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ABSTRACT

Introduction: Recurrent or secondary caries develops at the margin of restorations and causes
restorative failure. This study was conducted to compare the performance of Phosphor Storage
Plate (PSP) and Cone Beam Computed Tomography (CBCT) scan in detecting artificial buccal
recurrent caries.

Materials and Methods: Class V cavities were prepared on the buccal surface of 42 extracted
human premolars and molars selected by simple sampling method. The inclusion criterion was the
intact crown, and the exclusion criteria were previous restorations and significant caries. Twenty-
one teeth were filled with amalgam, and the other 21 teeth were filled with composite resin. Artificial
buccal recurrent caries was simulated on eleven amalgams and ten composite restored teeth. The
teeth were randomly mounted on acrylic resin arches. CBCT and intraoral parallel periapical
radiographs (with PSP) were taken to detect recurrent caries under restorations. Kappa coefficients
were computed to evaluate the inter-observer agreement of the images taken by CBCT and PSP
systems, and the sensitivity and specificity of CBCT and PSP were calculated

Results: The sensitivity of amalgam and composite resin restorations in the tangential and cross-
sectional plane were 18.2, 81.8, and 50, 100, respectively. The sensitivity of amalgam and composite
resin restorations evaluated by PSP were 63.64 and 100, respectively. The specificity of amalgam
and composite resin restorations in the tangential and cross-sectional plane were 90, 100 and 100,
100, respectively. The specificity of amalgam and composite resin restorations evaluated by PSP
were 100 and 90.91, respectively.

Conclusion: Considering the limitations of the study, the sensitivity of CBCT in different planes
was higher than that of PSP, and the cross-sectional plane had more sensitivity than a tangential
plane in the detection of recurrent caries. It is suggested that the teeth with true caries be used instead
of artificial buccal caries to compare PSP and CBCT.
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1. Introduction

he term recurrent or secondary caries

refers to caries developed at the margin

of restorations. Recurrent caries occurs

when a restoration is functional for some

time and can be detected clinically at gin-

gival margins of all types of class Il and V restorations.

Recurrent caries results in restorative failure. Thus, it is

important to detect recurrent caries at proximal or gin-

gival sites of restorations by radiography providing that

the X-rays be at an optimal angle relating to the lesion.

However, the radio-opacity of dental materials can hide

caries, and their diagnosis by intraoral radiographs de-

pends on the beam angulation, superimposition of ana-
tomical structures, and patient-related factors [1].

Digital intraoral systems include a solid-state silicon
chip or a photostimulable Phosphor Storage Plate (PSP).
PSP provides a two-dimensional image, which limits
the detection of recurrent caries in buccal and lingual
or even proximal tooth surfaces [2, 3]. It is difficult to
detect buccal recurrent caries under restorations in radio-
graphic examinations. Greater radio-opacity of amalgam
restorations compared to enamel can interfere with the
detection of lesions in the lingual and buccal areas [3, 4].

Cone Beam Computed Tomography (CBCT) scan is
widely used in several dental applications like detect-
ing marginal leakage, vertical root fractures, etc. with
a radiation dose lower than Computed Tomography
(CT). However, the patient receives a higher dose in
CBCT than in intraoral radiographs. Although CBCT
provides 3D images, beam hardening, and metal arti-
facts cause limitations in the detection of recurrent car-
ies under restorations [3-7].

This study aims to compare the validity, sensitivity,
and specificity of PSP as the gold standard with CBCT
scan in the detection of buccal recurrent caries under
amalgam and composite resin restorations.

2. Materials and Methods

A total of 42 extracted human premolars and molars
were selected through simple sampling method. The in-
clusion criterion was the intact crown, and the exclusion
criteria were previous restorations and significant caries.
The teeth were cleaned of calculus, soft tissue, and de-
bris by hand instrumentation. After surface debridement,
they were stored in 0.5% chloramine-T solution in the
refrigerator. It took two months to collect the extracted
teeth. A class V cavity was prepared on the buccal surface
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of each tooth using a cylindrical diamond bur, 0.6mm
in diameter, (Tizkavan-Iran) mounted on a high-speed
headpiece using air-water coolant spray (CH-4TSNSK
B2/B3, Japan A1101800). Cavities were 3 mm in width,
1.5 mm in depth, and 2.5 mm in height.

The teeth were randomly divided into two groups of
amalgam and composite resin fillings. Twenty-one teeth
were filled with amalgam (Sinalux; Dr. Faghihi, Dental
Co. Iran). Artificial buccal recurrent caries was simu-
lated on eleven amalgam restored teeth with the aid of
a carbide bur (1 mm in diameter). The simulated car-
ies were round cavities with Imm in width and Imm
in depth, located exactly under the middle of gingival
margin of restorations and sealed with 1mm rose wax
(Colténe/Whaledent, Switzerland). Ten amalgam re-
stored teeth were left without simulated caries. Twenty-
one other teeth were filled with composite resin (GRA-
DIA DIRECT, Posterior, CE0086, Japan) and cured for
40 seconds with 700 mW/cm? light intensity by an LED
light cure (LED Turbo light cure-Taiwan).

Before filling, the cavities were conditioned with SE
bond (Lot No. 71167; Kuraray medical Inc. Okayama,
Japan) adhesive system. The composite restorative ma-
terial was placed and condensed incrementally until the
preparation was completely filled. Each increment had
been light polymerized for 40 seconds before placement
of the subsequent increment. Artificial buccal recurrent
caries was simulated on ten composite-resin restored
teeth with the aid of a carbide bur (1 mm in diameter).
The simulated caries were round cavities with 1 mm in
width and 1 mm in depth, located precisely under the
middle of gingival margin of restorations and sealed
with 1 mm rose wax. Eleven composite resin restored
teeth were left without simulated caries.

The amalgam and composite resin restored teeth were
randomly mounted on two green self-curing acrylic resin
arches (green self-cure acrylic resin, Acroparse, Iran). The
teeth were placed near each other, in acrylic arches, in the
way that each tooth had contact with the adjacent tooth.
There was no space between teeth and, similarly, any teeth
overlap. CBCT images of each acrylic arch were taken by
New Tom VGI (New Tom VGi evo; Quantitative Radiol-
ogy, Verona, Italy) using a flat panel detector. The adjusted
scan parameters were 110 kVp, 3 mA, and 4.3 s. The field
of view was 10x5 Hi-Res. and voxel size was 0.15 mm.
CBCT projections were analyzed by NNT software in tan-
gential and cross-sectional planes (slice thickness=0.5 mm
and slice distance=0.1 mm).
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Intraoral periapical digital radiographs were taken
by parallel method using a PSP digital intraoral sys-
tem (Planmeca, Finland) with intraoral radiographic
tube (Planmeca, Finland). The adjusted scan param-
eters were 63 kVp, 8 mA, 0.16 s and 2.6 mm alumi-
num equivalent filtration. A size tow imaging plate was
used, and the exposed phosphor plates were scanned
(Scanner Pro, Romexis 351 software, Planmeca, Fin-
land) immediately after exposure. All images were dis-
played on a 19-inch LG LED monitor (E2042C, Korea)
in a room with dim light. No extra adjustment of bright-
ness and contrast was allowed.

Figures 1 and 2 show examples of cross-sectional and
tangential images obtained by CBCT for amalgam and
composite resin restored teeth, and buccal recurrent car-
ies shown by arrows can be detected under each restora-
tion. Figure 3 demonstrates the buccal recurrent caries
under amalgam, and composite resin restored teeth using
PSP digital intraoral system. All the images were viewed
and analyzed by two maxillofacial radiologists to detect
recurrent caries under the class V restored cavities. The
images were arranged in random but were the same for
both observers. Since the teeth were placed randomly in
the acrylic arches, none of the observers knew that the
examined teeth had recurrent caries or not. The observ-
ers did not use tangential and cross-sectional planes at
the same time.

Statistical analysis

Kappa coefficients were computed to evaluate the
inter-observer agreement of the images taken by CBCT
and PSP systems. Statistical comparisons were made be-
tween the data of CBCT and PSP to assess the agreement
between them. Sensitivity and specificity of CBCT and
PSP in detecting buccal recurrent caries under amalgam
and composite resin restorations were calculated. Statis-
tical significance was set at P-value less than 0.05.

3. Results

The Kappa coefficient for the inter-observer agree-
ment of CBCT projections in tangential plane was 0.829
(P<0.001), for CBCT projections in cross-sectional
plane was 0.952 (P<0.001), and for intraoral periapical
projections was 0.952 (P<0.001).

Amalgam restorations

The Kappa coefficient for inter-observer agreement
of CBCT projections in tangential plane was 0.462
(P=0.012) with 90.5% agreement, for inter-observer
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agreement of CBCT projections in cross-sectional plane
was 0.901 (P<0.0010) with 95.2% agreement and for
inter-observer agreement of intraoral periapical projec-
tions was 0.897 (P<0.001) with 95.2% agreement.

Composite resin restorations

The Kappa coefficient for the inter-observer agree-
ment of CBCT projections in the tangential plane was
1.00 (P<0.001) with 100% agreement, for inter-observer
agreement of CBCT projections in cross-sectional plane,
was 1.00 (P<0.001) with 100% agreement, and for inter-
observer agreement of intraoral periapical projections
was 1.00 (P<0.001) with 100% agreement.

CBCT (tangential plane)

In amalgam restorations, the agreement between
CBCT and carious teeth was 52.4% (x=0.079, P=0.593).
In composite resin restorations, the agreement between
CBCT and carious teeth was 76.2% (1=0.512, P=0.007).

CBCT (cross-sectional plane)

In amalgam restorations, the agreement between
CBCT and carious teeth was 90.5% (k=0.811, P<0.001).
In composite resin restorations, the agreement between
CBCT and carious teeth was 100% (x=1.00, P<0.001).

Periapical radiograph (PSP digital system)

In amalgam restorations, the agreement between
periapical radiographs and carious teeth was 80.9%
(1=0.625, P=0.002). In composite resin restorations, the
agreement between periapical radiographs and carious
teeth was 95.2% (k=0.905, P<0.001). Table 1 presents
the sensitivity and specificity of CBCT and intraoral ra-
diography in detecting recurrent caries under amalgam
and composite resin restorations.

Amalgam restorations

The comparison between the results of periapical ra-
diographs and the tangential plane of CBCT showed
71.4% agreement (k=0.250, P=0.186). The comparison
between the results of periapical radiographs and the
cross-sectional plane of CBCT showed 81% agreement
(x=0.600, P=0.005).

Composite resin restorations

The comparison between the results of periapical ra-
diographs and the tangential plane of CBCT showed
71.4% agreement (k=0.442, P=0.015) and the compari-
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Figure 1. Buccal recurrent caries under amalgam restora-
tions (red arrows) in CBCT

A. Cross-sectional plane; B. Tangential plane

son between the results of periapical radiographs and the
cross-sectional plane of CBCT showed 95.2% agree-
ment (k=0.905, P<0.001).

4. Discussion

CBCT application in dentistry has become widespread
because of its potential to show the teeth and surround-
ing structures in different planes. This study aimed to
compare the sensitivity and specificity of CBCT and
PSP in detecting buccal recurrent caries under amalgam
and composite resin restorations while considering PSP
as the gold standard.
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Figure 3. PSP images of buccal recurrent caries under com-
posite resin

E. Amalgam restorations; F. Red arrows
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Figure 2. Buccal recurrent caries under composite resin res-
torations (red arrows) in CBCT

C. Cross-sectional plane; D. Tangential plane

Young et al. compared the efficacy of CBCT images
and bitewing radiographs in detecting proximal and oc-
clusal caries in teeth without metallic restorations. They
concluded that the sensitivity of CBCT in the detection
of caries was higher than that of bitewing radiographs
taken by a charge-coupled device sensor [8]. Rathore et
al. compared the accuracy of CBCT with intraoral ra-
diographs in detecting occlusal caries in teeth without
filling and found no difference between these methods in
the detection of occlusal caries [9]. In the above studies,
beam hardening artifacts had not caused any problem
because radiopaque restoration materials were not used.
Beam hardening artifacts originate from metallic resto-
rations, implants, and endodontic restorative materials,
and are seen as dark and light streaks that project over
adjacent teeth and decrease the quality of CBCT images.
Dark bands cause the false impression of dental caries
that interfere with caries diagnosis. It seems that beam
hardening and metal artifacts of amalgam restorations
occurring in CBCT images were the limiting factors in
the detection of recurrent caries under restorations, espe-
cially amalgam restorations, in this study.

As our results showed, the sensitivity of periapical ra-
diographs with PSP in detecting recurrent caries under
amalgam and composite resin restoration was higher
than that of the tangential plane of CBCT, because of
the beam hardening effect. However, our results showed
that, despite the beam hardening and metallic artifacts of
radiopaque restorations, the detection ability of recurrent
caries in CBCT improved using cross-sectional images
because cross-sectional planes of CBCT have less struc-
tural superimpositions and thus have more clarity.

It was proved that the amount of artifacts of CBCT was
dependent on slices thickness and distance. Selecting
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Table 1. Sensitivity, specificity, positive and negative predictive values of CBCT and intraoral radiography (%)

PSP
Variables el d:4a (Periapical Radio-
(Tangential Plane) (Cross-Sectional Plane) P
graphs)

Sensitivity 18.2 81.8 63.64

Specificity 90 100 100

Amalgam

Positive predictive value 91.7 100 100

Negative predictive value 52.6 83.3 76.9

Sensitivity 50 100 100
Specificity 100 100 90.91

Composite resin

Positive predictive value 100 100 90.9

Negative predictive value 68.7 100 100

thinner slices with shorter distances can worsen the ef-
fects of artifacts. This study was used a slice thickness
of 0.5mm and slice distance of 0.lmm to compare the
ability of CBCT with maximum artifacts and digital ra-
diography in detecting recurrent caries. This can be in-
cluded as one of the limitations of this study, too.

Shahidi et al. compared the accuracy of CBCT and
bitewing radiographs with the PSP system in the detec-
tion of simulated occlusal secondary caries under amal-
gam restorations [10]. They concluded that CBCT was
more accurate than the PSP system in detecting occlusal
recurrent caries. The present study had different results
in comparison to Shahidi et al. study because the detec-
tion ability of buccal recurrent caries under amalgam and
composite resin restorations were compared between
CBCT and PSP systems. Besides, the images of tangen-
tial and cross-sectional planes of CBCT were compared
with PSP images, separately.

Our results showed that the sensitivity of PSP and
cross-sectional plane of CBCT in detecting buccal recur-
rent caries under composite resin restorations was simi-
lar, and the sensitivity of cross-sectional plane of CBCT
was higher than PSP in detecting buccal recurrent caries
under amalgam restorations. However, the sensitivity of
the tangential plane of CBCT is lower than PSP in de-
tecting buccal recurrent caries under amalgam and com-
posite resin restorations.

Some studies have compared the ability of CBCT,
CCD, and PSP or film in the detection of caries on proxi-
mal or occlusal surfaces; however, there are not many

@ sEitmenencn
similar studies that compare the ability of CBCT and
PSP systems in detection of buccal recurrent caries [5,
11, 12]. The only research covering this subject belongs
to Murat et al. who compared CBCT and intraoral radi-
ography in detecting buccal recurrent caries under differ-
ent types of restorations.

Murat et al. concluded that CBCT was superior to intra-
oral radiographs in detecting buccal recurrent caries be-
cause of the possibility of observing the teeth in different
planes. The present study is similar to their work because
of using CBCT and intraoral radiography in detecting
buccal recurrent caries under amalgam and composite
resin restorations [3]. The discrepancy between our re-
sults and Murat et al. results can be because of the dif-
ferences between the CBCT using devices, which have
different voxel sizes and artifact reduction software.

The present study supports some aspects of their idea
and shows that, in spite of the restorative material, the
sensitivity of CBCT in detecting buccal recurrent car-
ies is higher in cross-sectional planes than in tangen-
tial planes. Also, our results show that the sensitivity
of cross-sectional images and periapical radiographs is
equal in the detection of buccal recurrent caries under
composite resin restorations. But, under amalgam resto-
rations, the sensitivity of cross-sectional images in the
detection of recurrent caries is a little higher than periapi-
cal radiographs.

Although CBCT emits a rather low dose of radiation than
CT, its exposure dose is still higher than intraoral radio-
graphs with PSPs. The small field of view of CBCT sys-
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tems results in the lower effective dose and makes it less
applicable in detection of caries [13-15]. Considering the
higher price and exposure dose of CBCT, PSP systems can
still be recommended for detecting buccal recurrent caries.

In the present study, recurrent caries was created by a car-
bide bur (1 mm in diameter). Thus, the artificial recurrent
caries was well-defined [5, 10]. The well-defined border
helps the examiners to differentiate recurrent caries from
adjacent superimposed structures and to detect recurrent
caries, especially in the PSP system. However, true recur-
rent caries is not somehow well-defined, and this may cause
misinterpretation in true recurrent caries which may be con-
sidered as anther limitation of this research.

For future studies, it is suggested to use the teeth with
true buccal recurrent caries for the differentiation of the
ability of PSP and CBCT. In this study, the sensitivity
of CBCT and PSP system in detecting buccal recurrent
caries under composite resin restorations was more than
that of amalgam restorations. On the other hand, the
observers performed better when assessing buccal re-
current caries under composite restorations than under
amalgam ones. This finding agrees with another study
using CBCT to detect occlusal and proximal recurrent
caries under amalgam and composite restorations [12].

Although clinical examinations play an essential role in
the detection of buccal recurrent caries, this study only
compared the ability of two radiographic systems in the
detection of buccal recurrent caries under amalgam and
composite resin restorations; that is, findings of clinical
examination have been overlooked in this research.

5. Conclusion

Considering the limitations of the study, we conclude
that the sensitivity of CBCT in different planes is more
than that of intraoral radiography with the PSP system,
and the cross-sectional plan has a higher sensitivity than
a tangential plane in the detection of recurrent caries.
However, because of equal sensitivity of cross-sectional
images of CBCT and PSP in detection of recurrent car-
ies under composite resin restorations and approximate
equality of cross-sectional images of CBCT and PSP in
the detection of recurrent caries under amalgam restora-
tions, intraoral radiography with PSP system remains a
rival for CBCT in detecting buccal recurrent caries.
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