., is the maximum
density of bone.

In the FE framework, SED can be calculated from averaging the strain energy density values at
all the integration points of an element from

U :%{al.j} {€;} )

These formulations have been implemented in an ABAQUS environment by using Python
scripting language for facilitating the bone remodelling calculation.
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Results and Discussions

In this study, the 48 month period is considered as the remodeling period, in which the change
in the density is chosen to monitor the bone remodeling activities. Fig. 2 plots the overall density
distributions of Models I and II at the end of 48 months remodeling duration. Overall, it can be
clearly seen that the majority of bone in Models I (cortical, Fig. 2a) and II (cancellous, Fig. 2b) has
been occupied by the dense bone over the 48 month healing period, which is similar to the density
distributions obtained from macro-scale analysis. This also provides the evidence to confirm the
bone remodeling activities. It is found that the cancellous region remodels more in the blood layer
whereas the most concentrate density in cortical region is in the bone. This implies that the bone in
cancellous region is more sensitive to mechanical loading than that in the cortical area. Therefore, a
shorter healing time is required for the blood layer in the cancellous region.

a) Model I (Cortical) b) Model II (Cancellous)
Fig. 2 Density contour of Models I and II after month 48

Fig. 3a represents the progression of the density in cortical region over the 48-month period.
The density in both blood layer and cortical bone increases throughout the remodeling period which
also indicates the degree of osseointegration. In general, the greater the bone density, the denser the
bone and the better the implant stability. The increase rate of density within the cortical bone region
is high in the first few months and reaches an equilibrium after month 20, where the average bone
density of 1.99 g/cm’ can be achieved while those of blood layer continues increasing until month
48 with a final density of 1.79 g/cm’

The change of the density of Model II shown in Fig 3b also exhibits a similar magnification
pattern to that in Model 1. Overall, the average density increases sharply within the first 14 months
and then the rate gradually decreases until the end of the remodelling period. It is interesting to note
that the density in blood layer after month 20 onward is greater than those in cancellous bone
region, confirming that the most concentrate mechanical stimulus can be found in the region. The
average density after month 48 reaches 1.17 g/cm® and 1.14 g/cm’ in blood layer and cancellous
bone region respectively.
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a) Model I (Cortical) b) Model II (Cancellous)
Fig. 3 Density progression of Model I and 11
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Conclusions

This numerical simulation provided the preliminary results on micro-scale bone remodeling
prediction of FPC implant supported crown. Overall, the remodeling rates in both Models I and 11
are relatively high in the first few months which represents the healing period for the bone to
initiate an osseointegration after implantation. The remodeling analysis shows that the blood layer
in the cancellous bone region is more sensitive to the mechanical load than that in the cortical
region. The comparative analysis with different size and porosity of the coating surface may need to
be incorporated in the further studies in order to facilitate the effect of porous coating structure.
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