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RESUMO

O objetivo deste estudo foi avaliar a influéncia da regido anatémica e do
tamanho do FOV (field of view) nos valores de cinza em imagens de tomografia
computadorizada de feixe conico (TCFC). Solugbes homogéneas de fosfato de
potassio dibasico (K;HPO,) foram preparadas em sete diferentes concentragdes e
armazenadas separadamente em tubos de polipropileno. Um phantom de uma
cabeca humana teve seis dentes extraidos — um incisivo central, um primeiro pré-
molar e um primeiro molar da maxila e da mandibula — e substituidos por esses
tubos, que foram escaneados separadamente pelos aparelhos NewTom 3G,
NewTom 5G e 3D Accuitomo 170, sob diferentes tamanhos de FOV. Em cortes
axiais, valores médios de cinza foram obtidos em cinco niveis diferentes dentro de
cada tubo de polipropileno e a média foi calculada. Para cada aparelho, analise de
regressao linear avaliou a relagdo entre os valores médios de cinza e a
concentracdo de K;HPO,4 em seis regides anatdmicas, sob os diferentes FOVs.
Coeficiente de determinacdo (R?) foi calculado. Nos trés aparelhos, a correlagdo
linear entre os valores de cinza e as concentragcbes de Ko,HPO, variou entre as
regides anatémicas e os tamanhos de FOV (0,93 < R? < 0,99). Desse modo, pode-
se concluir que a relagao entre os valores de cinza em imagens de TCFC e a
densidade do objeto ndo € uniforme por todo o arco dentario e é influenciada pelo
tamanho do FOV nos trés aparelhos de TCFC testados. A comparagao desse
valores obtidos em diferentes regides anatdmicas e com diferentes tamanhos de

FOV nao é confiavel.

Palavras-chave:

Tomografia Computadorizada por Raios X, Densidade Ossea, Anatomia

Comparada, Absorciometria de féton
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ABSTRACT

The aim of this study was to evaluate the influence of anatomical
location and FOV (field of view) size in CBCT numbers. Homogeneous solutions of
dipotassium phosphate (K:HPO,4) were prepared at seven different concentrations
and stored separately in polypropylene tubes. Six teeth were extracted from a
human head phantom — the upper and lower central incisors, first premolars and
first molars — and replaced by the tubes, which were scanned separately by
NewTom 3G, NewTom 5G and 3D Accuitomo 170 under different FOV sizes. In
axial sections, CBCT numbers were obtained at five levels within each
polypropylene tube, and the average was calculated. For each CBCT unit, linear
regression analysis evaluated the relationship between CBCT numbers and the
concentration of K;HPO, in six anatomical regions, under different FOVs.
Coefficient of determination (R?) was calculated. Linear correlation between CBCT
numbers and concentrations of K;HPO,4 ranged between anatomical regions and
FOV sizes (0.93 < R? <0.99). Thus, it can be concluded that the relationship
between CBCT numbers and object density is not uniform throughout the dental
arch, and is influenced by the FOV size on the three CBCT units tested in this
study. The comparison of CBCT numbers from different anatomical regions and

with different FOV sizes is unreliable.

Key Words:

X-Ray computed tomography, Bone density, Comparative Anatomy, Photon

absorptiometry
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Andlise da influéncia da locadlizacdo anatébmica e tamanho do FOV nos valores de cinza em imagens de
tomografia computadorizada de feixe cénico. Introduciao

INTRODUGCAO

Desde a descoberta dos raios X em 1895, as suas aplicacdes clinicas
no campo diagnodstico vem sendo estudada e aprimorada com a finalidade de
fornecer imagens com a melhor qualidade possivel dentro das limitagbes da
técnica empregada. O avango tecnolégico tem sido um grande aliado ao
desenvolvimento da radiologia, que passou a apresentar novos métodos de
aquisicao de imagem integrados a sistemas de redes computacionais voltados
para recuperacao e transmissao de dados.

A Tomografia Computadorizada (TC) € uma modalidade de imagem
que se beneficiou com este avango tecnoldgico e vem revolucionando a radiologia
desde 1972. Descoberta pelo inglés Godfrey Hounsfield, essa técnica permite a
representacdo tridimensional de um objeto sem distorcdo geométrica ou
magnificagdo, a partir de uma série de proje¢cdes radiograficas obtidas em
multiplas rotagdes ao redor de um mesmo eixo. Além disso, a TC produz um
volume de imagem que pode ser manipulado em reconstrugbes multiplanares
(planos axial, sagital e coronal), eliminando completamente a sobreposi¢cao de
estruturas localizadas fora da area de interesse. O registro e exibicdo da imagem
de TC se da numa matriz de elementos de volume denominados voxels. Assim
como o pixel na imagem bidimensional, o voxel € um bloco individual na imagem
tridimensional (Petrik et al., 2006).

A imagem de TC é muito mais precisa do que as imagens obtidas nos
sistemas de imagem convencional, o que a confere caracteristicas especificas
como a diferenciagdo entre os tecidos moles nunca antes observada. A
quantidade de tons de cinza presente na imagem digital € definida pela resolugao
de contraste, que € dada em Bit (binary digit) (Katsumata et al., 2007). Um bit
pode assumir somente dois valores — 0 ou 1 — e a sua quantidade determina a
poténcia a que o numero dois sera elevado na determinagao da escala de cinza.
Uma imagem com 8, 12 e 16 bits apresenta, respectivamente, 254, 4.094 e 65.534

tons de cinza entre o branco e o preto. O valor de cinza observado em cada pixel
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da imagem na reconstrugdo multiplanar da TC representa o grau de absorgao ou
coeficiente de atenuagao linear de uma regido especifica e é conhecido como
unidade de Hounsfield (HU). O coeficiente de atenuagao linear € uma propriedade
dependente do numero atébmico e densidade fisica do material e do espectro de
energia do feixe de raios-X. A escala de HU compreende uma variagao de -1000 a
+1000, na qual as densidades relativas do ar, da agua e do osso compacto sdo,
respectivamente, -1000, 0 e +1000 (Petrik et al., 2006). Uma das aplicagdes
clinicas de tais unidades é a analise quantitativa da qualidade do trabeculado
0sseo dos maxilares realizada previamente a colocagao de implantes dentarios.
Inimeros séo os modelos atuais de tomografos computadorizados, apresentando
diferentes tecnologias. No entanto, todos apresentam um feixe de radiagéo
primario bastante colimado em forma de leque, que é direcionado a uma
sequéncia de sensores alinhados, localizados no lado oposto do paciente.

No final dos anos noventa, um novo método de aquisi¢ao de imagem foi
introduzido. Apresentado como Tomografia Computadorizada de Feixe Cénico
(TCFC), essa modalidade radiografica tem exercido importante papel no
diagndstico  dento-maxilo-facial, comprovando significativa eficacia na
representagcdo dos tecidos duros dos maxilares, na avaliagao de patologias e no
planejamento de implantes dentarios (Hatcher, 2010; Tetradis & White, 2010).
Similarmente a TC, a imagem de TCFC é resultante de multiplas imagens
radiograficas bidimensionais realizadas ao redor do paciente. Contudo, essa vai
apresentar um feixe de radiacdo primario em formato cbnico ou piramidal
associado a um receptor de imagem plano. Tais peculiaridades da TCFC fazem
com que a obtengdo de um volume de imagem seja possivel a partir de um giro de
180 graus ao redor do paciente. Os receptores de imagem utilizados atualmente
podem ser do tipo image intensifier, flat panel, CCD e CMOS. Muitos aparelhos de
TCFC permitem a colimagao do feixe de raios-X para limitar a area de exposi¢cao
do paciente. Assim, o campo de visdo, também conhecido como FOV (field of
view), pode ser pequeno, meédio ou grande, dependendo da abrangéncia

anatdmica (White & Mallya, 2012). Quanto maior o tamanho do FOV, maior a dose
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de radiagao recebida pelo paciente que se submete aos mesmos fatores de
exposi¢cao. No entanto, a dose de radiagao obtida em TCFC é significativamente
menor do que aquela obtida em TC. Outras questdes dignas de consideragao
quando se estabelece tal comparagao sdo a maior resolucio espacial e 0 menor
custo da TCFC (Durack & Patel, 2012).

Diferentemente da TC, aparelhos de TCFC n&o utilizam um sistema de
escala de cinza padrao. Na literatura cientifica atual, pesquisas que estudam a
avaliacao da qualidade 6ssea em TCFC sao prejudicadas por limitagdes inerentes
a técnica e ao principio de aquisigao das imagens de TCFC. No entanto, estudos
tém demonstrado que a relacdo entre a atenuacdo dos raios-X e os valores de
cinza de TCFC ¢é linear (Mah et al., 2010; Valiyaparambil et al., 2012). Baseados
nesses estudos, métodos tém sido propostos para converter valores de cinza
provenientes de imagens de TCFC em HU (Mah et al., 2010; Reeves et al., 2012).
Uma limitagdo importante a ser considerada é que tais métodos assumem que a
relagcao entre os valores de cinza de TCFC e a atenuagao dos raios-X € uniforme
por todo o volume de imagem. Entretanto, € importante salientar que a anatomia e
topografia dento-alveolar apresentam variagdes entre diferentes regides das
arcadas dentarias (Madeira, 2004).

Sao muitos os fatores que contribuem para a ndo homogeneidade dos
valores de cinza em TCFC. Tais fatores incluem fenémenos como o
endurecimento do feixe, artefatos provenientes de materiais metalicos e,
principalmente, radiacdo secundaria. O endurecimento do feixe resulta do
aumento da energia média do feixe de raios-X ao atravessar um objeto. Artefatos
sao falhas técnicas que alteram o padrdo de densidade da imagem e nao
correspondem ao objeto examinado. A radiagdo secundaria aumenta o ruido das
imagens reconstruidas e assim, compromete a detec¢ao de estruturas de baixo
contraste. A quantidade de radiacdo secundaria na TCFC varia com os fatores de
exposi¢ao, tamanho do FOV e posicionamento do objeto no FOV (Nackaerts et al.,
2011). No entanto, a contribuicdo desses fatores para a heterogeneidade dos

valores de cinza em TCFC nao é completamente compreendida.
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Dessa forma, o objetivo do presente estudo foi avaliar a influéncia da
regiao anatdbmica e do tamanho do FOV nos valores de cinza em imagens de
TCFC.
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CAPITULO 1

INFLUENCE OF ANATOMICAL LOCATION ON CT NUMBERS IN CONE BEAM
COMPUTED TOMOGRAPHY

Este artigo foi submetido a revista Oral Surgery, Oral Medicine, Oral Pathology and
Oral Radiology em 16 de outubro, sob o protocolo TRIPLEO-S-12-01815 e aceito em 22
de janeiro de 2013.

ABSTRACT

Objective: To assess the influence of anatomical location on CT numbers in mid
and full field of view (FOV) CBCT scans. Study design: Polypropylene tubes with
varying concentrations of dipotassium hydrogen phosphate (K;HPOQO4) solutions (50
mg/ml to 1200 mg/ml) were imaged within the incisor, premolar and molar dental
sockets of a human skull phantom. CBCT scans were acquired using the NewTom
3G and NewTom 5G units. The CT numbers of the K;HPO, phantoms were
measured and the relationship between CT numbers and K;HPO, concentration
was examined. The measured CT numbers of the K;HPO, phantoms were
compared between anatomical sites. Results: At all six anatomical locations, there
was a strong linear relationship between CT numbers and K;HPO,4 concentration
(R? >0.93). However, the absolute CT numbers varied considerably with the
anatomical location. Conclusion: The relationship between CT numbers and

object density is not uniform through the dental arch on CBCT scans.

Key Words: cone-beam computed tomography; photon absorptiometry; CT

numbers
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Introduction

Cone beam computed tomography (CBCT) is an advanced imaging
modality with several applications in dentomaxillofacial diagnosis and treatment
planning.” Compared with conventional two-dimensional radiography, CBCT offers
several advantages including visualizing the anatomic region in all three
dimensions, as well as producing images without geometric distortion and
magnification. In this technique, a cone-shaped x-ray beam and a detector rotate
around the object acquiring multiple projections, which are reconstructed into a
volumetric image. Currently used image receptors include image intensifier and flat
panel detector. Many CBCT units allow collimation of the x-ray beam to limit the
amount of tissue imaged. The imaged field of view (FOV) is typically described as
small (or limited), medium or large, depending on the anatomical coverage.
Typically, as the FOV increases, the radiation dose increases. Importantly, the
radiation dose from CBCT is significantly lower than that from multi-slice CT
(MSCT) examinations.?

In CT data, each voxel in the reconstructed CT volume is represented
by a numerical value termed the CT number (sometimes referred in the literature to
as “gray values”). This number reflects the degree of x-ray attenuation—the
average linear attenuation coefficient of that voxel. Major factors that influence the
CT number include the tissue features (atomic number and density), and
homogeneity and energy of the x-ray beam. In multi-slice CT units, the CT
numbers are expressed as Hounsfield unit (HU), which expresses x-ray attenuation
of a voxel relative to the attenuation of water. Ideally, it would be valuable to have
this CT number be also closely representative of the true x-ray attenuation of the
tissue. This would be of practical value in examining the degree of mineralization of
bone for implant treatment planning, and in automatic segmentation of imaged
volumes for CAD/CAM applications. Several studies have examined the
relationship between CT numbers and bone quality assessment for implant

treatment planning.®’ Arisan et al. (2012) showed similarities between CT and
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CBCT CT numbers in predicting primary implant stability and subjective bone
quality classification.®

Unlike MSCT units, current dental CBCT units do no use a standard
scaling system. Nevertheless, studies have demonstrated that the relationship
between CT numbers and x-ray attenuation is linear on CBCT scans.”® These two
studies imaged radiographic phantoms by both CBCT and MSCT scanners to
demonstrate that there is a strong correlation between CT numbers from the two
modalities. Based on these data, methods have been proposed to convert CT
numbers, measured on CBCT scans to HU.2® However, such methods make the
implicit assumption that the relationship between CT numbers and x-ray
attenuation is uniform through the CBCT image volume. There are several factors
that contribute to the inhomogeneity of CT numbers on CBCT scans. These
include beam hardening, artifacts from metallic restorations and importantly,
scattered radiation. Of particular relevance to CBCT, the amount of scattered
radiation varies with the FOV, with x-ray beam parameters, and also with the
anatomical location.® However, the magnitude of the contribution of these factors to
subsequent CT number inhomogeneity is not fully understood. The aim of the
current study was to systematically assess the influence of FOV and anatomical

location on CT numbers measured on CBCT scans.

Materials and methods

Radiographic phantoms were custom-fabricated using solutions of
dipotassium hydrogen phosphate (K;HPO4), a highly water-soluble salt whose
effective atomic number is very close to that of calcium hydroxyapatite (15.58 and
15.86, respectively). This makes the x-ray attenuation of both substances similar.
The effective linear attenuation coefficient of K;HPO4 is within 2.2 to 2.7% of that
for calcium hydroxyapatite over the photon energy range of 20-100 keV."® Aqueous
solutions of K;HPO,4 were prepared at concentrations of 50, 200, 400, 600, 800,
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1000 and 1200 mg/ml. This concentration range was selected to represent a broad
range of x-ray attenuation. When scanned in a uniform field in water and air,
solutions with concentrations of 1000 mg/ml and 1200 mg/ml had approximately
the same CT numbers as dentin and cortical bone, respectively. The range from 50
mg/ml to 800 mg/ml represents attenuation of trabecular bone of varying
mineralization.

To assess the relationship between x-ray attenuation and CT
numbers, and the influence of anatomical location on these CT numbers, we used
a human skull phantom. This phantom contained an adult human skull with a
permanent dentition, and the cervical spine. A uniform layer of wax surrounded the
osseous structures to simulate soft tissue absorption and scatter radiation.”’ Six
teeth were carefully extracted from the skull: the maxillary and mandibular central
incisors, first premolars and first molars and replaced with polypropylene tubes
containing various concentrations of K;HPO, (Figure 1). CBCT scans were
performed at three FOVs (6, 9 and 12 inches) using the NewTom 3G and at two
FOVs (8x8 cm and 18x16 cm) using the NewTom 5G. Additionally, a high-
resolution mode scan was performed at the 8x8 cm FOV. For each scan, the skull
phantom was positioned to simulate the ideal position of a patient’s head during a
CBCT examination for the specific anatomical region.

The gray-scale (bit depth) of the CBCT images was 12 bits for the
NewTom 3G and 14 bits for the NewTom 5G. Volumetric data from both units were
reconstructed in the native NNT software program, exported to DICOM file format
and imported into the Osirix Imaging software for Mac OS X, a public domain
software.12 It is important to note that the native NNT software displays the CT
numbers on a scale that is analogous to the HU scale, with the minimum density
(air) at —1000, and water at approximately zero. This scale is maintained in the
DICOM format, and is read appropriately by the Osirix software. On 0.20 mm axial
slices, the mean CT numbers were measured at five heights within each tube and
averaged (Figure 1). Linear regression was performed to assess the relationship

between CT numbers and KosHPO4 concentration. Variations in the measured CT
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numbers for the same K;HPO, concentration placed at different anatomical

locations, and when scanned in different FOVs were determined.
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Figure 1: (A) Representative section showing placement of the K;HPO4 phantom
in a tooth socket of a human skull phantom. (B) Representative axial section

showing measurement of the CT number within a region of the K;HPO4 phantom.
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Results

At all anatomical locations assessed on the human skull phantom, the
CT numbers discriminated between the various K;HPO,4 concentrations with a
strong linear relationship (R? >0.93). This was observed at all FOVs with both the
NewTom 3G and the NewTom 5G CBCT units, and at the high-resolution scan of
the NewTom 5G (Figures 2 and 3).

The absolute CT number varied considerably depending on the
anatomical location for both the NewTom 3G and the NewTom 5G units (Figures 4
and 5, and Tables | and IlI). The same concentration of K;HPO, yielded different
CT numbers when placed at different anatomical locations within the skull
phantom. In general, for any given K;HPO4 concentration, the CT numbers were
higher in the incisor region compared with the premolar and molar regions. This
trend was observed for both the maxilla and the mandible. Furthermore, the
variation in the CT numbers between the anatomical locations was observed with
all FOVs examined, as well as with both, the standard and high resolution scanning

models of the NewTom 5G.
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Figure 2: Relationship between K;HPO,4 concentration (mg/ml) and CT numbers.
The K;HPO4 phantoms were imaged at the indicated anatomical locations using a
NewTom 3G CBCT unit in a 6-inch, 9-inch or 12-inch FOV. The linear regression

line and the coefficient are indicated.
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Figure 3: Relationship between K;HPO,4 concentration (mg/ml) and CT numbers.
The K;HPO4 phantoms were imaged at the indicated anatomical locations using a
NewTom 5G CBCT unit, using the following FOVs: 18x16 cm, 8x8 cm and 8x8 cm,

high resolution mode. The linear regression line and the coefficient are indicated.
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Table I. CT numbers of K;HPO, phantoms measured at the various anatomic

locations of a NewTom 3G CBCT scan.

Maxilla Mandible

K,HPO, [mg/ml]

Incisor Premolar Molar Incisor Premolar Molar
6-inch FOV
50 31153 148 + 81 47 +64 347 +30 16549 120 + 27
200 458 + 46 25373 189+ 74 511+27 275+62 265 + 31
400 580 + 44 356+73 353 +68 599+ 25 470+ 58 434 + 30
600 706 + 47 573+80 375%55 761+32 549+58 486 + 27
800 863 + 50 699+110 550 %52 931+31 717167 637 + 38
1000 1024 + 59 829+76 57060 1062 +24 858 +59 845 + 27
1200 1127 £78 1005 £ 102 908 + 47 1292+21 931+56 105328
9-inch FOV
50 256 + 58 24+80 -170+53 379+35 11859 -82 + 52
200 445 + 55 156 + 90 60 + 66 505+22 231163 144 + 45
400 662 + 48 262+89 21362 752 +32 475%55 314 + 46
600 799 + 56 541+ 116  231+68 985+31 59057 528 + 35
800 978 + 55 673+70 53252 1110+ 37 782145 627 + 42
1000 1173 £ 77 879+96 625+65 1388 +25 1001 + 64 895 + 53
1200 1170 + 86 1040+90 82150 1508 + 35 1090 + 57 956 + 30
12-inch FOV
50 546 + 70 44+89 -166+79 748 £70 299 + 82 -64 + 53
200 794 + 68 183 + 87 -27 + 82 993+62 425+80 205 + 57
400 987 + 86 396 + 120 149 + 78 1175+68 74955 458 + 46
600 1216 £ 79 717 £115 326+ 80 1512+ 57 974 +54 545 + 46
800 1391 + 66 815+97 533164 1566 +47 1156 + 63 794 + 53
1000 1665 + 68 1082+95 69579 1909 +41 1489+67 103546
1200 1614 £ 73 1298 +90 1001 +68 2214+ 46 1661 +57 1292+ 34
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Table Il. CT numbers of K;HPO4 measured at the various anatomic locations of a
NewTom 5G CBCT scan.

Maxilla Mandible

K,HPO, [mg/ml]

Incisor Premolar Molar Incisor Premolar Molar
8x8 cm FOV
50 406 + 47 24 + 145 154 + 95 278 +24 202 + 36 105 + 87
200 604 + 35 388+72 34059 538 + 27 423 + 37 378+ 70
400 879 + 41 639+82 515192 829+38 648+28 659 + 49
600 1148 + 58 704 £ 122 816+ 88 1067 £35 900 + 34 849 + 71
800 1350 + 53 894 + 110 1046 + 97 1227 +37 1169+ 28 974 + 62
1000 1589 +52 1114 +133 1220 % 105 1503 +40 1438+42 133052
1200 1754 +45 1349+ 107 1504 +78 1628 +27 1596 +40 1438 + 36
8x8 cm FOV, HR*
50 378 + 68 47 £ 100 145 + 74 296 +51 11853 229 + 50
200 608 + 56 228 +100 40582 524 + 57 397 + 46 399 + 96
400 858 + 51 497 +99 592+ 58 787 £+59 68850 622 + 72
600 1110 + 66 679+119 90070 1027 £41 900 + 49 888 + 58
800 1275 + 55 908 £+ 89 1054 + 61 1268 + 65 1104 £47 1073 £ 51
1000 1437 + 69 1023+90 119895 1370+ 63 1255+45 1208 + 64
1200 1583 + 48 1236 + 75 1393 +87 1529+ 71 1404 £52 1342 +48
18x16 cm FOV
50 389 +49 -18 £ 103 154 + 77 357 +37 18734 213+ 30
200 577 + 35 259+70 335%55 506 £+ 45 3611106 225+ 132
400 835 + 31 366+ 123 518 £ 87 589+29 694 + 39 457 + 80
600 1044 + 41 560+ 133 724 +74 1072+ 31 925+ 49 665 + 59
800 1258 + 38 841+106 916 +62 1271 +58 1118 +£37 821 + 58
1000 1382 + 43 882+ 95 1263 +57 1418 £ 41 1258 + 37 837 + 41
1200 1537 £30 1059+ 110 117652 1530 +49 1380+36 108123

* high resolution
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Discussion

CBCT imaging has been increasingly used in dentomaxillofacial
diagnosis. In addition to its ability to display images in three-dimensions, several
studies have explored the utility of CBCT to quantitatively assess bone quality.®”
The practical application of this assessment is limited by the fact that different
CBCT units may vary considerably in their exposure parameters and that there is
no standard scaling system during image reconstruction.

Using a KoHPO4-based phantom, we showed that the CT numbers from
CBCT scans are linearly related to x-ray attenuation. This is in concordance with
previous reports.”®131* Additionally, in a pilot study performed prior to this, we
observed similar linear relationship when the K;HPO4-based phantom was
scanned in a uniform fields, either in water or in air. Solutions with concentrations
of 1000 mg/ml and 1200 mg/ml had approximately the same CT numbers as well-
mineralized trabecular bone, dentin and cortical bone, respectively, of a dentate
mandible scanned under the same conditions.

Using radiographic phantoms imaged in CBCT and MSCT units, it has
been shown that CT numbers also correlate well with HU. Some investigators have
proposed that HU can be derived from CT numbers measured on CBCT scans,
using factors that are specific for a given CBCT unit.>'® Such conversions are
based on the assumption that the relationship between CT numbers and object
density is uniform through the imaged CBCT volume. However, our study provides
evidence that this is not the case. Our data systematically demonstrates that the
CT numbers are strongly influenced by the anatomical site. We show that the CT
number of the same object differed depending on the anatomical location in which
it was imaged. Specifically, the CT numbers of phantom objects were higher when
placed within the anterior region of the jaw and lower in the posterior regions. This
finding underscores an important limitation of using CT numbers on CBCT scans—
bone with similar mineralization would yield different CT numbers depending on its

anatomical location. Furthermore, our results also show that the magnitude of
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variation also differed considerably depending on the x-ray attenuation of the
object. Objects with low x-ray attenuation suffered greater variability than objects
with high attenuation. Overall, our results conclusively demonstrate that CT
numbers are not consistent through the image volume, and thus, mathematical
equations cannot be easily applied to accurately derive HU through the imaged
volume. Perhaps, future development of such algorithms should take into account
the discrepancy in CT numbers based on anatomical location.

There are several factors that could contribute to the anatomical
location-based variation of CT numbers on CBCT scans.® Most importantly is the
concept of “exomass™—in CBCT images, the entire craniofacial skeleton is not
included in the image volume."® Thus, there is a significant amount of the patient’s
tissue that attenuates x-radiation, but is not included in the imaged volume.
However, typical CBCT reconstruction algorithms assume that the x-ray
attenuation takes place only within the imaged volume. A second cause of variation
is the amount of scattered radiation.'” Given the differences in the tissue thickness
at the anatomical sites, it is conceivable that the noise from the scattered radiation
might contribute, in part, to this inconsistency in the CT numbers. Both the above
causes of inconsistency in CT number calculation vary between patients, and
perhaps also between scans for each patient. Therefore, it is not practical to apply
a mathematical correction to account for these factors. These concepts also
highlight a limitation of studies that have used radiographic phantoms—such
phantoms typically consist of materials with different densities, encased within a
cylinder of homogenous material, usually poly-methyl-methacrylate or water.
Frequently, such phantoms are smaller than the FOV and would not suffer the
“exomass” effect encountered in patient imaging.®

Our studies were done using the NewTom 3G unit, which uses an image
intensifier as the x-ray detector, and the NewTom 5G which uses a flat panel
detector. Thus, our results are applicable to all currently available CBCT units.
Another factor to consider in interpreting our result is that the peak kilovoltage

(kVp) used was of 110 for both units. Some CBCT units permit the use of a higher
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or lower kVp. Notably, lower kVp beams would be more susceptible to artifacts
from beam hardening, and plausibly these imaging protocols may exhibit greater
anatomic location-based variation in CT numbers. Similarly, the effect of
milliamperage, which differs between different units, as well as between FOVs
within the same unit, may also contribute to the inhomogeneity of CT numbers.'®

In conclusion, the relationship between CT numbers and object density
is not uniform throughout the dental arch. Given this non-uniformity, comparison of
absolute CT numbers measured at different anatomical locations may be

misleading
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CAPITULO 2

ASSESSMENT OF CBCT NUMBERS OF SAME DENSITY MATERIALS IN
SEVERAL ANATOMICAL LOCATIONS AND FOVs

Este artigo esta formatado segundo as normas da revista Dentomaxillofacial

Radiology, para a qual sera submetido em breve.

ABSTRACT

Objectives: To assess the influence of anatomical location on object density in six
different fields of view (FOVs).

Methods: A human head phantom had six teeth extracted — upper and lower
central incisor, first premolar and first molar — and replaced by polypropylene tubes
containing solutions of dipotassium phosphate (K;HPO,) at seven concentrations.
CBCT scans were performed using the 3D Accuitomo 170 (J Morita, Kyoto,
Japan), at six FOVs —4 x 4,6 x6,8 x 8, 10 x 10, 14 x 10 and 17 x 12 cm. Data
was exported to DICOM file format and imported into the OsiriX Imaging software.
Mean CBCT numbers were measured at each tube. Linear regression was
performed to assess the relationship between CBCT numbers and K;HPO,4
concentration, and the coefficient of determination (R?) was calculated.

Results: At all anatomical locations and FOVs, the CBCT numbers discriminated
between the various K;HPO,4 concentrations with a strong linear relationship (R?
>0.95). The absolute CBCT number varied depending on the anatomical location,
with a trend of narrower variation for smaller FOVs. The absolute CBCT number
varied depending on the FOV. The same concentration of K;HPO, yielded different

CBCT numbers when scanned at different FOVs.
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Conclusions: The use of CBCT numbers for density assessment is not
recommended due to inconsistencies observed throughout the dental arch in six
different FOVs.

Keywords: Cone-beam computed tomography; photon absorptiometry; bone

density; anatomy

Introduction

Cone-beam computed tomography (CBCT) is a recent technology that
has been considered the standard of care for 3-D imaging in dentistry. It was
developed in the late 1990’s with the purpose of providing high-quality images for
dentomaxillofacial diagnosis, by offering improved conditions for visualization on a
1:1 scale. The equipment comprises a cone-shaped X-ray beam oriented
perpendicular to the rotation axis, passing through the patient, and being received
by a square 2-D array of detectors. In this scenario, images can be reconstructed
from a single rotation of the X-ray focus and image receptor around the patient,
with a considerably lower radiation dose than fan-beam computed tomography
(CT).»2

It is well known that CT presents gray scale images based on the
attenuation coefficient of the tissues scanned, which is converted to an accurate
numerical value, known as Hounsfield unit (HU).® Unlike CBCT, CT uses a narrow,
tightly collimated, fan-shaped beam directed to a row of detectors. The estimation
of flow of CT numbers is an approach to measure the bone quality and it has been
extensively performed prior to implant placement.*® Although studies have shown
that there is a strong correlation between HU and CBCT numbers®®, the
relationship between the latter and the x-ray attenuation is not uniform through the
image volume. Moreover, Hua et al. (2009) already suggested that CBCT numbers
do not seem to be valid.'® Since the CBCT detector can cover a broader area than

that in CT, the inhomogeneity of the beam impairs significantly the image quality.
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Among the factors that contribute to the inhomogeneity of the beam are image
artifacts, beam hardening phenomenon and scatter radiation.

The most recent receptor developed for CBCT is flat panel detector
(FPD). FPD does not show image distortions with a fine-pitch sensor array and
enables the efficient use of a dynamic range for the density values with high spatial
resolution. This advantage has been shown to reduce the influence of projection
data discontinuity-related artifacts, when compared with another type of image
receptor.”’ Some of the current CBCT units make use of a large-area FPD and are
able to cover anatomical structures from limited (small) to large field of view (FOV).
The understanding of the relationship between the X-ray scatter pattern and FOV
is of paramount importance to develop efficient methods to offset the effects of
scatter in CBCT. Thus, the aim of this study was to assess the influence of

anatomical location on object density in six different FOVs.

Materials and methods

Aqueous solutions of dipotassium phosphate (K;HPO,4) were prepared
at concentration of 50, 200, 400, 600, 800, 1000, 1200 mg/ml. K;HPO4 is a highly
water-soluble salt whose effective atomic number is very close to that of calcium
hydroxyapatite (15.58 and 15.86, respectively). The effective linear attenuation
coefficient of KoHPO,4 is within 2.2 to 2.7% of that for hydroxyapatite over the
photon energy range of 20-100 keV." The concentration range was intentionally
employed to represent a broad range of x-ray attenuation. When previously
scanned in a uniform field such as water and air, solutions with concentrations of
1000 and 1200 mg/ml presented CBCT numbers similar to that of dentin and
cortical bone, respectively. The range from 50 to 800 mg/ml represents attenuation
of trabecular bone with various degrees of mineralization.

A human head phantom was used to assess the influence of anatomical

location on the relationship between x-ray attenuation and CBCT numbers. This
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phantom was composed of an adult human skull with full permanent dentition and
cervical spine, surrounded by a uniform layer of wax. The wax (Mix D) simulated
the interaction of the x-rays with the soft tissues and the production of scatter
radiation.” Six teeth were carefully extracted from the phantom: the maxillary and
mandibular central incisor, first premolar and first molar. The empty sockets were
filled with 0.5-ml polypropylene tubes containing various concentrations of K;HPO4
as described earlier. CBCT scans were performed using the 3D Accuitomo 170 (J
Morita, Kyoto, Japan), which produces 14-bit grayscale images, at six FOVs: 4x4,
6x6, 8x8, 10x10, 14x10, 17x12 cm. All exposures were set at standard mode, with
90 kV, 6 mA, 17 s and 360-degree scan. The phantom was positioned according to
manufacturer guidelines as the ideal position for a patient's head. Data was
exported to DICOM file format and imported into the OsiriX Imaging software for
Mac OS X (v3.8.1 32-bit), a public domain software.

On the thinnest axial slice allowed for each FOV (0.080 mm for the 4x4
cm; 0.125 mm for the 6x6 cm; 0.160 mm for the 8x8; 0.250 mm for the 10x10,
14x10, 17x12), mean CBCT numbers were measured at five regions of interest
(ROIs) of 0.055 cm? within each tube and averaged. These ROIs were located at
every 3 mm from the apical tip of the tube. Linear regression was performed to
assess the relationship between CBCT numbers and K;HPO, concentration, and

the coefficient of determination (R?) was calculated.

Results

At all FOVs, the CBCT numbers discriminated between the various
K,HPO, concentrations with a strong linear relationship (R* >0.95). This was
observed at all anatomical locations assessed on the human head skull phantom.
The absolute CBCT number varied depending on the anatomical location, although

there is a trend of narrower variation for smaller FOVs (Figure 1).
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The absolute CBCT number varied depending on the FOV (Figure 2).
The same concentration of K;HPO, yielded different CBCT numbers when
scanned at different FOVs. In general, for any given K;HPO,4 concentration, the
CBCT numbers were higher in the 4x4 cm and 6x6 cm FOVs. This trend was

observed for both maxilla and mandible.
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Figure 1: Relationship between K;HPO, concentration [mg/ml] and CBCT
numbers. The K;HPO,4 phantoms were imaged using the indicated FOV sizes at six

anatomical locations. The linear regression line and the coefficient are indicated.
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The importance of studying the reliability of CBCT numbers is related to

the fact that x-rays are capable of revealing the attenuation coefficient of a specific

structure, and thus its physical properties. Among the factors that contributed to the

emergence of CBCT as an advanced image modality, the development of a large
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area image receptor is particularly noteworthy.” Many CBCT units allow collimation
of the x-ray beam to limit the amount of tissue imaged. The imaged FOV is typically
described as small (or limited), medium or large, depending on the anatomical
coverage, and the radiation dose is directly proportional to that size.? The CBCT
unit used in this study makes use of a flat panel detector with a wide range of FOV
sizes, from a limited 4x4 cm FOV to an extended 17x12 cm FOV. Katsumata et al.
(2007) compared image intensifier- and FPD- based CBCT scanners, and found
that artifacts less influence FDP images."! The unit was calibrated previously to the
acquisition of each scan as per manufacturer's instructions, and the human head
phantom was always placed on the same position and well fastened in a support
on the seat.

Currently, there is no published study in the scientific literature about the
influence of anatomical location on CBCT numbers. The dentomaxillofacial region
presents a very complex anatomy with differences in shape, thickness and density.
Our results showed that x-ray attenuation is linearly related to CBCT numbers on
the tested machine irrespective of the anatomical location. Other studies also have
shown the same linearity when comparing x-ray attenuation and CBCT
numbers.*®'*"° However, such linearity was not uniform through the dental arches.
The same K;HPO4 concentration yielded different CBCT numbers according to the
anatomical location. This may indicate uneven application of software correction
factor in areas of different signal-to-noise ratio.®

Regarding the FOV size, it could be observed an increasing trend of
variation of the CBCT numbers in different anatomical locations as the FOV size
increase. This can be revealing that the reduction in size of the FOV limited the
effects resultant of the inhomogeneity of the x-ray beam. Conversely, when
scanning the same object, small FOVs increase the amount of structures outside
the imaging volume. Structures located outside the reconstructed imaging volume
cause a discontinuity of projection data. Then, areas of density variability affect the

image fidelity.'"""'® Parsa et al. (2012) showed that scanning parameters such as
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FOV, spatial resolution, number of projections, exposure time and dose selections
also influence CBCT numbers."

Despite the unreliability of CBCT numbers, our results demonstrated
that small FOV sizes are recommended whenever more accurate CBCT numbers
are needed. Additionally, small-FOV CBCT scans present lower radiation dose with
higher spatial resolution, which enables the viewing of fine structural details of
dentomaxillofacial hard tissues.’®? The 3D Accuitomo 170 presents a wide range
of FOV sizes and allows the dentist to select the most appropriate one for several
diagnostic tasks. The small FOV size should be used when the visualization of
highly detailed hard tissue is desired, most commonly root fracture survey. Larger
FOV sizes are more useful when evaluating large edentulous areas, structures
outside the dentoalveolar region or even cephalometric studies

In conclusion, the use of CBCT numbers for density assessment is not
recommended due to inconsistencies observed throughout the dental arch and at
different FOV sizes.
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CONSIDERAGOES GERAIS

A TCFC é uma modalidade de exame por imagem que vem sendo cada
vez mais utilizada para o diagnéstico e tratamento da regido dento-maxilo-facial.
Dentre os fatores tecnoldgicos que contribuiram para o seu surgimento, destacam-
se o desenvolvimento de um receptor de imagem plano, a possibilidade de limitar
a area de interesse (tamanho do FOV) e a redugédo nos custos das ampolas de
raios-X com potencial constante e dos sistemas computacionais de reconstrucao
da imagem (Tetradis & White, 2010). Com uma excelente capacidade para exibir
imagens tridimensionais de alta qualidade, muitos trabalhos tém estudado a
possibilidade de se utilizar as imagens de TCFC para avaliar quantitativamente a
qualidade éssea (Naitoah et al., 2010; Isoda et al., 2011; Nackaerts et al., 2011;
Arisan et al., 2012; Valiyaparambil et al., 2012), considerando que a radiagao-X
reflete as caracteristicas da matéria com a qual interage, uma vez que é mais
absorvida por estruturas de maior numero atdmico, densidade e espessura. Deste
modo, a imagem final é resultante de uma variacdo dos tons de cinza que
diferencia as estruturas entre si (White & Pharoah, 2009). A avaliagao clinica da
densidade 6ssea por meio dos valores de cinza em TCFC é limitada pelo fato de
que diferentes aparelhos variam consideravelmente seus fatores de exposicao e,
principalmente, nao apresentam um sistema de escala padrdo durante a
reconstrugao do volume de imagem (Hua et al., 2009).

Os nossos resultados demonstraram que os valores de cinza em
imagens de TCFC estdo linearmente relacionados a atenuagao dos raios-X, por
meio da utilizacdo de solucbes de K,HPO, sob diferentes concentragcdes. Tal
linearidade ja foi descrita na literatura cientifica (Mah et al., 2010; Nomura et al.;
2010; Hohlweg-Maijert et al., 2011; Valiyaparambil et al., 2012) e observada em um
estudo piloto realizado anteriormente a este, com escaneamentos obtidos em
meios homogéneos, como ar e agua. Sob essas mesmas condicbes de

escaneamento, as solugdes com concentragées de 1000 mg/ml e 1200 mg/ml
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tiveram valores de cinza bem proximos ao da dentina e do osso cortical,
respectivamente, em uma mandibula humana dentada.

Estudos comparando imagens de TC e TCFC demonstraram que os
valores de cinza de TCFC podem apresentar correlagdo com valores de HU.
Assim, fatores de corregao da imagem ja foram propostos para a conversao de HU
a partir de valores de cinza de TCFC (Lagravéere et al., 2006; Mah et al., 2010).
Tais conversdes baseiam-se na suposi¢cao de que a relagdo entre os valores de
cinza de TCFC e a densidade fisica do objeto é uniforme por todo o volume da
imagem. No entanto, o nosso estudo evidencia que essa suposicado nao é
adequada e revela que os valores de cinza de TCFC sao fortemente influenciados
pela regido anatdmica. Nossos resultados demonstraram que o valor de cinza do
mesmo objeto diferiu em fungdo da sua localizagdo. Especificamente, objetos
localizados na regiao anterior dos maxilares apresentaram maiores valores de
cinza, o que comprova a limitagdo da representagcdo dos valores de cinza em
TCFC. Dessa forma, osso alveolar com o mesmo padrdao de mineralizagao e
compactagao produziria diferentes valores de cinza de acordo com a sua regido
anatbmica. Além disso, nossos resultados também mostraram que a magnitude de
variagao diferiu consideravelmente em funcdo do tamanho do FOV para os
aparelnos NewTom 3G e 3D Accuitomo 170. Menores tamanho de FOV
promoveram menor variabilidade dos valores de cinza. De uma maneira geral,
nossos resultados revelaram a inconsisténcia dos valores de cinza de TCFC no
volume de imagem, o que limita a acuracia da aplicagdo de equagdes
matematicas para a conversao de HU.

Sao muitos os fatores que podem contribuir para a variabilidade dos
valores de cinza em funcdo da regido anatdbmica (Nackaerts et al., 2011). O
principal deles é o efeito da radiagdo secundaria (Hunter & McDavid, 2012).
Diferentes regides anatdmicas dos maxilares apresentam variagées na quantidade
Ossea, espessura da cortical e relagdao com estruturas adjacentes (Madeira, 2004),
0 que altera o padrdao de producdo de radiagdo secundaria e compromete a

confiabilidade dos valores de cinza. Uma segunda causa para a variabilidade dos
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valores de cinza é o tamanho do FOV. FOVs menores sdo menos susceptiveis as
interferéncias da radiacdo secundaria e assim podem produzir imagens com
menor ruido, como demonstrado no presente estudo. No entanto, Katsumata et al.
(2009) mostraram valores de cinza de TCFC mais consistentes com maiores
tamanhos de FOVs. Isso foi justificado pela consequente redugdo da exomassa,
que é um conceito estudado nas imagens de TCFC de quando o tamanho do FOV
nao é suficiente para abranger todo o volume do objeto. No caso das imagens
obtidas da regido dentoaveolar, ha uma quantidade significativa de estruturas
craniofaciais que atenuam a radiagdao-X antes mesmo desta atingir a regido de
interesse e, geralmente, os algoritmos de reconstru¢ao assumem que a atenuagao
dos raios-X se restringe ao volume de imagem (Araki & Okano, 2011).

Parsa et al. (2012) afirmaram que paréametros de aquisicdo de imagem
como o tamanho do FOV, resolugédo espacial, numero de projecdes e tempo de
exposicao também influenciam os valores de cinza de TCFC. Contudo, Bechara et
al. (2012) demonstraram que o tamanho do voxel ndo esta diretamente
relacionado ao ruido da imagem e a representacdo dos valores de cinza, o que
corrobora os resultados do presente estudo. O comportamento dos valores de
cinza do aparelho NewTom 5G nao se alterou nos escaneamentos de alta-
resolucao, que reduziu o tamanho do voxel pela metade — de 0,30 mm para 0,15
mm.

A radiacdo secundaria como causa de inconsisténcia nos valores de
cinza de TCFC varia entre pacientes e, provavelmente, entre diferentes
escaneamentos do mesmo paciente. Portanto, a aplicagdo de uma correcao
matematica quando se considera esses fatores € muito complexa. Tais conceitos
também evidenciam a limitagao de trabahos que estudaram os valores de cinza de
TCFC por meio de objetos com densidades diferentes, armazenados em meio
homogéneo contido em pequenos frascos (Katsumata et al., 2006; Bryant et al.,
2008; Nackaerts et al., 2011). Nesses casos, o objeto sempre foi menor do que o
tamanho do FOV, e assim, ndo sofreu a interferéncia da exomassa como

realmente aconteceria se fosse a exposicao de um paciente.
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O presente estudo foi realizado por meio dos tomografos NewTom 3G,
que faz uso de receptor de imagem do tipo image intensifier, NewTom 5G e 3D
Accuitomo 170, que fazem uso de receptor de imagem do tipo flat panel. Dessa
forma, nossos resultados sao aplicaveis a maioria dos aparelhos de TCFC atuais.
Katsumata et al. (2007) compararam imagens de TCFC obtidas por image
intensifier e flat panel e revelaram que as imagens de image intensifier sao as
mais influenciadas por artefatos. Como cuidado para reduzir artefatos indesejados,
os trés aparelhos empregados nesta pesquisa foram calibrados previamente aos
escaneamentos, como recomendado pelo fabricante.

Embora o objetivo neste estudo ndo tenha sido comparar os diferentes
aparelhos entre si, uma questdo a ser considerada ao interpretar os nossos
resultados sao os fatores de exposi¢ao. A quilovoltagem (kV) utilizada foi a mesma
para os escaneamentos em um mesmo aparelho, o NewTom 3G e NewTom 5G
com 110 kV e o 3D Accuitomo 170 com 90 kV. Apesar de os resultados nao
diferirem muito no que tange a linearidade da relagao entre os valores de cinza e
as concentragdes de K;HPO,4, imagens de TCFC que utilizam feixe de radiagao-X
com menor energia sao mais susceptiveis aos artefatos provenientes do efeito
beam hardening. A miliamperagem-segundo (mAs) foi fixa e independente do
tamanho do FOV para os escaneamentos do NewTom 5G e 3D Accuitomo 170
(30 e 102 mAs, respectivamente), enquanto que no NewTom 3G foi de 75 mAs
para o FOV de 67, 80 mAs para o FOV de 9’¢ 30 mAs para o FOV de 12”. O
NewTom 3G ndo permite que o operador controle os fatores de exposig¢ao, de
forma que ocorre um ajuste automatico quando o tamanho do FOV é selecionado.
Essa pode ser uma possivel explicacdo para os elevados valores de cinza
observados com o maior tamanho de FOV neste aparelho.

Além dos fatores que podem interferir nos valores de cinza de TCFC ja
apresentados, € importante salientar que as imagens séo reconstruidas por meio
de algoritmos matematicos. O algoritmo de TCFC mais utilizado € o de Feldkamp,
que atribui um valor aproximado de atenuacdo para cada féton de radiagao X, sem

considerar a distancia por ele percorrida, o que resulta na degradagao da imagem
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com o aumento do angulo do feixe cénico (Schulze et al., 2011). O mecanismo de
trabalho dos algoritmos de reconstru¢cdo de imagem foge a area de conhecimento
da radiologia odontolégica, no entanto, ao interpretar nossos resultados, podemos
observar uma reducdo da inconsisténcia dos valores de cinza do aparelho
NewTom 3G para o NewTom 5G. Isso pode sugerir que esforgos por parte dos
fabricantes para melhorar a qualidade das imagens tém sido voltados as novas
geracbes de aparelhos e assim, indicar um futuro promissor para a analise de
densidade nas imagens de TCFC. A TCFC é uma tecnologia que tem
revolucionado e favorecido muito o paciente odontolégico no sentido de contribuir
significativamente para o estabelecimento do diagndstico e plano de tratamento.
No entanto, as suas limitacbes devem ser compreendidas para que equivocadas

indicagbes com essa modalidade de exame por imagem sejam evitadas.
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CONCLUSAO

Nos trés aparelhos de TCFC testados, a relagao entre os valores de cinza e
a densidade do objeto nado foi uniforme por todo o arco dentario e também foi
influenciada pelo tamanho do FOV. Dessa forma, a comparagao dos valores de
cinza obtidos em diferentes regides anatdmicas e com diferentes tamanhos de

FOV nao é confiavel.
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APENDICE

1. Fotos do phantom de cabeca humana utilizado na pesquisa.
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3. Posicionamento do phantom no NewTom 5G.
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5. Parametros de aquisi¢ao de imagem no NewTom 3G.

FOV (9 Fatores de exposigcao Resolucao
kV mAs Contraste (bit) Espacial (mm)
6 110 75 12 0,200
9 110 80 12 0,200
12 110 30 12 0,200

6. Parametros de aquisi¢ao de imagem no NewTom 5G.

Fatores de exposigcao Resolucao
FOV (cm)
kV mAs Contraste (bit) Espacial (mm)
8x8 110 30 14 0,300
18 x 16 110 30 14 0,300
8 x 8 HR* 110 120 14 0,150

* high resolution

7. Parametros de aquisi¢ao de imagem no 3D Accuitomo 170.

Fatores de exposigcao Resolucao
FOV (cm)
kV mAs Contraste (bit) Espacial (mm)
4 x4 90 102 14 0,080
6x6 90 102 14 0,125
8x8 90 102 14 0,160
10x 10 90 102 14 0,250
14 x 10 90 102 14 0,250
17 x 12 90 102 14 0,250
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ANEXO
Oficio CEP/FOP N° 023/2012

Faculdade de Odontologia de Piracicaba
UNICAMP

OF. CEP/FOP N. ° 023/2012
lefpr/1J] Piracicaba, 17 de dezembro de 2012.

ILMO. Sr.

Dr. Matheus Lima de Oliveira

RADIOLOGIA ODONTOLOGICA,

Departamento de Diagndstico Oral da

Faculdade de Odontologia de Piracicaba/UNICAMP

Prezado Dr.,

Apés analisar a documentagdo apresentada por Vsa. com respeito ao projeto “Andlise de
fatores que influenciam os valores de cinza em imagens de tomografia computadoriza de feixe
conico de diferentes aparelhos”, realizado como tese de doutorado “sanduiche”, considerando a
informag#o enviada em seu email do dia 04/11/2012 e ap6s consulta 8 CONEP, informo que: se trata de
estudo realizado no exterior, ndo utiliza sujeitos de pesquisa brasileiros, que existe manifestagdo da
Institui¢do onde foi realizado o estudo, ou legislagdo superior do pais onde a pesquisa foi realizada
abrangendo o caso em questdo e isentando o estudo de analise ética; 0 mesmo néo precisa ser avaliado
em Comité de Etica em Pesquisa com Seres Humanos na FOP. Uma vez confirmado que o estudo tenha
sido conduzido de acordo com as normas éticas do local onde foi realizado, ndo ha qualquer
impedimento a que a tese seja defendida no Brasil. Colocamo-nos a disposi¢do para qualquer
informagio adicional que julgar necessaria.

Cordialmente,

Prof. Dr. Jgdks Jotrge Jinior

Cador

O guia que determina as atividades que requerem a aprovagédo do CEP da

Universidade da Califérnia, Los Angeles, EUA pode ser encontrado no enderego
http.//ohrpp.research.ucla.edu/file/10005/3-1.pdf (acessado em 20/12/2012).
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