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In this paper we present the aspect of a mandibular giant cell granuloma in spiral computed tomography-based
three-dimensional (3D-CT) reconstructed images using computer graphics, and demonstrate the importance of the
vascular protocol in permitting better diagnosis, visualization and determination of the dimensions of the lesion. We
analyzed 21 patients with maxillofacial lesions of neoplastic and proliferative origins. Two oral and maxillofacial radi-
ologists analyzed the images. The usefulness of interactive 3D images reconstructed by means of computer graphics,
especially using a vascular setting protocol for qualitative and quantitative analyses for the diagnosis, determination
of the extent of lesions, treatment planning and follow-up, was demonstrated. The technique is an important adjunct
to the evaluation of lesions in relation to axial CT slices and 3D-CT bone images.

UNITERMS: Tomography, X-ray computed; Image processing, computer-assisted; Giant cell granuloma; Mandible.

INTRODUCTION

Computed tomography (CT) is the most com-
mon technique used for examination of maxillofa-
cial neoplasms because it permits the visualization
of soft tissues and bone structures in the same
examination. It has become the modality of choice
for the evaluation of maxillofacial neoplasms®***'*.
Multiple overlapping slices can be reconstructed
from a single examination permitting higher qua-
lity multiplanar (MPR) and three-dimensional re-
constructed (3D) images without additional pati-
ent irradiation'"*'>'"'*, Recently, we presented a
new methodology using a 3D vascular setting pro-
tocol for quantitative analysis of mandibular neo-
plasms, which was validated in cadavers®’. That
study showed that 3D interactive computer grap-
hics make possible a more complete assessment of
maxillofacial lesions, assisting the preoperative
planning and the evaluation of postoperative out-
comes’.

Aspects such as the CT technique, number of
examiners, examiners’ experience, and vasculari-

zation of the lesion (satisfactory contrast
enhancement) are important to establish accepta-
ble reproducibility. The application of computer
graphics technology from 3D spiral CT allows for
direct volumetric reconstruction, fast data filing,
fast and easy 3D analysis, real time imaging for
guiding intervention procedures and linear and vo-
lumetric measurements”™

The purpose of this paper is to show the useful-
ness of spiral CT-based MPR and 3D reconstructed
images using computer graphics protocols in the
evaluation of different maxillofacial lesions, using,
as an example, a giant cell granuloma of the man-
dible.

IMAGING METHODOLOGY

We analyzed 21 patients with different lesions.
The patients were referred for spiral CT imaging
(Aquilion Toshiba America-Systems Inc., Tustin,
CA) at 120 kVp and 200 mA, using a 512 x 512 ma-
trix, and 3 mm/0.5 sec of table feed to produce
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3-millimeter-thick slices with 1.5 mm of recons-
truction interval. An FC 20 scanning filter and
FOV of 20.3 cm were used, as well as intravenous
contrast (150 ml of Conray 60, Mallinckrodt Medi-
cal Inc., Saint Louis, MO, USA), which permitted
the visualization of soft tissue involvement and ai-
ded in the delineation of the lesion. The data sets of
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this investigation were transferred, via network, to
a computer workstation (Silicon Graphics NT and
DELL Precision 420 NT 4.0 hardware with Vitrea™
2.2 software, Vital Images Inc., Minneapolis, MN,
USA) to generate interactive volume-rendered 3D
and MPR images.

This software allows for simultaneous display of
3D and MPR images in three planes. In this study,
axial, coronal, and sagittal planes were used. This
permitted the lesion and associated anatomy to be
viewed from different perspectives, simultaneously
(Figure 1).

The 3D images were viewed using rotation,
translation, and a fly-through mode, which allo-
wed for the visualization of the lesion in relation to
relevant anatomical structures. The software tools
also permitted visualization through the tumor
mass, providing depiction of bone destruction in
the base of the mandible, as well as osseous proli-
feration. The 3D-CT examination revealed bone
destruction along the anterior region extending to
the body of the mandible, bilaterally, including an-
terior teeth and premolars, and clearly depicted
the lesion within the body of the mandible (Figure
2).

The 3D volume-rendering software package of-
fers a wide choice of settings that apply different
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FIGURE 1 - MPR-CT images: axial (A), coronal (B) and sagittal (C) views demonstrate the degree of bucco-lingual and
inferior expansion of the lesion in the body of the mandible, as well as the internal trabeculae. The CT images show a
large well-demarcated multilocular mass with multiple foci of calcification, involving from the right to the left side of

the mandibular body, including the region of the menton.
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color tables and transparency functions to the CT
data, based on CT density. Using the vascular set-
ting, which preferentially colorized the tumor due
to the increased vascularity and contrast enhance-
ment around the periphery of the lesion, it was
possible to localize the contour of the tumor, visu-
alize all of its borders in relation to the mandible,
and perform linear measurements of the neo-
plasm. Frontal, lateral, axial, and internal 3D vas-

cular setting views clearly showed that the mass
involved the inferior aspect of the mandible (Figu-
re 3).

RESULTS AND IMAGING
INTERPRETATION

The results reveal the number of lesions that
were detected and interpreted by two radiologists,

FIGURE 2 - The 3D-CT bone protocol shows the destruction of bone caused by the lesion and the aspect of the mandi-
ble from the anterior (A), posterior (B), left (C) and right (D) views.
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FIGURE 3 - The 3D-CT vascular protocol depicts in red the soft tissue of the lesion in relationship with the mandible,
demonstrating all its components, extension and dimensions in anterior (A), posterior (B), left (C) and right (D) views.

using different protocols, and the correlation with
the histopathological findings.

In 70% of the cases, it was possible to define the
findings through MPR images. In 82% it was possi-
ble to define the findings through 3D-CT images
using the bone protocol. In 85%, a very satisfac-
tory assessment was possible by means of the
3D-CT vascular protocol. Furthermore, in more
than 90% of the cases, the combination of both
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3D-CT protocols was fundamental for the diagno-
sis. We studied cases of central giant cell
granuloma, ossifying fibroma and fibrous dyspla-
sia. All the cases of fibrous dysplasia presented
with poor vascularity. The cases of central giant
cell granuloma and those of ossifying fibroma pre-
sented with rich vascularity, which was more pro-
nounced in the former. In relation to the 3D-CT
bone protocol, the results added valuable informa-
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tion since the two radiologists noticed the increa-
sed volume of bone, without destruction, in fibrous
dysplasias; they also agreed in defining the trabe-
cular area of ossifying fibromas, and the large des-
truction of mandibular bone in the case of central
giant cell granuloma.

The MPR images showed a high multilocular ra-
diolucency with numerous internal septa. Consi-
derable expansion of bone was evident in both
buccal and lingual aspects (Figure 1). The 3D-CT
bone protocol depicted a large destruction of bone
with dislocation of the anterior teeth, also demons-
trating the degree of bucco-lingual and inferior ex-
pansion of the lesion in the body of the mandible,
as well as the internal trabeculae (Figure 2). The
3D-CT vascular protocol demonstrated the dimen-
sions of vascularity (width from the posterior
view = 31.0 mm, and width from the lateral
view = 50.6 mm) and, subsequently, the dimensi-
ons of the soft tissue lesion (Figure 3).

The 3D-CT vascular protocol showed a very
good level of agreement with the histopathological
examination, which was used as a gold standard.
MPR showed some degree of disagreement and, for
the 3D-CT bone protocol, there was disagreement
in only 2 cases.

DISCUSSION

3D-CT reconstructed images of head and neck
tumors are an important aid to clinicians in pre-
and postoperative assessment of lesions'>*'%!"!4,
We carried out our study based on the usefulness
of 3D computer graphics in the delineation of lesi-
ons using the vascular setting protocol.

With the advent of subsecond spiral CT, the
range that can be covered in a given period of time
(e.g., during the critical phase of vascular enhan-
cement) has increased from 25% to 30%". Now-
adays, the multislice volumetric CT scanners
greatly improved both image quality and producti-
vity". In our study, we used the newest generation
of spiral CT, which permits 0.5 sec for the thick-
ness of each slice, with a high quality of MPR and
3D reconstructed images.

One of the advantages of spiral CT is the ability
to reconstruct overlapping slices at every table po-
sition within the scan volume. Thus, the quality of
3D reconstructed images and coronal and sagittal
MPR images is considerably improved'*'. Another
advantage of spiral CT is related to the use of con-
trast medium. For the current study, contrast me-
dium was necessary, in order to permit the deline-

ation of the neoplasm using the vascular setting.
In their study, SPREER et al** (1995) found that
with spiral CT they needed one third less contrast
medium than with conventional CT in order to
obtain sufficient tissue contrast and soft tissue
enhancement. The homogeneity of contrast en-
hancement was significantly higher when using
the spiral technique.

BERTAND et al® (1993) stated that giant cell
granulomas and ossifying fibromas, but not fi-
brous dysplasias, present at an earlier age are
more clinically aggressive and more vascularized.
We felt that, based on this description of increased
vascularity, the vascular setting protocol that we
have previously described would be useful for deli-
neating the giant cell granuloma. This protocol is
based upon the increased accumulation of con-
trast medium in and around the lesion, due to tu-
mor-related increased vasculature, resulting in in-
creased contrast. The vascular setting protocol
selectively colorizes the areas of enhanced contrast
accumulation and, thus, defines the limits of the
lesion.

EL-LABBAN" (1997) performed a study with the
purpose of investigating the vascular findings of
the central giant cell granuloma and discussing
the pathogenesis of this lesion. The author conclu-
ded that the stroma of the central giant cell granu-
loma has a strong vascularity with hemorrhagic
areas and dilated blood vessels. Central giant cell
granulomas consist of a rich conjunctive matrix
with a rich capillar vascularity®; histologically,
those lesions have highly vascular growths®. The
differential diagnosis of radiolucent lesions can in-
clude vascular lesions. Most of these lesions are
conditions such as central giant cell granulomas,
hemangiomas, traumatic bone cysts and fibro-os-
seous lesions®. Due to the thin-walled vascular
spaces, hemorrhage can be very well seen. Intra-
vascular invasion by giant cells can also be seen®.
Hemorrhage and dilated vascular channels are of-
ten closely associated with central giant cell gra-
nulomas™". The most interesting finding was the
staining pattern of blood vessels in the central gi-
ant cell granuloma'.

The usefulness of 3D-CT for the visualization of
the involvement of bone and soft tissue masses in
neoplasms has increased due to improvements of
image processing. Spiral CT based 3D imaging
with contrast has been further improved through
the use of the vascular setting protocol, which per-
mits soft tissue differentiation based upon blood
and contrast perfusion. This method was used
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here to localize and measure a giant cell central
granuloma using a unique computer graphics pro-
tocol that had been previously validated using ca-
daver heads’. In the current paper we show a clini-
cal application of that experiment, demonstrating
the possibility of its clinical use.

Radiographically, the central giant cell granulo-
ma appears, with equal frequency, as a unilocular
radiolucence or as multilocular radiolucences. The
border of the lesion may be well or poorly defined,
and the tumor frequently extends beyond the
radiographic margins. The clinical behavior of the-
se lesions is quite variable and difficult to pre
dict***?*’. There has been considerable interest in
predicting the aggressiveness of these lesions; the
perforation of the cortical bone, when present, in-
dicates more aggressive lesions***’.

In our study, MPR images revealed destruction,
cortical thinning, large lesions and septa. Howe-
ver, 3D-CT images were necessary to confirm the
extent of the lesion and of the destruction. The cor-
tical destruction was not very well seen in MPR
images but satisfactorily seen in our 3D images.
The 3D vascular image showed the invasion of the
lesion within the interior aspects of the mandible
and its proximity to adjacent structures, determi-
ning the real topography of the lesion. These 3D
protocol views clearly showed both the osteoblastic
and osteolytic aspects of the tumor.

As stated above, the ability of CT to produce
contrast enhancement of a lesion is related to se-
lective accumulation of contrast medium within
the neoplasm. The lesions tend to stimulate angio-
genesis, so that the number of blood vessels asso-
ciated with the tumor increases, and there is also
an increase in extravascular leakage®. That adds
to the accumulation of contrast medium around
the lesion. Collectively, it leads to increased radio-
pacity of the periphery of the neoplasm, often cal-
led “blush”, which is commonly found on CT
examinations®>”’. Consequently, the attenuation
coefficient or CT number of the periphery of the
neoplasm is different from that of the neighbor tis-
sue. Many authors have reported that this con-
trast enhancement can be used with 3D images to
produce good visualization of lesions'®. In our 3D
images, color assignment is based on the attenua-
tion coefficient of tissues as measured in Hounsfi-
eld units. Contrast medium accumulation within
the tumor due to the vascular changes described
above allows for selective colorization of the neo-
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plasm in relation to adjacent tissues, using the
vascular setting.

In a paper that validated linear measurements
using the 3D vascular setting protocol, CAVAL-
CANTI et al® (2000) found no statistically signifi-
cant differences between physical and imaging
measurements using the 3D vascular setting pro-
tocol. Using the same methodology, we demonstra-
ted, in this paper, a clinical application in a patient
with a giant cell central granuloma in the mandi-
ble. We localized the lesion using the vascular pro-
tocol, and performed measurements for treatment
planning and evaluation. Also using the 3D bone
protocol we demonstrated some bony aspects of
the lesion that were not well defined on 2D-CT
images.

The available computer software allows for the
use of image enhancement algorithms, 3D rende-
ring of great amount of data, viewing and slicing of
volumes in any direction and plane, and identifica-
tion of different surfaces and tissues through co-
lors®*°. The process of acquisition of data is impro-
ved using properties of the software such as color
transparence in the contrast area®. We think that
this methodology can distinguish some lesions ba-
sed on their vascularity. We think that, with our
methods, 3D-CT may play an important role in es-
tablishing treatment protocols since it allows for
the determination of the size, position and extensi-
on of tumor masses. Further researches must be
developed in order to better clarify our hypothesis.

CONCLUSIONS

We have shown that the 3D-CT vascular setting
protocol is a useful imaging modality for the diag-
nosis and treatment planning of neoplastic lesi-
ons. For that, we demonstrated its clinical applica-
tion in a case of aggressive giant cell granuloma.
The computer software that permits the utilization
of preset protocols makes it possible to automati-
cally link volume rendering to the scanning pro-
cess, which originates appropriate 3D reconstruc-
ted images with high image quality. We have
demonstrated the usefulness of imaging proces-
sing with qualitative and quantitative analyses to
improve the diagnosis and, thus, the treatment
plan.
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Neste trabalho, demonstramos os aspectos de um granuloma central de células gigantes por meio da tomografia com-
putadorizada (TC) em espiral baseada na reconstrucao de imagem em trés dimensoes (3D), utilizando a computacao
grafica, e a importancia do protocolo vascular permitindo um melhor diagnéstico, visualizagao e obtendo dimensoées
da lesao. Foram analisados 21 pacientes com lesoes maxilo-faciais de origens neoplasicas e proliferativas. Dois radio-
logistas analisaram as imagens. A utilidade da interacdo da reconstrucédo da imagem por meio da computacao grafica,
especialmente utilizando o protocolo vascular para analises qualitativas e quantitativas para o diagndstico, planeja-
mento de tratamento e evolucdo, assim como para a localizacao da extensao da lesao foi demonstrada. Isto € um im-
portante adjunto para a evolugao destas lesdes em relacao a cortes axiais em TC e para imagens por meio de 3D-TC
para estruturas osseas.

UNITERMOS: Tomografia computadorizada por raios X; Processamento de imagem assistido por computador; Granu-

loma de células gigantes; Mandibula.
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