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Abstract: The retrospective study was conducted in the Department of Radiology of the hospital from January 2022
to January 2023 to assess the ability of CBCT gray scale value to diagnose tumors and cysts and evaluate differences
in bony changes of both. A total of 50 patients were included in the study. CBCT scanner with 68-1073uSv radiation
dose was used for obtaining 3D images. Gray scale values were obtained on the tangential section. Radiological
diagnosis was made after calculating mean gray values for benign lesions or cysts. Myxoma, odontogenic ghost cell
tumor, and the adenomatoid odontogenic tumor had lower grayscale values, and multiple myeloma, cementoblastoma,
acanthomatous ameloblastoma, residual cyst, and lateral periodontal cyst had higher values. The mean grayscale
value for the tumor was 1468 + 70.5, and for the cyst was 1292.1 + 6.5. There was a significant correlation between
both (P<0.001). The bone density of normal and pathological maxillofacial regions was compared. The radiolucent
area (e.g., axillary sinus) had the lowest, and the radiopaque region (e.g., enamel) had the highest gray scale value.
CBCT gray value is a powerful diagnostic tool for tumors, cysts, and other orofacial lesions and has better outcomes
than conventional 2-D imaging.
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Introduction

Dental radiography is essential for diagnosing increased bit depth in CBCT imaging, but it needs a

orofacial pathologies. Traditionally, diagnosis is
based on histopathological, radiological, and clinical
examination. However, conventional radiography
does not differentiate between cysts and tumors. Due
to this limitation, cone beam computed tomography
(CBCT) is becoming increasingly popular. Several
three-dimensional CBCT systems provide a better
alternative to conventional dental radiography
(Scarfe, 2019). Developed CBCT systems with high-
contrast images and lower radiation exposure are now
used to diagnose orofacial pathologies. CBCT images
help in complex diagnosis, bone density assessment,
and pathologies (Langella et al., 2023). A study has
shown that CBCT gray scale and CT Hounsfield unit
(HU) have a linear relationship (Razi et al., 2019).

CBCT can detect minor contrast differences so that it
can display different attenuations. It is called bit depth
and determines shades of gray in the system for
displaying attenuation. CBCT detectors can detect
gray scale difference> 12 bit. The 12-bit detector has
4096 shades for displaying contrast, and the 16-bit
detector has 65,536 shades. It is possible to obtain

larger file and more computational time. Some studies
report the usefulness of CBCT imaging for detecting
cysts and tumors (Etoz et al., 2021; Ver Berne et al.,
2023). However, there are limited studies about its
application in dentistry. This study aims to assess the
ability of CBCT gray scale value to diagnose tumors
and cysts and evaluate the difference in bony changes
of both.

Methodology

The retrospective study was conducted in the
Department of Radiology of the hospital from January
2022 to January 2023. The study included patients
suspected of mixed lesions, maxillofacial tumors
(benign non odontogenic or odontogenic), or cysts
that appeared radiolucent on the conventional
radiograph. Patients with maxillofacial trauma,
pregnant females, and radiopaque tumors or cysts
were excluded. Informed consent of the participants
was taken. The ethical board of the hospital approved
the study.
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2D panoramic and periapical radiographs of all
patients were taken. CBCT scanner with 68-1073 pSv
radiation dose was used for obtaining 3D images. The
radiographic images of lesions were interpreted based
on four criteria, including the effect on adjacent
structure, shape and periphery, internal structure, and
shape. Gray scale values were obtained on the
tangential section. A reference point was taken to
analyze the values, and the lesions' epicenter was
evaluated. The epicenter was located at the
intersection point of two perpendicular lines. The
epicenter was located at the region without any bony

trabeculae for mixed lesions. Radiological diagnosis
was made after calculating mean gray values for
benign lesions or cysts.

SPSS version 23.0 was used for data analysis.
Inferences were drawn. P value < 0.001 was
considered statistically significant

Results

A total of 50 patients were included in the study.
There were 22 cases of tumors and 28 cases of cysts
(Figure 1).

Distribution of cases

= Tumors = Cysts

The mean age of patients with cysts was 29.4 years,
and of patients with tumors was 34.1 years. Clinical
symptoms, including facial asymmetry, swelling,
consistency, and pain, were reported in patients with
the provincial diagnosis of tumors and cysts. In
patients with cysts, 16 (57.1%) had pain, 9 (32.1%)
had swelling, and 3 (10.7%) had facial asymmetry. In
patients with tumors, 10 (45.4%) patients had pain, 17
(77.2%) had swelling, and 14 (63.6%) had facial
asymmetry. Intraoral findings in cysts and tumors
included pus discharge, expansion, vestibular
obliteration, and missing, maobile, or displaced teeth.
The expansion was categorized into lingual and
buccal and was more common in tumors than cysts. 6
(27.2%) tumor cases had a lingual and buccal
expansion, and 3 (10.7%) cysts had buccal expansion.
As detected by radiography, the lesion location is
shown in Table I. 27 (96.4%) cysts appeared
radiolucent, while 8 (36.3%) tumors were radiolucent.
8 (28.5%) cysts and 2 (9%) tumors had well-defined

boundaries. 18 (81.8%) tumors and 17 (60.7%) cysts
had significantly ill-defined boundaries. 5 (17.8%)
cases of cysts and 4 (18.1%) tumors were associated
with root resorption. 1 (4.5%) case of tumor and 4
(14.2%) cyst cases were associated with expansion of
cortical plate and teeth displacement.

Gray scale values from the epicenter of the lesion
were used to calculate bone density (Table II).
Myxoma, odontogenic ghost cell tumor, and the
adenomatoid odontogenic tumor had lower grayscale
values, and multiple myeloma, cementoblastoma,
acanthomatous ameloblastoma, residual cyst, and
lateral periodontal cyst had higher values. The mean
grayscale value for the tumor was 1468 + 70.5, and
for the cyst was 1292.1 + 6.5. There was a significant
correlation between both (P<0.001). The bone density
of normal and pathological maxillofacial regions was
compared. The radiolucent area (e.g., axillary sinus)
had the lowest, and the radiopaque region (e.g.,
enamel) had the highest gray scale value (Table II1).
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Table I Regional distribution of lesions
Site

Anterior maxilla

Posterior right maxilla

Posterior left maxilla

Right maxillary sinus

Left maxillary sinus

Posterior mandible

Posterior left mandible

Total

Table Il Mean grayscale reading in various cysts
Cyst

Aneurysmal bone cyst
Dentigerous cyst
Infected radicular cyst
Lateral periodontal cyst
Odontogenic keratocyst
Radicular cyst

Residual cyst

Table 11l Mean gray scale value at different sites
Site

Enamel

Dentin

Pulp

Cancellous bone
Cortical bone

Inferior alveolar nerve
Maxillary sinus

Discussion

Maxillofacial lesions, including cysts and tumors, can
be odontogenic or non-odontogenic. Non-mineralized
odontogenic  lesions, including  odontogenic
keratocyst, dentigerous cyst, and ameloblastoma,
appear well-defined, well corticated, unilocular
lesions associated with impacted teeth. Mineralized
odontogenic lesions, including compound and
complex odontomas, appear as multiple masses(Hung
et al., 2022). Non-odontogenic benign fibro-osseous
lesions resemble odontogenic lesions and are difficult
to diagnose and differentiate using 2D
imaging(Santosh and Ogle, 2020). The advent of 3-D
CT imaging has revolutionized radiology. CT
imaging measures radiation attenuation in Housefield
Unit (HU) tissues. HU measures quantitative scale
and radio density(Rai et al., 2020). Dental CBCT has
various advantages, such as lower radiation doses,
high resolution, and smaller equipment. CBCT
scanner has software containing the data set of the

Cyst Tumor
10 1

6 1

3 1

2 0

0 0

5 12

2 7

28 22

Mean grayscale value (+ standard deviation)

1230

1303 +145.4
1337.7 +57.6
1385

1259 +17.51
1240.8 +68.9
1364.4+72.5

The mean gray scale value

3101
2456
1332
1286
2353
1154
498

case. This software contains tools for measuring
multi-planer dimension, radiographic density, and
men voxel gray values(Marar et al., 2020). Gray
values in CBCT are approximate, and pixel intensity
(PI) does quantitative and qualitative architecture and
bone density analysis. The size and number of pixels
and available shades of gray determine the quantity of
information in radiography(Karjodkar, 2019).

The current study shows a significant correlation
between the grayscale values of tumors and cysts
because of differences in bone density. Due to this, it
can be an important diagnostic tool. Studies have
reported that gray values are higher than conventional
HU values (Assouline et al., 2021; Slaidina et al.,
2022). A study reported that CBCT is more effective
for evaluating jaw lesions than multi-slice computed
tomography(Cardoso et al., 2020). Another study
reported that HU can be clinically derived from
grayscale values of CBCT(Weiss and Read-Fuller,
2019). This, along with reduced radiation exposure,
greater resolution, and increased assessment, make
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CBCT an accurate modality for diagnosing orofacial
pathology. It was reported that the grayscale has a
correlation coefficient of .99, standard for bone
density calculation, and the presence of soft tissue
alters the outcome. In a previous study, 256 gray
scales were used to obtain radiographic images. It was
concluded that granulomas have a lower grayscale
value and narrower range than cysts (De Rosa et al.,
2020). Another study conducted to evaluate periapical
lesions reported that the grayscale value helps provide
a differential diagnosis of solid and fluid-filled
cavities (Chanani and Adhikari, 2017). Similarly,
other studies have also reported the usefulness of the
CBCT gray scale for differential diagnosis and
treatment planning of bony lesions(Antony et al.,
2020; Karamifar et al., 2020). The limitation of this
study is its small size; a larger study is recommended
for detailed analysis.

Conclusion

CBCT gray value is an important diagnostic tool for
tumors, cysts, and other orofacial lesions and has
better outcomes than conventional 2-D imaging.
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