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Introduction 
The ceramic is a sort of biomaterial utilized in 
dental restorations and prostheses. Ceramic is 
potently susceptible to radiation and the 
proportion of absorbed radiation dose is depends 
on the intensity of both TL and OSL signals [1]–
[5]. Ceramic materials commonly used 
employed in dental prosthetics and repairs shows 
luminescent properties. Due to their use in the 
human body, these materials are particularly 
interesting when the retrospective dosimeter is 
required for individual usage, but monitoring of 
dose is not planned [6]. Typically, the properties 
of quartz and feldspar minerals often vary 
significantly from the thermal history; 

consequently, domestic and building ceramics 
do not have to have the same dose response 
properties [7], [8]. Dental ceramics are 
considered the most natural-looking restorative 
materials for aesthetic rehabilitation due to their 
transparency. Dental ceramic materials can be 
produced in colours indistinguishable from 
natural teeth. In addition, ceramics with an outer 
surface of metal oxides do not allow dental 
plaque to be absorbed by products, therefore, 
unlike composite resin, it eliminates the problem 
of surface colour changes. For these reasons, 
dental ceramics have become an aesthetic
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ABSTRACT 

 
 

Ceramic materials commonly used for dental prosthetics and restorations shows luminescent properties. 

Dental ceramics are considered the most natural-looking restorative materials for aesthetic rehabilitation 
due to their transparency. They are commonly used for dose response and fading assessment by using 

thermoluminescence method in various fields of dosimetric applications. In present study, we use 

artificial neural networks (ANN) toolbox of Matlab to predict irradiation dose and fading time using 
glow curve data from dental glass ceramic which is thermoluminescent (TL) dosimetric material. 

Temperature, dose value and fading time are used for input and TL intensity used for output component 

of the proposed ANN model. 18 neurons are used for hidden layer to analyze the experimental results of 
the model. Experimental and simulation results are compared and similarity is found as about 99 % in 
this present study.  
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restorative material that is increasingly used in 
dentistry [9]–[13]. Fading is a significant 
parameter for dosimetric materials and the loss 
of TL signal between read out and irradiation is 
known as fading.  

Artificial neural networks (ANN) are developed 
by using nerve cell which is known as neuron of 
the living. ANN is known since many years and 
has been applied in a different fields of 
scientific. An ANN consists of input, hidden and 
output layers with a variable number of nodes 
connecting the input and output layers as shown 
in Figure 1. A fairly simple and small-sized of 
an ANN has some powerful features in 
information processing, even compared to the 
human brain. The first ANN model is a 
perceptron introduced in the 1960's [14] to 
model information processing of the brain. A 
neural network consists of layers of neuron 
where every neuron is connected with other 
neurons in both the previous and following 
layer. During training, the weights are changed 
iteratively with a back propagation technique 
that is most commonly used for the training of 
neural networks [15]. We also used the back 
propagation and mean squared error technique as 
loss function in this study. ANN is used by 
researchers for engineering applications 
increasingly because of the easy ability to learn 
directly from target outputs. Moreover ANN can 
adapt and solve the problem according to new 
data [16]. Therefore, for engineering 
applications, ANN can be used an effective tool 
[14], [17] such as prediction of dose value and 
fading time [18]. ANN is a very promising tool 
which is applied in different ways of physics 
such as dose estimation [2].  

 

Materials and Methods 

Dental ceramics available on the Swedish dental 
market (IPS e.max Ceram, Ivoclar Vivadent 
SW) and previously examined (Ekendahl et al., 
2013). Its composition is: SiO2 (60-65%), Al2O3 
(8-12%), Na2O(6-9%), K2O(6-8%), ZnO (2-3%), 
CaO, P2O5, F(2-6%), other oxides (2-8%) and 
pigments (1%). For dose and fading time 
estimation studies, a total of 30 and 18 newly 
glass ceramics are used, respectively. All 
measurement are done at room temperature, the 
ceramics are each irradiated once 
with Sr − Y9090   β-source (delivering 0.04 Gy/s)  

 

 

Figure 1. A neuron and its software model 

up to 12, 24, 36, 72, 144, 288, 576, 2304, 3456 
and 6912 Gy for dose estimation study and 
irradiated at fix dose value (36 Gy) and waited in 
a dark ambient from 1 hour to six weeks for 
fading time estimation study. In this study, 
Levenberg-Marquardt training algorithm of 
ANN model is used to estimate dose value and 
fading time of glass ceramics. Temperature, dose 
value and fading time are used for input and TL 
intensity used for output component. 18 neurons 
are used for hidden layer to analyze the proposed 
ANN model.  

 

Results and Discussion 

The glow curve which is TL intensity versus 

temperature variation of glass ceramic is shown 

in Figure 2 and when the dose increased the 

signal intensity also raised that is seen clearly. 

The TL glow curves for dental glass ceramic 

were characterized four dominant peaks 

extending from room temperature (RT) up to 

400 oC.  The visible peaks of the glow curves 

are characterized peak 1 (~175°C), peak 2 
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(~225°C), peak 3 (~275°C) and peak 4 

(~350°C) for the indicated temperature interval 

for the dental glass ceramic sample. The 

simulated and experimental glow curves of six 

different dose values which are 12, 24, 72, 144, 

2304 and 6912 Gy are shown in Figure 3. The 

simulation glow curve of model shows similar 

characteristics with the experimental glow curve 

of glass ceramic. Experimental and simulated 

glow curve are given in the same graph to 

compare the similarity. The similarity is 

obtained as 99 % between experimental and 

simulation results of glass ceramic. Mean square 

error (MSE) and coefficient of determination 

(R2) values which are obtained from the 

proposed model are given in Table 1. 

Table 1. MSE and R2 values of the proposed 

ANN model for dose value 
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Figure 2. The TL glow curve of glass ceramic as a function of dose response irradiated with β-

source for 12, 24, 72, 144, 2304 and 6912 Gy at room temperature 

Fading is identified to decrease luminescence 

signal as a result of irradiated ceramics waiting 

under different environments. The trapped 

carriers within the sample can be stimulate by 

heat, light or by any other means. The period of 

6 weeks was assessed for fading of dental glass 

ceramics in this study. The samples readout by 

using the TLD reader at different storage times 

(1, 4, 24, 168 and 1008 hours). The glow curve 

of glass ceramics as a function of fading is 

shown in Figure 4. After 1 hour storage, all the 

TL peaks have a major decreasing about 60% in 

luminescence intensity this observation 

demonstrates that all TL peaks were unstable. 

The TL glow peak labeled at 175°C faded 

completely for the dental glass ceramic after 1 

week storage. The simulated and experimental 

glow curves of six different fading time which 

are 0, 1, 4, 24, 168 and 1008 hours are shown in 

Figure 5. The simulation glow curve of model 

shows similar characteristics with the 

experimental glow curve of glass ceramic as a 

function of fading time. Experimental and 

simulated glow curve are given in the same 

graph to compare the similarity. The similarity 

is obtained as 99 % between experimental and 

simulation results of glass ceramic. Mean square 

error (MSE) and coefficient of determination 

(R2) values which are obtained from the 

proposed model are given in Table 2. 

 MSE R2 

Training 1.26212 0.99838 

Testing 4.53604 0.97231 
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 Figure 3. The TL glow curve of simulation and experimental results of glass ceramic as a function 

of dose response irradiated with β-source for 12, 24, 72, 144, 2304 and 6912 Gy at room 

temperature 
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Figure 4. The TL glow curve for dental glass ceramic with respect to the fading.
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Figure 5. The variation of TL intensity versus temperature of simulation and experimental results of 

glass ceramic as a function of fading. 

 

 

Table 2. MSE and R2 values of the proposed 

ANN model 

 

 

 

 

Conclusions 

When the applied dose increased, the intensity of 
TL peak increased for both the experimental and 
simulated glow curves. Similarity of these glow 
curves is obtained about 99 % for all dose value 
and fading time of glass ceramic. By using this 
ANN model, dose and fading time estimation are 
successfully done and also the other parameters 
such as kinetic parameters can be predicted in 
the future.    
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