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first-order statistics values of these lesions. We found sta-

Summary

Ameloblastomas and dentigerous cysts have an identi-
cal clinical and radiographic appearance. In our study
we demonstrate the importance of radiological features
careful consideration that can help in non-invasive dif-
ferential diagnosis and ensuring appropriate manage-
ment of these lesions.

Methods

This was a retrospective study including 18 CT images
of patients with jaw neoplasm (8 ameloblastomas and 10
dentigerous cysts with histopathological verification).
Each lesion was manually segmented using 3D Slicer
software [1] on CT images, and textural features were
extracted using 3D Slicer Radiomics extension [2]. Sta-
tistical analysis was performed.

Results

After texture analysis we found no (statistically signifi-
cant) differences in the shape-based features and the

Introduction

tistically significant differences in 13 second-order fea-
tures of dentigerous cysts and ameloblastomas, most of
them were closely correlated. Multiple logistic regression
analysis was performed to rank features and to determine
most significant predictors. The final model included 2
features (Cluster shade and IMC 1) and provided high
predictive value (the area under a ROC=0.93).

Conclusions

Our pilot study demonstrates a new technique for
non-invasive differential diagnosis of jaw neoplasms
based on texture features extracted from CT-data.

Keywords

Radiomics, jaw neoplasms, ameloblastoma, dentigerous
cysts, CT scan.

diseases have different treatment strategies. Surgical man-
agement is the only effective method in the treatment for od-
ontogenic tumors, but the choice of effective surgical method

Ameloblastoma (AB) and dentigerous cyst (DC) are both
clinically common benign odontogenic lesions. Due to the
significant differences in biological behaviors these two

is controversial. The treatment plan for AB mainly includes
the radical operation of partial resection of the jawbone,
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for DC - the preservation surgery of decompression com-
bined with curettage. Because of the different treatment
principles of the two lesions, it is very important to find a
more accurate preoperative differential diagnosis method.
Differential diagnosis of these two lesions is difficult because
they share many clinical and radiographic features. There-
fore, it is difficult to differentiate these lesions radiograph-
ically, and definitive diagnosis is based only on histopatho-
logic examination. Thus, differences in radiographic findings
of these two lesions may play an important role in making
the diagnosis.

The conversion of digital medical images into mineable
high-dimensional data is motivated by the concept that bio-
medical images contain information that reflects underlying
pathophysiology and that these relationships can be revealed
via quantitative image analyses. Radiomics is a process that
allows the extraction and analysis of quantitative data from
medical images. Radiomics is designed to develop decision
support tools; therefore, it involves combining radiomic data
with other patient characteristics, as available, to increase the
power of the decision support models.

In the past few years, radiomics has been used for diagno-
sis Nasopharyngeal carcinoma [3]; prediction of treatment
response in non-small-cell lung cancer [4]; for preoperative
prediction of microvascular invasion in hepatocellular car-
cinoma [5]; for the Non-Invasive Assessment of Coronary
Inflammation [6]; in precision diagnosis, prognostication
and treatment planning of head and neck squamous cell car-
cinomas [7]. Textural analysis of images in the studies was
aimed at identifying prognostic biomarkers of disease imag-
ing. Such objective biomarkers are readily available and have
the potential to improve personalized treatment and preci-
sion medicine.

We hypothesized that CT texture analysis can detect subtle
differences of the jaw neoplasm. This information is required
to determine the correct treatment tactics.

The purpose of this study was to evaluate the utility of CT
texture features in distinguishing common jaw neoplasms,
i.e., ameloblastoma (AB) from dentigerous cysts (DC).

Materials and methods

1. Patient selection

A total of 35 records of patients with jaw neoplasm attend-
ed at the department of maxilla-facial surgery of the First
Pavlov state medical university of Saint-Petersburg were ana-
lyzed. The inclusion criteria for the selection of the medical
records were:

« The cases should present a report of the histipathological
examination of AB or DC. Samples were fixated in 10%
buffered formalin, later they were bathed in paraffin and
histological cuts of X microns were performed, after he-
matoxylin and eosine stain, cuts examined under a light
microscope Leica.

» There should be CBCT of the jaw before surgical treatment.

The exclusion criteria were:

« no histological conclusion,
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« presence of recurrent lesion and with odontogenic kerat-
ocyst,

« imaging slices with severe artifact.

We excluded 17 cases according to the exclusion criteria. The
remaining 18 patients: 10 patients with DC (9 men, 1 wom-
an; median age 45 years) and 8 patients with AB (2 men, 6
women; median age, 58 years) were enrolled in this study.

2. (T imaging protocol

CT examinations were performed on 64-slice CT scanners
(Toshiba Aquilion 64) with 120 kV, 225 mA and 1 s/rota-
tion, and 0.5 mm thick images were reconstructed using per
our institutional clinical protocol. Axial 0.5-mm images in
reconstruction were used for this analysis.

3. Image Interpretation

Characteristics of the lesions were qualitatively assessed by
radiologist with 7-year experience in oral and maxillofacial
radiology.

3.1. Image segmentation and texture analysis
Segmentation is an essential step of the radiomics work-
flow, as highly distinctive features will be obtained from
the segmented region of interest that can be traced in a
volume, the accuracy of the segmentation will determine
the radiomics features that will be extracted. The lesion
was manually contoured by an oral and maxillofacial radi-
ologist with 7-year professional experience. Segmentation
of the lesion was performed using 3D Slicer on each axial
image which includes the lesion, septum and peripheral
bone up to 2 mm from visible edge of the formation.

Feature extraction is the next step after the region of inter-
est is segmented. It is the selection of useful information
to assist in the characterization of normal and abnormal
radiological images. This step is the heart of radiomics. To
extract radiomics features from the manually-segmented
volumes, the Radiomics extension of 3D Slicer was used.

The extracted characteristics were shape-based features
(e.g., maximum diameter, surface area, volume), first-or-
der features (based on histogram statistics), second-order
and higher-order statistics (based on spatial dependence
matrices).

4, Statistical analysis

Due to relatively small number of cases, we chose nonpara-
metric methods for statistical analysis: description of quan-
titative variables was performed with median and interquar-
tile range, Mann-Whitney U test was used to compare them.
Fisher's exact test with Freeman-Halton extension was used
in the analysis of contingency tables.

Results

5. Characteristics of lesions

The characteristics of lesions and segmented volumes in-
cluded in the study are shown in Table 1.
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The anterior maxillary region was the most frequently en-
countered location in dentigerous cyst and posterior man-
dibular region has been most often observed in ameloblas-
tomas.

6. Texture features and statistical analysis
The examples of segmented volumes are shown on Fig. 1.

The shape-based features are descriptors of the region of
interest 3D size and shape. They are independent from the
region of interest gray level intensity distribution and give a
quantitative description of the region of interest geometrical
characteristics.

First-order statistics features consider the distribution of
values of individual voxels disregarding the spatial relation-
ships. Second-order features, are based on the joint prob-
ability distribution of pairs of voxels, describing the spa-
tial arrangement of patterns, sometimes imperceptible to
the human eye. We used Gray Level Cooccurrence Matrix
(GLCM), Gray Level Run Length Matrix (GLRLM), Gray
Level Size Zone Matrix (GLSZM), Neighboring Gray Tone
Difference Matrix (NGTDM), Gray Level Dependence Ma-
trix (GLDM).

Table 1. Characteristics of lesions and segmented volume

In our study, we evaluated the CT image texture features of
DC and AB. After texture analysis we didn't found difference
in the shape-based features and the first-order statistics val-
ues in two groups. In our opinion, this was expected, since
both formations have similar radiographic features that can
be superficially assessed during routine image analysis.

We found statistically significant differences in 13 second-or-
der features of DC and AB (Fig. 2).

Cluster shade is a measure of the skewness and uniformity
of the GLCM. Cluster prominence is a measure of the skew-
ness and asymmetry of the GLCM. Contrast is a measure of
the local intensity variation, favoring values away from the
diagonal. Difference variance is a measure of heterogeneity
that places higher weights on differing intensity level pairs
that show more deviation from the mean. Informational
Measure of Correlation is a quantification of the complexity
of the texture. Dependence variance is the variance in de-
pendence size in the image. Large dependence emphasis is
the joint distribution of large dependence with lower gray
level values. Long run emphasis — a measure of the distri-
bution of long run lengths, with a greater value indicative
of longer run lengths and more coarse structural textures.

| Dentigerous cyst, n=10 | Ameloblastoma, n=8 p
Region
Maxillary anterior 4 (40 %) -
Maxillary posterior 2 (20 %) 125 %) 039
Mandibular anterior 1(10 %) -
Mandibular posterior 3 (30 %) 3 (75 %)

Segmented Volume

Maximum 3D diameter, mm 349 [27.4, 42]] 403294, 513] 0.46
Sphericity 0.63 [0.55, 0.67] 0.50 [0.50, 0.54] 0.12
Surface volume ratio 0.56 [0.46, 0.58] 0.47[0.42, 0.62] 0.57

A

Figure 1. Segmented (T images: A, ameloblastoma; B, dentigerous cyst

B
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GLCM: Cluster Shade
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GLCM: Cluster Prominence
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Run percentage is a measure of the coarseness of the texture
by taking the ratio of number of runs and number of voxels
in the region of interest. Run variance is the variance in runs
for the run lengths. Gray level variance (GLSZM) is the var-
iance in gray level intensities for the zones. Zone percentage
is a measure of the coarseness of the texture by taking the
ratio of number of zones and number of voxels in the region
of interest. Complexity is a measure of non-uniformity and
rapid changes in gray levels.

Multiple logistic regression analysis with direct stepwise in-
clusion of factors (forward LR) was performed to rank fea-
tures and to determine most significant predictors. The final
model included Cluster shade and IMC 1. Combined use of
these indicators significantly increased the predictive value
of the model (the area under a ROC=0.93).

Discussion

Jaws are the only site in the body where epithelium may nor-
mally be found within bone. The epithelium of the dental
lamina is involved in the formation of enamel and maps out
the shape of the tooth. On completion of tooth formation,
epithelial remnants remain in the jaws. These give rise to a
range of lesions, including neoplasms, which should pose
no problem with diagnosis when seen to be associated with
teeth, but can cause difficulty in other situations.

Two different types of lesions were the sample of this study:
ameloblastoma, and dentigerous cyst. This selection was
based on 2 factors: the frequency and the similarity of the
radiographic image among these lesions.

As the components of the various lesions are inherently dif-
ferent pathologically, the texture features should also be dif-
ferent.

Ameloblastomas are composed of epithelium and do not
show induction of dental hard tissues. In the conventional
type, the epithelium may show a follicular or a plexiform
pattern, but a mixture of patterns is often seen within a sin-
gle tumor. The most common pattern is follicular, character-
ized by islands of epithelium with peripheral palisading of
elongated columnar cells with reversed polarity, in that the
nuclei are orientated away from the basement membrane.
These cells resemble the preameloblasts of normal tooth de-
velopment. Centrally the follicles contain loosely arranged
stellate cells, showing a resemblance to the stellate reticulum
of the tooth germ.

Dentigerous cyst consist of epithelial lining and wall. Epi-
thelial lining - typically, 2-4 cells thick. Flattened non-kerat-
insing cells with a regular flat interface with the underlying
wall. Inflammation results in features identical to radicular
cyst. Metaplastic changes with mucous cells and cilia oc-
cur more commonly in dentigerous cysts than other types.
Inflamed specimens may also show hyperplasia, occasionally
with keratinization. Hyaline bodies and even sebaceous cells
can be included. Wall - typically, uninflamed fibromyxoid
connective tissue (similar to dental follicle) with plentiful
glycosaminoglycan-rich ground substance. Odontogenic ep-
ithelial rests present in variable numbers and may undergo
calcification. Increased fibrosis along with cholesterol clefts

and haemosiderin deposition seen in longstanding and in-
flamed cysts.

We suppose the differences between radiomic features re-
flected the differences in X-ray density of lesions compo-
nents.

Conclusion

Our pilot study demonstrates a new technique for non-in-
vasive differential diagnosis of jaw neoplasms based on tex-
ture features. This research may contribute to actual imple-
mentation of these radiomics-based techniques into clinical
practice, contributing the effective support of clinical deci-
sion-making and the fostering of precision medicine.
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[IpuMeHeHne pagnmomMmnkmn B gupdepeHLmanbHoON
ONArHoCTUKe amenobnacrtom U 0 0HTOMEHHbIX KUCT
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Pe3some

AMeno6/1acToOMbI ¥ OJOHTOTEHHbIE KUCThI UMEIOT UJeH-
TUYHBI KIVMHUYECKUI VM PEHTI€HOJIOTMYECKMII BUJ.
B HameM mcciefoBaHUM MBI IEMOHCTPUPYeM BayKHOCTD
TIIATeIbHOTO PACCMOTPEHMS PAJVONIOTMYECKIX OCO-
OeHHOCTel, KOTOpble MOTYT IIOMOYb B HEMHBA3VWBHOII
nuddepeHanbHOI JUAaTHOCTHKE M 0Oecriede N Hafl-
JIeXallero JieueHN s 3TUX MOPaXKeHMIA.

MeTopbl

Beimo  mpoBefieHO peTPOCIEKTHBHOE MCCIefOBaHME,
Bimovasiee 18 KT-n306pakeHnii ManyeHTOB ¢ HOBOO-
6pasoBaHMAMM YenocTy (8 ameno6macToM 1 10 3y6ode-
JTIOCTHBIX KVCT C TMCTONATO/IOTMIeCKOIt BepuduKanuer).
Kaxxgoe mopaxeHue 6bI/I0 Bpy4HYI0 CETMEHTHPOBAHO C
IOMOIIBI0 TIporpaMMHOro obecmevenust 3D Slicer Ha
KT-usobpaxxeHnsx, a TeKCTypHbIe 0COOEHHOCTI ObIIN
U3BJIEYEHBI C MCIOIb30BaHueM pactupenns 3D Slicer
Radiomics. Bblt IpoBefeH CTaTUCTNYECKIIT AaHAINS.

Pe3synbrarthl

ITocne aHa/mM3a TEKCTYpbl MBI He OOHApyXmmm (cTaTu-
CTMYECK! 3HAYMMBIX) pa3IM4Mil B XapaKTePUCTHKAX
(opMBI M CTaTUCTNYIECKMX 3HAYCHNAX IEPBOTO NOpAnKa

CTT JOURNAL | VOLUME 11 | NUMBER 3-4 | SEPTEMBER-DECEMBER 2022

9TUX MOpaXKeHWil. MBI OOHAPYXWIM CTaTHCTUYECKU
3HaYMMBble Pas3InyuA 1o 13 mpusHakaM BTOPOTO MOPf-
Ka 3yDOYETIOCTHBIX KNUCT ¥ amenobaactoM, 6ombpimH-
CTBO M3 KOTOPBIX TeCHO KOPpeIMpoBaji. BblI mpose-
JleH MHO>KECTBEHHDI JIOTMCTUYECKIIA PErpeCcCUOHHBIN
aHa/IN3 /I PaHXXVPOBaHM IIPU3HAKOB U OIIpefieleHNA
Hambojiee 3HAUMMBIX INpefuKTOpoB. OKOHYaTelIbHAA
MOJie/b BK/IIOYajIa 2 IpyU3HaKa (KJIacTepHbIl OTTEHOK U
IMC 1) n obecnieyrBaia BBICOKYIO IIPOTHOCTIYECKYIO
meHHocTh (mromanb moy ROC=0,93).

BbiBoabl

B HameMm NWIOTHOM WMCCIENOBAaHMM MBI IIPOJEMOH-
CTPMPOBaH HOBBIII MeTOJ, HeMHBa3uBHON muddepen-
IVIa7bHOJ AMAarHOCTVMKY HOBOOODPA30BaHMIT YeTIOCTel
Ha OCHOBe OCOOEHHOCTelI TeKCTYpBbI, M3B/ICYEHHDIX U3
mauabix KT.

Kniouesble (10Ba

Pa,[[I/IOMI/IKa, HOBOO6paSOBaHI/IH YeIICTeN, aMeso-
6]'IaCTOMa, OJJOHTOT€HHbIE KINCTbI, KOMIIbIOTEPHAsA TOMO-

rpadus.
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