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Keywords Abstract: As implant cavity preparation and healthy bone are essential for primary
Implantology, healing, prevention of mechanical and thermal damage, which occurs at bone, is
Thermal stress, crucial importance. So heat generation must be kept under control while preparing

Mechanical stress,
Finite element analysis,
Neural predictor

implant cavity. In this study, thermal and mechanical stresses were aimed to predict
with computer software while drilling implant cavities. Thermal and mechanical
stress analysis that arises around the jawbone while drilling implant cavities by
using plot drills of four types of drills with a standard method was conducted by
using Finite Elements Method (FEM). The real time estimation was made using data
obtained from numerical analysis. The estimation analysis was performed with
Adaptive-Network Based Fuzzy Inference Systems (ANFIS) approach that have a
robust and adaptive structure. The results from the ANFIS simulation, the ability to
show the same action as the results obtained with the Finite Element Method
demonstrates that neural predictor can be used to estimate the system's thermal
and Von- Mises stresses parameters. This presentation shows the estimation of
thermal and mechanical stresses changes during implant surgery with artificial
intelligence.

implantolojinin Cene Kemiginde Neden Oldugu Termal ve Mekanik Gerilmelerin Sonlu
Elemanlar Analizi i¢cin Yapay Sinir Ag1 Tasarimi

Anahtar Kelimeler Oz: Primer iyilesme icin implant yuvasinin hazirlanmasi ve saghkli kemik gerekli
Implantoloii, oldugundan, kemikte olusan mekanik ve 1s1l hasarin 6nlenmesi kritik 6nem tasir. Bu
Termal gerilme, nedenle implant yuvasi hazirlanirken 1s1 olusumu kontrol altinda tutulmasi

Mekanik gerilme,
Sonlu elemanlar metodu,
Yapay sinir ag1 tahmincisi

gerekmektedir. Bu ¢alismada, implant kaviteleri hazirlanirken olusan termal ve
mekanik gerilmelerin bilgisayar yazilimi ile tahmin edilmesi amag¢lanmistir. standart
yontemle dort ¢esit plot delici u¢ kullanilarak implant yuvasi a¢ilmasi esnasinda
cene kemigi cevresinde olusan termal ve mekanik gerilme analizi Sonlu Elemanlar
Metodu (FEM) kullanilarak yapilmistir. Sayisal analizden elde edilen veriler
kullanilarak ger¢ek zamanli tahmin yapilmistir. Tahmin analizi, saglam ve
uyarlanabilir bir yapiya sahip olan Uyarlamali Ag Tabanli Bulanik Cikarim Sistemleri
(ANFIS) yaklasimi ile yapilmistir. ANFIS simiilasyonundan elde edilen sonuglar,
Sonlu Elemanlar Metodu ile elde edilen sonuglarla aymi davranisi gosterebilme
yetenegi, sinirsel tahmincinin sistemin termal ve Von-Mises gerilme
parametrelerini tahmin etmek icin kullanilabilecegini gdstermektedir. Bu calisma,
implant cerrahisi esnasindaki mekanik ve termal gerilme degisimlerinin yapay sinir
aglari ile tahminini géstermektedir.
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1. Introduction

Dental implants applied for aesthetic and retrieving of lost functions in case of one or more missing teeth are quite
popular at the present time. The term of osseointegration, which is necessary for a successful implant treatment,
was first defined by Branemark et al. [1] The use of dental implants for restoration of lost teeth has significantly
increased after the concept of the osseointegration. Achievement of osseointegration depends on many factors.
The most important factor is the primary healing of the implant location. For this, thermal damage to the bone
must be minimized [2]. Drilling tips used in preparing implant cavity can damage to the bone tissue due to the high
temperature. It can also cause causing mechanical damage. As the heat transmission of bone is low, heat generation
in the location where implant cavity is drilled cannot be distributed quickly [3]. While preparing the implant hole,
heat generates in the bone due to the friction of the drills against the bone. As a result of this heat generation,
necrosis, fibrosis and osteolytic degeneration may occur in the bone. These degenerations may cause implants
may to be lost in the necrotic area. Studies have shown that if the temperature during preparation exceeds 47 °C
in 1 minute, degeneration of fat cells and resorption of the bone that will come comes into direct contact with the
implant increase. Eriksson and Alberktsson [4] investigated the susceptibility of lamellar bone pending heat
generation on live rabbit bone. In their microscopic investigation, they showed that sub-bone resorption and fat
cell degeneration started at temperatures above 47 °C [5]. The heat generated in the bone can be minimized by
using a sharp drill bit, adjusting the speed, and by adequate external or internal cooling [6]. Shraway et al. [7]
investigated the effects of thermal energy released during drilling implant cavity on bone healing and maximum
temperature values that bone can bear without occurrence of necrosis. Sener etal. [8] reported in their study that
thermal energy released during drilling has major influence on liveliness of cells and implant osseointegration.
For this purpose, they created 12x6 cm rectangular cross-section pieces through lower jawbones of frozen toothles
toothless cattle. They placed thermo resistors with depth of 3.7 and 12 mm into these pieces. A total of seven
drilling tip groups with different surface properties were investigated in the study. Consequently, the lowest
temperature increase was observed in boron nitride group. Nieri et al. [9] investigated the factors affecting the
clinical approach to the affected maxillary canines by Bayesian network analysis in their study. Data were collected
by comparing before and after treatment .Patient-related quantitative variables, metric variables, and nominal
variables were collected, and the causal relationships between the variables were found through this analysis. This
study supports that Artificial Intelligence (Al) could be used to assist dentists in decision making and that the
possibility of substitution is quite high. Miladinovic et al. [10] applied data mining to analyze the indirect reason
for the extraction based on large volumes of electronic medical records. According to the result of data mining of
the electronic medical records of the selected subjects with a specific Artificial Intelligence (Al) algorithm, it was
confirmed that the closeness of the extraction experience and the number of teeth extracted were statistically
affected by gender, age, and occupation. Sukegawa et al. [11] used panoramic X-ray images to classify and clarify
the correctness of different dental implant brands via deep convolutional neural networks (CNNs) with transfer-
learning strategies. Turgut [12], Turgut et al. [13] investigated thermal stress and mechanical stress analysis that
occurs around the jawbone during implant surgery by using drills of four different componies with a classical
method without cooling was conducted in ANSYS programme by using FEM. The study shows that the heat
measured while preparing implant cavity is about 65°C with the first model 58°C with the second model, 62°C with
the third model, 64°C with the fourth model for 600 rpm. For 800 rpm; the temperature occurred was about 68°C
for the first model, about 59°C for the second model, about 64°C for the third model, about 66°C for the forth model.
Stress analysis is difficult to investigate in living tissue. Therefore, stress analysis studies are performed on a
specific model with various methods. One of these methods is the FEM which is the most preferred method because
of its advantages. Some of these advantages are as follows: complex geometries can be modeled, realistic model
can be created with realistic material acceptances, stress distribution and strain can be obtained sensitively.
Analysis can be performed effortlessly by changing boundary conditions, material properties and geometry [14].
Therefore, the FEM is used in many areas from vibration to impact. In this context Kosedag ve Ekici [15]
numerically investigated free vibration analyzes of aluminum-foam sandwich structures. They performed the
analyzes using the ABAQUS/Standard finite element package program. EKici ve Kosedag [16] investigated the
reinforcement effect of particle-reinforced metal matrix composites on the low-velocity impact behaviors. They
used FEM to model and perform the low velocity impact analyzes of SiC and pumice particle reinforced aluminum
6061 matrix composites.

The novelty of this paper is to assist physicians in pre-diagnosis in implant surgery by using the stable and adaptive
structure of the ANFIS approach. The purpose of this study is to investigate thermal and mechanical stresses
caused by the heat generated during the drilling process. Numerical methods were used in the studies. The real
time estimation of these stress parameters was analyzed with ANFIS approach. Thus, before the implant surgery
is performed, necessary precaution can be taken by predicting the thermal stresses that may occur in the jawbone.

2. Materials and Methods
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2.1. Finite Elements Model

Four different specially produced drilling tips, which are frequently used in implant surgery and therefore differ
in geometries and materials and jawbone were modelled in the 3D solid model program. Jawbone was modelled
in a cylindrical shape in order to ensure its mesh structure to be regular. The jawbone; in accordance with human
anatomy; was modelled in two-stages consisting of 3 mm- thick cylindrical structured cortical bone layer and 12
mm- thick trabecular bone layer. The connection type between these two bone tissues was applied as bonded. In
the jawbone, one of the elasto-plastic material models -piecewise-linear-plasticity- MAT24 material model was
used and a rigid MAT20 material model was used for the drills. During the analyzes, movement of the jawbone in
all axes is limited. The drill was movable in the z-axis direction. Both displacement and rotation of the drill in the
x-y axis are limited. In this study, the eroding surface to surface contact algorithm was used. Solid models of drills,
jawbone model and mesh structures have been given in the Figure 1. The geometric properties of drills have been
given in Table 1.

A £d

Figure 1. Mesh structures of jaw bone and drills a) First model, b) Second model, c) Third model, d) Fourth model

Table 1. The geometric properties of drills

Materials Diameter Height An;gle
(mm) (mm) )
First Model Stainless 2.2 17 60
Steell
Tungsten
Second Model Carbid 2 18 60
Coating
Titanium
Third Model Nitride 2 16.5 60
Coating
Titanium
Forth Model Nitride 2.3 15 60
Coating

Mesh structures of drilling tips’ solid models were formed using ANSYS - Mechanical APDL software. Hardware
unit specifications used for analysis; It has 1.6 Ghz Intel i7 processor, 16 GB ram and 2 GB graphics card. Solid 186
element type is used in this study, the size of the element was determined as 0.50 mm. There are approximately
1.8 million elements in numerical models. Materials and tissues used in this study exhibit different mechanical and
physical properties. The characteristics of the materials used in the study have been given in Table 2.
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Table 2. The characteristics of the materials

Young's Fail Poison  Density Friction Thermal Ultimate Yield Specific
Materials Modulus Parameter Ratio p Coefficient ~ Conductivity  Strenght Stress heat °C

E (MPa) v (kg/m3) fs k (W/m°K) ou(MPa) oy(MPa) (J/kg°K)
Cortical 13700 2,23 0,3 1100 0,35 0,56 250 122 1700
Bone [17] [17] [17] [18] [19] [20] [24] [17] [18]
Trabecular 1370 0,62 0,3 1800 0,3 0,3 194,6 162,5 1695
Bone [17] [17] [17] [22] [19] [22] [25] [23] [21]
First 193000 0,29 7900 0,15 16,2 505 215 500
Model [26] ) [26] [26] [26] [26] [26] [26] [28]
Second 420000 0,28 14800 0.95 163,3 620 550 134
Model [27] ) [27] [27] [27] [27] [27] [24] [24]
Third 600000 0.25 5220 0.65 19 220 140 522
Model [24] ) [24] [24] [24] [24] [24] [75] [28]
Forth 600000 0.25 5220 0.65 19 220 140 522
Model [27] ) [27] [27] [27] [27] [27] [27] [27]

In order to demonstrate the post-yield behavior of the material, stress-strain data for both the cortical bone and
the trabecular bone were taken from the literature. Stress strain diagram for cortical bone in Figure 2 and stress
strain diagram for trabecular bone in Figure 3 are given.
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Figure 2. Stress and Strain diagram for cortical bone [30]
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Figure 3. Stress and Strain diagram for trabecular bone [31]
2.2. Adaptive-Network Based Fuzzy Inference Systems (ANFIS) Model
ANFIS integrates the neural network with the Fuzzy Interface System (FIS). In Figure 4 the process flow sheet of
learning and predicting stage of simulation study was given below. The method of ANFIS composes of 3 elements:

arule base, a database and a reasoning mechanism. A schematic representation of an ANFIS is outlined in Figure
5 [29].
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Figure 4. The flow chart of methodology used in the study

Figure 5. ANFIS Structure

Two different models were created in this study to define the fuzzy inference system. It is used two inputs
ashiandh2 (depth) for each model. Output values for two models are temperature (T) and stress (o)
respectively. The rule base contains two fuzzy if-then rules and they can be depicted such as:

Rule 1: if h1is A1 and hz is B2 then T1= aih1 + bih2 + s1
Rule 2: if h1is A2 and hz is B2 then T2= azh1 + bzh2 + s2

where A iand Bi are fuzzy membership sets, aj, bi and si are the design parameters which are defined during the
train process the number of membership equations [29]. The ANFIS structure consist of six layers:

Layer 1: This is the input layer that determines actual data and desired data.

Layer 2: Every node in this layer is an adaptive node with a fuzzy membership equation. Node outputs for two
inputs:
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L} = ab;(h) i=12 @
L} = api(h) i=12 2

where a6 i and af i are membership functions.

ab;(h) = W (©)

where {pi, ri,ti} is the coefficient group.

Layer 3: Each node in the third layer is a circle node called “I]” which amplifies all the signals and sends out the
product.

Layer 4: Each nodal in the fourth layer is a circle nodal called “N”.
Cwp (5)

w;

Layer 5: In this layer, each nodal i has the following function:

L} = w. f; = Wi(ashy + bhy +59) ©)

Layer 6: The single nodal in the sixth layer is a circle nodal called “}.".
LS = Z w; fi = M (7)

The data obtained from numerical analysis, they are divided into training data (80%) and testing data (20%).
ANFIS is used for prediction the data in training data and testing data. Nonlinear parameters (a.b) and linear
parameters (p, r, t) of ANFIS are optimized. The used ANFIS parameters are as follows:

Maximum epoch : 30

The number of membership function : 2 (input 1), 2 (input 2)

The number of rules : 2

The number of linear parameter: 12

The number of nonlinear parameter: 8

Maximum iteration : 500.

3. Simulation Results
3.1. Findings for Finite Elements Analysis

Initially, 20 Nm torque and 600 rpm rotational speed were applied to the drilling tip during drilling. 30 Nm
torque and 800 rpm rotational speed were applied in the second case. The temperature of the jawbone was
considered 36.5 ° C of body temperature. The cortical bone layer and trabecular bone layer were immobilized
assuming jawbone to be motionless.
3.1.1. For ®=600 rpm The Occurring Temperature and Stress Changes

As it is seen in Figure 6 and 7 maximum temperature change which occurred in the jawbone was observed in

the model with small bevel angle and titanium nitride coating. This is because its pitch structure has a small angle
and heat transmission coefficient of the coating material is less. The reason why minimum temperature increase
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was observed in the model with saw tip-shaped pitch structure is that it has mainly a pitch structure and heat
transmission coefficient of its tungsten carbide coating was higher as compared to other drilling tips.
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Figure 6. Temperature distributions in trabecular bone for; a) First model, b) Second model, c) Third model, d)
Fourth model
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Figure 7. Temperature changes diagram in trabecular bone for =600 rpm
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Stress distributions in trabecular bone for four drill tips have been represented in Figure 8 and variation diagram
of stresses by depth, occurred by four different models on trabecular bone has been given in Figure 9. The similar
stress distributions were observed at the same speed. Despite this, stress distributions occurred on trabecular
bone yielded lower during drilling with first model drilling tip.
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Figure 8. Stress distributions in trabecular bone for; a) First model, b) Second model, c) Third model, d) Fourth
model
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Figure 9. Stress changes diagram in trabecular bone for =600 rpm
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3.1.2. For ®=800 rpm The Occurring Temperature and Stress Changes

Asitseen Figure 10 and 11; the heat generated when drilling of implant cavity on jawbone depends on geometrical
structure and material properties of drilling tip. Since the more drilling tip has screwed- structured geometrically,
the more cavity will occur during drilling; less heat generates. Similarly, the more heat transmission coefficients
of the coatings of drilling tips made of stainless steel is higher, the more effect of heat generated on jawbone will
decrease.
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Figure 10. Temperature distributions in trabecular bone for; a) First model, b) Second model, c) Third model, d)
Fourth model
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Figure 11. Temperature changes diagram in trabecular bone for ®=800 rpm

Stress distributions and variation diagram

of stresses by depth occurred by four different models on trabecular

bone have been given in Figure 12 and 13. The similar stress distributions were observed at the same speed.
Despite this, stress distributions occurred on trabecular bone yielded lower during drilling with first model drilling

tip.
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Figure 12. Stress distributions in trabecul

ar bone for; a) First model, b) Second model, c) Third model, d) Fourth
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Figure 13. Stress changes diagram in trabecular bone for w=800 rpm
3.2. Findings for Neural Predictor (ANFIS)
3.2.1. Prediction of Temperature Variation and Mechanical Stress for ®=600 rpm

Figure 14 and 15 render the prediction results of the thermal and mechanical stress values using the ANFIS
approach. The simulation was realised for different type of the drills. As seen in the figures the prediction results
of the jawbone parameters are quite good. Simulation results demonstrated that the root mean-squared error
(RMSE) for any prediction was found to be 0.0003 which is completely low.
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Figure 14. Prediction results of temperature variation for =600 rpm using ANFIS
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Figure 15. Prediction results of mechanical stress for =600 rpm using ANFIS
3.2.2. Prediction of Temperature Variation and Mechanical Stress for ®=800 rpm

Estimation results of the thermal and mechanical stress values for =800 rpm with ANFIS approach was given in
Figure 16 and 17 for the different type of drills. As seen from the figures ANFIS structure is appropriate in
prediction of the related thermal and mechanical parameters. And also RMSE error which is the model
performance criteria was considered to be 0.0002.
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Figure 16. Prediction results of temperature variation for =800 rpm using ANFIS
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Figure 17. Prediction results of mechanical stress for ®=800 rpm using ANFIS
4. Conclusions and Discussions

The thermal and mechanical stresses occurring in the jawbone during the drilling process are of great importance
in implant surgery. Therefore, critical parameters can be determined in advance with FEM and necessary
measures can be taken.

The simulation results show that reveal how pitches structure of drilling tips affect temperature increase that
occurs during drilling. During drilling with saw-tipped pitch structured drilling tip; maximum temperature
occurred in rotational speed of 600 rpm at 38.8 °C and in rotational speed of 800 rpm at 39.8 °C. Maximum
temperature increases occurred in rotational speed of 600 rpm at 57.96 °C and in rotational speed of 800 rpm at
58.14 °C on the trabecular bone. The temperature change increased with increasing of depth. It was determined
that heat increase which occurred during drilling, with saw-tipped pitch structured drilling tip which has higher
heat transfer coefficient, yielded less as compared with other groups.

In this study, similar mechanical stress distributions were observed at the same speed. For 600 rpm; maximum
mechanical stress was about 3 Mpa in cortical bone, was about 52 MPa in trabecular bone. For 800 rpm; maximum
mechanical stress was about 4 Mpa in cortical bone, was about 55 MPa in trabecular bone. This study has indicated
that the maximum stress and maximum temperature increase with increasing speed.

Since cooling wasn’t applied in the system, temperature due to increased heat generation is fairly above the critical
temperature. When models were compared according to heat generation increases; because of that fourth model
is less pitch structured as well as heat transmission coefficient of its coating material is lower, heat generation
increase occurred more in this model. Since second model has saw-tipped pitch structure geometrically and also
heat transmission coefficient of the coating material of the its drilling tip which is made of tungsten carbide was
high, minimum temperature variation occurred. Since heat transfer will occur in case cooling liquid is added into
the system, heat generation will increase less.

The findings of this study indicate that the unwanted thermal and mechanical stresses have arisen in the jawbone
during the implant surgery. Accordingly, by predicting these stress values, necessary precautions can be taken
before the surgical procedure. As the prediction of thermal and mechanical stresses, ANFIS approach has been
used. Consequently, the proposed ANFIS predictor had a superior performance in showing the same behavior with
numerical analysis outputs and shows that this approach can be used in real-time estimation of thermal and
mechanical stresses changes in the during drilling bone.
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