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ABSTRACT 
INTRODUCTION: The aim was to evaluate the diagnostic agreement of apical radiolucent lesions in the maxillary premolars between 
panoramic radiography (PAN) and periapical radiography (PAR) and to examine the effect of PAN image quality on diagnostic 
agreement. 
METHODS: Ninety patients who had PAN and PAR (XMind DC, Satelec Acteon, France; 70kVp, 8mA, 0.32 s) including all or part of 
the maxillary premolar teeth were included. The maxillary posterior crown region was masked on the panoramic radiography to avoid 
bias. 2 observers were asked to score the maxillary premolar teeth on radiographs as no lesion (0), lesion present (1), and no tooth 
(2). Observers were asked to evaluate PANs and classify them according to the diagnostic quality. Intra-observer and interobserver 
agreement were statistically evaluated using Cohen's kappa test. 
RESULTS: The sensitivity, precision, and F1 score for interobserver agreement regarding the presence of a lesion (score 1) in the 
first premolar were lower in PAN compared to PAR. Additionally, the sensitivity, precision, and F1 score for lesions in all premolars 
were lower in the low PAN quality group compared to the high PAN quality group. 
CONCLUSION: PAN quality can have an impact on the diagnostic accuracy of apical radiolucent lesions in the maxillary premolars.  
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ÖZ 
GİRİŞ ve AMAÇ: Amaç, maksiller premolarlardaki apikal radyolusent lezyonların panoramik radyografi (PAN) ile periapikal radyografi 
(PAR) arasındaki tanı uyumunu değerlendirmek ve PAN görüntü kalitesinin tanı uyumuna olan etkisini incelemektir. 
YÖNTEM ve GEREÇLER: Çalışmaya, maksiller premolar dişlerinin tamamını veya bir kısmını içeren PAN (73 kVp, 10 mA, 13.5s 
tarama süresi; PCH 2500, Vatech, South Korea) ve PAR'a (XMind DC, Satelec Acteon, France; 70kVp, 8mA, 0.32 s) sahip 90 hasta 
dahil edildi. Önyargıdan kaçınmak için maksiller posterior kron bölgesi PAN'da sansürlendi. 2 gözlemciden radyografilerde maksiller 
premolar dişleri lezyon yok (0), lezyon mevcut (1) ve diş yok (2) olarak puanlamaları istendi. PAN kalitesi dört grupta sınıflandırıldı: 
ideal görüntü (seviye 1; 81-100), yeterli görüntü (seviye 2; 61-80), zayıf ancak tanısal görüntü (seviye 3; 41-60) ve tanı için çok zayıf 
ve tekrarlanması önerilen görüntü (seviye 4; 0-40). Gözlemcilerden PAN'ları değerlendirmeleri ve bunları tanı kalitesine göre 
sınıflandırmaları istendi. Gözlemci içi ve gözlemciler arası uyum, istatistiksel olarak Cohen'in kappa testi ile değerlendirildi. 
BULGULAR: PAN'da birinci premolarda lezyonun (skor 1) varlığı için gözlemciler arası uyumun duyarlılığı, kesinliği ve F1 skoru 
PAR'dan daha düşüktü. Düşük PAN kalitesine sahip gruptaki tüm premolarlarda skor 1 için duyarlılık, kesinlik ve F1 skoru yüksek 
PAN kalitesine sahip gruptan daha düşüktü. 
SONUÇ: PAN kalitesi, maksiller premolarlardaki apikal radyolusent lezyonların tanısal doğruluğunu etkileyebilir. 
Anahtar Kelimeler: Dental granülom, Dental radyografi, Panoramik radyografi, Periapikal granülom, Premolar 
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INTRODUCTION 

Intraoral radiographs (IO) are considered superior to 
panoramic radiography (PAN) in diagnosing minor 
pathologies such as approximal caries and apical 
lesions.1-5 In order to increase the proximal caries 
diagnostic accuracy of PAN, bite-wing radiography 
feature is added to digital PAN device software or 
tomosynthesis is utilized.2,6 The failure of PAN 
compared to periapical radiography (PAR) in the 
diagnosis of apical lesions, especially in the maxillary 
posterior teeth, is associated with the superposition of 
anatomical structures in the maxilla.7 On the other hand, 
it is stated that PAN is more successful than PAR in 
imaging the apical position of maxillary second and third 
molars,8 and there may not be a significant difference 
between PAN and PAR in the diagnosis of periapical 
pathologies,9 depending on the observer. In addition, 
although it is superior to PAN, it is noted that IO is not 
sensitive enough to detect associated lesions at an early 
stage.6,10 

PAN has the important advantage of showing both 
jaws, TMJ, maxillary sinus and all teeth in the dental arch 
with a single image and is therefore routinely used in 
today's dental practice.3,5 PAN is used in the detection of 
many pathologies and anatomical landmarks especially 
in artificial intelligence (AI)-based diagnostic 
applications, which have recently become widespread, as 
it provides a very large area to be displayed for the 
maxillofacial region.11-13 

In the last few years, it is seen that the diagnostic 
accuracy is at a high level in AI-based diagnostic 
applications with PAN. However, emphasis is placed on 
standardizing the data used to increase diagnostic 
accuracy.11,14 A study showing that the diagnostic 
accuracy decreases when deep learning models obtained 
from dental radiological data of different institutions are 
tested with each other, supports the idea that the 
databases that form the basis of AI applications should be 
standardized.15 Observer interpretation plays a crucial 
role in standardizing PAN data quality. In addition, it can 
be said that one of the first and most important steps in 
PAN standardization is PAN image quality.2,11,16 

There are scales developed to assess whether PANs 
are adequate for diagnosis.16 In this way, it is tried to be 
a guide in which PANs meet the standard conditions in 
terms of diagnostic image quality and when imaging 
should be repeated. The main reasons that reduce the 
diagnostic quality in PAN are motion artifact, presence 
of metallic foreign objects, patient positioning errors, 
certain landmarks not in the correct localization in PAN, 
and the focal trough not compatible with the dental 
arch.16 

Effect of PAN image quality on the diagnostic 
accuracy in the detection of various pathologies has 
gained importance especially with the increase in AI 

applications. This retrospective study aimed to assess the 
diagnostic agreement of PAN and PAR for detecting 
apical radiolucent lesions in maxillary premolars and to 
evaluate how PAN image quality impacts diagnostic 
accuracy. 

 
MATERIALS AND METHODS 

Ethics committee approval was received for this study 
from Karamanoglu Mehmetbey University Faculty of 
Medicine Clinical Research Ethics Committee (03-
2023/14). Written consent was obtained from the patients 
whose retrospective data were included in the study, that 
their data could be used on condition that their identities 
and personal data remain confidential. 

Sample Size 

The sample size calculation aimed to ensure adequate 
power to assess observer agreement. Based on McHugh's 
classification,17 a sample size of 70 was required to 
achieve 80% power (K0 = 0.80, K1 = 0.60, α = 0.05). 
With 90 patients included, the achieved power for the 
study was 87.49% (two-sided hypothesis).18 Power 
analyses were performed using PASS 11 software 
(NCSS, LLC., USA). 

Patient selection 

Patients who applied to Karamanoglu Mehmetbey 
University Faculty of Dentistry between December 2021 
and December 2022 over 18 years of age and have taken 
on the same day both PAN (90 patients; 46 female, 44 
male; mean age: 42.2, age range: 18-75) and PAR (189 
teeth; 91 first premolars, 98 second premolars; 10 
patients 37 teeth bilateral, 80 patients 152 teeth 
unilateral) were included in the study. Those with 
orthodontic brackets, implants in the maxillary posterior 
region, impacted teeth, or those with a specific 
lesion/condition (such as odontoma, non-odontogenic 
cyst, sinus lifting graft) were not included in the study as 
it may cause bias in the observers. Since it is the main 
subject of the study, no elimination criteria were applied 
for situations that could negatively affect the PAN image 
quality. 

PAN assessment 

PANs (73 kVp, 10 mA, 13.5s scan time; PCH 2500, 
Vatech, South Korea) were evaluated in a standard 
observation room by observing 30 cm from the WLCD 
screen (HP Pavilion 2211x Monitor, 21.5-inch screen 
size and 1920 × 1080 resolution). To prevent cognitive 
bias, the crowns of maxillary posterior teeth were masked 
using Windows Paint (Microsoft, USA) before 
assessment (Figure 1a-2a-3a). In each PAN, a total of 4 
maxillary premolar teeth were scored as no lesion (score 
0), radiolucent lesion present (score 1), and no tooth 
(score 2).  
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Figure 1. A 22-year-old female patient. Left maxillary first premolar scored 2 in one observation with PAN (a). For the same tooth, 
0 was scored in all 4 observations with PAR. Note the radiolucent region on the mesial root surface in the PAR of this tooth (c). 
Observers included the unmasked version of this PAN in Level 3 in terms of image quality. Note the motion artifact on the left side (b). 
 
 

 
Figure 2. 56-year-old female patient. Left maxillary second premolar scored 2 in two observations with PAN (a). For the same 
tooth, 0 was scored in all 4 observations with PAR. While the left maxillary first premolar was scored as 0 in 4 observations with 
PAN, the score was 1 in 4 observations with PAR (c). Observers included the unmasked version of this PAN in Level 3 in terms 
of image quality. Note that the left ramus appears wider due to the midline positioning error (b). 
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Figure 3. 41-year-old male patient. Left maxillary first premolar scored 2 in one observation with PAN (a). For the same tooth, 0 
was scored in all 4 observations with PAR. PAR was taken due to root canal treatment of the left maxillary first molar. Both left 
premolars were only visible on the final radiography (c). Observers included the unmasked version of this PAN in Level 2 in terms 
of image quality (b). 

 
PAR assessment 

The PAR assessment was performed after the PAN 
assessment. PARs were taken by radiology technician (8 
years’ experience in oral radiology) with a wall-mounted 
periapical device (XMind DC, Satelec Acteon, France; 
70kVp, 8mA, 0.32 s) and a phosphor plate (Dürr Dental, 
Germany) and visualized with a phosphor plate scanner 
(VistaScan, Dürr Dental, Germany). The same screen, 
the same distance and the same standard observation 
room were selected as in the PAN assessment. Each PAR 
was scored as no lesion (score 0), radiolucent lesion 
present (score 1), and no tooth (score 2), while premolars 
that did not imaged into the PAR region were not 
included in the study data. No classification for apical 
radiolucent lesion size was used. Observers were 
informed that the apical enlargement of the periodontal 
ligament should be evaluated as a score of 0. 

PAN quality classification 

The study of Choi et al. in 2012 was based on the 
PAN quality classification.16 According to this 
classification, each PAN is scored between 0 and 100 (0 
worst, 100 perfect). Of the total score, 8  are 
identification/information (gender, age, right/left marker, 
date), 6 are artifact/shadow (jewelry, dental prosthesis, 
unidentified foreign body), 8 are coverage (location and 
visibility of condyles, orbital inferior, and mandible 
inferior), 30 are patient position (midline location, 
occlusal plane location, artifact from patient movement, 
superposition of hyoid bone with mandible, 

anteroposterior location associated with bite plane), 38 
are image properties (resolution, brightness, density and 
contrast) and 6 are overall image quality scoring (ideal, 
acceptable, poor but acceptable, very poor). According to 
the total score obtained, PAN quality is classified into 
four groups: ideal image (level 1; 81-100), adequate 
image (level 2; 61-80), poor but diagnostic image (level 
3; 41-60), and very weak to diagnosis and recommended 
to be repeated image (level 4; 0-40). 

Observers & the observation process 

Two observers (SCO, 7 years’ experience in oral 
radiology; SS, 6 years’ experience in oral radiology) 
were designated for the PAN and PAR assessment and 
PAN quality classification. Both PAN and PAR 
assessments were made blindly and in an irregular order 
with observers independent of each other. Observers 
made their scoring twice, repeating all of them one month 
interval. One month after all scoring was completed, two 
observers evaluated the unmasked PANs together and 
determined the PAN image quality by consensus. 

Statistical analysis 

Statistical analyzes were evaluated using the IBM 
Statistical Package for Social Sciences 25.0 (SPSS, 
Chicago, IL) program. Descriptive statistics for 
continuous variables are presented as means (±standard 
deviation) or medians (Q1-Q3). Normality was assessed 
with the Shapiro-Wilk test, and parametric or non-
parametric tests were applied accordingly. Interobserver 
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agreement was determined by Cohen's Kappa Test. 
McHugh's classification was used to determine the 
Cohen's Kappa Test compliance levels.17 In addition, 
multiclass confusion matrix values (sensitivity, 
specificity, precision, F1 score, etc.) were used to detail 
the interobserver agreement. Relationships and 
comparisons between categorical variables were 
calculated by chi-square analysis. Due to the minimum 
expected frequency percentage in PAN quality grouping, 
appropriate group aggregation (level 1+2 and level 3+4) 
was made. Correlation heatmap plots were created using 
the Python 3.7.9 (Delaware, USA) software program. 
Statistical significance level was accepted as p<0.05. 

 

RESULTS 

Interobserver agreement of the first and second 
premolars separately is shown in Table 2. In the first 
premolars for PAN, the score 1 kappa coefficient was 
0.59-0.60 for sensitivity, precision and F1 score, with 
poor-moderate agreement, 0.95-0.96 for specificity, with 
almost perfect agreement. For PAN, the score 1 kappa 
coefficient in second premolars was 0.64-0.69, 0.67-0.73 
and 0.65-0.71 for sensitivity, precision and F1 score, 
respectively, with moderate agreement. All score kappa 

coefficients for the first premolars for PAR were 0.97-
1.00, 0.73-1.00, 0.79-1.00 and 0.84-1.00 for sensitivity, 
precision, specificity and F1 score, respectively, with a 
strong-almost perfect agreement. In the second premolars 
for PAR, all score kappa coefficients for sensitivity, 
precision, specificity and F1 score were between 0.81-
1.00, 0.60-1.00, 0.75-1.00 and 0.72-1.00, respectively, 
with strong agreement. 

Intra-observer agreement for PAN and PAR is shown 
in Table 1. Kappa values between 0.84-1.00 and 0.76-
1.00 were obtained for sensitivity and specificity, 
respectively. Overall accuracy was found to be between 
93-95%. A strong level of agreement was found with the 
Cohen's Kappa coefficient between 0.83-0.86. 

Interobserver agreement of all premolars is shown in 
Table 3. Overall accuracy for PAN is between 90-92% 
and for PAR it is 94-95%. Kappa coefficients were 0.76-
0.80 (strong agreement) and 0.83-0.86 (strong 
agreement) for PAN and PAR, respectively. 

Table 4 presents diagnostic accuracy comparisons 
based on PAN image quality. For cases with poor image 
quality, score 1 yielded a Kappa coefficient of 0.55 
(sensitivity), 0.44 (precision), and 0.49 (F1 score), 
indicating poor agreement, with specificity at 0.97 
(almost perfect agreement).

Table 1. Interobserver agreement (first and second premolars separately) for PAN and PAR 

First Premolar 
PAN PAR 

Time 1 Time 2 Time 1 Time 2 
0 1 2 0 1 2 0 1 2 0 1 2 

TP 129 12 20 133 10 21 76 10 3 77 8 3 
TN 32 152 157 31 156 157 13 79 88 11 80 88 
FP 8 8 3 9 7 0 2 0 0 3 0 0 
FN 11 8 0 7 7 2 0 2 0 0 3 0 

Sensitivity 0,94 0,60 0,87 0,94 0,59 1,00 0,97 1,00 1,00 0,96 1,00 1,00 
Precision 0,92 0,60 1,0 0,95 0,59 0,91 1,00 0,83 1,00 1,00 0,73 1,00 
Specificity 0,80 0,95 0,98 0,78 0,96 1,00 0,87 1,00 1,00 0,79 1,00 1,00 
F1 Score 0,93 0,60 0,93 0,94 0,59 0,95 0,99 0,91 1,00 0,98 0,84 1,00 

 Overall Accuracy   89,44% 91,11% 97,80% 96,70% 
Cohen’s Kappa coefficient 0,723*** 0,755*** 0,918*** 0,865*** 

Second Premolar 
PAN PAR 

Time 1 Time 2 Time 1 Time 2 
0 1 2 0 1 2 0 1 2 0 1 2 

TP 124 14 26 132 11 26 69 13 9 73 9 9 
TN 40 151 153 37 160 152 22 78 89 18 82 89 
FP 8 8 0 4 5 2 4 3 0 6 1 0 
FN 8 7 1 7 4 0 3 4 0 1 6 0 

Sensitivity  0,94 0,64 1,00 0,97 0,69 0,93 0,95 0,81 1,00 0,92 0,90 1,00 
Precision  0,94 0,67 0,96 0,95 0,73 1,00 0,96 0,76 1,00 0,99 0,60 1,00 

Specificity  0,83 0,94 1,00 0,90 0,97 0,99 0,85 0,96 1,00 0,75 0,99 1,00 
F1 Score 0,94 0,65 0,98 0,96 0,71 0,96 0,95 0,79 1,00 0,95 0,72 1,00 

Overall Accuracy   91,11% 93,89% 92,86% 92,86% 
Cohen’s Kappa coefficient 0,791*** 0,842*** 0,828*** 0,806*** 

TP: True Positive; TN: True Negative; FP: False Positive; FN: False Negative; Overall Accuracy; PAN: Panoramic Radiography; PAR: 
Periapical Radiography; Score 0: No lesion; Score 1: Radiolusent lesion; Score 2: No tooth; *** p<0,001 (Cohen's Kappa coefficient) 
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Table 2. Intra-observer agreement (inter-time) for PAN and PAR  

All Teeth 
PAN PAR 

Observer SS Observer SCO Observer SS Observer SCO 
0 1 2 0 1 2 0 1 2 0 1 2 

TP 264 27 46 263 30 46 145 23 12 150 17 12 
TN 73 314 310 76 315 308 35 157 177 29 162 177 
FP 15 5 3 15 3 3 6 3 0 9 1 0 
FN 8 14 1 6 12 3 3 6 0 1 9 0 

Sensitivity 0,95 0,84 0,94 0,95 0,91 0,94 0,96 0,88 1,00 0,94 0,94 1,00 
Precision 0,97 0,66 0,98 0,98 0,71 0,94 0,98 0,79 1,00 0,99 0,65 1,00 

Specificity 0,83 0,98 0,99 0,84 0,99 0,99 0,85 0,98 1,00 0,76 0,99 1,00 
F1 Score 0,96 0,74 0,96 0,96 0,80 0,94 0,97 0,84 1,00 0,97 0,77 1,00 

Overall Accuracy 93,61% 94,17% 95,24% 94,71% 
Cohen’s Kappa coefficient 0,835*** 0,852*** 0,864*** 0,830*** 

TP: True Positive; TN: True Negative; FP: False Positive; FN: False Negative; Overall Accuracy; PAN: Panoramic Radiography; PAR: 
Periapical Radiography; Score 0: No lesion; Score 1: Radiolusent lesion; Score 2: No tooth; *** p<0,001 (Cohen's Kappa coefficient) 
 
 
 

Table 3. Interobserver agreement (all teeth together) for PAN and PAR 

All Teeth 
PAN PAR 

Time 1 Time 2 Time 1 Time 2 
0 1 2 0 1 2 0 1 2 0 1 2 

TP 253 26 46 265 21 47 145 23 12 150 17 12 
TN 72 303 310 68 316 309 35 157 177 29 162 177 
FP 16 16 3 13 12 2 6 3 0 9 1 0 
FN 19 15 1 14 11 2 3 6 0 1 9 0 

Sensitivity 0,94 0,62 0,94 0,95 0,64 0,96 0,96 0,88 1,00 0,94 0,94 1,00 
Precision 0,93 0,63 0,98 0,95 0,66 0,96 0,98 0,79 1,00 0,99 0,65 1,00 
Specificity 0,82 0,95 0,99 0,84 0,96 0,99 0,85 0,98 1,00 0,76 0,99 1,00 
F1 Score 0,94 0,63 0,96 0,95 0,65 0,96 0,97 0,84 1,00 0,97 0,77 1,00 

Overall Accuracy  90,28% 92,5% 95,24% 94,71% 
Cohen’s Kappa coefficient 0,760*** 0,800*** 0,864*** 0,830*** 

TP: True Positive; TN: True Negative; FP: False Positive; FN: False Negative; Overall Accuracy; PAN: Panoramic Radiography; PAR: 
Periapical Radiography; Score 0: No lesion; Score 1: Radiolusent lesion; Score 2: No tooth; *** p<0,001 (Cohen's Kappa coefficient) 
 

DISCUSSION 

The low interobserver agreement and low sensitivity 
for PAN in the presence of lesions (score 1) indicates that 
PAN is less successful in diagnosing apical radiolucent 
lesions in the maxilla premolars than PAR (Table 1 and 
3). In the present study, it was found that sensitivity was 
lower than specificity in the diagnosis of apical lesions 
with both PAN and PAR, which is consistent with the 
literature.7,8,10,19,20 In the diagnosis of radiolucent lesion 
with PAR, the sensitivity for the second premolar was 
lower than for the first premolar (Table 1). This may be 
because the second premolars are more likely to be in 
superposition with anatomical landmarks and in close 
proximity to the maxillary sinus.7,8 In a diagnostic study 
with PAN with eye tracking, it was stated that lesions 
localized in the maxillary sinus were more frequently 
missed.21 It is also stated that the diagnosis with PAR 
may be restricted when the lesion size is small.10 In this 
retrospective study, a classification related to lesion size 
was not used for PAR and the lesion sizes of the first and 
second premolars were not standardized. Therefore, in 
the scenario where the lesions on the first premolars were 
larger in size, they might have been detected by the 
observers with higher agreement. Although it was not 

statistically significant in the diagnosis of radiolucent 
lesion with PAN, the sensitivity of the first premolars was 
lower than the second premolars. This may be since the 
first premolars are more closely related to the fossa 
canina than the second premolars and are more likely to 
be out of the focal trough. 

It is seen that in most of the studies in which PAN is 
used for AI applications, no information is given about 
the image quality of the PAN included in the study for 
modeling,7,22,23 or that insufficient and non-standardized 
criteria (such as good visualization, clear image) are 
used.5,13,24,25 This situation suggests that although the 
necessity of PAN standardization for deep learning 
models has been emphasized in some studies,26,27 the 
issue of PAN image quality, which should be 
standardized first, has been ignored. As a first step to 
achieve PAN standardization, it can be planned to 
classify PAN image quality and to include PANs that can 
meet a certain quality level in AI models. The results of 
in the present study showed that the statistical diagnostic 
accuracy of maxillary premolar apical radiolucent lesions 
in PANs with high image quality is slightly higher than 
in PANs with low image quality. In addition, it was 
determined that sensitivity, precision and F1 scores were 
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lower in PANs with low image quality compared to 
PANs with high image quality, especially in score 1 
(Table 4). There was not statistically and clinically 

significant difference in diagnostic agreement between 
groups separated by PAN image quality. 

 

Table 4. Interobserver agreement in the effect of PAR image quality on diagnostic accuracy 

Time 1 
Panoramic Radiography Image Quality 

High Low 
0 1 2 0 1 2 

TP 159 20 18 94 6 28 
TN 38 180 195 34 123 115 
FP 7 9 3 9 7 0 
FN 12 7 0 7 8 1 

Sensitivity 0,96 0,69 0,86 0,91 0,46 1,00 
Precision 0,93 0,74 1,00 0,93 0,43 0,97 

Specificity 0,84 0,95 0,98 0,79 0,95 1,00 
F1 Score 0,94 0,71 0,92 0,92 0,44 0,98 

Overall Accuracy 91,20% 88,89% 
Cohen’s Kappa coefficient 0,760*** 0,753*** 

Time 2 
Panoramic Radiography Image Quality 

High Low 
0 1 2 0 1 2 

TP 165 16 19 100 5 28 
TN 35 185 196 33 131 113 
FP 6 10 0 7 2 2 
FN 10 5 1 4 6 1 

Sensitivity 0,96 0,62 1,00 0,93 0,71 0,93 
Precision 0,94 0,76 0,95 0,96 0,45 0,97 

Specificity 0,85 0,95 1,00 0,83 0,98 0,98 
F1 Score 0,95 0,68 0,97 0,95 0,56 0,95 

Overall Accuracy 92,59% 92,36% 
Cohen’s Kappa coefficient 0,781*** 0,817*** 

All Teeth 
Panoramic Radiography Image Quality 

High Low 
0 1 2 0 1 2 

TP 324 36 37 194 11 56 
TN 73 365 391 67 254 228 
FP 13 19 3 16 9 2 
FN 22 12 1 11 14 2 

Sensitivity 0,96 0,65 0,93 0,92 0,55 0,97 
Precision 0,94 0,75 0,97 0,95 0,44 0,97 

Specificity 0,85 0,95 0,99 0,81 0,97 0,99 
F1 Score 0,95 0,70 0,95 0,93 0,49 0,97 

Overall Accuracy 91,90% 90,63% 
Cohen’s Kappa coefficient 0,770*** 0,784*** 

TP: True Positive; TN: True Negative; FP: False Positive; FN: False Negative; Overall Accuracy; Score 0: No lesion; Score 1: Radiolusent 
lesion; Score 2: No tooth; *** p<0,001 (Cohen's Kappa coefficient) 
 

In studies comparing the diagnostic accuracy of 
radiographic techniques, the number and competence 
(such as being an oral radiologist and experience) of 
observers is an important indicator for the reliability of 
the findings. The use of one,6,28 two,7,29 three2,26 or 
more20,30 observers to provide a criterion close to the gold 
standard in diagnostic accuracy studies like present study 
shows that there is no standard in the number of observers 
and that the researchers determine the number of 
observers in accordance with their own conditions. The 
results of present study are compatible with the literature. 
Therefore, it can be said that the fact that only two 

observers were used in present study did not adversely 
affect the reliability of the study data. Despite her/his 
expertise in oral radiology and many years of experience, 
it should not be denied that there are many factors that 
influence an observer's diagnostic decisions. Therefore, 
it can be predicted that in the future, new criteria aiming 
to optimize visual perception (such as eye rest time and 
mood markers) may be added to the observer 
competences (such as number, expertise, and experience) 
determined in studies planned to increase the diagnostic 
accuracy. Therefore, in addition to numerical criteria 
such as years of experience and number of observers, 
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qualitative criteria such as instantaneous performance 
measurements also affect the results, and qualitative 
performance criteria need to be standardized. 

The most important limitation of present study is that 
histopathology was not used as the gold standard. This 
limitation can be excused due to the nature of the cases 
where the biological objects used in retrospective studies 
are not converted into ex-vivo material.14,31 Another 
limitation of the inability to use histopathology as the 
gold standard was that only premolar teeth were included 
in the study. Molar teeth may be in close proximity to 
radiopaque anatomical landmarks such as the zygomatic 
arch and the floor of the maxillary sinus. Only premolars 
were included in this study since the superposition of 
their roots in the buccolingual direction is more 
confusing and the study8 in the literature claiming that 
PAN may be superior to PAR in the diagnosis accuracy 
of apical radiolucent lesions in maxillary second and 
third molars. Since it is a retrospective study, the fact that 
the observers did not have information about the clinical 
history of the patients whose radiographs were used can 
be shown as a limitation. However, this turned into an 
advantage in present study as it prevented the bias of the 
observers. Because the aim of this study was to observe 
how observers make decisions when comparing different 
radiography techniques by simply making observations. 
It can be said that observer agreement is used as the gold 
standard, as in similar studies in the literature.2,20,26 The 
compatibility of our findings with the literature in line 
with the expectations suggests that the subjective 
decisions of the observers can be trusted. Nevertheless, 
as the gold standard, histopathology is a more realistic 
and appropriate choice than observers regardless of 
number. 

The classification model used for image quality in 
present study presents four different subgroups for 
PAN.16 Since the data included in the study were 
concentrated under two subgroups (scores 2 and 3) 
according to the PAN quality classification, they had to 

be grouped under two groups as high and low 
classification. Further studies can be planned to include 
more PANs to reveal how diagnostic accuracy is affected 
for each sub-heading of the present classification. It can 
be predicted that the findings obtained from the two main 
subgroups formed in present study on diagnostic 
accuracy will contribute to the literature and similar 
studies to be planned in the future. Finally, the effect of 
only maxillary premolar apical radiolucent lesions on 
diagnostic accuracy was evaluated using the PAN image 
quality classification. In a study on the effect of patient 
positioning on the visualization of landmarks in cone-
beam computed tomography (CBCT), it was mentioned 
that positioning by focusing on the cause of CBCT may 
adversely affect the imaging of other anatomical and 
pathological conditions.32 The PAN image quality 
classification we used in present study16 is not 
standardized for any lesion or anatomical landmark and 
aims to optimize the image quality of the entire region 
that can be imaged with PAN. It is possible that studies 
that can be created by different PAN quality 
classification methods and testing different 
pathological/anatomical structures will contribute to both 
the literature. 

 

CONCLUSION 

The statistical diagnostic accuracy of maxillary 
premolar apical radiolucent lesions in PANs with high 
image quality is slightly higher than in PANs with low 
image quality. It should not be overlooked that it would 
be a good idea to evaluate with PAR to detect possible 
residual roots in the maxillary premolar region, which is 
thought to be edentulous after imaging with PAN. These 
findings suggest the importance of considering both 
imaging techniques for comprehensive evaluation and 
emphasize the need for standardizing image quality to 
optimize diagnostic outcomes in clinical practice. 
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