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IntrOductIOn
Secondary caries under restorations is the most common reason 
for re-treatment and replacement in restorative failures [1]. To 
prevent severe destruction of hard tissue and also to enhance the 
prognosis for a successful treatment outcome, it is important to 
diagnose secondary caries earlier [2-4]. For patients with esthetic 
and functional loss, the treatment of choice is metal crowns 
and partial Fixed Dental Prostheses (FDP) [5]. The survival rate 
of FDP is usually of about 10 years and caries is the reason for 
their failure [6-9]. Even though there are evolution of the materials 
and techniques used to fabricate fixed restorations, the need to 
remove them still arises and the most common reason for this is 
secondary caries [10]. To diagnose secondary caries adjacent to 
restorations, various radiographic techniques are used such as 
peri-apical, bitewing, occlusal and panoramic imaging together 
with clinical examination in order to avoid their failures [11]. Since 
these radiographic techniques provide only two-dimensional (2D) 
information, there is a need for three-dimensional (3D) radiographic 
techniques. For example, if there is any carious lesion located 
buccally or lingually beneath the restoration, then it would be 
difficult to detect such conditions using routine 2D radiographic 
techniques [12]. Another problem with these radiographic 
techniques is the superimposition of anatomic structures as well 
as X-rays are notable to penetrate high-atomic-number metals 
[13,14]. As radiopacity of materials is related to their levels of 
absorption and scattering of X-rays it has a significant effect on the 
accuracy of conventional radiographic techniques [15,16]. Most 
of the metals are radiopaque in conventional X-rays and in most 
of the radiographic images because of their high electron density 
making it difficult to diagnose caries at the crown level of abutment 
teeth with light and dark streaks [17]. These metal artifacts 
increase in the presence of greater numbers of metal objects and/

 

or units [18]. An artifact is any distortion or error in the image that 
is unrelated to the subject being studied. Any metallic object if 
present in scanned area can produce artifact due to distortion of 
metallic structure [19]. The scanned high density object absorbs 
more low-energy photons than high-energy photons, which is 
called beam hardening. Cupping, hypodense halo and streaks 
are the most commonly occurring artifacts which are produced 
because of beam hardening.

CBCT is a promising radiographic technique which enables 
clinicians to evaluate the region of interest in three planes, axial, 
coronal and sagittal. Advantage of CBCT over medical CT is 
reduced radiation dose and reduced cost [20]. CBCT uses a cone 
shaped X-ray beam centered on a 2D sensor to scan a 180º-360º 
rotation around the patient’s head to acquire a full 3D volume of 
data. As per the need of today’s practitioners’, various materials 
are used for fixed prostheses such as porcelain-fused-to-metal, full 
metal and full ceramic which differ according to the properties of 
the biomaterials as well as the processing of the products [21,22]. 
In this study, CBCT was used to detect caries under FDP of full 
metal, metal ceramic, full ceramic and metal acrylic. Because of 
the difficulties in detection of caries under fixed restorations due to 
the compression of structures in intraoral radiography and metal 
artifacts in CBCT, the aim of this study was to determine the efficacy 
of CBCT in detecting caries under fixed dental prostheses.

MAtErIALs And MEtHOds
This in-vitro study was conducted at the Department of Oral 
Medicine and Radiology, MGV’s KBH Dental College and Hospital, 
Nashik, India from October 2015 to December 2015. According 
to International Caries Detection and Assessment System (ICDAS) 
criteria [Table/Fig-1] [23], inclusion criteria of the study was six 
extracted carious permanent teeth (Tooth no. 11, 12, 23, 16, 26, 

Keywords: Dentin, Diagnosis, Mean gray value

 

D
en

tis
tr

y 
S

ec
tio

nCone Beam Computed Tomography- 
An Effective Tool in Detecting Caries 
Under Fixed Dental Prostheses

Priyanka rameSh VeDPathak1, ShaileSh maDhukar GonDiVkar2, ajay rameSh BhooSreDDy3, karan rajenDra Shah4, 

GauraV raViShankar Verma5, Gayatri PraVeen mehrotra6, aShwini ChanDrakant nerkar7

ABstrAct
Introduction: Caries under restorations is the most common 
reason for re-treatment and replacement in restorative failures. 
To avoid failures of fixed dental prostheses, it is important to 
diagnose caries under it earlier. Without image degradation and 
metal artifacts, Cone Beam Computed Tomography (CBCT) can 
be the solution to detect caries without removing fixed dental 
prostheses.

Aim: The aim of this study was to determine the efficacy of 
CBCT in detecting caries under fixed dental prostheses.

Materials and Methods: Each specimen was scanned with 
CBCT for evaluation of secondary caries under fixed prostheses. 
Exposure parameters were 60 kVp and 3mA. Field of View 
(FOV) used was 8cm X 8cm. According to International Caries 
Detection and Assessment System (ICDAS) criteria, six Grade 6 
carious extracted teeth were selected. All teeth were prepared 

with four different specimens - full metal, metal-ceramic, full 
ceramic and metal-acrylic crowns for each tooth. Each specimen 
was scanned by CBCT. T-test was performed for mean gray 
value differences between caries and noncaries regions of each 
material. Gray values were recorded and evaluated for different 
parameters using two-way analysis of variance.

results: Significant differences were found with respect to 
material (full metal, metal-ceramic, full ceramic and metal-
acrylic) and situation (caries/noncaries) (p<0.001). There were 
no significant differences with respect to location (anterior or 
posterior). Mean gray values of caries and noncaries regions 
were found to be different for each material. 

conclusion: CBCT can be used as a post-treatment diagnostic 
technique for detecting caries under fixed prostheses without 
removing it.
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47) with Grade 6 caries that extended to dentin and the pulp cavity 
and cavity walls all along the cervical, middle and occlusal third of 
the crown. All the selected teeth were without any restoration and 
got extracted because of extensive caries and mobility. Extracted 
teeth were then cleaned and kept in distilled water for 24 hours 
at 37ºC. During teeth preparation, the caries cavity was filled 
with wax to a level in line with the preparation outline making it 
a full crown structure [Table/Fig-2]. Impression was taken with a 
silicon impression material and sent to a technician to fabricate a 
crown of full metal, metal ceramic, full ceramic and metal acrylic 
materials. From the caries cavity, the wax was removed by using 
hot water. A total of five crown specimens were obtained: One 
full metal (16), One metal ceramic (12), One full ceramic (11), One 
metal acrylic (47) and Two prepared teeth, One anterior (23) and 
One posterior (26) without any restorations as the control group 

[Table/Fig-3]. We inserted the cast with all crown specimens into 
water in order to imitate oral soft tissues. Each specimen was then 
scanned with CBCT for evaluation of the secondary caries under 
fixed prostheses. Orthophos XG model of Sirona CBCT machine 
was used for this study. 3D Exposure parameters were 60 kVp 
and 3mA. Field of View (FOV) used was 8cm X 8cm with 1mm 
slice thickness and exposure time of 14 seconds. Tube potential 
and tube current were automatically determined from scout views 
by the CBCT machine. The CBCT images of the specimens were 
reconstructed with Galileos Software [Table/Fig-4]. Two specialized 
oral and maxillofacial radiologists separately evaluated the cross-
sectional images on axial, coronal and tangential slices. The ability 
of CBCT imaging to display differences in attenuation is related to 
the ability of the detector to reveal subtle contrast differences. This 
parameter is called the bit depth of the system and determines 
the number of shades of gray available to display the attenuation 
[19]. All gray values of caries and dentin were recorded from 
axial, coronal and tangential slices. The mean of these three gray 
values of caries and dentin was then calculated respectively for 
each image and considered as Mean Gray Value (MGV) at that 
site. All the obtained data was collected, tabulated and entered in 
MS excel and analyzed by using SPSS version 20.0.0 software. 
Pearson’s correlation was used to assess inter-examiner reliability. 
Two-way ANOVA was used for statistical analysis. Independent 
sample t test was done for individual evaluation of caries and 
dentin differences.

Code Description
Pictorial 

Presentation

0 Sound tooth surfaces

1 First visual change in enamel

2 Distinct visual change in enamel

3
Initial breakdown in enamel due to caries with no 

visible dentin

4  Surface with underlying dark shadow from dentin

5 Distinct cavity with visible dentin

6 Extensive distinct cavity with visible dentin

[table/Fig-1]: International Caries Detection and Assessment System (ICDAS).

[table/Fig-4]: Cross sectional images of tangential, coronal and axial slices.

[table/Fig-2]: The caries cavity was filled with wax making it a full crown structure.
[table/Fig-3]: A cast with crowns of full metal, metal ceramic, full ceramic and metal 
acrylic materials.

rEsuLts
MGVs of caries versus healthy dentin of control group i.e. 23 and 
26 were 1089 ± 129.8 versus 2397.5 ± 118.13  of caries and 
1193 ± 131.91 versus 2415.7 ± 120.27 of dentin respectively. 
MGVs of caries of full metal, metal ceramic, full ceramic and metal 
acrylic are 2440 ± 207.25, 2352.7 ± 249.04, 2012 ± 216.64 
and 2055 ± 84.113 respectively. MGVs of healthy dentin of full 
metal, metal ceramic, full ceramic and metal acrylic are 2820.3 ± 
125.94, 2731 ± 174.07, 2933.7 ± 93.388 and 2568.7 ± 169.19 
respectively. Means and standard deviations of MGVs are listed in 
[Table/Fig-5].

Two-way analysis of variance showed significant differences 
with respect to material (full metal, metal ceramic, full ceramic, 
metal acrylic) (p < 0.001); and situation (caries or noncaries) (p < 
0.007), whereas no significant difference was found with respect 
to location (anterior/posterior) [Table/Fig-6]. MGVs for caries and 
healthy dentin regions were found to differ significantly between 
four different materials (p < 0.001) [Table/Fig-7].
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dIscussIOn
There are very few scientific researches on the detection of 
different types of caries at different levels beneath different types of 
FDP using CBCT. In this study, we assessed teeth with full metal, 
metal ceramic, full ceramic, metal acrylic and compared with teeth 
without restorations at different levels and for different types of 
caries. In a previous study, researchers evaluated the caries under 
a single crown of lithium disilicate ceramic crown, zirconia ceramic 
crown, and metal ceramic crown using CBCT and determined 
significant differences between the caries and dentin images [5]. 
In the present study, we increased the numbers of specimens i.e., 
we used four different specimens of full metal, metal ceramic, full 
ceramic and metal acrylic in order to increase the sensitivity of 
the data. Even with the increased numbers and different types 
of specimens, the results were found to be similar to the findings 
of Bilgin et al., [5]. Murat et al., [11] made standardized artificial 
carious lesions instead of using natural carious teeth. They 
prepared specimens to imitate caries cavitation at the cervical third 
under various types of restorations of composite resin, amalgam, 
complete metal crown, and thermoplastic polymer. They assessed 
the performance of intraoral film and digital radiography and two 
different CBCT systems for the visibility of artificial buccal recurrent 
caries lesions under various restorative materials. They found 

that CBCT outperformed intraoral radiography in detection of 
artificial buccal recurrent caries under restorations. In the present 
study, extracted teeth with ICDAS Grade 6 caries that extended 
to dentin, including the pulp cavity and cavity walls all along the 
cervical, middle, and occlusal third of the crown were used and we 
evaluated caries detection under the four different crown systems 
using CBCT. Nummikoski et al., observed that the radiopacity 
of restorative materials, which depends on the atomic number, 
has a primary effect on the ability to detect caries in the cervical 
zone [16]. The present study showed that, with advanced digital 
radiographic techniques, the middle portion of the tooth under a 
fixed restoration could be diagnosed in addition to the cervical 
zone. As the number of metal restorations in the oral cavity 
increases, metal artifacts and image degradation (as light streaks) 
increases [11,18]. However, although metal restorations hinder 
the visualization of caries under fixed restorations, the present 
study showed that caries under all four types of restorations 
can be detected and characterized. Many authors described 
that radiopacity of the restorative materials aids in detection of 
caries in cervical zone. This radiopacity is associated with atomic 
number of the material. However, the high atomic number leads to 
degrade the image [11,16,18]. Thus it has been suggested that by 
reducing field size or modifying the patient position would help to 
avoid the scanning region susceptible to beam hardening [24-27]. 
In this study, we used small FOV i.e., 8cm X 8cm which in turn 
avoided the chances of metal artifacts. Our study also indicates 
that with the help of CBCT with smaller FOV, it would be possible 
to detect even middle and cervical portion of tooth beneath fixed 
dental prosthesis.

LIMItAtIOn
One of the limitations of this study was that only a single crown 
unit was evaluated for CBCT diagnosis. Future studies should 
be undertaken to evaluate CBCT for the detection of caries by 
using a greater number of metal units. Another limitation was that 
the specimens were not fixed using luting cement, which can 
also affect radiopacity. This should motivate other researchers to 
review previous CBCT scans in order to determine the possibility 
of detecting caries with FDPs under different conditions.

cOncLusIOn
CBCT enables the detection of ICDAS Grade 6 caries under the 
crowns of all four materials investigated. Ceramic crowns allowed 
more effective detection of secondary caries as compared to other 
three materials. The radiopacity of the restorative material have 
a significant effect on accuracy with conventional but not with 
advanced three dimensional radiographic techniques. Efforts are 
needed to improve CBCT reconstruction algorithms, with a target 
on reducing artifacts induced by dense dental materials so that 
we can get an enhanced image quality at low radiation doses. 
CBCT scans taken for other reasons can be used as a post-
treatment diagnostic technique for detecting caries under fixed 
dental prostheses. Since the routine 2D radiographic techniques 
cannot detect caries under fixed metallic dental prostheses, there 
is a need for CBCT (3D) radiographic techniques to detect such 
carious lesions. Moreover, it is a solution for diagnosing secondary 
caries without the removal of fixed prosthesis. Also chances 
of tooth fracture during fixed dental prosthesis removal can be 
avoided with less discomfort to patients. Further studies should 
be carried out to evaluate caries lower than ICDAS Grade 6 along 
with larger sample size and multiple unit prostheses.
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material CarieS Dentin

Full Metal 2440 ± 207.25 2820.3 ± 125.94*

Metal Ceramic 2352.7 ± 249.04 2731 ± 174.07*

Full Ceramic 2012 ± 216.64 2933.7 ± 93.388*

Metal Acrylic 2055 ±  84.113 2568.7 ± 169.19*

Control (23) 1089 ± 129.8 2397.5 ± 118.13*

Control (26) 1193 ± 131.91 2415.7 ± 120.27*

ParameterS
Sum oF 

SQuareS
df

mean 
SQuare

F p-value

Anterior/ Posterior 9004.8 2 4502.4 3.814 0.1901

Metal/PFM/ 
Ceramic/ Metal 
Acrylic

409158 3 136386 25.299 0.0012

Caries/Dentin 35467 2 17734 3.174 0.0079

[table/Fig-6]: Two-way analysis of variance for different parameters.
a) Metal - full metal, b) PFM - porcelain fused to metal (metal ceramic), c) Ceramic - full ceramic

[table/Fig-5]: Mean gray values of the material tested for caries and dentin.
Independent sample t test
*Statistically significant difference at p < 0.05

[table/Fig-7]: Mean gray values of caries and dentin for each material.
a) Metal - full metal, b) PFM - porcelain fused to metal (metal ceramic), c) Ceramic - full ceramic
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