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ABSTRACT

Objectives: We developed a phantom to assess the quality of cone-beam computed tomography (CBCT) images using materials
commonly used in dentistry. This study aimed to raise awareness and promote ongoing education for dental hygienists in the
field of CBCT image quality control. Methods: The phantom and instruments were scanned using CBCT at 80 kVp and 10 mA,
with an exposure time of 17s. The images were evaluated for contrast resolution, uniformity, and metal artifacts. The acquired
images were extracted and analyzed in the DICOM format using On-Demand 3D software. Results: The images showed various
grayscale contrast across all five materials. Uniformity was measured in five regions of the phantom, with average gray scale
values ranging from -81.2~-68.1. The evaluation of the metal artifacts revealed that the cylindrical titanium block exhibited the
least magnification, whereas the triangular block exhibited the most. Conclusion: Dental hygienists should be aware that CBCT
images may contain errors and focus on maintaining the image quality and engaging in continuous education.
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T2 PMMA (Polymethyl methacrylate, Plexigals)E AF8-5t0] 24|t H4:0 2 =] Qe Eajl= wA-§ ofx|eto]o| 5 o]-ga}o] of
32| FHIE AFSHATFig. 1> #4542 25 PMMA 502 QY iR, 7T, 34 35S H71 & e FHE F716eith 3
& S == PMMA £5(7F2 40 mm, A& 40 mm, ¥°] 10 mm)<] uiel] 217 8 mm, Z1°] 5 mme] 5 14 571E 550l X
aotal ZH7F 27 ok AR E Ak shuks =71 e Polyvinylsiloxane (PVS) -5-21/g 2 (Express™ VPS Impression Material,
3M ESPE, St. Paul, USA), F ¥1#= M7} @2 Polyvinylsiloxane (PVS) ZF-Q1/g = (Express™ VPS Impression Material, 3M ESPE,
St. Paul, USA), Al &= tehd 2-A(Modeling wax, Atria, Seoul, Korea), Wl A= ot 27(SR Triplex Cold, Ivoclar Vivadent,
Liechtenstein, Europe), THA| 22 £3} 2| % (Estelite Flow Quick’, Tokuyama Dental America Inc., Burlingame, USA) 2.2 2{%{th<Fig.
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Fig. 1. The main body of the phantom that was made up of polymethyl methacrylate (Plexiglas) was composed of the shape
of a base that can be placed on the CBCT and was designed to reproduce the shape of the ideal dental arch.
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Fig. 2. The following illustration details the use of auxiliary instruments (a) Contrast resolution instrument: Five circular
apertures were created and filled with contrasting dental impression materials, as outlined below: Orange-acrylic resin,
Gold-composite resin, Pink-paraffin wax, Purple-polyvinylsiloxane (heavy body), Yellow-polyvinylsiloxane (light body).
(b) Uniformity instrument: The primary body. (c) The metal artefact instrument: It was employed to create a rectangular
apertures in the resin block which was then filled with three different titanium block shapes (cylinder, triangular, and
rectangular). The gap between the metal and the surrounding space was filled with agar impression material.
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Fig. 3. The utilisation of CBCT images within the On-Demand software.
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Fig. 4. The primary body of the phantom was positioned in a parallel alignment whit the ground, with the ancillary
instruments positioned at three distinct locations: on the left, right, and centre of primary body
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Table 1. Mean and standard deviation (SD) values of the gray scale in the standardized region of interest (ROI) for
five impression materials, according to their positions within the phantom

Impression materials Right Center Left

Mean SD Mean SD Mean SD
Heavy body 746.51 35.73 773.50 29.56 903.19 23.30
Light body -16.14 28.01 -29.40 19.39 -77.82 25.33
Composite resin 2,509.37 61.44 2,594.80 54.81 3,071.50 0.20
Acrylic resin 570.21 24.21 569.50 23.90 673.27 25.41
Paraffin wax -197.72 32.52 -214.70 26.34 -308.01 44.00
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Table 2. Radiographic gray scale densities were measured at five area within a ROl with the objective of conducting
a uniformity instrument

Objective Anterior Posterior Center Right Left

Min -181.00 -174.00 -177.00 -163.00 -187.00
Max 50.00 14.00 31.00 31.00 17.00
Mean -81.20 -68.11 -80.88 -69.03 -77.43
SD 30.72 31.79 34.90 30.72 33.71
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Table 3. The real area of the titanium block as well as the discrepancy in area on the CBCT image, is contingent
on the phantom’s position and geometry

Actual titanium block area nght. : Oemef - Left - -
) Measured area  Discrepancy ratio ~ Measured area  Discrepancy ratio  Measured area  Discrepancy ratio
(mm°) ©) (mm?’) ©) (mm?’) )
Cylinder 19.62 2216 113.00 22.57 115.00 2243 114.30
Triangular 10.81 13.07 120.90 12.14 112.30 13.25 122.50
Rectangular 25.00 28.33 113.30 27.30 109.20 27.74 111.00
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