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ABSTRACT

Purpose: This study aimed to assess texture analysis (TA) of cone-beam computed tomography (CBCT) images as a
quantitative tool for the differential diagnosis of odontogenic and non-odontogenic maxillary sinusitis (OS and NOS,
respectively).

Materials and Methods: CBCT images of 40 patients diagnosed with OS (N =20) and NOS (N =20) were evaluated.
The gray level co-occurrence (GLCM) matrix parameters, and gray level run length matrix texture (GLRLM)
parameters were extracted using manually placed regions of interest on lesion images. Seven texture parameters were
calculated using GLCM and 4 parameters using GLRLM. The Mann-Whitney test was used for comparisons between
the groups, and the Levene test was performed to confirm the homogeneity of variance (a0 =5%).

Results: The results showed statistically significant differences (P <0.05) between the OS and NOS patients regarding
3 TA parameters. NOS patients presented higher values for contrast, while OS patients presented higher values for
correlation and inverse difference moment. Greater textural homogeneity was observed in the OS patients than in the
NOS patients, with statistically significant differences in standard deviations between the groups for correlation, sum
of squares, sum of entropy, and entropy.

Conclusion: TA enabled quantitative differentiation between OS and NOS on CBCT images by using the parameters
of contrast, correlation, and inverse difference moment. (Imaging Sci Dent 2023; 53: 43-51)
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to as sinusitis, the main etiology of which involves altera-
tions in the nasal cavities; sinusitis of this etiology is known
as non-odontogenic sinusitis (NOS). However, in some cases,
sinusitis may have an etiology of dental origin, in which case
it is called odontogenic sinusitis (OS).1

The proximity between the roots of posterior teeth and the
floor of the maxillary sinuses, in combination with the pre-

Introduction

The maxillary sinuses are considered the largest paranasal
sinuses in the maxilla, being the first to develop in the region
between the orbital and nasal cavities. Inflammation of the
membrane lining this cavity, the sinus membrane, is referred
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sence of infectious and inflammatory processes of odonto-
genic origin (e.g. periapical lesions), can affect the integrity
of this floor, causing inflammatory changes in the mucous
lining and subsequently leading to the development of 0S?
The literature states that iatrogenic (65%) and apical peri-
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odontitis (i.e., periapical inflammatory lesions) (16.8%),
mainly in the molars, are the main causes of OS in the maxil-
lary sinuses.’

The symptoms of OS are similar to those observed in
NOS, such as nasal obstruction or congestion with the pre-
sence of yellowish secretions, pain or pressure on the face,
headaches increasing in intensity with head movement,
sensitivity in the anterior region and infra-orbital region of
the maxilla, eye pain, post-nasal drip, and bad odor.* How-
ever, despite the similar symptomatology, OS and NOS
should be carefully differentiated since these conditions
have distinct microbiology, pathophysiology, and manage-
ment.*’

For an accurate diagnosis of both pathologies to facilitate
an appropriate intervention, close collaboration between
dentists and otolaryngologists is essential ’

Cone-beam computed tomography (CBCT) has been
widely used as a complementary imaging technique to eval-
uate the paranasal sinuses. On CBCT images, the maxillary
sinus content usually appears completely hypodense with
defined bony margins. Cloudiness in the sinus, revealing
opacification, indicates the presence of mucosal thickening
causing near-complete occlusion.®’

Imaging methodologies are well understood and have
been used, in addition to anatomopathological analysis, to
differentiate OS from NOS >® However, the absence of teeth
in the region of analysis of CBCT images, or even the redu-
ced field of view (FOV) during image acquisition, can some-
times make it impossible to use this approach for differenti-
ation. Thus, a more independent methodology based only on
sinus content, which would allow an objective assessment,
would be very valuable for the differential diagnosis be-
tween OS and NOS.

In this context, because of the difference in the microbiota
between OS and NOS,” images indicating the presence of
maxillary sinusitis (i.e., opacification) may show differ-
ences in the degree of X-ray attenuation between these con-
ditions, which could help in the differential diagnosis using
CBCT exams. However, this fact is not subjectively percep-
tible during image analysis, often raising doubts about the
type of sinusitis in question, which can influence the con-
duct and success of treatment. Thus, a method for quantita-
tive analysis capable of deriving numerical and statistically
analyzable data from CBCT images of maxillary sinusitis
would enable the differentiation between OS and NOS,
which would be very valuable as an auxiliary diagnostic
tool.

With advances in digital image processing and computer-
assisted diagnosis techniques, a post-processing methodol-

ogy for quantifying complex structures in images more effi-
ciently and less invasively was developed, in which the dis-
tribution of gray levels in a region of interest (ROI) on the
image is measured for texture analysis (TA).'""?

Texture parameters are computed mathematical proper-
ties over a pixel distribution, which characterizes the type
of texture and structure of the objects shown in the image
but are imperceptible to the human eye.'>'* The different
methods for performing TA are usually classified depending
on the approach used to extract parameters representative
of the image texture."”'®

Previous studies have used TA to characterize lesions in
various regions of the body and to distinguish them from
normal tissues, with greater heterogeneity of texture para-
meters being observed in pathological tissues.'”"’

In dentistry, TA has been applied to help with the clinical
interpretation of several types of lesions, such as caries, gra-
nuloma, radicular cyst, and furcal lesion.!320!

TA can be understood as the analysis of a set of intrinsic
image properties related to the appearance, structure, and
arrangement of the various parts of the object selected.
These characteristics are extracted from signal patterns of
pixels or voxels imperceptible to the human eye.”'M’16

Therefore, this study aimed to evaluate the use of the
technique of TA in CBCT images as a tool to improve the
differential diagnosis between OS and NOS in the maxillary
sinuses.

Materials and Methods

Sample

This retrospective study was approved by the Research
Ethics Committee of the School of Dentistry of Sdo José dos
Campos, UNESP, according to protocol 34235020.0.0000.
0077.

The sample consisted of 250 CBCT images acquired from
December 2019 to December 2020, all obtained from the
database of the Oral Radiology Department of the School
of Dentistry of Sdo José dos Campos, UNESP. This study’s
sample included subjects who underwent CBCT scanning
for planning implant or endodontic treatment.

The CBCT images were acquired by using a scanning unit
(OP300 Maxio, Instrumentarium Dental, Tuusula, Finland)
with the following acquisition parameters: 90 kVp, 12.5
mA, voxel size of 0.085 mm, FOV of 5.0 X 5.0 cm and ac-
quisition time of 8.7 s. All images were obtained in the Dig-
ital Imaging and Communications in Medicine (DICOM)
format.
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Fig. 1. Diagrams show cone-beam computed tomographic images of the maxillary sinus. A. Normal content of the maxillary sinus. B.

Odontogenic sinusitis. C. Non-odontogenic sinusitis.

Imaging data

The imaging-based diagnostic criteria used in the present
study for sinusitis diagnosis were adapted from elsewhere”
as follows. First, a normal sinus was defined as the absence
of any soft tissue density content or uniform mucosal thick-
ening less than 2.00 mm thick; adjacent teeth are sound,
without carious lesions, areas of pulp exposure, or restora-
tions; if restorations are present, they have aspects of nor-
mality (Fig. 1A). Second, OS was defined as the presence
of soft tissue density content with an average thickness
above 2.00 mm inside the maxillary sinus and adjacent to
the maxillary sinus floor, being restricted to the region of a
tooth with a close relationship with its root apex or apices
and the corresponding maxillary sinus floor. This tooth
should have carious lesions with pulp involvement, exten-
sively fractured restorations, and/or periapical lesions in con-
tact with the sinus floor, and not be endodontically treated
(Fig. 1B). Third, NOS was defined as the presence of soft
tissue density content with an average thickness above 2.00
mm inside the maxillary sinus, which may extend to the sinus
floor, and teeth in the region with no close relationship with
its root apex(s) and corresponding maxillary sinus floor.
These teeth should not have carious lesions with pulp invol-
vement and periapical lesions, and if carried out, endodon-
tic treatment should be satisfactory (Fig. 1C).

Patients with maxillofacial trauma, a history of parana-
sal sinus surgery, images with impaired visualization of the
details, or images containing artifacts, all of which make it
difficult to visualize anatomical structures, were excluded
from the study.

Without knowing the clinical information and without
viewing any other images, 2 oral radiologists with experi-
ence in CBCT imaging diagnosis reviewed and analyzed all
the images together to select and identify sinusitis. After
reviewing the images, the final sample consisted of 40 sub-

Fig. 2. Sagittal cone-beam computed tomographic image shows
a region of interest for analysis of the maxillary sinus using the
MaZda software.

jects with maxillary sinusitis, of whom 20 had odontogenic
sinusitis (OS group) and 20 had non-odontogenic sinusitis
(NOS group).

Texture analysis

All DICOM datasets were imported into OnDemand3D
software (CyberMed Inc., Seoul, Korea) and a single oper-
ator (a dentomaxillofacial radiologist with 5 years of expe-
rience) analyzed the images on a 19-inch LCD widescreen
monitor (Samsung, Seoul, Korea). In a cross-sectional view,
the 3 most central image slices per patient were chosen,
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Table 1. Texture parameter selection using the gray level co-occurrence matrix method for the analysis of non-odontogenic sinusitis and

odontogenic sinusitis groups

Positions/parameter

Non-odontogenic sinusitis (N =20)

Odontogenic sinusitis (N =20)

S(1.0)AngScMom
S(0.1)AngScMom
S(2.0)AngScMom
S(0.2)AngScMom
S(3.0)AngScMom
S(0.3)AngScMom
S(1.0)Contrast
S(0.1)Contrast
S(2.0)Contrast
S(0.2)Contrast
S(3.0)Contrast
S(0.3)Contrast
S(1.0)Correlat
S(0.1)Correlat
S(2.0)Correlat
S(0.2)Correlat
S(3.0)Correlat
S(0.3)Correlat
S(1.0)SumOfSqgs
S(0.1)SumOfSqs
S(2.0)SumOfSqs
S(0.2)SumOfSqs
S(3.0)SumOfSqs
S(0.3)SumOfSqs
S(1.0)InvDfMom
S(0.1)InvDfMom
S(2.0)InvDfMom
S(0.2)InvDfMom
S(3.0)InvDfMom
S(0.3)InvDfMom
S(1.0)SumEntrp
S(0.1)SumEntrp
S(2.0)SumEntrp
S(0.2)SumEntrp
S(3.0)SumEntrp
S(0.3)SumEntrp
S(1.0)Entropy
S(0.1)Entropy
S(2.0)Entropy
S(0.2)Entropy
S(3.0)Entropy
S(0.3)Entropy

0.12 [0.03;0.63]
0.14[0.03;0.63]
0.09 [0.02;0.58]
0.10 [0.02;0.58]
0.08 [0.02;0.55]
0.09 [0.02;0.55]
0.68 [0.10;3.06]
0.44 [0.08;2.22]
1.48 [0.18;7.05]
1.03 [0.14:5.62]
2.12 [0.23:8.00]
1.50 [0.18:7.15]
0.70 [0.62:0.84]
0.80 [0.72;0.86]
0.38 [0.12;0.66]
0.53[0.29;0.71]

0.09 [—-0.27;0.46]

0.27 [0.09:0.54]
1.03 [0.16:4.00]
1.03[0.17;3.93]
1.02[0.15:4.01]
1.01 [0.17;3.97]
1.02[0.15;3.99]
0.99[0.17;3.92]
0.74 [0.50;0.95]
0.80 [0.53;0.96]
0.61[0.35;0.91]
0.67 [0.38;0.93]
0.55 [0.34;0.88]
0.61[0.34;0.91]
0.88 [0.34:1.16]
0.88 [0.34;1.17]
0.84 [0.37;1.08]
0.85[0.38;1.11]
0.78 [0.37;1.05]
0.81 [0.40;1.07]
1.09 [0.37;1.70]
1.03 [0.37;1.64]
1.20 [0.43:1.79]
1.16 [0.42:1.77]
1.23[0.44;1.79]
1.19 [0.45:1.77]

0.16 [0.01;0.37]
0.16 [0.01:0.39]
0.11 [0.01;0.32]
0.11 [0.01;0.32]
0.10 [0.01:0.29]
0.10 [0.01;0.29]
0.33 [0.12;6.04]*
0.32 [0.14;2.96]
0.67 [0.24;19.8]*
0.76 [0.28:9.72]
1.02 [0.34;34.5]
1.27 [0.40;17.3]
0.83 [0.59;0.98]*
0.87 [0.73;0.98]*
0.62 [0.20;0.97]*
0.69 [0.51;0.93]*

0.44 [—0.09;0.97]*

0.51 [0.35;0.85]*
1.53[0.34:17.3]
1.5310.33;16.3]
1.51[0.34:17.8]
1.5310.33;16.7]
1.48 [0.34;18.2]
149 [0.32:17.1]
0.85 [0.39;0.94]*
0.85 [0.48:0.93]
0.76 [0.24:0.88]*
0.73 [0.31;0.86]
0.69 [0.19;0.83]
0.66 [0.23;0.81]
0.87 [0.57;1.46]
0.86 [0.55;1.48]
0.86 [0.57;1.42]
0.88 [0.59;1.47]
0.83[0.51;1.34]
0.85[0.58;1.45]
0.98 [0.62:2.11]
0.96 [0.59;2.00]
1.13[0.68;2.29]
1.11 [0.68;2.21]
120 [0.72;2.31]
1.18 [0.71;2.30]

*: P<0.05, AngScMom: angular second moment, Correlat: correlation, InvDfMom: inverse difference moment, SumEntrp: sum of entropy; SumOfSqs:

sum of squares

as sinusitis was more apparent or larger. These 3 image sli-

ces were used to increase the amount of data available in the

CBCT volume to be used for TA.

The image slices selected were saved in .bmp format



and opened with MaZda software (Institute of Electronics,
Lodz University of Technology, http://www.eletel.p.lodz.
pl/mazda/). By using the draw rectangle tool, the operator
manually determined a rectangular ROI (5.0 X 3.0 mm) for
all images and positioned in the central region of the sinus
opacification (Fig. 2).

In total, 11 parameters were computed for each ROI based
on 2 of the 6 TA methods available in the MaZda software.
The first method was the gray level co-occurrence matrix
(GLCM), which provides information on the spatial rela-
tionship between the image’s pixels contained in the ROI,
as determined by the operator;22 the parameters (i.e., second
angular moment, contrast, correlation, entropy, inverse dif-
ference moment, sum of entropy, sum of squares) can be
calculated for different positions determined by 2 distances
between pixels (d1 =1, d2=2) and by 4 image directions
(i.e. horizontal, diagonal, vertical and anti-diagonal, corre-
sponding to horizontal, vertical, 45° and 135°, respectively).
The 2 distances can be arranged in the 4 directions in the
following positions, namely: S(1.0), S(0.1); S(2.0), S(0.2);
and S(3.0), S(0.3)."” The second method was the gray level
run length matrix (GLRLM), which represents runs of pixels
having the same gray level value;” the chosen parameters
(i.e., short-run emphasis, gray level non-uniformity, long-
run emphasis, and run-length non-uniformity) can be ar-
ranged in horizontal and vertical directions."

Statistical analysis

Comparisons between the groups were performed using
the Mann-Whitney test, whereas the Levene test was per-
formed to confirm the homogeneity of variance. The level
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of significance adopted was 5%. Statistical analysis was per-
formed with the R software, version 4.1.0 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

The ages of the patients studied ranged from 25 to 51
years old. The mean age was 37.1+7.9 years in the NOS
group and 39+7.0 years in the OS group. There was no
statistically significant difference between the groups re-
garding age (P>0.05) and sex (P>0.05), as women made
up 50% of the NOS group and 55% of the OS group.

Table 1 shows a comparison between the OS and NOS
groups regarding the texture parameters analyzed in this
study using GLCM. Statistically significant differences
were found between the groups for 3 parameters of TA:
1) contrast, in the positions S(1.0) and S(2.0) for the NOS
group (P <0.05); 2) correlation, in all positions for the OS
group (P <0.05); and 3) moment of inverse difference, in
the positions S(1.0) and S(2.0) for the OS (P <0.05).

Table 2 shows the results of the comparison between the
NOS and OS groups regarding variations in the vertical and
horizontal directions for the selection of GLRLM para-
meters. Significantly higher differences were observed
between the groups regarding vertical (P <0.05) and hori-
zontal (P <0.05) directions, thus showing the capability of
discriminating between NOS and OS.

Table 3 shows a comparison between the NOS and OS
groups regarding the homogeneity of TA parameters using
the Levene test. As shown in Table 3, the OS group showed
greater homogeneity (lowest standard deviation) in the cor-

Table 2. Texture parameter selection using the gray level run length matrix method in the analysis of non-odontogenic sinusitis and odon-

togenic sinusitis groups

Directions/parameter

Non-odontogenic sinusitis (N = 20)

Odontogenic sinusitis (N =20)

Horzl_RLNonUni
Horzl_GLevNonU
Horzl_LngREmph
Horzl_ShrtREmp
Horzl_Fraction
Vertl_RLNonUni
Vertl_GLevNonU
Vertl_LngREmph
Vertl_ShrtREmp
Vertl_Fraction

119 [7,16;318]
81,8 [35.4:97 3]
5,80 [2,20;115]
0,59 [0,16:0.81]
0,51 [0,12;0,75]
80,2 [7,84:298]
732 [42.3:82 3]
9,03 [2.29;105]
0,49 [0,23:0,79]
0,42 [0,13;0.74]

45 4 [11,4;365]*
493 [252:77,1]*
13,6 [1.83;53.6]
0,43 [0,15;0,88]
0,34 [0,17;0.,82]
41 8[12,5317]*
39.4 [19.7;58 3]*
18,0 [2.07;64.,5]*
0,43 [0,08;0,84]
0,32 [0,16;0,78]

*: P<0.05, ShrtREmp: short run emphasis, GLevNonU: gray level non-uniformity, LngREmph: long run emphasis, RLNonUni: run-length non-uniformity,

Horzl : Horizontal, Vertl: vertical
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Table 3. Standard deviation calculated with the Levene test for each parameter using the gray level co-occurrence matrix and gray level
run length matrix methods in the non-odontogenic sinusitis and odontogenic sinusitis groups

Parameter Non-qdoqtg genic Od(?ntogjcnic Parameter Non-qdoqtg genic Odgntoggnic
sinusitis sinusitis sinusitis sinusitis
S10AngScMom 0.11 0.13 S02SumEntrp 0.27 0.15*
S10Contrast 1.51 0.62 SO02Entropy 043 0.28
S10Correlat 0.11 0.06* S30AngScMom 0.08 0.11
S10SumOfSqs 549 0.78* S30Contrast 8.72 1.72
S10InvDfMom 0.14 0.10 S30Correlat 0.35 0.19%
S10SumEntrp 0.28 0.17* S30SumOfSqs 5.66 0.78*
S10Entropy 041 0.28 S30InvDfMom 0.18 0.12
S01AngScMom 0.12 0.13 S30SumEntrp 0.25 0.13*
SO1Contrast 0.76 043 S30Entropy 045 0.28
S01Correlat 0.07 0.04* S03AngScMom 0.09 0.11
S01SumOfSqs 5.26 0.77* S03Contrast 4.40 1.44
S01InvDfMom 0.12 0.09 S03Correlat 0.17 0.12
S01SumEntrp 0.28 0.17* S03SumOfSqs 5.00 0.77*
SO1Entropy 0.40 0.25 S03InvDfMom 0.16 0.12
S20AngScMom 0.09 0.12 S03SumEntrp 0.26 0.14*
S20Contrast 497 1.46 SO3Entropy 045 0.27*
S20Correlat 0.23 0.15* Horzl_RLNonUni 101.73 72.15
S20SumOfSqs 5.58 0.79* Horzl_GLevNonU 16.99 15.30
S20InvDfMom 0.17 0.12 Horzl_LngREmph 14.00 24.72
S20SumEntrp 0.26 0.14* Horzl_ShrtREmp 0.20 0.16
S20Entropy 045 0.29 Horzl_Fraction 0.18 0.15
S02AngScMom 0.10 0.12 Vertl RLNonUni 86.46 62.54
S02Contrast 2.52 1.13 Vertl_GLevNonU 10.78 10.25
S02Correlat 0.13 0.10 Vertl_LngREmph 18.17 22.36
S02SumOfSqs 5.13 0.78* Vertl_ShrtREmp 0.20 0.15
S02InvDfMom 0.16 0.11 Vertl_Fraction 0.17 0.13

*: P<0.05, AngScMom: angular second moment, Correlat: correlation, InvDfMom: inverse difference moment, SumEntrp: sum of entropy; SumOfSqs: sum of
squares ShrtREmp: short run emphasis, GLevNonU: gray level non-uniformity, LngREmph: long run emphasis, RLNonUni: run-length non-uniformity, Horzl:

horizontal, Vertl: vertical

relation (S(1.0), S(0.1), S(2.0) and S(3.0)), sum of squares (all
positions), sum of entropy (all positions), and entropy
(S(0.3)).

Discussion

Computed tomography (CT) plays an important role in
the identification of sinus alterations, such as sinusitis or
rhinosinusitis, and is considered the gold standard com-
plementary examination for pathological conditions in the
paranasal sinus. In this context, it is essential to distinguish
between possible causes of sinus alterations so that an effec-
tive treatment plan can be created and a favorable progno-
sis can be achieved.”

The differential diagnosis between OS and NOS is an -

important objective of CT, as the pathophysiology and micro-
biology are quite specific in cases of OS, leading to the need
for differentiated mamagement.1

In particular, CBCT examinations have been playing an
increasingly important role in diagnostic imaging in dental
practice and often in otolaryngology because CBCT pro-
vides a lower radiation dose than multi-slice tomography.
Moreover, CBCT enables high-definition images of mineral-
ized tissues and allows them to be recorded, which makes
it possible to identify soft tissue density contents when pre-
sent, as in sinusitis.'”

This study combined 2 methodologies (i.e., TA of CBCT
images) for differentiating between OS and NOS. Initially,
it was observed that there were statistically significant differ-
ences between the OS and NOS groups regarding the con-



trast parameter (Table 1) as the highest values were found
in cases of NOS. This finding indicates that in images cor-
responding to NOS, there was a greater lack of uniformity
and a greater presence of noise than in those corresponding
to OS.

According to Haralick et al.,”” images with high contrast
signify that there is an intensity difference between neigh-
boring regions with noise and lack of uniformity, indicating
heterogeneity and asynchronous behavior in the pixel pat-
tern.

In accordance with this finding, the present results also
showed that in addition to contrast, 2 other texture param-
eters had statistically significant differences between the
groups, namely: correlation and moment of inverse differ-
ence.

Initially, it was observed that the correlation parameter
showed a statistically significant difference between the OS
and NOS groups in all positions of the pixel distributions,
thus being quite representative, as the former had higher
correlation values than the latter. In TA using GLCM, the
correlation between pixels of the matrix is expected to be
high when gray levels of the image between each pixel pair
are highly correlated. This parameter provides the correla-
tion of a pixel with its neighbors throughout the image and
its linear interdependence.'®** A high linear interdependence
(i.e., higher correlation values) can indicate a greater uni-
formity in the image behavior, which occurred in the OS
group. This association with lower contrast values in this
group, as already mentioned, indicates that the tissue corre-
sponding to OS would be more standardized from a mathe-
matical point of view; that is, the formation of mucus in OS
would have a pattern. This can be explained by the fact that
the most common cause of OS is apical periodontitis,%’27
which involves the action of specific microorganisms. In
contrast, NOS can have a greater range of etiological factors,
such as fungi, bacteria, and allergens, among others, which
would make images of NOS less homogeneous concerning
OS.

The other parameter showing a statistically significant
difference between the 2 groups was the inverse difference
moment, as the OS group had higher values than the NOS
group. This parameter is directly linked to the smoothness
(homogeneity) of the distribution of gray levels in the image,
and according to Haralick et al.,25 when the contrast value
is low, the value of the inverse difference moment becomes
high. This relationship can be observed in these results, as
the OS group had lower values of contrast than the NOS
group. This result further reinforces the tissue homogeneity
behavior in images of OS, corroborating a previous study4
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using TA to investigate the difference between OS and
NOS on multi-slice CT.

Concerning the parameters related to GLRLM, differences
between the NOS and OS groups were found in run-length
non-uniformity and gray level non-uniformity in both hori-
zontal and vertical directions, with the former group having
values higher than those of the latter group. This finding
underscores that the uniformity of pixel values correspond-
ing to OS were greater than that of pixel values correspond-
ing to NOS, thus indicating a more standardized behavior,
as mentioned above. TA using GLRLM made it possible to
confirm this behavior after the use of GLCM, functioning as
a double-check.

In a comparison of the dispersion of the variables (stan-
dard deviation values) between the groups, it was observed
that the OS group had lower values of standard deviations
for each variable studied in all directions, reflecting the
more homogeneous pixel values. Statistically significant
differences were found between groups in the standard de-
viations for correlation (which is contrary to the previously
presented findings), sum of squares, sum of entropy, and
entropy.

These findings further emphasize what had already been
observed concerning a more regular pattern of images in the
OS group. The sum of squares, sum of entropy, and entropy
are parameters that represent the measurement of the dis-
persion of gray-level distribution.”> The images of OS had
smaller dispersions of gray value pixels than the images of
NOS, thus indicating uniformity. The dispersion of the en-
tropy parameter, with lower standard deviations in the OS
group, also indicates less disarray among the pixels in the
imagezl’zz’28 than in the NOS group.

A recent study” investigated the role of TA in differenti-
ating between OS and NOS and showed that this technique
provided values enabling a quantitative differentiation, simi-
lar to the results of the present study. However, in that study,
the authors used examinations obtained through multi-
slice CT, which is known to provide a higher dose of radi-
ation than CBCT. Thus, this study presents a basis for vali-
dating the use of TA in CBCT for this purpose, also consid-
ering that the results found herein regarding TA values are
quite similar to those of the aforementioned study.

This fact is very important because professionals who
handle findings related to sinusitis, mostly dentists, need to
differentiate between OS and NOS, and this undoubtedly
requires the use of CBCT instead of multi-slice CT exam-
inations in daily practice, such as implant planning and sinus
surgery, which can be directly related to the presence of
sinusitis.
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It is also important to mention that this study has some lim-
itations, such as the number of CBCT exams in the sample
in each group. However, compared to the study by Ito et
al.,4 this sample is superior, as 20 CBCT exams were used
per group. Another limitation is the fact that the phases of
sinusitis were not considered, which may be an objective
of further studies. An additional limitation was that none of
the cases had a histologically confirmed diagnosis.

In conclusion, the results indicated that TA allowed a
quantitative differentiation between OS and NOS on CBCT
images by using the parameters of contrast, correlation, and
inverse moment of difference, with the OS images presenting
more homogeneous behavior regarding texture parameters
than the NOS images.
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