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Abstract 

 

In this study, Static structural analysis of a molar tooth was performed by using FEM. The commercial finite element package 

ANSYS version 14.5 was used for the solution of the problem.   The molars or molar teeth are large, flat teeth at the back of the 

mouth. They are more developed in mammals. They are used primarily to grind food during chewing. Sometimes we are using 

artificial teeth instead of human molar tooth during broken. Here we optimize the molar teeth using different materials like 

acrylic, porcelain, silver and zirconia. Taking into consideration of forces acting on the top of the first molar teeth, the 

deformation, strain and stress are tabulated. And here we are studying about the molar teeth. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The molars or molar teeth are large, flat teeth at the back of the mouth. They are more developed in mammals. They are used 

primarily to grind food during chewing. The name molar derives from Latin, molaris dens, meaning "millstone tooth", from 

"mola", millstone and dens, tooth. Molars show a great deal of diversity in size and shape across mammal groups. 

 
Fig. 2:  Structure of typical human tooth [23] 

In humans, the molar teeth have either four or five cusps. Adult humans have twelve molars, in four groups of three at the 

back of the mouth. The third, rearmost molar in each group is called a wisdom tooth. It is the last tooth to appear, breaking 

through the front of the gum at about the age of twenty, although this varies from individual to individual. Ethnicity can also 

have an impact on the age at which this occurs, with statistical variations between groups [1]. In some cases, it may not even erupt 

at all. 

The human mouth contains upper (maxillary) and lower (mandibular) molars. They are: maxillary first molar, maxillary 

second molar, maxillary third molar, mandibular first molar, mandibular second molar, and mandibular third molar. 
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II. LITERATURE REVIEW 

 Challenges managing individuals with hereditary defects of the teeth. [1] 

Developmental defects of the dentition are diverse in their etiologies and clinical presentations. There can be alterations in the 

number, position, eruption, structure and composition of the teeth creating unique treatment challenges. Optimal management of 

developmental dental defects is predicated on establishing a diagnosis and often requires a team approach due to the diversity of 

the clinical manifestations. It is increasingly likely that the molecular etiologies of developmental defects of the dentition are 

known and having this information is helpful in predicting prognosis, identifying appropriate and emerging therapies, and 

ensuring patients receive appropriate information regarding their condition. Many developmental defects of the dentition are 

associated with systemic manifestations further adding to the importance of establishing a correct diagnosis.  

 Mechanical properties and micro-structure of hypomineralised enamel of permanent teeth. [2] 

Isolated enamel defects are commonly seen in first permanent molar teeth but there has been little work on the physical and 

morphological composition of affected molars. The aim of this study was to determine the mechanical and morphological 

properties of hypomineralized first permanent molar teeth, utilising the Ultra-Micro-Indentation System (UMIS) and scanning 

electron microscope, respectively. Further investigations using Energy Dispersive X-ray Spectrometry (EDS), Back Scatter 

Electron (BSE) Imaging and Xray diffraction were employed to attempt to determine the chemical composition,m ineral content 

and crystalline structure of the hypomineralised tissue, respectively,of eight first permanent molars with severe enamel 

hypomineralisation. The hardness and modulus of elasticity were found to be statistically significantly lower (0.5370.31 and 

14.4977.56GPa, respectively) than normal enamel (3.6670.75 and 75.5779.98GPa, respectively). Although the fractured surface 

of the hypomineralised enamel was significantly more disorganized and the relative mineral content was reduced by 

approximately 5% in comparison to sound enamel,th e mineral phase and Ca/P ratio was similar in hypomineralised and sound 

enamel. The dramatic reduction in the mechanical properties of first permanent molar teeth has ramifications when clinicians are 

choosing restorative materials to restore the defects. The reason for the dramatic reduction in mechanical properties of 

hypomineralised first permanent molar teeth is at present unknown.  2004 Elsevier Ltd. All rights reserved. 

 The hardness and modulus of elasticity of primary molar teeth an ultra-micro-indentation study[3] 

1) Objective: Baseline information on the mechanical properties of and the effect of load upon dental hard tissue is important 

in the development of successful dental materials. Existing methods of measuring such properties of tissue are subject to 

significant experimental error. This study reports on the use of an Ultra-Micro-Indentation  ystem (UMIS) to measure the 

hardness and elastic modulus of primary enamel and dentine. 

2) Methods: Primary molar teeth were sectioned, set in resin and polished. Thirty indentations were made in enamel and 

dentine using a Berkovitch indentor, 15 of which were subject to a load of 50 mN and 15 to a load of 150 mN. An 

automated computerised system converted the force/penetration graph for each indentation in to a hardness vs depth graph 

from which values for the mean hardness and elastic modulus were calculated. 

3) Results: Primary enamel had a mean hardness of 4:88 ^ 0:35 GPa whilst the hardness of dentine was 0:92 ^ 0:11 GPa The 

elastic modulus for enamel was 80:35 ^ 7:71 GPa and that of dentine 19:89 ^ 1:92 GPa. Using linear regression analysis a 

significant relationship could be shown between the hardness and the elastic modulus for both enamel and dentine when 

loaded to 150 mN but only for dentine at 50 mN .P , 0:05.: In general the elasticity of tooth structure increased as the 

hardness increased. 

4) Conclusion: The UMIS offers a simple and reproducible method of measuring basic mechanical properties of small samples 

of enamel and dentine. 

 Fatigue resistance of denture teeth. [4] 

1) Aims: There is no standard test to determine the fatigue resistance of denture teeth. With the increasing number of patients 

with implant-retained dentures the mechanical strength of the used denture teeth requires more attention and valid 

laboratory test set-ups. The purpose of the present study was to determine the fatigue resistance of various denture teeth 

using a dynamic load testing machine. 

2) Methods: Four denture teeth were used: Bonartic II (Candulor), Physiodens (Vita), SR Phonares II (Ivoclar Vivadent) and 

Trubyte (Dentsply). For dynamic load testing, first upper molars with a similar shape and cusp inclination were selected. 

The molar teeth were embedded in conical steel molds with denture base material (ProBase, Ivoclar Vivadent). Dynamic 

fatigue loading was carried out on the mesio-buccal cusp at a 45 degrees angle using dynamic testing machines and 

2’000’000cycles at 2 Hz in water (37 °C). Three specimens per group and load were submitted to decreasing load levels (at 

least 4) until all the three specimens no longer showed any failures. All the specimens were evaluated under a stereo 

microscope (x20 magnification). The number of cycles reached before observing a failure, and its dependence on the load 

and on the material, has been modelled using a parametric survival regression model with a lognormal distribution. This 

allowed to estimate the fatigue resistance for a given material as the maximal load for which one would observe less than 

1% failure after 2’000’000 cycles.  
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3) Results: The failure pattern was similar for all denture teeth, showing a large chipping of the loaded mesio-buccal cusp. In 

our regression model, there were statistically significant differences among the different materials, with SR Phonares II and 

Bonartic II showing a higher resistance than Physiodens and Trubyte, the fatigue resistance being estimated at around 110 

N for the former two, and at about 60 N for the latter two materials. 

III. MATERIAL PROPERTIES 

 ACRYLIC: 

Acrylic fibres are synthetic fibres made from a polymer (polyacrylonitrile) with an average molecular weight of ~100,000, about 

1900 monomer units. For a fibre to be called "acrylic" in the US, the polymer must contain at least 85% acrylonitrile monomer. 

Typical comonomers are vinyl acetate or methyl acrylate. 
Table – 1 

Property of Acrylic 

Density kg mm^-3 1.18e-006 

Young's Modulus MPa 2800 

Poisson's Ratio 0.35 

Bulk Modulus MPa 3555.6 

Shear Modulus MPa 1185.2 

 PORCELAIN: 

Porcelain derives its present name from the old Italian porcellana (cowries) because of its resemblance to the translucent surface 

of the shell.[1] Porcelain can informally be referred to as china or fine china in some English-speaking countries, as China was the 

birthplace of porcelain making.[2] Properties associated with porcelain include low permeability and elasticity; considerable 

strength, hardness, toughness, whiteness, translucency and resonance; and a high resistance to chemical attack and thermal 

shock. 
Table – 2 

Property of Porcelain 

Density kg mm^-3 2.403e-006 

Young's Modulus MPa 1.3e+005 

Poisson's Ratio 0.222 

Bulk Modulus MPa 72222 

Shear Modulus MPa 54167 

 SILVER:  

Silver is the metallic element with the atomic number 47. It’s symbol for "shining". A soft, white, lustrous transition metal, it 

possesses the highest electrical conductivity, thermal conductivity, and reflectivity of any metal. The metal occurs naturally in its 

pure, free form (native silver), as an alloy with gold and other metals, and in minerals such as argentite and chlorargyrite. Most 

silver is produced as a byproduct of copper, gold, lead, and zinc refining. 
Table – 3 

Property of Silver 

Density kg mm^-3 1.049e-006 

Young's Modulus MPa 83000 

Poisson's Ratio 0.37 

Bulk Modulus MPa 106410 

Shear Modulus MPa 30692 

 ZIRCONIA: 

Zirconium dioxide is also known as zirconia , is a white crystalline oxide of zirconium. Its most naturally occurring form, with a 

monoclinic crystalline structure, is the mineral baddeleyite. A dopant stabilized cubic structured zirconia, cubic zirconia, is 

synthesized in various colures for use as a gemstone and a diamond simulant. 

The trend is for higher symmetry at higher temperatures, as is usually the case. A few percentage of the oxides of calcium 

stabilize the cubic phase. 
Table – 4 

Property of Zirconia 

Density kg mm^-3 5.68e-006 

Young's Modulus MPa 2.5e+005 

Poisson's Ratio 0.32 

Bulk Modulus MPa 2.1e+005 

Shear Modulus MPa 8.64e+004 
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IV. ANALYSIS  

 Overall comparison of results at different loads for Acrylic. 

Table - 4.1 

Analysis Results comparison for Acrylic at different loads. 

Loads(N) Total Deformation(mm) Equivalent Elastic Strain (mm/mm) Equivalent (von-Mises) Stress (MPa) 

400 3.3025e-004 9.8508e-006 3.1518e-002 

450 3.7153e-004 1.1082e-005 3.5458e-002 

500 4.1281e-004 1.2314e-005 3.9397e-002 

550 4.541e-004 1.3545e-005 4.3337e-002 

600 4.9538e-004 1.4776e-005 4.7277e-002 

 Overall comparison of results at different loads for Porcelain. 

Table - 4.2 

Analysis Results comparison for Porcelain at different loads. 

Loads(N) Total Deformation(mm) Equivalent Elastic Strain (mm/mm) Equivalent (von-Mises) Stress (MPa) 

400 7.3034e-006 mm 2.4282e-007 mm/mm 3.1561e-002 MPa 

450 8.2163e-006 mm 2.7317e-007 mm/mm 3.5507e-002 MPa 

500 9.1292e-006 mm 3.0352e-007 mm/mm 3.9452e-002 MPa 

550 1.0042e-005 mm 3.3387e-007 mm/mm 4.3397e-002 MPa 

600 1.9355e-005 mm 5.6967e-007 mm/mm 4.7275e-002 MPa 

 Overall comparison of results at different loads for Silver. 

Table - 4.3 

Analysis Results comparison for Silver at different loads. 

Loads(N) Total Deformation(mm) Equivalent Elastic Strain (mm/mm) Equivalent (von-Mises) Stress (MPa) 

400 1.2903e-005 mm 3.7978e-007 mm/mm 3.1517e-002 MPa 

450 1.4516e-005 mm 4.2725e-007 mm/mm 3.5456e-002 MPa 

500 1.6129e-005 mm 4.7472e-007 mm/mm 3.9396e-002 MPa 

550 1.7742e-005 mm 5.2219e-007 mm/mm 4.3336e-002 MPa 

600 1.9355e-005 mm 5.6967e-007 mm/mm 4.7275e-002 MPa 

 Overall comparison of results at different loads for Zirconia. 

Table - 4.4 

Analysis Results comparison for Zirconia at different loads. 

Loads(N) Total Deformation(mm) Equivalent Elastic Strain (mm/mm) Equivalent (von-Mises) Stress (MPa) 

400 4.1419e-006 mm 1.2611e-007 mm/mm 3.1522e-002 MPa 

450 4.6596e-006 mm 1.4187e-007 mm/mm 3.5462e-002 MPa 

500 5.1773e-006 mm 1.5763e-007 mm/mm 3.9402e-002 MPa 

550 5.6951e-006 mm 1.734e-007 mm/mm 4.3342e-002 MPa 

600 6.2128e-006 mm 1.8916e-007 mm/mm 4.7283e-002 MPa 

 

 
Fig. 4.1: Loads & Support Applied 
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V. CONCLUSION 

Analysing results for human teeth under force are listed in the Table. Analysis has been carried out Acrylic, Porcelain, Silver and 

Zirconia. The results such as total deformation, equivalent elastic strain and equivalent stress for each material are determined. 

Comparing these materials, Zirconia material has the low values of total deformation and strain. But, at the same time Zirconia 

has more cost among other materials and it should be affordable, since it is regarding our health. Hence it is concluded that 

Zirconia material is suitable for the human teeth. 

ACKNOWLEDGMENT 

With profound feeling of immense gratitude and affection, I would like to thank my guides Prof. M. SHAKEBUDDIN, 

Professor, Department of Mechanical Engineering for his continuous support, motivation, enthusiasm and guidance. His 

encouragement, supervision with constructive criticism and confidence enabled me to complete this research. I also wish to 

extend my reverence to him for providing necessary facilities to complete my research.  

REFERENCES 

[1] John Timothy Wright DDS, MS, Challenges managing individuals with hereditary defects of the teeth, Department of Pediatric Dentistry, School of 

Dentistry Brauer Hall #7450, The University of North Carolina. 

[2] Erin K. Mahoneya, R. Rohanizadeh, F.S.M. Ismail, N.M. Kilpatrick, M.V. Swain, Mechanical properties and microstructure of hypomineralised enamel of 

permanent teeth, Biomaterials 25 (2004) 5091–5100. 
[3] E. Mahoney, A. Holt, M. Swain, N. Kilpatrick, The hardness and modulus of elasticity of primary molar teeth: an ultra-micro-indentation study, Journal of 

Dentistry 28 (2000) 589–594. 

[4] Siegward D. Heintze, Dominik Monreal, Valentin Rousson, Fatigue resistance of denture teeth, S1751-6161(15)00318-5. 
[5] Amir Barani, Herzl Chai, Brian R. Lawn, Mark B. Bush, Mechanics analysis of molar tooth splitting, Acta Biomaterialia 15 (2015) 237–243. 

[6] P. Altuna, E. Lucas-Taule, J. Gargallo-Albiol, O. Figueras-A´ lvarez, F. Herna´ndez- Alfaro, J. Nart: Clinical evidence on titanium–zirconium dental 

implants: a systematic review and meta-analysis. Int. J. Oral Maxillofac. Surg. 2016. 
[7] Amir Barani, Mark B.Bush, Brian R.Lawn, Effect of property gradients on enamel fracture in human molar teeth, Journal Of The Mechanical Behavior Of 

Biomedical Materials 15 (2012) 121–130. 

[8] Mortaza Bonakdarchian, Navid Askari, Masood Askari, Effect of face form on maximal molar bite force with natural dentition, Archives Of Oral Biology 
54 (2009) 201–204. 

[9] R. R. Braga, DDS, MS, R. Y. Ballester, DDS, PhD, and M. R. O. Carrilho, DDS, The Journal Of Prosthetic Dentistry, J Prosthet Dent 1999;81:285-9. 

[10]  Herzl Chai, On crack growth in molar teeth from contact on the inclined occlusal surface, Journal Of The Mechanical Behavior Of Biomedical Materials 
44 (2015) 7 6–8 4. 


