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ABSTRACT

Objectives: This study aimed to evaluate the detection rate of apical radiolucencies in 
2-dimensional images using cone-beam computed tomography (CBCT) as the reference 
standard, and to determine which factors related to the apical radiolucencies and the teeth 
could influence its detection.
Materials and Methods: The sample consisted of exams of patients who had panoramic 
(PAN) and/or periapical (PERI) radiography and CBCT. The exams were assessed by 2 oral 
radiologists and divided into PAN+CBCT (227 teeth–285 roots) and PERI+CBCT (94 teeth–115 
roots). Radiographic images were evaluated for the presence of apical radiolucency, while 
CBCT images were assessed for presence, size, location, and involvement of the cortical bone 
(thinning, expansion, and destruction). Diagnostic values were obtained for PERI and PAN.
Results: PERI and PAN presented high accuracy (0.83 and 0.77, respectively) and specificity 
(0.89 and 0.91, respectively), but low sensitivity, especially for PAN (0.40 vs. 0.65 of PERI). 
The size of the apical radiolucency was positively correlated with its detection in PERI and 
PAN (p < 0.001). For PAN, apical radiolucencies were 3.93 times more frequently detected 
when related to single-rooted teeth (p = 0.038). The other factors did not influence apical 
radiolucency detection (p > 0.05).
Conclusions: PERI presents slightly better accuracy than PAN for the detection of apical 
radiolucency. The size is the only factor related to radiolucency that influences its detection, 
for both radiographic exams. For PAN, apical radiolucency is most often detected in single-
rooted teeth.

Keywords: Endodontics; Cone-beam computed tomography; Panoramic; Periapical; 
Radiography

INTRODUCTION

Periapical (PERI) and panoramic radiographs (PAN) are routinely indicated by professionals 
as an initial imaging method for the endodontic diagnosis of apical radiolucency (AR), as 
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these modalities can provide information on the progression, regression and/or persistence 
of periapical bone changes resulting from pulp inflammatory processes [1]. However, 
the superposition of anatomical structures is an inherent factor of 2-dimensional (2D) 
examinations that may impair the detection of AR [2].

Three-dimensional (3D) examination, especially cone-beam computed tomography (CBCT), 
is an important tool in endodontic diagnosis since it provides high-quality images and allows 
periapical tissue evaluation without superposition of structures [3]. Despite the advantages 
of radiographic images, as the use of lower radiation dose and lower cost, previous studies 
have shown that CBCT images are superior in the detection of periapical lesions [1,4-7]. 
In addition, several factors may influence radiographic interpretation, as morphological 
variations, surrounding bone density, location and size of periapical lesions [2].

Previous studies suggest the use of a periapical index (PAI) as a scoring method for the 
radiographic assessment of apical periodontitis [2,8-10]. However, due to limitations in 
detecting AR in 2D images and the increasing use of the 3D exams in dentistry, a new 
periapical index based on CBCT images (CBCT-PAI) was developed [1]. This new index 
consists of a 6-level scoring system considering lesion size, expansion, and destruction of 
cortical bone. Thus, the use of the CBCT-PAI supports the reliability of epidemiological 
studies, mainly those that assess the prevalence and severity of periapical lesions [1].

Nevertheless, factors as the tooth location (anterior or posterior region), tooth anatomy 
(multi- or single-rooted teeth), and the presence of thinning of the cortical bone could 
influence the detection of periapical lesions in 2D images, but those have not been 
considered in the CBCT-PAI. As the radiographic detection of AR may be related to these 
tooth and AR characteristics, the knowledge of which factors could contribute to its early 
diagnosis is clinically important for the prognosis of the endodontic treatment.

Therefore, the present study aimed to evaluate the detection rate of the AR in 2D images 
(PAN and PERI) using CBCT images as the reference standard, as well as to investigate which 
factors related to the AR, such as those used in the CBCT-PAI index, thinning of cortical bone 
and tooth characteristics could influence on its detection. The null hypothesis considered 
that the factors under study would not influence the detection of AR.

MATERIALS AND METHODS

Study sample
After approval by the local Research Ethics Committee (protocol No. 91199018.5.0000.5418), 
sets of 2D (PERI and/or PAN) and CBCT exams were retrospectively collected from patients 
referred to the Oral Radiology service of the Department of Oral Diagnosis of the Piracicaba 
Dental School, University of Campinas, Brazil, over a 2-year period. Those patients were 
referred for imaging exams for various indications regardless of the present study (e.g., 
endodontics, surgery, and prosthetic indications). The inclusion criteria consisted of patients 
who underwent PAN and/or PERI, and CBCT within a maximum interval of 15 days, with the 
same regions of interest being visualized in both exams. Fully edentulous patients, presence 
of bone pathologies other than apical pathologies involving the evaluated tooth, and CBCT 
images with low quality for diagnosis (e.g., exams with beam-hardening and motion-related 
artifacts) were excluded.
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PAN images were acquired using the Orthopantomograph OP100D unit (Instrumentarium 
Corp., Tuusula, Finland). PERI images were acquired with the Express digital radiographic 
system (Instrumentarium Corp.) and CBCT images were acquired in the Picasso trio 
unit (E-WOO Technology, Yongin, Korea), with 0.2 mm voxel. Exposure protocols for all 
examinations, as well as the size and location of the field of view (FOV) for CBCT exams, 
varied according to the specific indications for each patient.

After applying the inclusion criteria, the exams were divided into 2 groups (Figure 1): 
PAN+CBCT, composed of panoramic radiographs and CBCT images from the same patients, 
accounting for 227 teeth (285 dental roots); and PERI+CBCT, composed of PERIs and CBCT 
images from the same patients, totaling 94 teeth (115 dental roots). The distribution of the 
teeth by group and dental arch is shown in Table 1.

Image assessment
The teeth that were present in both 2D and 3D imaging modalities (PAN+CBCT or PERI+CBCT) 
were recorded in an Excel spreadsheet (Microsoft Corporation, Redmond, WA, USA) for further 
evaluation by the examiners. For multi-rooted teeth, each root was assessed individually.

Initially, the 2D images (PAN and PERI) were evaluated for the presence or absence of AR 
using the ImageJ software (National Institutes of Health, Bethesda, MD, USA). AR was 
considered present when a well delimited radiolucent image was observed in the periapical 
region, more than 1 mm in width or twice the size of the periodontal ligament space.
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Figure 1. Images of PERI+CBCT and PAN+CBCT groups evaluated. Lower left canine in PERI (A) and CBCT coronal reconstruction (B). An upper right first premolar 
observed in cropped PAN (C) and CBCT sagittal reconstruction (D). Arrows indicate the apical radiolucencies detected in CBCT reconstructions. 
CBCT, cone-beam computed tomography; PAN, panoramic radiograph; PERI, periapical radiograph.

Table 1. Distribution of the study sample according to each image group
Image group Dental arch Region Number of teeth (%)
PERI+CBCT Maxilla Anterior 28 (29.8)

Posterior 19 (20.2)
Mandible Anterior 28 (29.8)

Posterior 19 (20.2)
PAN+CBCT Maxilla Anterior 47 (20.7)

Posterior 63 (27.8)
Mandible Anterior 47 (20.7)

Posterior 70 (30.8)
CBCT, cone-beam computed tomography; PAN, panoramic radiograph; PERI, periapical radiograph.



Subsequently, the CBCT images, which acted as a reference standard, were evaluated using 
OnDemand3D software (Cybermed, Irvine, CA, USA) in a quiet and dimly lightroom. The 
periapical status was assessed according to the modified periapical CBCT-PAI index in which 
the images were analyzed in the buccolingual, mesiodistal and corono-apical dimensions to 
determine the presence and size of the periapical lesions. Score 0 was assigned for healthy 
periapex (periodontal ligament space up to 1 mm) and the scores 1, 2 and 3 for AR with 
diameters of 1 to 2 mm, 2 to 4 mm, > 4 mm, respectively, based on the highest measure 
observed among all the plans [1,11]. The presence of bone cortical expansion and destruction 
were also recorded. In addition, the location of the tooth (anterior/posterior and maxilla/
mandible), if the tooth was single or multi-rooted, and the presence and degree of cortical 
thinning at the AR site were recorded. When present, the degree of cortical thinning was 
classified as mild, moderate or severe thinning when the remaining cortical thickness was 
2/3, 1/2, and 1/4 of the maximum cortical thickness, respectively [12].

The images were evaluated simultaneously by 2 blinded examiners in a darkened 
environment, using a 21-inch LCD monitor with a screen resolution of 1,280 × 1,024. The 
brightness and contrast of the images and the zoom tool could be used at the discretion of 
the examiners.

Statistical analysis
Statistical analysis was performed with SPSS software version 23.0 (SPSS, Inc, Chicago, 
IL, USA). Pearson's χ2 test compared the detection of AR between 2D and 3D imaging 
modalities. Accuracy, sensitivity, specificity, positive and negative predictive values were 
obtained for PERI and PAN images, using CBCT as the reference standard. Binomial logistic 
regression tested which factors related to AR interfere with its detection in 2D images. The 
significance level was set at 0.05.

RESULTS

According to CBCT reference standard (whose detection rate was considered to be 100% in 
data analysis), in the PERI+CBCT and PAN+CBCT groups, AR was present in 22.6% (26 out 
of 115) and 27.4% (78 out of 285) of the dental roots, respectively. Table 2 details the detection 
rate of AR in PERI and PAN compared to CBCT. PERI had a higher detection rate (65.4%, or 
17 out of 26) than PAN images (39.7%, or 31 out of 78) (Figure 2). However, both radiographic 
modalities differed significantly from the CBCT findings (p < 0.001).
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Table 2. Detection of apical radiolucency on PERI and PAN images compared with CBCT images (reference standard)
Variables CBCT p value*

Absence Present Total
PERI

Absence 79 (88.8) 9 (34.6) 88 (76.5) < 0.001
Presence 10 (11.2) 17 (65.4) 27 (23.5)
Total 89 (77.4) 26 (22.6) 115 (100.0)

PAN
Absence 189 (91.3) 47 (60.3) 236 (82.8) < 0.001
Presence 18 (8.7) 31 (39.7) 49 (17.2)
Total 207 (72.6) 78 (27.4) 285 (100.0)

Bold numbers indicate agreement between imaging modalities.
CBCT, cone-beam computed tomography; PAN, panoramic radiograph; PERI, periapical radiograph.
*According to Pearson's χ2 test.



Diagnostic values of the 2D radiographic modalities evaluated are shown in Table 3. Although 
PERI and PAN presented high values of accuracy (0.83 and 0.77, respectively) and specificity 
(0.89 and 0.91, respectively), there was a low sensitivity in the detection of AR, especially for 
PAN images (0.40 vs. 0.65 of PERI). Also, high negative predictive values and low positive 
predictive values were related to both imaging modalities.

Regarding the factors that could influence the detection of AR in 2D images, the binomial 
logistic regression showed that radiolucency size (in all scores) was significantly related to 
its detection in both PERI and PAN radiographs (p < 0.05) (Table 4). In addition, in the PAN 
images, AR has 3.93 times more chances of being detected when they were related to single-
rooted teeth than to multi-rooted teeth (p = 0.038). On the other hand, the factors ‘location’ 
(anterior/posterior and maxilla/mandible), ‘presence and degree of bone cortical thinning,’ 
‘cortical expansion,’ and ‘cortical destruction’ did not influence AR detection in any of the 
radiographic modalities (p > 0.05).

DISCUSSION

The periapical status of a tooth is an important factor to be detected by the clinician to 
advise the patient about treatment options and their success rates [13,14]. It is known that 
radiographic exams may underestimate the detection of periapical lesions when compared 
to CBCT [2,8-10,13,15-17]. Our findings confirm a lower accuracy of PERI (83%) and PAN 
(77%) when compared to CBCT for this diagnostic task. To make it possible to evaluate the 
accuracy of PERI and PAN in detecting AR, we used CBCT as a reference standard since 
no other method could be applied to determine the presence of apical lesions in an in vivo 
study. Therefore, in data analysis, the rate of detection of CBCT was considered 100%. 
Additionally, the present study investigated which morphological factors associated with AR 
could influence its detection in 2D radiographic examinations. According to our results, the 
size of AR was the factor that most influenced its detection for both radiographic modalities 
investigated. For PAN, root morphology was an additional factor that influenced AR 
detection, as in single-rooted tooth there was higher AR detection.
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Figure 2. An apical radiolucency in a multi-rooted tooth that was not detected in PAN (A), but detected in the CBCT sagittal reconstruction, indicated by the arrow 
(B). The arrows are indicating an apical radiolucency detected on both PAN (C) and CBCT sagittal reconstruction (D) of a single-root tooth. 
CBCT, cone-beam computed tomography; PAN, panoramic radiograph.

Table 3. Diagnostic tests of accuracy, sensitivity, specificity, PPV and NPV for PERI and PAN images
Variables Accuracy Sensitivity Specificity PPV NPV
PERI 0.83 0.65 0.89 0.63 0.90
PAN 0.77 0.40 0.91 0.63 0.80
NPV, negative predictive value; PAN, panoramic radiograph; PERI, periapical radiograph; PPV, positive predictive value.



Although imaging exams are indispensable to assess the periapical tissues, the most 
conclusive method to detect apical periodontitis is the histopathological evaluation [18]. 
However, this procedure is invasive and not ethically acceptable for clinical studies. Thus, 
the CBCT evaluation was considered the reference standard, since this imaging modality 
allows a dynamic assessment of the scanned volume in the three dimensions with high 
resolution. A previous ex vivo study investigated the accuracy of PERI and CBCT in apical 
periodontitis detection, using histopathological examination as a reference standard [16]. 
The high diagnostic values (sensitivity, 0.89; specificity, 1.0; area under the receiver operating 
characteristic curve, 0.943; positive predictive value, 1.0; and negative predictive value, 0.81) 
obtained by the CBCT evaluation endorse the choice of this imaging modality as a reference 
standard for clinical studies.

Regarding the methodology, this study investigated the relationship between the factors 
considered in the CBCT-PAI index and the detection of AR in radiographic images. This 
classification system has advantages over the PAI, since it is based on a 3D evaluation, 
allowing precise analysis of AR dimension [1,8]. Moreover, this classification may be 
considered more complex, since it evaluates the presence of sequelae resulting from apical 
periodontitis, such as the expansion of cortical bone and the presence of cortical bone 
destruction. As in a previous study [8], aiming the simplification of this method, in the 
present study it was done an adaptation regarding the lesion size classification, reducing 
from 6 to 4 possible scores for this variable.
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Table 4. Binomial logistic regression detailing the possible factors that influence the detection of apical radiolucency on PERI and PAN images
Variables Estimate SE Wald χ2 p value OR 95% CI (min–max)
PERI

Localization and tooth morphology
Maxillary or mandibular 1.467 0.913 2.581 0.108 4.33 (0.72–25.94)
Anterior or posterior −1.503 1.093 1.89 0.169 0.22 (0.26–1.89)
Single- or multi-rooted 1.051 1.152 0.832 0.362 2.86 (0.29–27.37)

Apical radiolucency size 19.152 < 0.001
Score 1 3.18 1.262 6.352 0.012 24.05 (2.03–285.27)
Score 2 2.377 0.761 9.744 0.002 10.77 (2.42–47.92)
Score 3 3.68 1.393 6.981 0.008 39.64 (2.59–607.44)

Cortical thinning 0.00 1.000
Score 1 42.033 46,176.01 0.00 0.999 - (0.00)
Score 3 62.95 61,218.45 0.00 0.999 - (0.00)

Cortical expansion −20.410 27,670.73 0.00 0.999 0.00 (0.00)
Cortical destruction −20.092 22,732.18 0.00 0.999 0.00 (0.00)

PAN
Localization and tooth morphology

Maxillary or mandibular −0.632 0.383 2.718 0.099 0.53 (0.25–1.13)
Anterior or posterior 0.211 0.855 0.061 0.805 1.24 (0.23–6.59)
Single- or multi-rooted −1.641 0.791 4.3 0.038 3.93 (0.04–0.91)

Apical radiolucency size 9.092 0.028
Score 1 1.495 0.716 4.356 0.037 4.46 (1.1–18.14)
Score 2 2.607 0.886 8.668 0.003 13.6 (2.39–76.92)
Score 3 1.768 0.83 4.538 0.033 5.86 (1.15–29.8)

Cortical thinning 1.114 0.774
Score 1 −0.456 1.281 0.127 0.722 0.63 (0.51–7.81)
Score 2 1.008 1.674 0.362 0.547 2.74 (0.1–72.94)
Score 3 −21.969 17,416.11 0.00 0.999 0.00 (0.00)

Cortical expansion −21.119 22,939.57 0.00 0.999 0.00 (0.00)
Cortical destruction 0.819 1.176 0.485 0.486 2.27 (0.23–22.72)

OR, odds ratio; CI, confidence interval; PAN, panoramic radiograph; PERI, periapical radiograph; SE, standard error.



The present study is novel in evaluating 2 groups of radiographic exams (periapical and/
or panoramic) and CBCT exams of the same patient, both acquired in a short time interval. 
The lower sensitivity found for 2D images was expected due to the inherent limitations of 
the radiographic technique, such as superposition of anatomical structures [8-10,17,19]. 
Another important radiographic limitation is the time-lapse between a bone change and its 
radiographic appearance, since a 30%–50% bone demineralization threshold is required for 
radiographic identification [2,9].

First, we hypothesized that some factors related to the cortical bone (e.g., thinning and 
perforation) could influence the radiographic detection of the AR, as reported in previous 
ex vivo studies [20,21]. However, the main factor that influenced the radiographic detection 
of AR was its size. This might have occurred due to the lower incidence of cases with 
complications related to the integrity of the cortical bone (e.g., thinning and perforation) 
in the vicinity of the periapical regions in the present retrospective study. Additionally, root 
morphology influenced PAN evaluation, since the lesions were more easily detected in single-
rooted teeth. We believe that this result is related to the greater difficulty in the evaluation 
of the periapical region of multi-rooted teeth, especially those located in the maxilla. The 
maxilla region has a large superposition of anatomical structures and higher buccolingual 
bone thickness, which could explain this finding. Previous studies aimed to evaluate the 
diagnostic accuracy of PAN for the detection of apical periodontitis in teeth with and without 
endodontic treatment, using CBCT images as the reference standard [9,10]. Corroborating 
to our hypothesis, the results presented by those authors show that in the posterior maxilla 
there is a lower detection of apical periodontitis when compared to other regions, such as 
canines, premolars, and lower molars [9,10].

As is known, sensitivity and specificity are, respectively, the ability of a test to correctly 
identify those with (true positives) and without (true negatives) the condition evaluated 
(e.g., detection of periapical radiolucency); while the positive and negative predictive values 
represent the probability of the test result being correct, both when the condition tested 
is present (positive predictive value) and when the condition tested is absent (negative 
predictive value). Accuracy, in turn, represents the overall percentage of correct answers of 
the test in relation to the total number of cases. The low sensitivity values and high specificity 
values obtained in the present study suggest that there is an increase in the number of 
false-negatives and true-positives AR detected in the radiographic evaluation. The findings 
obtained by previous studies are in accordance with our results [2,9,16]. On the other hand, 
these previous studies show lower negative predictable value, higher positive predictable 
value, and lower accuracy values when compared to our results, which may be explained by 
the sample composed of a larger number of teeth without the presence of AR (i.e., control). 
Thus, these results are expected due to the greater ability of radiographic exams to detect 
teeth without the presence of an AR.

The present study used a convenience sample from patients that acquired radiographic and 
tomographic exams in a short period between each other. The sample used for this study 
showed a lower incidence of teeth with periapical lesions, as well as complications resulting 
from these injuries (e.g., cortical interruption and expansion). This lower incidence probably 
occurred due the patients had been referred for imaging examination for several reasons, not 
necessarily for endodontic purposes.
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CONCLUSIONS

In conclusion, the 2D images have moderate accuracy in the AR detection, with discrete 
better performance for periapical radiography examination. The main factor that influenced 
the radiographic detection of the AR is the size of the lesion, and larger lesions are easier 
detected in both radiographic examinations (periapical and panoramic radiographies). In 
addition, in panoramic radiography, AR related to single-rooted teeth may be easier detected.
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