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ABSTRACT: The purpose of this study was to correlate 3D-CT (3D computed tomography) volume measurements
of malignant tumors with the response to treatment, and to observe bone invasion in these lesions applying a
specific imaging protocol. We analyzed 17 individuals with maxillofacial malignant lesions who were submitted to
spiral CT (2D-CT). The original data were transferred to an independent workstation using a 3D volume render-
ing package software, which was used by two examiners to obtain area and volume measurements of the lesions,
independently, three times each, prior to and after treatment. The segmentation protocol was applied for the
assessment of bone involvement. The difference between imaging and gold standard values was not considered
significant (p > 0.05). Regarding bone invasion, three false-negatives were obtained using MPR-CT (multiplanar
reconstruction) and no false-negatives were obtained using the 3D segmentation protocol. The use of 3D-CT may
be a differential and important factor for expanding options regarding the localization, dimension, and clarification
of lesion components.

DESCRIPTORS: Tomography; Wounds and injuries; Image processing, computer-assisted; Face; Neoplasms.

RESUMO: O propésito desta pesquisa foi correlacionar medidas volumétricas de lesdes malignas em reconstrucoes
tridimensionais (TC-3D) com a resposta ao tratamento e verificar o grau de envolvimento 6sseo dessas lesoes,
aplicando-se protocolos de imagem especificos associados a computacao grafica. Foram estudados 17 individuos
portadores de lesdées malignas maxilofaciais que haviam sido submetidos a tomografia computadorizada espiral
(TC-2D). Os dados originais foram transferidos para uma estacdo de trabalho independente, utilizando um pro-
grama para imagens volumétricas, com o qual dois observadores obtiveram medidas de area e volume das lesoées,
independentemente, 3 vezes cada um, no pré e pos-tratamento. O protocolo de segmentacao foi aplicado para
avaliacao do comprometimento 6sseo. A diferenca entre os valores obtidos na analise da TC e no padrao ouro nao
foi considerada significante (p > 0,05). Considerando o envolvimento 6sseo, obtiveram-se trés falsos-negativos em
analise das reconstrucoes multiplanares (TC-RMP) e nenhum falso-negativo em analise da TC-3D por meio do pro-
tocolo de segmentacao. A utilizacdo de recursos como reconstrucdo em TC-3D pode ser um fator diferencial e de
grande valia para aumentar opcoes quanto a localizacao, dimensodes e esclarecimento de componentes de diversas
lesoes.

DESCRITORES: Tomografia; Ferimentos e lesoes; Processamento de imagem assistida por computador; Face; Neo-
plasias.

INTRODUCTION

Recent reports have shown that tumor vol-
ume is a reliable piece of information for treat-
ment planning'®, and that it can also predict the
outcome of radiotherapy for head and neck can-
cer*912.16.20.22 " Multiplanar reconstructed (MPR)
images from computed tomography (CT) play an
important role in both pre- and postoperative eval-

uation of oral and maxillofacial abnormalities® 1315,
The standard method for assessing the response of
tumor to treatment is to determine its changes in
maximum cross-sectional area?®. Two-dimensional
(2D) measurements may misrepresent changes in
tumor size because they disregard alterations in
the third dimension?s.
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The use of specific programs associated to CT
allows the reconstruction of three-dimensional im-
ages of the craniofacial structures”®2>24, Thus, the
visualization of soft tissues becomes possible as
well as their relationship with adjacent bone struc-
tures due to the high image quality. According to
the related literature, validating the imaging meth-
odology using MPR-CT and 3D-CT is important for
the establishment of adequate protocols, which will
make the classification of the pathological proc-
ess, the development of an effective therapeutic
conduct, and the evaluation of patients! easier.
3D-CT is considered a useful tool to complement
2D-CT in the evaluation of several pathologies that
affect the maxillofacial complex”2!:2324  Computer-
assisted radiology is used for diagnostic biopsy,
preoperative planning, intra-operative guidance
and postoperative assessment. More accurate de-
termination of changes in tumor size may be ob-
tained using 3D volume measurements, with con-
sequent implications for assessment of response
to therapy?.

Our purpose was to correlate the 3D-CT vol-
ume measurements of malignant lesions with their
response to treatment, and to observe bone in-
vasion of those lesions using a specific imaging
protocol.

MATERIAL AND METHODS

We analyzed 17 patients with malignant le-
sions (lymphoma, carcinoma, and sarcoma). The
patients were referred to spiral CT imaging (Toshi-
ba X-Press, Toshiba Medical, Tustin, CA, USA) at
120 kVp and 200 mA, using a 512 x 512 matrix
and 3 mm/1 sec of table feed to produce 3 mm
thick slices with 1.5 mm reconstruction interval
prior to and after treatment. A scanning filter (FC)
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of 20 and field of view (FOV) of 20.3 cm were used,
as well as intravenous contrast (150 ml of Conray
60, Mallinckrodt Medical Inc., Saint Louis, MO,
USA), which permitted the visualization of soft
tissue involvement and aided in the delineation
of the lesion. The data sets of this investigation
were transferred to a computer workstation (DELL
Precision 420 NT 4.0 hardware, Estrela do Sul,
RS, Brazil) with Vitrea® 2.3 software (Vital Images
Inc., Plymouth, MN, USA) to generate interactive
3D volume rendered images and MPR images.

The tumor was observed due to the increased
vascularity and contrast enhancement peripheral
to the lesion. It was possible to localize the contour
of the tumor, visualizing all of its borders in rela-
tion to the anatomical bone structure (Figures 1A,
B, C). Measurements of area and volume were ob-
tained using the crosshair tool (Figures 1A, B, C)
and selecting the largest diameter of the images
of the lesions in axial, coronal and sagittal (MPR)
reconstructed views, according to previous validat-
ed methodology®. Volumetric measurements were
made by manual contour delineation of these three
views using the Vitrea® software tools, which auto-
matically defined the range of CT densities in the
region of interest. Two observers, on three different
occasions separated by several weeks, traced the
contour of the lesions using a computer mouse and
making their own decision as to the boundaries.
They were all submitted to previous training. The
software tools automatically displayed the lesions
in 3D reconstructed images with the correspond-
ing measurements of area and volume (Figure 2A).
Applying the same methodology, it was possible
to compare the images obtained prior to and after
treatment in order to analyze the response to treat-
ment (Figures 2C and 3A-F).

o
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FIGURE 1 - CT images of lymphoma at the right maxillary sinus in axial (A), sagittal (B), and coronal (C) view recon-
structed images, showing bone destruction on the inferior maxillary sinus wall (arrows).
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FIGURE 2 - A: Lateral view of the 3D-CT reconstruction of the soft tissue mass (green), with area = 50.6 cm? and
volume = 27.5 cc. B: 3D-CT segmentation protocol depicting the lymphoma in red with white streaks, demonstrat-
ing bone involvement. C: 3D-CT reconstruction imaging showing the follow-up of treatment with reduction in the
size of the lesion (light blue) (area of 16.9 cm?, and volume of 4.9 cc).
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FIGURE 3 - A and B: Axial views at soft tissue window level showing fibrosarcoma on the left side involving the maxil-
lary sinus, pterigoid process, lateral pterigoid muscles, nasal fossa, maxilla, and zygomatic bone (arrows); C: 3D-CT
frontal view, showing the tumor mass in 3D (light blue), with area = 87.0 cm? and volume = 55.2 cc, and its relation-
ship with adjacent structures, such as the maxilla and zygomatic bone (causing destruction), and the nasal cavity;
D and E: Axial CT images showing recurrence, depicting a large tumor mass involving the left side of the maxilla and
extending to the parotid gland (arrows); F: 3D-CT image showing an increase in tumor mass in 3D (light blue), with
area = 266.6 cm? and volume = 302.5 cc, with large bone destruction of the left side of the face.

For the analysis of bone invasion, we repeated coronal and sagittal views and making the contour
the same steps described above, localizing the larg- delineation of these three images. The specific tool
est diameter of the images of the lesions in axial, for 3D volume rendering software package (seg-
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mentation protocol) was then applied. The lesion
appeared segmented from the anatomical adjacent
bone structures, providing a clear perception of
bone anatomy and of the destruction caused by
the tumor mass. This is depicted as white streak
marks that show bone involvement in contrast
to the red color representing the soft tissue mass
(Figure 2B). When no bone involvement was found,
the lesion appeared totally red in color (Figures 4A
and B). These different color tables are specific
tools of the computer graphic system, applied to
the CT data and based on CT density. The 3D
images were viewed using rotation, translation,
and a fly-through modes, making the evaluation of
bone involvement possible (Figure 3C). The clinical
and/or surgical findings (medical records) were
considered the gold standard corroborating the
diagnoses of the maxillofacial lesions.

ANOVA (Analysis of Variance) and Chi-square
tests with SPSS (Statistical Package for the Social
Sciences, Chicago, IL, USA) software were used
to gather the data file and carry out the statisti-
cal analysis, as well as to test the validity of the
methodology?*.

RESULTS

Table 1 presents the differences in area and
volume prior to and after treatment. The differ-
ence between the gold standard and imaging val-
ues was not considered significant (p > 0.05). In
all patients submitted to radiotherapy, the tumor
volume and area decreased considerably and the
values were in agreement with therapy. The oppo-
site happened with the recurrence cases (volume
and area increased considerably). In both situa-
tions, an agreement with the clinical and surgical
findings was observed.

FIGURE 4 - A: Axial view at soft
tissue window level showing
squamous cell carcinoma

on the right side of the floor

of the mouth, involving the
parapharyngeal space (arrows);
B: 3D-CT segmentation protocol
M depicting the entire lesion in

il red, demonstrating no bone

2l involvement.

TABLE 1 - Differences in measurements (prior to and
after treatment) of area and volume in patients with
malignant neoplasms.

Clinical
Tumor A.re‘rfl Vo}ur'ne and
variation variation treatment
stages
Carcinoma 42.73% 89.99% R
Carcinoma 8.66% 13.26% R
Carcinoma 45.47% 192.01% R
Carcinoma 29.35% 33.99% R
Carcinoma -36.28% -37.98% T
Lymphoma -4.03% -37.11% T
Osteosarcoma 28.80% 43.55% R
Fibrosarcoma 99.52% 274.44% R
Lymphoma —74.23% -87.56% T
Fibrosarcoma 31.78% 50.44% R
Carcinoma 12.68% 37.97% R
Carcinoma 67.05% 251.08% R
Carcinoma 28.60% 45.53% R
Lymphoma -29.76% -35.89% T
Carcinoma 23.40% 28.21% R
Carcinoma -36.27% -42.14% T
Osteosarcoma 43.18% 58.25% R

R: recurrence, T: radiotherapy.

Inter- and intra-examiner reliability are shown
in Table 2, with the interval ranging from 11.15% to
19.59%, and the standard deviation from 9.86% to
17.89%. The largest difference was found between
inter-examiner volume measurements (19.59%).

Table 3 shows three false-negatives in axial
and in MPR-CT images (82.36% of agreement).
It was not possible to identify bone involvement
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TABLE 2 - Analysis of measurements of the two examiners.

oy s . Intra A Intra A Inter A Intra V Intra V Inter V
Reproducibility analysis
exam 1 exam 2 exam exam 1 exam 2 exam
Mean 11.15% 14.16% 17.56% 13.15% 17.43% 19.59%
Standard deviation 9.86% 11.50% 16.44% 10.57% 17.89% 17.37%

A = area, V = volume, Intra A exam 1 = area measurements intra-examiner 1, Intra A exam 2 = area measurements intra-examiner 2,
Inter A exam = area measurements inter-examiners 1 and 2, Intra V exam 1 = volume measurements intra-examiner 1, Intra V
exam 2 = volume measurements intra-examiner 2, Inter V exam = volume measurements inter-examiners 1 and 2.

TABLE 3 - Analysis of bone destruction observed on
axial + MPR, and on the 3D segmentation protocol im-
ages versus the gold standard.

Tumor Axial + 3D ' Gold
MPR segmentation | standard
Carcinoma 0 + +
Carcinoma + + +
Carcinoma 0 0 0
Carcinoma + + +
Carcinoma 0 0 0
Lymphoma + + +
Osteosarcoma + + +
Fibrosarcoma + + +
Lymphoma + + +
Fibrosarcoma + + +
Carcinoma 0 +
Carcinoma 0 0 0
Carcinoma + + +
Lymphoma + + +
Carcinoma 0 + +
Carcinoma 0 0 0
Osteosarcoma + + +

0: without osseous involvement, +: with osseous involvement.
MPR: multiplanar reconstructed images = coronal + sagittal.

in three of the 17 cases. However, regarding the
3D segmentation protocol, complete agreement
was found (confirmed by the histopathological and
surgical findings).

DISCUSSION

The development of computer graphic pro-
grams has facilitated the interactive visualization
and the qualitative and quantitative analyses nec-
essary for craniofacial surgical planning!®7:81%15,
These advances allowed more detailed bone struc-
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ture analysis, improving imaging interpretation in
comparison with conventional radiographs®!'2. In
our experiment, it was possible to obtain the soft
tissue mass, to segment, to manipulate, and to
visualize the anatomical structures using 3D-CT
volume rendering using an independent worksta-
tion.

Hermans et al.’® (1998) analyzed measure-
ments taken by five examiners, in four different
sessions. Significant inter-examiner variation was
reported, and the intra-examiner variation was also
significant. According to the authors, this variation
could have been smaller if the measurements had
been taken by a single trained examiner, since
the inter-examiner variation was 89.3% while the
intra-examiner one corresponded to 6.4%. In our
study, better results were obtained for inter-exam-
iner variation (19.59%). This happened because
we employed an MPR method to identify the lesion
with the aid of intravenous contrast and with a fine
reconstruction interval of 1.5 mm, which made it
possible to obtain reconstruction with better reso-
lution. This facilitated the localization of the lesion
and consequently the acquisition of volume in 3D.
However, we consider that with the introduction
of multislice CT, which allows the isotropic scan-
ning of a whole volume in 16 slices in 0.5 seconds,
the reproducibility will be strongly improved. Also,
the determination of volume and area differences
between imaging and clinical aspects can express
more fidelity since the scan parameters regarding
slice thickness and interval of reconstruction can
be less than 2 mm and 1 mm, respectively.

According to the related literature, the impor-
tance of correctly estimating the size of a tumor
is evident because it will determine the treatment
procedures according to the development of the
neoplasm®6912.16,18-20.22.23 - According to Doweck et
al.'? (2002), only 14.1% of the patients with tumors
larger than 19.6 cc survive, while 41.5% survive
when the tumors are smaller than 19.6 cc'?. In our
study, a protocol was established to measure the
volume of the tumors before and after treatment in
the analysis of bone structures, improving imag-
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ing interpretation in comparison to conventional
radiographs®!!?*. According to our experiment, it
was possible to obtain the soft tissue mass of tu-
mors, to segment, to manipulate, and to visualize
the anatomical structures using 3D-CT volume
rendering using an independent workstation.

Cavalcanti, Vannier® (2000) validated a meth-
od to obtain volume measurements in maxillofacial
neoplasms of the oral cavity. In the present study,
the authors were able to measure the area and
the volume of the lesions using 3D-TC. The lat-
ter experiment was of extreme importance for the
accomplishment of the present research, because
a similar method was employed, making it pos-
sible to compare the size of the malignant lesions
before and after treatment. In order to use this
methodology, some parameters were established,
such as: the use of the same protocol to acquire
images from all patients, intravenous contrast in-
fusion, all examiners were submitted to previous
training, measurements were checked at three dif-
ferent times and were also taken by two different
examiners.

Other methods of measuring volume of patho-
logical processes have been suggested. In most
studies, the calculation has been done by add-
ing the areas obtained in each tomographic slice
and then multiplying them by the thickness of the
cut*s12.16,19.20,22.23 " I gpite of the high correla-
tion level between the size of the tumor obtained
through the use of this methodology and the his-
topathologic examination, this technique has some
drawbacks, especially in invasive lesions (and in
small ones), situations in which it is extremely
difficult to delineate the lesion®.

CT is considered to be a sensitive method for
assessing primary malignant tumors (size, loca-
tion, spread to soft tissues and regional lymph
node metastasis)!”. However, its ultimate useful-
ness in the delineation of invasion of these tumors
in the mandible remains questionable for many
authors?>1%17, The related literature shows high
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