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RESUMO

Introdugdo: Estudos de biomateriais descreveram a biocompatibilidade,
caracteristicas histologicas e forca compressiva dos enxertos 6sseos bovinos em
procedimentos ortopédicos e odontolégicos. Analisamos pacientes com tumores
0sseos benignos tratados por curetagem e preenchimento com enxerto bovino
liofilizado.

Objetivos: Identificar caracteristicas relacionadas a qualidade de integracédo do
enxerto, tempo de cura e possiveis complicacdes.

Métodos: Foram analisados retrospectivamente 28 pacientes com tumores
0sseos benignos ou pseudotumores submetidos a curetagem e preenchimento com
enxerto 0sseo bovino liofilizado Orthogen® (Baumer S/A, S&do Paulo, Brasil).
Caracteristicas gerais, volume (cm?3) e tamanho do tumor (cm), sitio anatdmico,
complicagbes, percentual de preenchimento e qualidade da cicatrizagdo aos 6 e 12
meses foram avaliados por meio de radiografias.

Resultados: Foram incluidos 15 mulheres e 13 homens (média de idade 20,5
[4,7-75,1] anos). O tipo de lesdo mais comum foi o cisto 6sseo simples (12) e os locais
mais comuns foram a tibia (7) e o imero (7). Ocorreram 2 casos (7,1%) de drenagem
de secrecdo através da ferida, que foram resolvidos antes do 21° dia pds-operatorio.
N&o houve fraturas patolégicas. O volume médio da cavidade foi de 20,98 cm?3 (2,73
a 101,42 cm3). Aos 6 e 12 meses, 75% e 77,8% das cavidades, respectivamente,
apresentaram integracdo completa (Neer I). Aos 12 meses, 81% das radiografias
apresentavam preenchimento > 90% das cavidades, contra apenas 19% com < 90%
de preenchimento (p=0,108).

Conclusdes: O preenchimento com enxerto ésseo bovino liofilizado resultou
em poucas complicacBes e excelente estado cicatricial apds curetagem de tumores
0sseos benignos ou pseudotumores. A cicatrizacdo completa ocorreu na maioria dos
casos aos 12 meses. As cavidades com maior percentual de preenchimento

apresentaram tendéncia a incorporagdo 6ssea superior.

Palavras-chave: enxerto 6sseo; materiais biocompativeis; substituto 6sseo;

xenoenxertos; neoplasias 0sseas; cistos 6sseos.



ABSTRACT

Introduction: Biomaterial studies have described the biocompatibility,
histological characteristics, and compressive strength of bovine bone grafts in
orthopedic and dental procedures. We analyzed patients with benign bone tumors
treated by curettage and filling with bovine freeze-dried bone graft.

Objectives: To identify characteristics related to graft healing quality, healing
time, and possible complications.

Methods: We retrospectively analyzed 28 patients with benign bone tumors or
pseudotumors who underwent curettage and filling with freeze-dried bovine bone graft
Orthogen® (Baumer S/A, Sdo Paulo, Brazil)- General characteristics, volume (cm?)
and tumor size (cm), anatomical site, complications, percent filled, and healing quality
at 6 and 12 months were assessed through radiographs.

Results: Fifteen women and 13 men (mean age 20.5 [4.7-75.1] years) were
included. The most common lesion type was simple bone cyst (12) and the most
common sites were the tibia (7/28) and humerus (7/28). There were no postoperative
pathological fractures. Two cases (7.1%) had serous fluid leakage through the wound.
The mean cavity volume was 20.98 cm? (2.73 to 101.42 cm?). At 6 and 12 months,
75% and 77.8% of the cavities, respectively, showed complete bone healing (Neer I).
At 12 months, 81% of the radiographs of cavities filled > 90% showed complete bone
healing vs. only 19% of those filled < 90% (p=0.108).

Conclusions: Filling with bovine freeze-dried bone graft resulted in few
complications and excellent healing status after curettage of benign bone tumors or
pseudotumors. Complete healing occurred in most cases by 12 months. Cavities with

a higher percentage of filling showed a trend toward superior bone incorporation.

Keywords: bone grafting; biocompatible materials; bone substitute; xenogratfts;

bone neoplasms; bone cysts.



INTRODUCAO

Nas Ultimas décadas, os substitutos 0sseos tornaram-se cada vez mais
comuns em cirurgias ortopédicas e odontologicas. Houve também um aumento do uso
dos enxertos 0sseos heterélogos, chamados xenoenxertos, que sdo derivados de
fontes bovinas, suinas, corais, crustaceos ou sericulturais. Xenoenxertos bovinos
tém sido o tipo mais comum em cirurgias ortopédicas devido a sua semelhanca fisica
e quimica com o 0sso humano. Para reduzir a antigenicidade, preservar a estrutura e
prolongar a vida util, o componente proteico do enxerto bovino €& parcial ou
completamente removido. Alguns autores tém expressado preocupacdo com O
potencial antigénico e a contaminagdo por prions, mas a preparacao e fabricacédo
desse tipo de enxerto em escala industrial tem mitigado esses riscos®?.

Os enxertos bovinos podem ser quimicamente desproteinizados, mantendo o
componente inorganico do 0sso, ou podem ser tratados por processos fisico-quimicos
que mantém sua matriz proteica-mineral. Em ambos os métodos, o objetivo é manter
a estrutura 0ssea, reduzir a imunogenicidade e proporcionar um ambiente favoravel a
osteoconducdo, osteointegracdo e, em alguns casos, a osteoinducdo. As
caracteristicas biolégicas dos enxertos bovinos tornam este biomaterial adequado
para o preenchimento de cavidades 6sseas apds curetagem de tumores benignos ou
pseudotumores* 10,

Vérios estudos em ortopedia e biomateriais descreveram a biocompatibilidade,
caracteristicas histolégicas e forca compressiva de enxertos bovinos integrais e seu
uso em artroplastias de quadril, osteotomias de joelho e artrodeses no pé®>”81-17 Na
mesma linha, foram analisados uma coorte de pacientes com tumores 0sseos
benignos ou pseudotumores tratados com curetagem, um adjuvante local (quando
necessario) e preenchimento com enxerto bovino mineralizado. O objetivo deste
estudo foi identificar caracteristicas de tratamento relacionadas a qualidade da
integracdo do enxerto apos resseccao tumoral, tempo de cura e complicacbes pos-

operatdrias.



REVISAO DA LITERATURA

Os defeitos 6sseos que necessitam reconstru¢cdo com enxerto 6ésseo na
ortopedia e traumatologia sdo um desafio na pratica dessa area, sendo 0s casos de
tumores e infeccbes 6sseas as maiores causas de defeitos 0sseos. Ossos sdo 0
segundo tecido mais transplantado, ap6s o sangue, e dados dos EUA e Europa
mostram que mais de meio milh&o de pacientes necessitam anualmente de tratamento
cirdrgico para correcdo de defeitos 6sseos com um custo estimado em mais de 3
milhdes de délares?.

O tratamento cirurgico atraves de enxertia 0ssea de deficiéncias causadas por
tumores e lesdes pseudotumorais nos segmentos apendiculares e axiais sdo bem
conhecidos. Diversas alternativas de substitutos 6sseos foram desenvolvidas e
adaptadas ao tratamento de deficiéncias causadas por tumores 6sseos. O enxerto
0sseo pode ser aplicado para o simples preenchimento cavitario de uma leséo
osteolitica, ou até mesmo para fornecer estrutura a falhas de segmentos 6sseos?3.

A aplicacao de substitutos 6sseos apds a curetagem tem mostrado taxas mais
baixas de fraturas pés-operatérias do que as cavidades ndo preenchidas?, uma vez
que reforcam a estrutura 6ssea com diferentes tipos de biomateriais. Curetagem
permite que o0 0SSO recupere lentamente sua forca original, e o substituto, de acordo
com suas caracteristicas intrinsecas, fornece rigidez e acelera a cicatrizacdo. Uma
revisdo sistematica de 2.555 pacientes?, constatou que a prevaléncia de fratura apés
curetagem foi de 6,62% em cavidades nao preenchidas, 2,12% apoOs aloenxerto,
2,07% apOs substitutos 0sseos, 1,65% apds autoenxerto e 0% apos xenoenxerto. Em
outro estudo, os resultados favoreceram o preenchimento da cavidade, mas
constataram que ndo havia correlagdo entre tipo de enxerto e tempo de cura®.

A qualidade dos enxertos 6sseos pode ser avaliada de acordo com a
neoformacdo Ossea desencadeada. Os eventos biolégicos responsaveis pela
osteointegracdo e consolidacdo 6ssea sao:

° osteogénese: capacidade de neoformacédo 6ssea, sendo dependente de
células vivas progenitoras, como 0s osteoblastos. S6 é encontrada osteogénese em

enxertos autélogos e em transplante de medula 6ssea;
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° osteoinducéo: neoformacédo de osso a partir de células mesenquimais
do receptor que se diferenciardo em osteoblastos. Proteinas 6sseas morfogénicas e
matriz 6ssea desmineralizada séo capazes de produzir a osteoinducao;

o osteoconducao: capacidade de permitir aposicédo de tecido 6sseo novo
e formacdo de neovascularizacdo a partir de 0sso pré-existente no enxerto,
requerendo a presenca de tecido 0sseo ou células progenitoras. Pode-se encontrar
propriedades osteocondutoras em enxertos esponjosos de autoenxertos ou
aloenxertos, matriz 6éssea desmineralizada, hidroxiapatita, colageno e fosfato de
célcio®’.

Os enxertos 6sseos sao divididos por tipos de acordo com sua origem em
autologos, homélogos e os heterdlogos. Os autdlogos sao enxertos retirados e doados
a um mesmo individuo. Apresentam alta capacidade de osteointegragdo e minimo,
se nao nulo, potencial antigénico. Por outro lado, pacientes que usam enxertos
autdlogos precisam ser submetidos a sua retirada, o que agrega maior morbidade do
sitio doador e maior tempo cirtrgico®.

Os enxertos 6sseos homélogos sao tecidos provenientes de individuos
diferentes dentro da mesma espécie. O aloenxerto congelado de cadaver é o mais
usado na pratica ortopédica. Este material é retirado em condi¢des estéreis do doador
cadaver e armazenado em bancos de tecidos musculoesqueléticos. Apesar de
disponivel em grande quantidade, existe a necessidade de cadastro dos centros e dos
profissionais para realizacdo dos transplantes 6sseos, bem como transporte do
mesmo para o local do receptor. Além disso, questdes culturais e religiosas também
dificultam seu uso. Os aloenxertos 0sseos podem ser esponjosos, corticais,
osteocondrais, cértico-esponjosos, entre outros®.

O tecido 6sseo humano € constituido em sua maior parte por uma matriz
mineral que corresponde a 65 %, sendo a hidroxiapatita o principal constituinte; e 25%
€ basicamente matriz organica de colageno tipo | contendo proteoglicanos de baixo
peso molecular e proteinas nao colagenas, e por Ultimo 10% de agua®. Andlises fisico-
quimicas mostraram resultados composicionais bastante similares entre 0ssos
humanos e bovinos liofilizados®. A disponibilidade praticamente ilimitada torna este
tipo de enxerto uma excelente alternativa em cirurgias ortopédicas, apesar de

limitagcdes quanto a doagéo e disponibilidade de bancos de tecidos.
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Os enxertos 0sseos heterdlogos, também conhecidos como xenoenxertos, sdo
produtos retirados de espécies diferentes. Entre as opcdes de enxertos 0sseos
heter6logos (xenoenxertos), encontra-se o enxerto bovino liofilizado. Este biomaterial
apresenta caracteristicas semelhantes ao osso humano, grande disponibilidade e f4cil
obtencdo para procedimentos. As caracteristicas quimicas, de porosidade e
comportamento biolégico semelhantes ao osso humano favorecem a osteoconducéao
e 0 suporte provisério no preenchimento de lesGes Osseas. Além disso, sdo
compostos por alto contetido de fosforo e célcio, o que auxilia na neoformacgéo 6ssea.
A antigenicidade do xenoenxerto bovino para uso em humanos € reduzida
significativamente apds lavagem, descelularizacdo, retirada da gordura e
desidratagdo. Desse modo, o tecido restante mantém a matriz proteico-mineral
necessaria para a conducdo dos ostedcitos?'®.

A analise microscopica do enxerto bovino liofilizado revelou estrutura tipica de
0sso medular ap0s 0s processos aos quais € submetido para sua fabricacdo, com
presenca de poros e manutencéo da estrutura cristalina trabeculada do osso. Essas
caracteristicas sao fundamentais para a deposicdo de células osteoprogenitoras,
reabsorcdo 6ssea do enxerto e neoformacdo Ossea. Além disso, a composicao
qguimica do enxerto bovino liofilizado perante estudo de difracdo de raios-x, indicou
manutencdo da fase mineral caracteristica do tecido 6sseo?!.

No Brasil, a producéo industrial do enxerto bovino liofilizado facilitou ainda mais
0 acesso a este biomaterial. Areas da salde como odontologia e ortopedia
beneficiaram-se do aumento da oferta. A partir disso, a aplicacdo de tecido 6sseo
semelhante ao humano e facilmente encontrado entrou de vez no arsenal terapéutico
dos cirurgides e beneficiou inimeros pacientes. Na mesma linha, a oncologia
ortopédica, area responsavel por tratar tumores Gsseos, iniciou 0 uso do enxerto
bovino liofilizado para preenchimento de deficiéncias 0sseas causadas por lesdes
6sseas benignas e pseudotumores 6sseos?!?.

Estudos sobre o enxerto bovino liofilizado tém sido publicados desde a década
de 90 em revistas nacionais e estrangeiras para utilizacdo em cirurgias ortopédicas e
odontolégicas®®. Esta descrito o uso em artroplastias de quadril, osteotomias de joelho
e artrodeses no pél®14-21 e o nimero de casos tratados tem resultado em uma linha

de pesquisa consistente e frequentes publicacGes!?. Varios tipos de xenoenxertos
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surgiram como alternativas no mercado, desde enxertos bovinos e suinos até seda,
crustaceos e corais marinhos. Além disso, diferentes apresentacdes de produtos
estdo disponiveis, como matriz 6ssea bovina desmineralizada, enxerto 6sseo bovino
inteiro e predominancia de carbonato de célcio de corais marinhos. Entre essas
apresentacdes, 0s enxertos bovinos se assemelham mais a estrutura do 0Sso
humano. A arquitetura porosa do tecido bovino, além de ser rica em hidroxiapatita,
também fornece suporte mecéanico e permite a osteoconduc¢do e a migracéo dos vasos
sanguineos para o interior através da neoangiogénese??-25,

Alguns autores criticaram inicialmente o enxerto bovino por possiveis reacfes
imunoldgicas, risco de infeccdo, grande reabsorcdo e taxas mais altas de néo
consolidagdo?52°, Por outro lado, estudos recentes em cirurgias craniofaciais
demonstraram que a encefalopatia espongiforme nao é transmitida. Outros estudos
confirmaram altas taxas de integracdo na area enxertada em procedimentos
ortopédicos'®1826.27  Apesar da controvérsia, o 0sso bovino tem excelente
aplicabilidade na prética cirdrgica devido a sua ampla disponibilidade, longa vida (til,
baixo custo em comparag¢do com substitutos sintéticos e osteointegracao.

Sabe-se que a integracdo do enxerto 6sseo € muito semelhante ao processo
de consolidacao 6ssea. Diferencia-se deste por ocorrer uma necrose do enxerto 6sseo
gue lentamente é substituido por 0sso novo e viavel. Esta incorporacdo pode ser
chamada de “substituicado rastejante”, onde as células mesenquimais sao substituidas
por osteoblastos em volta dos ndcleos de 0sso necrético, resultando na integracao do
enxerto 6sseo’.

O processo de consolidacdo 6ssea dos enxertos 6sseos assemelha-se ao
processo da consolidacdo das fraturas em 0ssos longos. Esses processos sao a
osteogénese, a osteoinducao e a osteoconducao, que também servem para descrever
as caracteristicas fisiolégicas e o potencial funcional dos enxertos 6sseos?®. A
consolidagcédo 6ssea tem fases metabdlicas e bioldgicas que se sobrepéem, sendo na
primeira inclusas as fases anabolica e catabdlica da consolida¢do e na segunda, as
etapas inflamatdria, formacéo 6ssea endocondral e de remodelacdo 6ssea?®. A fase
inflamatoria se inicia nas primeiras horas e dias, com formagédo de um hematoma local
de tecido de granulagéo, neoangiogénese e migracdo de células mesenquimais. Com

a progressao da neoangiogénese, a matriz de colageno € depositada e os ostedides
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sdo secretados e mineralizados, levando a formacao de calo mole. O calo mole é
ainda pouco resistente e persiste nas primeiras 4 a 6 semanas. Iniciada a ossificacédo
deste calo uma ponte éssea é formada criando maior resisténcia. A remodelacéo
0ssea finaliza esse ciclo devolvendo ao 0sso suas carateristicas originais de forma,
resisténcia mecanica e estrutura. A forca adequada deste calo 6sseo geralmente é

reestabelecida em 3 a 6 meses’.
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JUSTIFICATIVA

A necessidade de tecido 6sseo ou substitutos para tratamento de deficiéncias
causadas apos resseccdo de tumores 0sseos € rotina na oncologia ortopédica. Apesar
de ja existirem boas opc¢des como enxerto autélogo e aloenxerto, vemos no enxerto
bovino liofilizado uma alternativa segura, eficaz, de grande disponibilidade, facil
acesso e menor custo. Existem poucos estudos sobre enxerto bovino liofilizado em
tumores &sseos benignos e pseudotumores. Nosso objetivo € demonstrar as
caracteristicas deste tratamento relacionadas a osteointegracdo do enxerto bovino
liofilizado, tempo de cura e complicacbes poOs-operatérias nos tumores 0sseos

benignos e nas lesdes Gsseas pseudotumorais.
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HIPOTESES

HO: ndo ocorre osteointegracdo em tumores 0sseos benignos e lesdes 0sseas
pseudotumorais tratados com enxerto bovino liofilizado.
H1: ocorre osteointegracdo em tumores 0sseos benignos e lesbes Osseas

pseudotumorais tratados com enxerto bovino liofilizado.
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OBJETIVOS

Principal
Avaliar caracteristicas clinicas e radiolégicas da osteointegracdo de pacientes
com tumores 0sseos benignos e lesbes 6sseas pseudotumorais tratados com enxerto

bovino liofilizado.

Secundarios

Avaliar o tempo de osteointegracdo e complicacfes pos-operatorias.
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Abstract: We retrospectively reviewed 28 patients (15 women and 13 men) with benign bone tumors
or pseudotumors treated with curettage and filling with freeze-dried bovine bone graft Orthogen
(Baumer S/A, Sao Paulo, Brazil). The aim of the study was to evaluate the rate of incorporation of
Orthogen into the host bone, as well as to describe the outcomes of bone healing (quality, time, and
complications). General characteristics, tumor volume, size, site, complications, percent filled, and
healing quality at 6 and 12 months were assessed through radiographs. Mean patient age was 20.5
(range 4.7-75.1) years. The most common lesion type was simple bone cyst (12/28), and the most
common sites were the tibia (7/28) and humerus (7/28). There were no postoperative pathologic
fractures. Two cases (7.1%) of serous fluid leakage through the wound occurred. Mean cavity volume
was 20.1 (range 2.7-101.4) cm®. At 6 and 12 months, 75% and 77.8% of cavities, respectively, showed
complete bone healing. At 12 months, 81% of cavities filled >90% with graft showed complete bone
healing vs. only 19% of those filled <90%. Filling with bovine bone graft resulted in few complications
and excellent healing after curettage of benign bone tumors or pseudotumors. Complete healing
occurred in most cases by 12 months. Cavities with a higher percentage of filling had a higher rate of
complete radiographic incorporation.

Keywords: bone grafting; biocompatible materials; bone substitute; xenografts; bone neoplasms;
bone cysts

1. Introduction

In recent decades, bone substitutes have become increasingly common in orthopedic
and dental surgery. There has also been an increase in heterologous bone grafts, called
xenografts, which are derived from bovine, porcine, coral, crustacean, or sericultural
sources [1-3]. Among them, bovine bone grafts have been the most common type due
to their physical and chemical similarity to human bone. In addition, they are widely
available in the market, have a long storage time, and are easy to handle in the operating
theater. Some authors have expressed concern about antigenic potential and contamination
by prions, but preparation and manufacture of this type of graft on an industrial scale have
mitigated these risks [4-8].

Bovine bone grafts can be distributed as deproteinized, maintaining the inorganic
phase of the natural bone, or demineralized, maintaining the organic phase of the natu-
ral bone, or partially deproteinized. The final product is obtained by physical-chemical
processing, aiming to maintain bone structure, reduce immunogenicity, and provide a
favorable environment for cell adhesion and new bone formation. The biological character-
istics of bovine bone grafts make this biomaterial suitable for filling bone cavities made by
curettage of benign bone tumors or pseudotumors [3,9].
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Several studies in orthopedics and biomaterial science have described the biocom-
patibility, the histological characteristics of the newly formed bone after implantation, the
compressive strength of bovine bone grafts, and their successful use in hip arthroplasties,
knee osteotomies, and foot arthrodesis [4,6,7,10-15]. We, therefore, reviewed a series of
patients with benign bone tumors or pseudotumors treated with curettage, a local adjuvant
(when necessary), and filling with freeze-dried bovine bone graft. We aimed to evaluate
whether Orthogen bovine bone graft presents good rates of incorporation into the host bone
after curettage of benign bone tumors, describe the radiographic healing characteristics
after cavity filling, and assess postoperative complications.

2. Materials and Methods

This study was approved by the institutional research ethics committee, and all
participants or their legal guardians provided written informed consent prior to inclusion.

The medical records of 28 patients with benign nonaggressive bone tumors or pseudo-
tumors treated consecutively by 2 orthopedic surgeons (RGB and BPA) through curettage
and filling with freeze-dried bovine bone graft were reviewed. Other types of bone grafts
(autograft, synthetic hydroxyapatite, or no filling) were not included in this sample; as well,
there were no case controls due to the small number of patients. The variables extracted
from the medical records were the volume (cm?®) and size (cm) of the tumor, the number
of graft units used, anatomical site, histological diagnosis, percent of the cavity filled, and
quality of healing assessed radiographically, as described below. Preoperative and immedi-
ate postoperative radiographs of the bone lesions were digitally measured in Enterprise
Imaging 8.1.2 SP7.1 (Agfa HealthCare, Mortsel, Belgium) (Figures 1A-C, 2A,B and 3A,B).
The volumes of cylindrical and spherical cavities were calculated, respectively, using the
formulas ABC x 0.785 and ABC x 0.52 (A = width, B = depth, and C = height). Immediate
postoperative cavity filling was measured as >90% or <90%, with >90% as the treatment
goal (Figures 1C, 2B and 3B). Cavities filled with <90% occurred due to limited amount of
graft available (1 patient) or poor impaction (7 patients). After surgery, radiographs were
taken at 6, 12, and 24 months to assess graft healing (Figures 1D-F, 2C-E and 3C-E). The
quality of graft healing was evaluated using a modified Neer classification for bone cysts.
The classification is based on 4 categories: I—healed cavity filled with new bone, with
radiolucent areas <10 mm; [I—healed with radiolucent areas <50% of the bone diameter;
IlI—persistent radiolucent areas >50% of the bone diameter; and IV—recurrent cavity in
a previously healed area [16]. The Neer classification was chosen because of the similar
behavior of tumors in our sample with simple bone cysts.

Pseudotumor lesions were curetted and grafted, whereas benign neoplasms received
intraoperative adjuvant treatment (drilling, fulguration, or ethanol) before grafting. Lesions
that presented with a pathologic fracture were filled through the fracture before surgical
reduction and fixed with orthopedic implants. In cases of imminent fracture, curettage was
performed, the lesions filled by opening a bone window, and the periosteum was opposed.
All lesions were filled with Orthogen (Baumer S/ A, Sao Paulo, Brazil) bovine bone graft,
which has a mixed structure composed of an organic portion (25-30% collagenous proteins)
and a mineral portion (65-70% hydroxyapatite) (Figure 4). The 10 x 20 x 30 mm blocks
were hydrated, chopped, and mechanically compacted in the cavity created by the curettage.
No autologous bone graft or bone marrow aspirate was added to the bovine graft. All
caution was taken to avoid leaving remnants of bone graft on the soft tissues.
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Figure 1. (A,B) Preoperative radiograph, anteroposterior, and lateral views. Volume measure-
ment in a unicameral bone cyst of the proximal femur. Application of the volume formula
ABC x 0.785 = 52.25 cm? (cylindrical defect). (C) Immediate postoperative radiograph after curet-
tage, grafting, and plate fixation. Bone graft homogeneously distributed in the cavity with >90%
filling. (D) Postoperative 6-month follow-up radiograph showing cortical thickening and partial
graft incorporation. (EF) Radiographs at 12- and 24-month follow-up, showing complete graft
incorporation (Neer I) and bone remodeling.

Figure 2. (A) Preoperative radiograph of a unicameral bone cyst of the humerus. (B) Immediate
postoperative radiograph after curettage and bone graft filling <90% of the cavity. (C,D) Postoperative
6- and 12-month follow-up radiographs showing radiolucent area <50% (arrow) of the bone diameter
(Neer II). (E) Twenty-four-month follow-up radiograph showing cortical thickening, bone remodeling,
and small intramedullary cystic remnants.
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Figure 3. (A) Preoperative radiograph of a nonossifying fibroma of the distal femur. (B) Immediate
postoperative radiograph after curettage showing poor cavity filling with bone graft. Dashed lines
delimit the grafted area. (C) Postoperative 6-month follow-up radiograph showing persistent radi-
olucent areas >50% of the bone diameter (Neer IIT) and (D) 12-month follow-up radiograph with
remnants of the graft in the proximal region of the cavity (arrow). (E) Twenty-four-month follow-up
radiograph showing persistent cystic areas and complete resorption of the bone graft.

Figure 4. Orthogen bone graft block (10 x 20 x 30 mm).

Quantitative variables were described as mean and standard deviation (SD) or me-
dian and interquartile range (IQR). Qualitative variables were described as absolute and
relative frequencies.
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3. Results

The patient and tumor characteristics are summarized in Table 1. A total of 15 women
and 13 men with a mean age of 20.5 (range 4.7-75.1) years were followed up for a minimum
and maximum of 8 and 30 months, respectively. The most common lesions were simple
bone cysts (12/28), cartilaginous tumors (5/28), osteofibrous dysplasia (4/28), and aneurys-
mal bone cysts (3/28). Most were located in the tibia (7/78), the proximal metaphyseal
segment of the humerus (7/28), or the distal (4/28) and proximal (4/28) femur. The mean
lesion volume was 21.0 (range 2.7-101.4) cm®,

Table 1. Patient and tumor characteristics.

Fatient Tumor Volume
Registry/Sex/Age Tumor Location Pathological Diagnosis (cm?)
(Years)
1/F/14 Calcaneus Simple bone cyst 5.82
2/E/8 Humerus Simple bone cyst 4.12
3/M/5 Proximal femur Simple bone cyst 7.05
4/F/28 Calcaneus Simple bone cyst 8.53
5/M/75 Proximal tibia Ganglion cyst 21.84
6/M/7 Distal femur Simple bone cyst 62.96
7/M/45 Phalanx (foot) Gouty tophi 8.24
8/F/40 Phalanx (foot) Enchondroma 4.71
9/M/17 Humerus Fibrous dysplasia 16.28
10/E/32 Phalanx (hand) Epithelial bone cyst 8.24
11/F/10 Tibia Nonossifying fibroma 23.55
12/F/11 Tibia Chondromyxoid fibroma 14.87
13/F/29 Proximal femur Simple bone cyst 7.63
14/M/9 Tibia Aneurysmal bone cyst 26.82
15/F/9 Humerus Simple bone cyst 70.2
16/M/5 Humerus Aneurysmal bone cyst 3.6
17/M/11 Distal femur Nonossifying fibroma 7.11
18/M/16 Fibula Chondromyxoid fibroma 27.66
19/F/15 Proximal femur Simple bone cyst 52.25
20/M/4 Humerus Simple bone cyst 14.49
21/F/4 Tibia Aneurysmal bone cyst 12.35
22/F/12 Humerus Simple bone cyst 8.22
23/F/8 Tibia Nonossifying fibroma 9.36
24/M/38 Proximal femur Simple bone cyst 101.42
25/F/24 Pelvis Ganglion cyst 2.73,
26/F/24 Distal femur Chondroblastoma 5.61
27/M/9 Humerus Simple bone cyst 37.28
28/M/46 Distal femur Enchondroma 14.62

Healing quality was assessed through radiographs using the Neer classification system.
At 6 months, 21 of 28 patients (75%) were classified as NeerI, 5 (17.9%) as Neer 11, 2 (7.1%) as
Neer III, and 0 as Neer IV. A total of 27 patients completed 12 months of follow-up, and all
of them attained the quality assessed at 6 months (Table 2). At the 12-month radiographic
evaluation, complete healing occurred in 81% (17/21) of patients when >90% of the cavity
was filled. Conversely, complete healing occurred in only 19% (4/21) when <90% of the
cavity was filled (Table 3).
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Table 2. Radiographic assessment status at 6, 12, and 24 months after curettage and grafting.
. . . 6 Months 12 Months 24 Months
Radiological Evaluation 1 (%) (%) (%)
(n=28) (n=27) (n=16)
Neer * I (healed cavity) 21 (75.0) 21 (77.8) 12 (75.0)
Neer II (healed with defects) 5(17.9) 5(18.5) 1(6.3)
Neer III (persistent lesion) 2(7.1) 1(3.7) 3(18.8)
Neer IV (recurring lesion) 0(0.0) 0(0.0) 0(0.0)

* Neer classification for healing status.

Table 3. Healing status and cavity filling percentage at 12-month follow-up.

(NeerI) (NeerII, III, IV)
1 (%) n (%)
Percentage of cavity filled
<90% 4(19.0) 4(66.7)
>90% 17 (81.0) 2(33.3)

Two patients (7%) had complications within 30 days postoperatively, both of whom
had serous drainage between days 6 and 12 with mild hyperemia that was resolved
through dressings and oral antibiotics (cephalosporin) before postoperative day 21. Local
recurrence occurred in two patients (7%) after 24 and 36 months postoperatively (case
numbers 17 and 3). Both were resolved after curettage and regrafting with Orthogen. No
pathologic fractures occurred postoperatively.

4. Discussion

Applying bone substitutes after curettage has shown lower rates of postoperative
fractures than unfilled cavities [17]. Curettage allows the bone to slowly regain its original
strength, and the substitute, according to its intrinsic characteristics, provides stiffness and
accelerates healing. In a systematic review of 2555 patients, Gava et al. [17] found that the
fracture prevalence after curettage was 6.6% in unfilled cavities, 2.1% after allograft, 2.0%
after bone substitutes, 1.7% after autograft, and 0% after xenograft. Although the results
favored cavity filling, there was no statistical correlation between graft type and healing
time [17].

Currently used biomaterials include synthetic bone substitutes (hydroxyapatite, as
beta-tricalcium phosphate ceramics, calcium sulfate, polymers, bioactive glass, and com-
posites), autografts, allografts, xenografts (bovine, chitosan, and silk), cement, and bone
substitutes with growth factors [9]. The advantages and disadvantages of substitutes, as
well as the characteristics of the recipient area, determine the choice of biomaterial and
healing time. Autografts, for example, have the best biological characteristics and require
the shortest time for bone incorporation. However, in orthopedic surgery, autograft re-
constructions are limited by the graft volume and morbidity in the donor area. Likewise,
allografts (industrialized or frozen) have good histocompatibility, adequate mechanical
resistance, and an abundant supply. On the other hand, logistical and regulatory difficulties,
immunogenicity, the risk of viral transmission, and expiration of the material can hamper
their use. Similarly, although synthetic bone substitutes are widely available, they are
also limited by high cost, lower osteoinductive capacity, and lower mechanical strength,
depending on the material [1,8].

In the last two decades, bone xenografts have been used more frequently in orthopedic
and dental surgery [18]. Several types have emerged as alternatives in the market, from
bovine and porcine grafts to silk and crustaceans. In addition, different product presenta-
tions are available, such as bovine-derived organic (Orthogen, Hypro-Oss) or inorganic
(GenoxInorganico, Bio-Oss, Bonefill) bone grafts and calcium phosphate ceramics from
marine corals (CoreBone, BoneMedik). Among these presentations, bovine bone grafts
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most closely resemble the structure of human bone. The porous architecture of bovine bone
tissue, in addition to being rich in hydroxyapatite, also provides relative mechanical sup-
port and allows osteoconduction and the migration of blood vessels to the interior through
neoangiogenesis [3]. Galia et al. [19] demonstrated in vitro that Orthogen bovine bone graft
presented a medullary bone structure with interconnected pores and a trabecular crystal
structure that favors the deposition of osteoprogenitor cells, physiological resorption, and
osteoid apposition.

Bracey et al. [20] conducted a historical analysis of studies on bone xenografts in
orthopedic surgery. Almost 50% of the studies were based on spinal procedures, and
unfavorable results were found in 47% of all studies, leading the author to discourage
the use of bone xenograft. Charalambides et al. [21] and Shibuya and Jupiter [8] have
criticized bovine bone graft due to poorer graft incorporation outcomes, lower rates of
spine and foot fusion, and higher rates of inflammatory reactions than autogenous bone
graft. Kimetal. [22] and Laurencin and El-Amin [23] cited the concern expressed in
international studies with the risk of nondetectable pathogen transmission into humans
after xenograft transplantation.

On the other hand, Hugen et al. [9] conducted a review of the properties of “ideal”
bone graft substitutes in craniofacial and periodontal applications. Similar incorporation
outcomes to other bone sources were found after bovine bone grafting. Likewise, there were
no reports of transmissible spongiform encephalopathy or bovine spongiform encephalopa-
thy. In 2009, Rosito et al. [11] described a series of 25 patients with severe acetabular defects
treated with bovine bone graft in revision total hip arthroplasty. Eighteen patients (72%)
presented good or very good radiographic incorporation of the bovine bone graft with
minor graft-related complications. Henning et al. [10] evaluated the rate of union after
subtalar arthrodesis with autologous (6) and freeze-dried bovine bone graft (6). Solid union
was achieved in all patients except one in the xenograft group.

Despite the controversy, bovine bone graft has excellent applicability in surgical
practice due to its availability, acceptable incorporation rate and time, lower cost than
synthetic substitutes, and long storage time [24]. Our results were similar to those of
previous papers using different sources of bone grafts for bone cavities secondary to
curettage [16,17,25]. According to our findings, the highest percentage of cavity filling
showed a trend toward better bone graft incorporation and healing. Based on our clinical
practice, the use of a meticulous impaction technique has a considerable effect on the results.
Furthermore, the porosity scaffold of the bovine bone graft applied to a well-vascularized
host cavity seems to corroborate our clinical outcomes. In addition, the low complication
rate and excellent healing allow Orthogen bovine bone graft to be safely used after curettage
of benign bone tumors and pseudotumors.

5. Conclusions

Orthogen bovine bone graft after curettage of benign bone tumors resulted in few
complications and an excellent healing rate at 6 and 12 months. Complete bone graft
incorporation occurred in most cases. Cavities filled >90% were more likely to exhibit full
graft incorporation.
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CONCLUSAO

Enxertos bovinos liofilizados tém baixas taxas de complicagbes e boa
integracdo apods o preenchimento de cavidades 0sseas secundarias a curetagem de
tumores 0sseos benignos ou pseudotumores. Aos 6 e 12 meses, a integracdo
completa ocorreu na maioria dos casos. Cavidades mais completamente preenchidas
tendiam a ter melhor osteointegracao.

Como trabalho inédito a demonstrar o uso do xenoenxerto bovino liofilizado na
area da oncologia ortopédica nacional é extremamente relevante ao difundir este tipo
de enxerto que possui biodisponibilidade e menor custo relacionado. Maiores estudos
s8o necessarios para consolidar o uso do enxerto bovino liofilizado na oncologia
ortopédica aumentando o numero de casos descritos e tempo de seguimento dos

casos.
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ANEXOS

FIGURES

Figure 1. (A,B) Preoperative radiograph, anteroposterior, and lateral views.
Volume measurement in a unicameral bone cyst of the proximal femur. Application of
the volume formula ABC x 0.785 = 52.25 cm?® (cylindrical defect). (C) Immediate
postoperative radiograph after curettage, grafting, and plate fixation. Bone graft
homogeneously distributed in the cavity with >90% filling. (D) Postoperative 6-month
follow-up radiograph showing cortical thickening and partial graft incorporation. (E,F)
Radiographs at 12- and 24-month follow-up, showing complete graft incorporation

(Neer 1) and bone remodeling.

Figure 2. (A) Preoperative radiograph of a unicameral bone cyst of the
humerus. (B) Immediate postoperative radiograph after curettage and bone gratft filling
<90% of the cavity. (C,D) Postoperative 6- and 12-month follow-up radiographs
showing radiolucent area <50% (arrow) of the bone diameter (Neer Il). (E) Twenty-

four-month follow-up radiograph showing cortical thickening, bone remodeling, and

small intramedullary cystic remnants.
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Figure 3. (A) Preoperative radiograph of a nonossifying fioroma of the distal
femur. (B) Immediate postoperative radiograph after curettage showing poor cavity
filling with bone graft. Dashed lines delimit the grafted area. (C) Postoperative 6-month
follow-up radiograph showing persistent radiolucent areas > 50% of the bone diameter
(Neer Ill) and (D) 12-month follow-up radiograph with remnants of the graft in the
proximal region of the cavity (arrow). (E) Twenty-four-month follow-up radiograph

showing persistent cystic areas and complete resorption of the bone gratft.

33



TABLES

Table 1. Patient and tumor characteristics.

Patient Tumor Volume
Registry/Sex/Age Tumor Location Pathological Diagnosis (cm?)
(Years)
1/F/14 Calcaneus Simple bone cyst 5.82
2/F/8 Humerus Simple bone cyst 4.12
3/M/5 Proximal femur Simple bone cyst 7.05
4/F/28 Calcaneus Simple bone cyst 8.53
5/M/75 Proximal tibia Ganglion cyst 21.84
6/M/7 Distal femur Simple bone cyst 62.96
7/M/45 Phalanx (foot) Gouty tophi 8.24
8/F/40 Phalanx (foot) Enchondroma 4.71
9/M/17 Humerus Fibrous dysplasia 16.28
10/F/32 Phalanx (hand) Epithelial bone cyst 8.24
11/F/10 Tibia Nonossifying fibroma 23.55
12/F/11 Tibia Chondromyxoid fibroma 14.87
13/F/29 Proximal femur Simple bone cyst 7.63
14/M/9 Tibia Aneurysmal bone cyst 26.82
15/E/9 Humerus Simple bone cyst 70.2
16/M/5 Humerus Aneurysmal bone cyst 3.6
17/M/11 Distal femur Nonossifying fibroma 7.11
18/M/16 Fibula Chondromyxoid fibroma 27.66
19/F/15 Proximal femur Simple bone cyst 52.25
20/M/4 Humerus Simple bone cyst 14.49
21/F/4 Tibia Aneurysmal bone cyst 12.35
22/F/12 Humerus Simple bone cyst 8.22
23/F/8 Tibia Nonossifying fibroma 9.36
24/M/ 38 Proximal femur Simple bone cyst 101.42
25/F/24 Pelvis Ganglion cyst 2.73
26/F/24 Distal femur Chondroblastoma 5.61
27/M/9 Humerus Simple bone cyst 37.28
28/M/46 Distal femur Enchondroma 14.62

Table 2. Radiographic assessment status at 6, 12, and 24 months after curettage and

grafting.
Radiological Evaluation 6 Mogths 12 Months 2 Mogths

i (%) n (%) 1 (%)
(n=28) (n =27) (n=16)
Neer * I (healed cavity) 21 (75.0) 21 (77.8) 12 (75.0)

Neer II (healed with defects) 5(17.9) 5(18.5) 1(6.3)
Neer III (persistent lesion) 2(7.1) 1(3.7) 3 (18.8)

Neer IV (recurring lesion) 0(0.0) 0(0.0) 0(0.0)

* Neer classification for healing status.

Table 3. Healing status and cavity filling percentage at 12-month follow-up.

(NeerI) (Neer II, I11, IV)
1 (%) 1t (%)
Percentage of cavity filled
<90% 4 (19.0) 4(66.7)
>90% 17 (81.0) 2(33.3)
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