
 

 

Abstract: The aim of this study was to perform 
Finite Element Analysis (FEA) of a patient-specific 
model acquired from cone beam computerized 
tomography (CBCT) scans in order to analyze the 
biomechanical behavior of teeth and surrounding 
bone in case with horizontal and vertical 
periodontal bone loss. Developed 3D model 
comprised the patient's upper left canine, first and 
second premolar, and adjacent alveolar bone. An 
infrabony defect was present along distal aspect 
of the first premolar (tooth #24). The rest of the 
bone was affected by horizontal bone loss. 
Displacement, Von Misses and principal stresses 
were evaluated by means of FEA, following the 
vertical occlusal load of 150 and 200 N. Vertical 
bone loss induced significant displacement of 
affected tooth, and consequently higher stresses 
in the surrounding bone. 

 
Index Terms: Periodontal disease, Alveolar bone 

loss, Finite element analysis. 

1. INTRODUCTION 

HREE-DIMENSIONAL finite element (3D FE) 
method is a very powerful tool which can give 

insight into the biomechanical behavior of 
analyzed dento-alveolar complex. It has been 
widely implemented in research related to 
dentistry. The method has been used to assess 
the stress distribution within soft and hard tissues 
[1-4], oral implantology [5, 6], endodontic [7-9], 
and oral surgery [10-12] etc.  

Bone loss around teeth is one of the main 
features of periodontitis. It is mainly caused by  
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microorganisms. Generally, bone destruction may 
occur in two diverse patterns, as horizontal or 
vertical bone loss. Horizontal bone loss is the 
most common type of bone loss associated to 
periodontitis, characterized by the linear reduction 
of bone height around the tooth, while the vertical 
or angular bone defects are those that appear in 
the oblique direction [13]. There are not enough 
studies analyzing the biomechanical behavior of 
teeth and surrounding tissues in cases with 
periodontitis. We find this topic to be of great 
significance as the further bone destruction is 
related not only to the bacterial influence but 
potentially also to the generation of high stresses 
in the bone. 

In the present study, the objective was to 
develop a study concept which could be further 
used to analyze biomechanical behavior of the 
analyzed structures. Namely, we wanted to 
analyze the stress distribution in cases with 
horizontal and vertical bone loss where the tooth 
mobility is not clinically evident. The goal was to 
test the hypothesis that alveolar bone and tooth 
supporting tissues are affected with by higher 
stress in case with vertical bone loss which could 
further damage those structures although the 
tooth is still stable. We used 3D FE analysis of a 
patient- specific model in order to mimic the 
clinical situations. 

2. METHODS AND MATERIAL 

2.1. Stress-Based Fatigue Estimation 

In order to develop a patient- specific 3D finite 
element models, we used a cone beam 
computed tomography (CBCT) images of a 38 
year-old man (in good systemic health, 
nonsmoker) suffering from generalized severe 
chronic periodontitis. Diagnosis was based on the 
clinical examination findings and radiographic 
analysis, according to the known criteria [14]. The 
patient was thoroughly informed about the 
purpose of the study and gave his written consent 
before clinical examination. The study was 
approved by the Ethics Research Committee of 
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the School of Dental Medicine, University of 
Belgrade, Serbia (ethics approval Nº 36/41). 

We selected a segment of the patient’s upper 
jaw, comprising three teeth – caninus and two 
premolars. In this region, the patient had one 
oblique bone defect – between the two premolars 
which primary affected the first premolar (tooth 
#24). The rest of the bone in this segment had 
horizontal bone loss. 

 
Figure 1. Study design 

2.2. CBCT Scanning 

Imaging was performed using a high resolution 
CBCT device (SCANORA 3Dx, SOREDEX, 
Tuusula, Finland). Examinations were performed 
using an 80 x 100 mm field of view, 0.25 mm 
voxel size, 90 kV tube voltage, and 10 mA tube 
current and 2.4 s scanning time. All the scans 
were stored in the standard DICOM format for the 
further analysis. 

2.3. Development of the Finite Element 
Models 

A patient-specific 3D finite element (FE) model 
was developed from the acquired CBCT scans 
(Fig. 1). The model comprised the patient's upper 
left canine, first and second premolar, and 
adjacent alveolar bone. For each of the 
considered teeth, we included its enamel, dentin, 
pulp chamber, and periodontal ligament (PDL), 
while the root cementum was neglected. By using 
Mimics software version 10 (Materialise, Leuven, 
Belgium), reconstruction of the FE models from 
the CBCT scans was performed through the 
following steps. After the mask of cortical bone 
was modeled, we created the mask of trabecular 

bone, and finally, the mask of teeth was 
generated. Using the Mimics STL+ module, all 
the masks were converted into the 
stereolithography (STL) format. In order to 
optimize the quality of the triangle meshes for the 
further FEA, we used the REMESH module 
attached to Mimics software. Finally, using 
Geomagic Studio 10 software (Geomagic GmbH, 
Stuttgart, Germany), we assembled the extracted 
parts into the model and additionally generated a 
periodontal ligament (PDL) as the 200 µm-thick 
shell. 

The model represented a patient-specific FE 
model, generated using CBCT scans (Fig. 1), 
representing an identical situation in the region of 
interest, with vertical bone loss (intrabony defect) 
along the distal aspect of tooth #24 (Fig. 1). PDL 
was modeled across all tooth roots (as it is too 
thin to be registered on CBCT) except on the 
tooth #24 at the root’s site adjacent to the 
intrabony defect as it was also destructed along 
with the bone loss (Fig. 1). 

2.4. Meshing and Material Properties of the 
Tissues 

The STL files of the developed model were 
imported into the CATIA V5 software 
(DassaultSystèmes, Velizy-Villacoublay, France, 
version R20), and converted into the NURBS 
surfaces using the Digitized Shape Editor and 
Quick Surface Reconstruction modules. The solid 
model was further exported to ANSYS software 
(SASI, Canonsburg, PA, United States of 
America), version 14.5.7, for producing the finite 
element mesh and structural analysis. By using 
the ANSYS Meshing module, the model was 
discretized into the very dense and quality 
tetrahedron volume mesh (Fig. 1). The number of 
nodes was 1179101, while the number of finite 
elements was 5702597. All the tissues were 
assumed to be homogeneous, isotropic and 
linearly elastic. The values of the Young's moduli 
and the Poisson’s ratios for dental tissues, PDL, 
cortical and cancellous bone, and BMBP were 
taken from the literature (Table 1). 

Table 1. Mechanical properties 
Material 
 

Elastic Modulus 
(MPa) 

Poison 
ratio 

Pulp[15] 
 

6.8    0.45   

Dentin[7] 
 

18.6x103  0.31  

Enamel[7] 
 

84.10x103  0.3 

PDL[7, 16] 
 

0.68 0.45 

BMBP [6] 
 

1.69x103 0.3  

Cortical bone[17] 
 

13.7x103  0.3   



 

Cancellous bone[17] 
 

1.37x103  0.3   

2.5. Boundary Conditions and Calculations 

In order to assess the stress distribution (Von 
Misses) and effective displacements, the 
boundary conditions were applied using the 
ANSYS Static Structural Analysis module (Fig. 1). 
The sides of the model that represent cut-off 
planes from the overall maxilla were fixated in all 
degrees of freedom following Fig.1, black color. 
Masticatory forces were applied on the buccal 
and lingual cups of premolars simultaneously 
(Fig. 1-red arrows, red color), to gain the resulting 
force of 200 N parallel to long axis of these teeth 
(vertical load) [17]. Load of 150 N was applied at 
an angle of 45o to the center of the canine’s 
palatal surface within the physiological limitations 
reported for a canine [17]. 

3. RESULTS 

 

FIGURE 2. DISPLACEMENT AND VON MISSES STRESS 

IN TEETH 

The results for displacement and Von Misses 
are presented on Fig.2-4. It may be found that 
alveolar bone loss may influence the tooth 
displacement. In general, the greatest 
displacement of all evaluated teeth (canine and 
both premolars) was detected in the case of 
vertical bone loss which affected the first 
premolar (Fig. 2). Under occlusal force, the tooth 
inclined toward bone defect. It was noticed that 
tooth #25 also exhibited displacement towards 
the defect adjacent to tooth #24, although this 

tooth was almost completely surrounded by the 
bone (Fig. 2). However, the displacement of the 
tooth #24 - the most affected tooth, was more 
than two times greater than the displacement of 
the tooth #25. 

Analysis of stress distribution showed 
significant differences among three teeth and the 
surrounding tissues (Fig. 2,3,4). Higher values of 
Von Misses were seen especially in tooth 
#24.These findings are in agreement with the 
results of the teeth displacement. 

 
Figure 3. Displacement and Von Misses stress in 

cotical bone 

 
Figure 4. Displacement and Von Misses stress in 

cancellous bone 



 

Assessing alveolar bone in 3D FE model 
showed that Von Misses stresses had greater 
magnitudes in cortical bone when compared to 
cancellous bone (Figs. 3 and 4). Maximum stress 
values were present in narrow zones of alveolar 
crest, at the site adjacent to the mesial aspect of 
the canine (Fig. 3). Only in the case of the vertical 
bone loss Von Misses stresses reached 
maximum values of 76.54 MPa in alveolar crest 
at distopalatal aspect of tooth #24. The evaluation 
of the buccal and palatal aspects of maxilla 
demonstrated that buccal plate was affected at a 
higher level, and the widest stressed zone was 
observed in the case of vertical bone loss (Fig. 3). 
Fig. 4 displays uniform Von Misses stresses 
distribution in cancellous bone. Concerning the 
pattern of bone destruction, the highest stresses 
values in cancellous bone were reveled in the 
case of vertical bone loss. 

Regarding the PDL, the highest Von Misses 
stresses were present in the case of vertical bone 
loss, mostly located on the buccal and mesial 
aspect of the tooth #24 root (Fig. 2). 

4. DISCUSSION 

The main aim of this research was to develop 
and test the study concept comprising modeling 
of patient-specific FE model on the basis of 
CBCT scans and further FE analysis of 
biomechanical behavior of dento-alveolar 
complex. 

Results of this study supported the hypothesis 
that higher stresses are generated with occlusal 
forces in teeth affected with vertical bone loss.  
There is evident difference in displacement and 
stress distribution in alveolar bone, PDL and teeth 
between the two patterns of bone destruction 
(horizontal and vertical). Vertical bone loss 
resulted in higher displacement and stress values 
in the teeth (Fig. 2), the remaining bone, and PDL 
(Figs. 2, 3 and 4), compared to horizontal bone 
loss.  

In the present study we wanted to analyze tooth 
displacement which could not be visualized and 
measured otherwise. We found evident tooth 
displacement which occurred above physiological 
boundaries, being the highest in the case of 
vertical bone destruction. It was demonstrated 
that, although being small, tooth displacement 
affects the level of Von Misses stresses. Namely, 
tooth #24 was “bending” distally towards the 
intrabony defect (Model 2) (Fig. 2,4). The stress 
in the periodontium predicts the potential pain and 
damage that occur under functional bite force 
[18]. Even though the maximal vertical biting 
forces in humans can approach 700 N [3, 19], the 
moderate physiological occlusal forces in this 
study (150 N and 200 N) can cause localized 
stress concentrations in alveolar bone affected by 
vertical resorption. It was revealed in the study of 

Jeon et al. that localized stress concentrations 
are closely related to bone resorption [20]. 
Knowing that yield stress of 60 MPa may cause 
harmful effects on cortical bone in humans [21], 
detected value of 75.98 MPa would have 
detrimental effect on cortical bone and most likely 
would lead to further bone resorption. 
Furthermore, even fatigue loadings that are 
continuous and repetitive can potentially 
“accumulate” the stress, triggering bone 
degeneration or resorption [22]. 

PDL has the ability to absorb the stress and 
allow tooth movement [23]. These PDL 
characteristics enable transfer and uniform 
distribution of occlusal loads to adjacent bone 
tissue [24]. Ona et al. [25] described in their FE 
study that bone resorption reduces the root area 
available for support, which may cause an 
increase of the maximum stress within the PDL. 
The results of our study are in agreement with 
this finding, because the highest value of overall 
stress was detected in PDL of the tooth #24 in the 
case of vertical bone loss (Fig. 2). Janovic et al. 
[1] recently demonstrated in a FE study that the 
accumulation of Von Misses stresses within the 
buccal cortical plate adjacent to the loaded tooth 
was observed during the canine biting. The 
highest stress was recorded in cancellous bone 
around the canine root and dispersed 
predominantly toward the buccal cortex [1]. The 
results of our study are in line with 
aforementioned findings. 

It is important to emphasize that the results 
should be interpreted with caution due to the 
study’s limitation. The conclusions in this study 
are based on computer simulations, in which the 
root cementum was neglected due to its very low 
thickness and properties similar to dentin [26]. 
However, results of the recent FE study showed 
that stress values in PDL and supporting bone 
were lower when cementum and cementum-
dentine junction (CDJ) were modeled [4]. 
According to these results it can be assumed that 
the stress values obtained in the present study 
might be lower. 

According to the gained results we find the 
study concept to be relevant. Experimental study 
with the same study design would be impossible 
and the information gained from this research 
concept could not be achieved otherwise. The 
results of this study demonstrated that FE 
analysis may be a useful analytic tool in stress 
assessment within periodontal tissues, when 
diverse pattern of alveolar bone loss is present. 
Using the same approach, this analysis may be 
used to evaluate the outcome of regenerative 
therapy of periodontitis regarding the stress 
distribution in treated teeth, PDL, and alveolar 
bone. Future research aiming to develop more 
complex models should be 



 

5.  CONCLUSION 

This study demonstrated that the study concept 
comprising the development of patient-specific 
3D FEA model on the basis of CBCT scans is 
well designed and provides relevant and 
important information. 
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