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3D-CT imaging processing for qualitative and quantitative
analysis of maxillofacial cysts and tumors

Processamento de imagens em 3D-TC para analise qualitativa
e quantitativa de cistos e tumores maxilo-faciais

Marcelo de Gusmao Paraiso Cavalcanti*
José Leopoldo Ferreira Antunes**

ABSTRACT: The objective of this study was to evaluate spiral-computed tomography (3D-CT) images of 20 patients
presenting with cysts and tumors in the maxillofacial complex, in order to compare the surface and volume techniques
of image rendering. The qualitative and quantitative appraisal indicated that the volume technique allowed a more pre-
cise and accurate observation than the surface method. On the average, the measurements obtained by means of the
3D volume-rendering technique were 6.28% higher than those obtained by means of the surface method. The sensi-
tivity of the 3D surface technique was lower than that of the 3D volume technique for all conditions stipulated in the
diagnosis and evaluation of lesions. We concluded that the 3D-CT volume rendering technique was more reproducible
and sensitive than the 3D-CT surface method, in the diagnosis, treatment planning and evaluation of maxillofacial le-
sions, especially those with intra-osseous involvement.

UNITERMS: Tomography, X-ray computed; Image processing, computer-assisted; Face; Cysts; Neoplasms.

RESUMO: O presente trabalho consiste em um estudo associativo e comparativo entre as técnicas de superficie e volu-
me para a reconstrucao de imagens em trés dimensoes (3D) utilizando tomografia computadorizada (T'C). Foram reali-
zadas tomografias computadorizadas em espiral de 20 pacientes com cistos e tumores do complexo maxilo-facial para
analise qualitativa e quantitativa, utilizando métodos de superficie e de volume em 3D. A comparacao interexaminado-
res apresentou erro padrao percentual menos elevado para a técnica de volume (1,94%) que para a técnica de superfi-
cie (4,38%), indicando a maior reprodutibilidade do primeiro método. As medidas obtidas pela técnica de volume foram
em média 6,28% mais elevadas que as medidas obtidas pela técnica de superficie. A técnica de volume apresentou
sensibilidade mais elevada que a técnica de superficie na identificacao das lesdes do complexo maxilo-facial. A técnica
de volume em 3D-TC, utilizando a metodologia da computacao grafica, apresentou maior reprodutibilidade e sensibili-
dade para o diagnostico, planejamento e acompanhamento do tratamento, principalmente das lesoes com comprome-
timento intra-ésseo.

UNITERMOS: Tomografia computadorizada por raios X; Processamento de imagens assistido por computador; Face;

Cistos; Neoplasias.

INTRODUCTION

Current resources of computed tomography
(CT) allow reconstructing three-dimensional (3D)
images that improve the diagnosis and monitoring
of treatments in several maxillofacial pathological
conditions'*>*>'>*  Axial slices obtained from CT
are sent to an independent workstation, which uti-
lizes an appropriate hardware and software to gen-
erate 3D images"****". Those images can be pro-
cessed by means of different protocols — the 3D
surface- and the 3D volume-rendering tech-
niques®.

The surface-rendering of 3D images allows the
assessment of the surfaces of anatomic struc-

tures. Bony structures are associated with
light-reflecting surfaces, and mathematical algo-
rithms estimate the surface of voxels, whose seg-
ments reflect a higher or lower intensity of light,
depending on the location of the observer™.
Herman, Liu’ (1977) developed this technique of
image processing, which demanded a long interval
for the rendering of images. While studying CT
lung angiography, Shimizu et al.”® (1999) ap-
praised as insufficient the information provided by
this technique, because of the absence of image
transparency and homogeneous density of the vi-
sualized surfaces. Thus, they proposed a techno-
logical innovation using multiple colors and trans-
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parency, which they called the volume-rendering
technique. This tool allowed the maintenance of all
information regarding the gray scale, and original
data could be aggregated from several concurrent
CT axial slices. All voxels were preserved, and 3D
reconstructed images presented a high standard of
visual resolution®.

Furthermore, this technique allowed the visual-
ization of the interior aspect of bone and tegument
structures, such as intra-osseous cavities, articu-
lations, ligaments, muscles and glands''.

Both the 3D surface- and volume-rendering
techniques were employed in several studies which
assessed different parts of the human body'>". The
comparative evaluation of their usefulness for as-
sessing lesions of the maxillofacial complex may im-
prove the diagnosis, surgical planning and monitor-
ing of maxillofacial lesions. Therefore, the present
study aimed at a qualitative and quantitative as-
sessment of 3D-CT surface- and volume-rendering
of maxillofacial pathological lesions, by means of
comparing their results with surgical observations.

MATERIAL AND METHODS

We assessed the clinical records of 20 patients
with different maxillofacial pathological lesions.
The diagnoses of their lesions were confirmed by
surgical and histopathological examination: denti-
gerous cyst (3 cases), ameloblastoma (2 cases),
squamous cell carcinoma (4 cases), giant cell cen-

tral lesions (3 cases), ossifying fibroma (3 cases),
keratocyst (2 cases), lymphoma (2 cases) and ade-
nocarcinoma (1 case).

All patients were examined using spiral CT
(Toshiba S/X Press, Toshiba Medical System,
Tustin, CA, USA) with the following parameters:
3 mm of slice thickness, 3 mm of table feed, 3 mm
of reconstruction interval in 1 second, 120 KVp,
150 mA, and Matrix of 512 x 512. The original data
were sent via network to an independent worksta-
tion (DELL PRECISION hardware with WINDOWS
NT 420) using the 2.3 version Vitrea™ software (Vi-
tal Images Inc., Plymouth, MN, USA).

Two observers especially trained and calibrated
carried out independent interpretations of the
3D-CT surface- and volume-rendered images in a
random order. The surgical observation was con-
sidered the gold standard for the diagnosis of
pathological conditions. For the comparative as-
sessment of both techniques, we used the maxi-
mum length of bone destruction. The measure-
ments were carried out using the Vitrea™ software,
in order to compare the precision and validity of
both techniques (Figure 1).

The assessment of the precision of a diagnostic
tool refers to inter-examiner agreement. The lower
the difference between measures obtained by each
observer, the higher the precision and repro-
ducibility of the technique. The assessment of the
validity of a diagnostic tool refers to its ability in
distinguishing cases which present with a certain
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FIGURE 1 - Dentigerous cyst of the mandible. A: 3D-CT surface-rendered image of the lesion indicating 37.6 mm of
length destruction. B: 3D-CT volume-rendered image of the same lesion indicating 47.5 mm of length destruction.
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pathological characteristic from cases which do
not'®. Sensitivity refers to the ability of correctly
identifying those who have the disorder. Therefore,
we evaluated if both techniques correctly identified
the lesions diagnosed by the surgical observation.
Specificity is the ability of correctly identifying who
does not present with the disorder. Therefore, we
also evaluated if both techniques correctly identi-
fied the absence of disorders, when disorders were
not confirmed in the surgical observation.

We assessed the sensitivity of the surface- and
volume-rendering techniques by means of analyz-
ing five different characteristics of lesions: delimi-
tation, location, expansion and destruction of the
cortex, and destruction of bone structures. We uti-
lized computer graphics systems to manipulate of
the color and transparency of images generated by
the 3D-CT volume-rendering technique. The SPSS
(Statistical Package for the Social Sciences) pro-
gram was used to gather the data file and carry out
the statistical analysis.

RESULTS

Table 1 summarizes the assessment of the
reproducibility of length measurements obtained
by different examiners, for both the 3D-CT sur-
face- and volume-rendering techniques, and it re-
veals quantitative indications of their standard
percentage error. On the average, the volume tech-
nique presented a higher inter-examiner agree-
ment, by ranking a lower standard percentage er-
ror (1.94%) than the surface method (4.38%),
which indicates its higher precision.

When comparing length measurements ob-
tained by means of the surface and volume tech-
niques of image rendering, we observed a higher
standard percentage error (6.28%) than the for-
merly indicated values obtained for inter-examiner
comparison of the techniques. Additionally, we no-
ticed that each measure obtained by means of the

TABLE 1 - Assessment of the reproducibility of the sur-
face- and volume-rendering techniques.

Inter-examiner Inter-method
Standard comparison comparison

percentage error Volume Surface |Surface versus
technique | technique volume
Average 1.94% 4.38% 6.28%
Standard deviation 2.80% 6.12% 8.05%
95% confidence 0.64 to 1.56 to 3.65 to
interval 3.23% 7.21% 8.91%

volume technique was higher than its correspon-
dent value in the surface method.

Table 2 summarizes the assessment of the sensi-
tivity of both techniques, considering the surgical
observation as the gold standard for delimitation,
location, expansion and destruction of the cortex,
and destruction of bone structures. The 3D-CT vol-
ume-rendering technique was more sensitive than
the 3D-CT surface method for all categories, since
its results were more frequently in accordance with
the gold standard. The location of lesions was the
item with the highest frequency of agreement be-
tween 3D-CT images and surgical observations. The
detection of bone destruction was the item that evi-
denced the highest discrepancy between the 3D-CT
surface- and 3D-CT volume-rendering techniques.

Both the surface- and the volume-rendering
techniques presented specificity equivalent to
100%, with no false-positive observations.

Figure 1 presents 3D-CT surface- and volume-
rendered images of a patient with a dentigerous
cyst in the mandible. The improved delimitation of
borders in the 3D-CT volume-rendered image
allowed higher precision in the measurement of
length. Figure 2 presents 3D-CT surface- and
volume-rendered images of a patient with a
multilocular ameloblastoma. The utilization of
transparency and color devices, which were ap-
plied in the volume-rendered images, enabled to
improve the visualization of limits of the involved
structures, allowing the assessment of the exten-
sion of the lesion, with its details.

DISCUSSION

3D-CT volume-rendered images are important
tools for pre- and post-surgical examinations of
head and neck tumors, and they allow comparisons
between the clinical conditions of lesions in different
periods, during the follow-up of treatments">>'>",
Udupa et al.'” (1991) stated that 3D-CT volume-ren-
dered images resulting from appropriate data pro-

TABLE 2 - Assessment of the sensitivity of the surface-
and volume-rendering techniques.

Characteristics of lesions Surface Volume
Localization 66.7% 100.0%
Delimitation of borders 61.1% 88.0%
Expansion of the cortex 61.1% 94.4%
Destruction of the cortex 55.5% 94.4%
Destruction of bone structures 38.9% 94.4%

191



Cavalcanti M de GP, Antunes JLF. 3D-CT imaging processing for qualitative and quantitative analysis of maxillofacial cysts and tu-

mors. Pesqui Odontol Bras 2002;16(3):189-194.

WA : 1740/853

E

FIGURE 2 - Multilocular ameloblastoma. A and C: 3D-CT surface-rendered images indicating destruction of the buc-
cal and lingual cortex of the mandible. B and D: 3D-CT volume-rendered images indicating destruction of the mandi-

ble involving the incisors.

cessing would enable observations equivalent to
those obtained by means of the surface method.
Based on our results we think that recent devel-
opments of new graphic computational devices
aroused a growing interest for further utilization of
3D-CT images. This perception aroused the pro-
posal of comparing the precision and validity of
both techniques of 3D-CT image rendering. The 3D
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volume method was a technical improvement of
the 3D surface method, allowing the utilization of
color and transparency resources, and a better vi-
sualization of anatomical structures. Udupa et al.””
(1991) highlighted the fact that not all of the voxels
obtained by CT contribute for the rendered 3D im-
ages, because during the process of image seg-
mentation some of them are disaggregated. This



Cavalcanti M de GP, Antunes JLF. 3D-CT imaging processing for qualitative and quantitative analysis of maxillofacial cysts and tu-

mors. Pesqui Odontol Bras 2002;16(3):189-194.

process has the inconvenience of impairing the vi-
sualization of images rendered by the surface
method. Volume-rendered images, otherwise, al-
low the preservation of all voxels, which leads to
better final 3D image resolution'.

Several reports have stated that the 3D-CT sur-
face-rendering technique is an aid to visualization,
functioning as a complement to 2D-CT images™*>*'*.
However, recent reports have demonstrated the ap-
plication of 3D-CT volume-rendering technique as-
sociated to computer graphics for the analysis of
particular pathological lesions. This is due to its
specific software package, which is as an important
tool for the establishment of the diagnosis'*°.

In the current study, we found that the 3D vol-
ume technique qualitatively improved rendered
images, refining their visualization and facilitating
the detection of anatomic structures affected by
maxillofacial lesions. Transparency and color tools
allowed for distinguishing bone in normal and
pathological conditions.

Marro et al.'? (2000) reported important informa-
tion demanded for the treatment of an intracranial
aneurysm using the volume rendering of 3D-CT im-
ages. The utilization of several colors and different
levels of brightness and opacity by means of the
transparency tool allowed for an improved manage-
ment of 3D-CT volume-rendered images, segment-
ing the involved site to evaluate the superposition of
anatomical structures. On account of considering
all original information from several concurrent CT
axial slices, the volume method requires large com-
putational time and storage supply from the work-
station, besides a broader skill of examiners to ob-
tain the desired images®.

The precision of length measurements obtained
by means of the volume technique was better than
that of the measurements obtained with the sur-
face method, because of the better visualization of
the area involved by the lesion. Figure 1 illustrates
the ability of this technique in determining the
length of the lesion, due to the utilization of com-
puter graphics tools.

The current evaluation of the volume technique
as more precise and sensitive for the diagnosis of
lesions in the maxillofacial complex is consistent
with the studies of Hooper et al.? (1996) and Marro
et al.” (2000). This statement is confirmed by the
image presented in Figure 2 — a greater extent of
the lesion can be seen in images rendered by the
volume technique because of the improved delimi-
tation of its borders. The concurrent utilization of
transparency and color resources allowed a better

identification of the multilocular ameloblastoma in
Figure 2 B and D than in Figure 2 A and C, due to
an enhanced image of boundaries and limits of the
adjacent bone tissue.

The main findings of this study are consistent
with recent researches on the 3D volume-render-
ing technique, which report the more precise and
sensitive diagnostic results of this technique when
compared to the 3D surface method”'*. According
to our results, while the volume technique pre-
sented an overall sensitivity of 94.2% for the delim-
itation of maxillofacial lesions, its location, expan-
sion and destruction of the cortex, and destruction
of bone structures, the average related to the sur-
face method ranked only 46.0%. This observation
accounted for the higher validity of the volume
method, despite the fact that both techniques pre-
sented equivalent and satisfactory specificity.

The development of a protocol for the utilization
of these techniques in the diagnosis, surgical plan-
ning and therapeutic follow-up of maxillofacial le-
sions may complement previous researches that
have evaluated them for other anatomic sites. We
have also observed a higher visual resolution of
3D-CT volume-rendered images, which may have
contributed for the higher reproducibility and sen-
sitivity of the method.

CONCLUSIONS

1. Length measurements carried out by means of
the 3D-CT volume-rendering technique were
more precise than those performed by means of
the 3D surface method.

2. The 3D-CT volume-rendering technique was
also more sensitive than the 3D-CT surface
method for the diagnosis of lesions in the
maxillofacial complex, especially lesions involv-
ing intra-osseous anatomical structures.

3. Both techniques presented equivalent and
satisfactory specificity. However, 3D-CT vol-
ume-rendered images presented higher validity
in the current study.

4. The 3D-CT volume-rendered images improved
visualization when compared to the 3D-CT sur-
face technique. The improvement concerned
the location of lesions, the identification of cor-
tex destruction, and the involvement of adja-
cent anatomical structures.
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