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Background and Aim: Secondary caries are a common challenge for dentists. Many 
researchers have evaluated the accuracy of digital radiographic systems in the detec-
tion of secondary caries and have reported controversial results. Therefore, the aim of 
this in vivo study was to determine the diagnostic accuracy of digital radiography in 
the detection of secondary caries in anterior teeth.
Methods and Materials: In this diagnostic in vivo study, 34 patients were selected 
from among the individuals who wished to replace their anterior teeth restorations. 
The restorations in need of replacement were class III or class IV composite resin res-
torations which were at least 5 years aged with either a crack in the restoration body 
or with more than 0.5mm marginal maladaptation or marginal discoloration. Digital 
radiographs were obtained and were observed randomly by four oral and maxillofa-
cial radiologists. Caries detection was classified using a 5-point Likert scale. Statistics 
were computed to assess Kappa coefficients.
Results: According to the data, observer reliability for PSP sensor was between 0.79 
and 0.88 which is an indicator of the high accuracy of PSP sensor. The sensitivity, 
specificity, positive predictive value, negative predictive value and accuracy were 90, 
77, 86, 85 and 86 % respectively. 
Conclusion: The results suggest that in vivo digital radiography with PSP sensors is 
sufficiently accurate in the detection of secondary caries.
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Introduction: 
 Secondary caries are a common challenge for 
dentists. They develop adjacent to the preexist-
ing restorations due to microleakage, inadequate 
extension of the restoration’s margins or insuf-
ficient caries removal. (1) The development of 
secondary caries might lead to failure of the res-
toration. (2) GV Black has defined the secondary 
caries as the reversible recurrence of caries at the 
margins of a restoration. (3)A suitable caries diag-
nostic technique must allow the detection of the 
disease at its primary stages. (4) Several methods 
have been used to investigate secondary caries 
including clinical examinations in a cleaned and 
dried setting under sufficient light, visual inspec-
tion, and tactile sense by use of a dental explorer 
and dental floss and of course radiography. (5)

 Unfortunately, a comprehensive technique 
with high sensitivity and accuracy for the early 
detection of caries is not yet available. (4, 6, 7) Re-
cently, researches have compared the diagnostic 
accuracy of digital radiography systems in caries 
detection with that of conventional film system. 
(4) Several advantages have been reported for in-
traoral digital radiographic systems such as low 
radiation exposure, convenience of storage, elim-
ination of the darkroom equipment and wet pro-
cedure and dynamicity. The mentioned method 
has been claimed to be patient friendly and less 
time-consuming. (8)  However, the accuracy of im-
aging-based diagnosis has remained controver-
sial. (1, 2, 5) Photostimulable Phosphor (PSP) sen-
sors are currently being used for digital imaging. 
Limited information is at hand on the capability 
of PSP over other digital radiographic systems in 
the in vivo detection of secondary caries .(9) Since 
secondary caries determine the clinical lifetime 
of a restoration, an efficient radiographic method 
seems essential. (10, 11) Therefore, the aim of the 
current study was to assess the diagnostic accura-
cy of intraoral digital PSP sensor in the detection 
of secondary caries in anterior teeth compared to 
visual and tactile inspections.

 Methods and Materials:
 This double-blind in vivo experiment in-
volved 34 patients that were selected from among 

the individuals who wished to replace their ante-
rior teeth restorations. The restorations in need of 
replacement were class III or class IV compos-
ite resin restorations which were at least 5 years 
aged with either a crack in the restoration body or 
with more than 0.5mm marginal maladaptation 
or marginal discoloration. The restorations were 
candidates for periapical radiography based on 
the FDA and ADA guidelines. (12, 13) Consequent-
ly, 80 dental radiographs were taken and included 
in this study. (13)

Obtaining the radiographs 
Digital periapical radiographs were obtained us-
ing Digora Optime PSP sensors (Soredex, Hel-
sinki, Finland) with 31×41mm active area and 
64µm pixel size. The exposures were made by 
Minray radiographic device (Soredex, Helsinki, 
Finland) with exposure settings of 70 kVp, 0.2 
seconds and 7 mA . Distance was adjusted using 
a sensor holder (Kerr, Middleton, WI, USA). Af-
ter each exposure, the sensor was scanned imme-
diately with Digora scanner and the images were 
exported to computer and saved in Tagged Image 
File Format (TIFF).
Observation and assessment of radiographs
Four oral and maxillofacial radiologists randomly 
observed the true size radiographs in a semi-dark 
room on a 17-inch monitor (Dell, Inspiron N65, 
China, KS) with an effective resolution of 1366 
× 768 pixels. The observer-monitor distance was 
20-30 cm. No time limit was set for observation 
of the radiographs. Observers viewed all radio-
graphs and recorded their opinions in a data sheet 
using a five-point Likert scale as follows:
1. Definite absence of secondary caries
2. Probable absence of secondary caries
3. Undetectable 
4. Probable presence of secondary caries
5. Definite presence of secondary caries
Study Protocol
In this study, the radiographs were obtained from 
34 patients (80 periapical radiographs) with class 
III or class IV composite resin restorations. All 
patients underwent visual and tactile (by use of a 
dental explorer) clinical examination under suf-
ficient light in accordance with the conditions set 
forth by the FDA and ADA. Para-clinical results 
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were validated by Golden standard which is the 
direct visual observation and checking the consist-
ency and strength of the cavity walls after removal 
of the restoration (14). Therefore, composite resin 
restorations were removed by use of a high-speed 
handpiece (Bien Air, Swiss made) and a diamond 
bur (Piranha 008, SS WHITE, USA).
Statistical analysis
Diagnostic parameters including the sensitivity, 
specificity, positive predictive value (PPV) and 
negative predictive value (NPV) and accuracy were 
calculated and analyzed. Statistics were computed 
to assess Kappa coefficients.

Results:
According to the data, Intra-observer kappa coef-
ficients were between 0.79 and 0.88 which is an 
indicator of the high accuracy of PSP sensors. Ad-
ditionally, the sensitivity, specificity, PPV and NPV 
values of digital radiography in the detection of sec-
ondary caries have been calculated. The sensitiv-
ity, specificity and accuracy of digital radiography 
were 90%, 77% and 86 %, respectively. Moreover, 
the PPV and NPV value of digital radiography were 
86% and 85%, respectively.

Discussion:
To the best of our knowledge, limited information 
is available regarding the in vivo diagnostic accura-
cy of digital radiography in the detection of second-
ary caries. According to the results of the present 
study, the sensitivity, specificity, PPV and NPV 
and accuracy of intraoral digital radiography in the 
diagnosis of secondary caries adjacent to Class III 
and Class IV composite resin restorations were 90, 
77, 86, 85 and 86%, respectively.
The accuracy of digital radiography in the detection 
of secondary caries is rather controversial. Differ-
ent radiographic systems such as cone beam com-
puted tomography (CBCT), Charge-Coupled De-
vice (CCD) and PSP show different accuracies in 
caries detection.(13) A recent study on the diagnostic 
accuracy of two different resolutions of PSP digi-
tal intraoral receptors in the detection of second-
ary caries, has reported no significant differences 
in sensitivity, specificity, PPV, NPV and accuracy 
of the two resolutions (14). Furthermore, another in 

vitro study has compared the accuracy of digi-
tal and conventional radiography in the detection 
of recurrent caries and has concluded that there 
is no significant difference between digital and 
conventional radiography in the detection of 
recurrent caries. (15) Recently, researchers have 
evaluated the diagnostic accuracy of the reverse 
contrast mode in intraoral digital radiography 
in the detection of proximal dentinal caries. (16) 
Based on their observations, the sensitivity, spec-
ificity, positive predictive value, negative predic-
tive value, and accuracy of intraoral digital ra-
diography were 72.5, 90, 87.2, 76.5 and 80.9%, 
respectively. Whereas these values for the reverse 
contrast mode were 63.1, 89.4, 87.1, 73.5 and 
78.8% respectively, which were lower compared 
to that of the original digital radiograph. Higher 
sensitivity value and similar accuracy value were 
ensued by the technique used in the current study.
An In vitro study on the diagnostic ability of 
visual inspection, film, CCD sensor, PSP sensor 
and CBCT in the detection of proximal caries in 
posterior teeth compared to the gold standard, re-
vealed that the intra-observer kappa coefficients 
calculated for each observer and for each radio-
graphic modality ranged from 0.739 to 0.928. 
(17)Furthermore, inter-observer agreement for all 
modalities equaled 0.63 to 0.81. There was no sig-
nificant difference between the diagnostic ability 
of various techniques in the detection of proxi-
mal caries in posterior teeth. Our results concur 
with the results of the mentioned report. Another 
report concluded that PSP sensor was similar to 
Insight film in the detection of proximal enamel 
caries. The sensitivity, specificity and accuracy of 
Digora white plate were 14, 93 and 59% while 
for Digora blue plate these values equaled 15, 
94, 61%, respectively. (18) The sensitivity and ac-
curacy of the technique used in our study were 
higher compared to the study by Pontual et al. (18)

Recently, the diagnostic ability of PSP plates in 
the detection of proximal caries has been studied 
with direct measurement by stereomicroscope. 
The researchers claimed that PSP plates are ef-
ficient in the diagnosis of proximal caries. (9)The 
difference in observations might be attributed to 
different factors such as difficulty of detection of 
initial caries in enamel surface and/or the use of 
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Conclusions:
It seems that in vivo digital radiography with PSP 
sensors is sufficiently accurate in the detection of 
secondary caries.
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