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ESTUDOS EXPERIMENTAIS, 2022. Trabalho de Conclusão de Curso, Graduação em 

Odontologia, Universidade Federal de Santa Catarina, Florianópolis, SC. 

 

RESUMO 

 

O objetivo do estudo foi avaliar as características morfológicas dos canais ósseos do osso 

cortical da mandíbula humana irradiada e compará-los com canais do osso cortical de 

indivíduos não irradiados. Além disso, teve como objetivo identificar semelhanças dos 

achados deste estudo realizado no osso irradiado humano com os resultados de estudos 

experimentais anteriores em animais. Foram selecionados 10 pacientes submetidos a 

procedimento cirúrgico na mandíbula, destes 5 submetidos à radiação ionizante para 

tratamento do câncer (tratamento radioterápico com doses variando entre 66 e 70 Gy) e 5 

indivíduos saudáveis. Os fragmentos ósseos foram coletados através do uso de trefina de 

Bordier, imediatamente após a coleta foram armazenados em álcool 70% até o processamento 

em laboratório. Os espécimes não sofreram processo de descalcificação para que a arquitetura 

tecidual fosse preservada. Em seguida, foram embebidos em resina de metil metacrilato para a 

obtenção dos blocos e posteriormente cortados em cortadeira de precisão. Para cada bloco, 

foram obtidas duas ou três fatias contendo aproximadamente cem micrômetros de espessura, 

em seguida foram coladas em lâminas de acrílico e polidas para posterior análise 

histomorfométrica. As lâminas foram analisadas por meio da microscopia de luz polarizada 

mensurando os seguintes parâmetros: área do canal (C.Ar, µm
2
), desvio padrão da área do 

canal (C.Ar.SD, µm
2
), perímetro (C.p, µm) e circularidade (C.c, #). O osso irradiado revelou 

ter canais maiores (mediana da área de 23,93 e perímetro de 18,57), comparado ao osso não 

irradiado (mediana da área de 12,14 e do perímetro de 12,86) (valores de p para área 0,0004 e 

perímetro 0,0001, teste de Mann-Whitney). Além disso, foi evidenciado que os canais 

irradiados são menos esféricos do que os canais no osso saudável (circularidade 0,86 vs 0,92, 

p <0,0001, teste de Mann-Whitney). Em conclusão, os canais irradiados do osso cortical 

revelaram-se maiores e menos arredondados em comparação com os canais do osso não 

irradiado. Analisando estudos experimentais anteriores, foram encontrados dados 

proporcionais sugerindo semelhanças com estudos em humanos e animais.  

 

Palavras-chave: Osso Cortical; Remodelação Óssea; Sistema de Havers; Radiação Ionizante; 

Microscopia. 

 

  



 

 

CASTRO, BR. Cortical bone channels morphology in the human irradiated mandible: 

alteration similarities with experimental studies, 2022. Graduation thesis, Graduation in 

Dentistry, Federal University of Santa Catarina, Florianópolis, SC. 

 

ABSTRACT 

 

The aim of the study was to assess the cortical bone channel morphological characteristics in 

the human irradiated mandible and to compare it with cortical bone from non-irradiated 

individuals. In addition, the aim is to identify similarities in the human irradiated bone with 

the results from previous experimental studies in animals. Ten patients submitted to a surgical 

procedure in the mandible were selected, being 5 submitted to ionizing radiation for cancer 

treatment (dose varying from 66 to 70 Gy), and 5 healthy individuals. Bone fragments were 

removed from the patients using a trephine drill and then followed for embedding in Methyl 

methacrylate for histomorphometric analysis. Polarized light microscopy was performed to 

analyze the following parameters: channel area (C.Ar, µm
2
), channel area standard deviation 

(C.Ar.SD, µm
2
), perimeter (C.p, µm), and circularity (C.c, #). Irradiated bone was revealed to 

have bigger channels (median area 23.93 and perimeter 18.57), compared to the non-

irradiated bone (median area 12.14 and perimeter 12.86) (p values for area 0.0004 and 

perimeter 0.0001, Mann-Whitney test). Also, irradiated channels were less spherical than the 

channels in the healthy bone (circularity 0.86 vs 0.92, p <0.0001, Mann-Whitney test). In 

conclusion, irradiated channels from cortical bone were revealed to be bigger, and with less 

roundness compared to non-irradiated bone. Analyzing previous experimental studies, 

proportional data were found suggesting similarities with human and animal studies.   

 

Keywords: Cortical Bone; Bone Remodeling; Haversian System; Radiation, Ionizing; 

Microscopy.   
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1  INTRODUÇÃO 

 

A radioterapia é utilizada no tratamento de grande parte dos pacientes acometidos por 

neoplasias malignas, podendo ser empregada de forma isolada ou, mais comumente, em 

combinação com cirurgia e/ou quimioterapia, apresentando como principal objetivo a redução 

da massa tumoral e eliminação de células neoplásicas (ALLEN et al., 2017). Para além dos 

efeitos antitumorais, a radioterapia aplicada, mesmo que em doses fracionadas é capaz de 

causar efeitos adversos e irreversíveis aos tecidos sadios que circundam o alvo da radiação. 

(JENSEN et al., 2019; PACHECO, HARLAN, 2013). Dentre os tecidos adjacentes que são 

influenciados pelos efeitos da radiação ionizante um dos principais é o tecido ósseo. O 

comprometimento gerado pela radiação ionizante é dose-dependente e os impactos ao tecido 

ósseo podem ocasionalmente ocorrer a longo prazo (ROCHA et al., 2017).  

Ao atingir o tecido ósseo, a radiação ionizante é capaz de provocar alterações em seu 

volume, sua composição e na sua estrutura, principalmente em relação à microarquitetura. 

Além de danificar os componentes orgânicos e minerais da matriz, efeitos iniciais e tardios 

acabam também por desencadear mudanças estruturais importantes. Os efeitos biológicos da 

radiação no osso geram constrição dos vasos sanguíneos, indução da osteoclastogênese, 

apoptose dos osteoblastos e osteócitos dependendo da dose, enfim, eventos que podem levar a 

alterações com consequente redução da densidade óssea, levando a alterações biomecânicas. 

Sobre a microarquitetura, com foco no osso cortical que é o principal protagonista da 

resistência óssea, sabe-se que qualquer mudança estrutural nas porções corticais estaria 

diretamente ligada à alteração da morfologia e as propriedades internas do osso (ZEBAZE & 

SEEMAN, 2015; SOARES et. al., 2020). A grave desorganização dos Sistemas Haversianos, 

considerados os elementos principais do osso cortical, gerada pela radiação, favorece a 

redução na capacidade de remodelação e reparo (KIYOHARA et. al., 2003).   

Estudos prévios desenvolvidos pela equipe condutora deste trabalho, com vasta 

experiência em pesquisas em animais como coelhos e ratos, tiveram o objetivo de avaliar os 

efeitos da radiação ionizante na estrutura e no processo de reparação óssea, e revelam haver 

alterações na morfologia estrutural incluindo modificações de tamanho, forma e proporção 

dos canais e dos Ósteons do osso cortical, sendo estes achados encontrados em modelos 

experimentais, sugerindo processo de remodelação óssea desordenada pós radiação, indicando 

resposta óssea complexa e em diferentes estágios, que ao fim, leva a alterações 
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microarquiteturais importantes (RABELO et al., 2010; LIMIRIO et al. 2019; BORGES et al. 

2021).  

A radioterapia mostra-se como uma importante aliado na adjuvância no tratamento do 

câncer, com influência direta na redução na taxa de mortalidade de pacientes oncológicos. 

Entretanto, os efeitos adversos relacionados a essa terapia já são bem esclarecidos. No tecido 

ósseo a diminuição da qualidade e densidade sabiamente causam fragilidade e maior 

suscetibilidade a fraturas a longo prazo (BAKAR et al., 2022). Dentre os efeitos colaterais, 

um dos mais importantes seria a instalação de uma osteorradionecrose, caracterizada como 

uma exposição óssea em meio bucal que não cicatriza por um período de pelo menos 3 meses, 

que pode atingir maxila e/ou mandíbula, necessitando de um tratamento multimodal e 

representando um desafio para os cirurgiões dentistas (RIBEIRO et al. 2017).  

Desta forma, justifica-se avaliar de forma comparativa as alterações microarquiteturais 

no osso cortical irradiado, para que se possa entender melhor o padrão de desorganização dos 

canais principais dos Ósteons.  

A coleta dos fragmentos ósseos de pacientes pode ser realizada durante um 

procedimento cirúrgico previamente indicado, e a partir disto obter amostras para análise. A 

coleta é possível com a utilização da Trefina de Bordier, e logo após, os fragmentos são 

armazenados em álcool 70% até a realização da etapa laboratorial. Em seguida, os espécimes 

são incluídos em resina metil metacrilato para a obtenção de blocos e posteriormente cortados 

em cortadeira de precisão. Para cada bloco, geralmente são obtidas duas ou três fatias 

contendo aproximadamente cem micrômetros de espessura, que em seguida são aderidas em 

lâminas de acrílico e polidas para posterior análise histomorfométrica, que pode incluir 

diversas metodologias como análise por fluorescência, luz polarizada, etc (FRANCISQUINI, 

CALDAS e RABELO, 2020).   

Ainda, como existem inúmeros estudos que lançam mão de abordagens experimentais 

em animais, seria de grande valia entender se esses achados acompanham o que se vê nos 

estudos em humanos, para que as situações de equivalência biológica sejam mais uma vez 

testadas e trazer mais credibilidade aos achados experimentais e o que eles representam.  
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2  OBJETIVOS 

  

2.1  OBJETIVO GERAL 

Avaliar as características morfológicas dos canais ósseos da porção cortical da 

mandíbula humana irradiada e comparar com canais do osso cortical de indivíduos não 

irradiados.  

 

2.2  OBJETIVOS ESPECÍFICOS 

 

- Avaliar a morfologia dos canais de Havers do osso submetido ou não à radiação ionizante, 

por meio da análise histomorfométrica. 

- Identificar semelhanças nos achados dos estudos experimentais com este estudo realizado 

em osso irradiado humano. 
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Abstract  

The aim of the study was to assess the cortical bone channel morphological characteristics in 

the human irradiated mandible and to compare it with cortical bone from non-irradiated 

individuals. In addition, the aim is to identify similarities in the human irradiated bone with 

the results from previous experimental studies in animals. Ten patients submitted to a surgical 

procedure in the mandible were selected, being 5 submitted to ionizing radiation for cancer 

treatment (dose variation from 66 to 70 Gy), and 5 healthy individuals. The bone fragments 

removed from these patients were embedded in Methyl methacrylate and processed for 

histomorphometric analysis. Polarized light microscopy was performed to analyze the 

following parameters: channel area (C.Ar, µm
2
), channel area standard deviation (C.Ar.SD, 

µm
2
), perimeter (C.p, µm), and circularity (C.c, #). Irradiated bone was revealed to have 

bigger channels (median area 23.93 and perimeter 18.57), compared to the non-irradiated 

bone (median area 12.14 and perimeter 12.86) (p values for area 0.0004 and perimeter 0.0001, 

Mann-Whitney test). Also, irradiated channels are less spherical than channels in the healthy 

bone (circularity 0.86 vs 0.92, p <0.0001, Mann-Whitney test). In conclusion, irradiated 

channels from cortical bone were revealed to be bigger, and with less roundness compared to 

non-irradiated bone. Analyzing previous experimental studies, proportional data were found 

suggesting similarities with human and animal studies.   

 

Keywords: Cortical Bone; Bone Remodeling; Haversian System; Radiation, Ionizing; 

Microscopy.   
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Introduction  

Ionizing radiation user to treat head and neck cancer can cause bone alterations such as 

composition variations and microarchitecture changes. In addition, it is also known that 

radiation promote damage to the organic and mineral components of the matrix (1). 

Radiation-induced decreased bone quality and density occasionally leads to long-term bone 

fragility and fracture (2,3).  

The effects of radiotherapy on bone are well known, mostly because of the huge 

number of studies in animal models. The research team which develops this project has an 

important experience in previous animal studies in rabbits and rats that aimed to evaluate the 

effects of ionizing radiation on bone structure and repair. Cortical bone channels and osteons 

revealed alterations on their morphology, including their size, shape and proportion 

modifications (4–6).   

Although the experimental models are helpful to assess bone alterations, the question 

is whether if exists similarities on the results of animal studies with the findings in the human 

irradiated bone. In this way, the study aimed to analyze the cortical bone channels 

morphology in the mandible of patients submitted to ionizing radiation for the treatment of 

head and neck cancer, and to compare with the cortical channels of non-irradiated bone from 

healthy individuals. In addition, to perform a proportional comparative analysis between these 

findings with the changes observed in the experimental studies.  

  

Methods  

   

 Patients  

This prospective study included 10 patients submitted to surgical procedures in the oral cavity 

including tooth extraction, alveolar repair, debridement or treatment for benign or maligns 

lesions. Five of them had a history of exposure to ionizing radiation for cancer treatment (test 

group) and the other were 5 healthy individuals (control group). During the surgical 

procedure, a bone biopsy was performed using a Bordier trephine to collect a bone fragment 

under continuous irrigation. In the test group, patients followed for tooth extraction and/or 

osteotomy in the mandible were included, once they had a previous history of radiotherapy for 
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a previous cancer on the head and neck region. The radiation varied from 66 to 70 Gy. 

Control group was composed of patients who followed for a tooth extraction of a mandible 

impacted third molar and had a bone biopsy removed by trephine from the retromolar region 

before the assess to the teeth. Written informed consent was obtained from all participants for 

the current study. The study was approved by the two institutional research ethics committee 

(CAAE 85565618.3.0000.5147 and 28234620.0.0000.0121). The research was carried out 

with a convenience sample selection. Patients with a previous history of a known disease 

affecting bone metabolism (e.g., previous use of bisphosphonates or monoclonal antibodies 

such as Denosumabe; or long-term treatment with glucocorticoids – more than 3 months) 

were not included in the study.  

  

Bone channels analysis  

The bone biopsies were fixed in 70% alcohol and embedded in Methyl methacrylate. 

Two to 3 sections (~100 µm) were obtained per biopsy and followed for polarized light 

microscopy analysis. Before channels identification, a qualitative analysis on osteonal 

characteristics was performed. In polarization, the evidence of the concentric lamellae was the 

major criteria for osteon identification (Figure 1). Then, for each osteon, the Havers Channel 

was identified. Also, secondary channels were also considered if they were in a transverse cut. 

Every cortical bone channel within the image was analyzed by the following parameters: 

channel area (C.Ar, µm
2
), channel area standard-deviation (C.Ar.SD, µm

2
), perimeter (C.p, 

µm) and circularity (C.c, #). A circularity value of 1.0 indicates a perfect circle.  

 

Figure 1: Histological images from polarized light microscopy. A) Concentric lamellae 

orientation on an Osteon with a central Havers Channel on the left upper side of the image. 

Another Osteon can also be observed on the right. A few secondary channels were also 

evidenced. B) Delimitation of the areas of interest: all channels were manually delimitated 

and labelled (in yellow, with a total of 7 channels within the image). 
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Statistical analysis  

Results were expressed as median (25th percentile; 75th percentile). Results were 

considered significant when p < 0.05. All statistical analyses were performed using GraphPad 

Prism 9 (San Diego, CA, USA). Data distribution was assessed by Shapiro-Wilky normality 

test. Differences were assessed using the Mann-Whitney test.  

  

Results  

A qualitative analysis revealed the presence of a mature lamellar cortical bone for all 

samples analyzed in both groups. Through the histological analysis in polarization, it was 

possible to observe a significant difference in the channels area and perimeter, revealing 

bigger channels in the irradiated group (Table 1). The area standard-deviation was not 

different between irradiated and non-irradiated, revealing similarities in the range of channel 

sizes in the images (Table 1). The roundness of the channels evaluated by circularity revealed 

that non-irradiated channels are more round compared to cortical bone channels exposed to 

ionizing radiation (Table 1).   

 

Discussion  

Our data revealed that irradiated Havers Channels of the human mandible are different 

compared to the non-irradiated bone, revealing bigger channels represented by higher mean 

values of area and perimeter. Higher values for the area are related to more space inside a 

shape and the perimeter is defined as the distance around the outside of a shape. Circularity 
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revealed that non-irradiated channels are rounder and more spherical then the irradiated 

channels.   

Several studies related to the effects of ionizing irradiation on the bone structure and 

compositions are found in the scientific literature. Our research team has more than 12 years 

of experience with experimental models tested in rodents about the effects of radiation on the 

bone microarchitecture and repair. Our previous report showed significant results in 

decreasing bone strength and stiffness, related not only for the bone matrix amount, but also 

to the cellular component, collagen organization, mineral density, and other bone properties 

(2,4–10).  

Regarding the cortical bone channels morphology, alterations on area and perimeter of 

the channels after exposure to ionizing irradiation was revealed in a rabbit model, after a 

single dose of 15 Gy (4). Similarities in the proportion of the irradiated versus non-irradiated 

were found in both this study in animals and our results in the human mandible. In both 

studies irradiated channels revealed to be bigger than the non-irradiated bone. This previous 

study in rabbits revealed a 1.72 proportion for the area calculation and 1.10 for the perimeter, 

and our results in the human mandible revealed a 1.97 area and 1.44 for the perimeter.  

Concerning the channels morphology analyzed by its shape descriptors, the circularity 

revealed that irradiated channels are less round than the non-irradiated channels. The study of 

Borges et. al. (2021) (6) did not evaluate only the channels but the osteons as well, in different 

times after the radiation exposure, using a rabbit model. The results revealed canals ranging 

from higher to smaller diameters. As the effects of radiation were dose-time-dependent, the 

channels area and perimeter were different from the control group in the first periods 

analyzed, revealing to be smaller than the non-irradiated. However, in the period of 21 days, 

the absence of significant differences revealed that the bone remodeling probably takes place, 

and the channels tend to return to their normal size. In a parallel analysis of these findings 

with our results, it is clear that the rapid turnover in rodents enable to identify differences 

between the channels after irradiation, and the human situation found in our study with bigger 

channels in irradiated bone was similar with the results of the study, however without 

significance in the reported previous study.  

Limirio et al. (2019) (5) evaluated the effects of ionizing radiation on rat bone 30 and 

60 days after irradiation (a single dose of 30 Gy) and showed lower bone matrix values for the 

control group and more homogeneous bone channel distribution in the cortex. These data 
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were in agreement with our results in the human bone tissue, which revealed bigger channels 

after irradiation, meaning less bone matrix.  

The limitations of our study were mostly related to the reduced number of samples. 

However, it can be justified because of the difficulty to assess bone samples in these 

individuals, once a bone biopsy procedure is usually not recommended because of the risk of 

the development of deleterious conditions, such as osteoradionecrosis. All the bone samples 

used in our study were collected during a surgical procedure evolving osteotomy, just 

indicated because was as part of a major surgical treatment approach, such as an exodontia of 

a non-restorable tooth or one diagnosed with severe periodontal disease, or even removal of a 

bone spicule.  

In conclusion, irradiated channels in the human mandible cortical bone were bigger 

and less round compared to non-irradiated bone. Analyzing previous experimental studies, 

proportional data were found concerning the bone channel network suggesting similarities in 

human and animal studies.  
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Tables 

 

Table 1 – Comparison of the cortical bone channels morphology between irradiated and non-irradiated bone. 

Cortical bone channels 

morphology 
Irradiated Non-irradiated p 

C.Ar (µm
2
) 23.93 (13.19; 62.15) 12.14 (8.23; 20.87) 0.0004 

C.Ar.SD (µm
2
) 12052 (6175; 26993) 7653 (3736; 11713) 0.14 

C.p (µm) 18.57 (13.83; 31.20) 12.86 (10.53; 17.09) 0.0001 

C.c (#) 0.86 (0.80; 0.91) 0.92 (0.89; 0.94) <0.0001 

Median (25% Percentile; 75% Percentile). Mann-Whitney (significance p<0.05). 
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4 CONSIDERAÇÕES FINAIS 

 

Por meio de análise histomorfométrica, foi possível observar valores maiores da área 

e perímetro dos Canais Harvesianos do osso irradiado, comparados aos do osso não irradiado. 

Ainda, após exposição a radiação ionizante, notou-se que os canais estavam menos 

arredondados, com maior variação morfológica, sugerindo processo de remodelação óssea 

desordenada. Frente a estes achados, conclui-se que a radiação altera a microarquitetura 

cortical mandibular. 

Em relação à análise acerca das similaridades dos achados em estudos experimentais 

em animais e este estudo conduzido em amostras humanas, foi possível identificar certa 

similaridade na proporcionalidade nos valores obtidos em relação as mudanças arquiteturais 

destes canais ósseos, o que demonstra grande relevância aos achados em estudos anteriores 

nos modelos animais empregados com diversas finalidades, por exemplo, identificação de 

fatores relacionados a etiologia da osteorradionecrose, a instalação de implantes em osso 

irradiado, entre outros. 

Por fim, sugere-se que estas alterações microestruturais dos canais podem ser um 

reflexo das mudanças vasculares iniciais já relatadas na literatura, como o principal dano 

inicial que acomete as estruturas vasculares. Também, com maior diâmetro e tamanho, pode-

se sugerir que essa porosidade aumentada com certeza influenciaria os diversos processos 

ligados à biomecânica, remodelação e reparo ósseo. 
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ANEXO B - PARECER CONSUBSTANCIADO DO COMITÊ DE ÉTICA EM 

PESQUISA 

 



30 

 

 



31 

 

 

 



32 

 



33 

 

 

 



34 

 

 


