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Contents1 Abstrat 12 Introdution 13 Motivations 24 Goals 25 Metodology 26 Results 36.1 Changes in the hemial omposition of odontologial materials . . . . . . . . . . . . 36.2 Photon ounting of the energy peaks of the odontologial material . . . . . . . . . . . 67 Conlusions 78 Referenes 81 AbstratThe purpose of this work onsisted of quantitative studies of the e�ets aused by ionizing radiationon the materials ommonly used in dental restorations (amalgam, omposite resin and ompomer),to mitigate the deleterious e�ets of radiotherapy when patients with tumors in head and nek,observed when the teeth are restored within the �eld of radiation. Samples were submitted to thebeam of radiation from a soure of obaltoterapia, and analyzed by a X-ray uoresene tehnique, byomparing the hemial omposition of samples before and after irradiation. Gamma spetrometrywas performed with detetor of NaI and HPGe in the same samples. Then, the samples were keptin an appropriate plae and after 8 years is repeated the same analysis.With these tests, it was possible to verify small hanges in the omposition of bodies of evidenedue to the interation 8 years after exposure to gamma radiation beams, simulating a patient whodevelops deleterious e�ets of radiation after the end radiotherapy treatment.2 IntrodutionThis work is onsisted in quantitative studies of the e�ets of ionized radiation under materials usedin dental restorations (amalgam, resin-based omposite, and ompomer) aiming at brighten up thepossible deleterious e�ets of the radiotherapy for patients with head and nek tumors if the dentalrestoration is inside the radiation �eld. Test bodies were submitted to a gamma-ray beam from aobalt therapy soure. They were analyzed using a X-ray uoresene tehnique and their hemialomposition, before and after the irradiation, were ompared. Gamma ray spetrometry with SodiumIodate (NaI) detetors was also done using the same samples. After this, the samples were onservedin a proper plae and, 8 years later, the same analyses were repeated.From these analyses, it was possible to verify small hanges in the hemial ompositions of the test1



bodies due to their interation with radiation and, omparing the results obtained 8 years after theexposition to a gamma ray beam, it was also possible to simulate a patient that develop deleteriouse�ets of radiation after ending the radiotherapy treatment.3 MotivationsCurrently, there are several types of restoration materials. In this work, three of the most ommonlyused materials were studied: the amalgam, the resin-based omposite, and the ompomer [10℄, [11℄.Deontologial studies orrelate the emergene of aries in patients that were submitted to radio-therapy [18℄, [15℄. In general, aries due to radiation show di�erent aspets, their evolution is fastand painless, and they appear around three months after ending the radiotherapy treatment. Theya�et all the dental surfaes and are related to the xerostomy and the hanges in the food habits[16℄, [17℄. Nowadays, tehniques to prevent this type of aries inlude topial appliation of Fluor,mouths washing with uorinated substanes and use of uorinated dental ream [9℄, [4℄.Before beginning a radiotherapy treatment, the patient should be submitted to a dental evalua-tion and the dentist should elaborate a fast and eÆient treatment that inlude the extration ofresidual dental roots, the treatment of ariously injuries, the elimination of periodontal problems,and the orretion of malolusions (also teeth badly loated that are ausing trauma in the bualavity). This way, the bual healthy is given bak to the patient to aim do not aggravate his or herproblems during the onologi treatment. In the ases these previous treatments are not possible, thedental extration is reommended [6℄, [14℄. One established aries due to radiation, the treatmentonsists in restoration using uorinated materials, amputation of the dental rowns and onfetionof prosthesis [14℄, [19℄. In these ases, the patients are submitted to alternative therapies, but onlywith the palliative purpose of relieving the symptoms [8℄.For this reason, it is extremely important the development of researhes that investigate the reale�ets of radiation under the human teeth and that look for alternatives to brighten up or eliminatethe deleterious e�ets of radiotherapy in patients with mouth tumors.4 GoalsThe main goal of this work is to study the possible hemial omposition alterations of the materialsited above after submitting them to a gamma-ray beam. For this purpose, X-ray uoresenetehnique and gamma spetrometry were used and the results obtained in 2001, when the �rstanalysis was arried out, were ompared to the results obtained in 2009 for the same materials.5 MetodologyThe analyzed samples were onfetioned and divided in three sets: set 1 orresponds to the amalgamsamples, set 2 to the resin-based omposite samples, and set 3 to the ompomer samples.The test bodies were distributed in two groups: a pilot group whih ontains 5 samples from eahone of the sets 1, 2, and 3 that were not submitted to radiation, and another group with 15 samplesfrom eah set that were irradiated.The pilot group was analyzed by the X-ray uoresene tehnique to disriminate the exat hem-ial omposition of the materials to be irradiated, sine eah hemial element has its own responseto radiation. One their hemial omposition were known, the samples of the group to be irradiated2



were submitted to a gamma-ray beam from a obalt therapy soure. The dose was from 5000 to 7000GCi, whih represents the dose reeived (i.e. the average dose from treatment protools) by patientswith head and nek tumors submitted to ervial or faial radiotherapy that overs a great part ofthe dental arade. In fat, the treatment dose is 180 GCi per day, 5 days per week. The ase analyzedhere orresponds to the situation of greater intensity of the aute and hroni radiobiologial e�ets.Following this proedure, the irradiated samples were submitted to gamma spetrometry usinga Sodium Iodate (NaI) detetor in 2001 and a Hyper Pure Germanium (HPGe) detetor in 2009.The goal of this analysis was to determine the photon ounts of the energy peaks of the irradiatedsamples and to verify if there was any di�erene in their emission ompared to the pilot sample (i.e.,not irradiated sample).The hemial omposition of the irradiated samples was obtained by the X-ray uoresene teh-nique and the results were ompared to those of the pilot sample.After this, the samples were onserved in a proper plae and 8 years later the same analyses wererepeated and the results were ompared.6 Results6.1 Changes in the hemial omposition of odontologial materialsComparison between the results of 2001 and 2009 for the hemial omposition determined by theX-ray uoresene tehnique (before and after the irradiation).PresentElement Pilot samplesanalyzed in2001 Irradiatedsamplesanalyzed in2001 Pilot samplesanalyzed in2009 Irradiatedsamplesanalyzed in2009Abundan-e % % % % %Hg 53,5 � 0,01 53,9 � 0,01 42,4 � 0,7 45,5 � 0,7Ag 23,3 � 0,01 23,3 � 0,01 25,9 � 0,7 23,9 � 0,8Sn 14,6 � 0,01 14,1 � 0,01 13,6 � 0,9 18,8 � 0,9Cu 7,3 � 0,01 7,6 � 0,01 11,0 � 0,1 9,9 � 0,1Si 0,49 � 0,01 2,2 � 0,2 1,9 � 0,1Zn 0,17 � 0,01 0,092� 0,01Al 0,11 � 0,01Cr 0,094 � 0,01 0,067� 0,01Fe 0,084 � 0,01 0,096� 0,01P 0,045 � 0,01Ni 0,039 � 0,01 0,020� 0,01Co 0,022 � 0,01 0,036� 0,01Na 0,50 � 0,01Mn 0,022 � 0,01 0,071� 0,01Table 1: Analyses of the amalgam samples realized in 2001 and 2009
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PresentElement Pilot samplesanalyzed in2001 Irradiatedsamplesanalyzed in2001 Pilot samplesanalyzed in2009 Irradiatedsamplesanalyzed in2009Abundan-e % % % % %Si 40,1 � 0,01 37,8 � 0,01 26,7 � 0,1 25,1 � 0,1O 33,1 � 0,01 37,8 � 0,01 37,2 � 0,1 37,1 � 0,1Zr 24,2 � 0,01 23,3 � 0,01 30,4 � 0,1 33,8 � 0,1Hf 0,73 � 0,01 0,57 � 0,01 0,57 � 0,1Al 0,48 � 0,01 0,35 � 0,01Na 0,45 � 0,01 0,33 � 0,01Cal 0,35 � 0,01Cl 0,21 � 0,01 0,27 � 0,01Co 0,006� 0,01S 0,17 � 0,01P 0,072 � 0,01 0,057� 0,01Mg 0,064 � 0,01Fe 0,057 � 0,01 0,050� 0,01 0,09 � 0,01 0,062� 0,01Cu 0,008 � 0,01 0,004� 0,01Ni 0,006 � 0,01 0,009� 0,01Mn 0,003 � 0,01 0,012� 0,01Cr 0,002 � 0,01Zn 0,001� 0,01Ca 0,8 � 0,1Table 2: Analyses of the resin-based omposite samples realized in 2001 and 2009
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PresentElement Pilot samplesanalyzed in2001 Irradiatedsamplesanalyzed in2001 Pilot samplesanalyzed in2009 Irradiatedsamplesanalyzed in2009Abundan-e % % % % %Sr 34,9 � 0,01 43,2 � 0,01 72,7 � 0,01 0,16 � 0,01O 29,0 � 0,01 24,9 � 0,01 19,5 � 0,01 45,7 � 0,01Si 15,7 � 0,01 17,0 � 0,01 33,9 � 0,01Al 8,6 � 0,01 9,7 � 0,01 6,9 � 0,01F 6,6 � 0,01P 2,1 � 0,01 2,6 � 0,01Na 1,6 � 0,01 1,6 � 0,01Ca 0,46 � 0,01 0,46 � 0,01Cl 0,36 � 0,01 0,28 � 0,01S 0,28 � 0,01 0,14 � 0,01K 0,23 � 0,01Fe 0,085 � 0,01 0,030� 0,01 0,042� 0,01Mg 0,078 � 0,01Mn 0,023 � 0,01 0,025� 0,01Cu 0,016 � 0,01 0,015� 0,01Co 0,013 � 0,01 0,009� 0,01Ni 0,010 � 0,01 0,012� 0,01Cr 0,017� 0,01Zr 19,9 � 0,01Hf 0,4 � 0,01Ba 0,098 � 0,05Table 3: Analyses of the ompomer samples realized in 2001 and 2008
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Figure 1: Gamma spetrometry of the Amalgam samples obtained in 2001 and 2009 respetively.

Figure 2: Gamma spetrometry of the Resin-based Composite samples obtained in 2001 and 2009respetively.

Figure 3: Gamma spetrometry of the Compomer samples obtained in 2001 and 2009 respetively.6.2 Photon ounting of the energy peaks of the odontologial materialPhoton ounting of the energy peaks using the NaI detetor in 2001 and the HPGe detetor in 2009.The irradiated and the non-irradiated samples were reanalyzed with equipments of gamma-rayspetrometry in order to verify hanges in the photon ounting of the energy peaks present in thesample as funtion of the radiation dose used. The gamma-ray spetrum was obtained for all test6



Figure 4: Spetrums of all samples analyzed in 2001 and 2009 respetively.bodies using multihannel detetors (NaI in 2001 and HPGe in 2009). The behavior of the photon-peaks as funtion of the energy of the radiation (i.e., the instrument hannel) is shown in Figures 1,2 and 3 for the amalgam, resin-based omposite, and ompomer samples respetively. These Figuresontain the two analyses of the material, the �rst one of 2001 and the seond one of 2009. Theounting time in both ases was 1800 seonds.The following Figures illustrate the gamma-ray spetrums (NaI and HPGe detetors) of the threetypes of irradiated samples.

7 ConlusionsIn tables 1 and 2 it is noted that there was no signi�ant hanges. The elements that disappear in2009 are of low abundane in 2001 and an not be haraterized in the laboratory for analysis in2009.In table 3, there are signi�ant hanges in the samples. But further analysis is needed for moreaurate onlusions.In �gures 1, 2 and 3, you may notie that showed no residual radiation when irradiated in 2001and reviewed in 2009. 7
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