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ABSTRACT 

Dental crowns are best utilized as a way to improve 
the cosmetics of a tooth appearance when the crown 
simultaneously serves other purposes also, such as 
restoring a tooth to its original shape or strengthen- 
ing a tooth. The study presents four different designs 
of molar crown depending upon the tooth loss. The 
finite element results obtained suggests that restored 
material which fills the treated cavity along with 
small portion of root canal can help in retaining the 
restored tooth and can allow larger deformations for 
stresses induced well within the limit.  
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1. INTRODUCTION 

Crowns are tooth-shaped “cap” that are placed over a 
tooth to restore its shape and size, strength, appearance 
or cover a dental implant. The strengthening capability of 
dental crowns is related to the fact that they cup over and 
encase the tooth on which they are placed, thus serving 
as a splint which binds the tooth together. The geometry 
of the crown is selected and decided based on various 
factors like type of tooth, amount of tooth loss, location 
of tooth and finally the skill of dentist. The performance 
of restored tooth should be ideally observed for the cer-
tain period of time. Based on the stress distribution pat-
tern, best design should be selected to increase the suc-
cess rate.  

The objective of the study is to carry out the stress 
analysis of different designs of molar crown depending 
upon the tooth decay and suggest optimal design for the 
success of restoration treatment. Further, the study sug-
gests that simulating the behaviour of the tooth for a par-
ticular restoration gives sufficient evidence of failure 
location as well as approximate stress distribution pattern 
beforehand. For carrying out the stress analysis, the mo-
lar tooth is accurately modelled and appropriate material 
properties are assigned to different layers of the restora-
tion. The following section presents the details about 

modelling of natural tooth and restored tooth. 

2. MODELLING OF NATURAL TOOTH 

CT scan of the human mandibular left second molar 
tooth is obtained. The CT scanned images are imported 
in MIMICS software which converts CT data to 3 D 
model. For distinguishing the different layers of natural 
tooth, thresholding [1] is carried out. Thresholding fa-
cilitates the segmentation of objects. Segmented object 
will contain only those pixels of the image with a value 
higher than or equal to the threshold value. Sometimes 
an upper and lower threshold is needed. The segmenta-
tion mask contains all pixels between these two values. 
A low threshold value makes it possible to select the soft 
tissue of the scanned patient. With a high threshold, only 
the dense parts remain selected.  

A segmentation mask is a collection of pixels of inter-
est that constitute an object. One can create several de-
pendent or independent masks, each displayed with their 
own identifying color. Usually several masks will be 
needed to obtain a final segmentation object that contains 
the required information. The Figure 1 shows processing 
of CT data, different views of the tooth and generation of 
3D model of tooth.  

The 3D model thus obtained is meshed to make it op-
timal for FEA (finite element analysis) purpose in 
MIMCS itself. Further, re-meshing reduces the amount 
of triangles of the object and improves the quality of the 
triangles by removing extra shells. After obtaining a sur-
face mesh it can be imported in ANSYS and a volumet-
ric mesh is created from this surface mesh in ANSYS 
environment. 

3. MODELING OF MOLAR CROWN 

The natural tooth is initially constructed as a solid model 
with single material in ANSYS Environment. The carries 
formation leads to decay of tooth. If decay is small and 
restricted to the enamel layer only, part of the enamel is 
drilled and removed. The cavity so created is filled by 
artificial material like ceramic, silver amalgam, resin 
composite, cast gold etc. Depending upon the shape of 
cavity four different molar crowns are designed.  
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(a)                          (b) 

 
(c)                          (d) 

Figure 1. Different views of tooth in MIMICS software. (a) 
shows the sectional front view of the molar tooth; (b) shows the 
top view of the tooth. The CT scan image is obtained in the 
form of number of slices stacked one over other. The solid 
model of the tooth prepared in MIMICS software is split in two 
parts to show that it is hollow; (c) shows the lower part of the 
tooth which is housed in the bone; (d) shows the upper part of 
the molar tooth showing the crown.  
 

3.1. Modeling of Molar Crown Design-1 

The design-l in dental terminology [2] is known as MOD 
(Mesial Occlusal Distal) which indicates that the cavity 
created start from mesial region and along the occlusal 
surface ranges up to the distal region. The modelling is 
done using the following procedure. The spline through 
key points is plotted by entering the three dimensional 
coordinates of the cavity. The straight line is used to 
convert spline into closed boundary area. The closed 
boundary area is extruded along normal direction. This 
procedure is used for solid cavity as a single entity. The 
solid cavity is subtracted from natural tooth volume by 
Boolean subtract command. Design-l of molar crown is 
as shown in Figure 2(a).  

3.2. Modeling of Molar Crown Design-2  

If the decay of the tooth further worsens it affects the 
pulp region also. Here, besides the enamel and dentin, a 
cavity is created in the root of the tooth also. This is done 
to remove the affected pulp and surrounding nerves and 
blood vessels which leads to pain. This cavity is called 
MOD root canal cavity. Again for modelling of tooth, the 
molar tooth model is imported in ANSYS from MIMICS. 
The MOD preparation procedure remains the same. The 
cavity is prepared by creating a projected cylinder. The 
root canal cavity is subtracted from natural tooth volume 
by Boolean operation. Design-2 of molar crown is as 
shown in Figure 2(b).  

3.3. Modeling of Molar Crown Design-3  

The design-3 is created for the tooth which is decayed on 
the occlusal surface toward the mesial region only. The 

 
(a)                          (b) 

 
(c)                          (d) 

Figure 2. Different designs of molar Crown: (a) the design-1 
indicates mesial-distal-occlusal cavity; (b) the design-2 indicates 
mesial distal occlusal with root canal cavity; (c) shows the me- 
sial occlusal cavity termed as design-3; and (d) shows the Endo 
mesial occlusal with root canal cavity. 
 
part of the enamel towards distal region is kept intact. 
The procedure of modelling of MO (Mesial Occlusal) 
design is as follows. The closed boundary area is ex-
truded along normal direction 2 mm away from distal 
region. This procedure is used for modelling the solid 
cavity as a single entity. The solid cavity is subtracted 
from natural tooth by Boolean operation. Design-3 of 
molar crown is shown in Figure 2(c). 

3.4. Modeling of Molar Crown Design-4  

The design-4 is created for the tooth which is decayed on 
the occlusal surface toward the mesial region and the 
decay of the tooth further affects the pulp region also. 
Here, besides the enamel and dentin, a cavity is created 
in the root of the tooth also. This is done to remove the 
affected pulp and surrounding nerves and blood vessels 
which lead to pain. This cavity is called ENDO MO root 
canal cavity. The ENDO MO preparation procedure re-
mains the same. The root canal cavity is prepared by 
creating a projected cylinder. The root canal cavity is 
subtracted from natural tooth volume by Boolean sub-
tract command. The root canal cavity is filled by silver 
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amalgam in all the designs. Design-4 of molar crown is 
as shown in Figure 2(d). 

To decide which option amongst the four designs is 
best, stress analysis is carried out. All the four designs 
are discretized and loaded. The results are compared and 
discussed in coming section.  

4. FINITE ELEMENT ANALYSIS 

The ANSYS CAE (Computer-Aided Engineering) soft-
ware is used in conjunction with MIMICS to simulate the 
behaviour of Tooth under structural loading conditions. 
ANSYS automated FEA (Finite Element Analysis) 
technologies from ANSYS, Inc. is used to generate the 
results. The analysis is carried out on natural tooth and 
on all design of molar crown. Linear analysis of model of 
the natural tooth and restored tooth with the different 
molar crown designs subjected to masticatory loading 
conditions is carried out.  

4.1. Steps Required for Pre-Processing  

Modelling of different volumes like Tooth with cavity 
and root cavity are already discussed. The entire model is 
an assembly of two different volumes. Each part is 
named in the multi physics environment. Material prop-
erties for each part are then assigned as per the following 
Table 1.  

The summary of the entire mesh generated for natural 
tooth model in multiphysics environment is listed in Ta-
ble 2. The element type Solid 92 is used which is 10 
node tetrahedral structural solid [5]. It also shows the 
number of nodes and elements in each design and their 
details. 

The compressive force is applied in vertical direction 
on selected nodes of the crown. This vertical load is 
analogous to the load coming from the maxillary jaw 
second molar to the mandibular jaw second molar during 
biting (or mastication). Since the bone is fixed inside the 
jaw, the surface constraint is applied on the outer surface 
of the bone. Figure 3 shows nodes of the natural tooth 
model with load and constraint.  

The model is ready for solution processing. The solve 
command is executed in this environment and the linear 
analysis is successfully carried out without any warnings 
or errors. Thus the file is ready for post-processing. The 
deformation and the stresses using Von Mises criteria and 
axial stresses are obtained. 
 
Table 1. Material properties (All dimensions in mm). 

Sr. No. Material 
Young’s Modulus 

(GPa) 
Poisson’s Ratio

1 Tooth [3] 19.0 0.3 

2 Silver Amalgam [4] 70.0 0.3 

Table 2. Finite element summary. 

 Body Name Nodes Elements

Natural Tooth Tooth 19,618 13,304 

Remaining Tooth 165,396 114,635
Molar Crown Design-1

Cavity 2279 1233 

Remaining Tooth 155,688 103,036
Molar Crown Design-2

Root Canal Cavity 36,950 25,562 

Remaining Tooth 195,768 136,688
Molar Crown Design-3

Cavity 2419 1354 

Remaining Tooth 292,374 197,208
Molar Crown Design-4

Root Canal Cavity 9910 6369 

 

 

Figure 3. The natural tooth model 
is imported in ANSYS software 
and after meshing the geometry, 
load is applied on the occlusal sur-
face of the tooth. The bone is as-
sumed to be fixed. Figure shows 
loaded and constrained tooth model 

 
The summary of the entire mesh generated for all the 

four molar crown design models in multiphysics envi-
ronment is listed in Table 3. It also shows the type of 
elements used for meshing and their details.  

5. RESULTS  

For the masticatory loading (chewing) condition, FE 
analysis is carried out as discussed in the previous sec-
tion. The solid model is imported from MIMIC software 
to the ANSYS Multiphysics Environment and material 
properties are assigned as per Table 1. Load of 1100 N is 
applied and the outer surface of the lower part of molar 
tooth is constrained for zero degree of freedom. This 
magnitude of load is analogous to load coming from 
mandibular jaw molar to maxillary jaw molar during 
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Table 3. Various stresses of all designs of molar crown and natural teeth. 

Range of Stresses (MPa) Natural Molar Teeth 
Molar Crown  

Design-1 
Molar Crown  

Design-2 
Molar Crown  

Design-3 
Molar Crown  

Design-4 

Von Misses Stresses 0.7 - 25 0 - 35 0 - 29 0 - 39 0 - 33 

Displacement Vector Sum (mm) 0.00026 0.000392 0.000518 0.0003 0.000883 

Principal Stresses −19 to 10 −32 to 6 −9 to 13 −35 to 3 −9 to 10 

 
normal chewing function. 3D models thus prepared are 
solved to get the final solution. The entire process is re-
peated for natural molar tooth and all the restoration of 
different designs of molar crown systems. The results are 
observed using post processing commands.  

5.1. Discussion 

 OPEN ACCESS 

For validation of the models, the stresses at a load of 
1100N for all groups are extracted. For the given loading, 
design-1 and design-3 produces deformations similar to 
natural tooth of the order of 0.0003 mm. But the stresses 
induced are significantly large in these two designs as 
compared with design-2 and design-4. The compressive 
stresses induced in design-1 and design-3 are −32 and 
−35 MPa, which may lead to crushing of the remaining 
tooth structure surrounding the restorative material. Thus 
treatment may further worsen the strength of the restored 
tooth. A number of studies [6,7] analyzing biophysical 
stress and strain have shown that restorative procedures 
can make the tooth crown more deformable and teeth 
could be strengthened by increasing their resistance to 
crown deformation. The standard load case applied in the 
present analysis constitutes the most discriminating tech-
nique to study crown deformation. The results obtained 
with composite restored teeth (CPR) are in agreement 
with conclusions by Douglas [8] stating that their 
strength falls off with increasing cavity size and can only 
approach that of the unaltered tooth in the case of small 
conservative cavities. This cannot be said about silver 
amalgam and ceramic restored teeth (CER), the behavior 
of which is strictly mimicking the unaltered tooth. As 
illustrated in the present article, the proposed approach 
resulted in valid 3D models with very detailed tooth 
anatomy and realistic computation process. Previous 
attempt to generate 3D models resulted in much coarser 
meshes , mainly due to the limitation of the geometry 
acquisition method (manual tracing of actual tooth sec-
tions), another reason being the increased memory re-
quirements for 3D models, which did not allow fine rep-
resentation of the geometry. Other authors [9,10] digi-
tized a plaster model (crown portion) and extrapolated 
the inner geometry (pulp, root dentin and enamel vol-
umes) using tooth morphology literature data.  

Different approaches were proposed to access the in-
ner anatomical detail without extrapolation and acceler-

ate the production of the models. When applied to small 
structures like teeth (with thin anatomical details such as 
the enamel shell), this technique does not allow the fine 
control of internal boundaries (e.g. dentin enamel junc-
tion), the exact geometry of which will have to follow 
the automatic volumetric meshing process.  

The approach used in the present study suggests that 
maximum anatomical detail can be obtained by surface/ 
interface based meshing using stereo lithography (STL) 
surface data and .lis data. The different parts of the 
model featuring different mechanical properties are iden-
tified first (segmentation process) and meshed accord-
ingly. Elements do not overlap the different structures 
but strictly follow the internal boundaries, resulting in a 
smooth and very well controlled representation of inter-
faces like the dentin enamel junction.  

5.2. Conclusion 

This investigation describes a rapid method for the gen-
eration of finite element models of dental structures and 
restorations. Detailed 3D finite element models of a mo-
lar Crown with different cavities and silver amalgam 
restorative materials were generated. Smaller cavities can 
be restored with strength quite close to that of natural 
crown. With a sufficient loss in tooth structure, retention 
capacity of foreign material in the restored tooth cannot 
be guaranteed. Few researchers [3,7] in past also per-
formed similar studies and the results obtained by them 
closely matches the conclusion of the present study. Thus 
design-2 and design-4 results into better retention of the 
filling material. These two designs can withstand suffi-
cient deformation under the loading and can induce 
stress much smaller than the design-1 and design-3. Thus 
design-2 and design-4 are highly recommended.  
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