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Introduction
The exposure protocol for diagnostic radiation must be 

optimized to achieve both a reduction in dose and satisfac-
tory image quality, adhering to the principle of ALADA 

(as low as diagnostically acceptable).1,2 The primary goal 

of image acquisition using radiological equipment is to 
facilitate an accurate diagnosis. As such, it is essential to 
control the amount of radiation exposure provided by the 
equipment, while concurrently assessing whether the image 
quality derived from that level of exposure is sufficiently 
valuable for diagnostic purposes.3 If a device with very low 
exposure produces an image of such poor quality that an  
accurate diagnosis cannot be made, that exposure, no matter  
how minimal, is considered unnecessary and should be 
avoided.4 Therefore, a standardized evaluation to determine 
whether the image quality obtained from the equipment is 
suitable for diagnosis is absolutely crucial. However, com-
paring the diagnostic capabilities of images captured using 
various radiation devices or exposure protocols is challeng-
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ABSTRACT

Purpose: The objective of this study was to propose a method for developing a clinical phantom to reproduce various 
diseases that are clinically prevalent in the field of dentistry. This could facilitate diverse clinical research without 
unnecessarily exposing patients to radiation.
Materials and Methods: This study utilized a single dry skull, which was visually and radiographically examined 
to evaluate its condition. Existing lesions on the dry skull were preserved, and other relevant lesions were artificially 
created as necessary. These lesions were then documented using intraoral radiography and cone-beam computed 
tomography. Once all pre-existing and reproduced lesions were confirmed by the consensus of 2 oral and maxillofacial 
radiologists, the skull was embedded in a soft tissue substitute. To validate the process, cone-beam computed 
tomography scans and panoramic radiographs were obtained of the fabricated phantom. All acquired images were 
subsequently evaluated.
Results: Most lesions could be identified on panoramic radiographs, although some sialoliths and cracked teeth were 
confirmed only through cone-beam computed tomographic images. A small gap was observed between the epoxy resin 
and the bone structures. However, 2 oral and maxillofacial radiologists agreed that this space did not meaningfully 
impact the interpretation process.
Conclusion: The newly developed phantom has potential for use as a standardized phantom within the dental field. 
It may be utilized for a variety of imaging studies, not only for optimization purposes, but also for addressing other 
experimental issues related to both 2- and 3-dimensional diagnostic radiography. (Imaging Sci Dent 2023; 53: 345-53)
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ing because the same condition of the same patient cannot 
be exposed multiple times.5 This makes conducting radio-
logical research on precisely controlled clinical images a 
challenging task. Although laboratory phantoms such as the 
SedentexCT phantom (Leeds Test Objects Ltd, York, UK) 
and the DVT phantom (QUART GmbH, Zorneding, Ger-
many) are currently used in the dental field, their clinical 
relevance remains uncertain. Furthermore, as they do not 
directly correspond to the characteristics of each oral and 
maxillofacial lesion,6 they may not accurately reflect the 
patient’s diagnosis. Therefore, a need exists for a clinical 
phantom that can indicate the clinical conditions and the 

presence of common oral and maxillofacial lesions through 
radiation exposure.5 By creating a clinical phantom using a 
real skull on which common lesions of the oral and maxil-
lofacial region are reproduced, the clinical image quality of 
the radiation equipment can be evaluated without unneces-
sary patient exposure. This also allows for the comparison 
of images from various devices under the same clinical 
conditions.

Several reports have been published on the development 
and application of numerous phantoms, each reproducing 
different clinical lesions such as periodontitis,7-10 dental 
caries,11-13 tooth fractures,14 and external root resorption.15 

Fig. 1. The lesions present in the dry skull were confirmed using periapical radiographs. *: Following tooth extraction or using an existing 
extraction socket, a new tooth with reproduced lesions was implanted within the socket. A. Anterior area. Black arrow: secondary caries; 
white arrow: vertical crack; yellow arrow: periapical periodontal ligament (PDL) space widening or periapical rarefaction; black arrow-
head: external root resorption; white arrowhead: periodontal bone loss. B. Right area. White arrowhead: periodontal bone loss; yellow 
arrowhead: pericoronitis. C. Left area. White arrow: vertical crack; yellow arrow: periapical PDL space widening or periapical rarefaction; 
white arrowhead: periodontal bone loss; black arrowhead: loss of filling material.
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However, to the best of our knowledge, both published 
reports and commercial products are lacking regarding a 
universally applicable oral and maxillofacial phantom that 
accurately simulates multiple diseases and is substantiated 
by multiple references.

Thus, the objective of the present study was to introduce 
a method for developing a clinical phantom that can repro-
duce a range of diseases commonly seen in dental practice. 
Such a phantom could facilitate diverse clinical research 
without subjecting patients to unnecessary radiation expo-
sure. Additionally, the phantom created using this method 
could function as a foundational instrument in various clini-
cal studies of image quality in oral and maxillofacial radiol-
ogy.

Materials and Methods
Evaluation of natural skull features and 
reproduction of common oral and maxillofacial 
pathologies

The skull utilized in this study was previously analyzed 
and studied for research purposes at the oral and maxillo-
facial department of Seoul National University, prior to the 
enactment of the Enforcement Rule of the Bioethics and 
Safety Act.16,17 The skull was visually and radiographically 
examined using periapical radiographs, panoramic radio-
graphs, and cone-beam computed tomography (CBCT) to 
assess its current condition. The preservation of the skull 
was satisfactory in terms of bone and dental tissues. Visual 
inspection revealed some tooth fractures and dental car-
ies, which were subsequently confirmed by radiographic  
examination. Existing lesions in the dry skull were pre-
served (Fig. 1), and other common lesions were artificially 
introduced.

For the study of dental caries, a tooth exhibiting a typical 
carious shape on an intraoral radiograph was selected from 
the extracted human teeth that corresponded to the tooth 
number to be replicated. To simulate periodontitis, a por-
tion of the alveolar bone was removed using one-half and 
one-quarter round diamond burs (Midwest Once; Dentsply 
Sirona, Charlotte, NC, USA).7 To reflect a dens evaginatus, 
the nodular portion of a tooth with an actual dens evaginatus  
was accentuated using a flowable resin (Filtek Supreme 
Flowable Restorative; 3M ESPE, St. Paul, MN, USA), which  
has an attenuation similar to that of enamel.

A Dentium FX3412 fixture (3.4 mm×12.0 mm; Dentium, 
Seoul, Korea) was implanted in the area of the left maxil-
lary first molar to replicate an implant fixture. Horizontal 
root fracture was simulated by sectioning each tooth, which 

was accomplished using a single cut from a 100-μm-wide 
diamond-coated circular saw blade (Isomet 1000; Buehler, 
Lake Bluff, IL, USA).14 Visual and radiographic confir-
mations were obtained using periapical radiographs. For 
the simulation of external resorption, apical inflammation,  
and vertical cracks, the original lesions present in the skull 
were utilized.

Sialoliths of the parotid and submandibular glands were 
formed using resin blocks and Filtek Z250 (3M ESPE). The 
sialolith associated with the right parotid gland was situated  
near the area corresponding to the orifice of the main duct. 
The sialolith of the left parotid gland was positioned in an 
area corresponding to the parenchymal region of the gland. 
The sialoliths of the right and left submandibular glands 
were placed in the parenchymal and orifice regions of the 
main duct, respectively. The resin blocks were fixed with 
epoxy bonds (Masterseal 151; Masterbond Inc, Hacken-
sack, NJ, USA).

To simulate degeneration of the right condyle, bony de-
fects were induced by inserting half of a 1.5 mm-diameter 
round carbide bur (Midwest Once; Dentsply Sirona) into 
the lateral pole, mesial pole, and superior region.18,19 An 
osteophyte was reproduced using dental material deposited 
on the anterior margin of the condyle. The specific material 
was G-FIX (GC Korea, Seoul, Korea), which has an atten-
uation similar to that of cortical bone (Fig. 2). 

A focal defect was engineered in the mandibular cortex, 
positioned inferiorly to the right second molar of the man-
dible. This was accomplished using a round bur with a dia- 

Fig. 2. An osteophyte was reproduced using G-FIX material (GC 
Korea, Seoul, Korea) deposited on the anterior margin of the right 
condyle (white arrowhead).
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meter of 1.0 mm (Midwest Once, Dentsply Sirona). 
The preserved or reproduced lesions were confirmed 

through the consensus of 2 oral and maxillofacial radiol-
ogists, one with 8 years of experience and the other with 
over 20 years of experience. Table 1 presents a list of the 
lesions.

Reproduction of the spine, hyoid bone,  
and soft tissue
Cervical spine and hyoid bone models (3B Scientific, 

Tucker, GA, USA) were utilized to reproduce the cervical 
spine and hyoid bone. Multidetector computed tomography  
revealed that the radiodensity of the model was approxi-

Table 1. Lesions reproduced on the clinical phantom

Right maxilla Left maxilla

Central incisor External root resorption, 
vertical crack

Central incisor Periapical lesion

Lateral incisor* Secondary caries , 
horizontal root fracture

Lateral incisor Secondary caries

Canine Crown fracture with 
pulp exposure, 
periapical PDL space widening

Canine* Rotation , 
apical involvement in 
periodontal bone loss , 
vertical crack

First premolar Mesial vertical bone loss First premolar Vertical crack, 
periapical PDL space widening

Second premolar Vertical crack Second premolar Non-specific
First molar* Multi-surface caries , 

periapical lesion
First molar Loss of filling material, 

vertical crack
Second molar Furcation involvement 

periodontal bone loss
Second molar* Implant fixture

Third molar Impacted tooth Third molar Impacted tooth

Right mandible Left mandible

Central incisor Horizontal bone loss Central incisor Horizontal bone loss , 
horizontal root fracture

Lateral incisor Horizontal bone loss Lateral incisor Periapical PDL space widening,
horizontal bone loss

Canine Apical involvement in 
periodontal bone loss

Canine* Apical involvement in 
periodontal bone loss , 
enamel dysplasia , 
vertical root fracture

First premolar* Dens evaginatus , 
apical involvement in 
periodontal bone loss

First premolar Vertical crack, 
distal vertical bone loss

Second premolar Crown fracture 
without pulp exposure

Second premolar Periapical PDL space widening

First molar* Horizontal root fracture , 
root dilaceration

First molar Vertical crack , 
furcation involvement 
periodontal bone loss

Second molar Vertical crack Second molar* Secondary caries , attrition , 
apical involvement in 
periodontal bone loss

Third molar Impacted tooth, pericoronitis Third molar Impacted tooth

Both submandibular glands Sialolith Both parotid glands Sialolith

Right TMJ Degenerative change Right mandibular cortex Cortical defect

*: tooth implanted after tooth extraction or using an existing extraction socket. : lesions reproduced under the precise methodology described in the main 
text. PDL: periodontal ligament, TMJ: temporomandibular joint
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mately 1000-1250 Hounsfield units (HUs), a value com-
parable to that of bone (Fig. 3A). The skull, spine, and 
hyoid bone were fixed with epoxy bonds (Masterseal 151;  
Masterbond Inc) (Fig. 3B). To simulate the appearance of 
soft tissue, a ready-made radiation test phantom, specifical-
ly a female Alderson Rando phantom (Alderson Research 
Laboratories, Stamford, CT, USA), was used (Fig. 3C). A 
negative silicone mold was created using the phantom as a 
positive mold (Fig. 3D).

The fixed skull, spine, and hyoid bone were centrally 
positioned within a silicone negative mold. Soft tissue was 
then simulated by pouring a specific soft tissue material 

(Neo3010; Neochemo, Gimhae-si, Korea) into the gap be-
tween the bone and the external contour of the soft tissue. 
The selected soft tissue material was an epoxy compound 

with a density of 80 HU, a value corresponding with the 
HU value of actual soft tissue. To minimize the formation 
of air bubbles, the curing process was performed twice.

Acquisition of CBCT and panoramic radiography
For validation, the phantom was scanned using both 

CBCT and panoramic radiography. This was done to con-
firm that the imaging features resembled those of actual le-
sions and to check for the presence of air bubbles, artifacts, 
and inhomogeneities in the epoxy compound (Fig. 4). CBCT 
images were acquired using a CS 9600 device (Carestream, 
Rochester, NY, USA) with a field of view of 170 ×150 

mm, a voxel size of 0.15 mm, and a voltage of 120 kV. 
Digital Imaging and Communications in Medicine files 
were exported using OnDemand3D version 1.0 (Cybermed, 

A

Fig. 3. A. Multidetector computed tomography of the cervical spinal column model reveals that the radiodensity of the model ranged from 
1000 to 1250 Hounsfield units (HUs), a value comparable to that of bone. B. The fabricated skull, spine, and hyoid bone were fixed with 
epoxy bonds prior to the pouring of soft tissue equivalent. C. A female Alderson Rando phantom (Alderson Research Laboratories, Stam-
ford, CT, USA) was utilized to replicate the contours and characteristics of the human face. D. A negative silicone mold was produced us-
ing the Alderson Rando phantom as a positive mold.

B C D

A B

Fig. 4. A. The resulting phantom 
was scanned using cone-beam com- 
puted tomography (CBCT) and pan- 
oramic radiography to ensure the suc-
cessful capture of imaging features, 
ensuring their similarity to those of 
actual lesions. B. The acquired 3-di-
mensional volume rendering of the 
CBCT image for the phantom.
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Seoul, Korea). For the panoramic radiographs, PCH-
2500 (Vatech, Seoul, Korea), T1 (Osstem, Seoul, Korea),  
and Eco-X (HDX, Seoul, Korea) devices were used accord- 
ing to the instructions in the user manuals. The settings 
were as follows: 72 kVp, 10 mA, and 13.5 s for Vatech; 80 

kV, 10 mA, and 16 s for Osstem; and 90 kV, 10 mA, and 14 s  
for HDX (Fig. 5). In the process of obtaining panoramic 
radiographs from the ideal position, panoramic radiographs 
from other positions were also used to gather additional  

radiological information. The images obtained were then 
interpreted by 2 oral and maxillofacial radiologists, one 
with 8 years of experience and the other with over 20 years 
of experience.

Results
Panoramic radiography and CBCT imaging demonstrated  

high diagnostic capability for the examined lesions. A major- 

Fig. 5. The panoramic radiographs 
obtained with the 3 devices provided 
a high level of diagnostic capability 
for the lesions. A. PCH-2500 (Vatech,  
Seoul, Korea). B. T1 (Osstem, Seoul, 
Korea). C. Eco-X (HDX, Seoul, Korea).

A

B
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ity of the lesions, including dental caries, periapical lesion, 
periodontal bone loss, implant fixture, mandibular cortex de-
fect, and attrition, were identifiable on the panoramic radio- 
graphs (Fig. 5). The vertical crack in the maxillary right 
second premolar was clearly detected with certain panora- 
mic devices (Figs. 5A and B). However, in the case of the 
mandibular left first molar and right second molar, the 
crack lines were not clearly visible on the scans captured 
with some machines (Fig. 5). Nevertheless, these could be 
observed on certain panoramic radiographs (Fig. 6A) and 
CBCT images (Fig. 6B).

The sialoliths formed in the main duct of the left parotid 
gland were diagnosable on the panoramic radiographs ob-

tained using all 3 devices. However, the sialoliths formed 
in the right parotid gland and in both submandibular glands 
were not clearly diagnosable on the panoramic radiographs. 
All sialoliths were verified using CBCT images (Figs. 6C-
F).

The degenerative changes in the right temporomandibular  
joint were discernible on the panoramic radiographs cap-
tured with all 3 devices. 

In the CBCT images, a slight space was observed between  
the epoxy resin and the bone structures. However, the  
2 oral and maxillofacial radiologists confirmed that this 
space did not meaningfully impact the interpretation pro-
cess.

Fig. 6. Lesions that are not readily visible on standard panoramic radiographs can be verified using cone-beam computed tomography 

(CBCT) or panoramic radiographs taken from different angles. A. A vertical fracture of the mandibular left first molar was verified using a 
panoramic radiograph taken from a different angle. The white arrow indicates the vertical fracture. B. A vertical fracture in the mandibular 
right second molar was verified using a CBCT image. The white arrow indicates the vertical fracture. C. A simulated sialolith of the right 
submandibular gland in the proximal area of the main duct. D. A simulated sialolith of the left submandibular gland in the distal area of the 
main duct. E. A simulated sialolith of the right parotid gland in the distal area of the main duct. F. A simulated sialolith of the left parotid 
gland. This sialolith, located in the proximal area of the main duct, is the only one that could be definitively diagnosed using the panoramic 
radiographs obtained. 
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Discussion
In this radiological study, an in vitro phantom was de-

signed to reproduce the conditions of a clinical patient with 
maximal precision. Previous studies utilizing radiographic 
imaging of periodontitis have typically involved the arbi-
trary regeneration of bone loss from dry skull, bovine, or 
pig bones.7-10 To simulate periodontal alveolar bone loss, 
one-half and one-quarter round diamond burs mounted on 
a high-speed handpiece have generally been used to grind 
the alveolar bone.7 This procedure was also employed in 
the present study to simulate periodontal bone loss.

In the study of dental caries, radiographic phantoms are 
constructed either by using extracted teeth with existing 
dental caries or by artificially inducing dental caries to 
sound extracted teeth.11-13 Various demineralization buffer  
systems are employed to generate arbitrary carious lesions.  
The creation of these artificial lesions is crucial for under-
standing the mechanisms behind the formation and preven- 
tion of dental caries. Consequently, a combination of lesion 
formation and reversal mechanisms is necessary for the 
creation of dental caries-like lesions. An accurate study of 
the formation of dental caries necessitates the use of numer- 
ous factors for surface protection. However, radiological 
studies require a resulting radiolucent condition, which is 
the only factor that can be detected by radiographic exam-
ination. Additionally, when dental caries was reproduced 
on extracted sound teeth using a reference buffer system 
during the design phase of the present study, the radiologic  
imaging features differed from those of typical dental caries.  
Therefore, extracted teeth with natural carious lesions were 
used instead.

Jones et al.18 developed a method for simulating degen-
erative changes of the condyle. They created small osseous 
defects in each medial or lateral condylar region using a 
dental handpiece equipped with a 1.5 mm-diameter round 
bur. Similarly, Cara et al.19 used a dental handpiece with a 
#1014 round bur to simulate lesions. These lesions were 
approximately the same size as the bur’s diameter (1.0 mm) 
and had a depth equal to half of the diameter of the bur  

(approximately 0.5 mm). In the present study, bone defects in  
the condylar region were reproduced in a similar manner.

This study presents an in vitro phantom, produced through 
a complex replication process for various lesions. Although  
replicating the entire phantom may not be feasible, the pro- 
duction process could serve as a reference for creating  
diverse clinical phantoms. The proposed phantom holds po-
tential as a standardization tool, providing substantial utility  
for many imaging studies. The phantom could be employed 

in numerous studies related to clinical image quality, serving  
as a valuable instrument. Furthermore, its use could extend 
beyond optimization, as it could be employed to explore any 
experimental facets related to 2- and 3-dimensional diag- 
nostic imaging radiography.

Conflicts of Interest: None
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