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RESUMO

O objetivo neste estudo clinico retrospectivo randomizado em um modelo boca-dividida foi
avaliar por meio da dimenséo fractal (DF) de imagem tomografica de feixes conicos (TCFC),
a microarquitetura trabecular do osso neoformado, inicial aos 7 dias e final aos 180 dias, de
enxertos xendgenos de origem bovina Bio-Oss® (Geistlich) e de origem equina Bio-Gen®
(Bioteck), utilizados em procedimento de elevacdo de assoalho de seio maxilar (LSM). O
estudo foi composto de 20 imagens TCFC obtidas de 10 pacientes que se submeteram
previamente ao LSM de acordo com protocolo de cirurgia do mestrado em implantodontia da
Pontificia Universidade Catolica de Minas Gerais. Dez imagens obtidas aos 7 dias e outras
dez aos 180 dias apos a realizacdo dos procedimentos, foram analisadas por meio da analise
fractal (AF) das tomografias utilizando o software open source ImageJ® disponibilizado pelo
National Institutes of Health® para o célculo fractal da regido de interesse. Os dados
apresentaram distribuicdo normal, aferida com teste Kolmogorov-Smirnov, representados
pelas medias e desvios-padrdo. Foi realizada uma analise de variancia (ANOVA) e
comparagdo de cada biomaterial utilizado (Bio-Oss®, Bio-Gen®, controle A e controle B),
sendo detectada uma diferenca estatistica (p< 0.0001). Os valores fractais obtidos a partir das
analises dos substitutos 6sseos Bio-Oss® e Bio-Gen® em T1 (1,387 + 0,1598); (1,370
0,1336) e em T2 (1,472 + 0,07414); (1,458 + 0,08750), respectivamente ndo apresentaram
diferenca estatistica significativa no comportamento dos biomateriais. A andlise da
microarquitetura trabecular por meio do calculo da DF demonstrou ser uma ferramenta (til,

sendo capaz de auxiliar no planejamento cirdrgico para reabilitagdes com implantes dentarios.

Palavras-chave: Analise fractal. Enxerto 6sseo. Tomografia computadorizada.



ABSTRACT

The aim of this retrospective randomized clinical trial in a split-mouth model was to evaluate
the trabecular microarchitecture of the neoformed bone, starting at 7 days and ending at 180
days, using fractal dimension (DF) of cone bean tomography (CBCT), xenogenous grafts of
bovine origin Bio-Oss® (Geistlich) and equine origin Bio-Gen® (Bioteck), used in maxillary
sinus floor augmentation (LSM). The study was composed of 20 CBCT images obtained from
10 patients who had previously submitted to LSM according to the surgical protocol of the
Master's Degree in Implant Dentistry of the Pontifical Catholic University of Minas Gerais.
Ten images obtained at 7 days and another ten to 180 days after the procedures have been
completed were analyzed by fractal analysis (AF) of the tomographies using the open source
software ImageJ® made available by the National Institutes of Health® for fractal calculation
of the region of interest. The data presented normal distribution, measured with Kolmogorov-
Smirnov test, represented by the medias and standard deviations. The analysis of variance
(ANOVA) was performed and comparison of each biomaterial used (Bio-Oss®, Bio-Gen®,
control A and control B), a statistical difference was detected (p<0.0001). Fractal values
obtained from the analysis of bone substitutes Bio-Oss® and Bio-Gen® on T1 (1.387 =
0.1598); (1.370 £ 0.1336) and T2 (1.472 + 0.07414); (1.458 + 0.08750), respectively, showed
no statistically significant difference in the behavior of biomaterials. The analysis of
trabecular microarchitecture by means of DF calculation demonstrated to be a useful tool,

being able to assist in surgical planning for rehabilitation with dental implants.

Keywords: Fractal analysis. Bone grafting. Computed tomography.
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1 INTRODUCAO

A elevacdo do assoalho do seio maxilar (LSM), introduzida pela primeira vez em 1976
e revisada entre 1980 e 1986, tornou-se um dos métodos mais comuns para aumentar o
remanescente 6sseo na regido posterior de maxila. A aplicacdo da técnica da janela lateral é o
procedimento cirdrgico mais utilizado com esse objetivo (CHACKARTCHI et al., 2011;
RIVARA et al., 2017).

O procedimento de LSM usando osso autdgeno foi considerado o padrao de referéncia
para reabilitagdo dos casos de atrofia maxilar grave, apesar de néo ser a op¢do mais utilizada
atualmente, devido as limitacbes ou morbidade causada pelas técnicas de remoc¢do da area
doadora. Isto levou ao desenvolvimento de substitutos ésseos, que vem sendo elaborados e
melhorados (CARDOSO et al., 2016; COSSO et al., 2014).

Os enxertos xendgenos, por outro lado, representam uma alternativa em substituicdo
ao 0sso autdgeno. Sob o formato particulado, trata-se de um material bastante consagrado na
literatura, sendo amplamente utilizado em cirurgias de LSM (NEVINS et al., 2011,
SARTORI et al.,, 2003) e em procedimentos de regeneracdo Ossea guiada (ROG)
(ZITZMANN et al., 2001). Estudos a longo prazo, nos quais 0 0sso xendgeno particulado foi
utilizado nos procedimentos de enxertia em seio maxilar (SM), mostram um intimo contato do
0sso neoformado com as particulas e sua lenta substituicdo por osso lamelar, o que caracteriza
0 alto potencial osteocondutor deste material (NEVINS et al., 2011; ORSINI et al., 2007).

A utilizacdo do osso bovino mineralizado na cirurgia de LSM esta bem documentada e
juntamente com a hidroxiapatita sintética (pHA) é o biomaterial mais estudado em trabalhos
clinicos e pesquisa com animais (ARTZI et al., 2002). A fonte mais comum dos enxertos
xendgenos € a bovina, como alternativa, materiais de origem suina tém sido usados, e existem
alguns artigos sobre substitutos 6sseos de origem equina, que tém mostrado habilidade em
induzir a diferenciacdo osteoblastica das células tronco advindas da medula (ARTESE et al.,
2011).

Concomitantemente, os exames de imagem devem fornecer elementos que
possibilitem avaliar adequadamente a qualidade e o volume 6sseo disponivel na regido de
interesse para a instalacdo de implantes. Apesar da radiografia panoramica ser utilizada para
estimar a altura Ossea, esta apresenta as limitagdes de um exame bidimensional além de
apresentar magnificagdo que varia de 25 a 30%, o que torna a tomografia computadorizada
(TC) o exame de escolha para planejamento de instalagéo de implantes. Dentre as tomografias

computadorizadas (TC), a tomografia computadorizada de feixes conicos (TCFC) é capaz de
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fornecer uma imagem tridimensional da area, com baixo custo e empregando doses baixas de
radiacdo quando comparada as tomografias multislice (KILJUNEN et al., 2015).

A TCFC pode ser utilizada para o estudo detalhado do osso trabecular, que consiste
em numerosas placas e hastes Osseas separadas por espacos na medula dssea. Entretanto, a
TCFC néo propicia o valor real da densidade dssea que pode sofrer variagdo significativa,
mesmo entre pontos adjacentes na maxila. Todavia, duas caracteristicas das trabéculas, a
interconectividade aleatoria de tadbua Ossea e autossimilaridade, sdo propriedades de um
objeto fractal (DI STEFANO et al., 2019; GAALAAS et al., 2013).

Nos anos 80, os conceitos de geometria fractal foram retomados por muitos ramos da
ciéncia e entrou para a radiografia odontoldgica com o interesse em reconhecer padrdes de
imagem. A DF expressa a rugosidade da textura, que € o padréo repetitivo de configuracdes
de escala de cinza no trabeculado 0sseo, sendo esta anélise baseada em matematica fractal.
Ap0s a realizagdo de estudos, evidenciou-se que a aplicacdo sobre o o0sso trabecular em
imagens radiograficas deste método poderia ser considerado como reflexo da microarquitetura
ossea trabecular (ZEYTINOGLU et al., 2014).

O célculo da DF pode ser realizado por meio de alguns dispositivos, tais como
densidade espectral de poténcia, area de superficie do prisma triangular, o método da manta e
a escala de diferenca de intensidade ou o variograma. O método box-counting, considerado de
manuseio simples, € o recurso mais frequentemente aplicado. A AF traz grande beneficio
quando associado a cirurgia de LSM, uma vez que permite a descricdo morfolégica da
arquitetura trabecular. Além disso, a AF proporciona a quantificacdo das alteracdes do padrdo
6sseo resultantes de uma doenca ou a progressdo de um tratamento, observacdes importantes
e indispensaveis para estudos clinicos e cientificos (KATO et al., 2020).

Neste contexto, o objetivo no estudo foi avaliar por meio de TCFC, a microarquitetura
trabecular, inicial aos 7 dias e do osso neoformado aos 180 dias, de enxertos xendgenos de
origem bovina Bio-Oss® (Geistlich) e de origem equina Bio-Gen® (Bioteck), utilizados em
LSM.
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2 OBJETIVOS
2.1 Objetivo geral

Determinar por meio da analise da DF das imagens das TCFC, as caracteristicas da
microarquitetura trabecular, inicial 7 dias e do osso neoformado final 180 dias de enxertos
xendgenos, em cirurgias de LSM utilizando os biomateriais, Bio-Oss® - Geistlich (origem

bovina) e Bio-Gen® - Bioteck (origem equina).
2.2 Objetivos especificos

a) comparar o padrdo 6sseo fractal, inicial 7 dias e final 180 dias, de enxertos
xendgenos de origem bovina e de origem equina, usados em LSM;

b) comparar o padrdo da DF das estruturas 6sseas do pilar canino, densidade 6ssea
tipo 1, e do tuber da maxila, densidade Ossea tipo 4, com enxertos dos

biomateriais nos diferentes periodos do estudo.
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3 MATERIAL E METODOS

A pesquisa foi desenvolvida no Departamento de Odontologia da Pontificia
Universidade Catolica de Minas Gerais (PUC Minas), em Belo Horizonte, em continuidade a
sequéncia de projetos envolvendo uso de biomateriais na elevacdo do assoalho do seio
maxilar. Estudo aprovado pelo CEP — PUC Minas, CAAE: 30312720.9.0000.5137.

Foram utilizadas as imagens tomograficas de 10 pacientes, sendo analisados no total
20 seios maxilares. Os pacientes tinham idade entre 50 e 75 anos, 7 mulheres e 3 homens, sem
alteracOes sistémicas, ndo tabagistas, e portadores de &rea desdentada na regido posterior da
maxila apresentando remanescente 6sseo inferior a 5 mm (GULTEKIN et al., 2016) que
foram submetidos previamente a cirurgia de levantamento de seio maxilar para preenchimento
com enxerto 6sseo particulado bilateral (modelo boca - dividida) e posterior instalacdo de
implantes.

Os biomateriais utilizados no procedimento de enxertia foram o Bio-Oss® - Geistlich,
enxerto 0sseo bovino inorganico esponjoso em granulos reconhecido pelo Ministério da
Sadde, registro na ANVISA 806969930002 e o Bio-Gen® - Bioteck, enxerto 6sseo equino
inorganico esponjoso em granulos reconhecido pelo Ministério da Saude, registro na
ANVISA 10349760020.

Desta forma, realizou-se um estudo clinico retrospectivo randomizado em modelo
boca-dividida, no qual os substitutos 6sseos foram separados em 2 grupos: Bio-Oss® e Bio-
Gen®.

O sistema de classificacdo proposto por Lekhlom e Zarb (1985) apresenta regides com
variaces de densidade e qualidade 6ssea em mandibula e maxila. A classificacdo foi
composta por 4 grupos de acordo com a estrutura 0ssea: tipo 1 = camada espessa de 0SSO
cortical/compacto homogéneo com um pequeno nucleo de o0sso trabecular; tipo 2 = camada
espessa de 0sso compacto ao redor de um osso trabecular denso; tipo 3 = fina camada de 0sso
cortical ao redor de um o0sso trabecular denso; e tipo 4 = fina camada de 0sso cortical ao redor
de um nucleo de osso trabecular de baixa densidade.

Segundo Monje et al. (2015), a maxila apresenta diferentes valores fractais em sua
estrutura, sendo a regido anterior da maxila com maior densidade 0ssea em relacdo a regido
posterior. Para controle de referéncia da dimenséo fractal foram avaliadas as DF das areas das
estruturas anatdbmicas denominadas como Y de Ennis invertido, regido proxima ao pilar
canino, como controle de maior densidade déssea tipo 1 (controle A), e o tuber da maxila como

controle de menor densidade 0ssea tipo 4 (controle B).
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3.1 Obtencéo das imagens

Os pacientes foram submetidos ao exame de TCFC para avaliacdo do volume obtido
pelos enxertos e de possiveis complicacdes operatorias do SM ap6s 7 dias. Aos 180 dias,
novos exames de TCFC foram solicitados para o planejamento da instalagcdo dos implantes.

As imagens foram adquiridas em um equipamento de TCFC, marca Carestream®,
modelo 9500, voxel 200 um. Foram utilizados os protocolos de aquisicdo do referido servico
de radiologia, devidamente adaptados para o proposito do trabalho de pesquisa, com as
especificagOes para a maxila de 90 kVp e 10 mA, FOV de 8 x 8 cm e espessura do voxel de
0,25 mm selecionado de acordo com o tamanho da maxila.

As imagens foram armazenadas no formato DICOM e, posteriormente, reconstruidas
no software Carestream® Dental Imaging Software®, da empresa Carestream®. A utilizagdo
deste software torna possivel o processamento tridimensional da imagem e a resolucdo

adequada dos niveis de cinza para visualizagdo da estrutura 6ssea.

3.2 Analise fractal

O método de célculo da DF foi avaliado e mensurado por meio do programa de
software open source ImageJ® disponibilizado pelo National Institutes of Health®-USA para o
calculo fractal da ROI. Um avaliador foi treinado visando a padronizacdo da analise em todos
0s exames avaliados.

Para realizacdo da AF foi selecionada a regido de interesse (ROI) sobre os enxertos
6sseos presentes nos SM em T1 e T2. A ROI demarcada nas imagens delimitou todo o
enxerto nos trés planos (axial, sagital e coronal). As areas foram avaliadas e padronizadas por
meio de um ponto de referéncia localizado no centro do enxerto Gsseo nos cortes
tomograficos axial, coronal e sagital. As ROIls evitaram cortical déssea, raiz do dente
remanescente e a lamina dura. Uma figura geométrica foi sobreposta em todo o substituto
6sseo, nos trés cortes tomograficos, seguindo o ponto de referéncia nos SM em Tl e T2 em

todos os grupos de enxertos (Fig. 1). No estudo, foram avaliadas 240 ROIs (Fig.2).
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Figura 1: Selecdo da ROI

Legenda: A,B,C) Ponto de referéncia para selecdo da ROI nos cortes Axial, Coronal e Sagital, respectivamente.
D) Delimitacdo da ROI no corte axial.

Fonte: Elaborado pelo autor
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Figura 2: Fluxograma do estudo

10 Pacientes (modelo boca-dividida) com

total de 20 SM analisados.

3 ROI SM Lado direito em T1

(axial, coronal e sagital)

3 ROI SM lado direito em T2

(axial, coronal e sagital)

¥

3 ROI Controle A lado direito

realizado apenas em T1

A
3 ROI Controle B lado direito

realizado apenas em T1

3 ROI SM Lado esquerdo em T1

(axial, coronal e sagital)

3 ROI SM Lado esquerdo em T2

(axial, coronal e sagital)

¥

3 ROI Controle A lado esquerdo

realizado apenas em T1

¥

3 ROI Controle B lado esquerdo

realizado apenas em T1

Total de 24 ROI’s analisadas por J

Total de 240 ROIs analisadas no estudo

Fonte: Elaborado pelo autor
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A regido selecionada foi processada empregando a técnica descrita por White e
Rudolph (1999). Apds a duplicacdo da ROI, foi removido o ruido da imagem utilizando a
ferramenta despeckle. Entdo, esta foi sombreada utilizando um filtro Gaussiano com a
finalidade de remover as variacbes de grande escala, variacdes de brilho devido a
sobreposicao de tecidos moles e variagdes de espessuras da estrutura dssea. A area sombreada
foi subtraida da imagem original e posteriormente 128 pixels de escala cinza foram
adicionados para discriminar espacos de medula 6ssea e trabéculas um do outro. Em seguida,
a fim de extrair o padrdo 6sseo trabecular, a ROI foi transformada em um padréo binario e
esta foi invertida para tornar as trabéculas pretas e o0s espacos da medula 6ssea brancos. A
partir desta imagem foi obtido um padréo esquelético por meio de opera¢fes morfoldgicas
matematicas da ROI (Fig. 2).

Os parametros morfométricos utilizados para representar as caracteristicas estruturais
do osso trabecular foram: area dssea, comprimento da estrutura esquelética e espessura média
trabecular. O nimero de pixels negros determinou a area 6ssea enquanto o comprimento foi
obtido por meio do nimero de pixels negros na imagem esqueletizada. Ja a espessura média
trabecular foi calculada dividindo-se a area 0ssea pelo comprimento da estrutura esqueletizada
(GERAETS; VAN DER STELT, 2000; WHITE; RUDOLPH, 1999).

A andlise da DF foi calculada por meio do método de box-countig (WHITE;
RUDOLPH, 1999), ferramenta que posiciona boxes com dimensdes de 2-64 pixels sobre a
imagem esqueletizada. O nimero de boxes contendo os pontos limites foi contabilizado e o
processo repetido para os diversos boxes de diversos tamanhos (Fig. 3). Assim, a DF foi
estimada da seguinte forma: S = log (nimero de boxes) x log (tamanho do box) entdo a DF =

(1-S). Quanto maior a DF, mais complexa é a estrutura 6ssea observada.



26

Figura 3: Processo de obtencdo da DF por meio do método box-counting

[T——
e Ede 'm 0 Process fralyre Phgrs Wiodos Hep

CLCUE Tive ' 7 2| Dy 8

- Aduzm

Show i Chite

Propemes Clrt+ Shat+F

Cony

¢ Imagel - X
File Edit Image m Analyze Plugins Window Help
0| Q[E 9»‘: Smooth Ctri+Shift+S A 487 | |»]
"Straight”, segmented| Sharpen )
Find Edges
Find Maxima...
Enhance Contrast...
Shadows » Add Specified Noise...
Binary » | Salt and Pepper

»

el Remove Outliers...
Filters

Remove NaNs...

Batch 4
Image Calculator...

Subtract Background...

Repeat Command Ctrl+Shift+R

¢ Imagel
File Edit ImageAnalyze Plugins Window Help

E,J’QJC( SDJ: Smooth cubshites | 4|8 | 2| | |»

Angle tool Sharpen ‘

g Find Edges
50x74 pixels; RGB; 14K

Find Maxima...
Enhance Contrast...
Noise

Shadows

Binary
Math
FFT

Filters

Batch 4

Image Calculator...

Subtract Background...
Repeat Command Ctrl+Shift+R




File Edit Image Process Analyze Plugins Window Help

D OJ& ||«

>

++y
4

|n[Ala] ol QJod 4]~

1

50x74 pixels; RGB; 14K

“Multi-point™ or point (right click to switch; double click to configure)

Image Calculator

Image1: |Clipboard-2 L]
Operation: |Subtract v
LLEVTY I Ciipboard-1 |

[V Create new window
I~ 32-bit (float) result

CK J CanceII Help]

File Edit Image Process Analyze Plugins Window Help

= P NN R

¢

50x74 pixels; RGB; 14K

Resultof Cl... — O
50x74 pixels; RGB; 14K

27



28

Imagel
File Edit Image Analyze Plugins Window
C OJ& |- Clrl+ Shift+S
"Multi-point™ or point (f

Smooth
Sharpen
Find Edges
S0x74:plxels; RAB; 14K Find Maxima
Enhance Gontrast
Noise

Shadows

Filters ’

Batch

Image Calculator

Subtract Background

Repeat Command Clri+Shift+R

S0x74 pixals, RGE; 141K

¢ Imagel
File Edit Image [Elaeel Analyze Plugins Window
O|OJ& ©|~ smooth Ctrl+Shift+S

ngle tool Sharpen
g 1 Find Edges
50x74 pixels; RGB; 14K Find Maxima.._

Enhance Contrast...

Noise 4
Shadows 4
Math
FFT
Filters

4

Batch 4

Image Calculator...

Subtract Background...

Repeat Command Ctri+Shift+R

Help
|4]&] 7

Convert to Mask

Erode
Dilate
Open
Close-

Outline
Fill Holes

Skeletonize

Distance Map
Ultimate Points

Watershed
Voronoi
- X
Help
4|87 | |

Make Binary
Convert to Mask

Erode
Dilate
Open

Close-

Outline
Fill Holes

Skeletonize

Distance Map
Ultimate Points
Watershed

Varanai




Imagel = o

S Plugins Window  Help

Measure Ctri+M P"\ A ‘ N | }-'[ | |

File Edit Image Process
C OJ& 2| —| 4.

Anglo tool Analyze Particles

Summarize
00x74.pixale; RGO 14K Distribution
Label

Clear Results

Set Measurements

Sel Scale
Calibrate
Histogram Ctri+H
Plot Profile Ctri+K

Surface Plot

Save XY Coordinates

§0x74 pixals; B-bit (Invaiting LUT); Fractal Box Co

Analyze Line Graph

Curve Fitting
ROI Manager
Scale Bar

Calibration Bar

Synchronize Windows

Gnd

%ile Edleage Process Analyze Plugins Window Help
OO o]« |7 |Ala| o]0 Q48]

Fractal Box Count

‘ ’K>>

50x74 pixels: RGB: 14K Evactal Box Couriter

Box Sizes: |

[~ Black Background

OK Cancel

50x74 pixels; RGB; 14K

50x74 pixels; 8-bit (inverting LUT);




30

File Edit Image Process Analyze Plugins Window Help

Clof@ o4 12/ |a|a o]0 Qo) s]s]7

Magnifying glass (or use "+" and "-" keys)

|

File Edit Font Results
Label [c2 |c3 [c4 |ce |cs [c12 |c16 [c32 |ced4 D |-
Resut 213 166 123 75 46 22 14 5 2 1427

4 »

4.20x6.93 (477x195); 8-hit; 91K

D=1.4274 A

log (count)

log (box size)

Legenda: A) Duplicacdo da ROI. B) Remocdo do ruido da imagem duplicada. C,D,E) Subtragdo da imagem
original e aplicagdo do filtro Gaussiano. F) Obtencdo da imagem binaria. G) Obtengdo da imagem esqueletizada.
H) Ferramenta para utilizacdo do metédo box-couting. I) Tamanho dos boxes para realizar o calculo da dimenséo
fractal. J) Resultado obtido pela anélise fractal.
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3.3 Analise estatistica

A anélise geral dos dados foi realizada utilizando o programa GraphPad Prism®,
versdo 5.0. Os dados apresentaram distribuicdo normal, aferida com teste Kolmogorov-
Smirnov, representados pelas medias e desvios-padrdo. Foi realizada uma analise de variancia
(ANOVA) e comparagdo de cada biomaterial utilizado (Bio-Oss®, Bio-Gen®, controle A e

controle B), sendo considerado um intervalo de confianga de 99%.
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Abstract

Objective: The objective of this retrospective randomized clinical trial in a split-mouth model
was evaluated by means of the fractal dimension (FD) of cone beam tomographic imaging
(CBCT), the trabecular microarchitecture of the neoformed bone, starting at 7 days and
ending at 180 days, , xenogenous grafts of bovine Bio-Oss® (Geistlich) and equine Bio-Gen®
(Bioteck), used in maxillary sinus floor elevation (MSF).

Material and Methods: The study consisted of 20 CBCT images obtained from 10 patients
who had previously undergone MSF using the lateral window technique developed by
Cadwell-Luc. Ten images obtained at 7 days and another ten to 180 days of the study were
analyzed using the fractal analysis (FA) of tomography using the open source software
ImageJ® provided by the National Institutes of Health® for the fractal calculation of the region
of interest. The data presented normal distribution, measured with Kolmogorov-Smirnov test,
represented by the medias and standard deviations. An analysis of variance (ANOVA) and
comparison of each biomaterial used (Bio-0ss®, Bio-Gen®, control A and control B) being
adopted at a significance level of 99%.

Results: Fractal values obtained from the analysis of bone substitutes Bio-Oss® and Bio-Gen®
at T1 (1.387 + 0.1598); (1.370 + 0.1336) and T2 (1.472 + 0.07414); (1.458 + 0.08750),
respectively showed no statistically significant difference in the behavior of biomaterials.
Conclusion: The analysis of trabecular microarchitecture by means of FD calculation has
proven to be a useful tool, being able to assist in surgical planning for rehabilitation with
dental implants.

Keywords: Fractal analysis. Bone grafting. Computed tomography.
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Introduction

The MSF procedure using autogenous bone was considered the reference standard for
rehabilitation in cases of severe maxillary atrophy, although it is not the most widely used
option today due to the limitations or morbidity caused by the removal techniques from the
donor area. This has led to the development of bone substitutes, which have been developed
and improved.*

Xenogenous grafts, on the other hand, represent an alternative to autogenous bone.
Under the particulate format, this material is well established in the literature and widely
used in LSM surgeries®® and in guided bone regeneration (GBR) procedures.” Long-term
studies, in which particulate xenogenous bone was used in maxillary sinus (MS) grafting
procedures, show an intimate contact of the neoformed bone with the particles and its slow
replacement by lamellar bone, which characterizes the high osteoconductive potential of this
material.®® The most common source of xenogenic grafts is bovine, as an alternative,
materials of porcine origin have been used, and there are some articles on bone substitutes of
equine origin, which have shown ability to induce osteoblastic differentiation of stem cells
from marrow.*

At the same time, imaging examinations should provide elements to adequately
evaluate the bone quality and volume available for the installation of implants in the posterior
region of the maxilla. Although panoramic radiography is used to estimate bone height, it has
the limitations of a two-dimensional exam in addition to having magnification ranging from
25 to 30%, which makes computed tomography (CT) the exam of choice for planning the
installation of implants. Among tomography, Cone-Beam Computed Tomography (CBCT) is
able to provide a three-dimensional image of the area at low cost and employing low radiation

doses when compared with multislice tomography.**
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CBCT can be used for the detailed study of trabecular bone, which consists of
numerous plates and bone rods separated by spaces in the bone marrow. However, CBCT
does not provide the real value of bone density that can range significantly, even between
adjacent points in the maxilla. Nevertheless, two characteristics of the trabeculae, the random
interconnectivity of the bone plate and autosimilarity, are properties of a fractal object.***3

In the 80’s, the concepts of fractal geometry were taken up by many branches of
science and entered dental radiography with an interest in recognizing image patterns. FD
expresses the texture roughness, which is the repetitive pattern of gray scale configurations in
bone trabeculate, this analysis being based on fractal mathematics. After studies, it was shown
that the application on the trabecular bone in radiographic images of this method could be
considered as a reflection of trabecular bone microarchitecture.*

The FD calculation can be performed using some devices such as power spectral
density, surface area of the triangular prism, the blanket method and the intensity difference
scale or the variogram. The box-counting method, considered of simple handling, is the most
frequently applied resource. FA brings great benefit when associated with MSF surgery, since
it allows the morphological description of the trabecular architecture. In addition, FA provides
the quantification of changes in bone pattern resulting from a disease or the progression of a
treatment, important and indispensable observations for clinical and scientific studies.™

In this context, the objective of the study was to evaluate by CBCT, the trabecular
microarchitecture, initial at 7 days and the neoformed bone at 180 days, xenogenous grafts of
bovine origin Bio-Oss® (Geistlich) and equine origin Bio-Gen® (Bioteck), used in maxillary

sinus survey.
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Material and Methods

The study was approved by the CEP - PUC Minas, CAAE: 30312720.9.0000.5137, for
this purpose we used the tomographic images of 10 patients, being analyzed in total 20
maxillary sinuses. The patients were aged between 50 and 75 years, 7 women and 3 men, with
no systemic changes, non-smokers, and patients with toothless area in the posterior region of
the maxilla with bone remnants of less than 5 mm who had previously been submitted to a
maxillary sinus lifting surgery for filling with bilateral particulate bone graft (mouth - split
model) and subsequent dental implant installation.*®

The biomaterials used in the grafting procedure were Bio-Oss® - Geistlich, inorganic
spongy bovine bone graft in granules and Bio-Gen® - Bioteck, inorganic equine spongy bone
graft in granules. Thus, a retrospective randomized clinical trial in a split-mouth model was
performed, in which bone substitutes were separated into 2 groups: Bio-Oss® and Bio-Gen®.

The classification proposed by Lekhlom and Zarb (1985) presents regions with
variations in density and bone quality in mandible and maxilla. The classification was
composed of 4 groups according to bone structure: type 1 = thick layer of cortical
bone/compact homogeneous with a small trabecular bone nucleus; type 2 = thick layer of
compact bone around dense trabecular bone; type 3 = thin layer of cortical bone around dense
trabecular bone; and type 4 = thin layer of cortical bone around a low density trabecular bone
nucleus.

According to Monje et al.’

, the maxilla presents different fractal values in its
structure, being the anterior region of the maxilla with higher bone density in relation to the
posterior region. For reference control of the fractal dimension, the FDs of the areas of the
anatomical structures called inverted Ennis Y, region near the canine pillar, were evaluated as

control of higher bone density type 1 (control A), and the turber of the maxilla as control of

lower bone density type 4 (control B).
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Obtaining the images

The patients were submitted to CBCT examination to evaluate the volume obtained by
the grafts in MS after 7 days. At 180 days, new CBCT exams were requested to plan the
installation of the implants.

The images were acquired from a CBCT equipment Carestream®, model 9500, voxel
200 um. The acquisition protocols of the mentioned radiology service, duly adapted for the
purpose of the research work with the specifications for the 90 kVp and 10 mA, FOV the 8 x
8 cm and width of voxel de 0,25 mm selected according to jaw size.

The images were stored in DICOM format and later reconstructed in the software

Carestream® Dental Imaging Software®.

Fractal analysis

The method of calculating the FD was evaluated and measured using the software
open source Imagel® provided by National Institutes of Health®-USA for the fractal
calculation of region of interest (ROI). An evaluator was trained to standardize the analysis in
all the tests evaluated.

The ROI was selected for the FA on the bone grafts present in MS at T1 and T2. The
ROI demarcated in the images delimited the whole graft in the three planes (axial, sagittal and
coronal). The areas were evaluated and standardized by means of a reference point located in
the center of the bone graft in the axial, coronal and sagittal tomographic sections. ROIs
avoided cortical bone, root of the remaining tooth and the hard blade. A geometric figure was
superimposed on the whole bone substitute, in the three tomographic sections, following the
reference point in MS at T1 and T2 in all groups of grafts (Figure 1). In the study, 240 ROIs

were assessed.
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The selected region was processed using the technique described by White and Rudolph®®.
After ROI duplication, the image noise was removed using the despeckle tool. It is then shaded
using a Gaussian filter in order to remove large scale variations, variations in brightness due
to overlap of soft tissues and variations in thickness of the bone structure. The shaded area
was subtracted from the original image and later 128 gray scale pixels were added to
discriminate bone marrow and trabeculae spaces from each other. Then, in order to extract the
trabecular bone pattern, the ROI was transformed into a binary pattern. From this image a
skeletal pattern was obtained through mathematical morphological operations of ROI (Figure
2).

The FD analysis was calculated using the box-countig method*®*®

, tool that positions
boxes with dimensions of 2-64 pixels over the skeletonized image. The number of boxes
containing the limit points was counted and the process repeated for the various boxes of
various sizes (Figure 2). Thus, the FD was estimated as follows: S = log (humber of boxes) x

log (box size) so the FD = (1-S). The higher the FD, the more complex the bone structure

observed.

Statistical analysis

The general analysis of the data was carried out using the program GraphPad Prism®,
version 5.0. The data presented normal distribution, measured with Kolmogorov-Smirnov
test, represented by the medias and standard deviations. An analysis of variance (ANOVA)
and comparison of each biomaterial used were performed (Bio-Oss®, Bio-Gen®, control A e

control B), being considered a 99% confidence interval.

Results
The comparative analysis between xenogenous bone substitutes of bovine origin Bio-

0ss® and of equine origin Bio-Gen® used in raising the maxillary sinus floor, showed a
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similar behavior among biomaterials during the 6 months of observation. Fractal values
obtained from the analysis of the bone substitute Bio-Oss® on T1 (1,387 + 0,1598) did not
show significant difference at same time T1 (1,370 + 0,1336) compared with the Bio-Gen®.
At the moment T2, biomaterials Bio-Oss® (1,472 + 0,07414) and Bio-Gen® (1,458 +
0,08750), showed similar results and there was no statistical difference between the groups.
Thus, the significant difference observed by the analysis is due to the comparison of
biomaterials to controls A ( DF value of 1,203 + 0,08256)and the B ( DF value of 0,6358 +

0,2034) (Table 1).

Discussion

Bone structure evaluation can be performed by various methods such as imaging,
histological and fractal analysis. However, some methods become unfeasible in daily clinical
practice, such as histological analysis. Imaging tests, such as CBCT, can provide a subjective
perception of bone structure, thus requiring the assimilation of bone density at the time of
perforation for installation of the dental implant. In order to improve adequate surgical
planning, FD can be a sensitive tool for image texture analysis, assisting in the evaluation of
trabecular microarchitecture by CBCT. %

The use of CBCT for dental implant therapy planning seeks to analyze the quantity,
quality and bone density, however trabecular microarchitecture, another determinant of bone
quality, should be explored, since it contributes to the integrity, healing and osseointegration
of implants.?*?®

According to Gaalaas et al.*?, the trabecular bone is 0,1 to 0,25 mm thick, so the
tomograph used in this study, which allows the visualization of the trabecular bone through

slices with voxel thickness varying from 0,1 to 0,5 mm, is compatible to visualize a trabecular

bone without significant overlap of adjacent areas. Trabecular bone analysis provides useful
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information on the diagnosis, pathogenesis and treatments of bone changes. Therefore, the FA
method is an auxiliary tool in the investigation of trabecular microarchitecture through CBCT
images, since the FD calculation reproduces the trabecular bone texture, porosity and
connectivity of trabeculas. In this study, sections with voxel thickness of 0,25 mm were used,
which made it possible to determine FD in the analyzed cases of MSF surgery with grafting
by means of bone substitutes Bio-Oss® and Bio-Gen® .

Recent studies have used histological and micro-CT scans to quantify trabecular
microarchitecture, found distinct values that did not undergo significant changes by age or
gender in different regions of the maxilla. Therefore, it can be inferred that the data obtained
in this research did not suffer distortions due to the predominance of the female gender in the
observed samples. However, in relation to the maxillary regions evaluated, significant
differences were observed in the trabecular microarchitecture of the maxilla, with the anterior
region showing a more organized structural feature and a higher bone density compared to the
posterior region.***"%

Based on the classification proposed by Lekhlom and Zarb (1985), the presence of
bone type 3 in the anterior region and bone type 4 in the posterior region was conditioned on
the maxilla . Failures in rehabilitation with dental implants in the posterior region of the
maxilla were related to low stability and density of bone type 4.%% Thus, the areas of the
anatomical structures called inverted Ennis Y were used as reference control of the fractal
dimension ( FD value of 1,203 *+ 0,08256), region near the canine pillar, bone density type 1,
and the tuber of the maxilla ( FD value of 0,6358 + 0,2034) bone density type 4.

Analyses of bone architecture using the method of FA in patients who suffered tooth
loss showed that remodeling of the alveolar bone has as an outcome the decrease of cortical
bone and increase of trabecular bone, this structural feature being observed more frequently in

premolar and molar regions.?”*® The FA method reproduces quantitatively this condition of
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the trabecular microarchitecture of the maxillary bone remnant and bone substitutes used in
MSF. Minor fractal values were observed in the posterior region of the maxilla as in the tuber,
when comparing the anterior region of the maxilla as in the canine pillar.

FA is a useful tool with the ability to assess the complexity of bone structure through
CBCT images. The comparative analysis between xenogenous bone substitutes of bovine
origin Bio-Oss® and of equine origin Bio-Gen®, used for lifting the maxillary sinus floor,
demonstrated a similar behaviour among biomaterials during the 6 months of observation.
The result of FD found at T1 were analyzed and due to the recent grafting of bone substitutes
and the considerable presence of spaces between the granules, they showed microarchitecture
similar to bone density type 1. On T2, there was an increase in the fractal values in both
groups due to slow absorption of biomaterials and gradual deposition of bone mineral matrix.
Some works presented the outcome of the FD analysis that corroborate with results of fractal
calculations demonstrated in our study.?%

The absence of an established protocol for ROI selection creates a variety of shapes,
sizes and locations. For the most part, for the calculation of the FD, the ROI is selected in the
region of the trabecular bone. In CBCT, fractal values performed using the box-counting
method were between 1 and 2, with values closer to 1 indicating a simpler trabecular
microarchitecture, while values closer to 2 indicating more complex bone structures. In type 1
or 2 bone, as found in mandibles, the FD value for a normal and healthy trabecular bone was
suggested to be approximately 1,5.% In this study, the fractal values obtained corroborate with
the results found by means of the box-counting method. From the bone substitute analysis
Bio-Oss® on T1 (1,387 + 0,1598) showed no significant difference at the same time (1,370 +
0,1336) compared with the Bio-Gen®. At the moment T2 (1,472 + 0,07414) (1,458 =+
0,08750), the biomaterials Bio-Oss® and Bio-Gen®, respectively showed similar results and

there was no statistical difference between the groups. The bone substitutes used in MSF
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revealed an increase in trabecular complexity after 6 months, suggesting bone neoformation,
in addition to similar structural features among them . For the fact of their inorganic bone
matrix compositions, which exhibit a structure similar to autogenous bone, they showed FD
values similar to those found in type 1 bone.

Some comparative histomorphometric studies used 2 xenogenous bone substitutes,
inorganic bovine bone and equine bone in MSF surgery. After 6 months of grafting, the
histological examination showed slow absorption of bone substitutes through the presence of
xenogenous granules adhered to the neoformed bone. In addition, no significant difference in
microvascular density was observed between the biomaterials analysed.?* Therefore, since
the origin of bone substitutes is similar to our study, a correlation in the histological outcome
with that found in the FA method is suggested.

Despite the above, it is worth mentioning that new studies are necessary in order to
correlate the FA performed in CBCT imaging examinations, biopsy imaging of samples in

Micro CT, as well as histological examinations.
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Figure 1 ROI Selection. A, B e C) Reference point for ROI selection in Axial, Coronal and
Sagittal sections, respectively; D) ROI delineation in axial cutting.

Figura 2 Process of obtaining FD by box-counting method.
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Figure 1
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Table

Table 1. Average of fractional values for each group

Fractal T1-7 days Fractal T2-180 days Control A Control B
Bio-Oss (n=10) 1,387 (0,1598) ~? 1,472 (0,07414) A® 1,203 (0,08256)  0,6358 (0,2034)
Bio-Gen (n=10) 1,370 (0,1336) ** 1,458 (0,08750) *?

Equal capital letters (A) mean that there was no significant statistical difference when comparing the lines.

Lower case letters (a) equal mean that there was no significant statistical difference when comparing the columns.
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5 CONSIDERACOES FINAIS

A analise da microarquitetura trabecular por meio do célculo da DF é uma ferramenta
atil, sendo capaz de auxiliar no planejamento cirargico para reabilitagbes com implantes
dentérios. Novos estudos sobre a andlise da DF sdo necesséarios para avaliar atraves de
biopsias dos substitutos 6sseos presentes no seio maxilar, se héa correlacdo nos valores fractais
entre os exames de imagem das amostras, a analise histomorfométrica e o exame de TCFC.
Além disso, padronizacdo da metodologia da analise fractal faz-se necessaria, de modo que

apresente resultados confidveis e torne mais corriqueiro sua utilizacdo na clinica diaria.
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