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ABSTRACT

Objectives: The aim of the present study was to compare the accuracy of intraoral digital periapical radiography and cone 
beam computed tomography in the detection of periapical radiolucencies in endodontically treated teeth.
Material and Methods: Radiographic images (cone beam computed tomography [CBCT] scans and digital periapical 
radiography [PR] images) from 60 patients, achieved from September 2008 to July 2013, were retrieved from databases of 
the Department of Oral Diseases, Lithuanian University of Health Sciences. Twenty patients met inclusion criteria and were 
selected for further evaluation.
Results: In 20 patients (42.4 [SD 12.1] years, 65% men and 35% women) a total of 35 endodontically treated teeth (1.75 [SD 
0.91]; 27 in maxilla and 8 in mandible) were evaluated. Overall, it was observed a statistical significant difference between 
the number of periapical lesions observed in the CBCT (n = 42) and radiographic (n = 24) examinations (P < 0.05). In molar 
teeth, CBCT identify a significantly higher amount of periapical lesions than with the radiographic method (P < 0.05). There 
were significant differences between CBCT and PR in the mean number of lesions identified per tooth (1.2 vs 0.66, P = 0.03), 
number of teeth with lesions (0.71 vs 0.46, P = 0.03) and number of lesions identified per canal (0.57 vs 0.33, P = 0.005). 
Considering CBCT as “gold standard” in lesion detection with the sensitivity, specificity and accuracy considering as score 1, 
then the same parameters of PR were 0.57, 1 and 0.76 respectively.
Conclusions: Within the limitations of the present study, it can be concluded that cone beam computed tomography  scans 
were more accurate compared to digital periapical radiographs for detecting periapical radiolucencies in endodontically 
treated teeth. The difference was more pronounced in molar teeth.
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INTRODUCTION

Apical periodontitis (AP) is a chronic inflammatory 
disorder of periradicular tissues caused by aetiological 
agents of endodontic origin [1]. Whereas existing AP 
may influence the outcome of root canal treatment, its 
detection and characterisation represents an important 
pre-operative prognostic factor [2,3]. Advanced stage 
AP is characterized by inflammation and changes 
of periapical bone structure, resulting in resorption 
identified as radiolucencies in radiographs [4]. 
Intraoral periapical radiographs (PR) have been 
used for many years to detect AP [5]. However, it 
was shown that periapical lesions may only become 
visible on radiographs when periapical radiolucency 
is reaching nearly 30% – 50% of mineral bone loss 
[6]. Furthermore, surrounding bone density, X-ray 
angulations and contrast [7], tooth location [8] and 
the three- dimensional shape of the lesion [9] can 
affect radiographic detection of periapical lesions. 
When lesions are confined within the cancellous 
bone or covered by a thick cortex, AP could be 
radiographically undetectable because the overlying 
cortical plate may mask the periapical lesion [10,11]. 
Intraoral PR images have inherent limitations 
owing to their two-dimensional view of three-
dimensional structures, which somewhat restricts the 
information regarding size, extension, and location of 
periapical lesions [12]. The lack of three-dimensional 
information and masking of areas of interest by 
overlying anatomy (anatomic noise) are of particular 
relevance in endodontics.
Nowadays, cone beam computed tomography (CBCT) 
has been considered as a gold standard for diagnostic 
procedures in endodontics [13]. Early CBCT scanners 
for dental use were developed by Mozzo et al. 
[14] and Arai et al. [15] in the late 1990s. Recently, 
CBCT has been used to improve the observation of 
bone structures and their relationship with adjacent 
anatomical structures in three dimensions [16]. 
Compared with radiographic images, CBCT has 
the potential to provide more accurate information 
regarding the presence of AP [17-19]. Taking into 
account that CBCT has a better accuracy than PR, it is 
likely to find more cases of AP with the former than to 
conventional radiographic systems [3]. 
Cheung et al. [19] showed that molar teeth are 
the most problematic in terms of radiographic 
interpretation of the presence of AP when using PR, 
because 63% increase in the amount of periapical 
lesions detection was observed using CBCT. Hence, 
the prevalence of AP might be underestimated with 
conventional radiographic analysis. 

The aim of the present study was to compare the 
accuracy of intraoral periapical radiography and 
cone beam computed tomography in the detection of 
periapical radiolucencies of endodontically treated 
teeth.

MATERIAL AND METHODS
Patient selection

This study was approved by the Local Ethics 
Committee of Kaunas, Lithuania. Radiographic 
images (CBCT scans and digital PR images) from 60 
patients, achieved from September 2008 to July 2013, 
were retrieved from databases of the Department 
of Oral Diseases, Lithuanian University of Health 
Sciences. For PR examination, the paralleling 
technique was used in two directions in the horizontal 
plane (mesial and distal angulation) at 70 kV and 
4 mA using a digital radiographic system (Kodak 
RVG 6100; Carestream Health, Rochester, NY, 
USA). Exposure time varied according to the tooth’s 
group (0.11 - 0.19 s). CBCT scans were performed 
with i-CAT scanner (Imaging Sciences International 
Inc., Hatfield, PA; 120 kVp, 3 - 8 mA, 0.2 mm voxel 
resolution, 6 x 16 cm field of view, 26.9 s acquisition 
time). Patients were selected according to the 
following inclusion criteria: 1) two digital radiological 
diagnostic methods (CBCT and PR) carried out within 
a period of one month; 2) the quality of radiographic 
images sufficient for the assessment of the periapical 
status of the teeth; 3) at least one endodontically 
treated tooth present at the first radiographic exam. 
Twenty patients met these criteria and were selected 
for further evaluation. 

Radiographic evaluation

CBCT and digital PR images were analysed 
with i-CAT viewing software (Imaging Sciences 
International, Inc., Hatfield, PA, USA) and 
Kodak dental imaging software version 6.12.11.0 
(Carestream Dental LLC, Atlanta, GA, USA), 
respectively. CBCT images were analysed in the 
sagittal, coronal, and axial planes. The filters were 
set to normal, and only brightness and contrast were 
adjusted. Images were analysed on a 27-inch flat panel 
display screen with a pixel resolution of 2,560 x 1,440 
in a dimly lit room without time restrictions.
A periapical lesion was defined as a radiolucency 
located in the periapical area of the tooth in 
connection with the apical part of the root exceeding 
at least twice the width of the periodontal ligament 
space [20]. For CBCT images, the same criterion 
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was applied, and the radiolucency had to be visible at 
least in two image planes.
The datasets were collected by one investigator 
(endodontist) who did not participate on the 
evaluation of the images. Two previously calibrated 
examiners (both endodontists) scored each image 
separately for the assessment of the presence of 
periapical radiolucencies. Several parameters were 
evaluated: (i) number of root canals per tooth, (ii) 
numbers of lesion per tooth, (iii) number of teeth 
with lesions, (iv) number of lesions per canal. The 
periapical status was scored as 0 and 1 meaning 
absence and presence of lesion, respectively. The 
observers were blinded to the patients’ data. The 
examiners firstly assessed the PR and then the 
CBCT images and results were compared. In case 
of disagreement, the case was discussed and a 
consensus was reached. The overall kappa index for 
inter-observers agreement was calculated by using 
weighted kappa. Intra-observers agreement was not 
examined due to the high kappa values reported in 
previous investigations [13,16,21].

Statistical analysis

Statistical analysis was performed with SPSS version 
19.0 (SPSS, Inc., Chicago, IL, USA). Parametric 
data were expressed as mean and standard deviation 
(M [SD]). Two independent groups of quantitative 
variables for comparison applies to parametric 
Student’s t-test and nonparametric Mann-Whitney 
test, while for more than two groups parametric 
analysis of variance ANOVA and nonparametric tests 
were used. A chi-square test was used to compare the 
accuracy of PR and CBCT in diagnosis of periapical 
lesions. Sensitivity, specificity, positive and negative 
predictive values were calculated on the overall 
number of detected lesions. Kappa values ≤ 0.2 were 
considered poor; 0.21 - 0.4 fair; 0.41 - 0.6 moderate; 
0.61 - 0.8 good and 0.81- 1 very good agreement [22]. 
Significance was set at P-value of 0.05.

RESULTS

In 20 patients (42.4 [12.1] years, 65% men and 35% 
women) a total of 35 endodontically treated teeth 

Table 1. Number of periapical lesion detected in CBCT and periapical examination (sensitivity, 
specificity, positive predictive value [PPV], negative predictive value [NPV], accuracy).

Method
Periapical lesion Sensitivity 

(%)
Specificity 

(%)
PPV 
(%)

NPV 
(%) Accuracy

Presence Absence
PR 24 50 57.1 100 100 64 0.76

CBCT 42 32 100 100 100 100 1

Table 2. PR and CBCT assessment of the endodontically treated 
teeth

Periapical
Mean (SD)

CBCT
Mean (SD) P

All teeth (n = 35)
Number of canals 1.94 (1.08) 2.11 (1.26) N.s.
Number of lesions per tooth 0.66 (0.87) 1.2 (1.18) 0.03a

Number of teeth with lesion 0.46 (0.5) 0.71 (0.46) 0.03a

Number of lesions per canal 0.33 (0.48) 0.57 (0.5) 0.005a

Anterior teeth (n=11)
Number of canals 1 (0) 1 (0) N.s.
Number of lesions per tooth 0.73 (0.47) 0.91 (0.3) N.s.
Number of teeth with lesion 0.73 (0.47) 0.91 (0.3) N.s.
Number of lesions per canal 0.73 (0.47) 0.91 (0.3) N.s.

Premolars teeth (n = 11)
Number of canals 1.36 (0.5) 1.45 (0.52) N.s.
Number of lesions per tooth 0.27 (0.47) 0.55 (0.52) N.s.
Number of teeth with lesion 0.27 (0.47) 0.55 (0.52) N.s.
Number of lesions per canal 0.20 (0.41) 0.38 (0.5) N.s.

Molars teeth (n = 13)
Number of canals 3.23 (0.44) 3.62 (0.51) 0.049a

Number of lesions per tooth 0.92 (1.26) 2 (1.58) N.s.
Number of teeth with lesion 0.38 (0.51) 0.69 (0.48) N.s.
Number of lesions per canal 0.28 (0.45) 0.55 (0.5) 0.008a

aStatisticaly significant, Independent sample test.
SD = standard deviation; n = number of teeth; N.s. = non-significant.

(1.75 [0.91]; 27 in maxilla and 8 in mandible) were 
evaluated. The distribution of the teeth (11 anteriors, 
11 premolars and 13 molars) was equal (P > 0.05). 
The calculated power of the sample was 0.86. The 
kappa indexes for inter-observer agreement were 0.82 
and 0.86 for PR and CBCT images, respectively. 
Overall, it was observed a significant difference 
between the number of periapical lesions observed 
in CBCT (n = 42) and radiographic (n = 24) 
examinations (P < 0.05) (Table 1). In molar teeth, 
CBCT identify a significantly higher amount of 
periapical lesions than with the radiographic method 
(P < 0.05).
Despite no significant difference in the mean number 
of canals was observed between CBCT and PR (2.11 
[1.26] vs 1.94 [1.08], P > 0.05), there were significant 
differences between CBCT and PR in the mean 
number of lesions per tooth (1.2 [1.18] vs 0.66 [0.87], 
P = 0.03), number of teeth with lesions (0.71 [0.46] vs 
0.46 [0.5], P = 0.03) and number of lesions per canal 
(0.57 [0.5] vs 0.33 [0.48], P = 0.005) (Table 2).
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A B

Figure 2. A = CBCT image in a sagittal view showing the presence of 
huge periapical radiolucency on the periapical area of maxillary first 
and second molars. B = digital periapical radiography of the same teeth 
showing a normal aspect of the bone in the periapical area.

Figure 1. A = CBCT image in a sagittal view showing the presence 
of periapical radiolucency on the apical aspect of the mesial root of a 
mandibular first molar. B = digital periapical radiography of the same 
tooth showing a normal aspect of the bone in the periapical area.

No difference was found between methods within 
each group of teeth, except in molars in which CBCT 
identified a higher number of canals (3.62 [0.51] vs 
3.23 [0.44], P = 0.049) and of lesions per canal (0.55 
[0.5] vs 0.28 [0.45], P = 0.008). 
In both methods the mean number of lesions per canal 
in anterior teeth was higher compared with premolar 
and molar teeth (P < 0.03). In CBCT evaluation more 
lesions per tooth was found in molars than in the other 
groups of teeth (P = 0.014).
Considering CBCT as “gold standard” in lesion 
detection with the sensitivity, specificity and accuracy 
considering as score 1, the same parameters of PR 
were 0.57, 1 and 0.76 respectively (Table 1).

DISCUSSION 

Detection and characterisation of AP represents 
an important pre-operative prognostic factor for 
the root canal treatment [2,3]. Advanced stage AP 
and the evaluation of the endodontic treatment are 
easily identified with conventional radiographic 
methods such as intraoral PR. Though PR still 
remain as the best routinely employed method 
for the evaluation of the periapical status of teeth, 
diagnosis, and treatment planning, it has several 
limitations: such as the presence of anatomical 
noise, the two-dimensionality and geometric 
distortion [3,16]. Gao et al. [9] mentioned that PR 
limitations are most expressed in the assessment of 
molar teeth. The apical region of maxillary molars 
is often overlapped with the image of the radio-
dense zygomatic process. Similarly, the cortical 
plate of the mandible can make the identification 
of small, developing lesion unpredictable [9] 
(Figure 1). It is interesting to know that even 
image enhancement did not increase diagnostic 
accuracy [23,24]. Furthermore, Barbat and 
Messer [24] observed a large inter-observer 
variation for both film and digital radiographs. 
Clinically, CBCT images provide more relevant 
information than periapical images and eliminate 
the superimposition of anatomical structures 
[25,26], which is useful to identify pathological 
processes occurring within the cancellous bone 
[3] (Figure 2). It is established that during the 
evaluation of radiographic methods, the reference 
method is either post-mortem study or biopsy on 
surgical intervention [27]. In a study by Velvart et 
al. [12], all 78 CBCT-scanned human periapical 
lesions were confirmed to be true bone defects 
during periapical surgery. Otherwise, clinical 
documentation of the diagnostic accuracy of CBCT 

is lacking.
Taking into account the importance of the reliability 
of the method for detection of AP, the present study 
was performed to compare the accuracy of digital 
PR and CBCT scans in detecting of periapical 
radiolucencies in endodontically treated teeth. Results 
revealed very good inter-observers agreement for 
both PR and CBCT diagnostic methods. Overall there 
were identified 42 lesions by means of CBCT and 24 
lesions using PR (57.1% increase) (Table 1). This is 
in accordance with Cheung et al. [19], which reported 
63% increase in the amount of periapical lesions 
detected with CBCT. 
In present study, CBCT diagnostic method was 
superior in identifying root canals in molar teeth 
(P = 0.049). The number of periapical lesions for 
molars per tooth detected using PR was 0.92 (1.26) 

A B
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versus 2 (1.58) with CBCT. This is in agreement 
with Cheung et al. [19] who observed 0.95 (1.08) 
and 1.55 (1.18) lesions in molars, detect by CBCT 
and PR, respectively. In contrast, there was no 
difference between both examination methods related 
to the detection of periapical lesions in anterior and 
premolar teeth. 
Existing AP may influence the outcome of root canal 
treatment [28], thus it is important to diagnose AP 
lesions using the best method available and our study 
showed that in molar teeth more than one lesion was 
observed per tooth (2 [1.58]). This is in agreement 
with clinical studies that suggested that radiological 
findings obtained from CBCT may represent the 
“true” status of the periapical tissues [16,29,30]. 
Even in a study that used histopathological findings 
as “gold standard”, CBCT scans were more sensitive 
in detecting AP compared with orthopantomograms, 
which were more likely to miss AP when it was 
present [10]. 
Liang et al. [31] reported sensitivity, specificity, and 
accuracy values for CBCT were 1 and, for PR, 0.64, 
1, and 0.79, respectively in artificially created lesions. 
Paula-Silva et al. [32] reported accuracy values for 
CBCT and PR of 0.92 and 0.78, respectively, when 
histopathological findings were considered as gold 
standard, which is similar to our findings. Other in 
vitro studies have also showed the superiority of 
CBCT images over conventional radiography in 
diagnosing endodontic treatment complications such 
as vertical root fracture [33,34], root perforation [35] 
and resorption [17,36].
The drawbacks of CBCT include cost, lack of clinical 
documentation of the diagnostic accuracy and a 
potentially higher radiation dose, depending on the 
equipment and the field of view (FOV) used [27].  

Radiation dose of the CBCT machines must be kept 
as low as possible. In order to reduce radiation dosage 
with CBCT a smaller field of view less projections 
(180°) and a bigger voxel sizes could be used [37,38].
The major drawback of this study is that the true 
status of the periapical tissues was not be confirmed. 
Besides, PR exam was not performed by the same 
operator and even using the parallel technique, slight 
differences on the image might happen. Additionally, 
radiographic visible bone lesion is usually larger 
than that depicted by the radiological image; 
consequently, the extension of bone destruction is 
certainly important [39]. It is well known that taking 
radiographs in different projections increases the 
possibility of a correct diagnosis compared with a 
single radiograph [40].

CONCLUSIONS

Within the limitations of the present study, it can be 
concluded that cone beam computed tomography 
scans were more accurate compared to digital 
periapical radiographs for detecting periapical 
radiolucencies in endodontically treated teeth. The 
difference was more pronounced in molar teeth. Cone 
beam computed tomography can be introduced in to 
diagnostic procedures especially when dealing with 
the molar teeth.
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