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Abstract 
     The human body poses the most important aim 
for many researchers. In nowadays, the science 
complex required the involvement of many 
resources and the coordinated team work of 
doctors, engineers, and other from the specialists. 
In the case of dental medicine, due to the nature 
of teeth material, their dimension and geometrical 
position, very important problems, like cavities 
that led to tooth losses. In this study, both the 
Experimental methods as well as the numerical 
finite element method have been used to analyze 
the stress within human teeth under forces similar 
to those that usually occur during chewing 
process with different type of food in 
experimental work. It was manufactured a device 
Resembling chewing process with vertical 
movement by converting circular movement into 
reciprocating. And used DAQ system (strain 
gauge sensor, DAQ and LABVIEW program) to 
measure the stress and strain resulted from tooth 
during the mastication process. Models of Natural 
lower first molars teeth were collected. All the 
teeth were cleaned from the soft tissue and stored 
in saline at room temperature. The teeth were 
randomly divided into two experimental groups 
according to the treated cavities shape (class I and 
class II) each class restored with two type of 
dental fillings material (Nanohybrid composite 
and Microhybrid composite), and then strain 
gauge was bonded at a buccal surface of tooth 
used. Their installed in acrylic jaws and applied 
different vertical loads. With used various morsels 
with different elastic modulus. The stress was 
calculated at the crown. In numerical 2D model of 
teeth were created by software Auto CAD (V.14) 
using wheeler 's data were transfer to ANSYS 
mechanical APDL (V. 16), subjected load at 
model similar at that applied at the Experimental 
work. Class I exhibited the highest stresses 
compared with class II, in two case Nanohybrid 
bear stress higher than microhybrid composite. At 
class I the stress at Nanohybrid is higher than 
Microhybrid for all morsels by rate (12.96%, 
21.48%, 41.8%, 16.56%, 16.86% and 15.74%) at 
(E1, E2, E3, E4, E5 and E6) respectively, and the 
stress at Nanohybrid is higher than Microhybrid 
by almost (36.67%, 45.69%, 47.89%, 34.21%, 
41.2% and 165.01%) respectively at the same 
morsels used at class II.    

Keywords: Molar tooth, composite dental 
materials, Stress Analysis. 
1. Introduction: 
To reduce loss of tooth tissue and to improve 
biomechanical results, dental filling restorations 
are good treatment choices for cavities in 
posterior teeth. Dental filling composite simply 
replaces missing tooth structure, without doing 
anything to reinforce the remaining structures. 
Stress concentrations can manifest themselves in 
various forms of failures [1]. It is can be used on 
molars requiring a class II restoration instead 
amalgam. Because it is known that class II may 
increase the ability to fracture [2]. In 1954 (M.B. 
Mahler and D.Sc Peyton)[3]  studied 
photoelasticity as a research technique for 
analyzing stresses in dental structures and natural 
tooth, This method of analysis was shown to be 
particularly applicable to dental problems because 
of the irregular shapes of dental structures. In 
2003 (Beata Dejak at. el.) [4] analyzed the 
stresses induced in a mandibular molar during 
clenching and chewing of morsels with various 
elastic moduli using FEA. At morsels of high 
elastic moduli resulted in maximal equivalent 
stresses within occlusal enamel and at morsels of 
low elastic moduli the stress concentration was 
located in the cervical region of the lingual side of 
the mandibular molar. In 2008 (Beata Dejak at. 
el) [5] compare strength of mandibular molars 
restored with composite resin inlays to those 
restored with ceramic inlays, according to the 
Mohr-Coulomb failure criterion, and to analyze 
contact stresses in cement-tooth adhesive 
interfaces of these inlays. Used 3D FEA At the 
adhesive interface between the cement and tooth 
around the ceramic inlays, contact tensile and 
shear stresses were lower than around the 
composite resin inlays. In the cervical enamel 
surrounding the proximal surface of the inlays, 
the stresses exceeded the tissue strength. 
Mohammed in 2011[6] investigated of stress at 
the molar tooth treatment with different filler 
material, amalgam, composite and gold, used 
finite element analysis with ANSYS software. 
The result is indicating that the amalgam is the 
best filler material for molar tooth treatment. 
Claudia Bratosin at. el 2014 [7] determined the 
stress and strain distributions in bone structure – 
primary molar – restorative material assembly by 
finite element method, the  method used for 
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obtaining the 3D models consisted in processing 
with special software (Mimics) the tomography 
images acquired with the aid of a CT scanner and 
evaluate the contact pressure at the interfaces 
bone – molar and molar – restorative when a load 
of 120 N has been applied over all the upper 
surface area of model. The maximum values of 
the stresses of the composite resin used as dental 
filling are 50% smaller than the stresses in the 
case of Gic Fuji IX material, the contact pressure 
on the interface molar-composite resin is 53.8% 
smaller in comparison with dental filling 
consisting of Gic Fuji IX material. Iqbal musani 
et. al. [8] Studied the biomechanical stress 
analysis of mandibular first permanent molar, 
restored with amalgam and composite resin, it is 
concluded that the amalgam is a better restored 
material in stress distribution. 
 
2. Experimental work: 
2.1 Test rig 
In this study the mechanism to masticatory 
simulators is manufactured as shown in Figure 
(1), to get vertical reciprocating movement to 
determine stress and strain at molar tooth. It 
consists of frame, Crank wheel, connecting rod, 
sample basement, clamps or jaws, (load cell and 
weight indicator) and data Acquisition System 
that consist of: strain gages (foil type, 120 Ω, 
gage factor=2) bounded on the test molar tooth 
model and transmitted bars, Wheatstone bridge, 
DAC and Labview program as software. With the 
mandible in motion, the maxilla must realistically 
be fixed.  
2.2 Preparation of models: 
Natural four lower first molars teeth were 
collected. All the teeth were cleaned from the soft 
tissue and stored in saline at room temperature. 
The teeth were divided into two experimental 
groups (class I and class II) each group restored 
with two type of dental fillings material. The test 
is used food a specimen with different modulus of 
elasticity, it tested by tensile test which performed 
according to ASTM D638 [9] to get the 
mechanical properties from it, as shown in table 
(1). 
Two type of composite fillings material is used, 
the Nanohybrid composite dental fillings and 
Microhybrid composite dental fillings.  When the 
tooth is restored, the surfaces of the cavities 
treated with acid gel for 30 seconds, then washed 
with air-water spray for 15 seconds and dried by 
compressed air. Single bond adhesive was applied 
and cured for 10 seconds using light cure unite, 
then the cavities were filled with light curing 
hybrid composite. Every increment was cured for 
40 seconds using visible light cure unit. The 
restorations were finished and polished. Then 
bond strain gauge at the buccal, when mechanism 
is worked the strain gauge deformation, and this 

signal transfer by DAQ to computer to read by 
Labview program. Figure (2) shows the 
preparation of models (Dental fillings).  
 

 

 
Figure 1: a. Overall Test Apparatus (b) Schematic of 

test rig 
 
Table 1: Mechanical Properties of Material used as 
Morsels 

 
 

2.3 Test procedure: 
The following procedures were followed: 
1. The model is prepared by filled and bonded 
strain gage as explain already. 
2. The model of first molar tooth is fixed in place 
at the jaw acrylic. 
3. Turn on the power supply voltage. 
4. Turn on the switch of indicator. 
5. Connect the DAQ with a computer. 
6. The test was started when The lever is moved 
manually, the circular movement of the wheel 
shaft transfer by connecting Rod to reciprocating 
movement at the mandible, while the upper jaw 
fixed, similar to the process of chewing for 
humans. The material is placed between the jaws 
similar material for the food and to shed 
mastication force to chew food between the jaws. 
Determine by force sensor (load cell +indicator). 

b 

a 
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7. The molar tooth is loaded so strain gauge is 
affected deformation and this explaining from 
DAQ through the reading by lab view program. 
8. After few cycle, stopped the motion, and save 
data at computer. 
9. The signal resulting from DAQ, it can be 
observed from the values of varying amounts, so 
used RMS (root mean square) as a statistical 
measure at this case to get one value, it is 
especially useful when the positive and negative 
values differ, the value result turn by calibration 
to load then from it get the stress and strain. 

 

 

 

 
Figure 2: Preparation of Models (Dental Fillings) 

 
3 Mechanical tests: 
3.1 Tensile Test 
The tensile test is performed according to ASTM 
D638 [9]. Three samples for each specimen was 
mentioned as shows in figure (3). It is tested at a 
cross head speed (strain rate) of (0.1mm/min) 
until break the specimen occur 

 
Figure 3: Schematic Specimen for Standard Specimen 
of Tensile Test and tensile test device 
 
3.2 Preparation of Specimens 
Acrylic mold which has reduced surface defect 
was used to prepare tensile specimens as shows in 
figure with dimension from ASTM 638. the mold 
was fatted textured Vaseline to prevent the 
adhesion of sample material in the mold, then 
pour the filling Arrange mold with glass to 
prevent the contraction of the material and take 
out the excess and to obtain a flat surface, Then 
hardening material using light Cure device, as 
shows in figure(4). After the Specimen was 
removed from the mold they were examined for 
any surface defect on the surface and edges by 
naked eyes. Sharp and irregular edges were 
removed by using abrasive paper. Samples were 
stored in plastic bag at room temperature. 
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Figure 4: Preparation of Specimens 

 
3.3 Compressions Test 
  The compression test is performed 
according to ASTM D695 [10] by using the same 
tensile machine at across speed of (0.1mm/min) 
until the break of the specimen occurs. Figure (5) 
shows the standard specimen of compression test 
and compression test device. 

 
Figure 5: the standard specimen of compression test 

and compression test device 
 
3.4 Preparation of Specimens 
The same procedures followed in tensile sample 
preparation, as shown in figure (6). 

 

 
Figure 6: Preparation of Specimens 

 
The results obtained from tensile and compressive 
tests of specimen are listed in table (2)  

 
 
 

Table 2: Result of Tensile Test and Compressive Test 

 
 
4. Numerical work 
 ANSYS mechanical APDL version (16) is 
used, a model of two dimensions finite element of 
mandible first molar tooth is built according to the 
true geometrical dimensions, and the dimensions 
of the first molar tooth take from wheelers dental 
Anatomy text book]. By using Auto CAD (V14) 
program, the molar tooth was plotted by 
measuring and recording its (x, y) dimensions. 
Finally, the molar tooth geometry to (ANSYS-16) 
mechanical APDL was produced, with element 
solid (183). It was applied to study the stress on 
molar tooth with two type of cavities (class I and 
class II) at both filling (Nanohybrid and 
Microhybrid). The number of element used for 
this work models are (4751), while the number of 
nodes is (14843), as shown in figure (7). 
  

   

 
Figure 7: Meshing of Tooth Model with Cavities 

(a)Class I, (b) Class II 
 

5. Results and Discussion 
The experimental results shown in Figs. 8 

and 9 indicate that the effect of load increment on 
the stress at molar tooth for the class I cavity. It 

a 

b 
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can be seen that the filling material in class I 
which was (Nanohybrid composite and 
Microhybrid composite), with used various 
morsels different in elastic modulus. The load 
increased up to (320, 160, 140, 120, 75 and 70) N 
for different food elasticity (E1, E2, E3, E4, E5 and 
E6). For Nanohybrid the stress of E1 is increased 
by (85.2%), (83.72%), (97.65%), (240.37%) and 
(151.80%) more than (E2, E3, E4, E5 and E6), and 
with Microhybrid the stress of E1 is increased by 
(99.16%, 130.62%, 103.95%, 252.13%, 158%) 
more than other morsels respectively. Table (3) 
shows the maximum results of the class I for 
Nanohybrid and Microhybrid.      
Nanohybrid bear stress higher than microhybrid 
composite. At class I the stress at Nanohybrid is 
higher than Microhybrid for all morsels by rate 
(12.96%, 21.48%, 41.8%, 16.56%, 16.86% and 
15.74%) at (E1, E2, E3, E4, E5 and E6) 
respectively, as shown in fig.10. 

 
Table 3: Results of the class I for Nanohybrid and 

Microhybrid 

 
  

 
Figure 8: Stress for Microhybrid composite class I for 

different morsels 
 

 
Figure 9: Stress for Microhybrid composite class I for 
different morsels 
 

 

 

 

 

 

 
Figure 10: Stress for Nanohybrid and Microhybrid 
composite at class I cavity for different morsels with 
(E1, E2, E3, E4, E5 and E6) respectively 
 
Figure (11) shows the relationship between load 
increments with stresses at molar tooth filled with 
Nanohybrid and Microhybrid dental fillings. The 
load increased up to (320, 160, 160, 130, 120 and 
70) N for (E1, E2, E3, E4, E5 and E6). It can be 
noted from figure that increases in load causes 
increasing in stress. Also, the stress of tooth with 
class II cavity filled in Nanohybrid at E1 is 
increased by (91.67%, 88.29%, 101.34%, 
161.54% and 125.88%) more than it at (E2, E3, 
E4, E5 and E6) respectively, and at Microhybrid 
the stress at E1 is increased by (104.33%, 
103.77%, 97.74%, 170.23% and 338.01%) higher 
than of it at (E2, E3, E4, E5 and E6). The stress at 
Nanohybrid is higher than Microhybrid by almost 
(36.67%, 45.69%, 47.89%, 34.21%, 41.2% and 
165.01%) respectively at the same morsels used at 
class II. Table (4) shows the maximum results of 
the class II for Nanohybrid and Microhybrid. 
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Table 4: Results of the class II for Nanohybrid and 
Microhybrid 

 

a

 b 
Figure 11: Stress at molar tooth with class II for 
different morsels of a. Nanohybrid b. Microhybrid 
 

 

 

 

 

 

 
Figure 12: Stress for Nanohybrid and Microhybrid 
composite at class II cavity for different morsels with 
(E1, E2, E3, E4, E5 and E6) respectively 

 
Figure (13) shows the contours plot of the stress 
of composite filling material at class I and class 
II. 
 

 
Figure 13: Contours of maximum stress at molar tooth 

of class I and class II cavity 
 
In order to clarify the difference between the 
experimental and numerical results of stresses for 
Nanohybrid and Microhybrid at class I and class 
II, the result are listed in tables below. 
 
 
Table 5: Maximum stresses of class I at (Nanohybrid 
and Microhybrid) in experimental and Numerical 
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Table 6: Maximum stresses of class II at (Nanohybrid 
and Microhybrid) in experimental and Numerical 

 
 

7. Conclusions 
1. Stresses levels are higher in molar tooth 
filled with Nanohybrid than it with Microhybrid 
at class I and class II. 
2. When using same filling material, during 
mastication the different morsels effect on stress 
at molar, Stress located on buccal surface was 
clear. At class I, the maximum stress at molar 
model with E1 is higher than E6 by rate 151.8 % 
at Nanohybrid, and 158% at Microhybrid. At 
class II, the maximum stress at molar model with 
E1 is higher than E6 by rate 125.88 % at 
Nanohybrid, and 338.01% at Microhybrid, where 
high elastic moduli cause stress concentration was 
located in the cups region. Mastication of low 
elastic moduli cause stress concentration was 
located in the cervical region. 
3. In tooth model for both composite filling 
material the stress at class I is higher than from it 
at class II.. 
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  الحشوات من ةمختلف عانوا مع الضرس وعددیا لأسنان الإجھاد تجریبیا توزیع
 زینب وارد متعب                     بدیويبشار عوید  

 قسم الھندسة المیكانیكیة / الجامعة المستنصریة
 لخلاصةا
تطل�ب مش�اركة العدی�د م�ن الم�وارد والعم�ل ي الوق�ت الحاض�ر، العل�وم المعق�دة تجسم الإنسان یشكل الھدف الأكثر أھمیة لكثی�ر م�ن الب�احثین. ف� 

الجماعي المنسق بین الأطباء والمھندسین، وغیرھا من المتخصصین. خاصة في حالة ط�ب الأس�نان، ویرج�ع ذل�ك إل�ى طبیع�ة الم�واد الأس�نان، 
الدراس�ة، ت�م اس�تخدام ك�ل الأس�لوب المشاكل الھامة جدا، تسوس الأسنان والتي أدت إلى خسائر الأسنان. ف�ي ھ�ذه من الموقع والابعاد الھندسیة، 

لتحلیل الإجھاد داخل الأسنان البشري تحت قوى مشابھة لتل�ك الت�ي تح�دث ع�ادة أثناءالمض�غ  ةالعملي فضلا عن طریقة العناصر المحددة العددی
ال�ة الحرك�ة العمودی�ة م�ن مع انواع من الطعام المختلف ف�ي معام�ل المرون�ھ.  ف�ي الجان�ب  العمل�ي ت�م تص�نیع جھ�از مش�ابة عملیةالمض�غ ف�ي ح

خ�لال تحوی�ل حرك�ة دائری�ة إل�ى الترددی�ة. ویس��تخدم نظ�ام نق�ل البیان�ات وبرن�امج لاب فیولحس�اب الاجھ��اد م�ن خ�لال تس�لیط ق�وة عمودی�ة عل��ى 
م�ن الأنس�جة  الأسنان أثناء عملیة المضغ. ت�م جم�ع نم�اذج م�ن الأس�نان (الض�راس الاول ف�ي الف�ك الس�فلي) الطبیعی�ة. ت�م تنظی�ف جمی�ع الأس�نان

رج�ة اللینة وتخزینھا في المیاه المالحة في درجة حرارة الغرف�ة. ت�م تقس�یم الأس�نان إل�ى مجم�وعتین وفق�ا للش�كل التج�اویف (الدرج�ة الأول�ى والد
الس�ن  الأسنان مواد حشو ثم قیاس الاجھادعلى سطح السن, م�ن خ�لال لص�ق متحس�س الانفع�ال عل�ى س�طح الثانیة) والمعالجة مع اثنین من نوع

ادات باس�تخدام برن�امج ع�ددي. ھ�وتثبیت السن في فك الاكریلیك وتطبیق الأحمال الرأسیة المختلف�ة.  ف�ي الجان�ب التحلی�ل الع�ددي ت�م تحلی�ل الاج
ول�ى شكل الفجوة الاول أظھر اجھاد اعلى من ش�كل الفج�وة الثانی�ة. ف�ي ك�لا الح�التین الن�انو یظھ�ر اجھ�ادات اعل�ى م�ن الم�ایكرو. ف�ي الفج�وة الا

%) عل�ى 15.74% و16.86%,16.56%, 41.8%, 21.48%, 12.96النانو اعلى من الم�ایكرو لك�ل ان�واع الطع�ام المس�تخدم بنس�بة ( 
%) عل�ى الت�والي 165.01% و 41.2%, 34.21%, 47.89%, 45.69%, 36.67التوالي. الاجھاد في النانواعلى من المایكرو بنسبة (

 لة الفجوة الثانیة.لكل انواع الطعام المستخدمة في حا
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