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Abstract. The present study is a descriptive comparison of the obtained data for the assessment of the optical density
zones of the apical focus of destruction, in chronic apical periodontitis, carried out by the method of cone-beam
computed tomography (CBCT) and histological examination of the obtained material after CBCT. The material of the
study was extracted teeth with a diagnosis of chronic apical periodontitis with periapical tissues. The assessment of
the zones of the apical focus of destruction was carried out in different surfaces of the CBCT. The analysis was carried
out by evaluating the values in the center, maximum and minimum on the HU optical unit scale. Histological
preparations were obtained after CBCT by removing 30 teeth for medical reasons with the preservation of adjacent
tissues. The results of the study demonstrated a diagnostic model with minimal indicators and a statistically
significant focal area at P=0.0008.
Key words: Chronic apical periodontitis diagnosis, computed tomography, optical density, root cyst

1. INTRODUCTION
Currently, diagnostic measures aimed at diagnosing
chronic destructive periodontitis are far from perfect
and require more accurate studies [1,2]. The problem
of differential diagnosis of such destructive forms of
periodontitis as periapical granuloma and root cyst is
partially solved by the use of intraoral radiography
according to McCall and Wald, described in 1958 [3].
At the same time, it is worth noting that the
intraoral radiograph has a number of limitations, in
particular, this radiological method does not allow
identifying a periapical lesion, due to the presence of
distorted dimensions and the lack of clear ideas about
the localization of the lesion [4,5].
The scientific literature describes a method of
introducing a contrast agent into the periapical focus
through the root canal, during X-ray examination,
which made it possible to conduct a differential study
[6]. It should be noted that the application of the
technique of introducing an X-ray contrast agent into
the periapical focus allows you to visualize a granuloma
as a focus with an irregular shape and ragged borders
with different indicators of radiographic density. The
root cyst is visualized with this method - round, clear
contours with a uniform radiographic density [7-9].
The literature describes a method for diagnosing
root cysts and apical granuloma by aspiration of fluid
from the periapical focus and its laboratory analysis.
The presence of a pale yellow straw-colored liquid
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containing cholesterol crystals and with a total protein
content of 4-11 g. per 100 ml is pathognomonic for the
formed cyst [9, 10].
Despite the wide choice, specificity and sensitivity
of non-invasive techniques used for the purpose of
differential diagnosis of root cyst and apical
granuloma, the reliability of each of them is quite low
[11]. When conducting a comparative study of
diagnostic accuracy, conventional and digital
radiography with the results of pathomorphological
studies, the following results were demonstrated: the
accuracy of intraoral radiography was 48%, digital
radiography 58%. Based on this, the histological
examination of the biopsy of the lesion can be
attributed to the “gold standard” in the diagnosis of a
typical form of periapical lesion [12].
At the same time, the appearance of the cone-beam
computed tomography (CBCT) technique has advanced
the possibilities of X-ray assessment methods to a
fundamentally new level. This method allows us to
obtain data on the size of the pathological focus in
destructive forms of chronic periodontitis, localization
of the focus in the spongiose bone or with a violation of
the compact plate, and also allows us to detect the
presence of periapical radiolution much earlier than it
will be visualized on intraoral radiographs [13, 14, 15].
Moreover, with the help of CBCT, it is possible to
conduct a quantitative, visual assessment of the density
of structures on the Hounsfield scale (HU optical index
scale) [16, 18, 19, 20].
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Thus, the purpose of this study is to conduct
diagnostic accuracy of destructive forms of chronic
periodontitis, namely root cyst and periapical
granuloma. The optical parameters of CBCT and
excision biopsy were compared.

2. MATERIALS AND METHODS OF RESEARCH
In order to carry out the clinical and laboratory
stage of the study, 30 patients with a preliminary
diagnosis of chronic apical periodontitis, who refused
conservative treatment, had their affected teeth
removed.
All patients who participated in this scientific study
were previously informed and gave written consent to
its conduct.
This study was approved by the Ethics Committee
of the Federal State Budgetary Institution of Higher
Education of the Ministry of Health of the Russian
Federation (Protocol No. 46 of 29.11.2016).

Figure 1. Data from the CBCT examination of the tooth 1.1.,
when determining the units HU= - 158 and measuring the
lesion focus.
Table 1. Average values of the optical density (M±SD) in the
case of CBCT in the lesion area and the area of the lesion in
the study groups.
Average HU values obtained with CBCT in the
lesion area
Groups

Centre

general
–60.97
group
±93.40
n=30
group 1
–48.38
(granulom
±62.42
a) n=26
group 2
-196.25
(cyst) n=4 ±102.24
confiden
Р=0.008*
ce level

Cortical bone

Hearth
area
mm2

Min

Max

–155.11
±106.14

32.10
±75.25

898.56 778.42 92.22
±64.332 ±62.44 ±52.45

–124.00
±76.23

36.22
±66.44

888.123 786.44 74.26
±51.65 ±62.24 ±32.34

–356,10
±84,74

–4.10
±45.46

854.34 834.35 210.65
±117.10 ±60.10 ±24.10

Vestibular Oral
surface surface

Р=0.002* Р=0.222 Р=0.647 Р=0.234Р=0.002*

* - statistically significant difference between the average HUd values
in group 1 and in group 2

A preliminary CBCT study was carried out on
Planmeca ProMax 3D Max equipment (Finland) with a
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tube voltage of 90 kV, a current strength of 12 mA, an
exposure time of 11.00 to 14.00 seconds with a
resolution of 200 microns. The study of the periapical
lesion was measured in three planes. The units of
optical density (HU) were measured on the obtained
CBCT images in the area of the lesion: in the center, the
minimum and maximum readings of the studied lesion
(Fig. 1).
Standard measurements were recorded for the
cortical bone without pathological changes in the
vestibular and oral surfaces (Table 1). The size of the
periapical lesion was determined by measuring the
area of the periapical lesion. It was calculated by
measuring the focus with two lines drawn strictly
perpendicular to each other according to the maximum
changes in the destructive process in the periapical
region.
The selection of extracted teeth after the CBCT
study was carried out according to the following
criteria: after tooth extraction, the periapical tissues in
the apical part of the tooth had to be preserved and
attached to the root for excision biopsy (Fig.2).

Figure 2. Removed tooth with
periapical tissues for excision biopsy.

The histological material was prepared in a 10%
aqueous solution of neutral formalin in a plastic
container with a tight lid. After that, decalcification was
performed. The resulting histomaterial was immersed
in a histological medium using a paraffin filling system.
Histosections with a thickness of 2-3 microns were
obtained using a rotary semi-automatic microtome.
Dewaxing and immunohistochemical (IHC) research
was carried out according to the standard protocol in
an automatic mode.
Histopreparations were stained with hematoxylin
and eosin, according to Mallory, according to
Bilshovsky, according to Pound, according to Van
Gieson, the marker p63 was used during
immunohistochemical examination.
The analysis and study of the obtained histological
preparations was carried out using a Nikon Eclipse
E200 light microscope. The histological preparations
were photographed using a digital camera, with an
increase in ×4, ×10, ×40, ×100.
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3. THE RESULTS OF THE STUDY AND THEIR DISCUSSION
All patients were given a preliminary diagnosis of
"chronic apical periodontitis" on the basis of a clinical
examination and data from a CBCT examination.
The assessment of the HU value demonstrated the
presence of negative values for CBCT in the periapical
lesion, measured in the center, as well as maximum
and minimum HU values in the lesion. In chronic
apical periodontitis, this reflected the version that
there is a cavity destructive lesion in this focus, which
can contain both liquid and be hollow, all these data
speak in favor of a preliminary diagnosis of a root cyst,
since there is a cavity in the cyst that can be filled with
various exudate. Positive values of >40 HU with CBCT
in the periapical lesion, measured in the center, as well
as maximum and minimum HU values in the focus,
with apical periodontitis, we classified that soft tissues
were present in the focus, which could be granuloma.

epithelium, which corresponded to the diagnosis of a
root cyst, while HU units in the center of the focus were
recorded from -58 to -240, the minimum values of HU
in the focus ranged from -480 to -265, the maximum
values of HU in the focus ranged from -31 to 49,
histosections are shown in Figure 3. In 26 histological
samples, granulation tissue without signs of
epithelization was present in histological sections
(Fig. 3, Fig. 4, Fig. 5), while HU units in the center of
the focus were recorded from 51 to -186, the minimum
values of HU in the focus ranged from -246 to 7, the
maximum values of HU in the focus ranged from -69 to
152.

Figure 5. Historiarum. 1-granulation periodontal
tissue is represented by fibroblast cells. 2 — forming vessels
of the capillary type. Painting with hematoxylin-eosin.
About 20, 10 approx.
Figure 3. Historiarum. 1-multilayer squamous epithelium
2 - granulation periodontal tissue is represented by fibroblast
cells. Stained with hematoxylin-eosin.
Immunohistochemistry with marker p63. vol. 10, approx. 10.

Figure 4. Historiarum. 1-anatomical tip of the tooth root,
2-periodontal granulation tissue with well-developed
capillary vessels, 3-growth of granulation tissue in the
lumen of the root canal. Painting with hematoxylin-eosin.
About 4, approx. 10.

The study of histological materials showed that, in
four samples out of 30, there was a multilayer flat

The area of the lesion when confirming the
diagnosis of a root cyst by histological examination was
from 194.6 mm2 to 253.4 mm2, which corresponds to
the data of Natkin et al. (1984) [17].
The analysis of the obtained data on the optical
density of the HU scale measured in different patients
of the study group was multidirectional for all six
parameters: Center, Min, Max, Vestibular surface, Oral
surface, Focal area (Table 1). Preliminary exploratory
graphical analysis and verification histological data
(confirmation of the cyst) allowed us to conclude that
in order to compare the values of optical parameters of
cone-beam computed tomography, the studied group
of patients should be divided into two groups: group 1
(granuloma) with a sample size of n=26 and group 2
(cyst) with a sample size of n=4.
One of the stages of comparing the indicators for
the two groups was to determine the average values
and compare them. For three indicators: Center, Min,
and the Area of the focus, the differences in the average
values were statistically significant. The hypotheses
were compared using the nonparametric WhitneyManny criterion. There was no statistically significant
difference in the mean values for three indicators: Max,
Vestibular surface and Oral surface (Table 1). The
hypotheses were also compared using the
nonparametric Whitney – Manny criterion.
The first three parameters of the CLC of the span
diagram from the median are shown in Figure 6. For

64

A.A. Adamchik et al., CT in differential diagnosis of chronic periodontitis..., RAD Conf. Proc., vol. 5, 2021, 62–67
the second three parameters of the CLC, the span
diagrams from the median are shown in Figure 7.
The evaluation of the span diagrams shows (Fig. 6)
that the indicators Center, Min, and the Area of the
focus can be used for differential diagnosis, since the
areas of overlap of the values of these indicators are
either small or absent.

A

A

B

B

C
Figure 7. Scale diagrams for indicators:
A-Max, B - Vestibular surface B-Oral surface.

C
Figure 6. Scale diagrams for indicators:
A - Center, B-Min, C-hearth area.

When considering the span diagrams, it follows
(Fig. 7) that the Max, Vestibular surface and Oral
surface indicators cannot be used for differential
diagnosis, since there are significant areas of overlap
between the values of these indicators.
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In order to detect an informative indicator, ROC
analysis (Receiver Operator Characteristic) was used.
ROC analysis is a research tool that allows you to
analyze the relationship of sensitivity and specificity of
the research method in a binary classification, in our
case, the granuloma (0) and cyst are binary [5].
The results of the ROC analysis were ROC curves
for three optical indicators of CBCT: Center, Min and
the Area of the focus.
To compare the effectiveness of optical parameters
of CBCT, quantitative characteristics of ROC analysis
are given (Table No. 2). These are the following
characteristics: AUC or the area under the ROC curve,
showing the effectiveness of the parameter for
diagnosis, the 95% confidence interval for AUC, the
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optimal threshold of parameter values, sensitivity and
specificity.
Table 2. Characteristics of ROC analysis.
Paramete
AUC
r

95%
confidenc Optimal
Sensitivity Specificit
e
threshold
(%)
y (%)
intervals (HU)
AUC

Centre

0.74÷1.11

Min

0.92
1.00

Hearth
area

1.00

1.00÷1.0
0
1.00÷1.0
0

4.
Confidenc
e level Р

-54.0

100

73.07

0.0107

-246.0

100

100

0.0008

196.4
мм2

100

100

0.0008

4. CONCLUSION
CBCT is a fairly informative diagnostic method for
early detection of the lesion in chronic apical
periodontitis and can classify the form of chronic apical
periodontitis: granuloma or cyst. The ability to
measure the size, optical density of the focus, allows
you to more accurately diagnose the presence of a root
cyst.
The most reliable data are the Min indicators with a
threshold value of -246 units. HU and the area of the
hearth with a threshold value of 194.6 mm2. The study
of diagnostics using the Min indicators and the area of
the focus are statistically significant at P=0.0008.
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