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RESUMO 

O objetivo desde estudo foi avaliar o efeito da irradiação utilizada para radioterapia nas 
propriedades químicas e mecânicas da dentina de ratos diabéticos. Incisivos de ratos não 
diabéticos (ND) e diabéticos (D) foram seccionados transversalmente e divididos em 2 
grupos de acordo com a irradiação: não irradiado (NI) e irradiado (I) (n = 5). 
Espectroscopia de Infravermelho com Transformada de Fourier (FTIR) avaliou as 
razões amida I / fosfato e carbonato / fosfato; proporções amida I / amida III e amida I / 
CH2, enquanto a análise da composição atômica foi realizada por Espectroscopia de 
Energia Dispersiva de Raios-X (EDS); e foi feito analise de microdureza knoop (KHN) 
para avaliar propriedades mecânicas. Todos os dados foram analisados utilizando-se 2-
way ANOVA e teste de Tukey (α = 0,05). Com base no FTIR, foi observado um 
aumento significativo na razão de carbonato / fosfato após a irradiação. Para as razões 
amida I / fosfato e amida I / amida III não foi encontrada diferença significativa entre os 
grupos. No entanto, a amida I / CH2 apresentou menor razão para os grupos diabéticos 
em comparação com os nãos diabéticos. O conteúdo de Ca e P dos grupos diabéticos foi 
menor em comparação com os não diabéticos. Não foram encontradas diferenças 
significativas entre as relações Ca / P. Os grupos ND mostraram valores de KHN 
significativamente mais elevados, independentemente da irradiação. Após a irradiação, 
a KHN demonstrou valores significativamente menores. Conclui-se que diabetes e a 
radiação ionizante alteraram a composição química da dentina de ratos, alterando a 
matriz mineral e orgânica, e reduzindo a microdureza. 

Palavras-chave: Análise espectral, Dentina, Diabetes Mellitus, Dureza, Radiação 
ionizante. 
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ABSTRACT 

Objective: Evaluate the effect of irradiation used for radiotherapy in the chemical and 

mechanical properties of the dentin of diabetic rats. Incisors from non-diabetic (ND) 

and diabetic (D) rats were sectioned transversally and divided into 2 groups according 

to irradiation therapy: non-irradiated (NI) and irradiated (I) (n=5). Fourier Transform 

Infrared Spectroscopy (FTIR) evaluated the protein/mineral, carbonate/phosphate ratios; 

amide I/amide III and amide I/CH2 ratios, while atomic composition analysis was 

performed by X-ray Energy-Dispersive Spectroscopy (EDS); and the Knoop hardness 

(KHN) values was measured of the dentin. All data were analyzed for by using a two-

way ANOVA and Tukey’s test (α = 0.05). Based on FTIR, a significant increase in the 

carbonate/phosphate ratio following irradiation was observed. For amide I/phosphate 

and amide I/amide III ratios no significant difference was found among groups. 

However, amide I/CH2 showed decreased ratio for diabetic groups compared with non-

diabetic groups. The Ca and P content of the diabetic groups were lower compared with 

non-diabetic. No significant differences was found between Ca/P ratios. ND groups 

showed significantly higher KH values, regardless of irradiation. After radiation, the 

KHN demonstrated significantly decreasing values. It was verified that diabetes and the 

ionizing radiation altered the chemical composition of dentin by altering the mineral and 

the organic matrix of rat´s dentin, reducing the microhardness.  

Keywords: Dentin, Diabetes, EDS, Fourier transform infrared spectroscopy, 

Microhardness, Radiotherapy. 
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1. INTRODUÇÃO E REFERENCIAL TEÓRICO 

Câncer e diabetes estão entre os principais problemas de saúde pública do mundo 
(Taubes et al., 2012 Abbassy et al., 2015). Diabetes Mellitus tipo 1 (DM1) é uma 
condição crônica na qual o pâncreas produz pouca ou nenhuma insulina necessária para 
o metabolismo da glicose (Abbasy et, al., 2015). É um dos distúrbios sistêmicos mais 
prevalentes que afeta um número crescente de indivíduos globalmente (Abbasy et, al., 
2015). A incidência de diabetes tipo 1 está aumentando em todo o mundo, mas há 
enorme variação por país com algumas regiões do mundo tendo maior incidência do que 
outros. (You et al., 2015). Devido ao crescimento e envelhecimento da população, é 
cada vez mais frequente a ocorrência de pacientes portadores de diabetes mellitus ser 
diagnosticado também com câncer, pois muitas evidências têm apontado para a 
associação entre esta comorbidade e o risco ao desenvolvimento de uma neoplasia (Lin 
et al., 2014). Acredita-se que a diabetes possa influenciar o processo carcinogênico por 
vários mecanismos, sendo o principal deles a hiperglicemia, que quando não controlada, 
serve de combustível para o desenvolvimento da neoplasia, pois o tumor, 
essencialmente, possui alta necessidade de glicose para alimentar sua proliferação e 
crescimento (Giovannucci et al., 2010; Stot-miler, 2012; Arcidiacono, Iiritano & 
Nocera, 2012; Collins, 2014; Aune D, Chan DS, Lau R et al., 2012). Outras evidências 
também sustentam que há uma relação entre o metabolismo anormal de glicose e o 
desenvolvimento do câncer de cabeça e pescoço (Stot-miler et al., 2012). Além disso, 
pacientes diabéticos e oncológicos com tumores na região de cabeça e pescoço estão 
frequentemente associados a uma menor sobrevida, pior prognóstico e maior taxa de 
infecção após a ressecção do tumor durante o período pós-operatório (Raikundalia et al., 
2016). 

A cada dois anos, o Instituto Nacional do Câncer (INCA) publica uma estimativa 
para o acometimento de câncer na população brasileira. Estima-se, para o Brasil, biênio 
2018-2019, a ocorrência de 600 mil casos novos de câncer, para cada ano. 1,2 milhão de 
novos casos de câncer devem surgir no Brasil até 2019 (INCA 2018). Para o Brasil, 
estimam-se 11.200 casos novos de câncer da cavidade oral em homens e 3.500 em 
mulheres para cada ano do biênio 2018-2019. Esses valores correspondem a um risco 
estimado de 10,86 casos novos a cada 100 mil homens, ocupando a quinta posição; e de 
3,28 para cada 100 mil mulheres, sendo o 12º mais frequente entre todos os cânceres 
(INCA 2018).  

A radioterapia é utilizada para tratamento desta neoplasia (Belcher et al., 2014) e 
consiste em empregar uma dose total de radiação entre 60 a 70 Gy no local, sendo muito 
comum o esquema de fracionamento, com aplicação de 2 Gy diários, 5 dias por semana, 
durante 5 a 7 semanas (Jham & Freire, 2006; Epstein et al., 2012). Porém, 
inevitavelmente, este tratamento também envolve exposição aos tecidos sadios 
adjacentes ao tumor localizados no campo da irradiação, acarretando várias 
complicações, que podem interferir na qualidade de vida dos pacientes e no andamento 



17 

 

do tratamento (Spetch, 2002; Vissink et al., 2003). As alterações na cavidade bucal mais 
frequentes são: mucosite, alterações no paladar, infecções oportunistas (candidose, 
herpes), xerostomia e hipofunção salivar, trismo, osteradionecrose, periodontites, cáries 
relacionada a radiação, necrose de tecido mole (Jham & Freire, 2006; Kielbassa et al., 
2006; Ray-Chaudhuri, Porter & Shah, 2013) e dor neuropática e orofacial (Epstein et 
al., 2012). Entre essas alterações, a cárie relacionada à radiação é considerada uma das 
mais preocupantes, pois configura uma forma de cárie com grande potencial destrutivo 
e rápida progressão, podendo levar à amputação total da coroa e completa perda da 
dentição (Kielbassa et al., 2006; Deng et al., 2015; Buglione et al., 2016). Possui como 
etiologia a combinação de efeitos indiretos da radioterapia somados aos efeitos diretos 
na estrutura dentária (Kielbassa et al., 2006), como alterações na microdureza, 
composição química e micromorfologia do esmalte e dentina (Lishout & Bots, 2014; 
Deng et al., 2015; Qing et al., 2016), predispondo a dentição a uma maior ocorrência 
deste tipo de lesão. 

A intensidade e a ocorrência das reações adversas decorrentes da radioterapia 
podem depender, dentre vários fatores, das condições clínicas do paciente (Jham & 
Freire, 2006; Caccelli & Raport 2008). Portanto, é razoável imaginar que o paciente 
diabético pode responder diferentemente quando comparados a pacientes sem essa 
comorbidade. Alguns estudos demonstram maior suscetibilidade à cárie em diabéticos 
(Hegde et al., 2014), pois as mudanças metabólicas associadas a essa comorbidade 
podem levar a alterações na composição mineral dos dentes além de promover o início e 
progressão da lesão cariosa (Gutowska et al., 2011). Recentes estudos têm relatado 
efeitos prejudiciais da diabetes associados ao elevado nível de glicose no sangue, como 
alterações na formação de esmalte e dentina através do efeito inibitório na atividade de 
odontoblastos e ameloblastos (Abbassy et al.,2015) e também interferências na 
maturação e mineralização da matriz colágena da dentina (Valikangas et al., 2001). 

Sendo assim, dentro do conhecimento dos autores, ainda não existem relatos 
suficientes disponíveis na literatura abordando especificamente sobre os efeitos 
adversos da radioterapia na cavidade bucal em pacientes diabéticos. Tendo em vista a 
maior suscetibilidade a agravos em saúde bucal já bem estabelecida na literatura, torna-
se relevante avaliar se a radioterapia associada a esse comprometimento sistêmico pode 
estar relacionada a uma maior severidade dos efeitos adversos na cavidade oral ou 
provocar maior dano às estruturas dentais. Nesse sentido, o objetivo desta pesquisa é 
analisar o efeito da doença diabetes e da radiação ionizante por meio do acelerador 
linear nas propriedades químicas e mecânicas em dentina de ratos. 
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2. Capítulo 1 

 

Artigo 1 

 

Effect of the ionizing radiation in the head and neck on the chemical composition and 
mechanical properties of the diabetic rat´s dentin 

 

Brenda Lisseth Pineda Mancia,1 Camila de Carvalho Almança Lopes1, Robinson 
Sabino-Silva1, Veridiana Resende Novais.1 

 

1Department of Operative Dentistry and Dental Materials, School of Dentistry, Federal 
University of Uberlândia, Avenida Pará s/n°,Campus Umuarama, Bloco 4L, Bairro 
Umuarama, Uberlândia, Minas Gerais 38400-902, Brazil. 

 

*Artigo a ser enviado para o periódico Clinical Oral Investigations 

 

Correspondence:  

Veridiana Resende Novais, Avenida Pará, 1720, Bloco 4L, Anexo A, Campus 
Umuarama, 38400-902 Uberlândia, MG, Brasil. Tel: +55-34-3218-2222. e-mail: 
veridianaresende@hotmail.com 
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ABSTRACT 

Objective: Evaluate the effect of irradiation used for radiotherapy in the chemical and 
mechanical properties of the dentin of the diabetic rats. 

Materials and methods: incisors from non-diabetic (ND) and diabetic (D) rats were 
sectioned transversally and divided into 2 groups according to irradiation therapy: non-
irradiated (NI) and irradiated (I) (n=5). Fourier Transform Infrared Spectroscopy (FTIR) 
evaluated the protein/mineral and carbonate/phosphate ratios; amide I/amide III and 
amide I/CH2 ratios, while atomic composition analysis was performed by X-ray Energy-
Dispersive Spectroscopy (EDS); and the Knoop hardness (KHN) values was measured 
of the dentin. All data were analyzed by using a two-way ANOVA and Tukey’s test (α 
= 0.05). 

Results: Based on FTIR, a significant increase in the carbonate/phosphate ratio 
following irradiation was observed. For amide I/phosphate and amide I/amide III ratios 
no significant difference was found among groups. However, amide I/CH2 showed 
decreased ratio for diabetic groups compared with non-diabetic groups with significant 
difference. The Ca and P content of the diabetic groups showed significantly were lower 
compared with non-diabetic. No significant differences was found between Ca/P ratios. 
ND groups showed significantly higher KH values regardless of irradiation. After 
radiation, the KHN demonstrated significantly decreasing values.  

Conclusion: Diabetes and the radiotherapy altered the chemical composition of dentin 
by altering the mineral and the organic matrix of rat´s dentin, reducing the 
microhardness.  

Clinical relevance: The destructive potential of radiation in the head and neck region 
added to diabetes mellitus may cause adverse consequences to oral hard tissues and oral 
function. 

Keywords: Dentin, Diabetes, EDS, Fourier transform infrared spectroscopy, 
Microhardness, Ionizing radiation. 

 

Introduction 

      Each year, there is an estimated 416.05 new cases of cancer per 100.000 inhabitants, 
where in the head and neck cancer represents approximately 13.6%, ranking seventh in 
the world, with an estimated annual incidence of 640,000 case [1]. Radiotherapy (RT) is 
considered the main treatment for patients with HNC, sometimes combined with 
surgery or [2].  According to the World Health Organization, two-thirds of oncological 
patients will receive the radiotherapy as a treatment option [3].   
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Radiotherapy is one of the common oral cancer therapies, which may affect dental 
and oral health [4]; including mucositis, hyposalivation, osteoradionecrosis, dentition 
breakdown, and radiation-related caries [5]. It was previously described that radiation-
induced hyposalivation could be the main cause of radiation-related caries development 
[6].  However, recent investigations have also suggested that radiation has direct effects 
in disorganization of the dentin structure with loss of mineral-organic interaction [7, 8, 
9].  

Type 1 Diabetes Mellitus (T1DM) is a chronic condition in which the pancreas 
produces little or no insulin necessary for glucose metabolism [10]. It is one of the most 
prevalent systemic disorders affecting an increasing number of individuals globally 
[10]. This disease exhibits various detrimental alterations on bones, and mineral 
metabolism [11, 12].  Diabetes is also associated to oral complications such as 
xerostomia, tooth loss, gingivitis, periodontitis, and oral mucosa lesions [11]. The 
glucose has a direct effect on odontoblasts and pulp tissue cells, and it is suggested that 
this effect cannot be compensated with the addition of insulin [13]. 

The radiotherapy treatment in patients diagnosed with head and neck cancer, as well 
as the patient with diabetes, may have a compromised oral health. From this, the clinical 
questioning is generated: will the association of these two conditions increase the oral 
complications? Therefore, the aim of this study was to evaluate the influence of 
radiation and the induced diabetes in chemical and mechanical properties of rat’s dentin. 
The null hypothesis was that the radiotherapy would have no effect on the dentin’s 
properties of diabetes rats.  

 Material and methods 

Induction of diabetes.  

 This study was carried out in accordance with recommendations in the Guide for 
the Care and Use of Laboratory Animals of the Brazilian Society of Laboratory Animals 
Science (SBCAL). All experimental procedures for the handling, use and euthanasia 
were approved by the Ethics Committee for Animal Research of the Federal University 
of Uberlandia (UFU) (License #CEUA-UFU No. 013/2016) according to Ethical 
Principles adopted by the Brazilian College of Animal Experimentation (COBEA). All 
effort was taken to minimize the number of animals used and their discomfort. The 
Wistar rats (250g) were obtained from Center for Bioterism and Experimentation at the 
Federal University of Uberlândia.  

Ten rats were maintained under standard conditions (22 ± 1 °C, 60% ± 5% humidity 
and 12-hour light/dark cycles, light on at 7 AM) and were allowed with free access to 
standard diet and water at the Institute of Biomedical Sciences rodent housing facility 
(Nuvilab CR-1; Nuvital, Curitiba, Brazil). 
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Specimens' preparation  

 All teeth were sectioned transversally into two slices of 3 mm each one using a 

water-cooled diamond precision saw (Isomet; series 15HC diamond; Buehler Ltd., Lake 

Bluff, IL, USA) and a precision saw (Isomet 1000, Buehler, Lake Bluff, IL, USA). The 

slices were divided into 2 subgroups according to the irradiation therapy: non-irradiated 

and irradiated (n=5). The specimens of irradiated groups were submitted to the protocol 

that consisted of a total of 72 Gy, with 1.8 Gy applied 5 days per week, during 8 weeks 

with X-rays from a linear accelerator (Clinac 600C Varian® Palo Alto, CA, EUA, 

Beam 6 MV). Specimens were submerged in deionized water during radiotherapy (da 

Cunha et al., 2016; Rodrigues et al., 2018). The placement of the beam and the radiation 

dose was calculated based on a mean that are usually applied on patients with head and 

neck tumors, used in the radiotherapy sector from the Hospital of the Federal University 

of Triangulo Mineiro, Uberaba, Minas Gerais, Brazil. 

 

Fourier Transform Infrared Spectroscopy (FTIR) 

Chemical composition was evaluated for each group using Attenuated Total 

Reflectance/Fourier Transform Infrared Spectroscopy (ATR/FTIR; Vertex 70, Bruker, 

Ettlingen, Germany). The absorbance spectrum was acquired by scanning the specimens 

32 times over at 4,000 to 400 cm-1 range with a resolution of 4 cm-1 and then analyzed 
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by OPUS 6.5 (Bruker, Ettlingen, Germany). Each test surface was carefully positioned 

against the diamond crystal of the ATR unit, and a constant pressure was applied to 

facilitate contact. After baseline correction and normalization, the FTIR spectra were 

analyzed by calculating the following parameters: amide I/phosphate (band ratio 

between C = O stretching of collagen amide I to the vibration v1, v3 of the phosphate 

ion; carbonate/mineral ratio (the ratio of the integrated areas of carbonate v2 at 872 cm-1 

to the phosphate v1, v3 at 1035 cm-1); amide I/amide III ratio (the ratio of the integrated 

areas of amide I at 1655 cm−1 to the amide III at 1235 cm−1); amide I/CH2 (the band 

ratio of the integrated areas of amide I at 1655 cm-1 to the  CH2  scissoring at 1450 cm-1) 

[15, 16]. 

 

X-ray Energy-Dispersive Spectroscopy (EDS) 

 The specimens were sputter-coated (Balzers SDC 050 - Oerlinkon Balzers, 

Balzers, Liechtensnten) prior to analysis. Elemental analysis of dentin was performed 

using an EDS (X-act, Oxford Instruments) spectrometer equipped with a rhodium X-ray 

tube and a liquid nitrogen (N2) cooled semiconductor detector, operating at 15 kV. 

Chemical characterization (wt%) was performed and the concentrations of the following 

elements were evaluated: Phosphorus (P), Calcium (Ca) and Calcium/Phosphor ratio 

(Ca/P). 

 
Microindentation test 

 The specimens were embedded in polyester resin (Instrumental Instrumentos de 

Medição Ltda, São Paulo, SP, Brazil) (Soares et al., 2014).  The specimen’s surfaces 

were sanded with silicon-carbide abrasive papers (#600, 800, 1200, 1500 and 2000 grit 

sizes; Norton, Campinas, SP, Brazil) and polished with felt discs and metallographic 

diamond pastes (6-, 3-, 1-, and ¼-μm sizes; Arotec, São Paulo, SP, Brazil) (Soares et 

al., 2014).  The specimens were washed with deionized water and cleaned ultrasonically 

in absolute alcohol for 5 minutes between each metallographic diamond paste polishing 

procedure. The Knoop hardness analysis of the dentin were performed using a 

microhardness tester (HMV Micro Tester SHIMADZU). A force of 50g  was applied 
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for 15 seconds. Three indentations were performed on dentin with 40 μm from the 

amelodentin junction and a minimum distance of 40 μm between indentations. 

Statistical analysis  

 Data were subjected to analysis of normality using the Shapiro–Wilk and 

Levene's tests. ATR/FTIR, EDS and Microhardness data were evaluated by two-way 

analysis of variance (ANOVA), considering the factors radiotherapy and diabetes, 

followed by Tukey post-hoc test (α < 0.05) with sigma Plot statistical package (version 

12.0, Systat Software, Inc., San Jose, CA, USA). 

 

Results 

FTIR analysis 

 Mean and standard deviation values of the integrated areas for the chemical 

components analyzed in ART/FTIR did not showed significant difference and are 

presented in Table 1. The means and standard deviations values for the chemical 

parameters of the amide I/phosphate, carbonate/phosphate, amide I/amide III and amide 

I/CH2 ratios evaluated are shown in Table 2. For amide I/phosphate and amide I/amide 

III ratios, two-way ANOVA revealed no statistical significant difference. For 

carbonate/phosphate ratio, the irradiation was significant (p = 0.013), while the diabetes 

(p = 0.082) and the interaction between the study factors was not (p = 0.374). Tukey’s 

post hoc test revealed that with the radiation, the carbonate/phosphate ratio increased for 

both groups. Two-way ANOVA showed that the diabetes (p = 0.004) influence 

significantly the amide I/CH2 ratio, while the irradiation (p = 0.852) and the interaction 

between them had no influence (p = 0.106). Tukey’s post hoc test showed a decrease for 

amide I/CH2 values for diabetes. 

 

Table 1 - Means and standard deviations of the integrated areas of each chemical 

component analyzed in the FTIR.  

Dia Amide I Phosphate Amide III CH2 Carbonate 
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bete 

Mel

itus 

Non-

Irrad

iated 

Irrad

iated 

Non-

Irrad

iated 

Irrad

iated 

Non-

Irrad

iated 

Irrad

iated 

Non-

Irrad

iated 

Irrad

iated 

Non-

Irrad

iated 

Irrad

iated 

ND 
3.7 

(0.5) 

4.2 

(1.3) 

19.5 

(0.3) 

19.4 

(1.6) 

0.5 

(0.1) 

0.5 

(0.2) 

0.9 

(0.1) 

0.9 

(0.4) 

1.8 

(0.2) 

2.6 

(0.5) 

D 
3.7 

(1.5) 

4.5 

(1.3) 

20.0 

(1.1) 

18.2 

(1.0) 

0.6 

(0.2) 

0.7 

(0.3) 

1.2 

(0.2) 

1.3 

(0.4) 

1.6 

(0.3) 

1.9 

(0.8) 

 

 

Table 2 - Mean and standard deviation values of the Amide I/Phosphate, 

Carbonate/Phosphate, AmideI/Amide III and Amide I/CH2 ratios. 

Diab

ete 

Melit

us 

Amide 

I/Phosphate 

Carbonate/Phos

phate 

Amide I/ Amide 

III 
Amide I/CH2 

Non-

Irradia

ted 

Irradia

ted 

Non-

Irradia

ted 

Irradia

ted 

Non-

Irradia

ted 

Irradia

ted 

Non-

Irradia

ted 

Irradia

ted 

ND 
0.19 
(0.01) 

Aa 

0.22 
(0.10) 

Aa 

0.09 
(0.01) 

Ab 

0.14 
(0.01) 

Aa 

8.03 
(1.30) 

Aa 

8.44 
(1.30) 

Aa 

4.03 
(0.20) 

Aa 

4.83 
(1.00) 

Aa 

D 
0.18 
(0.11) 

Aa 

0.25 
(0.10) 

Aa 

0.08 
(0.01) 

Ab 

0.10 
(0.01) 

Aa 

7.39 
(2.20) 

Aa 

6.54 
(1.50) 

Aa 

3.86 
(0.40) 

Ba 

3.62 
(0.20) 

Ba 

*Different uppercase letters show significant differences in vertical (Diabetics 

presence). Different lowercase letters show significant differences in horizontal 

(Irradiation). 

 

EDS analysis 

The mean concentrations by weight of P (phosphorus), Ca (calcium) and Ca/P 

ratio are shown in Table 3. Two-way ANOVA showed that for the diabetes was 

significant for P (p < 0.001) and Ca (p < 0.001). For Ca and P content, the interactions 

between the studied factors were not significant. Ca and P concentrations in the dentin 



27 

 

of the diabetic groups were lower compared with non-diabetic, irrespective of 

irradiation.  In addition, no significant differences were found among the Ca/P ratio 

irrespective of the studied factor.
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Table 3 – Mean and standard deviation concentration values by weight of the chemical elements Mg, P, Ca and Ca/P ratio. 

Diabete 

Melitus 

P Ca Ca/P 

Non-Irradiated Irradiated Non-Irradiated Irradiated Non-Irradiated Irradiated 

ND 16.0 (0.6) Aa 16.8 (3.8) Aa 25.2 (0.6) Aa 24.5 (1.2) Aa 1.6 (0.0) Aa 1.6 (0.0) Aa 

D 14.2 (0.4) Ba 13.9 (1.4) Ba 22.6 (0. 7) Ba 22.2 (1.7) Ba 1.6 (0.7) Aa 1.6 (0.1) Aa 

*Different uppercase letters show significant differences in vertical (Diabetics presence). Different lowercase letters show significant 

differences in horizontal (Irradiation).
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Microhardness analysis 

The means and standard deviations for the Knoop Hardness values are shown in Table 

3. Two-way ANOVA revealed statistical significance for irradiation (p < 0.001) and for 

diabetes (p < 0.001), while the interaction between the factors was not significant (p = 

0.106). Tukey’s test showed a higher Knoop hardness value for ND groups, irrespective 

of radiation. The Knoop hardness values decreased significantly with radiation. 

Table 4 - Mean and standard deviation values of Knoop Hardness. 

Diabete Melitus Non-Irradiated Irradiated 

ND 64.5 (3.1) Aa 45.7 (8.3) Ab 

D 38.5 (4.5) Ba 33.8 (11.7) Bb 

*Different uppercase letters show significant differences in vertical (Diabetics 

presence). Different lowercase letters show significant differences in horizontal 

(Irradiation). 

 

Discussion 

 The null hypothesis tested in this study was rejected. The radiation used for 

radiotherapy treatment altered the chemical composition and the hardness of the dentin 

of rats with T1DM. Experimental models in rats have been used to evaluate the effects 

of diabetes, been possible to control some variables. Studies have investigated the 

prevalence and severity of dental caries, alterations in the mineral content of dentin and 

alterations of microhardness of teeth of rats [17, 11, 10]. In addition, changes in 

calcium, zinc, phosphorus, fluoride, and potassium concentrations in the presence of 

diabetes have been showed [10, 12, 17]. The incisors from rats continually grow and 

may exhibit all stages of tooth formation at any time [18]. The age range for the 

experimental rat´s was between 3 and 8 weeks of age, because this time-period 
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corresponds to the early growth stage in humans [14] that are usually affected by 

diabetes mellitus type I [13].  

For understanding the results obtained by methodologies that investigate dental physical 

properties depends on the knowledge of the tooth structure. The mineral phase is an 

impure form of hydroxyapatite [Ca10(PO4)6(OH)2] because its lattice structure 

facilitates the incorporation of inorganic elements, which are absent in the pure 

compound [19]. The hydroxyapatite structure allows ionic substitutions very easily. 

Calcium can be substitute for another element; phosphate group can be substitute for 

carbonates; and hydroxyls can be substitute for carbonates and fluoride [20]. Then, this 

substitution causes deformations in the crystalline lattice structure [20]. 

FTIR, is an useful and non-destructive method for analysis of chemical composition of 

the tooth structure, performing the measurement of the wavelength and intensity of the 

absorption of infrared light. In this study, FTIR analysis showed the increase in 

carbonate level after irradiation, affecting the carbonate/phosphate ratio, which is an 

indicator of the degree of incorporated carbonate in hydroxyapatite [21].Increasing 

carbonate content, can cause crystalline deformation and make the tissue that more 

soluble in acid [15]. Futhermore, in this study lowest values of amide I / amide III and 

amide I / CH2 were found in the diabetic group. According to other study, lower amide 

I/amide III values reveal the change in the organization of collagen and lower amide 

I/CH2, which indicates the altereration on collagen quality (Toledano et al., 2015). 

Considering that collagen is the most abundant protein of dentin (90%) [16], its 

alteration impact on the integrity of this tissue, which can explain the decreasing on the 

hardness values.  

EDS methodology has been used to analyze the composition of dental structure 

[22]. The Ca is an essential element that is involved in most metabolic processes, and 

associated with phosphate provides mechanical rigidity to the bones and teeth [18]. 

Some studies have established that T1DM is associated with oral complications and 

depression of natural defenses against infection [12, 23]. However, little attention has 

been focused on the effect of this condition on dental hard tissues [10]. In the present 

study, mineral content alterations, represented by lower values of Ca and P, were 

observed in the dentin of diabetic rat´s. It is in accordance with others investigations, 
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which showed low concentration of Ca, P and F in the incisors of rodents after 

induction of diabetes [11, 22]. It is speculated that the metabolic functions of 

ameloblasts and odontoblasts may be hampered by the elevated blood glucose level 

associated with the disease condition [10]. Then, a possible mechanism of change in the 

elemental composition of teeth is the disorder in ion transport, mainly Ca, due to the 

increase in glucose levels, and the oxidative stress associated with hyperglycaemia [11].  

The low concentration of Ca and P ions may lead to a decrease in hardness values of the 

diabetic groups. This change in tooth hard tissues may predispose the animals to later 

cariogenic changes [24].   

Chemical composition and mechanical properties of teeth are interrelated. [4, 

11]. The present results showed decrease of microhardness for diabetics and irradiated 

groups. The decrease of inorganic phase showed by EDS, added to the increased 

solubility of dentin due to higher carbonate concentrations, results in further exposure of 

the dentin collagen [4]. The radiolysis is an important aspect for radiotherapy, wherein 

radiation interacts with water and generate the hydrolysis of unprotected collagen fibrils 

[25]. The decarboxylation-related changes on a molecular level may affect the mineral 

content, composition, structure, and subsequently mechanical properties [4]. Some 

studies also showed reduction in dentin microhardness after radiation. [5, 26].   

The experimentally induced diabetes and irradiation in animals as well as 

clinically in patients may produce complications in the oral cavity. Some studies have 

shown that diabetes mellitus type I and radiotherapy analyzed independently of each 

other present a rate of oral complications [4, 5, 11], however there are no studies that 

have analyzed the association of one with the other. More studies are needs to evaluate 

both associated comorbidities; since it probably causes an exacerbation of side effects. 

Also, further studies are recommended to promote the prevention of damage to dental 

tissues and improve quality of life for this risk group. 

Conclusions 

Diabetes and the irradiation used for radiotherapy altered the chemical 

composition of dentin by altering the mineral phase of rat´s dentin, reducing the 

microhardness. The destructive potential of radiation in the head and neck region added 
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to diabetes mellitus may cause adverse consequences to the oral hard tissues and oral 

function. 
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