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RESUMO

A estrutura 6ssea possui um processo fisiologico de regeneracdo complexo, visto que
este tecido possui inimeras particularidades estruturais além de sofrer remodelagédo
continua ao longo da vida. No entanto, existem condig¢des clinicas adquiridas em que o
processo de reparo 6sseo € comprometido. A morfologia e a constituicdo Ossea sdo
alteradas quando associadas a determinados medicamentos ou & radiagdo ionizante,
terapias meédicas essenciais para tratamento de algumas patologias. A radioterapia é
usualmente empregada para tratamentos de cancer, no entanto, altas doses de radiagédo
provocam danos metabolicos em tecidos sadios. No tecido 6sseo, a radiagdo ionizante
promove alteracBes em sua composi¢do quimica e fisica, resultando em um colapso
imediato da qualidade d&ssea, produzindo efeitos colaterais graves como a
osteorradionecrose mandibular (ORN), o aumento do risco de fraturas e a
hipovasculariza¢do do tecido, resultando em uma capacidade de cicatrizagdo reduzida.
A osteorradionecrose acomete pacientes que recebem radiacdo terapéutica para o
tratamento do cancer da cabeca e pescoco. A area afetada pela radioterapia possui o
processo de renovacdo do tecido 6sseo prejudicado devido a alteracbes teciduais
hipovasculares, hipocelulares e hipdxicas. O uso de bifosfonatos é regularmente
indicado para condicdes relacionadas ao céncer e para 0 manejo de doencas Gsseas
metabdlicas, atuando sobretudo na inibicdo da atividade osteoclastica e
consequentemente inibindo a reabsorcdo &ssea. A osteonecrose dos maxilares
relacionada ao bisfosfonato € uma comum complicacdo que afeta adversamente a
qualidade de vida, produzindo morbidade significativa em pacientes afetados
prejudicando o metabolismo de renovagdo dssea. A oxigenacdo hiperbarica (OH) tem
sido utilizada como uma estratégia eficiente para minimizar os prejuizos relacionados a
osteorradionecrose e a osteonecrose associada ao uso de bifosfonatos. Considerando
esse contexto, a presente tese de doutorado propds investigar o efeito do OH na
regeneracdo Ossea através de revisao sistematica e por meio de experimentacdo em ratos
submetidos a radiacdo ionizante e a protocolos medicamentosos. Em concluséo as
analises indicaram que a OH favorece o processo de reparo 0sseo comprometido,
através de efeitos benéficos como: porcentagem de neoformacdo Ossea, resposta
angiogénica aumentada, assim como atividades relacionadas a osteogénese e

remodelagéo dssea.

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



Palavras-chave: Regeneracdo ¢ssea, Osteonecrose associada a bisfosfonatos,
osteorradionecrose, radia¢do ionizante, Oxigenagao hiperbarica.

ABSTRACT

The bone structure has a complex physiological process of regeneration, since this
tissue has many particular characteristics in addition to undergoing continuous
remodeling throughout life. However, there are acquired clinical conditions where bone
repair process is compromised. Bone morphology and constitution are altered when
associated with some specific use of medication or ionizing radiation, essential medical
therapies for the treatment of some pathologies. Radiotherapy is currently used to
control cancer, however, high doses of radiation cause metabolic damage to healthy
tissues. In bone tissue, ionizing radiation promotes changes in its chemical and physical
composition, resulting in immediate collapse of bone quality, producing serious effects
such as mandibular osteoradionecrosis (ORN), increased risk of fractures and tissue
hypovascularization, resulting in a reduced healing capacity. Osteoradionecrosis affects
patients who receive ionizing radiation as therapeutic treatment for head and neck
cancer. The affected area by radiotherapy has the process of restoring bone tissue
impaired due to hypovascular, hypocellular and hypoxic tissue changes. The use of
bisphosphonates is regularly indicated for conditions related to cancer and metabolic
bone diseases, acting mainly in inhibiting osteoclastic activity and consequently
inhibiting bone resorption. Jaw osteonecrosis related to the use of bisphosphonate is a
common complication that adversely affects quality of life, producing significant
morbidity in patients affected injuring the metabolism of bone repair. Hyperbaric
oxygenation (OH) has been used as an efficient strategy to minimize the damage related
to osteoradionecrosis and osteonecrosis associated with the use of bisphosphonates. In
this context, the present phd dissertation proposed an study on the effect of OH on bone
regeneration through systematic review and through experiments in rats submited to
ionization and medication protocols. In conclusion, the analyzes indicated that OH
favored the bone repair process once compromised, through beneficial effects such as:
percentage of new bone formation, increased angiogenic response, as well as activities
related to osteogenesis and bone remodeling.

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).
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INTRODuc;Ao E REFERENCIAL
TEORICO

1- INTRODUQAO E REFERENCIAL TEORICO

Os ossos apresentam fungdes essenciais para o funcionamento do corpo humano.
Sua arquitetura, em conjunto com 0s musculos esqueléticos, propicia dinamismo
mecanico, sustentacdo e protecdo de érgados internos. Os 0ssos também contribuem para
0 armazenamento e equilibrio de minerais e triglicerideos, bem como para a producdo
de células mesenquimais, eritrécitos, leucocitos e plaquetas por meio da medula dssea,

que € um tecido conjuntivo especializado presente no interior dos 0ssos longos (1).

O tecido 6sseo, componente importante dos 0ssos, € uma forma especializada de
tecido conjuntivo constituido por uma fase mineral ou inorganica relacionada a uma
matriz orgénica. A fase inorganica é composta, essencialmente, por cristais de fosfato
de célcio sob a forma de hidroxiapatita, enquanto a fase organica € composta por
colageno tipo I, proteoglicanas e proteinas ndo colagenas. A combinacdo entre 0s
componentes minerais e 0s componentes organicos confere ao tecido 6sseo rigidez com

boa maleabilidade, tornando-o resistente as demandas funcionais(2).

Quatro diferentes tipos de células compdem o tecido 0sseo: osteoblastos,
osteoclastos, ostedcitos e células osteoprogenitoras. As células responsaveis pela sintese

e deposicdo da matriz organica sdo os osteoblastos, que também participam do processo

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



de mineralizagdo dessa matriz. Adjacente aos osteoblastos existem células osteogénicas
ou osteoprogenitoras que se diferenciam em osteoblastos quando necessario. Durante a
formacdo da matriz Ossea, alguns osteoblastos ficam aprisionados na matriz, sendo
entdo denominados osteocitos. Estas células comunicam-se entre s por meio de
prolongamentos citoplasmaticos localizados em uma rede canalicular, a qual permite a
passagem de nutrientes e outras substancias essenciais para a manutencdo da matriz
Ossea (3). Os osteoclastos, por sua vez, sdo células multinucleadas localizadas na
superficie da matriz 6ssea e responsaveis pela reabsorcdo da mesma, sendo ativos no

processo de remodelagdo 6ssea(4,5).

Histologicamente, o tecido 6sseo pode ser classificado em primario (imaturo) ou
secundario (maduro ou lamelar). O tecido ésseo imaturo apresenta fibrilas colagenas
sem organizagdo definida, maior nimero de ostedcitos incluidos na matriz Gssea e
menor contetdo mineral. No adulto ele estd presente nas suturas dos 0ssos do cranio,
nos alvéolos dentarios e em alguns pontos de insercdo de tenddes. Ele é o primeiro
tecido 6sseo formado, seja na constituicdo do esqueleto ou em processos de reparacgao
Ossea. Por sua vez, o 0sso maduro possui uma arquitetura organizada em camadas
denominadas lamelas, que podem ser paralelas entre si ou concéntricas em torno dos
canais de Havers formando os &steons. No interior desses canais transitam nervos e
Vasos sanguineos, essenciais para o metabolismo do tecido Entre as lamelas existem
pequenas lacunas onde estdo alojados os ostedcitos, interconectados pelos canaliculos.
Em um individuo adulto e saudavel, o osso maduro adquire estrutura lamelar, com
menor namero de ostedcitos incluidos na matriz e maior contedo mineral, o que lhe

garante maior resisténcia a demanda mecéanica(2,4,6)

Macroscopicamente, o tecido 0sseo apresenta importantes diferencas na
organizacdo estrutural, podendo ser compacto ou esponjoso. O 0sso cortical ou
compacto ndo apresenta cavidades em seu interior com medula éssea e localiza-se nas
superficies 0sseas. Por sua vez, 0 0SSO esponjoso ou trabecular, possui um arranjo
macroscopico em trabéculas delimitando pequenas cavidades, preenchidas por medula
0ssea, na qual héa producéo ativa de células sanguineas a partir de células mesenquimais.

Esse arranho macroscopico € definido pelas demandas biomecanicas que incidem no

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



0sso desde sua formacéo, e ao longo da vida. Embora macroscopicamente diferentes, o
0ss0 cortical e 0 0SS0 esponjoso possuem a mesma constitui¢ao histologica(2,7).

Em condigdes fisioldgicas, os 0ssos sdo formados por dois processos diferentes:
ossificacdo intramembranosa e/ou ossificacdo endocondral. A  ossificacdo
intramembranosa ocorre durante o desenvolvimento dos 0ssos chatos ou laminados,
especialmente aqueles que se encontram no cranio. Nesse processo, células
mesenquimais de membranas conjuntivas diferenciam-se em osteoblastos, os quais
produzem a matriz dssea. Por sua vez, a ossificacdo endocondral acontece a partir de um
modelo de cartilagem hialina, o qual é progressivamente substituido por tecido dsseo.
Esse € um processo mais lento que a ossificacdo intramembranosa e ocorre em muitas
regides do esqueleto, principalmente nos ossos longos(8,9). Independentemente do
processo de osteogénese, 0 crescimento 6sseo, bem como a manutencdo de sua
anatomia, € determinado pela combinacao de formato de novo tecido 6sseo e reabsor¢do

de tecido pré-existente.

Apesar do seu aspecto aparentemente inerte e estatico, 0s 0ssos sdo altamente
dindmicos e apresentam um processo combinado de formacdo e reabsorcéo,
denominado de remodelacdo dssea. Este processo quando alterado, gera mudancas nas
propriedades estruturais e na composicdo 6ssea, resultando em alteracbes da geometria
macroscopica, bem como da microarquitetura(10-12). Por meio da remodelacgdo, 0 0sso
se adapta aos estimulos mecénicos, modificando e determinando a arquitetura do
esqueleto, estabelecendo uma relacdo entre o desenvolvimento e o estresse sofrido.
Assim 0s 0ssos tém a capacidade de adaptarem-se as modificacdes de tamanho,
estrutura e forma de acordo com a intensidade e variacdo do estresse mecanico
recebido(13,14).

O processo de reparo é um fenbmeno que ocorre para reconstituir areas
desorganizadas ou destruidas por traumas aos tecidos, envolvendo células e varios
mediadores quimicos. A resposta de um tecido vivo a agressdo, onde houve destruicdo
dos componentes teciduais, é denominado de reparacdo, ocorrendo por regeneracao ou
por cicatrizacdo. No processo de regeneragdo, ocorre a reconstituicdo da parte
danificada ou perdida, resultando em estruturas com a mesma arquitetura e fungéo

teciduais originais. J& a cicatrizacdo, é a reparacdo da regido lesada por tecido,

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



geralmente conjuntivo denso que ndo restaura completamente a arquitetura ou funcédo da
parte danificada, apesar de restabelecer a continuidade tecidual (15).

Basicamente, o processo de reparo tecidual envolve as seguintes etapas:
inflamacéo e coagulacdo sanguinea, formacdo de tecido de granulacdo, e maturacao e
remodelacdo tecidual. Os eventos iniciais do processo de reparo sao caracterizados pela
formacdo do codgulo sanguineo, com a presenca de plaquetas carregadas de fatores de
crescimento, além de células inflamatorias. Rapidamente, inicia-se a formacdo de uma
rede de fibrina, que auxilia a migracdo de células circundantes e estabelece-se um
infiltrado inflamatorio. Gradualmente, ocorre invaséo de fibroblastos que tém origem a
partir da diferenciacdo das células mesenquimais locais, bem como proliferacdo de
capilares sanguineos, originados a partir de células endoteliais, caracterizando a
formacdo do tecido de granulacdo. A neovascularizacdo também é caracteristica do
processo, sendo que novos vasos sanguineos podem ser identificados no tecido de
granulacdo. Com o passar do tempo, o tecido de granulagcdo origina um tecido
conjuntivo fibroso, ainda nédo totalmente maduro, e que sofrerd processo de maturagéo e

remodelacdo, com reorganizacdo das fibras colagenas(16).

O reparo da lesdo déssea se da por meio de um processo fisioldgico similar ao que
ocorre em tecidos ndo mineralizados, porém com algumas especificidades. Quando o
0sso é lesionado, ocorre o rompimento do periésteo, de vasos sanguineos, destruicdo de
matriz, da medula 0ssea, morte de células 0sseas e lesdo em tecidos vizinhos. No local
da lesdo ocorre hemorragia e a formacdo de um coagulo. O reparo segue com o inicio da
resposta inflamatéria ocorrendo recrutamento de polimorfo nucleares, macréfagos e
mondcitos(17). Tais células secretam mediadores quimicos para resolver a inflamacéo e
promover a angiogénese. Continuamente, ha uma resposta proliferativa intensa do
peridsteo e do enddsteo, com neoformacdo de tecido conjuntivo e de novos capilares,
caracterizando a formacé&o de um tecido de granulacdo. Os osteoblastos, diferenciados a
partir de células mesenquimais, sintetizam colageno formando inicialmente um tecido
0sseo imaturo, que apresenta fibrilas coldgenas agrupadas sem organizagdo lamelar e
muitos osteocitos incluidos na matriz. O processo de reparo continua, ocorrendo a
remodelacdo dssea, na qual o tecido primario (imaturo) é lentamente substituido por
tecido secundario (maduro) por atividade de reabsorcdo pelos osteoclastos. O tecido

0sseo maduro apresenta organizacdo das fibrilas colagenas formando lamelas, menor
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nimero de ostedcitos incluidos na matriz mineralizada e maior conteddo mineral,

apresenta melhor desempenho biomecénico (7,18,19).

O reparo e a remodelacdo Ossea sdo complexos e sofrem influéncia das
caracteristicas 0sseas intrinsecas, além de fatores extrinsecos, como traumas(11),0 uso
de medicag6es/drogas e terapias frequentemente indicadas para o tratamento de algumas

patologias, como a radioterapia(20,21) e o uso de bisfosfonatos(22).

A radioterapia é frequentemente usada no tratamento de cancer de cabeca e
pescoco(23),buscando 0 maximo de erradicagdo das células tumorais com o minimo
efeito deletério aos tecidos saudaveis adjacentes ao tumor. Entretanto, a radiacdo nao é
capaz de atingir apenas as células tumorais(23), sendo as alteracdes nos tecidos
circunvizinhos inevitaveis(24). Os efeitos da radiacdo atingem principalmente os tecidos
com altas taxas de proliferacdo, que respondem com reacdes agudas a radioterapia
(efeitos precoces). Todavia, € importante lembrar que os efeitos da radiacdo ionizante
podem perdurar durante meses ou anos apds o tratamento (efeitos tardios)(25), podendo
modificar a dinamica de crescimento e remodelacdo Ossea, e, consequentemente,

resultar em alteragdes estruturais e mecanicas.

O o0sso, quando submetido a altas doses de radiacdo, pode apresentar
desequilibrio da atividade osteoblastica e osteoclastica, favorecendo a reabsor¢do
Ossea(26-28). A radiacdo ionizante também reduz a populacdo de ostedcitos e
osteoblastos, com um declinio no processo de mineralizacdo déssea (29,30). Além disso,
ha um comprometimento da nutricdo tecidual, devido a hipdxia, por diminuicdo da
vascularizacdo e fibrose vascular (31,32). Além disso, a radiacdo ionizante reduz a
matriz Ossea, altera a morfologia dos canais d6sseos (33) e aumenta a fragilidade
6ssea(32,34). Sendo assim, a reparacdo e a resisténcia mecanica sao comprometidas no
o0sso irradiado(35,36), o que pode, ao longo do tempo, gerar fraturas 6sseas espontaneas

ou osteorradionecrose(32).

A Osteoradionecrose (ORN) é uma das mais sérias complicagBes bucais do
tratamento do cancer da cabeca e pescoco. E conceituada pela American Association of
Oral and Maxillofacial Surgeons (AAOMS) como uma area de exposi¢do 0ssea que nao
se repara espontaneamente em 0ito semanas e acomete pacientes que estejam recebendo

ou que receberam tratamento radioterapico. Trata-se do resultado de uma soma de
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fatores: hipdxia, hipovascularizacdo, hipocelularridade decorrentes das altas doses de
radiacdo. Histologicamente, a osteoradionecrose é caracterizada por destruicdo de
ostedcitos e auséncia de osteoblastos da area marginal; clinicamente, ha variacGes entre
pequenas exposicdes de tecido Gsseo assintomaticas a processos agressivos e agudos
que progridem rapidamente para fraturas patoldgicas da &rea afetada(27,28,37,38).
Quadros semelhantes de Osteonecrose tem sido observados associados em algumas

terapias medicamentosas com bisfosfonatos.

Os bisfosfonatos (BFs) sdo farmacos prescritos devido a sua comprovada
eficacia na inibicdo da atividade osteoclastica, sendo frequentemente indicados no
tratamento das doencas Osseas metabolicas e do paciente oncoldgico(39). Os BFs
possuem alta afinidade pelos tecidos mineralizados e atuam em sitios de grande
formacédo e reabsor¢do 0ssea. Sua acdo resulta na inibicdo tanto da diferenciacédo celular
das células precursoras dos osteoclastos quanto na atuacdo dos osteoclastos plenamente
diferenciados. Ademais, induzem a apoptose desses osteoclastos, modificando sua
estrutura celular nos momentos que precedem esse fenémeno(40,41). Além dessas
atividades, propriedades antiangiogénicas como reducdo no ndmero de Vvasos
sanguineos e resposta endotelial aos hormonios angiogénicos tém sido descritas(42,43).
Na literatura ha relatos de que o desenvolvimento de Osteonecrose por uso de
bisfosfonatos € bastante frequente quando comparado as demais medicagdes que podem

ser associadas com osteonecrose dos maxilares(44).

A Osteonecrose dos Maxilares ou Osteonecrose Associada ao uso de
Medicamentos (OAM) é uma séria reacdo adversa a algumas medicacdes e que acomete,
por mecanismo ainda desconhecido, 0s 0ssos maxilares provocando grande destruicao
tecidual(45). A OAM foi conceituada em 2014 pela American Association of Oral and
Maxillofacial Surgeons (AAOMS) como uma area de exposicdo 0ssea ha maxila ou na
mandibula que ndo se repara em o0ito semanas e acomete pacientes que estejam
recebendo ou que receberam bisfosfonatos, inibidores de Rank e inibidores de
angiogénese sistemicamente e ndo sofreram irradiacdo no complexo maxilomandibular.
As causas da OAM ainda sdo obscuras, mas parecem advir de uma complexa interagdo
entre 0 metabolismo 0sseo, trauma local, infeccdo, hipovascularizacdo e 0 uso desses

medicamentos. Em especial, os pacientes que fazem uso de BFs administrados por via
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parenteral parecem ser mais susceptiveis a OAM do que os tratados por via oral. Além
disso, fatores sisttmicos como diabetes mellitus, imunossupressdo, uso de outras
medicacBes concomitantes, como agentes quimioterapicos e corticoesterdides também

parecem ter relacdo com a manifestacdo da OAM(45).

Ainda ndo existem formas totalmente eficientes de prevencdo e controle da
OAM e ORN, porém, varios recursos tém sido testados, como o uso de antissépticos
bucais, tal como a clorexidina a 0,12%; antibioticoterapia sisttmica; procedimentos
cirurgicos, como curetagem e resseccao 0sseas (46); ou ainda terapias alternativas como
oxigenacdo hiperbéarica(47,48), laserterapia de baixa poténcia(30) e 0z6nio(49). Entre

estes, atualmente, a oxigenacao hiperbarica tem merecido destaque.

A oxigenacdo hiperbarica (OH) é uma modalidade terapéutica que consiste na
administracdo de oxigénio puro a uma pressdo ambiente maior do que ao nivel do mar,
utilizando-se de equipamentos denominados cdmaras hiperbaricas. A OH j& tem sido
empregada como terapia coadjuvante em casos de embolias gasosas, gangrena,
infeccbes necrotizantes de tecidos moles, isquemias agudas, queimaduras e
osteomielites(50). Essa terapia promove uma elevacdo da quantidade de oxigénio
dissolvido no sangue em decorréncia da elevagdo do aporte de oxigénio inspirado e da
pressdo dentro da camara, auxiliando a oxigenacgéo tecidual.

Os principios atribuidos a eficiéncia da OH estdo relacionados a sua capacidade
de estimular a vascularizacdo, a angiogénese e a capacidade osteogénica devido a maior
disponibilidade de oxigénio para as células. Além disso, ela estimula a proliferacdo
celular, interferindo na sintese de coldgeno(51) com efeitos positivos no reparo tecidual
(48,52), especialmente no que se refere ao reparo de areas irradiadas(53-56).

O estimulo a osteogénese pela OH ja foi relatado em pesquisas com animais e
situaces clinicas. Kawada et al.(55), por meio de experimentos realizados com animais,
notaram que o0 aumento da tensdo de oxigénio influencia também o metabolismo 6sseo.
Em seu estudo, a OH aumentou significativamente as taxas de deposi¢do mineral e de
formacdo 0ssea, acelerando o reparo de fraturas 6sseas. Os autores acrescentam que essa
melhora do reparo resultou em maior rigidez e forca maxima até a falha das amostras

analisadas.
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Pedersen et al.(56), ao estudarem o reparo 6sseo em defeitos criticos de calvaria
de ratos, também observaram resultados promissores. Os autores observaram melhora

da vascularizacdo e da neoformacéo 0ssea apds oxigenacao hiperbarica.

Em 1996, Sawai et al.(57) realizaram um estudo para avaliar o efeito da terapia
em enxertos 6sseos autdgenos livres transplantados de crista iliaca para as mandibulas
de coelhos e os resultados indicaram que a OH acelera a unido de enxertos 4sseos
autogenos livres. Outros estudos também demonstraram que a OH eleva a atividade da
fosfatase alcalina, um marcador da formacdo Ossea, em ratos apOs osteotomia(58),
aumenta a atividade dos osteoblastos e a angiogénese em mandibulas submetidas a
distracdo(31) e favorece a expressdo do fator de crescimento endotelial vascular durante

0 reparo 6sseo(59).

Assim sendo, terapias coadjuvantes que favorecam o restabelecimento da
normalidade da morfologia e funcdo tecidual, reduzam possiveis prejuizos ao processo
natural do reparo 6sseo, sdo interessantes em diversas situacdes clinicas. Dessa forma,
neste estudo foi avaliado, por meios de estudos laboratoriais em animais e revisoes
sistematicas da literatura, métodos para otimizar o reparo do tecido 6sseo normal, ou

comprometido pela radioterapia ou uso de bisfosfonatos.
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ABSTRACT:

Obijective: The aim of this literature review was to determine the benefits of hyperbaric
oxygen therapy after bone reconstruction procedures in humans and identify
information that may be useful for the development of optimal protocols for hyperbaric
oxygen therapy to stimulate bone healing. Evidence acquisition: We searched the
electronic database PubMed/Medline for studies published between January 1999 and
December 2018, using the key words: 'bone' or ‘bone graft’ and 'mandible
reconstruction' or ‘jaw reconstruction' and ‘hyperbaric oxygen’ or ‘HBO’. First, the
titles and abstracts of the studies found were evaluated and those that corresponded to
the aims of this review were pre-selected for analysis of the full text. Subsequently, the
full texts were analyzed, and those that met the eligibility criteria were pre-selected for
the review. The full texts of studies whose abstracts did not provide enough data for
decision were also evaluated. Two examiners independently assessed eligibility, risk of
bias and extracted data. Evidence synthesis: A total of 2237 studies were found
according to pre-established criteria for data collection, of which only 5 studies were
included in this systematic review. Although we observed positive results in the
included studies, there are still few standardized clinical studies in the literature,

assessing hyperbaric oxygen therapy after extensive bone reconstructive procedures.
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Conclusions: It is difficult to compare results found in different studies due to the

variety of methodological and clinical conditions assessed.
KEYWORDS: bone reconstruction, autogenous bone graft, hyperbaric oxygen therapy.
INTRODUCTION:

Bone grafting is a clinical tool that allows reconstruction of the facial region and
craniofacial skeleton. Different grafts, both natural and synthetic, are used to promote
bone regeneration, however, the characteristics of autogenous bone grafts best meet the
requisites of an ideal graft¥>34° Several factors may influence the integration and
maintenance of autogenous bone graft volume, such as the use of rigid fixation®’,
vascularization of the receptor site®, direct contact between bone graft and receptor bed,

and physiological stress suffered by the graft>®.

Advances in tissue repair research and the development of new reconstructive
techniques transformed autogenous bone grafts into more predictable procedures234°,
These grafts are still the gold standard for reconstructive techniques due to their
excellent potential for revascularization, immunological compatibility and effective

osteogenic capacity>?°.

Good vascularization of the soft tissues of the face has allowed the use of free
autogenous bone grafts with good success rates; however, larger free grafts may
increase the risk of bone resorption with unfavorable results. Recently, hyperbaric
oxygen therapy (HBO) was used to optimize bone repair. The increase in oxygen
availability to the tissues induced by HBO allows better wound repair'®t112131415 sjnce
this therapy promotes reduction in hypoxia, promotes angiogenesis, and the

differentiation of fibroblasts*®'1617. More recently, studies have determined that HBO
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also generates reactive oxygen species (ROS) which, in turn, interfere with the synthesis
of inflammation mediators, antioxidants and growth factors resulting in improved

repair12'13'14

In oral and maxillofacial surgery, HBO can be used as adjunctive therapy in
reconstructive procedures®*®. After maxillofacial trauma, ruptured blood vessels lead to
the formation of a hypoxic zone. While hypoxia is required to stimulate angiogenesis
and revascularization, prolonged hypoxia will reduce tissue repair. Therefore, increasing
the available oxygen stimulates important biological events such as angiogenesis and
osteogenesis?111217.181920.21 “anhancing tissue repair and increasing the overall success

of extensive free bone reconstruction procedures.

Although the potential of HBO is promising, there is still no consensus in the literature
regarding the clinical protocol for its use, and the period of use after bone reconstruction
procedures. The aim of this study, conducted through a systematic review, was to
determine the benefits of hyperbaric oxygen after mandibular reconstruction procedures
in humans, by identifying information that may be useful for the development of
optimal HBO protocols to stimulate bone repair. Our hypothesis was that HBO
treatment increases bone formation and improve success of bone reconstruction

procedures.
EVIDENCE ACQUISITION - MATERIALS AND METHODS:
Search Strategy and Eligibility Criteria

The review was designed to answer the guiding question, based on the PICO

strategy: Population (individuals submitted to bone reconstruction); Intervention

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



(Hyperbaric oxygen therapy and bone reconstruction); Control (individuals not

undergoing Hyperbaric oxygen therapy); Outcome (positive results and complications).

The literature search was conducted in Pubmed/MEDLINE electronic databases,
using the search terms: 'bone' or ‘bone graft’ and 'mandible reconstruction' or 'jaw
reconstruction' and ‘hyperbaric oxygen’ or ‘HBO’, in advanced mode (search
parameters were the title and abstract). The search was limited to studies published from
January 1999 to December 2018 as a full-length article in the English language. Studies

were included if they met all the following criteria:

(1) Clinical studies or case reports;

(2) Studies evaluating bone reconstruction (bone defect, bone fracture or grafting)

assessing hyperbaric oxygen therapy with reports of the therapy protocols.

The exclusion criteria set for selection of the studies were:

(1) Animal or in vitro studies;

(2) Review studies, brief communications, editorials or letters to the editor,

monographs, conference summaries, and book / book chapters;

(3) Out-of-objective studies.

In addition, a manual search was performed on the references of the eligible

studies after electronic search.

Study selection, Data Extraction and Quality Assessment

At first, as a calibration, three reviewers discussed the eligibility criteria and

applied them to a sample of the studies. After obtaining an adequate level of agreement,
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the titles and abstracts were reviewed by two eligibility reviewers independently. In
case of disagreement, the decision was solved by consensus and if necessary, a third
reviewer performed the evaluation. First, the titles and abstracts of the studies found
were evaluated and those that corresponded to the aims of this review were pre-selected
for analysis of the full text. Subsequently, the full texts were analyzed, and those that
met the eligibility criteria were pre-selected for the review. The full texts of studies

whose abstracts did not provide enough data for decision were also evaluated.

All the relevant data were extracted and tabulated in an electronic spreadsheet
independently by reviewer one and reviewer two. To ensure consistency between the
reviewers, a training exercise was conducted where information was extracted by both
reviewers from the same eligible study. Any disagreement was resolved through
discussion, and when these two reviewers could not reach agreement, a third reviewer
was consulted to make a final decision. The data included bibliographic references,
study type/design, description of bone defect/reconstructive procedure, HBO protocol,
interval between HBO sessions, number of HBO sessions, results, and possible

complications.

The risk of bias, individual quality of evidence and the strength of
recommendation of the selected studies were assessed based on study design, sample

size, methodological limitations and inconsistencies.

EVIDENCE SYNTHESIS:

Results

Briefly, a total of 2237 studies were identified in the initial database search. Of

the potentially relevant studies, 2227 were excluded during title and abstract reading,
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and only 10 were chosen for full text complete reading. Later 2 studies selected
manually were included, totaling 12 studies assessed for eligibility criteria. After
assessing the full text, another 7 studies were excluded and only 5 met the inclusion
criteria for the present systematic review. The literature screening process is outlined in

Figure 1.

The studies were heterogeneous as regards subject characteristics, study desing
and clinical sequence. The general characteristics of the included studies are listed in
Table 1. Only 3 studies evaluated the use of HBO in bone reconstruction procedures
with free autogenous grafts. However, surgical conditions were very different between
the studies. Jisander et al.?2 described 8 cases of free autogenous bone reconstruction for
the treatment of osteoradionecrosis. In their patients the HBO was used only during
osteoradionecrosis (ORN) treatment, and afterwards, the bone graft was used to restore
the bone defect without additional HBO sessions. Sawhney & Ducic? described the use
of free bone grafts to reconstruct areas after ORN resection. However, their 37 patients
received different HBO protocols: 20 HBO sessions just prior to bone reconstruction
with fibula (22 patients), 10 HBO sessions right after bone reconstruction with fibula
(10 patients) and the others were distinct protocols because of insurance problems or
patient preferences. The osteoradionecrosis occurred after deleterious effects of
radiotherapy in all described cases, but HBO was indicated only during reconstruction
planning. On the other hand, Oliveira et al.® described a single case of free autogenous
bone reconstruction and concomitant use of hyperbaric oxygen, after resection of

ameloblastoma, a benign tumor.

In 2 studies®*?®, the authors retrospectively evaluated the use of HBO during

repair after implant placement in a grafted area. In both studies the graft was
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autogenous, microvascularized and performed in previously irradiated areas. There were

a higher number of cases described, because both were retrospective studies.

All the authors mentioned in this review used the HBO protocol of 2.4ATM for
90 minutes in each session. Only Sawhney & Ducic? did not mention this information.
However, the number of sessions varied considerably among authors. The reasons for
the choice of the protocols used were not reported. Only Oliveira et al.'® informed the

interval between sessions.

Between the studies that evaluated the use of HBO in bone reconstruction
procedures with free autogenous graft, Oliveira et al.*® found positive results in volume
and stability of the bone graft. They did not report any complications after a period of 6
months of follow-up. Jisander et al.?, in a longer follow-up period, noted satisfactory
closure after resection of osteoradionecrosis. The authors concluded that it was
important to use HBO during ORN control prior to free graft reconstruction. They
reported complications such as fistulas (3 patients), mandibular fracture (2 patients) and
recurrence of injury (1 patient). Sawhney & Ducic?® suggested that 20 HBO sessions
just prior bone reconstruction presented better results. They reported complications
such as loss of skin (2 patients), plate exposure (3 patients) and non-union of graft (4
patients) in the group of patients that received only 10 HBO sessions right after bone

reconstruction (Table 2).

Among the studies that evaluated the use of HBO after implant placement in
reconstructed areas, Shaw et al.?* found success rate of 92% after 1 year, 79% after 2
years and 74% after 3 years. The main causes of loss of implants reported by the authors

were peri-implantitis (25 implants), failure of osseointegration (9 implants), graft
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fracture (7 implants) and tumor recurrence (6 implants). The failures due to problems
with the prostheses (without other associated factors) were rare and occurred in only 2
patients (Table 3). Salinas et al.?, after a period of 4-108 months of follow-up, found
success rate of 82.4% when the implants were placed in the grafted area, and 88% when
placed in adjacent native bone. The early loss (considering a period up to 6 months after
insertion) was a more common occurrence (21 implants); however, late loss was also

seen (10 implants).
Discussion

The reconstruction of large bone defects is of great importance for rehabilitating
individuals mutilated by resective surgery, major trauma or even by extensive bone
resorption, and improving their quality of life. However, extensive bone defects are a
major challenge because of the increased possibility of complications and reduced
predictability of the graft. In this context, hyperbaric oxygen therapy appears to be a
supplementary therapy in cases of bone reconstruction, improving the prognosis and
increasing the predictability of large free autogenous bone grafts. In this systematic
review we evaluated the benefits of hyperbaric oxygen after bone reconstruction
procedures for the purpose of identifying information that might be useful for the
development of optimal HBO protocols in bone tissue. In general, the results of HBO
were positive in the few studies included in this review. However, the literature still
lacks standardized clinical studies evaluating HBO after bone reconstructive procedures

making it difficult to obtain satisfactory levels of evidence.

Cells respond to changes in oxygen tension after HBO via the oxygen-dependent

degradation of hypoxia-inducible transcription factors (HIFs) resulting in improved
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angiogenesis, energy metabolism and cell proliferation. Moreover, the increase in
oxygen leads to the production of reactive oxygen species (ROS) which act on signaling
pathways that modulate the synthesis of inflammation mediators, antioxidants and
growth factors contributing to the healing process!>!31, Exposure to adequate levels of
oxygen in tissues is therefore osteogenic and highly related to the level of

10.11.12.13,17.18.19.20.21 'Hijstological studies in animals have shown favorable

vascularization
results regarding the acceleration of bone graft incorporation?® or bone repair'® when
compared with control groups that did not use the oxygen therapy. However, the wide
variety of HBO protocols in the literature, both in humans and in animals, hinders
proper interpretation of the effects of this therapy. This diversity occurs because HBO
protocols are usually chosen considering the individual experience of the authors, since
there are no universally accepted parameters. In this review we found only 5 studies that

met the inclusion criteria; they evaluated different types of patients, as well as different

types of grafts, making it difficult to compare the results observed by the authors.

Jisander et al.?2, Sawhney & Ducic? and Oliveira et al.'® described the effects of
therapy after jaw reconstructive procedures with free autogenous bone grafts. Free
grafts, when removed from the donor area, represent a hypoxic environment, therefore,
these grafts could be improved with the complementary use of HBO. Initially we
intended to compare these 3 studies due to the similarity of the grafting procedures,
however, the characteristics of patients evaluated by each of the authors differed,

influencing the results.

Jisander et al.?2 and Sawhney & Ducic?® reported bone reconstruction after
resection of osteoradionecrosis (ORN). The ORN is a sequela of radiotherapy,

characterized by loss of oral mucosal lining and consequent exposure of necrotic bone
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tissue for a prolonged period even in the absence of local neoplastic changes. It is a
difficult condition to treat, with a poor prognosis?’. The possibility of post-operative
complications in these irradiated patients is more common as observed by the
authors?>?® who reported the occurrence of fistula, mandibular fracture, loss of skin,
plate exposure, graft nonunion and recurrence of injury. On the other hand, Oliveira et
al.'® reported a single case using HBO associated with free bone reconstruction after

resection of a benign tumor, with favorable results and without complications.

Both Jisander et al.?2 and Oliveira et al.!® adopted the same HBO protocol
(2.4ATM for 90 minutes), however, differentiating the number of sessions applied
during the postoperative period. This difference may also be related to radiotherapy
because irradiated bone has pronounced hypovascularization, with reduction in the
number of osteoblasts and progressive fibrosis?®?°, which may explain the poor
response to surgical manipulation. Therefore, it is reasonable to believe that the bone

subjected to radiation would benefit from a higher number of HBO sessions.

An interesting question was to compare the authors Shaw et al.?* and Salinas et
al.?>, who used similar HBO protocols (2.4 ATM for 90 minutes), the same number and
frequency of sessions, and evaluated the use of the therapy during implant placement in
irradiated areas, after bone reconstruction with microvascularized grafts. Although there
are similarities between bone repair events post-implant placement and the repair of
extensive free grafts, some considerations must be made due to the inherent differences
between the two procedures, especially regarding surgical morbidity. The implant
placement generates a small trauma resulting from the drilling and subsequent implant
placement procedures. These procedures would present less morbidity than an extensive

reconstructive procedure.
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Shaw et al.?* reported 91% success at 1 year, and among the main causes of loss
of implants they found: peri-implantitis (25 implants), failure of osseointegration (9
implants), graft fracture (7 implants) and tumor recurrence (6 implants). However, in
their study, the authors did not report whether the implants were placed in grafted areas
or native bone and the hygiene protocol maintenance. It has been widely shown that
patients undergoing implant treatment included in maintenance programmes benefit
more than those who are not included, or who do not follow consistently this
programme®, Salinas et al.?® found a success rate of 82.4% when the implants were
placed in the grafted area, and 88% when placed in adjacent native bone, with early loss
being the most frequent complication for loss of implants. Both authors used a long
follow-up time and achieved a success rate higher than 85%, which led us to believe
that the HBO favored the success of implants placed in grafted areas under the

conditions reported by the authors.

One of the most important questions regarding HBO indication referred to the
number and frequency of sessions required to obtain good results, since the technique is
time consuming (each session lasts about 90 minutes) and has a high cost. However,
apparently, the clinical indication also appeared to interfere in the HBO application
protocol, therefore, further studies with groups of patients in similar conditions are
needed to establish a proper guideline for the use hyperbaric oxygen therapy after bone

reconstructive procedures.
CONCLUSIONS:

The quality of the evidence was limited by the very small number of trials, the

small sample sizes, and the risks of bias in the included trials. The results of HBO were

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



positive in the studies included in this review; however, in the literature there is still a
lack of randomized clinical studies evaluating HBO after extensive bone reconstructive

procedures.
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Tables:

Table 1: Parameters Obtained of the studies included in this review.

Interval
between
sessions

HBO HBO number of
Protocol sessions

Author/Year Study Type Patientts Type of Defects

. . . 24 ATM 35 to 75 sessions
Jlsandzezr et al Series of cases 8 Free 9”%“ in th_e resection of during 90  prior to bone .NOt
(1999) osteoradionecrosis area . - informed
min reconstruction
Shaw et al Microvascular graft in tumor 24  ATM 20 sessions prior Not
24 * Retrospective 81 resection area and later implant  during 90  and 10 sessions post .
(2005) - - - - - h informed
insertion min implant installation
Salinas et al Microvascular graft in tumor 24  ATM 20 sessions prior Not
25 * Retrospective 44 resection area and later implant  during 90  and 10 sessions post .
(2010) . . . . A . informed
insertion min implant installation
. . 20 sessions prior
Sawhney & . Free graft in the resection of . . Not
X Series of cases 37 - . Uninformed and 10 sessions post .
23
Ducic (2013) osteoradionecrosis area bone reconstruction informed
Lo . . 24 ATM 10 sessions prior
Oliveira et al. Free graft in the resection area . . .
(2013) Case report 1 of ameloblastoma du_rlng 90  and 40 sessions _post Daily
min bone reconstruction

Table 2: Results of studies evaluating the use of hyperbaric oxygen therapy in bone

reconstruction procedures with free graft.

Author/Year Results Complications Follow-up time

Satisfactory closure in the Fistula, mandibular fracture and

Jisander et al. (1999)% s .
injury area lesion recurrence.

20 to 93 months

Reduced incidence of Loss of skin, plate exposure

i 23
Sawhney & Ducic (2013) nonunion with HBO. and graft nonunion.

10 months to 12 years

Oliveira et al. (2013)*® Good size and graft stability None 6 months

Table 3: Results of studies evaluating the use of hyperbaric oxygen therapy in implant

insertion after microvascular free graft.

Author/Year Implant Success Rate Causes of implant loss Follow-up time

92% (1 year); L. .
Shaw et al. (2005)* 79% (2 years) and Peri '!“p'a““F's and  failed 3 months - 14 years
osseointegration
74% (3 years)
0,
Salinas et al. (2010)% 8(2? 4% graft area / 88% Early_ IQSS of implants, 4 - 108 months
’ N especially in grafted area.
native bone)
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Figure Legends:

Eletronic Search PubMed
(n=2237)

Studies excluded after reading titles and abstracts (n=2227):

> » Out of objectives (n=847)
« Literature review/ Systematic Reviews/Meta-analisys (n=156)
+ Invitro or animal studies (n=1115)
* Not in English language (n=109)

[ Studies selected for full-text reading (n=10)

€ | Studies selected manually (n=2) ]

{ Full-text studies assessed by eligibility criteria (n=12)

[ Full-text studies included in the qualitative analysis (n=5)

Figure 1: literature screening process.
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ABSTRACT

Objective: The purpose of this systematic review was to determine the possible risk
factors related to pathophysiology of Bisphosphonate-Related Osteonecrosis of the Jaw
(BRONJ) and identify adequate treatment strategies available and success rates.
Evidence acquisition: We performed a search for publications about the treatment of
BRONJ, published between 2003 and 2018 in the PubMed/Medline data base using the
key words: 'Bisphosphonate-Associated Osteonecrosis of the Jaw” OR ‘Bisphosphonate
Osteonecrosis' OR ‘BRONJ’, based on the list of MeSH and DeCS. Evidence
synthesis: According to pre-established criteria for data collection concerning the
treatment of BRONJ, we found 19 articles covering a total of 400 patients. Treatments
that showed good outcomes were Ozone, PRF, PRP/Debridement/Laser bio-stimulation,
Laser surgery and Laser surgery/Laser bio-stimulation. HBO did not achieve good
results and was used in only 10 patients. BRONJ is a rare condition in patients with

osteoporosis/other pathologies using BP orally. These patients had long exposure time
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and cumulative doses of BPs until onset of the lesion. The oncological patients were
exposed to more potent intravenously administered BPs such as pamidronate and
zoledronate. These patients had a shorter exposure time until onset of the lesion
Conclusions: The treatment of BRONJ is still under debate and there are promising
treatments that need randomized trials with larger numbers of patients to confirm their
results. Patients receiving BPs or those who will start treatment should be encouraged to

perform preventive dental treatment and maintain good oral hygiene.
Keywords: Bisphosphonate-Related Osteonecrosis of the Jaw, Bisphosphonate, Bone.
INTRODUCTION

Bisphosphonates (BPs), potent inhibitors of bone resorption?, cause suppression
of osteoclast activity that impairs physiological bone remodeling®2. There are two
classes of BPs: nitrogenated (zoledronic acid, disodium pamidronate, sodium
residronate, sodium alendronate and sodium ibandronate) and non-nitrogenated
(disodium clodronate, disodium etidronate, disodium tiludronate) types*. The
indications include treatment of osteoporosis, osteitis deformans (Paget's disease),
control of osteolysis in bone metastases (with or without hypercalcemia), multiple
myeloma and other conditions that present bone fragility. They are medications

structurally analogous to pyrophosphate®.

In 2003, Marx firstly reported a series of 36 cases of osteonecrosis of the jaw
after bisphosphonate treatment for cancer. This condition is defined as the presence of
exposed and necrotic bone in the oral cavity that persists for more than six weeks in

patients with a history of bisphosphonate use and with no history of head and neck
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radiation therapy, generally refractory to conservative treatment with local debridement

and antibiotic medications®.

The scientific medical literature contains descriptions of risk factors for the
development of Bisphosphonate-Related Osteonecrosis of the Jaw (BRONJ). Among
these risk factors, medication-dependent factors, such as the timing of bisphosphonate
treatment are important®>"®. The concomitant use of other drugs, such as corticosteroids
and antiangiogenic drugs, increases the risk of osteonecrosis. Local factors, such as
tooth extractions, pre-existing periodontal problems, and prosthesis trauma, can also

predispose patients to bisphosphonate-related osteonecrosis of the jaw’.

Clinically, exposed areas of necrotic bone may be observed; in other cases, only
fistulas in the bone are detected’. BRONJ can generate complications such as swelling,
dental mobility, soft tissue infections, cutaneous fistula, oral mucosal fistula, extraoral

oral exposure and oroantral communication®#,

The purpose of this systematic review was to determine the possible risk factors
related to pathophysiology of BRONJ and identify adequate treatment strategies

available and success rates.
EVIDENCE ACQUISITION - MATERIALS AND METHODS

The literature search was conducted in association with research librarian in
2019. Articles published in journals indexed in the PubMed/Medline databases were
selected using the following filters: Clinical Trial Phase 1, Clinical Trial Phase II,
Clinical Trial Phase 111, Clinical Trial Phase 1V, Controlled Clinical Trial, Randomized
Controlled Trial, Multicenter Study, Case Reports. The search was limited to articles

published during the period from January 2003 to December 2018. The keywords used
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for research were 'Bisphosphonate-Associated Osteonecrosis of the Jaw’ OR
‘Bisphosphonate Osteonecrosis' OR ‘BRONJ’, based on the list of MeSH and DeCS.

All references were gathered and screened for eligibility.

The inclusion criteria defined for selection of articles were:

A. clinical studies with humans.

B. articles published in English language confirming the diagnosis of BRONJ in
accordance with the American Association of Oral and Maxillofacial Surgeons
(AAOMS) or American Society of Bone and Mineral Research (ASBMR)
definitions.

C. types of study: controlled and uncontrolled clinical trials, and case series.

D. themes: risk factors/prevention of BRONJ, treatment and outcomes.

E. studies with a sample of five or more patients with BRONJ containing detailed
information about each patient, the type of treatment performed and clinical
response to the treatment.

The exclusion criteria defined for selection of articles were:

A. experimental studies using animals.
B. invitro studies.
C. single case reports.
D. case series with fewer than 5 patients.
E. literature reviews.
The selection of studies on BRONJ treatment was done in two phases using a
data collection protocol: 1st) evaluation of titles and abstracts to identify studies that

could be relevant for review, 2nd) evaluation of the full text and data collection. The
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reference lists of all the articles were manually searched for appropriate studies related
to the review topic. Each publication was critically appraised to assess the study
validity, and the following data were extracted and assembled in a spreadsheet:
reference and year, number of patients, age, gender, location of lesions, primary cause
of BRONJ, stage of BRONJ lesion, types of BP used and duration, treatment methods,

follow-up period and response to treatment.

EVIDENCE SYNTHESIS - RESULTS

Initially, 519 articles were selected. Of these, 65 articles were chosen for
complete reading. After evaluation of the full texts, only 19 described patient
characteristics and were accepted according to criteria predetermined in the

methodology, resulting in a sample of 400 patients with BRONJ (Figure 1).

The mean age of the 400 patients with BRONJ was 65.85 years, ranging from 28
to 90 years (Tablel). In the 340 cases in which the sex distribution was reported,
64.71% (n=220) were females and 35.29% (n=120) were males, showing a female

predilection.

The mandible was the most affected bone accounting for 67.03% (n=246) of
cases, followed by the maxilla 28.88% (n=106) and both jaws 4.09% (n=15). The site
was not reported for only 33 patients. BRONJ most frequently occurred after
dentoalveolar surgery (82.46%; n=141). In only 3.51% (n=6) of the cases, the initial
event was triggered by traumatic pressure caused by dental prosthesis, whereas in
13.45% (n=23) of the cases, the injury occurred spontaneously. There was only 1 report
of BRONJ due to peri-implantitis (0.58%). In 229 patients, the initial event was not

reported.
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The majority of patients received BPs due to cancer or metastatic disease (n=151
multiple myeloma; n=89 breast cancer; n=28 prostate cancer; n=43 other cancers). The
remaining patients presented osteoporosis (n=49) or other pathologies (n=9) such as
osteitis deformans (Paget's disease), rheumatoid arthritis and other conditions that
present bone fragility. In 42 patients this information was not available. The type of BP

prescribed was specified for 275 patients with BRONJ as demonstrated in Table 2.

There was variability in the duration of BP therapy until BRONJ development in
Cancer or Osteoporosis/Other (Table 3). The time of exposure to BPs until BRONJ
development in months was higher for Osteoporosis/Other patients. On the other hand,
Oncological patients, who frequently use intravenous Nitrogenated BPs, presented

shorter exposure time until the development of BRONJ.

Regarding the management of BRONJ, the studies reported Drug treatment,
especially with antibiotics, isolated or in addition to debridement and surgery in the
majority of patients. Various adjunctive treatments such as Ozone, Platelet-rich Plasma
(PRP), Platelet-rich Fibrin (PRF), Surgical Laser, Laser Bio-stimulation, Hyperbaric
Oxygen (HBO), and other medications were also mentioned with interesting results

(Table 4).

The response to treatment was classified as Total Response (TR) when the
patient had complete healing of the BRONJ lesion with absence of pain; Partial
Response (PR) when the patient presented stable BRONJ lesion or reduced bone
exposure, without pain; and the Non-response (NR) when patient presented BRONJ
lesion with persistent bone exposure and pain. Among the evaluated studies, the various

treatments performed in 298 Oncological patients and 58 Osteoporosis/Other patients
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resulted in 137 (45.97%)/36 (62.07%) patients with TR, 60 (20.14%)/8 (13.79%) with
PR, 101 (33.89%)/14 (24.14%) with NR. This indicated that irrespective of treatment,
underlying disease or time of exposure to BP, BRONJ was refractory to treatment.
There was resolution of the symptomatology in many patients, although they still

presented some degree of bone exposure that was stable.

Patients with Osteoporosis/Other presented a higher TR rate to BRONJ
treatment when compared with patients with cancer or metastatic disease. Factors such
as chemotherapy, BP potency used, and time of exposure to the specific BP used, Stage
of BRONJ, among other variables may have influenced this difference. In spite of its
great importance, many authors did not present this detailed information for each

patient, making it impossible to cross these data.
DISCUSSION

After the use of BPs, changes in bone metabolism occur, bone resorption is
inhibited resulting in accumulation of non-vital osteocytes®, accumulation of micro
fractures in the bone matrix?’ and direct toxicity to osteoclasts, which may lead to
apoptosis?. After using more potent medications, angiogenesis is also compromised due
to the delay in the formation of new blood vessels, which makes it difficult to repair the
oral mucosa exposed by BPs?. This damage to bone tissue compromises repair and may
trigger more severe changes such as BRONJ, which occurs mainly in patients

undergoing procedures involving bone tissue.

First-generation  bisphosphonates included etidronate, tiludronate, and
clodronate; these lacked a nitrogen side chain or hydroxyl group and did not have such

strong specificity for bone?'. These bisphosphonates are metabolized into cytotoxic
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analogues of adenosine triphosphate (ATP), which accumulate intracellularly and
compete with ATP for binding sites, eventually starving osteoclasts from lack of
energy. Because osteoclasts are responsible for bone resorption, fewer functional
osteoclasts result in a lower bone resorption rate’®?, The second-generation
bisphosphonates include alendronate, pamidronate, ibandronate, risedronate, and
zoledronate. These agents affect osteoclast activity by inhibiting farnesyl diphosphate
synthase, an enzyme in the mevalonate pathway, which is essential for cholesterol and

another sterol production®.

In our study, patients with cancer predominantly used intravenous BPs for an
average of 41.32 months until diagnosis of BRONJ, while patients with
osteoporosis/other had a longer exposure time (46.41 months) as detailed in Table 3.
According to Marx?, it is possible to consider suspension of the use of BPs for patients
who use the medication to treat benign pathologies, or if the primary indication of BP
treatment has been resolved. However, when the drug is used to control bone metastasis
due to the long half-life of the drug and its great effectiveness in stabilizing bone
lesions, there is no reason to discontinue the therapy with BPs. Patients with bone
metastasis use more potent BPs such as pamidronate and zoledronate, known to
irreversibly inhibit osteoclast activity. In the treatment of osteoporosis/other, less potent
BPs such as alendronate are used, which affect osteoclast function with less severity,
but the risk increases with cumulative doses and prolonged use?. This difference in the
time of exposure to BPs between cancer and osteoporosis/other patients has also been
observed in other publications?®3!. In a study conducted in Australia®, the estimated
frequency of BRONJ for osteoporosis patients using monthly or weekly alendronate

was from 1 case in 2206 to 8470 (0.01% to 0.04%). When tooth extractions were
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performed, the frequency was between 0.09% to 0.34%. In patients with bone
metastasis using zoledronate or pamidronate, the frequency was 1 case in 87 to 114
(0.88% to 1.15%) and when tooth extractions were performed, the frequency was

between 6.67% and 9.1%.

Treatment of BRONJ varied with the stage of the disease®32. The literature
includes many types of therapeutic approaches with varying degrees of success,
including hyperbaric oxygen, ozone therapy, laser, bio-stimulator laser, PRF, use of
PRP associated with surgery, use of pentoxifylline and tocopherol, and surgery for
debridement and use of the buccal adipose cushion®’-18:21-222433 ‘However, irrespective
of the stage, the protocol must include the treatment of dental and periodontal diseases,
maintenance and improvement of oral health with antibacterial mouthwash, and

systemic administration of antibacterial agents®.

In a multicenter retrospective study with a sample of 347 patients with
BRONJ®*, 66% underwent surgical debridement that resulted in clinical improvement of
the lesion in 49%, stabilization in 35% and worsening in 16%. The remaining patients
underwent surgery with bone resection showing better results, as 68% of the patients
had improved clinical status, 27% had a stable ORB and 5% had clinical worsening.In
our study, many patients who underwent debridement or surgery had a total response
(TR), which was a reasonable clinical response when compared with patients who
received only drug treatment; however, this was far from being an effective treatment in

all cases.

The use of antibiotics may be important during the treatment of BRONJ;

however, this should not be indicated alone but associated with other forms of
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treatment. In this study, only 16.98% of the patients had total response when treated
with antibiotics and / or topical medication alone. In fact, the use of antibiotics did not
lead to significant changes in the total amount of bacteria present in the in vivo biofilm
of patients with BRONJ when compared with the patient who did not use antibiotics.
Prescription of antibiotics seemed to lead to a differentiation in the biofilm population,
but not significant enough to reduce or eliminate infection®*. This could occur due to the
presence of avascular and necrotic bone?, or the formation of biofilm itself, which
would prevent effective action of the drug®. There are no evidence-based
recommendations regarding the type of antibiotics or length of administration for
BRONJ treatment®2. Although antibiotic therapy alone is not effective in the resolution
of BRONJ, the control or decrease in the occurrence of opportunistic infections,

frequent in these patients, helps the treatment.

BRONJ was seen by Marx & Tursun® as a non-inflammatory drug toxicity to
bone tissue leading to osteoclast death, which resulted in suppression of bone
remodeling, and microorganisms played only a secondary opportunistic role. The
presence of actinomyces in BRONJ lesions and osteoradionecrosis is a recently
described complication and may be interpreted as being an opportunistic infection. To
us, BRONJ would seem to be an alteration, whose cause is not related to damage to the

bone system alone, and auxiliary therapies are necessary.

The use of ozone has shown good results in the treatment of BRONJ with total
cure of the 27 treated cases. The therapy has antimicrobial capacity and properties that
help with mucosal repair. The patients had complete repair of the osteonecrosis lesion or
expulsion of spontaneous bone sequestration and closure of the underlying mucosa. In

11 cases, surgery was required to remove sequestration without the need to remove
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underlying bone?>%, However, it is important to remember that despite the effectiveness
of the treatment in these cases, there was no distinction between the stages of BRONJ
specifically in these cases reported by Ripamonti et al., (2011)% and (2012)?°, which
could modify the response to treatment. More advanced stages might suggest the need

for invasive procedures or may present fewer promising results.

The surgical technique performed with Er: YAG laser has the advantages of
being bactericidal, with minimum production of smear layer in the surgical bed, and
possible bio-stimulatory effects. The surgical laser causes thermal ablation, vaporizing
necrotic bone tissue until it reaches healthy bone tissue. Surgical laser treatment is
promising, and approximately 80% of the patients treated in this study obtained total
response’*18, The laser used for tissue bio-stimulation has properties that act on the
proliferation of cells, blood vessels, lymphatic tissues, and stimulate the healing of
wounds. We observed its use as adjuvant therapy along with debridement/surgery,

surgical laser, PRP or antibiotic therapy81°24,

PRP associated with surgery/debridement of necrotic bone and laser
biostimulation was used in a single study?. PRP contains several proteins that are
growth factors present in platelets and was applied after debridement of the necrotic
bone to improve soft tissue healing and stimulate the formation of bone tissue. Patients

undergoing this procedure had 86% total response.

The treatment with pentoxifylline and tocopherol seemed to be effective in the
treatment of patients with BRONJ, accelerating healing of the lesion due to reversal of
the fibro-necrotic process®®8. In this review, we included only one article that used

pentoxifylline and tocopherol to treat a sample of 6 patients with BRONJY'. Of these, 1
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patient had complete response to treatment while the remainder showed a partial
response. After the treatment began, all the patients presented no pain, erythema or pus

drainage®’.

Hyperbaric oxygen has not yet demonstrated consistent clinical efficacy for
BRONJ treatment>228, Freiberger et al., (2012)*° conducted a randomized clinical trial
testing HBO in patients with BRONJ. They demonstrated that when the group receiving
HBO was compared with the group receiving conventional treatment no statistically
significant differences in treatment success were shown. Despite these results, the test
group showed faster decrease in the number and size of the lesions and reduction in
pain, showing that the therapy was useful as an adjunctive treatment for BRONJ,
especially for more severe cases. The HBO does not target the necrotic bone, but rather
the soft tissue and bone that is still viable. The region of bone necrosis can only be
removed surgically. HBO is then used to restrict surgical removal of non-vital bone to

improve healing of the mucosa and to prepare the bone tissue for reconstruction.

Preventive dental care in the beginning of BP therapy and during therapy are
effective measures in reducing the incidence of BRONJ?*4042  In the mentioned
studies, after the implementation of preventive dental care, a reduction from 5.5% to
2.8% in the incidence of BRONJ was observed in patients who used IV BPs for
treatment of bone metastases*!; and from 26.3% to 6.7% in patients with multiple
myeloma who used zoledronic acid*. Patients who will receive treatment with
intravenous BPs should be referred to the dentist to detect possible outbreaks of
infection and to perform treatment prior to beginning with BPs therapy®. Patients using

BPs should make return visits to the dentist every 4-6 months for careful clinical
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examination of the oral mucosa, perform preventive treatment and control risk factors

such as smoking, alcohol intake and decompensated diabetes?*:.

In a study conducted with guinea pigs, osteonecrosis lesions occurred only after
the oral surgical procedure in animals exposed to BP, and the parenteral use of
zoledronate was a sufficient condition for the development of BRONJ after dental
extractions®. In our study dentoalveolar surgery represented the event that led to the
onset of BRONJ in 82.46% of the cases. The same was observed in other publications®
431 suggesting that elective surgeries involving bone tissue should be avoided,
alternative therapies such as root interment, splinting of teeth with mobility grade 1 and
2 and endodontic treatment should be tried if possible, leaving tooth extraction only as a

last option.

In the articles, it was possible to find different classifications for BRONJ. When
reviewing the literature, data collected from articles that used distinct classifications
made it difficult to standardize the data, since it was impossible to propose
reclassification of the patient. Even in recent publications?>?, different classifications
for BRONJ are still used, or this information is even absent in most of the studies. We
believe that staging of the lesion is important to enable the therapeutic decision to be
made. The American Association of Oral and Maxillofacial Surgeons** have proposed
classification and treatment strategies for each stage of BRONJ. Using a unified

classification would help to compare the results obtained from BRONJ studies.
CONCLUSIONS
BRONJ was a less common condition in patients with osteoporosis/other

pathologies, who used oral BPs. These patients had a long time of exposure to BP and
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cumulative doses until the onset of the lesion. The treatment of osteonecrosis in patients
with osteoporosis/other pathologies obtained better results than those obtained in cancer
patients, who in turn were exposed to more potent BP, such as pamidronate and
zoledronate. Patients who will start treatment with BPs should cut out risk factors such
as smoking and alcoholism, control their diabetes, and avoid having dental treatment
performed. After starting the medication, periodic visits to the dentist for preventive
treatment, routine clinical and radiographic examination are important. There are
several types of treatment and those with the best results were ozone therapy, PRP,
PRF, debridement and laser biostimulation, laser surgical treatment and laser surgical

treatment associated with the laser biostimulation.
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TABLES

Table 1: Summary of the publications included in this review: study design, total

number of patients with BRONJ and mean patient age.

Reference Study design Number of patients | Mean Age (years)
Bamias (2005)° Prospective 17 Not informed
Dimitrakopoulos (2006)° Prospective 11 66.63
Wutzl (2006)1° Retrospective 16 65.31
Yarom (2007)% Retrospective 11 69.72
Magopoulos (2007)*? Retrospective 60 Not informed
Boonyapakorn (2008)%3 Prospective 22 61.14
Angiero (2009)* Case series 49 69.75
Alons (2009)*° Case series 7 66.86
Stlibinger (2009)1° Case series 8 68.5
Epstein (2010)Y7 Case series 6 75.66
Vescovi (2010)8 Prospective 55 69.31

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



Atalay (2011)%° Retrospective 20 55.40
Moretti (2011)% Prospective 33 69.09
Ripamonti (2011)% Prospective phase I-11 10 62.0
Pautke (2011)% Prospective 15 63.2
Malden (2012)% Case series 11 69.54
Martins (2012)% Retrospective 22 58.09
Ripamonti (2012)% Retrospective 17 62.29
Dinca (2014)% Retrospective 10 59.5

Total 400 65.85

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).




Table 2 — Type of bisphosphonate used in each group of patients with BRONJ.

Oncological patients

Osteoporosis/Other patients

N % N %
Zoledronate 168 67.74% Zoledronate 5 18,52%
Zoledronate+ Pamidronate 38 15.32% Zoledronate+ Alendronate 1 3,70%
Pamidronate 19 7.66% Pamidronate 1 3,70%
Alendronate 6 2.42% Alendronate 18 66,67%
Zoledronate+ Pamidronate+ 5 2.02% Pamidronate+ Alendronate 2 7,41%
Ibandronate
Zoledronate+ Ibandronate 3 1.21%
Ibandronate 8 3.22%
Clodronate 1 0.41%
Total 248* 100% Total 27* 100%

*125 patients did not provide information on BP used.

Table 3 - Mean period of bisphosphonate exposure until diagnosis of BRONJ in

each group of patients.

Oncological patients

Osteoporosis/Other patients

Mean (months) Mean (Months)
Zoledronate 23.53 Zoledronate 36.35
Zoledronate+ Pamidronate 44.67 Zoledronate+ Alendronate 18.0
Pamidronate 27.76 Pamidronate uninformed
Alendronate 19.0 Alendronate 41.13
Zoledronate+ Pamidronate+ 29.0 Pamidronate+ Alendronate 90.0
Ibandronate
Zoledronate+ Ibandronate 66.6
Ibandronate 84.0
Clodronate 36.0
Total 41.32 months (n=133) Total 46.41 months (n=25)
* *

PT: Mean period time of use of BFs until diagnosis of BRONJ (* 242 patients did not provide time information).

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
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Table 4 - Type of treatment and response to therapy in each group of patients with

BRONJ.
Oncological patients Osteoporosis/Other patients
N TR PR NR N TR PR NR
Ozone 25 25 0 0 Ozone 2 2 0 0
Biostimulation Laser 10 4 0 6 Biostimulation Laser 5 3 0 2
PRF 10 10 0 0 PRF 0 - - -
Surgical Laser 27 22 5 0 Surgical Laser 14 12 2 0
Surgical Laser + 10 7 0 3 Surgical Laser + 0 - - -
Biostimulation Laser Biostimulation Laser
Debridement or 51 13 2 36 Debridement or 12 9 2 1
Surgery Surgery
PRP + 14 12 2 0 PRP + 0 - - -
Biostimulation Laser Biostimulation Laser
+ Debridement or + Debridement or
surgery surgery
HBO + Debridement 10 4 0 6 HBO + Debridement 0 - - -
or Surgery or Surgery
Debridement or 45 23 11 11 Debridement or 15 9 1 5
Surgery + Drug Surgery + Drug
treatment treatment
Drug treatment 96 17 40 39 Drug treatment 10 1 3 6
Total 298 137 60 101 Total 58 36 8 14
*6 patients used pentoxifylline and tocopherol as a treatment with TR for 1 patient and PR for 5 patients, however it was not
possible to distinguish whether they were osteoporosis/other or oncological patients.
**34 patients used only Drug treatment with TR for 19 patients, PR for 8 patients and NR for 6 patients, however it was not
possible to distinguish whether they were osteoporosis/other or oncological patients.
***14 patients did not provide treatment information.
PS: Drug treatment was the type in which the patient received a systemic antibiotic (such as amoxicillin, amoxicillin associated
with clavulonate, penicillin G, ciprofloxacin, clindamycin, doxycycline, azithromycin, metronidazole, piperacillin, ceftazidime),
systemic antifungal agents (such as fluconazole, ketoconazole), topical application of oral miconazole gel, mouthwash with
nystatin and the association of mouthwashes with antiseptics (such as chlorhexidine) or hydrogen peroxide.

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
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Figure Legends:

Eletronic Search PubMed
(n=519)

Studies excluded after reading titles and abstracts (n=454):

> « Out of objectives (n=362)
* Invitro or animal studies (n=42)
* Not in English language (n=50)

[ Studies selected for full-text reading (n=65)

< | Studies selected manually (n=0) ]

[ Full-text studies assessed by eligibility criteria (n=65)

[ Full-text studies included in the qualitative analysis (n=19)

Figure 1: Literature screening process.
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Abstract

Background: Radictherapy wsed in tumaor treatment comprom ises vascularztion of bone tisswe. Hyperbarnc
oxygenation (HBD) increases axygen availability and improves vascularization, minimizing the deleterous effects of
ionizing radiation (IR). Therefore, the aim of this study was 1o evaluate HBD therapy effect on bone macroscopy,
composition and blomechanical properties after IR damage.

Meathods: Twenty make Wistar rats weighing 300+ 20 g (10 weeks of age) were submitted to IR (30 Gy) to the left
leg, where the right leg was not imadiated. After 30 days, ten animals were submitted to HBO therapy, which was
performed daily for 1 week at 250kPa for 90-min sessions. All animals were euthanized 37 days after imadiation and
the tibia were separated into four groups (n= 10} from animals without HBO - right tibia Non-irradiated

(nol RroHBOY and left tibia Imadiated (IRnoHBO): and from animals with HBO - right tibiae Non-iradiated (noIRHBO)
and left tibia Iradiated (IRHBC). The length (proximal-distal) and thickness (anteroposterior and mediolateral) of the
tibiae were measured. Biormechanical analysis evaluated flesural strength and stiffness. Attenuated Total Reflectance
Fourier Transform Infrared Spectroscopy (ATR-FTIR} was used to calculate the amide | ratio, crystallinity index, and
matrix to mineral m@tios.

Results: In the macroscopic and ATR-FTIR analysis, the IRnoHBO showed lower values of length, thickness and
amide | ratio, crystallinity index and matrix to mineral ratios compared t© nolRnoHBO (p < 0.03). IRnoHBO showeed
no statistical difference compared to IRHBO for these analyses (o= 005). Bliomechanics analysis showed that the
IRnoHBD group had lower values of flexural strength and stifiness compared to nolRnoHBO and IRHBO groups (o<
004, In addition, the nolRHBD group showed hig her value of flexural strength when compared to nolRnoHBD and
IRHBD groups (p < Q02
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anteroposterior (Fig. 2b, c). The thickness was measured
in the middle of the diaphysis. All measurements were
taken using a digital pachymeter (Western @PRO DC-
&', Sdo Paulo, Brazil).

Biomechanics analysis and attenuated Total reflectance
[ATR}-Fourier transform infrared spectroscopy [FTIR)
analysis
After the macroscopy analysis, the tibiae were analyzed
in a three-point bending test until failure, using the
universal-testing machine (EMEC DL 2000, EMIC Equi-
pamentos e Sistemnas de Ensaio Ltda, 5o Joseé dos Pin-
hais, Brazil). Each specimen was positioned horizontally
on the two holding fixtures with a distance of 16 mm on
the machine, while the upper loading fixture applied the
force to the middle of the diaphysis at a loading of 20K
at LOmm/min displacement (Fig. 3a). Load and dis-
placement data were recorded and subsequently, load vs.
displacement curves were plotted. Evaluations were de-
rived from data with flexural strength (MN/ml) and stiff-
ness values (W/mm). The fractured tibiae (Fig. 3b) were
maintained, after the mechanical test, in phosphate buff-
ered saline until the attenuated total reflectance Fourier
transform infrared spectroscopy (ATR-FTIR) anabysis,
The proximal fragment diaphysis was sectioned on the
transversal axis with a diamond disk under constant irri-
gation to obtain three cortical cylindrical fragments. The
bone fragments were dehydrated in ovens at 37 °C for
one day, and an external cortical surface placed against
the diamond crystal of the ATR-FTIR unit, pressed with

a force gaupge at a constant pressure to facilitate contact
(Fig. 4a). Data were recorded and analyzed with OPUS
6.5 software (Bruker®, Ettlingen, Germany). The bone
composition was analyzed using Fourier transform infra-
red spectroscopy (FTIR, Vertex 70 Bruker®, Ettlingen,
Germany) equipped with an accessory that allowed for
spectrum  acquisitions in the attenuated reflectance
(ATE) mode. The spectra were recorded in the range of
400 + 4000 cm™ " at a 4cm™ " resolution, and the mean
from 32 scans per fragment analyzed was wsed. Vector
normalization and baseline correction were performed
across all spectra, and these were considered absorbance
height ratios.

The spectra was further analyzed by calculating the
following parameters: amide | band (collagen ratio be-
tween the mature pyridinoline crosslink peaks (PYR) +
1660 “*' and the immature crosslinking dihydroxynor-
leucine (DHLNL) - 1690cm ™) crystallinity Index (the
intensity ratio of peaks 551 and 597 em™ * for 588cm ')
and matrix-to-mineral ratios of amide [ + [[/hydroxyapa-
tite (HA) (M:MI) (the ratio between the integrated areas
of amide 1+ 1 {1520+ 17X cm™ ") for HA (916 + 1180
em™ ")) and amide 111 +collagen/HA (M:MILO) (the ratio
between the integrated areas of amide [ (1210 + 1270
cm ') with two collagen bands (1269 +129%cm™" and
1180 +1213 cm™ ') for HA (916 + 1180 cm™ ") (Fig. 4b).

Statistical analysis
The data from all measured parameters were tested for
normal distribution (Shapiro-\Wilk) and the equality of
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variances (Levene’s test). The data submitted to the nor-
mality and equality of variance tests showed a paramet-
ric distribution and the results were expressed in mean
and standard deviation. Thereby, the parametric test
['wo-way analysis of variance (ANOVA) was performed
followed by the Tukey test All tests employed a level of
significance of a=005 and all-statistical analyses were

Table 1 The means and standard deviation values of all parameters

carried out with Sigma Plot version 13.1 (Systat Software
Inc, San Jose, CA, USA).

Results

I'he means and standard deviations of all parameter ana-
lyses are shown on Table L In the macroscopy analysis,
the IRnoHBO and IRHBO groups showed lower length

analysis

Iss/goups NOENOHE0 rOM=B0 DO=E0 R8O

Length (proximal-distal) 37674153 37.00+ Q95 3530+136 3480+ 122
A3 A3 8a ga

Thickness {anteropostesior) 300+ Q15 291 +030 281+ 022 276+023
A3 A3 83 ga

Thickness 229+ 016 221+0.18 215+ 017 209+014

IRach ) Aa Aa 8a 8a

Fexural trength 5860+ 1469 337+ 2386 4566+ 1830 5966+ 1946
AD A3 8¢ 8o

Stiffness 12910+ 1945 1075+89 2306+ 1396 10600 + 13595
A3 A3 8b Aa

Amide | ratio 25+ 028 241 £044 204+ 044 182+034
A3 A3 80 2o

Crystallinity Index 286+ 027 309 +041 265+ 042 280+03
A3 A3 80 gb

Amide |+ Il Hydroxyapatite Q43+ 014 036+010 Q34+ 006 029+008
A3 A3 80 g2b

Amide lll + Collagen/ Hyd roxyapatite 357+ 131 475+131 195+ 0@ 153+031
A3 A3 80 g2b

Goups Non+radated (nalfnoHB0) and imadated (IRno HBO) - arimals without HB0; and Nondradated (nolRME0) and iredated (RHAQ) - 2rimals’ trexment
with HBO. Diferent upper case letters within mws indiate sgnficant dfferences for systemic condition fctor (nondradawed or mditted) dffernt lower cxie
etters withn rows ndcae sgnfant dference for HB0 thempy Scor (non HBO or HBO therapy)l Comparson performed by Tukey st p <0.05)
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values compared to nolRnoHBO and nolRHBO groups
(p = (L01). The thickness of the anteroposterior (AP) and
medial-lateral (ML) parameters showed lower values in
FrnoHBO and IRHBCQ compared to nolRnoHBO and
nolRHBO groups, respectively (AP p<003 ML p«
0.02). In addition, the [EnoHBO has no satistical differ-
ence in macroscopic analysis compared to [RHBO (p>
0.05).

The biomechanics analysis showed that the [RnoHBO
group had lower value of flexural strength, when com-
pared to the nolRnoHBEQ and IRHBO groups (p < 0004).
In addition, the nolBEHBO group showed a higher value
of flexural strength compared to nolRnoHBO and
[EHEQ groups (p<002). The stiffness parameter
showed that [RnoHBQ had lower values compared to
nolknoHBO and IRHBO groups (p <(0.03), however,
there is no statistical difference in nolEHBEO, when com-
pared to the IRHBC and nol RHBO groups (p = 0L06).

In the ATR-FTIR analysis, the [RnoHBO and IRHBO
had lower values of collagen maturity, when compared
to the nolRnoHBO and nolRHBO groups, respectively
(p < 0.03). The crystallinity index showed that [RnoHBCO
and [RHBO had lower values, when compared to the
nolfknoHBO and nolRHBO groups, respectively (p <
04). In addition, the organic/norganic ratos (M:MI
and M:MIID showed that IRnoHBO and [RHBO had
lewer values compared to the nolBnoHBO and
nolRHBO groups (M:MI: g < 0.01; M:MILLE p < 0.02).

Discussion

The present study showed that [R compromises bone
growth, decreases mature/immature crosslinks ratio,
changes morphology of HA crystals and collagen/HA ra-
tin, decreasing flexural strength and stiffness in rat tib-
iae. HBO  therapy improves flexural strength and
stiffness parameters in irradiated tibia, showing no statis-
tical difference with the nolEnoHBO group.

The 30 Gy used was based on previous studies, which
showed that a single high dose of [R was similar to 50-
70 Gy fractional radiotherapy received in most patents
with carcinoma [15, 16]. Studies have shown that these
doses can arrest cell cycle progression, allowing evalua-
tions of the irradiation effects on bone tssue [7, 17].
HEC) therapy has been widely used in situations where
irradiation compromised microcirculation [2, 3], and the
protocol accepted in animal studies invobres the delivery
of 100% mcygen at 150 to 300 kPa for 60 to 90 min, once
daily [10, 11], as used in the present study. In addition,
the period of 30 days after ionizing radiation is the tme
required for structural changes in bone tissue [7]; and
the 7-day pericd of HBO therapy was used to evaluate
the initial treatment response in bone compromised by
IE.

Page & of 8

Cur results showed that in the macroscopy analysis,
the irradiated groups ([BnoHBO and [RHBCOY) had lower
length and thickness (anteroposterior and medial-lateral)
values when compared to the non-irradiated groups
nolBnoHBO and nolRHBO). Macroscopic changes,
such as growth arrest and/or angnlar deformity of the
extremity or kyphosis and spine scoliosis, are frequently
reported when the irradiation field includes the growth
plate [5, 18]. IR compromises the endochondral ossifica-
tion process through impairment of chondrocytes prolif-
eration [19] in the serial cartilape zone. Moreover, IR
damages small blood vessels in the ossification zone that
blocks osteogenesis, thus preventing normal remodeling
at the chondroosseous juncton [12]. In  additon,
nol EHED and IRHBO showed no significant difference
in macroscopic analysis compared to nolRnoHBO and
IEnoH B0, respectively. This suggests that irradiation,
applied during the animal growth, significantly damages
and impairs the ossificaion process [5). In addition,
HBO therapy did not show significant improvement,
after the bone was compromised.

In the FTIR analyses, our results showed that
[EnoHBO and [RHBO had lower values of collagen ma-
turity, crysallinity index and organic/inorganic ratios,
when compared to the nolBnoHBQ and nolRHBO
groups. Studies have shown that irradiation induces side
chain decarboxyltion of the collagen molecule, thus
modifying the interaction or binding between the or-
ganic matrix and the HA mineral [6, 20]. This increases
immature cross-links on collagen [21], changes the
morphology HA  crystals [22] and impairs the
mineralization process [7]. The present study showed
that the nolRHBO and [BHBECQ groups demonstrated no
significant difference for the ATR-FTIR analysis, when
compared to the nolRnoHBO and [RnoHBO groups, re-
spectively. This methodology analyzes nanostructire
changes, then our results suggest that the HBO therapy
did not minimize the IE deleterious effects, however,
some microstructural changes might have ooourred, ac-
cording to the findings in the biomechanical analysis.

In the biomechanics analysis, the IR groups showed
lower values of lexural strength and bone stiffness, lead-
ing to greater susceptibility to fractures. The collagen ar-
rangement and the interacton with apatite crystals are
important for establishing mechanical and stroctural
properties of bone [23]. The primary aspect of the
irradiation-induced loss of fracture resistance could be
due to the complete loss of plastic deformation (intrinsic
toughness) after rradiation [2], induwced by damaging
collagen molecules [21]. In the present study, the
[EHEC(Y group showed no statistical difference of flexural
strength and stifmess, when compared to the nolR-
noHBD group. The study showed that HEO therapy
holds the potential to increase intermolecular
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followed by induced cross-linking that stabilizes the fi-
brils [4]. Our study suggests that IR decreases the num-
ber of intermolecular interactions in collagen molecules
and HBO  therapy improves the quality of these
remaining interactions. This is in agreement with previ-
ous reports that HBO therapy increases bone mechanical
properties by increasing the organzation of collagen fi-
bers [24, 25]. However, further studies are required to
clarify the molecular mechanisms underlying intermo-
lecular interaction under HBO therapy conditions.

The morphologic and biomechanical alterations in
bone induced by a high dose of IR are a major concern
for surgeons who are considering rehahbilitation in pa-
tients after therapentic irradiation treatment. Studies
sugpests that, for people with irradiation tissue injury,
HE() therapy is associated with an improved outcome,
including cases with severe mandibular osteoradionecro-
sis [2, 3, 26). However, other studies showed
regarding the clinical effectiveness of HBO therapy in
bones compromised by radiotherapy [27-29]. Although,
these studies have some bias, such as variations in radi-
ation dosage, patients excluded on the basis of advanced
msteoradionecrosis, HBQ protocol, adjunctive  therapy
other than HEO, time between radiation and tooth ex-
traction, method of extraction, and adjunctive therapy
other than radiation. Although the results of the present
animal study cannot be extrapolated to humans [30],
but, serve to support new research in this area.

Conclusion

The results of the present study showed that ionizing ra-
diation arrests bone development, as well as decreasing
collagen maturation and the mineral deposition process,
along with reducing the flexural strength and bone stiff-
ness mechanical parameters. Moreover, HBO therapy
on flexural strength and the bone stiffness analysis,

Abbrevistions.

R: knizing radiation; HAP: Hydroopapatiter HBO: Hypedbaric Cuopgen;
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Conclusf')es

A oxigenacdo hiperbarica promove uma hiperoxia, que resulta em maiores
niveis de oxigénio no sangue e consequentemente nos tecidos, favorecendo o reparo.
Tem sido utilizada como uma ferramenta auxiliar no tratamento da osteoradionecrose e
da osteonecrose associada ao uso de medicamentos, bem como um adjuvante no
processo de regeneragdo em grandes reconstrugdes 0sseas.

A resposta celular a oxigenacdo hiperbarica mostra modulacdo do processo
inflamatdrio e aceleracdo da formacdo Ossea, além de aumento da angiogénese e do
metabolismo celular. Considerando os dados da literatura apresentados nas revisoes
sistematicas e os resultados obtidos do estudo laboratorial, fica claro que o uso de
terapias adjuvantes como a oxigenacdo hiperbarica é positivo, reduzindo os efeitos
deletérios da radiacdo ionizante e da OAM, otimizando a neoformacdo 0ssea,
melhorando as propriedades mecanicas e bioquimicas do tecido 6sseo.

Embora o uso da oxigenacdo hiperbéarica tenha mostrado resultados positivos, ha
uma grande discrepancia entre os protocolos aplicados, em funcéo do tipo de paciente,
condicdo clinica, entre outros fatores. Em relacdo a procedimentos de reconstrugédo
Ossea, essa heterogeneidade se deve aos diferentes tipos e tamanhos de enxertos,
qualidade do leito receptor e envolvimento de complicacBes pds-operatdrias.

Apesar das evidéncias atuais disponiveis, estudos futuros devem incluir mais
ensaios clinicos randomizados para determinacdo da longevidade dos beneficios
produzidos, definicdo de protocolos, diretrizes de tratamento e ampliagdo do

conhecimento relacionado as terapias adjuvantes de regeneracao do tecido 6sseo.
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ANEXO

r l Universidade Federal de Uberiandia ('Y
B ST
U} - Comissao de Etica na Utilizagac de Animals - Rmsara e

CERTIFICADO

Certificamos que o protocolo para uso de animais em
experimentagdo n° 028/12, sobre o projeto de pesquisa intitulado
“Efeito da laserterapia e oxigenoterapia hiperbarica no reparo,
microestrutura e resisténcia biomecanica do osso submetido a
radiagdo ionizante.", sob a responsabilidade da Profa. Dra. Paula
Dechichi, esta de acordo com os principios éticos na
experimentagdo animal conforme regulamentagdes do Conselho
Nacional de Controle e Experimentagdc Animal (CONCEA) e foi
APROVADO pela Comisséo de Etica na Utilizaggo de Animais
(CEUA) — UFU em reunido de 29 de Maio de 2012.

(We certffy that the protocol n® 028/12, about “Effect of lasertherapy and hyperbaric
oxygenotharapy in bone repair, microstructure and resistance after ionizing radiation ', agrees
with the ETHICAL PRINCIPLES ON ANIMAL RESEARCH as regulations of National Advice of
Control and Animal Experimentation (CONCEA) and approved by Ethics Commission on Use of
Animals (CEUA) — Faderal University of Uberlandia in 29/05/2012)

Uberlandia, 04 de Junho de 2012,

Profa. Dra. Ana Eliza
Vice Coordenadora Pro Tempore da Comisséo de Etica
Na utilizagao de animais

* De acordo com a Norma da FOUFU, baseado nas Normas de Vancouver. Abreviaturas dos
periddicos com conformidade com Medline (Pubmed).



