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RESUMO

Curi MM. Estudo histopatolégico e histomorfométrico dos tecidos
irradiados e tratamento da osteorradionecrose de mandibula e maxila
com cirurgia e oxigenaciao hiperbdrica adjuvante. Sdo Paulo; 2002.

[Tese de Doutorado — Fundag¢do Antonio Prudente].

O manejo de pacientes irradiados para tratamento de carcinoma de cabega e
pescogo representa um desafio para as equipes multidisciplinares, pois a
radioterapia resulta em lesdes celulares e vasculares nos tecidos.
Abordagem cirurgica nos tecidos irradiados apresenta um indice elevado de
complicagdes devido a presenga de um tecido hipocelular, hipovascular e
hipoxico. As alteragdes histomorfologicas do tecido irradiado sido os
principais aspectos que o cirurgido deve considerar no momento da
manipulagdo de pacientes apds a radioterapia. Informagdes a respeito da
recuperacgao dos tecidos, quando e caso ocorra este fato, s3o importantes no
planejamento do tratamento da osteorradionecrose e na propria prote¢dao dos
pacientes.

Objetivos. Este estudo tem como objetivos analisar a efetividade da
cirurgia associada a oxigenagdo hiperbarica adjuvante no tratamento da

ORN refrataria de mandibula e maxila, bem como avaliar as altera¢des



histopatolégicas e histomorfométricas da radiagdo no osso mandibular e na
mucosa bucal adjacente.

Material e Métodos. O presente estudo analisou 18 pacientes submetidos
ao tratamento de cirurgia e oxigenagdo hiperbarica adjuvante, os quais
mostraram-se refratarios ao tratamento conservador para
osteorradionecrose. Para a analise histopatologica utilizou-se 55 amostras
irradiadas de osso mandibular e mucosa bucal, resultantes de cirurgias de
resgate em pacientes portadores de carcinoma de boca previamente
irradiados, e de tratamento de osteorradionecrose de mandibula. Todas
amostras foram coradas com hematoxilina-eosina para avaliagdes
histopatoldgica e histomorfométrica. As analises histomorfométricas foram
realizadas através de um programa de computador conectado a um
microscopio. A avaliagdo das alteragdes vasculares foi feita por meio de
técnica de imunohistoquimica com anticorpos monoclonais especificos
(CD34) para células endoteliais. As lesdes teciduais da radiacdo foram
avaliadas de acordo com o intervalo apds o tratamento radioterapico.
Amostras ndo irradiadas de osso mandibular e mucosas bucais foram

utilizadas como controle.



Resultados. O tratamento de cirurgia associada a oxigenagdo hiperbarica
apresentou resposta satisfatéria (cura) em 14 pacientes, resposta parcial
(melhora dos sinais e sintomas) em 3 pacientes, € um paciente nao
apresentou nenhuma melhora. As andlises histomorfométricas revelaram
uma significativa redu¢do de celularidade (p = 0,007) e de densidade
vascular (p <0,001) nas amostras irradiadas quando comparadas com
amostras controle. Da mesma maneira, as amostras irradiadas também
apresentaram um aumento significativo de fibrose em compara¢do as
amostras controle (p <0,001).

Conclusio. Os resultados deste estudo mostram que a cirurgia associada a
oxigenagdo hiperbarica ¢é bastante efetiva no tratamento da
osteorradionecrose refrataria de mandibula e maxila. Os resultados
histopatoldgicos mostram que as lesdes teciduais da radia¢ao afetam tanto o
0sso mandibular como também o tecido mole adjacente. Estas alteracdes
foram observadas nas células, no tecido conjuntivo e no sistema vascular
dos tecidos irradiados. Todas amostras irradiadas mostraram reduzida
capacidade de recuperagdo tecidual apds a radioterapia. As alteracdes

teciduais da radiagdo parecem progressivas apos a radioterapia.



SUMMARY

Curi MM. Estudo histopatologico e histomorfométrico dos tecidos
irradiados e tratamento da osteorradionecrose de mandibula e maxila
com cirurgia e oxigenacdo hiperbarica adjuvante. [Management of
refractory osteoradionecrosis of the jaws with surgery and adjunctive
hyperbaric oxygen therapy. Histopathologic and histomorphometric
analysis of irradiation injury of bone and surrounding soft tissues of the
jaws]. Sao Paulo (BR); 2002. [Tese de Doutorado — Fundagdo Antdnio
Prudente].

Background. Management of irradiated head and neck cancer patients
remains a difficult and challenging problem. Radiotherapy leads to damage
of tissue cells and vasculature. Surgery in such compromised tissue has an
increased complication rate because development of hypovascular-
hypocellular-hypoxic tissue. These histomorphological changes in
irradiated bone are of major concern to oral and maxillofacial surgeons who
must consider how to manage patients after therapeutic radiation.
Information on whether or when the patient may recover from such changes
is also important for the schedule of treatment of osteoradionecrosis and
proper protection of the patient.

Objectives. This study aimed to determine the effectiveness of surgery and

hyperbaric oxygen treatment in the management of refractory



osteoradionecrosis of the jaws. This study was also undertaken to
histopathologically and histomorphometrically analyze the irradiation injury
of bone and the surrounding soft tissues of the jaws.

Material and Methods. Eighteen patients who had been previously treated
with conservative measures and failed to respond to this therapy, were
submitted to surgery and hyperbaric oxygen treatment. Fifty-five human
mandibular bone and soft tissues specimens obtained from surgical
procedures for treatment of osteoradionecrosis of the jaws or during head
and neck salvage surgery after radiotherapy were used in this study. All
specimens were stained with hematoxylin and eosin for histomorphometric
and histological evaluation. Histomorphometric analysis used a light
microscope connected to a microcomputer and a software. The study
analyzed also the expression of CD34 in all specimens by
immunohistological technique using paraffin-embedded tissue and specific
anti-human CD34 monoclonal antibody. Each histologic specimen was
assessed as a function of time since treatment with radiation to develop a
relative time course of radiation tissue injury. Normal human mandibular

bone and oral mucosa were used as control specimens.



Results. Among 18 patients who had undergone this treatment, 14 patients
had complete healing, 3 patients had improved and one patient did not show
any improvement. Histomorphometric analysis revealed a significant
hipocellularity in irradiated specimens compared to control specimens (p =
0.007). Similarly, the fibrosis increased significantly after irradiation
compared to control specimens (p <0.001). Loss of microvascular content
(hypovascularity) was significantly in irradiated specimens than control
specimens (p <0.001).

Conclusion. In conclusion, surgery and hyperbaric oxygen therapy showed
satisfactory results in the management of refractory osteoradionecrosis of
the jaws. Our histopathologic results concluded that radiation injuries
affects both the bone and the surrounding soft tissues. These radiation
effects were observed on the bone cells, on the connective tissue and, on the
fine vasculature in these tissues. All irradiated tissues showed reduced
spontaneous capacity of recovering with time. Radiation tissue injury seems

to be time progressive.



INDICE

L N T RO DI RO s s v A 35 S s SRR TR 553
LT R O T B Ch T T T O i o s oN e RS B8 3 0 S RN S S S
12 O eRat D FPEIDATICE oo ot tsrsamms s s toss s A b 7

1.2.1 Infornaches Gerais . unmnmnnismnasiivemsmisasnmmsnissimsan ]
1.2.2 Fatadbs e peniBiiting s s ms s sy Lo
1.2:3 Bstados eHiIcecomnmmamsmssnsmmsmsesiaasmmasnspoanaed 3
1.3 Efeitos Teoiduais da RAAIACRO wmiivivisorsavmssesssiiisasrsmussmsssasmsssmsmsisssmmms s Go
1.3: X INTORIAGHES GIEIGIS aivssvemmimisssmsnrssssssnsosssnssuisns saanssvisah s s s«
1.3.2 Efeitos da radiatio N0 teCido 08880 ..iwssssmsssinisississsissssvsioissssssssessrsss St
1.4 Metodologia e Analise hiStomorfomMEtriCa.......coovvevrieriiieviieeriirierieieriieeiene s 28

Artigo I — “Management of refractory osteoradionecrosis of the jaws with
surgery and adjunctive hyperbaric oxygen therapy”

Fod AT s v B T S s e e 35
3.2 INEPOAUCHION. ...t 36

3.3 Patients and MetROAS................c.cccocuviiviiiiiiniiiiiiieiaieeeee e 38

T AR OIHIT v e a3 S O SRRSOV 35 KR S SRS 39

Fi0 TABIEB ririn ot A e R SRR s A s S SRS AR AR 44
Artigo Il — “Histopathologic and histomorphometric analysis of irradiation

injury of bone and sofi tissue of the jaws”

B O R O v s T R e e T S T N T S s 51



3.2 INIPOAUCTION. ..ot 53
3.3 Matertal and MetROdS ...v.aososmasammnmsicsissasssisiss o s i 55
Tl R BEIITS cvosnai i o e o D e S B e B B e SO Lo 59
S EHROUTHIRN. o o e e e A s R AT AN SR 62
300 LGOS ...t 72
08 T TRIHVERR v o e o e A S S B UV 74

4, ' CONSIDERACORS FINAILS oo uumpmmwmmsmsmmis s B3

S.CONCLUSOES ...t es st s ees et ese s 89

6. REFERENCIAS BIBLIOGRAFICAS ......oooooeooeeoeeeeeeeeeeeoeeeee92



1. INTRODUCAO

1.1 Osteorradionecrose

A cirurgia combinada a radioterapia sdo modalidades terap€uticas bem
estabelecidas no tratamento dos tumores avangados de cabega e pescogo. Nas ultimas
décadas, a radioterapia tem apresentado avangos significativos, em razdo da melhor
adequacgdo de suas técnicas e da introdugdo de novos aparelhos no tratamento destes
tumores. Estes avangos das modalidades terapéuticas refletiram no aumento dos
indices de sobrevida dos pacientes com cancer de cabega e pesco¢o, mas nao
eliminaram a possibilidade de aparecimento de seqiielas.

Exceto a recorréncia tumoral, a complicag¢do bucal mais grave advinda do
tratamento radioterapico dos tumores de cabega e pesco¢o € a osteorradionecrose
(BEDWINICK et al. 1976; MORRISH et al. 1981; KLUTH et al. 1988; KOKA et al.
1990; THORN et al. 2000). Esta seqiiela ¢ caracterizada pelo defeito de cicatrizagao
induzida pelos efeitos teciduais da radiagao.

Osteorradionecrose ¢ uma seqiiela caracterizada clinicamente pela perda
da mucosa de revestimento e/ou do tecido cutaneo da regido da boca, com
conseqiiente exposi¢ao do tecido Osseo necrotico por um determinado periodo de
tempo (EPSTEIN et al. 1997). Esta exposi¢do dssea ¢ geralmente acompanhada de
outros sinais e sintomas, como por exemplo, drenagem de secre¢do purulenta por
fistulas orais e/ou cutaneas, trismo, algia, desconforto e dificuldades mastigatorias. O

diagnostico da osteorradionecrose ¢ baseado na historia médica pregressa do paciente,



associada aos aspectos clinicos ¢ radiograficos. O exame histologico € indicado nos
casos de duvida no diagnostico diferencial de recorréncias tumorais, metastases e
processos infecciosos cronicos (CURI et al. 2000).

Apesar dos avangos tecnologicos dos aparelhos de radioterapia e da
melhoria das técnicas cirdrgicas, a incidéncia de osteorradionecrose nao tem
diminuido nas tltimas décadas. Dependendo da institui¢do analisada, a incidéncia de
osteorradionecrose tem variado de 1% a 40% (BEDWINICK et al. 1976; MORRISH
et al. 1981; MARX 1983; EPSTEIN et al. 1987a ¢ b; CLAYMAN 1997; THORN et
al. 2000).

O comportamento clinico da osteorradionecrose ¢ variavel e dependente
de uma série de fatores, mas principalmente da quantidade total de dose recebida
pelos tecidos. Clinicamente, esta seqiiela pode apresentar quadros cronicos,
caracterizados por exposi¢des Osseas pequenas, estaveis e assintomaticas, ou por
quadros agudos, com exposi¢des Osseas extensas, progressivas € sintomaticos, que
muitas vezes evoluem com fratura patologica do osso afetado. Essa variagao de
comportamento clinico esta relacionada com as amplitudes das lesoes induzidas pela
radiag@o nos tecidos.

Apesar da patogénese da osteorradionecrose ndo ser completamente
compreendida, por muito tempo, a osteorradionecrose foi considerada uma
osteomielite do osso irradiado, resultante da triade de radiagdo, trauma e infeccdo.
Varios termos foram utilizados para osteorradionecrose naquela época, como por
exemplo, osteonecrose de radiacdo, osteite de radiagdo, osteodisplasia de radia¢do,

radio-necrose ¢ radio-mielite. Autores da época também discutiram a inadequada



terminologia para casos de necrose Ossea asséptica (“radio-osteonecrose™) e para
casos infectados seguidos de seqiiestragdo, denominados como radio-osteomielites
(PAPPAS 1969). Estes autores também sugeriam a separa¢do de duas condigdes
induzidas pela radiagdo com diferentes aspectos histologicos, clinicos e radiograficos.
A primeira condi¢do, denominada de radio-necrose, caracterizada pela perda da
vitalidade tecidual em razdo das alteragdes vasculares e celulares; a segunda condicao,
o osso irradiado exposto era complicado por infec¢@o (trauma-induzida) seguido da
seqiiestracdo, referido como radio-osteomielite. A partir da redefini¢do proposta por
MARX (1983), osteorradionecrose passou a ser caracterizada como uma deficiéncia
metabdlica da homeostasia dos tecidos, devido as lesdes vasculares e celulares
induzidas pela radiagdo.

Assim, a patogénese da osteorradionecrose passou a ser caracterizada
por uma seqiiéncia de radiagdo, formagdo de um tecido hipovascular-hipocelular-
hipdxico, com o conseqiiente rompimento da barreira protetora da mucosa bucal (de
maneira espontanea ou traumatica), resultando em um processo nao cicatrizante
(MARX 1983). Este mesmo autor também demonstrou que os microorganismos nao
apresentam um papel na patogénese da osteorradionecrose, mas apenas de
contaminacdo do tecido ésseo exposto. O papel de determinados microorganismos na
patogénese da osteorradionecrose ainda nao é bem conhecido, mas podem influenciar
na extensdo do tratamento, caso ndo diagnosticados e tratados (CURI et al. 2000).
Baseados nesses novos conceitos de patogénese da osteorradionecrose, seu tratamento
tem sido consideravelmente modificado nos ultimos anos (MAINOUS e HART 1975;

MARX 1983; EPSTEIN et al. 1987a; FATTORE e STRAUSS 1987, KOKA et al.



1990; MERKESTEYN et al. 1995; SHAHA et al. 1996; CURI e DIB 1997
NEOVIOUS et al. 1997; WONG et al. 1997; AITASALO et al. 1998; LONDON et al.
1998; HAO et al. 1999; CURI et al. 2000; MAIER et al. 2000).

Existe um debate na literatura a respeito da capacidade de cicatrizagao,
lenta ¢ progressiva, ou ndo da osteorradionecrose (BEUMER et al. 1983a; EPSTEIN
et al. 1987; CURI e DIB 1997; WONG et al. 1997). Varios fatores podem influenciar
na capacidade de cicatrizacdo ou ndo da osteorradionecrose, mas este aspecto parece
estar diretamente relacionado com a intensidade das lesdes teciduais da radiagdo. O
comportamento clinico da osteorradionecrose pode ser considerado a expressao
clinica destas alteragdes teciduais e, portanto, o conhecimento desta fisiopatologia ¢
importante para o direcionamento do seu tratamento.

O tratamento da osteorradionecrose ndo pode ser estabelecido com um
protocolo rigido para todos pacientes, mas avaliado individualmente em cada caso.
Atualmente ndo existe uma padronizagao universalmente aceita por todas as
instituicdes. Varios tipos de tratamento para osteorradionecrose de maxila e
mandibula sdo utilizados na literatura, variando entre manejos conservadores,
cirurgias e terapias adjuvantes (MAINOUS e HART 1975; MARX 1983; EPSTEIN et
al. 1987a; FATTORE e STRAUSS 1987; KOKA et al. 1990; GALLER et al. 1992;
GRANSTROM et al. 1992; MERKESTEYN et al 1995; SHAHA et al. 1996; CURI ¢
DIB 1997; NEOVIOUS et al. 1997; WONG et al. 1997; AITASALO et al. 1998;
LONDON et al. 1998; HAO et al. 1999; CURI et al. 2000; MAIER et al. 2000). As
terapias conservadoras, como sequestrectomia e decortica¢do, sdo indicadas para

casos cronicos de pequenas exposi¢des Osseas € que podem apresentar capacidade de



cicatrizagdo espontinea. A abordagem cirdrgica ¢ reservada para os casos agudos ¢
refratarios a terapia conservadora, e que ndo apresentam capacidade de cicatrizacio
sem uma intervengao cirurgica.

BEUMER et al. (1983a), reportaram que exposi¢des Osseas limitadas a
zona de gengiva inserida sdo particularmente responsivas ao tratamento conservador,
sem existir necessidade de cirurgia ¢ oxigenagdo hiperbarica. O tratamento
conservador apresentou resolu¢do (ndo exposi¢do Ossea e recobrimento por mucosa)
em 15 (75%) de 20 pacientes tratados conservadoramente. Apenas 3 (15%) pacientes
apresentaram evolu¢do insatisfatoria e necessitaram de tratamento cirlirgico associado
a oxigenacdo hiperbarica. Esses mesmos autores destacaram que nenhuma diferenga
foi observada na resposta ao tratamento conservador em relagdo a osteorradionecrose
trauma-induzidas e espontaneas.

BEUMER et al. (1983b), publicaram um outro estudo com 120
pacientes submetidos a exodontias pré-radioterapia, com o desenvolvimento de
osteorradionecrose em 17 (14,1%) desses pacientes. Treze pacientes foram tratados
com terapia conservadora, sendo que 11 pacientes responderam satisfatoriamente,
com a resolugdo completa da osteorradionecrose. Os autores concluiram nesse estudo,
que uma avalia¢do odontologica criteriosa e exodontias seletivas podem minimizar o
risco de osteorradionecrose.

WONG at al. (1997), apresentaram um estudo retrospectivo com 32
pacientes portadores de osteorradionecrose de mandibula, tratados de maneira
conservadora. Trés pacientes morreram antes da analise final do estudo. Dos 29

pacientes avaliados, 14 (48%) apresentaram resolucdo completa da



osteorradionecrose. Além disso, 19 (69%) dos 29 pacientes ndo necessitaram de
cirurgia e/ou oxigenagdo hiperbarica, devido a resolugdo e melhoria dos sinais e
sintomas da osteorradionecrose. Esses autores destacaram que 0s casos em que a
resolucdo nio foi obtida, o quadro permaneceu assintomatico e com a fungdo
preservada, o que seria aceitavel em pacientes com idade avangada ou aqueles que
desejassem evitar novas cirurgias.

CURI e DIB (1997), avaliaram retrospectivamente 104 pacientes
portadores de osteorradionecrose em mandibula e maxila tratados conservadoramente.
Os critérios de resolucdo da osteorradionecrose nesse estudo foram a nao identifica¢ao
de tecido dsseo necrdtico exposto ¢ o recobrimento por mucosa normal. Quarenta ¢
quatro (42,3%) casos obtiveram cura, 34 (32,6%) casos permaneceram estaveis e
assintomaticos, e 26 (25,1%) casos apresentaram quadro agudo e progressivo. Dez
pacientes evoluiram com fratura patologica de mandibula, entretanto, todos recusaram
cirurgias reconstrutoras apos a cura da osteorradionecrose.

Um sinal clinico-radiografico importante apontado na literatura para a
op¢do por uma terapia conservadora no manejo da osteorradionecrose, € a
identificacao da formacao de seqiiestro 6sseo (MARX 1983). Seqiiestro 6sseo ¢ uma
por¢do de osso, que se separa do leito dsseo remanescente durante o processo de
necrose, sendo indicativo de um processo de defesa do organismo através do
isolamento da édrea necrotica. A grande quantidade de osso necrético presente nos
quadros de osteorradionecrose impede que a repara¢do ocorra de maneira satisfatoria.
Portanto, pequenos procedimentos cirirgicos (sequestrectomias) facilitam a

epitelizacdo e cicatrizacdo da osteorradionecrose. Outra consideragdo importante



recompressido do paciente em camaras hiperbaricas ajuda a eliminagdo das bolhas
intravasculares, por meio da diminui¢io de suas dimensdes e a eliminagio natural pela
respiragao.

A radioterapia utilizada fregiientemente no tratamento dos tumores de
cabega e pescogo, resulta em danos celulares e vasculares reversiveis e/ou
irreversiveis aos tecidos irradiados. As lesdes da radioterapia obedecem uma
seqiiéncia patoldgica caracterizada pela radiagdo, que induz a formag@o de um tecido
hipoxico-hipocelular-hipovascular, que pode espontaneamente evoluir para necrose €
perder grande parte da sua capacidade de cicatrizacdo. Portanto, alteragdes de
cicatrizagdo sdo inerentes a todo tecido irradiado, em variado grau de intensidade em
cada caso.

Apesar de na@o existir um protocolo de tratamento para a
osteorradionecrose universalmente aceito em literatura, varios estudos experimentais e
clinicos téem demonstrado a eficacia da oxigenagdo hiperbarica na prevencdo e
tratamento da osteorradionecrose, como também nas reconstrugdes dos defeitos
osseos ¢ moles de tecidos irradiados (MARX 1984; MARX e JOHNSON 1987;
FATTORE e STRAUSS 1987; KING et al. 1989; EPSTEIN et al. 1997; NEOVUIS et
al. 1997; MAIER et al. 2000). Em 1975, MAINOUS e¢ HART foram os primeiros
autores a reportarem resultados satisfatorios da utilizacdo de oxigenagdo hiperbarica
no tratamento de 14 casos de osteorradionecroses refratarias de mandibula.

A terapia com oxigenagao hiperbarica tem a finalidade de aumentar a
tensdo de oxigénio nos tecidos, e com isto, promover ¢ aumentar a capacidade de

cicatrizacao do tecido hipoxico irradiado. O exato mecanismo desta a¢do ainda nado é



completamente conhecido, mas os niveis aumentados de oxigénio induzem a
angiogénese ¢ a fibroplasia no tecido hipocelular-hipovascular-hipoxico induzido pela
radiacao ( MARX e JOHNSON 1987).

Atualmente existem protocolos bem estabelecidos de tratamento de
osteorradionecrose com cirurgia e oxigenagdo hiperbarica adjuvante (FATTORE e
STRAUSS 1987; MERKESTEYN et al. 1995; NEOVIUS et al. 1997; AITASALO et
al. 1997; LAMBERT et al. 1997; CLAYMAN 1997; LONDON et al. 1998; HAO et
al. 1999; MAIER et al. 2000). Nestes protocolos, sdo varias as razdes da utilizacao da
oxigenagao hiperbarica. O principal motivo do seu uso ¢ promover a revascularizagdo
do tecido irradiado e/ou infectado e estimular as atividades fibroblasticas. Portanto, o
alvo principal ndo € o 0sso necrdtico, mas sim, o osso e tecido mole viaveis que nao
foram completamente comprometidos pela radiagdo. O tecido Osseo necrético
somente pode ser removido através de cirurgia, portanto, a utilizagdo de oxigenag¢do
hiperbarica deve ser feita de maneira adjuvante, com a finalidade de aumentar a
capacidade de cicatrizagdo do tecido irradiado, e prepara-lo para uma futura
reconstrucao.

A terapia de oxigenagdo hiperbarica € realizada com o paciente
respirando oxigénio a 100%, com pressdes elevadas ao redor de 2,0 — 3,0 pressoes
atmosféricas (equivalente a 15 - 20 mmHg), com dura¢do de 60 minutos cada sessao,
por meio de camaras "monoplace" (capacidade de tratar 1 pessoa) ou "multiplaces"
(capacidade de tratar varias pessoas simultaneamente). O oxigénio comporta-se como
uma droga, caso seja utilizado doses muito baixas, apresentara um resultado

terapéutico inadequado, e em altas doses, podera tornar-se toxico. No entanto, a
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utilizagdo do oxigénio em limites de doses bem conhecidos, torna o risco de
toxicidade pelo oxigénio bastante remoto (em torno de 1,3/10.000 sessoes) (MARX et
al. 1990).

O principal meio de difusdo do oxigénio para os tecidos ¢ atraves do
seu transporte pela hemoglobina presente nas hemaceas. Uma pequena fragdo de
oxigénio é transportado, dissolvido, no plasma sangiiineo. A saturag@o de oxigénio na
hemoglobina é quase completa (95% - 99%) na pressdo atmosférica normal, sendo
pequena a capacidade de aumentar a tensdo de oxigénio para os tecidos através do
transporte hemoglobina-dependente. Em contraste, a quantidade de oxigénio
dissolvido no plasma sangiiineo pode ser aumentado muitas vezes com o uso da
oxigenacdo hiperbarica. Outro ponto importante no tratamento com oxigenagao
hiperbarica é que, o aumento do oxigénio disponivel a nivel celular e dos tecidos
parece nao ser o estimulo para a indugdo da angiogénese propriamente dito. O
estimulo esta mais relacionado com a pressao atmosférica a qual o oxigénio ¢ entregue
nos tecidos (MARX et al. 1990).

O processo de reparo da osteorradionecrose, quando ocorre, ¢
totalmente dependente da quantidade de oxigénio disponivel nos tecidos. No entanto,
a quantidade de oxigénio e outros nutrientes metabdlicos necessarios no processo
reparacional ¢ insuficiente nos quadros de osteorradionecrose. A tensdo de oxigenio
nos tecidos irradiados varia entre 5 mmHg a 15 mmHg. Em condicdes de hipoxia
como da osteorradionecrose, os fibroblastos sdo capazes de sobreviver a este ambiente
mas incapazes de sintetizar e secretar colageno. A mesma dificuldade ¢ observada

pelos macrofagos dos tecidos, os quais s@o responsaveis pelo estimulo para o inicio da
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angiogénese. Durante o tratamento do tecido irradiado com oxigenagao hiperbarica, a
tensdo de oxigénio pode ser muito elevada e alcangar niveis entre 100 mmHg a 255
mmHg (LA VAN e HUNT 1990; MARX et al. 1990; ZHAO et al. 1994). Mesmo que
os niveis de oxigénio nos tecidos retornem aos niveis preexistentes apds cada sessao
da terapia, os fibroblastos sdo suficientemente estimulados a sintetizarem colageno, ¢
os macrofagos a secretarem fatores quimiotaticos para a angiogénese durante as
sessdes (MARX et al. 1990). Assim, apOs sucessivas sessdes de oxigenagdo
hiperbarica, é observado um aumento significativo na quantidade de c€lulas ¢ vasos
sangiiineos. Terminado a terapia com oxigenac¢do hiperbéarica, a neovascularizacdo
pode alcangar niveis de oxigénio em torno de 80% do tecido normal (ao redor de 35 a
40 mmHg) (MARX e JOHNSON 1987; MARX et al. 1990). Esta terapia geralmente
atinge sua estimula¢@o maxima apds 30 horas de exposi¢do ao ambiente hiperbarico.
A teoria atualmente aceita do efeito da oxigenagao hiperbarica nos
tecidos foi resumida por PLAFKI et al. (1998). Esta teoria ¢ baseada no aumento da
solubilidade do oxigénio dentro do sangue promovido pela prdpria pressio. A
respiragao de oxigénio 100%, a 2,4 ATA [ATA = Pressdo Atmosférica Absoluta, (1
ATA = 100kPa)] promove um aumento na pressao arterial de oxigénio em valores
aproximados de 1800 mmHg (equivalente a 237kPa). Outro ponto € que, a capacidade
de transporte da hemoglobina saturada é de aproximadamente 200 ml de oxigénio /
litro de sangue, enquanto que durante o tratamento com oxigenagao hiperbarica, este
transporte no sangue apresenta um acréscimo de 60 - 70 ml oxigénio / litro. Outro
aspecto interessante, € que a difusao do oxigénio ¢ alterada, de acordo com o aumento

do gradiente de concentragdo do capilar sangiiineo para as areas periféricas. Nas
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condi¢des de pressdes elevadas encontradas durante o tratamento com oxigenagao
hiperbérica, o gradiente de concentragido ¢ aumentado em aproximadamente 4 vezes
quando comparado com condi¢des normais de pressdo, permitindo oxigenagao

suficiente para areas de baixa densidade capilar.

1.2.1 Estudos experimentais de oxigenaciio hiperbarica

SHAW e BASSETT (1967), estudaram os efeitos de variadas
concentragdes de oxigénio na osteogénese in vitro. Baixas tensdes de oxigénio
afetaram negativamente a sintese de colageno, sendo observado em algumas culturas a
formagao de cartilagem. Niveis intermediarios de oxigénio resultaram na formacao de
tecido Osseo. Exposicdo excessiva a altas concentragdes de oxigénio, causaram a
destrui¢do da cultura do tecido. Este estudo ¢ freqiientemente citado como referéncia
dos efeitos da oxigenagdo hiperbarica, no entanto, os autores ndo utilizaram
oxigena¢do hiperbarica. Outros autores avaliaram a influéncia das concentragdes de
oxigénio nos osteoblastos in vitro. Baixas concentracdes de oxigénio favoreceram a
proliferacao de osteoblastos, enquanto que, altos niveis de oxigénio estimularam
sintese de macromoléculas (BRIGHTON et al. 1991; TUNCAY et al. 1994). Nenhum
destes autores utilizaram oxigenagdo hiperbarica em seus estudos. No entanto, em
razao da existéncia de hipoxia entre as sessoes de oxigenacao hiperbarica, os achados
destes autores ndo estao conflitantes com o tratamento de oxigenagao hiperbarica.

Varios estudos foram reportados sobre os efeitos da oxigenagao

hiperbarica no processo de cicatrizagdo de fraturas 6sseas em ratos (COULSON et al.
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foi submetido ao tratamento com oxigenagdo hiperbarica (2,4 ATA, 90 minutos /
sessdo, 5 dias / semana para um total de 20 sessdes). Todos animais foram
sacrificados apds o tratamento e analisados por histologia e micro-angiografia. Os
resultados mostraram um aumento significativo da densidade vascular nos animais
tratados com oxigena¢do hiperbarica em comparagdo aos animais tratados com
oxigénio normobarico ¢ ar atmosférico. Outro achado interessante foi que a resposta
tecidual foi menos evidente na medula dssea que nos tecidos moles dos animais.

SIDDIQUI et al. (1997), mediram a tensao de oxigénio tecidual antes,
durante e depois do tratamento com oxigenagdo hiperbarica, em um modelo
experimental em orelhas de coelhos. A média de pressdo parcial de oxigénio em
orelhas nado-isquémicas de coelhos foi de aproximadamente 50 mmHg (6,6 kPa) no
meio ambiente. A média de pressdo parcial de oxigénio em orelhas isquémicas de
coelhos foi de aproximadamente 20 mmHg (2,6 kPa). Durante o tratamento com
oxigenacao hiperbarica, a pressao parcial de oxigénio foi elevado at¢ 300 mmHg (40
kPa) em orelhas isquémicas de coelhos. Neste estudo todas as pressdes parciais de
oxigénio retornaram aos niveis normais registrados antes do tratamento com
oxigenag¢ao hiperbarica.

Baseado em estudos experimentais in vitro e in vivo , conclue-se que o
aumento da tensdo de oxigénio pela oxigenacdo hiperbarica resulta em efeitos
teciduais como: proliferagdo fibroblastica, aumento da formagdo de colageno,
angiogénese, aumento das atividades osteoblasticas e osteoclasticas, e aumento da
mineralizacdo e formacio do calo 6sseo (KETCHUM et al. 1970; HUNT e PAI 1972;

WILCOX e KOLODNY 1976; MAINOUS 1982).
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1966: YABLON ¢ CRUESS 1968; WRAY ¢ ROGERS 1968). Apesar da diferenca
dos modelos experimentais e dos protocolos de tratamento com oxigenagao
hiperbarica utilizado em cada um deles, foi observado uma melhora da cicatriza¢ao da
fratura, por meio da maior deposi¢do de calcio e o aumento da formagao do calo 0sseo
quando comparado com grupos controle.

NILSSON (1989) investigou os efeitos da oxigenagdo hiperbarica (2,8
ATA. 21 sessdes, 120 minutos / sessd0) no reparo 0sseo, utilizando camaras de titanio,
colocados em ossos longos de coelhos, apds a osteotomia destes ossos. Os resultados
mostraram que os efeitos da oxigenacao hiperbarica reduziram o trauma tecidual das
osteotomias e aceleraram o crescimento Osseo no interior da camara. Em contraste,
WINET (1996) reportou resultados inconclusivos dos efeitos da oxigenacdo
hiperbarica no reparo 6sseo, utilizando o mesmo modelo experimental com coelhos.
Os achados ndo apresentaram diferenga com significancia estatistica entre os grupos
controle e tratados com oxigenagdo hiperbarica, no que refere a osteogénese e
angiogénese, apesar de apresentar uma tendéncia de maior vascularizacdo. No entanto,
o tratamento com oxigenagdo hiperbarica foi realizado a uma pressao de 0,18 ATA,
pressao esta considerada mais baixa que a pressao do meio ambiente.

MARX et al. (1990), analisaram os efeitos da oxigenacao hiperbarica
na angiogenese de tecidos irradiados em um modelo de coelhos. Utilizando uma fonte
de radiacdo (Co 60), as mandibulas dos coelhos receberam 3,2 Gy em 2 fragoes /
semana, num total de 17 fracdes (equivalente 60 Gy, fracionado em 2 Gy, 5 dias /

semana, 30 doses). Apos seis meses do tratamento radioterapico, um grupo de animais
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1.2.2 Estudos clinicos de oxigenacio hiperbarica

A utilizagio de oxigena¢do hiperbarica para o tratamento da
osteorradionecrose foi introduzida, na década de 1970 por dois estudos clinicos
(GREENWOOD e GILCHRIST 1973; MAINOUS e HART 1975). Desde entdo,
varios autores reportaram os beneficios da oxigenagdo hiperbarica no tratamento e
prevengdo da osteorradionecrose (HART e MANIOUS 1976; FARMER et al. 1978;
MANSFIELD et al. 1981; MARX 1983; MARX et al. 1985; MARX e JOHNSON
1987; GRANSTROM et al. 1992: LARSEN 1997; AITASALO et al. 1998; LONDON
et al. 1998; MAIER et al 2000). A utilizagdo da terapia de oxigénio hiperbarico ¢
criticada por outros autores devido aos custos, inconveniéncia, e problemas
relacionados com claustrofobia. MCKENZIE et al. (1993), reportaram que 15% dos
pacientes portadores de osteorradionecrose de mandibula tratados com oxigena¢do
hiperbarica, ndo concluiram a terapia pelas razoes acima mencionadas. BARAK et al.
(1988) e MAXYMIW et al. (1991), também relataram que oxigenagao hiperbarica
seria uma terapia com grande consumo de tempo e de alto custo. EPSTEIN et al.
(1987a), publicaram que a utilizagdo de oxigena¢do hiperbarica na profilaxia de
exodontias pos-radioterapicas poderia ndo ter reais beneficio em relagao ao seu custo.

A razdo da utilizagdo da oxigena¢do hiperbarica no tratamento da
osteorradionecrose ¢ de alterar o quadro de hipoxia, hipocelularidade e
hipovascularizagao do tecido irradiado (MARX 1983). O protocolo de tratamento com

oxigenacao hiperbarica mais comumente utilizado foi proposto por MARX (1983),
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mas também outros protocolos menos agressivos foram propostos por AITASALO et
al. (1998). Atualmente os protocolos de tratamento de oxigenagao hiperbarica sdo
todos baseados em informa¢des empiricas. Na atual literatura, existe somente um
estudo prospectivo randomizado do efeito da oxigenagao hiperbarica no osso irradiado
(MARX et al. 1985). Neste estudo, o tratamento com oxigenac¢do hiperbarica foi
utilizado em pacientes irradiados com alto risco para exodontias, sendo observado
uma incidéncia de osteorradionecrose de 5.4%. quando comparado com uma
incidéncia de 29.9% em pacientes tratados com antibidticos e sem oxigenagdo
hiperbarica.

FARMER et al. (1978), publicaram um estudo piloto da efetividade do
tratamento combinado de cirurgia e oxigenag¢do hiperbarica (2,0 ppm; 120
minutos/sessdo; 40 -80 sessdes), em 13 pacientes portadores de osteorradionecrose
refratarias ao tratamento conservador. Sete casos apresentaram resolugdo completa no
periodo de 11 a 27 meses apos o tratamento, sendo que todos os casos remanescentes
em que ndo se observou cura, houve melhora clinica e radiografica em relag@o ao
quadro inicial.

DAVIDS et al. (1979), reportaram o manejo de complicagoes dos
tecidos irradiados em cabega e pescogo, em 23 casos de osteorradionecrose de
mandibula, tratados com cirurgia e oxigenacgdo hiperbarica adjuvante (2,4 ppm; 90
minutos/sessao; total 45 sessdes). Apos um periodo de 2 anos de seguimento, 19 casos
apresentaram cura da osteorradionecrose. Nesse mesmo trabalho e com o mesmo
protocolo de tratamento, os autores relataram o tratamento de necrose de tecidos

moles, com resposta satisfatoria em 15 dos 16 casos avaliados.
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MARX e JOHNSON (1987), estudaram os efeitos da oxigenagdo
hiperbarica nos tecidos irradiados através de analises histologicas ¢ de perfusao
tecidual. A andlise da perfusdo tecidual foi realizada com 112 pacientes irradiados
mas sem evidéncias de osteorradionecrose. Todos pacientes foram submetidos & uma
avaliagdo da tensdo de oxigénio na por¢dao mais central do campo de irradiagdo e
comparados com areas excluidas da regido irradiada. As alteragdes de tensdo de
oxigénio foram relacionadas com os intervalos de tempo apos a irradiagao. Intervalos
mais extensos apos a radioterapia, apresentaram um aumento proporcional de perda
vascular e, portanto, uma diminui¢do da perfusdo tecidual em relagdo ao tempo. O
estudo histopatologico de 64 pacientes submetidos a 72 Gy de irradiagdo para o
tratamento de tumores malignos de boca, revelou alteragdes teciduais que foram
correlacionadas com o tempo apds a radiagao. Seis processos histopatologicos foram
identificados nestas amostras. Em ordem cronologica de aparecimento em relagio ao
tempo apos a radiagdo foram hiperemia, endarterite, trombose, perda celular,
hipovascularizagio e fibrose. Em geral, hiperemia e endarterite foram efeitos teciduais
iniciais, observados logo apos a irradiagdo, que persistiram até os primeiros 6 meses.
Perda celular, hipovasculariza¢do e fibrose foram processos de ocorréncia mais tardia,
sendo um estagio final deste processo. Os pacientes (50 casos) submetidos aos estudos
de perfusdao tecidual e de analise histopatologica foram reavaliados pelas mesmas
metodologias apés o tratamento com oxigenacdo hiperbarica (20 sessoes, 2,4 ATA, 90
minutos / sess@o). Os resultados mostraram um aumento da tensdo de oxigénio nos

tecidos, resultado da melhor perfusao tecidual e da angiogénese. A analise
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histopatolégica revelou um menor ritmo de evolucdo da alteragdes teciduais e um
aumento dos vasos e fibroblastos (fibroplasia).

MARX e JOHNSON (1988), apresentaram uma nova revisao dos seus
estudos e mostraram que a oxigenag¢io hiperbarica nao afeta a perfusdo tecidual de
tecidos ndo-irradiados, portanto, indicativo que o tecido normal ndo sofre alteragdes
com esta terapia. A analise de perfusdo tecidual no centro das éreas irradiadas mostrou
3 fases distintas dos efeitos da oxigenac¢do hiperbarica. Na primeira fase (até a 82

sessdo), houve um aumento da tensdo de oxigénio tecidual em aproximadamente 30 %

em relacdo aos tecidos ndo-irradiados. Na segunda fase (entre a 82 e 234 sessdes), foi
observado um crescimento rapido da tensdo de oxigénio de até 82% dos valores
encontrados no tecido normal. Na terceira fase, os registros transcutaneos de oxigénio
estabilizaram-se na faixa de 85% em relagdo ao tecido normal. Os autores concluem
que a correcao do quadro de hipoxia tecidual e a eliminacdo dos ions de hidrogénio e
lactato, reduziriam o estimulo para angiogénese.

MERKESTEYN et al. (1995), publicaram um estudo clinico
retrospectivo, com 29 pacientes portadores de osteorradionecrose de mandibula,
tratados com cirurgia ¢ oxigenagao hiperbarica. A resolucdo completa da
osteorradionecrose ocorreu em 20 (69%) pacientes, sendo que em 31% dos casos a
cirurgia consistiu de ressecgao com defeito Osseo. Os autores concluem que o
tratamento combinado de cirurgia ¢ oxigenagdo hiperbarica apresenta resultados
satisfatorios, especialmente quando utilizados nas fases iniciais da doenca. o que pode

resultar em um numero limitado de pacientes submetidos a ressecgdo dssea.
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THORN et al. (1997), avaliaram a tensdo de oxigénio na mucosa bucal
de pacientes portadores de osteorradionecrose. Os resultados mostraram uma tensao
média de oxigénio de 40,5 mmHg (5,3 kPa) para o grupo controle ¢ uma tensao media
de oxigénio de 20,4 mmHg para pacientes com osteorradionecrose, previamente ao
tratamento com oxigenagdo hiperbarica. A tensdo de oxigénio na mucosa foi
gradualmente aumentada durante o tratamento com oxigenagdo hiperbarica. Apos 5
sessdes, a tensdo de oxigénio na mucosa atingiu aumentos significativos comparado
aos valores prévios a oxigenagdo hiperbarica. Os resultados finais, mostraram um
aumento significativo da média de tensdo de oxigénio na mucosa de 86% em relagdo
aos valores da mucosa normal.

NEOVIUS et al. (1997), reportaram um estudo retrospectivo em 15
pacientes de cabega e pescogco com complicagdes de cicatrizagdo em tecidos moles
irradiados. Todos pacientes foram irradiados (média de 64 Gy). Os 15 pacientes foram
tratados com oxigenag¢do hiperbarica (100% oxigénio; 2,5 ppm; 75 minutos/sessdo;
total de 30 sessdes) e comparados com um estudo prévio, sem o uso de oxigenagao
hiperbarica. No grupo tratado com oxigenacdo hiperbdrica, 12 dos 15 pacientes
evoluiram com cicatrizacdo completa, 2 casos com cicatrizacdo parcial ¢ 1 sem
nenhuma resposta. No grupo controle, apenas 7 dos 15 casos apresentaram sinais de
cicatrizagdo mas todos através de intervengdes cirurgicas, sendo que 2 casos tiveram
hemorragias pos-operatorias, uma delas fatal.

Uma grande variedade de fatores pode influenciar o processo
cicatricial, e a tensdo de oxigénio ¢ um destes fatores. Varios autores revisaram os

efeitos do oxigénio nos processos cicatriciais (WALDORF ¢ FEWKES 1995; LA
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VAN e HUNT 1990; KINDWALL et al. 1991; TOMPACH et al. 1997). Os efeitos do
tratamento com oxigenagio hiperbarica nas complicag¢des cicatriciais de cirurgia em
tecidos irradiados foi apresentada por NEOVIUS et al. (1997). Neste estudo, os
autores compararam a cicatrizagdo cirtirgica nos tecidos moles irradiados de cabega e
pescogo, quando manipulados com ou sem oxigenagdo hiperbarica. Os autores
concluiram que a cicatrizagdo foi acelerada pela oxigena¢do hiperbarica e
confirmaram achados de estudos prévios (GREENWOOD e GILCHRIST 1973).

LONDON et al. (1998), revisaram 16 pacientes com osteorradionecrose
e 5 pacientes com condroradionecrose, tratados com cirurgia e oxigenagao
hiperbarica, baseando-se no protocolo proposto por MARX ¢ JOHNSON (1987). As
médias das doses totais de radiagdo dos pacientes com osteorradionecrose era de 63
Gy e com condroradionecrose era de 68 Gy. Quinze dos 16 pacientes com
osteorradionecrose apresentaram cura da doenga. Trés de 4 pacientes que
apresentavam fraturas patoldgicas prévias ao tratamento, evoluiram com unido Ossea
apos a oxigenagao hiperbarica.

HAO et al. (1999), avaliaram prospectivamente 33 casos de
osteorradionecrose dos ossos da face, cranio ¢ pescogo, tratados com cirurgia e
oxigenacdo hiperbarica. Sete pacientes apresentaram recorréncia tumoral local e
foram erroneamente diagnosticados como quadros de osteorradionecrose. Dos 26
casos de osteorradionecroses remanescentes, 22 foram tratados com limitadas
sequestrectomias ¢ 4 casos com sequestrectomias radicais, seguidas de reconstrug¢ao
com retalhos vascularizados. Essa abordagem sistematica controlou a

osteorradionecrose em 77% dos casos.
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Estudos clinicos tém confirmado os conceitos experimentais de
revascularizacdo dos tecidos irradiados. O proprio MARX (1983, 1984) desenvolveu
um protocolo de tratamento para osteorradionecrose de mandibula e maxila, que
consistia em selecionar os pacientes com capacidade de responder a cirurgias menos
agressivas e, portanto, com menor necessidade do uso de oxigenacao hiperbarica. Em
331 pacientes portadores de osteorradionecrose de mandibula tratados com esse
protocolo, a osteorradionecrose foi resolvida em 69% dos casos em fases avangadas.
O tratamento consistia de 40 sessdes de oxigenagdo hiperbarica associada a ressecgdes
mandibulares. Somente em 13% dos casos, a osteorradionecrose foi resolvida em
fases iniciais do protocolo, que consistia do uso exclusivo de oxigenacao hiperbarica.
Esse autor conclui que a associa¢do de cirurgia e oxigena¢do hiperbarica pode ser
necessaria para o controle da osteorradionecrose.

A revisdo de literatura mostra que o tratamento de pacientes irradiados
com oxigenag¢do hiperbarica adjuvante ¢ baseada em estudos realizados em osso ¢
tecidos moles. Apesar de varias instituigdes reportarem os beneficios clinicos da
oxigenagdo hiperbdrica em pacientes irradiados, existe uma quantidade menor de
estudos, demonstrando os seus efeitos em ossos irradiados. No entanto, estes nimeros

limitados de estudos relatam seus beneficios no reparo ésseo do osso irradiado.
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1.3 Efeitos Teciduais da Radiacio

1.3.1 Informacoes Gerais

Os efeitos teciduais da radiagdo ionizante representam a soma das lesdes
celulares no tecido, assim como, as lesdes celulares refletem os efeitos cumulativos da
radiacdo nas suas moléculas. A manutengo e a integridade tecidual sdo dependentes,
ndo apenas da viabilidade celular, mas também da sua capacidade de manutengdo do
parénquima celular e do estroma ao seu redor. Portanto, lesdes celulares e teciduais da
radiagio existem em todos tecidos irradiados, em variados graus de intensidade,
podendo levar a inviabilizagao parcial e¢/ou total do tecido.

Sabemos que o ciclo celular é dividido em 4 fases. A fase de mitose pode
ser considerada como o inicio do ciclo. A fase seguinte é a G1 [Gap 1: periodo entre a
mitose e a fase de Sintese (S)], quando a célula apresenta atividades metabdlicas para
qual esta ¢ especializada. Caso a célula seja destinada a divisao, esta entra na fase S,
periodo o qual o DNA serd sintetizado até o momento da sua duplicagdo. Apds a fase
S, a célula passa para a fase G2 (Gap 2: periodo entre S e o inicio da mitose), que €
uma fase de curta preparag@o para sua divisao. Finalmente, a célula entra novamente
na fase de Mitose, onde duas novas células filhas sdo criadas. O periodo entre mitoses
(G1, S, G2) é denominado de interfase. A sensibilidade celular a radiagdao é maior
durante G2, fase final de G1, comecgo de S e na mitose. Uma maior resisténcia celular

¢ observada durante inicio de G1 e fim da fase S (MARX ¢ JOHNSON 1987).
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A radia¢do pode acarretar em morte celular de dois tipos: interfasica e
reprodutiva. A morte interfasica nao esta restrita a células proliferativas. A morte
reprodutiva é resultado de lesdes celulares, que ocasionam falha € morte na mitose. A
morte reprodutiva pode acontecer imediatamente apos a mitose ou OCOITEr anos apos
esta fase. Algumas células ainda sdo capazes de completar um nimero de divisoes
celulares apdés a radiagdo, enquanto outras permanecem viaveis porém, sem
capacidade funcional e proliferativa. Em geral, quanto maior o potencial de
proliferagdo celular, maior sera sua sensibilidade a radiagio (MARX ¢ JOHNSON
1987).

Os principais tecidos relacionados com o risco de desenvolvimento de
radionecrose através da manipulagdo do paciente irradiado sdo o 0sso, peridsteo,
tecido conjuntivo da mucosa e/ou pele, e o endotélio vascular. Estes tecidos
apresentam uma radiosensibilidade intermedidaria, que varia entre c¢lulas de rapida
divisdo, como células epiteliais de mucosa e células de medula, e células que ndo
apresentam divisdo, como as nervosas e musculares. A radiosensibilidade
intermediaria destes tecidos sao responsaveis pela determinagao da expressao clinica e
o desenvolvimento dos efeitos colaterais provenientes da radiacao. Células que se
dividem regularmente sido bastante sensiveis a radiacdo e apresentam uma morte
reprodutiva imediatamente apos a radioterapia. Clinicamente, este fato ¢ notado nos
quadros de mucosite e radiodermite, em razao da alta radiosensibilidade do epitélio da
mucosa ¢/ou da pele (MARX e JOHNSON 1987).

No entanto, a patogénese da radiagdo nestes tecidos intermediarios ¢

ligeiramente diferente, em fun¢do das suas células apresentarem um ciclo de divisao
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celular menor. Portanto, a expressdo das lesdes da radiagdo em fung¢do da morte
reprodutiva nos tecidos, requer periodos mais longos e doses de radia¢do mais altas.
Por outro lado, as alteracdes teciduais resultante de mortes interfasicas sdo bem
freqiientes mas podem ndo ser expressas anos depois da radioterapia. Conclui-se que,
em razdo da resisténcia intermediaria dos tecidos conjuntivos, o risco € 0
desenvolvimento da osteorradionecrose ocorre de maneira lenta e progressiva, estando
relacionada com altera¢des estruturais e funcionais do tecido microvascular de suporte

(MARX e JOHNSON 1987).

1.3.1 Estudos experimentais dos efeitos da radiacao

DARE et al. (1997), reportaram os efeitos da radiacdo na proliferagao
de diferentes osteoblastos. Dois tipos celulares foram usados; osteoblastos clonais e
osteoblastos isolados da calvaria de ratos recém-nascidos. Nenhuma alteracdo foi
observada em baixas doses de radiacdao (4 Gy) nos diferentes tipos celulares. Altas
doses de radiacdo inibiram a formacdo oOssea em células irradiadas da calvaria e
aumentaram as atividades das células clonais quando comparadas com cultura de
controle. Os resultados opostos sugerem que os efeitos de alta dose de radiacao difere
entre os tipos de células da linhagem osteoblastica.

Os efeitos da radiagdo foram relacionados com a indugdo na
diferenciac@do prematura dos fibroblastos, resultando no aumento da sintese de
colageno intersticial (RODEMANN e BAMBERG 1995). A resposta celular as lesdes

da radiacao ¢ um processo complexo e ainda ndo completamente conhecido, que
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envolve sistemas multi-celulares que se interagem através de citocinas especificas.
RODEMANN e BAMBERG (1995), revisaram as bases celulares da fibrose induzida
pela radiagdo.

EWING (1926), estudou ossos humanos irradiados, relatando as
dificuldades de interpretagio do significado das alteragdes do osso apos a radioterapia.
Altas doses de radia¢io produziram alteragdes na composi¢do e estrutura do 0sso
lamelar, caracterizado pelo aumento da sua fragilidade e tendéncia a fratura
espontinea. Apos a radiagdo, o osso apresentava uma sensivel diminuicdo de
circulacdo sangiiinea e os vasos do periosteo apresentavam-se esclerosados. Este autor
sugeriu que necrose da radiagdo era o resultado das lesdes aos vasos sangiiineos do
Sistema Haversiano, periosteo e tecidos adjacentes.

GOWGIEL (1960), investigou osteorradionecrose de mandibula e
maxila, em macacos submetidos as diferentes doses de radiagao (45 a 110 Gy). A
correlagao entre doses de radiagao e o tempo apos a radioterapia, mostrou que doses
mais altas desenvolveram quadros recentes ¢ mais severos de necrose. A incidéncia de
osteorradionecrose foi maior em mandibula que na maxila, provavelmente em razdo
das diferengas anatomicas das estruturas 0sseas e de seus suportes sangiiineos. O autor
conclui que a osteorradionecrose parece ser o resultado do efeito direto da radiagdo
nos osteocitos e no sistema vascular.

RISSANEN et al. (1969), estudaram os efeitos da radiagdo em doses
unicas de 5, 10 e 40 Gy, nos ossos de cachorros. Apos a completa radia¢do, 0s 0ssos

encontravam-se completamente acelulares. Apds dois meses, 0 0SSO €sSponjoso
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apresentava alteragdes degenerativas, um aumento de tecido gorduroso e vasos
sangiiineos com intensa trombose.

ROHRER et al. (1979), apresentaram um estudo histologico dos efeitos
da radia¢io em mandibula de macacos. Neste estudo, os animais receberam uma dose
45 Gy (10 fragdes / 12 dias) e foram feitas observagdes num periodo de 1 semana a 6
meses apos a radiagdo. Os achados histopatologicos revelaram hipocelularidade e
hipovasculariza¢do do periosteo, e alteragdes acentuadas no osso medular como,
fibrose e endarterite obliterante dos vasos sangiiineos.

KING et al. (1979), reportaram um modelo experimental com tibias
irradiadas de coelhos (17,5 Gy dose unica). Neste estudo foi realizado uma avaliagdo
histologica dos eféitos teciduais da radiacao em diferentes periodos (1, 3, 6 e 12
meses). As avaliagdes iniciais (até 3 meses), mostraram um predominio de reabsor¢do
sobre a formagio dssea e uma congestdo dos vasos sangiiineos. Em periodos mais
tardios (apos 1 ano), houve uma significativa depressdo vascular e do processo de
remodelaga@o oOssea.

JACOBSSON et al. (1987), investigaram a viabilidade dos ostedcitos
apos a irradiacdo, com técnicas de histoquimica. Doses unicas de 15, 25, e 40 Gy
(Co™) foram aplicadas na tibia de coelhos e avaliadas em periodos de 11 a 22 semanas
apos a irradiagdo. Os autores nao identificaram morte celular e concluiram a relativa
radio-resisténcia dos ostedcitos.

MAEDA et al. (1988), analisaram biomecanicamente e
histomorfometricamente os efeitos da radiacao no osso cortical de ratos. Dose de 35

Gy foi aplicada na parte central da coxa dos ratos, através de acelerador linear (4
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MeV). Os ratos foram avaliados 2, 6, 10, 14, 18 semanas apos a irradiac@o. Os
achados histologicos no fim deste periodo (18 semanas), revelaram uma baixa
atividade celular na regido medular do osso e um aumento significativo da quantidade
de gordura. Em contraste, o peridsteo recuperou as atividades de neoformagéo oOssea.

SUGIMOTO et al. (1991), estudaram os efeitos da irradiacao de altas
doses em osso cortical de coelhos, com doses tinicas de 50 Gy (14 MeV), em periodos
de 4, 12, 24 e 52 semanas ap0s a irradiagdo. A fragilidade dssea foi o primeiro sinal
observado apds 12 semanas da irradiagdo, devido ao aumento significativo da
porosidade Ossea intra-cortical que progrediu ao seu maximo na 24" semana. A neo-
formaga@o dssea foi significativamente suprimida durante as 24 semanas inicias, sendo
que apds 52 semanas houve ligeira recuperagao da capacidade de formagado 6ssea. Os
ostedcitos ndo apresentaram alteragdes e permaneceram intactos.

Desta revisao pode-se concluir que a irradiac¢ao afeta os 0ssos e tecidos
moles adjacentes. Discute-se na literatura se os efeitos da irradiagdo ocorrem
principalmente nas células ou no sistema vascular dos tecidos. No entanto, hoje €
consenso entre os autores que ambos mecanismos s3o de vital importancia nas lesoes
teciduais da radiagdo. Ha uma grande variedade de modelos de estudos experimentais
sobre os efeitos da radiagio e os resultados sdo dependentes de varios parametros. No
entanto, a maior parte dos estudos apontam uma influéncia negativa da radia¢do no

processo de reparo dos tecidos.
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1.4 Metodologia e Analise Histomorfométrica

Existe um grande numero de métodos experimentais e clinicos
utilizados para a avaliagdo das lesdes teciduais da radia¢do nos tecidos irradiados na
literatura e a sua revisdo completa nao ¢ objetivo na presente tese.

Os métodos de avaliagdes mais freqlientes combinam observacdes
histologicas convencionais € microscopia Optica. Ha uma dificuldade na avaliacdo dos
efeitos teciduais da radiagdo em espécimens humanos, obtidos de cirurgias realizadas
em intervalos pequenos apds a irradia¢do. Este fato deve-se da dificuldade de
interpretacdo de altera¢des teciduais, como por exemplo, hiperemia ¢ trombose,
resultantes do trauma cirurgico e/ou da propria alteracdo da radiagdo. No caso
especifico de trombose, os trombos fibrosos sdo indicativos de um fendomeno mais
antigo e muito provavelmente relacionado com efeito da radiagdo. Outro aspecto
observado na interpretagdo dos quadros de trombose, ¢ o fato de estar associada ou
ndo a hemorragias no tecido (aspecto indicativo de trauma cirurgico) (MARX e
JOHNSON 1987).

Outros aspectos histologicos podem apresentar dificuldades de
interpretagdo, como por exemplo, o fato da identificacdo de lacunas de ostedcitos
serem interpretadas como um sinal de inviabilidade do osso apds a irradiagio (KING
et al. 1979: MAEDA et al. 1988). No entanto, KENZORA et al. (1978) reportaram
resultados falso-negativos a respeito da interpretacdo de lacunas de ostedcitos, em
razao dos nucleos destas células permanecerem visiveis semanas apos a interrupgao da

sintese de RNA.



29

Na presente tese, realizamos observacdes histologicas qualitativas e
quantitativas. A analise histomorfométrica de variaveis, como celularidade e fibrose,
utilizou um programa (IMAGELAB, Sao Paulo, Brasil) de computador, conectado a
um microscopio optico. Este € um método quantitativo, que baseia-se na diferencia¢ao
dos aspectos de coloracao da area histologica analisada. Este método tem sido
utilizado em trabalhos anteriores na analise de marcadores de proliferacdo celular em
tumores benignos e malignos da boca (ROSA et al. 1997; MESQUITA et al. 1998;

SAMPAIO et al. 1999; COSTA et al. 1999; PAULA et al. 2000).
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Objetivos

Os objetivos deste trabalho sdo:

2.1 Avaliar a eficacia do tratamento da osteorradionecrose refrataria de mandibula

¢ maxila, através de cirurgia e oxigenag¢ao hiperbarica adjuvante;

2.2 Avaliar os efeitos teciduais induzidos pela radiagao no osso mandibular e
tecido mole adjacente, correlacionando estas lesdes com o intervalo apds a

radioterapia, visando sugerir diregdes clinicas para o manejo de pacientes irradiados.
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ABSTRACT

This retrospective study aimed to determine the effectiveness of surgery
and hyperbaric oxygen (HBO) treatment in the management of refractory
osteoradionecrosis (ORN) of the jaws. Of 18 patients who had undergone this treatment,
14 patients had complete healing, 3 patients had improved and one patient did not show
any improvement. Of the 14 patients who had complete healing, only 4 still had a
discontinuity defect of the mandible but they declined additional reconstructive surgery.
In conclusion, surgery/HBO therapy showed satisfactory results in the management of

refractory ORN of the jaws.
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INTRODUCTION

The combination of surgery and radiation is the standard treatment for
oral squamous cell carcinoma. Long-term effects of radiotherapy, however, are well
known and osteoradionecrosis (ORN) is one of the most serious late complications
(BEDWINEK et al. 1976; MURRAY et al. 1980; MORRISH et al. 1981;
SCHWEIRGER 1987; KLUTH et al. 1988; KOKA et al. 1990) Radiation injuries
include hard and soft tissues because of damage to tissue cells and the vascular system.
These changes are progressive and may result in gradual devitalization of bone tissue,
which may lead to bone and/or soft tissue necrosis in a small percentage of patients
(MARX 1983; EPTEIN et al. 1987a e b).

The pathogenesis of ORN is still not completely understood, but
according to Marx’s concept this disease should be considered a nonhealing wound
resulting from metabolic and tissue homeostatic disturbances. ORN is the result of
hypoxic, hypovascular, and hypocellular tissue, followed by tissue breakdown leading to
a nonhealing wound (MARX 1983). Healing may exist in such compromised tissue but
takes place very slowly, requiring months or even years; however, it may still lead to
repair in the end (WONG et al.1997).

There is no universally accepted treatment for ORN of the jaws. The
management of ORN remains controversial, both radical and conservative treatment
have been reported (MANIOUS ¢ HART 1976 MURRAY et al. 1980; MARX e

JOHNSON 1987; EPSTEIN et al. 1987b; FATTORE e STRAUSS 1987; KING et al.
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1989: NEOVIUS et al. 1997; WONG et al. 1997; EPSTEIN et al. 1997). Conservative
treatments, which consist of systemic antibiotics, rinsing with topical antiseptics and also
removal of small sequestrums, seem ineffective in controlling acute and progressive
ORN and are only indicated when small necrotic bone areas are involved (EPSTEIN et
al. 1987b; MURRAY et al. 1980; WONG et al. 1997). Radical surgery is indicated in
cases where conservative approaches are not successful and in symptomatic and rapidly
progressive lesions. In recent years, treatment of ORN has focused on revascularization
of irradiated tissues (MANIOUS e HART 1975, 1976; MARX 1984; MARX e
JOHNSON 1987; EPSTEIN et al. 1987b; KING et al. 1989; NEOVIUS et al. 1997,
EPSTEIN et al. 1997; MAIER et al. 2000). Hyperbaric oxygen therapy (HBO) has the
capacity to increase the tissue oxygen tension levels and, thus, enhances wound healing
in heavily irradiated tissues. Surgery in combination with HBO is denoted as being
impractical by some authors because of costs and the time factor (EPSTEIN et al. 1987a;
WONG et al. 1997). An important consideration in the treatment of ORN is the role of
microorganisms that are not the causative factor, but they complicate the process and the
extent of treatment (HAPPONEN et al. 1983). The general condition of the host, severity
and location of the disease and availability of certain techniques such as HBO and
microvascular free flaps are all factors that play an important role in the proper
management of ORN.

In this study, we report on the treatment of ORN of the jaws using
surgery and adjunctive HBO in 18 patients who failed to respond to conservative
treatment, including antimicrobial therapy, rinsing with antiseptics and selective removal

of small sequestrums.
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MATERIAL AND METHODS

The medical records of 18 patients with ORN of the jaws who received
HBO in combination with surgery at the Stomatology Department, Hospital do Cancer —
A. C. Camargo, Sdo Paulo, Brazil, were reviewed. Only patients with a history of ORN
with a duration of at least 3 months and a follow-up of at least 1 year were included in
this study. The diagnosis of ORN was based on clinical and radiographic findings and
the patient’s history.

The primary tumor site, tumor stage and treatment given to the patients
are shown in Tables 1 and 2. The time from radiotherapy until the onset of ORN varied
from 3 months to 14.5 years with a mean of 27.9 months (Table 3). The factors believed
to have caused ORN are shown in Table 4.

Radiotherapy consisted of external beam radiation and megavoltage
delivery (linear accelerator 4 MeV) in all cases. Seven patients received preoperative
radiotherapy and 11 patients received postoperative radiation. The total radiation dose
ranged from 5.0 Gy to 7.2 Gy with a mean dose of 6.2 Gy. The dose rate/day varied from
0.12 Gy to 0.2 Gy with a mean 0.18 Gy.

All patients had been previously treated with conservative measures for a
mean period of 15.4 months and had failed to respond to this therapy. This conservative
treatment consisted of systemic antimicrobial therapy (clindamycin 300 mg orally four
times a day) in acute infectious episodes, local debridement of the wound and rinsing

with antiseptic solutions (digluconate chlorexidine 0.12%) and selective removal of
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small sequestrums when present. All sequestrectomies were carried out on na outpatient
basis. The necrotic bone was removed by curetting and/or burring it out until normal
bleeding bone appeared. If the patient did not respond and the ORN persisted, then
radical surgery was carried out. This procedure aimed to eradicate the full extent of the
disease by resecting all necrotic tissue, which usually resulted in a bone defect. Resection
was carried out under general anesthesia through an extraoral or intraoral approach. All
affected bone was removed by a Stryker drill under cooling with 0.9% NaCl solution.
HBO was given in a Sechrist monoplace chamber at 2.4 ATA
(atmosphere absolute), with the patient breathing 100% oxygen for 120 minutes per dive.
During this period, the first 10 minutes were used for successive compression up to 2.4
ATA. The pressure was then kept constant for 90 minutes and decompression lasted 20
minutes. The chamber temperature was kept at +23°C by water cooling system. The
HBO treatment was performed once daily and a total of 30 consecutive dives were given
in patients who were submitted to sequestrectomy (7 cases). A different protocol was
used for patients submitted to radical resection (11 cases), that included HBO once daily,

with a total of 20 dives preoperatively and 10 dives postoperatively.

RESULTS

Between 1992 and 1997, 18 patients (14 men and 4 women) were
submitted to surgery and adjunctive HBO therapy for treatment of ORN of the jaws
(Table 5). The age of the patients varied from 40 to 77 years with a mean age of 55,6

years. Seventeen patients were Caucasian and one was Japanese. ORN was located in the
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mandible in 16 cases and in the maxilla in 2 cases. Of the 18 patients, 2 cases had no
obvious causative reason whereas 16 cases were induced by trauma.

Current follow-up of the patients ranges from 12 to 68 months with a
mean of 24.8 months. After surgery/HBO therapy, 14 patients had complete healing, 3
patients had improved and one patient did not show any improvement. Of the 14 patients
who had complete recovery, only four still had a discontinuity defect of the mandible but

they declined additional reconstructive surgery.

DISCUSSION

ORN is still a serious complication resulting from radiotherapy and its
incidence has not decreased in the last years (BEDWINEK et al. 1976; MURRAY et al.
1980; MORRISH et al. 1981; MARX 1983; EPSTEIN et al. 1987a eb; SCHWEIRGER
1987; KLUTH et al. 1988; KOKA et al. 1990; GALLER et al. 1992). Because ORN may
be considered a nonhealing wound resulting from metabolic and tissue homeostatic
disturbances, it responds to different forms of treatment. Some authors have preferred
conservative treatment to control small necrotic areas, but this therapy may be
insufficient in refractory and acute ORN ( EPSTEIN et al. 1987b; WONG et al. 1997).
The rational for the use of HBO in association with surgery in irradiated tissue is to
increase the blood-to-tissue oxygen tension, which enhances the diffusion of oxygen into
the tissues. This revascularizes the irradiated tissue and improves the fibroblastic cellular
density, thus limiting the amount of nonviable tissue to be surgically removed (MARX

1984; MARX e JOHNSON 1987). Treatment of ORN should aim at local debridement
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of the wound, removal of nonviable tissue, antimicrobial therapy and revascularization of
the tissues (MANIOUS e HART 1975, 1976; MARX 1984; MARX e JOHNSON 1987:
EPSTEIN et al. 1987b; KING et al. 1989; NEOVIUS et al. 1997; EPSTEIN et al. 1997;
MAIER et al. 2000).

In 1973, GREENWOOD e GILCHRIST reported for the first time the
benefits of HBO on wound healing in postradiation patients. Since then, several authors
have reported the beneficial effects of HBO in the management of ORN of the jaws. In
1975, MAINOUS e HART, treated 14 cases of refractory osteoradionecrosis of the
mandible with HBO and hemimandibulectomy, with complete resolution of all cases. In
1981, MANSFIELD et al. treated 12 patients with refractory ORN of the mandible with
HBO therapy, resulting in complete healing in 11 cases.

The benefits of revascularization of irradiated tissues have been shown in
many clinical and experimental studies (MARX 1984; MANIOUS e HART 1975, 1976:
MARX e JOHNSON 1987; FATTORE et al. 1987; KING et al. 1989; NEOVIUS et al.
1997; EPSTEIN et al. 1997; MAIER et al. 2000). MARX (1984) treated successfully 58
cases of refractory ORN and developed a staging protocol for its treatment, considering
the clinical aspects and the possibilities of hard / soft tissue reconstruction. MCKENZIE
et al. (1993) published treatment with HBO of postradiation ORN of the mandible in 26
patients and concluded that resolution occurred in 69% (18 of 26) patients, improvement
occurred in 12% (3 of 26) but 19% (5 of 26) of the patients did not show any
improvement. MERKESTEYN et al. (1993) reported a combination of surgical
debridement, antimicrobial therapy and HBO in 27 patients and concluded that 20 (69%)

had completely healed after this treatment. EPSTEIN et al. (1997) reported the results of
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a long-term follow-up study with the same group of patients previously published by
MCKENZIE et al. (1993). Of the 20 patients followed, 12 had completely healed,
improvement had occurred in two patients and five of the patients still had chronic
persistent ORN. NEOVIUS et al. (1997) reported results on treatment with HBO after
surgery in the irradiated head and neck in 15 consecutive patients and compared them
with a group of patients treated without HBO. The authors concluded that 12 out of 15
patients treated with HBO had healed completely and that only seven of 15 patients with
similar signs of ORN had healed after therapy without HBO.

In this study, complete healing was achieved in 14 of the 18 patients. This
result is in agreement with other studies which shows the benefits of surgical / HBO
treatment in ORN of the jaws (MANIOUS e HART 1975, 1976; MARX 1984; MARX e
JOHNSON 1987; FATTORE et al. 1987; KING et al. 1989; NEOVIUS et al. 1997,
EPSTEIN et al. 1997; MAIER et al. 2000). Although the benefits of adjunctive HBO
therapy in irradiated tissues have been demonstrated in a series of reports, some authors
do not agree with the use of HBO for treatment of ORN (EPSTEIN et al. 1987b; WONG
et al. 1997). WONG et al. (1997), in a retrospective study of 28 patients with mandibular
ORN managed by conservative measures only, showed that 14 patients had complete
healing. A previous study (CURI e DIB 1997), in which 104 patients with ORN were
treated with conservative approaches (local debridement / gentle sequestrum removal),
supports this statement, because it resulted in healing of 42.3% of patients.

Serious complications resulting from HBO therapy are extremely rare,
but toxic effects of oxygen may be observed in the central nervous system, eye, liver and

tracheobronchial tree. Optic neuritis, active viral infection, malignant disease and forms
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of chronic pulmonary disease have been pointed as contraindications to HBO therapy
(FATTORE e STRAUSS 1987). In the current study, no signs of oxygen toxicity were
observed in the patients under treatment.

Osteoradionecrosis of the jaws produces considerable morbidity and its
management is still a matter of debate. The results of both a conservative approach and
surgery / HBO treatment are well documented. Our results in 18 patients suggest that, in
advanced conditions, the results of conservative treatment only are poor and under these
circumstances, radical resection of the involved segment and adjuvant HBO is a

satisfactory option in the management of ORN of the jaws



Table 1 - Tumor clinical stage* and site in 18 patients.

4o

VARIABLE n

Location
Lip 1
Tongue 5
Gingiva 2
Floor of the mouth 3
Soft palate 1
Retromolar area 1
Oropharynx 2
Tonsillar area 3

Clinical stage
I 6
11 2
I11 7
Y 3




Table 2- Oncologic treatment in 18 patients with osteoradionecrosis.

45

Treatment Cases
Radiotherapy only -+
Radiotherapy + chemotherapy 1
Radiotherapy + salvage surgery 5
Postoperative radiotherapy 7
Pre- and postoperative radiotherapy 1
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Table 3- Interval between radiotherapy and onset of osteoradionecrosis in 18 patients.

Interval (months) Cases
0-12 9
12-24 3
24-36 2
36-48 1
> 48 3




Table 4- Contributing causative factors in 18 patients.
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Factors Cases
Salvage Surgery 10
Postradiation dental extractions 3
Periodontal disease 1
Denture pressure 2

No obvious factor




Table 5 — Treatment of osteradionecrosis in 18 patients
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Treatment ORN Cases
HBO + sequestrectomy 7
HBO + radical resection 11
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ABSTRACT

Background. Management of irradiated head and neck cancer patients remains a
difficult and challenging problem. Radiotherapy leads to damage of tissue cells and
vasculature. Surgery in such compromised tissue has an increased complication rate
because of the development of hypovascular-hypocellular-hypoxic tissue. These
histomorphological changes in irradiated bone are of major concern to oral and
maxillofacial surgeons, who must consider how to manage patients after therapeutic
radiation. Information on whether or when the patient may recover from such changes
is also important for the schedule of treatment and proper protection of the patient.
Objective.  This  study was undertaken to  histopathologically  and
histomorphometrically analyze the irradiation tissue injury on bone and the
surrounding soft tissues.

Material and Methods. Fifty-five human mandibular bone and the surrounding soft
tissues specimens obtained from surgical procedures for treatment of
osteoradionecrosis of the jaws or during head and neck salvage surgery after
radiotherapy were used in this study. All specimens were stained with hematoxylin
and eosin for histologic and histomorphometric evaluations. The study analyzed also
the expression of CD34 in all specimens by immunohistological technique using
paraffin-embedded tissue and specific anti-human CD34 monoclonal antibody. Each
histologic specimen was assessed as a function of time since treatment with radiation
to develop a relative time course of radiation tissue injury. Normal human mandibular

bone and the surrounding soft tissues were used as control specimens.
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Results. Histopathologic examination found seven processes in order of appearance:
hyperemia, endarteritis, thrombosis, cellular loss, hypovascularity, increase of fat in
bone-marrow cavity, and fibrosis. Histomorphometric analysis revealed a significant
hipocellularity in irradiated specimens compared to control specimens (p = 0.007).
Similarly, the fibrosis increased significantly in irradiated specimens compared to
control specimens (p <0.001). Irradiated specimens with longer interval after radiation
had a significant increase of cellular loss (hypocellularity) (p = 0.042) and a tendency
to increase fibrosis (p = 0.072) compared to those with shorter interval after radiation.
Loss of microvascular content (hypovascularity) was significantly in irradiated
specimens than in control specimens (p < 0.001).

Conclusion. Our results concluded that radiation injuries affects both the bone and the
surrounding soft tissues. These radiation effects were observed on the bone cells, on
the connective tissue and, on the fine vasculature in these tissues. All irradiated tissues
showed reduced spontaneous capacity of recovering with time. Radiation tissue injury

seems to be time progressive.

KEY-WORDS: Radiation injury. Radiotherapy. Bone. Soft tissues. Jaws.

Osteoradionecrosis.
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INTRODUCTION

Surgery and radiation have been the standard treatment of advanced
cancers of the head and neck. Long-term effects of radiation therapy of the head and
neck are well documented in the literature. Osteoradionecrosis (ORN) of the jaws is
one of the most severe late complications of radiation therapy (BEDWINEK et al.
1976; MURRAY et al. 1980; MORRISH et al. 1981; SCHWEIRGER 1987; KLUTH
et al. 1988; KOKA et al. 1990; CURI e DIB 1997; THORN et al. 2000; MAIER et al.
2000).

The specific pathophysiologic sequence of ORN is determined by a
progressive obliterative endarteritis, development of hypovascular-hypocellular-
hypoxic tissues, that can necrose spontaneously or in response to trauma (MARX
1983). On histopathologic evaluation, hyperemia, inflammation (endarteritis),
thrombosis, cellular damage, hypovascularity, and fibrosis are observed after radiation
exposure (MARX e JOHNSON 1987). ORN is a wound healing disorder resulted of
the late effects from the radiation injury to tissues. In general, hyperemia, endarteritis,
cellular damage and vascular thrombosis began early after radiation exposure and
maintained for a further 6 months. Hypovascularization and fibrosis occur from 6 to
12 months after radiotherapy and present the end stage of radiation tissue injury
(MARX e JOHNSON 1987).

Although specific treatments for ORN are still not well defined,

surgical approaches are necessary in most of cases, varying from conservative
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intervention to invasive surgery (SHAHA et al. 1996; CURI e DIB 1997; WONG et
al. 1997). Hyperbaric oxygen therapy (HBO), aiming to increase tissue oxygenation
and thus enhance neovascularization and wound healing, has demonstrated its efficacy
in the treatment of soft tissue radionecrosis, prevention and treatment of ORN, and the
reconstruction of hard and soft tissues defects within irradiated tissue (FATTORE e
STRAUSS 1987; MERKESTEYN et al. 1995; NEOVIUS et al. 1997; AITASALO et
al. 1997; LAMBERT et al. 1997; CLAYMAN 1997; LONDON et al. 1998; HAO et
al. 1999: MAIER et al. 2000; CURI et al. 2000).

In spite of the better understanding of pathogenesis of ORN and
advances in its treatment modalities, still exist some important clinical dilemmas.
MARX e JOHNSON (1987) mentioned the uncertainty about the risk of ORN, as a
function of time since radiation, and as result of oral surgical procedures. The data
from their tissue biopsy study showed that after 6 months, the higher the radiation
tissue injuries the greater is the risk for ORN. These authors have found evidence of
progressive vascular damage causing endarteritis, thrombosis, and fibrosis in both
animal and human histologic studies. The authors believe that vascular damage is
responsible for much of the late effects observed in ORN tissues. However, this tissue
biopsy study was based on qualitative histology.

Few studies thus far have undertaken to elucidate the importance of the
relationship between radiation tissue injury and its relation to the risk for ORN and,
creating clinical guidelines for irradiated patients. Studies in this field could improve

the management of patients with head and neck cancer prior and after irradiation.
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The purpose of this study was to histopathologically and
histomorphometrically analyze the irradiation injury effects on mandibular bone and

on the surrounding soft tissues.

MATERIAL AND METHODS

The study subjects consisted of 94 bone and surrounding soft tissues
specimens taken from 68 patients surgically treated for ORN of the jaws or for head
and neck salvage surgery after radiotherapy. The specimens were retrieved from
paraffin-embedded tissue from the files of the A. C. Camargo Cancer Hospital, Sdo
Paulo, Brazil. Normal human mandibular bone and the surrounding soft tissues
obtained during oral and facial surgery were used as control specimens. Ethics and
Human Subject Procedures followed the guidelines of the Research Advisory
Committee of the Cancer Hospital Center. Of this total, 39 specimens were excluded,
leaving 55 specimens for histologic evaluation. Reasons for exclusion were
inappropriate material, cases in which the paraffin blocks could not be assessed or
those without immunohistochemical reactivity. Individual cases were excluded if they
had a history of local or systemic disorders related to arterial changes, such as diabetes
mellitus, rheumatic fever, arterial vasculitis, and/or collagen diseases. Also patients
who had suffered from local diseases of the mandible, such as tumours, tumour-like
lesions, and cysts, were excluded by histopathological examination. Patient records

and clinical follow-up provided the following information: age, gender, race, initial
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tumor diagnosis and staging, treatment sequence, total radiation exposure, time period

of radiation therapy, and date of specimens evaluation.

Preparation of specimens and histopathologic examination

All bone and soft tissues specimens had been fixed in formalin and
embedded in paraffin. Bone specimens were decalcified in a solution of 10% buffered
formalin (Sigma Chemie, Deisenhofen, Germany) with 10% (10g / 100ml)
ethylenediaminetetraacetic acid (EDTA, Merck, Darmstadt, Germany). Five-
micrometer-thick sections were obtained from the original paraffin blocks and then
stained with hematoxylin and eosin for light microscopic histopathologic and
histomorphometric observations.

The histopathologic and histomorphometric examinations were
performed in a blinded manner by two pathologists (GL, MDM). The amount of
hyperemia, endarteritis (inflammation), thrombosis and fat in bone-marrow cavity
were categorized as abundant, moderate, rare or none for each specimen. Serial

sections were then used for immunohistochemistry evaluation.

Histomorphometric measurements

Histomorphometrical measurements were performed with a computer-
supported histometric system consisting of a microcomputer and software program

(IMAGELAB, Sao Paulo, Brazil) (Figure 8) for processing for microscopical



57

appearance. Measurements were performed using an objective of 10x and a zoom of
2.5. Histomorphometry of cellularity and fibrosis, were measured and calculated for
the three areas with greater vascular density. The mean percentages for the mentioned
parameters were calculated for each area on the irradiated specimens and compared to
the mean for the control specimens. Areas of inflammation and necrosis were

excluded.

Immunohistochemistry protocol for CD34

Immunostaining was performed using the streptavidin-biotin-
immunoperoxidase (Dako, USA) method. Deparaffinized and rehydrated 5 pm
sections were incubated with 3% H202 in distilled water for 15 minutes to block
endogenous peroxidase activity. Antigen retrieval was done with a pressure-cooking
method in 0.1 M sodium citrate buffer, pH 6.0. After pretreatment, sections were
blocked with 10% normal goat serum/TBS for 15 minutes and then incubated with
monoclonal antibody QBEnd10 to CD34 (DAKO, Hamburg, Germany) at a 1:50
dilution for 1 hour at room temperature. The secondary biotinylated antibody and the
streptavidin/peroxidase conjugate were applied according to the manufacturer’s
instructions (Super Sensitive System, BioGenex, San Ramon, CA). A chromogenic
precipitate was obtained by immersing the sections for 10 minutes in a ready-to-use
AEC substrate solution (DAKO, Hamburg, Germany). After counterstaining with

Mayer’s hematoxylin the sections were coverslipped with glycerolgelatine. All
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incubations were performed at room temperature and all washings between

incubations were performed in Tris-buffered saline.

Evaluation of endothelial marker CD34 immunoreactivity

Vessels were counted according to a standard technique modified from
WEIDNER et al (1991). Briefly, three areas with dense vascularity were identified
and selected in each tissue section, under low power magnification (100x). In each of
these "hot spots", microvessels (capillaries and small venules) were counted at 400x
magnification. Any brown-staining endothelial cell or endothelial-cell cluster that was
clearly separate from adjacent microvessels and other connective-tissue elements was
considered a single, countable microvessel. Vessel lumens, although usually present,
were not necessary for a structure to be defined as a microvessel, and red cells were
not used to define a vessel lumen. Areas of inflammation and necrosis were excluded.

The ratio of vascular area per bone or soft tissues areas was estimated
by point vessel counting using an integrating 25-point eyepiece (integration plate, 10x,
Carl Zeiss) on a 400x field (40x lens and 10x eyepiece — 0.616 mm’ / field area).
Vessels coincident with the grid intersection points were counted. Three fields of
higher vascular density previously identified in a 100x magnification were analyzed in
each section, making up a total of 100 points. The percentage of vascular area was

calculated from the equation: [(number of coincidences / total of counted points) x

100].
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Statistical analysis

All statistical analyses were performed with SPSS (Statistical Product
and Service Solutions for Windows, v10.0, SPSS Inc, Chicago, IL) software. Ninety-
five percent confidence limits have been calculated for specimens groups. Statistical
differences between mean percentages of cellularity, fibrosis and. vascular density
were determined by Student's t-test for unpaired observations. Pearson correlation test
was used to evaluate linear correlation between the mentioned parameters and time
from radiotherapy in irradiated specimens with and without ORN. All tests alpha error

was equal to 5%.

RESULTS

From a sample of 40 irradiated specimens, 14 were obtained from head
and neck salvage surgery after radiotherapy and were without ORN and, 26 were
obtained from surgery for treatment of ORN. Irradiated and control specimens were
similar with regard to age, gender, race, and there were no significant differences
between both.

Radiation therapy consisted of external beam radiation in all irradiated
specimens. These specimens received megavoltage delivery (linear accelerator 4
MeV). The average total dose of radiation for these specimens was 5942 cGy (range,

5040 - 7040 cGy). The average dose rate per day for these specimens was 174 cGy
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(range, 109 - 200 cGy). The average time of specimens evaluation following
completion of radiation treatment was 22.1 months (range, 2 - 108 months).

The histopathologic examination identified seven processes:
hyperemia, endarteritis, thrombosis, hypocellularity, loss of vascular content
(hypovascularity), increase of fat in bone-marrow cavity and fibrosis. In general,
hyperemia and endarteritis were early effects of radiation and observed for up to 6
months after radiotherapy (Figures 1A and B). Thrombosis was only seen years later
after radiation and thrombi were dense fibrous (Figure 1C). Cellular loss happened
rapidly just after radiation and kept progressive through the years. Loss of vascular
content, increase of fat in bone-marrow cavity and, fibrosis showed a linear
relationship with time after radiation and were considered the end stage of radiation
tissue injury (Figures 1D, 1E and 1F).

Student ¢ - test revealed a significant difference between the mean
values of cellularity of irradiated specimens and control specimens (p = 0.007). The
mean cellularity of irradiated specimen was 1.9%, with a range of 0.3% to 5.2%. The
mean cellularity of control specimens was 7.8%, with a range of 1.7% to 30.5% (Fig.
3). Among nrradiated specimens, those without ORN exhibited a slight tendency of
increased cellularity in relation with time after radiation compared to specimens with
ORN, but this was not statistically significant (p = 0.208) (Fig. 6). Cellular loss was
more significant in bone than in the soft tissues. When only evaluating the bone tissue,
there was a significant decrease of mean cellularity in the irradiated specimens (1.6%)
when compared with the control specimens (8.1%) (p = 0.003). When only evaluating

the soft tissues, there was a decrease of cellular loss in irradiated specimens (2.4%)
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when compared with control soft tissues specimens (7.6%), but this was not
statistically significant (p = 0.168).

Student ¢ - test revealed a significant difference between the mean
values of fibrosis of irradiated specimens and control specimens (p = 0.027). The
mean fibrosis of irradiated specimens was 72.7%, with a range of 57.4% to 83.7%.
The mean fibrosis of control specimens was 65.7%, with a range of 42.0% to 88.0%
(Fig. 4). Among irradiated specimens, those without ORN exhibited a significant
increase of fibrosis in relation with time after radiation compared to specimens with
ORN (p = 0.048) (Fig. 7). Similarly, fibrosis was more evident in bone than in the soft
tissues. When only evaluating the bone tissue, there was a significant increase of
fibrosis in the irradiated specimens (74.9%) when compared with the control
specimens (62.4%) (p = 0.007). No significant difference was found in soft tissues
between both irradiated and control specimens (p = 0.796).

Regarding time dependent irradiation tissue injury, irradiated
specimens observed after 6 months from radiotherapy exhibited a significant cellular
loss compared to irradiated specimens in the first 6 months after irradiation (p =
0.049). Similarly, examination of irradiated specimens after 6 months from irradiation
showed a significant decrease of mean vascular density compared to irradiated
specimens in the first 6 months after irradiation (p <0.001). There was a tendency to
statistic significant of an increase of fibrosis in irradiated specimens after 6 months
from irradiation compared to irradiated specimens in the first 6 months after

irradiation (p = 0.072).
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Student ¢ - test revealed a significant difference between the mean
values of vascular density of irradiated specimens and control specimens (p < 0.001).
The mean vascular density of irradiated specimen was 3.0%, with a range of 1.7% to
4.7%. The mean vascular density of control specimens was 15.1%, with a range of
10.3% to 24.0% (Fig. 5). Six months after radiation, all specimens showed significant
hypovascularity. However, no significant differences in means vascular density were
found between both in irradiated bone and in surrounding soft tissues. Sample of

CD34 immunohistochemical staining of irradiated specimen is shown in Figure 2.

DISCUSSION

Uncertainty still exist about the pathophysiologic of irradiated tissue
injury. The exact nature of this process is still not fully understood. The basic
pathophysiology of irradiation tissue injury is normal tissue cellular death and normal
tissue sublethal cellular damage leading to a wound healing defect (MARX e
JOHNSON 1987). A better understanding of the nature of the radiation tissue injury is
essential in assessing the risk for ORN and creating clinical guidelines of management
for irradiated patients.

The radiation tissue injuries are progressive and related to both
structural and functional alterations in the supporting microvascular and cells (MARX
e JOHNSON 1987). Experimental studies on radiation tissue injury have been
reported basically in animal models. The first study on the effect of irradiation on

human bone was reported by EWING (1926). In this study, the author mentioned the
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great difficulty in interpreting the significance of the irradiation bone damage. The
author observed a progressive productive osteitis after heavy irradiation which
showed increased fragility and tendency to spontaneous fracture. The author
suggested that ORN may be a result of injury of vascular system in the periosteum and
in the surrounding soft tissues.

A review of bone changes in ORN was made by PAPPAS (1969). Until
this date, some experimental studies suggest that ORN may be a direct effect of
irradiation on osteocyte, and changes in the blood vessels would play a role in the
aggravation and prolongation of these effects (EWING 1926; GOWGIEL 1960).

Another experimental study on long-term effects of radiation on the
vascularity of rat bone, using a technique of measurement with chromium-51 was
reported by CUTRIGHT e BRADY (1971). The authors analyzed the radiation-
induced depression in the humerus of 62 rats at 2 and 8§ months after irradiation with a
250 kVp x-ray unit. Vascularity decreased in the irradiated humerus to 28% of the
unirradiated bone at 4000 cGy 2 months after irradiation. At 8 months after
irradiation, there was no recovery of vascularity at any of the doses studied (2000,
4000, 6000, 8000, and 10,000 c¢Gy). NIEBEL e NEENAN (1957) reported on three
cases in which part of the mandible had received over 6000 ¢Gy and was subsequently
excised. The authors observed that there was little microscopic evidence of complete
obliterative endarteritis and the most predominant change observed was the presence
of a diffuse fibrosis.

Vital microscopic studies on the vascular and cellular reaction of living

bone submitted to irradiation have been reported by some authors. Experimental
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studies by JACOBSSON et al. (1987a), who used a bone chamber in the tibia of
rabbits, showed a reduction of up 71% in bone healing after a single dose of 15Gy
given with a telecobalt machine. Clear recovery mechanisms were observed with
increasing intervals after irradiation. Nevertheless, a reduction of up 28.9% in
myelopoiesis was observed even after a 12-month interval. The authors noted that this
recovery may be attributable to repair of damaged cells as they are reproduced in
future generations. They noted in this animal model that a 1-year recovery phase is
advised before bone surgery (exodontia, implant placement, reconstructive surgery).

ALBREKTSSON et al. (1980), evaluated the effect of irradiation on
bone tissue on rabbits by a vital microscopic method using a titanium bone chamber
that allowed tissue observation in different intervals after irradiation. The authors
concluded that at 6 weeks after irradiation, the vascularity started to change, bone
resorption began, and most of the original bone was resorbed at the end of 10 weeks.

Vital microscopic study of the vascular response to radiation was
reported by JACOBSSON et al. (1987b), where they documented vascular injury after
a single dose of 25 Gy cobalt. The authors showed that vessels more affected were
capillaries and venules, whereas the arterioles were least affected. The authors noted
also that central blood supply to the cancellous bone of the mandible through the
inferior alveolar artery may be less affected by radiation than the periosteal blood
supply to the cortical bone.

The effects of high-dose irradiation on the biomechanical and
morphological properties of cortical bone and their time-related changes were studied

in Sprague-Dawley rats by MAEDA et al. (1988). Two weeks after a single fraction of
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3500 ¢Gy, the animals had lost weight and disappearance of bone cells were noted.
The bone marrow showed reduced hematopoietic elements and sinusoids with
increased fat.

In the literature there is a paucity of clinical studies on the evaluation of
radiation tissue injury in humans. Since MARX e JOHNSON (1987) study, on
radiobiology of ORN, no clinical study has been reported on irradiation tissue injury
in humans. The authors demonstrated that hyperemia and endarteritis begin early in
the radiation sequence and persisted for up to 6 months after radiotherapy.
Thrombosis appears to be a late effect in the radiation sequence, and becomes a
fibrous thrombi in later years when compared with the early thrombi, which are
basically blood clots. Hypovascularity and fibrosis began at about 6 months after
radiation and progressively worsened with time. Similar histological findings were
reported in other bone tissue locations (EL-NAGGAR et al. 1980; ROSENTHAL e
MARVIN 1959; SIMMONS e HOLTZMAN 1983; MARX e JOHNSON 1987).
Beyond these mentioned histopathologic processes, our histologic examination also
identified an increase in fat of the bone-marrow cavity in irradiated bone specimens.
This phenomenon may be related to retardation of the normal process of turnover of
bone, since the mandible would be considered skeletally mature in this period.
Although there is a tendency to recover from this event, bone formation appears to
take a longer time to do so than does bone resorption. This large and fat bone-marrow
cavity would be considered an end stage of radiation tissue injury. Similar findings
have been reported in studies of radiation in skeletally mature animals (ROSENTHAL

etal. 1957; MARLBOROUGH 1972; KING et al. 1979; MAEDA et al. 1988).
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MARX e JOHNSON (1987) have proposed the concept of a
hypovascular-hypocellular-hypoxic tissue formation as the major problem related to
irradiated wounds. Our results with regard to the measurements of irradiation tissue
effects confirm the findings of this previous study. In the present study, the
measurement of cellular loss (hypocellularity) in irradiated specimens indicate a
significant decrease compared with the control specimens (p = 0.007). It seems that
cellular loss begins to a small degree just after radiation therapy and then
progressively worsens throughout the years (MARX e JOHNSON 1987). This
phenomenon was also observed in our study, which showed an increase of cellular
loss in irradiated specimens after 6 months from radiation (1.8%) compared to
irradiated specimens in the first 6 months after radiation (2.4%), and this was
statistically significant (p = 0.049). There has been a debate whether the effect of
irradiation is mainly on the bone or on the soft tissues. Regarding to cellular loss, bone
specimens showed more significant hypocellularity than the soft tissues. In
considering the radiosensitivity of bone tissue, the particular physical condition with
respect to the absorption of ionizing radiation must be considered. Because of its high
calcium content, bone may absorb 30 to 40 per cent more radiation than the
surrounding soft tissues, and this factor may account for an increase in secondary
radiation produced under certain conditions in bone. Thus, the actual absorption of a
given dose of irradiation is considerably greater in bone than in the overlying mucous
membrane. So bone cells would receive both primary radiation and the maximum
effect of the secondary rays. Another point related to this fact, is the importance of

recognizing the differences in the quality of radiation (Kilovolt or megavolt
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irradiation), because of the difference in absorption of radiation energy between bone
and soft tissues. When using high-energy photons, the absorbed dose is approximately
the same in bone and soft tissues (PARKER ¢ BERRY 1976). Similarly, HOWLAND
et al. (1975) demonstrated that bone changes were frequently more severe following
equivalent exposure to kilovolt than megavolt irradiation in a retrospective study of
patients who had received irradiation to the shoulder region.

Hypocellularity is frequently present in irradiated tissue and is often
associated with disproportionate accumulation of collagen (MARX e JOHNSON
1987; SHAHA et al. 1996). Our results with regard to the measurement of fibrosis in
irradiated specimens indicate a significant increase compared to the control specimens
(p = 0.027). Similarly, fibrosis is also noted to appear at about 6 months and to then
progressively worsen, being an end stage of radiation tissue injury (MARX e
JOHNSON 1987). In our study, fibrosis showed a great tendency to statistic
significance in irradiated specimens after 6 months from radiation therapy (67.3%)
compared to irradiated specimens in the first 6 months after radiotherapy (60.1%) (p =
0.072). Fibrosis was also more evident in bone than in the surrounding soft tissues.
Here again, the same explanation for such fact that may be bone receives more
radiation because of secundary rays, and recover from this process appears to take a
much longer time to do so than does soft tissues.

The iability of oxygen to diffuse well in the radiated tissues may be
the dense fibrosis formation and hypovascularity. Some authors have shown radiation-
induced hypovascularity to be the dominant phenomenon in end stage of radiation

tissue injury (MARX e JOHNSON 1987). So. hypovascularity is a critical event in
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radiation tissue injury. The CD34 antigen is a sensitive marker of vascular
endothelium and angiogenesis. The examination of CD34 is reported in several
physiological and pathological events (RAVI et al. 1998, 2001; YOSHIDA et al.
1999; MAKRIS et al. 1999; ARIAS e SOARES 2000; FOROOTAN et al. 2000
SEMBA et al. 2001; SEZER et al. 2001). However, the present study is the fisrt to
report on radiation-induced hypovascularity using anti-human CD34 monoclonal
antibody. Our results with regard to the measurement of vascular density in irradiated
specimens indicate a significant decreased vascular density compare to the control
specimens (p <0.001). Previous study (MARX e JOHNSON 1987) had shown the
inverse index of vascular density in the irradiated tissue and a direct risk for
osteoradionecrosis. The same study shows a linear relationship with time indicating
loss of vascular component, and, therefore, loss of oxygen tension perfusion with
time. In the present study, there was no evidence of spontaneous revascularization
with time.

Regarding to the difference between irradiated specimens with and
without osteoradionecrosis, this study shows each to have different time course and
radiation injuries. Figures 6 and 7 show radiation tissue injuries (hypocellularity and
fibrosis) versus time and, illustrate distinctions between irradiated specimens with and
without osteoradionecrosis. Specimens with osteoradionecrosis represented a great
cellular loss of normal tissue. The attempts of repair could not support the demand for
replacement of cellular and structural elements rendered nonviable by the radiation.
As time progresses, there was a continuation of tissue injury from the radiation

observed histologically as hypocellular fibrosis of tissue, that in spite of recovery and
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repair attempts, these effects reduce its repair capacity. In other hands, specimens
without osteoradionecrosis showed a mixture of cell death and cell injury. In this
situation, there was a great amount of sublethal cellular injury and a smaller amount of
cellular death to normal cells. As radiation therapy is completed, initial attempts at
cellular recovery begin and reduce the degree of radiation tissue injury. So, there was
fewer deaths of normal cells and those injured by radiation had better recovery
capability. However, after years from radiation, the fibrosis is greater and the tissue
perfusion is less, turning to a greater risk for osteoradionecrosis.

It is important to remember that many factors make comparisons of
studies difficult, and the results of studies can be difficult to translate into clinical
practice. The choice of animal model, irradiation dose, dose rate / day, and period of
time after irradiation are among these factors. However, extrapolation of results to
human should be made with caution, since no experimental study is exactly
comparable to humans.

The findings in this study support earlier findings that irradiation
affects bone and the surrounding soft tissues. Although, there has been a debate
whether the effect of irradiation is mainly on the bone or on the soft tissues, our
findings show that irradiation affects more bone than the surrounding soft tissues.
There has also been a discussion whether the effect of irradiation is mainly on the
cells or on the fine vasculature in irradiated tissue. Our results show that both
mechanisms are evident and play an important role on the pathologic process of
irradiation tissue injury. From the data of this study. we can recommend clinical

guidelines in the management of irradiated patients.
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Dental extractions have been pointed as a factor for causing
osteoradionecrosis. Extractions to be done before radiation therapy should be done
with at least sufficient time for healing of the overlying mucosa. Teeth removed at
longer period before radiation therapy have a reduced risk for osteoradionecrosis in
comparison to those removed closer to radiation. It is important the role of skilled
dentists in removing teeth of head and neck céncer patients, who can competently
manage critical parameters to reduce osteoradionecrosis after extractions. However,
any extractions require a gentle technique, minimal mucoperiosteal flap elevation,
minor alveoloplasty and, primary mucosal closure.

The tooth extraction, dental implants or other surgical wounding during
radiation therapy is not advised. The surgical wounding and irradiation tissue injury
are synergic and will present a high risk of osteoradionecrosis. These surgical
procedures should be delayed until radiation therapy is finished. At this time, strong
consideration should be done to the use of hyperbaric oxygen before any surgical
approach.

The dilemma of surgery and period of time since radiation therapy
continues a debate. Surgical procedures in already irradiated tissue, whenever feasible,
should always be done after previous hyperbaric oxygen therapy. Practitioners should
not delay surgical procedures in irradiated tissue expecting to take advantage of
spontancous capacity of recovering with time. Hyperbaric oxygen has shown to
increase angiogenesis in irradiated tissue and a capacity to clinically reduce

complications of healing in wounded irradiated tissue.
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Finally, osteoradionecrosis is a serious complication associated with
head and neck radiation. Irradiation therapy produces consistent injuries to bone and
the surrounding soft tissues. This data may provide additional information for
clinicians to assist in management decisions for patients who are at risk of

osteoradionecrosis of the jaw.
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LEGENDS

FIGURE 1. Photomicrographs of irradiated specimens stained with hematoxylin-

eosin showing the radiation tissue injuries.

FIGURE 1A. Early histologic effects of radiation. Hyperemia and endarteritis

(inflammation). (Original magnification X 200.)

FIGURE 1B and 1C. Early histologic effects of radiation. Hyperemia, endarteritis
(inflammation) and, cellular thrombosis formation. Note inflammatory cells inside the

lumen of vessels. (Original magnification X 200.)

FIGURE 1D. Late histologic effect of radiation. Note the large and fatty bone-

marrow cavity. (Original magnification X 200.)

FIGURE 1E and 1F. Late histologic effects of radiation. Note the characteristic
hypovascular and hypocellular fibrosis in bone specimens. (Original magnifications X

40 and X100, respectively.)

FIGURE 2. Photomicrograph of an irradiated specimen. CD34 expression is scarce in

the walls of blood capillaries in the bone tissue. (Original magnification X 400.)
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FIGURE 3. Comparison of cellularity in irradiated and control specimens. Irradiated

specimens show a significant cellular loss (mean, 1.9%) when compared with control

specimens (mean, 7.8%) (p = 0.007).

FIGURE 4. Comparison of fibrosis in irradiated and control specimens. Irradiated
specimens show a significant increase of fibrosis (mean, 72.7%) when compared with

control specimens (mean, 65.7%) (p = 0.007).

FIGURE 5. Comparison of vascular density in irradiated and control specimens.
[rradiated specimens show a significant decrease of vascular density (mean, 3.0%)

when compared with control specimens (mean, 15.1%) (p < 0.001).

FIGURE 6. Scatter plot showing correlation between cellularity in relation to time in

irradiated specimens with and without ORN.

FIGURE 7. Scatter plot showing correlation between fibrosis in relation to time in

irradiated specimens with and without ORN.
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4. CONSIDERACOES FINAIS

O tratamento adequado e eficiente de qualquer doenga requer inicialmente
o seu correto diagnostico. Os critérios utilizados para o diagnostico de
osteorradionecrose variam muito entre os autores, sendo curioso observar que em
periodos diversos ha discordancia do mesmo autor (MARX 1983; MARX e
JOHNSON 1987; EPSTEIN et al. 1987a e b; WIDMARK et al. 1989; KOKA et al.
1990; MERKESTEYN et al. 1995). Alguns autores (MARX e JOHNSON 1987) tém
atribuido os problemas de conceituagdo da osteorradionecrose a simplifica¢do do seu
diagnoéstico, como por exemplo, realizar diagnostico de osteorradionecrose em casos
de necroses de tecidos moles auto-cicatrizantes, e portanto, creditado casos de manejo
satisfatorio com "falsas osteorradionecroses".

Portanto, alguns detalhes devem ser comentados a respeito do diagndstico
de osteorradionecrose: 1) Exposi¢do Ossea apos a radioterapia ndo ¢ necessariamente
causada por necrose isquémica do tecido Osseo, pois pode ser observada e associada
com regressao tumoral, recorréncia, ou metastase. Nessas situagdes o diagnostico final
nao ¢ baseado somente nos aspectos clinicos, radiograficos e historia médica
pregressa, mas principalmente no exame histologico. 2) O diagnostico de
osteorradionecrose ¢ tradicionalmente feito através da observacdo de exposi¢do dssea
por um periodo minimo de 3 meses. Apesar do tempo considerado, nao ha bases
fisiopatologicas para diferenciagdo entre exposi¢des oOsseas de 2,9 — 3,1 meses de

duragdo. 3) Alguns sinais, como por exemplo, fistulas, celulites e fratura patoldgica,
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nio sio critérios necessarios para o diagnostico de osteorradionecrose. 4) Apesar de
todas exposi¢des oOsseas de osteorradionecrose dividirem a mesma base
fisiopatologica, essas exposi¢gdes ndo representam necessariamente 0s mesmos graus
de lesdo de radiacdo e, portanto, ndo necessitam das mesmas modalidades terapéuticas
para suas resolugdes (MORRISH et al. 1981; MARX 1983, 1984; EPSTEIN et al.
1987a).

O tratamento da osteorradionecrose ¢ um tema de continuo debate em
literatura devido a sua patogénese ndo ser ainda completamente compreendida.
Osteorradionecrose foi considerada por muitos anos como, uma osteomielite do 0sso
necrotico irradiado. A partir da redefini¢ao proposta por MARX e JOHNSON (1987),
osteorradionecrose ¢ caracterizada por uma seqiiéncia de radiacao, formacao de um
tecido hipoxico-hipocelular-hipovascular, rompimento da mucosa oral protetora e
conseqiiente desenvolvimento de uma ferida ndo-cicatrizante. Em vista do grau de
agressdo da radiacdo ser extremamente variavel de individuo para individuo, a
osteorradionecrose pode apresentar capacidade de cicatrizagdo espontanea ou
necessitar de intervengoes cirtrgicas associadas a revascularizag@o do tecido. Em vista
dos resultados satisfatorios com o uso de oxigenacdo hiperbarica adjuvante e a
introdugdo de novas técnicas de reconstrugdo microcirurgica, o debate a respeito do
tratamento da osteorradionecrose acentuou-se na ultima década. Mesmo assim, entre
as equipes multidisciplinares ¢ consenso que a manipulagao das seqiielas advindas dos
efeitos teciduais da radiacdo continua um grande desafio a ser superado. Nesse
contexto, consideramos que todos pacientes irradiados apresentam efeitos teciduais da

radiagdo em variada intensidades. Estes efeitos teciduais apresentam uma relag@o
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linear com o risco de desenvolvimento de osteorradionecrose, ou seja, quanto mais
intensas s3o as lesdes teciduais da radiagdo maior € o risco de desencadeamento da
osteorradionecrose.  Isto  posto, concluimos que o comportamento da
osteorradionecrose ¢ a manifestacdo clinica das variadas intensidades de lesdes
teciduais da radiagdo no 0sso.

Tradicionalmente, o tratamento envolve a abordagem cirtrgica,
conservadora (sequestrectomias) ou radical (ressecgdes), € ocasionalmente o uso da
oxigenacdo hiperbarica adjuvante. A utilizagdo da oxigena¢ao hiperbarica tem como
objetivo aumentar a tensdo de oxigénio nos tecidos e aumentar sua capacidade de
cicatrizagdo. Nas ultimas décadas, nossa experiéncia no tratamento da
osteorradionecrose tem demonstrado que os protocolos de abordagem variam
conforme o comportamento clinico da osteorradionecrose. Até meados da década de
1990, nossa experiéncia no tratamento da osteorradionecrose era exclusivamente
ambulatorial (cuidados clinicos locais) e cirturgica (sequestrectomia). Os resultados
desta experiéncia conservadora foram publicados em 1997, e evidenciaram um
numero limitado de casos com resposta satisfatoria (42.3%), sendo que a maioria
permaneceu refrataria a este tipo de tratamento. Naquela época iniciamos também a
utilizagdo da oxigenagao hiperbarica de forma adjuvante a cirurgia nos casos
refratarios aquela terapia conservadora. Os resultados desta abordagem apresentados
nesta tese sdo da nossa experiéncia até 1999, e mostram um indice bastante
satisfatorio de cura (14/18 casos) da osteorradionecrose.

Estes protocolos de tratamento para a osteorradionecrose sao bastante

eficazes na maioria dos casos. No entanto, continua um desafio para as equipes
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multidisciplinares o tratamento de extensas osteorradionecroses. Estes casos sdo
caracterizados por amplas areas de necroses Osseas e de tecidos moles, trismo severo,
algias intensas, e incapacidade de fala e mastigagdo. Nesta condi¢do, a abordagem
tradicional apresenta resultados insatisfatorios e desanimadores, tanto para o paciente
como para os profissionais. Atualmente, o tratamento destes casos ¢ feito com a
associa¢do de ressecgdes cirurgicas e reconstrugdes microcirirgicas (SHAHA et al.
1996; AITASALO et al. 1997). O objetivo desta abordagem, além da ressec¢do do
tecido oOsseo necrotico, ¢ o restabelecimento da continuidade mandibular, a
manuten¢do do contorno facial ¢ a promocao das fungdes de fala e mastigagdo. A
op¢ao pela reconstrugdo mandibular microcirirgica a reconstru¢do com enxertos
convencionais, ¢ o fato do local irradiado a ser reconstruido nao apresentar condigdes
ideais e propicias de uma area receptora, em razao dos efeitos teciduais da radiagao.
Nesta situagdo, a extensa perda tecidual causada pela osteorradionecrose e a presenga
de um tecido hipoxico e hipovascularizado, nao favorecem o uso de técnicas
reconstrutoras convencionais. Assim, 0s enxertos microcirurgicos sao uma excelente
alternativa pois apresentam vasos € suportes sanguineos proprios, que também
possibilitam a reconstrucdo de tecido mole perdido na osteorradionecrose.

Nossa experiéncia com reconstru¢des microcirurgicas para o tratamento
de osteorradionecrose severas ¢ recente, e resume-se a 4 casos. Em todos casos, a
reconstru¢dao microcirurgica foi feita em osteorradionecroses extensas de mandibula e
utilizamos a fibula como area doadora. Os resultados desta abordagem foram
bastantes satisfatorios e promissores na elimina¢do dos tecidos necréticos,

manutenc¢do do contorno facial ¢ melhoria da qualidade de vida dos pacientes. No
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entanto, acreditamos que o melhor tratamento para a osteorradionecrose continua
sendo sua prevencio, baseada no melhor conhecimento da fisiopatologia da radia¢do e
na eliminagio de fatores de risco para a osteorradionecrose, através do atendimento
odontoldgico prévio a radioterapia.

Na literatura atual existe uma falta de estudos prospectivos e
randomizados, sendo que a maior parte das informacdes das lesdes teciduais da
radia¢@o sdo baseadas em estudos experimentais usando diferentes tipos de modelos
animais. Estudos clinicos em humanos por meio de avaliagdes histopatolégicas e de
perfusdo de oxigénio nos tecidos continuam sendo importantes para o direcionamento
do manejo de pacientes irradiados. Recentes estudos experimentais indicam que as
alteragdes da reparagdo Ossea induzidas pela radiagcdo podem ser revertidas através da
aplicacdo de proteinas morfogenéticas do osso humano (rBMP-2) (WURZLER et al.
1998: HOWARD et al. 1998). Nossa opinido € que se deve considerar a possibilidade
de estudos multicéntricos, prospectivos e randomizados, em relacdo a diferentes

protocolos de tratamento para estes pacientes.
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5. Conclusoes

1 O tratamento de osteorradionecrose refratarias de mandibula ¢ maxila com
cirurgia e oxigenacdo hiperbarica adjuvante apresentou resultados satisfatorios

de cura da osteorradionecrose (14 / 18 casos);

2. O osso e o tecido mole adjacente apresentaram lesdes teciduais da radia¢ao;

3. As lesdes teciduais da radiagao foram mais evidentes nos 0ssos que nos tecidos

moles adjacentes. Ossos irradiados apresentaram uma diminui¢do da

celularidade e aumento de fibrose, sendo estes significativos;

4. As lesoes teciduais da radiagdo, como hipocelularidade e hipovascularizacao,

apresentaram um aumento linear com o intervalo apos a radia¢do, sendo estes

progressivos;

5. Os tecidos irradiados sao hipocelularizados, hipovascularizados, fibrosos e
hipdxicos;

6. A abordagem cirurgica prévia a radioterapia deve ser feita, sempre que

possivel, com tempo suficiente para cicatrizacdo das mucosas adjacentes.

Cirurgias realizadas mais proximas do momento da irradia¢ao apresentam um
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risco maior de desenvolvimento de osteorradionecrose do que cirurgias

realizadas com periodos mais longos de cicatrizagdo;

A abordagem cirurgica nos tecidos irradiados pode apresentar um Trisco
elevado de complicagdes, e portanto, deve-se considerar o uso de oxigenagao

hiperbarica prévia ao ato cirtrgico.
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