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Abstract: The complicated inter-relationships between mandibular bone components and dental implants have 
attracted the attention of many a structural mechanics researcher as well as many a dental practitioner. This 
paper describes the methodology and analysis techniques employed to enable accurate evaluation of a vast 
range of the implant and bone parameters. The complex material and geometric properties of the bone and 
implant are modelled using two-dimensional (2D) triangular and quadrilateral plane strain elements. Assumptions 
made in the analysis include: (a) 50% osseointegration between bone and implant; (b) linear relationships exist 
between the stress value and the Young�s moduli of the cancellous and cortical bone at any specific point. In the 
companion paper (Part II) various bone, implant and loading parameters are evaluated for their influence on the 
stress distribution within the bone, in particular in the mandible. 
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1 Introduction 
 
Dental implants are biocompatible screw-like titanium �fixtures� that are surgically placed into the jawbone 
to replace missing teeth. The mechanism by which an implant is bio-mechanically accepted by the 
jawbone is called osseointegration [1,2]. Stimulus of the bone through applied stresses has been well 
documented to influence the success or failure of an implant [3,4]. An optimum stress profile is required in 
order to maintain a strong and healthy jawbone: a stress that is too high may cause irreversible damage to 
the jawbone; one that is too low may fail to stimulate the jawbone sufficiently for satisfactory healing of the 
wound and thus, for osseointegration.  Furthermore, the primary stability is especially critical because the 
bone is still in a state of repair and necessitates applied stresses that promote bone growth. Research by 
Himmlova et al. [5], Plikçiolu et al. [6] and Pierrisnard et al. [7] have all recognised the fact that the implant 
dimensions influence the magnitude and profile of stresses within the bone. It is commonly understood 
that increasing the implant length and/or diameter reduces the stresses within the bone. Furthermore, 
based on clinical experience practitioners appreciate the fact that if the bone is weak then a wider implant 
is required. However, these decisions are based primarily on clinical judgement but not supported by any 
theoretical data. It is critical for the practitioner to fully grasp the relationship between various 
combinations of bone, implant and loading parameters and the resulting stresses in the bone.  
 

2 Modelling of Implant-Bone System 
 
Modelling and simulation are performed using the Strand7 Finite Element Analysis System [8]. The first step of 
the modelling is to define the bone and implant geometry. This is then followed by specifying the material 
behaviour in terms of the Young�s modulus, Poisson�s ratio and density for various mandibular bone components 
and the implant. After applying the appropriate loading and restraint conditions, the various parameters and their 
contributions to the stress profile within the bone, in particular in the mandible, can be evaluated. 
 
A 2D representation of the bone and implant is analysed because this is considered to be similarly 
accurate and more efficient in terms of computation time, as compared to a three dimensional equivalent. 
Data acquisition for the bone dimensions are carried out using Computed Tomography scanned images. 
The different types of bone, i.e. cancellous and cortical, are distinguished and the boundaries are 
identified in order to assign different material properties within the finite element model. Figure 1 shows a 
mandible section and implant with the loading and restraint conditions. Also shown in the figure are the 
detailed parameters considered in this study. The implant is cylindrical with 2 degrees of taperage and has 
a helical thread. For a particular finite element model with D = 4.5mm, L = 11mm, Tcor = 1.2mm, the total 
numbers of elements are respectively 2870 for the implant, 5956 for cancellous bone, and 1094 and for 
cortical bone. The total number of nodal points in the entire model is 9969. 
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Figure 1: Fini te element model of the mandible and dental implant 
 
As indicated in Figure 1, the von Mises stresses along the lines VV for cancellous bone and HH for 
cortical bone are recorded for all possible parameter combinations. The stress characteristics along these 
two lines are believed to be critical in evaluating the performance of implantation [9]. Note that both lines 
VV and HH are chosen on the right side of the implant because the highest stress magnitudes occur on 
the right. This is due to the loading characteristics. The start and finish points of VV (i.e. V1 and V2) and 
HH (i.e. H1 and H2) are also identified in Figure 1 for 
ease of discussion.  
 
A cross-sectional slice is taken from the mandible (refer 
to Figure 2). The �arc length� of the mandible is 
comparable to the width and depth of the slice. When 
the slice is subjected to in plane (x-y) masticatory 
forces (FH, FV and M), it is restrained from deforming 
out-of-plane (in the z-axis). Therefore, it can be 
assumed that all the strains are confined in the z-axis. 
To accurately represent the mechanical behaviour of 
the bone and implant, 3-node triangular (Tri3) and 4-
node quadrilateral (Quad4) plane strain elements are 
therefore used for the construction of the finite element 
models. Note that for the plane strain elements each 
node has a complete set of s patial degrees of freedom 
including u and v. This means that each node can only 
translate in the x- (u) and y- (v) directions. 
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Figure 2: Location of 2D slice in a mandible 



 

3 Parameters 
 

3.1 Jawbone 
 
An extensive literature review by van Staden et al. [10] indicated that the commonly assumed range of 
Young�s modulus values for cancellous bone is between 0.08 and 7.93GPa. For cortical bone it is  
normally assumed to vary from 5.57 to 22.8GPa. The present study adopts a range of Young�s modulus 
for cancellous bone (Ecan) from 1 to 14GPa and for cortical bone (Ecor) from 7 to 20GPa, as summarised 
in Figure 1. The selection of such a range is based on the understanding that in some exceptional cases 
the Young�s modulus of cancellous bone can go up to 14GPa when that of cortical bone is also at a high 
range. Assuming 1GPa intervals for these parameters results in fourteen different Young�s modulus 
values for cancellous and cortical bone respectively. With such a large range of material parameters to be 
considered, the corresponding densities of cancellous and cortical bone must be determined. Equations 1 
and 2 show the mean relationships between the Young�s modulus and the density of cancellous (�can) and 
cortical (�cor) bone, respectively based on published works by Abendschein and Hyatt [11],  Lotz et al. 
[12,13], Carter et al. [14] and Ciarelli et al. [15].  
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The cortical thickness (Tcor) is another parameter to be evaluated. Previous studies by Mellal et al.  [16] 
assumed a thickness of 1mm while Natali et al. [17] assumed 0.8 and 1.9mm. In the present study a more 
extensive range of Tcor, viz 0.3, 0.6, 0.9, 1.2, 1.5, 1.8 and 2.1mm is selected, see Figure 1. The Poisson�s 
ratios, v, for the implant (grade 4 commercially pure titanium), cancellous and cortical bone are 0.3, 0.3 
and 0.35 respectively. Note also that the cortical bone is constrained along the left and right faces of the 
cross-section in the distal direction (see Figure 1) thus representing a realistic function of the mandible 
with an implant. 
 

3.2 Implant and loading 
 
The dimensions of the Neoss [18] 
implant system are employed for the 
purpose of this study. Various 
dimensions are considered including 
lengths of 7, 9, 11, 13 and 15mm, and 
diameters of 3.5, 4.0, 4.5 and 5.5mm. 
This study only focuses on the 
stresses within the cancellous and 
cortical bone therefore the entire 
implant system has been simplified to 
being solely the implant, excluding the 
abutment, abutment screw and crown. 
In reality, the masticatory force is 
acting on the top of the crown. 
Neglecting the implant components 
above the implant itself means that the 
masticatory force is transferred to the 
head of the implant. This requires the 
introduction of a moment about the z-
axis along with the forces acting in the 
vertical (y-axis), Fv, and horizontal (x-
axis), FH, directions.  
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Figure 3: Moment applied to plane strain element 



 

The FH, FV and M of 2 5 to 250N, 50 to 500N and 162.5 to 1625Nmm respectively are applied to the head 
of the implant, as shown in Figure 1, to simulate the masticatory forces. Note that M is applied in the 
negative z-axis and is based on the horizontal load laterally transferred at a distance (crown height) of 
6.5mm. Based on the clinical study by Aparicio and Orozco [19], these loading conditions are considered 
comprehensive. In this study, FH/FV/M combinations are chosen from the minimum values 
25N/50N/162.5Nmm to the maximum values 250N/500N/1625Nmm together with half maximum values 
125N/250N/812.5Nmm. Such a load combination and increment are used for all the parametric studies. 
 
Due to the z-axis not being considered for the 2D plane strain elements, a moment must be applied 
through the use of rigid links to nodal points surrounding a specified node (N) at which the moment is 
applied (refer to Figure 3). At the end points of each rigid link, an orthogonal force FM is applied thus 
creating a moment around the connecting point (N) of the rigid links.    
 

4 Assumptions 
 
In addition to assuming a 2D representation of the bone and implant, other assumptions are: (a) 50% 
osseointegration between the bone and implant; ,(b) linear relationships exist between the stress value 
and Young�s moduli of the cancellous and cortical bone at any specific point.  
 

4.1 Bone implant interface 
 
The interface surrounding the implant exhibits both blood and 
bone fragments. This interface is considered clinically ideal for 
osseointegration. However it is mechanically unfavourable. The 
stage after insertion and before full osseointegration occurs is 
critical for the surrounding bone because it exhibits the most 
distinct stress concentrations. However post osseointegration, 
when the lamina dura is formed, the implant stability drastically 
increases. 
 
In a finite element study by Natali et al. [17] two formation stages 
of the lamina dura were modelled by having Young�s moduli of 
0.3 and 1.5GPa, respectively. The formation of lamina dura 
improved the stress distribution more than cancellous bone and 
is a clinically favourable course of healing. A study by Berglundh 
et al. [20] assumed that the blood interface extended 0.13mm 
into the thread chamber. Based on these findings the present 
study assumes a 50% osseointegration between the bone and 
implant. The voids between the bone and implant are modelled 
as blood, see Figure 4. The Young�s modulus and Poisson�s ratio 
of the blood are taken as 0.7GPa and 0.3 respectively. 
 

4.2 Linear relationship between stress and Young�s modulus  
 
The possible number of parameter combinations for the bone, implant and loading exceeds 82,320. This 
number is based on five implant lengths, four implant diameters, fourteen Young�s moduli each for 
cancellous and cortical bone, seven cortical thicknesses and three loading conditions (see Figure 1) . It 
would be unviable to complete such a huge number of simulations. As a result, further assumptions are 
made to reduce the number of simulations hence yielding a manageable amount of data for analysis.  
 

4.2.1 Predicted and actual stresses for Ecan and Ecor 
 

The feasibility of a linear relationship for the stress variation for all combinations of Ecan and Ecor is 
exploited. In Figure 5 a methodology for predicting the linear relationship between the stress and the 
Young�s modulus is shown. The actual stress values at any specific point along either VV or HH are 
recorded at the four corners representing the combinations of the minimum and maximum values of Ecan 
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and Ecor. Between any two actual stress values where either Ecan or Ecor is constant, a linear 
relationship between the stress and Ecan (or Ecor) is predicted. This prediction is then extended to any 
combination of Ecan and Ecor, provided that one of them remains constant. 
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Figure 5:  Methodology for predicting the linear relationship 
 
For the purpose of validation, a finite element analysis is carried out to obtain the actual von Mises stress 
values for L = 11 mm, D = 4.5mm, Tcor = 1.2mm, FV = 500N, FH = 250N and M = 1625Nmm. Varying Ecan 
from 1 to 14GPa for every possible value of Ecor shows little variation from linearity [9] . The actual stress 
at mid-point of line VV is recorded for all combinations of Ecan and Ecor  and compared to the respective 
linear prediction. For Ecan = 7GPa and Ecor = 13GPa, the predicted stresses vary from the actual ones 
by an average of 5.7% and 4.3% respectively. The stresses recorded at mid-point of line HH produced  
similar percentage errors (4.9% and 6.5% for Ecan and Ecor respectively) to VV.  
 
4.2.2 Parameter combinations 
 

With the assumption of linear relationships between the stress and Ecan or Ecor, only the minimum and 
maximum values of Young�s modulus are considered for each type of bone instead of the initial data set of 
fourteen. Parameters summarised in Figure 6 are thus evaluated. This means that the total number of 
analyses is reduced to 1680.  
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Figure 6: Parameter combinations 

 

5 Discussion and Conclusion 
 
This paper presents the methodology and analysis techniques that are used in the companion paper (Part 
II) to evaluate the stress distribution characteristics in the bone due to the effect of various parameters. 
Realistic geometries, material properties, loading and support conditions for the jawbone and implant are 
taken into consideration. Modelling assumptions in terms of (a) 50% osseointegration between bone and 
implant; (b) linear relationships between the stress value and the Young�s moduli of the cancellous and cortical 
bone at any specific point, are discussed in some detail in this paper. 



 

 
The parametric analysis covering the influence of varying each parameter on the stress characteristics in 
the mandible is presented in the companion paper (Part II). 
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Abstract: In this paper the finite element procedure is used to evaluate various bone, implant and loading parameters 
for their influence on the stress distribution within the bone, in particular in the mandible. The methodology and 
analysis techniques employed to enable accurate modelling of the implant and bone systems are discussed in the 
companion paper (Part I). The analysis results show that an increase in the Young�s moduli for the cancellous and 
cortical bone yields elevated stress magnitudes in the bone. Thinner cortical bone results in elevated stress levels 
within itself as well as in the cancellous bone. In both cancellous and cortical bone, the implant length demonstrates 
to be more influential, in terms of differences between the minimum and maximum stress values, as compared to the 
diameter. The masticatory forces exhibit a more significant influence on the stress than all the other parameters. 
Therefore loading should be considered an imperative factor when planning an implant placement. 
 
Keywords: bone, implant and loading parameters, finite element technique.  
 
1 Introduction 
 
The Finite Element Method (FEM) is becoming widely used to advance dental technologies [1,2]. The use of the 
FEM allows for an improved understanding of stresses within the implant and bone systems. Areas of application in 
dental implantology include studies on jawbone and implant properties as well as the bone implant interface [3-7]. 
Using the finite element technique the stress profile can be evaluated within both cancellous and cortical bone. This 
stress profile can be validated with the stress-strain behaviour of both cancellous and cortical as defined by Burstein 
et al. [8] and Currey [9]. To date no published research appears to have investigated the stress profile in the bone 
when various combinations of bone, implant and loading parameters are considered. The outcome of this study may 
help dental practitioners to identify the stimulus state of the bone - hence, they would be able to predict success or 
failure for all combinations of implant length and diameter with given cortical bone thickness, and material properties 
of cancellous and cortical bone, under a range of masticatory forces.  
 

2 Parametric Analysis 
 
As discussed in the companion paper (Part I), modelling and simulation of a total of 1680 parametric combinations 
are performed using the Strand7 Finite Element Analysis System [10]. The first subsection includes a summary of 
the von Mises stress profiles, recorded along the lines VV and HH for cancellous and cortical bone respectively, 
where average values are chosen for the remaining parameters except for the masticatory forces. The results due to 
three combinations of the masticatory forces are presented, viz the minimum values of 25N/50N/162.5Nmm, the 
maximum values of 250N/500N/1625Nmm and the median values of 125N/250N/812.5 Nmm. For example 
when presenting the stress for different values of L, the Ecan, Ecor, D and Tcor are all set to their mean values. Note 
that for this subsection, when FV, FH and M are varied all other parameters are set to their mean values. The second 
subsection summarises the most and least influential parameters where all the results presented correspond to the 
maximum masticatory forces. 
 

2.1 Influence of varying each parameter 
 
Figures 1 (a) and (b) present the von Mises stress recorded along the lines VV and HH for all the possible values of 
D. Other parameters are set to their average values: L = 11mm, Tcor = 1.2mm, Ecan = 7GPa and Ecor = 13GPa. 
When D increases the stress along the line VV oscillates more significantly following the thread profile (Figure 1 (a)). 
Such an increased oscillation is a result of reduced distance between the implant thread and cortical bone and the 
subsequent reduced volume of cancellous bone. This reduces the capacity of cancellous bone in distributing the 
stress more evenly. The stresses along the line HH exhibit a reduction when D is increased (Figure 1 (b)). This 
reduction is caused by the larger diameter implant supporting an increased portion of the load thereby reducing the 
stress in the cortical bone. Generally higher stresses are found at the implant neck for all values of D. Note that the 
stress levels along the lines VV and HH increase as FH, FV and M increase, which is evident in Figures 1 (a) and (b).  
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Figure 1: Stress profiles with varying parameters 
 

The von Mises stress recorded along the lines VV and HH, for all possible implant lengths, are shown in Figures 1 
(c) and (d). The stresses decrease within both cancellous and cortical bone (Figures 1 (c) and (d) respectively) as 
L increases because the surface area contact between the bone and implant also increases leading to the implant 
absorbing more load.  
 
Figures 1 (e) and (f) present the von Mises stress recorded along the lines VV and HH for all possible values of 
Tcor. As Tcor decreases, the ability of the cortical bone in supporting the load also decreases leading to a slight 
increase in the magnitude of stresses along the line VV (Figure 1 (e)). No discernable trend is found for the stress 
profiles along the line HH, as shown in Figure 1 (f).  
 
With reference to Figure 1 (g), as Ecan increases the stress magnitude increases. This is due to the cancellous 
being able to support a greater portion of the load. The stress within the cortical bone, Figure 1 (h), increases as 
Ecan decreases. This is because the cancellous bone is supporting less load and therefore an increased portion 
of the load has to be supported by the cortical bone.  
 

As evident in Figure 1 (i), as Ecor decreases the stress magnitude increases slightly in the cancellous bone, which is 
due to the cancellous having to support an increased portion of the load. However the stress within the cortical bone, 
Figure 1 (j), increases as Ecor increases. This is due to the cortical bone having increased resistance to the load.  



 

2.2 Parameter ranking 
 
To identify the most and least influential parameters, all the six parameters given in Figure 6 of the companion 
paper (Part I) are ranked in this subsection. Based on the data shown in Figure 1, the average differences (AD) 
are analysed and discussed, where AD is defined as the difference between the stresses when a single 
parameter is set to its minimum and maximum values while all the other parameters are set to their mean values. 
The differences in stress at distances 1, 4.5, 9mm from V1 and 0.2, 0.6, 1mm from H1 along the lines VV and HH 
respectively (see Figure 1 of companion paper), are given in Table 1. However, for D = 3.5mm the differences in 
stress along the line HH are recorded at distances 0.2, 0.4 and 0.8mm from H1. Note that F-M represents FH, FV 
and M by presenting the average stress difference that result from varying each load from minimum to maximum.  
 

Table 1. von Mises stress (MPa) in cancellous and cortical bone (stress along the line HH shown 
in brackets) 

VV/HH (mm) D L Tcor Ecan Ecor F-M 
1 / 0.2 2.02, (16.86)  16.82, (21.92) 4.25, (53.29) 26.12, (66.80) 1.85, (52.98) 41.70, (87.80) 

4.5 / 0.6 3.34, (25.70)  18.93, (18.19) 4.26, (16.24) 6.44, (81.33) 1.87, (55.80) 27.95, (83.27) 
9 / 1 3.64, (22.27)  20.33, (15.17) 8.70, (3.06) 6.14, (52.02) 2.81, (41.58) 30.15, (69.66) 
AD 3.00, (21.61) 18.69, (18.43) 5.74, (24.20) 12.90, (66.72) 2.18, (50.12) 33.27, (80.24) 

 

When considering the AD in stresses along the line VV, the ranking order is F-M>L>Ecan>Tcor>D>Ecor. Where 
�>� indicates greater difference in stress than the next parameter. The applied loading (F-M) has a more significant 
influence on the stress differences than all other parameters. However, Ecan demonstrated differences in stress 
at the distance 1mm along the line VV that are closely matched by that of L. The Young�s modulus of cortical 
bone (Ecor) exhibits the lowest AD, which is especially evident at a distance of 1mm along the line VV. The 
ranking order for the AD in stress along the line HH is F-M>Ecan>Ecor>Tcor>D>L. As found for cancellous bone 
varying F-M has a major influence on the stress differences within the cortical bone. Varying Tcor, especially at 
0.6mm along the line HH, has the least influence on the differences. 
 

3 Stress Validation 
 
Very similar to Currey�s  experimental results [9], the uniaxial compressive stress values for the human femora and 
tibiae measured by Burstein et al. [8] (Figure 2) are used as a reference to determine which parameters lead to 
either cancellous or cortical bone fracturing. Note also in this study 
that the compressive stresses on the right side of the implant are 
obtained under biaxial stress condition. Therefore a discrepancy is 
expected when the present results are compared to the uniaxial 
compressive stresses obtained by Burstein et al. [8].   
 

Derived from the stress-strain curve at the fracturing point are the 
uniaxial compressive stresses of 40MPa and 190MPa, for the 
cancellous and cortical bone respectively. Shown in Table 2 are the 
absolute maximum biaxial compressive stresses recorded along the 
lines VV and HH that are found close to the implant neck. Figure 3 
presents the compressive stress profiles within the cancellous and 
cortical bone. Note that, for the data shown in Table 2 and Figure 3, 
all other parameters are set to their average va lues, with maximum 
loading combinations (FH/FV/M = 250N/500N/1625Nmm). 
 

Table 2. Absolute maximum compressive stresses (MPa) in cancellous and cortical bone  
 

D (mm) L (mm) Tcor (GPa) Ecan (GPa) Ecor (GPa) Parameter 
 
Line  3.5 5.5 7 15 0.3 2.1 1 14 7 20 

VV 75.51 57.81 62.23 63.70 64.34 64.78 28.15 82.80 73.50 58.60 
HH 133.63 113.25 145.80 111.06 164.24 106.69 163.55 90.04 92.48 157.94 
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Figure 2: Stress-strain behaviour 

(Burstein et al. [10]) 



 

  
(a) Cancellous bone  (b) Cortical bone 

Figure 3: Absolute maximum compressive stress profiles in cancellous and cortical bone 
 
For the majority of parameters the fracture stress of cancellous bone (40MPa) is exceeded (refer to Figures 3 (a) 
and (b)) close to the implant head along the line VV, with D exhibiting the highest stress out of all the parameters 
considered (refer to Table 2). However, the fracture stress for cortical bone is not exceeded for any of the 
parameters. O'Mahony et al. [6] found that the greatest compressive stresses in the cancellous and cortical bone 
were 20 and 115MPa respectively. Discrepancies between the results from the present study and those of 
O�Mahony et al. could be due to the different assumptions adopted for loading, modelling and restraint conditions: 
they assumed a 6 mm off-axial vertical load of 490N. On the other hand, the current study assumes FH, FV and M 
of 250N, 500N and 1625Nmm, respectively. Also O�Mahony et al. used an implant with no thread and they 
applied fixed constraints to the base of a two dimensional mandible section. 
 

4 Discussion and Conclusion 
 
A good agreement is found with previous research [11-17] which stated that an increase in implant length and 
diameter leads to a reduction in stress magnitudes within the cancellous bone. Note in this study however, when 
D increases the stress along the line VV oscillates more significantly following the thread profile (Figure 1 (a)). 
 
A statement by Himmlova et al. [18] and Tawil et al. [16] indicates that the implant diameter (D) is more important 
for improved stress distribution than the implant length (L). However, it is shown herein that an increase in length 
reduces the stress, within both the cancellous and cortical bone, for a wider range of parameters. This is more 
obvious than the influence of varying diameter. In contrast, Pierrisnard et al. [12] found that the stress within the 
bone was virtually constant, independent of implant length and bicortical anchorage.  
 

No research to date has considered the influence that the cortical thickness (Tcor) has on the stress in the 
cancellous and cortical bone. In this study i t is concluded that decreased Tcor leads to cortica l bone supporting 
less load leading to a slight increase in the magnitude of stresses in the cancellous bone. Generally, as the 
strength of either cancellous (Ecan) or cortical (Ecor) bone increases, their ability to carry the load increases. This 
is evident when considering the stress along the line VV, as when Ecan increases the stress magnitude 
increases, which is due to the cancellous being able to support more load. In addition and as expected, when 
decreasing Ecor the stress magnitude increases within the cancellous bone, which is due to the cancellous 
having to support a greater portion of the load. The stress within the cortical bone increases as Ecor increases, 
which is due to the cortical bone offering more resistance to the load.  
 

It is found common during this study that e levated stress levels occur at the implant neck for all the parameter 
combinations. This phenomenon is supported by the study of Meijer et al. [5] which concluded that the regions of 
bone exposed to maximum stress are located around the implant neck. Note that the present study also found 



 

that the stress level at the implant neck, within the cancellous bone, is influenced by the fact t hat elevated stress 
magnitudes are transferred through its contact with the cortical bone. 
 
In general, the implant length has a noteworthy characteristic relationship with the stress i n the bone. The length is 
more influential, in terms of the stress difference in the cancellous bone, than the diameter. However the 
diameters is more influential in the stress difference in the cortical bone. Overall, in both cancellous and cortical 
bone the applied load and moment are most influential and therefore it is considered an imperative factor when 
planning an implant placement.  
 

When comparing the absolute maximum compressive stress values within both cancellous and cortical bone with 
published stress-strain data it is found that the cancellous bone experiences fracturing for all parameter 
combinations when maximum loading is applied. However, this is not the case when the loading is set to a 
magnitude that is half of the maximum. For the cortical bone the fracture point is never reached for all parameter 
combinations even when subjected to maximum loading. It is anticipated that these new findings will assist the 
clinician to perform a patient specific implant treatment in a more quality-controlled manner. Evaluating the 
influence of other parameters which affect the stress characteristics that govern osseointegration and bone 
growth, may constitute the main aim of a future study. These parameters include implant taperage, pitch and 
design of implant thread, implant neck offset, different percentages of osseointegration and implant orientation 
within the bone.  
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