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ABSTRACT 
 
The goal of the present study was to evaluate whether the technique of neutron radiography can provide 
information on strength and adherence in dental restoration with synthetic polymeric materials, particularly as a 
tool for the analysis of microleakage and voids. Thus, tooth samples were drilled, producing cavities with 
similar dimensions in each tooth, and then carefully filled with eight types of resins that are the most commonly 
used by dentists. After exposing the tooth samples to a neutron beam, their radiographic images were analyzed. 
This techinique gave good results showing that all the tooth samples were suitably restored.  
 
 

1. INTRODUCTION 
 
The first neutron radiographies were taken in 1935-1938 by H. Kallmann and Kuhn in Berlin 
[1], who employed a Ra-Be source and also a small neutron generator at the IG Farben 
Aktiengesellschaft Laboratory. Afterward, O. Peter, in Forschungsanstalt der Reichspost 
Laboratory, using higher beam intensity, from a neutron accelerator, took several neutron 
radiographies of different objects and his experiments ended in December of 1944, just 
before the armed revolution in Berlin [2]. Since then, the neutron radiography process has 
been widely used around the world as an excellent tool for non-destructive testing. 
 
It is well known that neutron radiography is a very useful technique for detection of organic 
compounds, explosives, water and some light elements (B, Li and C). This technique consists 
of placing the sample in the path of a neutron beam, the neutrons of which are efficiently 
attenuated by scattering and adsorption processes, and unlike conventional X-ray 
radiography, they penetrate into materials with high atomic number (such as metals: iron, 
lead, etc.). Then, the neutrons are not detected with photographic films need of some special 
material to convert to other type of radiation more easily detected by the film [3].  
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When the emulsion of the film is exposed to a secondary radiation, such as internal electron 
conversion, the grain of the silver halide can be sensitized (activated), generating the so-
called latent image centre, readily susceptible to the chemical action of a developer. After 
chemical development, a visible deposits of silver appear with different optical densities 
(shades of gray). 
 
A dental restoration, also known as dental filling, consists of using a dental material to restore 
the function, integrity and morphology of a missing tooth structure. Many researches have 
been done on dental polymers aiming at improving leakage and breakage and to imitate the 
natural tooth structure with the same or less enamel loss than caused by decay or tooth wear 
[2]. As a consequence a variety of commercial synthetic polymeric materials (resins) are now 
available.   
 
In Dental Medicine, adhesives have been widely used as sealant, restorative materials or 
cements. In the filling procedure with resins, the lack of adherence, improper cleaning of the 
cavity and careless work, among others factors, are likely to cause failures of adherence to 
the tooth. Marginal infiltration has been considered the main drawback in dental restoration 
and several methodologies have been employed to study these faults. However, most of them 
consist of in vivo or in vitro statistical analysis  by means of destructive tests. In this study we 
applied the non-destructive technique of neutron radiography in the evaluation of four of the 
most common types of resins used by dentists. 
 
 

2. MATERIALS AND METHODS 
 
Our proposed methodology consists of initially treating the tooth sample by submerging it in 
a contrasting solution, gadolinium nitrate, Gd(NO3)2, then exposing it to a thermal neutron 
beam at the Argonauta reactor. The image is then recorded on a photographic silvery film. 
Finally, the film passes through a chemical development process to obtain a neutron 
radiography image. 
 
 2.1.  Tooth Samples 
 
Several dental samples, such as molars, premolars and canines, obtained through donations 
and some collected over a long period of time were carefully inspected. In each tooth sample, 
a cavity was made with a standard dimension by means of a conventional rotary dental drill, 
to remove caries, before the filling procedure, and afterwards the samples were cleaned with 
an acid solution [12].  The tooth cavity was carefully cleaned to avoid problems of adherence 
between the resin and the tooth walls. After cleaning, the samples, the dentist followed the 
procedure set out in the standards for dental fillings. Eight kinds of synthetic resins were 
selected among the most frequently used by dentists in Rio de Janeiro. These were: Z-100, 
Helio Fill, Opallis, Charisma, Fill Magic, Herculite, TPH and Durafill.  
 
2.1. Irradiations 

 
After dentistry restoration, the tooth samples were fixed in a Kodak X-ray aluminium chassis. 
To realize the Neutron Radiography, a beam of thermal neutrons was extracted from the J-9 
irradiation channel, located in the thermal column of the Argonauta reactor, in the Nuclear 
Engineering Institute - CNEN. Where the neutron radiography system is installed, making 
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available flux of 4.46x105 n.cm2.s-1, when the power of the reactor is 340W, as showed  in 
figure 1. A gadolinium metal screen, with 50 µm thickness was used as neutron converter and 
a Kodak Industrex AA 400 film was used to register the image. The time of each neutron 
radiography exposure was 60 minutes. The image registered on the photographic silvery film 
passed by a chemical development process to obtain the neutron radiography image. After the 
developing process, the Neutron Radiographies of the restored tooth samples were digitized. 
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Figure 1:  Basic principle of obtaining Neutron Radiography of an object by direct 

method of exposure.  

 

 

3. RESULTS  
 
Preliminary tests were performed without the use of radiographic contrast agent solution, 
Gd(NO3)2, as showed in figure 2. It can be seen that even without a contrasting agent, sharp 
images were obtained for all filling restorations. 
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Figure 2:  Neutron radiography image, obtained without the use of  Gd(NO3)2  of 

restored tooth with synthetic resins: Z-100; Helio Fill; Opallis and Charisma, in order. 

 

 
Figures 3 to 9 show the comparison images obtained of the tooth samples, after they were 
submerged in a contrasting agent of gadolinium nitrate solution for 1 hour and X-ray images 
were obtained by. Overall, the neutron radiographic images showed no micro leakage, neither 
space between tooth wall and resins (voids), proving that a careful work had been done. 
Furthermore, in addition to optimization of restoration, the technique of neutron radiography 
showed details of the internal structure of teeth, such as channels, roots, necrosis and 
infectious processes. 
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Figure 3:  Basic principleComparison between X-ray and Neutrongraphy of two 

restored tooth with resin Durafill.  
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Figure 4:  Comparison between X-ray and Neutrongraphy of two restored tooth with 

resin Helio Fill.  
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Figure 5:  Comparison between X-ray and Neutrongraphy of two restored tooth with 

resin Opallis.  
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Figure 6:  Comparison between X-ray and Neutrongraphy of two restored tooth with 

resin Fill Magic.  
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Figure 7:  Comparison between X-ray and Neutrongraphy of two restored tooth with 

resin Herculite.  
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Figure 8:  Comparison between X-ray and Neutrongraphy of two restored tooth with 

resin Z -100.  
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Figure 9:  Comparison between X-ray and Neutrongraphy of two restored tooth with 

resin TPH.  
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4. CONCLUSIONS 

 
The neutron radiography technique proved to be useful for detecting resin adherence to the 
tooth wall. The neutron radiography images showed that the resins adhere well to the dentin 
tissues, with no microleakage in dental space between the wall and the resin, as was expected, 
because the resins had been placed in very uniform way to avoid the occurrence of empty 
structures. To confirm the results, we asked a dentist, to evaluate the report, and the results 
were confirmed. This is a preliminary study, further tests will be performed in samples with 
other types of resins and also with various flaws in the process of dental restoration.  
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