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Abstract 

Introduction: Radiography is one of the techniques 

used to evaluate the quality of obturation. This study 

compared the quality of root canal obturation and 

periapical tissue using periapical and panoramic 

radiographs and cone-beam computed tomography 

(CBCT).Methods: This descriptive cross-sectional study 

was conducted on 138 teeth of patients referring to Tabriz 

Faculty of Dentistry, Tabriz University of Medical 

Sciences, Tabriz, Iran. The patients were in the 15-72 age 

range and had undergone CBCT, panoramic, and 

periapical x-ray examinations of their endodontically 

treated teeth. The patients’ periapical, panoramic, and 

CBCT radiographs were retrieved from the faculty 

archives and studied. All the images and results were 

studied by an endodontist and a radiologist 

separately.Results: The results showed a significant 

difference between panoramic radiography and CBCT in 

identifying samples without voids. Panoramic 

radiographs showed the most samples without voids, and 

the CBCT method showed the least samples without 

voids (23.7% vs. 2.2%). The highest agreement in 

identifying the lesions was obtained between the 

panoramic and periapical methods. The CBCT technique 

showed the highest frequency (97.3%, P=0.003) of bone 

thickness changes in samples with lesions.Conclusion: 

Based on the results, a significant difference in the 

quality of root canal obturation was observed between 

periapical and panoramic radiographs withCBCT; 

however, no significant difference was observed between 

periapical and panoramic radiographs. 
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Introduction 

Removal of infected pulp by mechanical and chemical 

cleaning and complete root canal obturation are 

important steps in endodontic treatment (1). Proper 

preparation and obturation, initial radiographs, and 

determination of the working length are factors that affect 

the prognosis of treated root canals (2).  Usually the 

overall quality of the root canal obturation in teeth that 

have only single or two canals is better than molar teeth 

(3). 

Coronal microleakage is due to insufficient sealing, 

which can be reduced using the minimum thickness of 

intra-orifice barrier materials, such as CEM (4). 

Conventional intraoral radiographs are the most 

commonly used images for evaluating endodontic 

treatments (5). Periapical radiography is the only clinical 

method for evaluating endodontic treatments due to its 

less invasive nature (6). This radiograph can be used to 

examine the status of the pulp and pericardial tissues. The 

main limitation of periapical radiography is that it is two-

dimensional; therefore, it is often necessary to take 

another horizontal or vertical radiograph to better 

determine root canal anatomy (7). The parameters 

https://www.google.com/search?sxsrf=AOaemvLa_FROu888k9SiJ7lPwiCFDLw1-A:1643102605729&q=Tabriz+University+of+Medical+Sciences&ludocid=11546934032633356538&gsas=1&lsig=AB86z5V0prbccvrVtPu1kZyVSjHR&sa=X&ved=2ahUKEwj1hJOZysz1AhWCQfEDHW60BK4Q8G0oAHoECCoQAQ
https://www.google.com/search?sxsrf=AOaemvLa_FROu888k9SiJ7lPwiCFDLw1-A:1643102605729&q=Tabriz+University+of+Medical+Sciences&ludocid=11546934032633356538&gsas=1&lsig=AB86z5V0prbccvrVtPu1kZyVSjHR&sa=X&ved=2ahUKEwj1hJOZysz1AhWCQfEDHW60BK4Q8G0oAHoECCoQAQ
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affecting periapical radiography, including the tube 

current, exposure time, and the film processing step, must 

be carefully controlled for the desired density and 

contrast (8). 

Panoramic radiography is used to evaluate the general 

condition of the patient’s mouth, including the presence 

of pathological lesions, bone density, TMJ status, and the 

condition of the teeth (9). The main advantages of this 

radiographic technique include extensive coverage of 

facial bones and teeth, a low radiation dose of the patient, 

patient comfort during radiography, and short 

radiography time (10). However, the main disadvantages 

of this radiographic technique include a lack of fine 

anatomic details and non-uniform image magnification 

(11, 12). 

Cone-beam computed tomography (CBCT) was first 

used for angiography in 1982; however, it was later 

proposed for maxillofacial imaging (13, 14). 

Applications of the CBCT technique in endodontic 

treatments include determining tooth morphology, 

fractures, internal and external analysis of the root canal, 

identification of calcified canals, diagnosis of 

perforations, and evaluation of complications during and 

after root canal treatment (15, 16). 

Scarf et al. reported the advantages and disadvantages of 

CBCT images in endodontic treatments. The advantages 

include displaying anatomical structures in three 

dimensions, data collection in three spatial planes, 

magnification, adjustment of the visual field, and 

accurate measurement without distortion (17). Regarding 

the disadvantages of CBCT images, one can refer to 

lower spatial resolution, higher sensitivity to movement, 

and lower accuracy in measuring bone density, compared 

to the CT scan technique (18, 19). 

Huybrechts et al. examined the number of voids in root 

canal obturation materials using three analog, digital, and 

CBCT radiographic methods. The results showed the 

digital technique’s superiority in detecting small voids 

through the analog and CBCT techniques. However, due 

to the two-dimensional nature of the digital technique, 

there might be errors in void detection (20). 

Demir Alp et al. conducted a study on extracted 

mandibular molars in 2012 and evaluated the quality of 

obturation using conventional, digital, panoramic, and 

CBCT radiographic methods. The results showed the 

superiority of the CBCT technique over conventional and 

digital radiographic techniques (21). 

It is impossible to carry out CBCT preparation for all the 

patients; therefore, periapical and panoramic radiographs 

are used more frequently in assessing the quality of 

previous treatments and periapical status. Moreover, 

there is a paucity of studies on the diagnostic accuracy of 

panoramic, periapical, and CBCT imaging techniques. 

Therefore, this comparative study evaluated root canal 

obturation quality and periapical health using periapical, 

panoramic, and CBCT radiographic techniques. 

Materials and Methods 

The present descriptive cross-sectional study compared 

the quality of root canal obturation and periapical tissue 

health using periapical, panoramic, and CBCT 

radiographs. The study protocol was approved by the 

Ethics Committee of Tabriz University of Medical 

Sciences, Tabriz, Iran (IR.TBZMED.REC.1397.516). 

This study included subjects in the age range of 15-72 

years, with endodontically treated teeth, who did not have 

any posts in the root canal space on periapical, 

panoramic, and CBCT radiographs after endodontic 

treatment. The subjects did not have any systemic 

diseases (e.g., diabetes) affecting the health and healing 

of periapical lesions. Periapical radiographs should be 

well-established and without elongation or 

foreshortening. In this study, 138 radiographs were 

examined from patients referring to the Tabriz Faculty of 

Dentistry, Tabriz University of Medical Sciences, Tabriz, 

Iran. The preparation time of radiographs was close to 

each other after endodontic treatments. Periapical, 

panoramic, and CBCT radiographs of the patients were 

retrieved from the faculty archives and studied. In total, 

138 CBCT scans and several panoramic images (per 

patient) along with 138 periapical radiographs of 

endodontically treated teeth were collected. 

A dental x-ray machine (PHILIPS, Holland, 

Amsterdam), film No. #2, and bisecting technique were 

used to prepare periapical radiographs. Panoramic 

images were prepared using a Ray Scan device 

(Samsung, Korea, Seoul). During the preparation of this 

type of radiography, any metal object, including earrings 

and hairpins, was removed from the patients’ heads and 

necks, and CBCT images were taken using a powerful 

NewTom VGI scanner (Verona, Italy). High-resolution 

images were achieved with an exposure time of 12 sec, 

80 kVp, and 8 mA. In this study, the radiographs were 

obtained from the archives of Tabriz Faculty of 

Dentistry, Tabriz, Iran. All the radiographs were 

available before the studyand prepared by a radiology 

technician using one type of device and film. Due to the 

prevention of additional exposure and costs for patients, 

additional radiography was not prescribed, and all of the 

periapical radiographs were prepared using a bisecting 

angle technique. Cross-sectional, axial, and coronal 

planes were evaluated in CBCT radiography. This study 

examined the quality of obturation in terms of the 

https://www.google.com/search?sxsrf=AOaemvLa_FROu888k9SiJ7lPwiCFDLw1-A:1643102605729&q=Tabriz+University+of+Medical+Sciences&ludocid=11546934032633356538&gsas=1&lsig=AB86z5V0prbccvrVtPu1kZyVSjHR&sa=X&ved=2ahUKEwj1hJOZysz1AhWCQfEDHW60BK4Q8G0oAHoECCoQAQ
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presence or absence of voids and their number and the 

health of periapical tissues in terms of the presence or 

absence of periapical lesions. Panoramic and CBCT 

radiographic examinations were performed by 

magnifying the scans in the software. Periapical 

radiography was conducted using a magnifying glass up 

to two times the original images. All the images and 

results were studied separately by an endodontist and a 

radiologist. Based on CBCT periapical index scores in 

the mentioned studies, grades 2 to 5 in this study were 

considered periapical lesions. 

The data were analyzed using SPSS 20. Descriptive 

statistics were presented as mean±SD and frequency. 

Chi-squared test was utilized to compare the quality of 

obturation (presence or absence of void) as well as 

periapical health (presence or absence of lesion) in all the 

three tested methods of periapical, panoramic, and 

CBCT. 

 

Results 

In the periapical method, 17.3% of the samples did not 

exhibit voids, and 61.2% and 21.6% had 1-2 and 3-4 

voids, respectively. In the panoramic method, 23.7% of 

the samples did not have voids, and 74.8% and 1.4% had 

1-2 and 3-4 voids, respectively. In the CBCT method, 

2.2% of the samples did not exhibit voids, and 51.8%, 

35.3%, and 10.8% of samples had 1-2, 3-4, and 5-6 voids, 

respectively. There was no significant difference 

between periapical and panoramic radiographs in 

samples without voids and those with 1-2 voids (P>0.05); 

however, there was a significant difference between 

panoramic and CBCT radiographs with 3-4 voids and 

those without voids (P<0.05). The chi-squared test 

showed a significant difference in void rates between the 

three methods. The panoramic method showed that most 

samples had no voids, and the CBCT method showed the 

least number of samples without voids. The CBCT 

method also showed that 10.8% of the samples had 5-6 

voids, which were not identified in the other two methods 

(Figure 1). 

 

Figure 1.Comparison of void numbers between the three methods of periapical, panoramic, and CBCT radiography. 

 

Regarding the frequency of lesions in the periapical 

method, 79% of the samples had no lesions, and 21% had 

lesions. The panoramic method showed that 79% of the 

samples did not have lesions, and 21% had lesions; 

however, in the CBCT method, 73.2% of the samples had 

no lesions, and 26.8% had lesions. Out of the 37 lesions 

identified by CBCT, 9 (24.3%) cases were not detected 

by periapical radiography, and 9 (24.3%) cases were not 

detected by panoramic radiography (Figure 2). No  

 

significant difference was found in the frequency of 

lesions between the three methods (P>0.05). 
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Figure 2.Comparison of lesion frequencies between the three methods of periapical, panoramic, and CBCT radiography. 

 

Kappa’s agreement in lesion identification was estimated 

at 0.956, 0.802, and 0.803 in the panoramic-periapical, 

panoramic-CBCT, and periapical-CBCT methods, 

respectively. The highest agreement in identifying 

lesions was observed between the panoramic and 

periapical methods. 

Evaluation of the bone thickness changes in samples with 

lesions showed that in the CBCT method, 2.7% of the 

samples showed no bone changes, and 97.3% showed 

changes in the bone surface.  

The examination of the relationship between cases with 

voids and the presence of lesions showed that in the 

periapical method, among cases with the lesion, 10.3% 

had no voids, and 37.9% and 51.7% had 1-2 and 3-4 

voids, respectively. Among the samples with lesions in 

the panoramic method, 13.8% had no voids, and 82.8% 

and 3.4% had 1-2 and 3-4 voids, respectively. There was 

no significant difference between periapical and 

panoramic radiographs in samples without voids 

(P>0.05); however, there was a significant difference 

between radiographs with 1-2 and 3-4 voids (P<0.05). In 

the CBCT method, among the samples with lesions, 

21.6%, 51.4%, and 27% had 1-2, 3-4, and 5-6 voids, 

respectively, and no case was observed without voids. 

There was a significant difference between CBCT and 

periapical radiographs in samples without void (P<0.05). 

There was also a significant difference between CBCT 

and panoramic radiographs without voids and those with 

1-2 and 3-4 voids (P<0.05) (Table I). 
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Table I. Relationship between the presence of voids and lesions in the three radiography methods 

Radiography 

 techniques 

Presence or absence 

of lesion 

Number and 

percentage of 

voids  

Void  Total number and 

percentage of voids  
0 1‒2 3‒4 5‒6 

 

Periapical 

No lesion Number 21 74 15  110 

Percentage 13.8% 67.9% 18.3%  100% 

Lesion Number 15 11 3  29 

Percentage 10.3% 37.9% 51.7%  100% 

 

Panoramic 

No lesion Number 29 80 1  110 

Percentage 25.7% 73.4% 0.9%  100% 

Lesion Number 4 24 1  29 

Percentage 13.8% 82.8% 3.4%  100% 

 

CBCT 

No lesion Number 3 64 30 5 102 

Percentage 3.0% 62.4% 29.7% 5.0% 100% 

Lesion Number  8 19 10 37 

Percentage  21.6% 51.4% 27.0% 100% 

Among the samples with voids in the CBCT method, 36 

samples had bone changes, with 22.2%, 52.8%, and 25% 

of samples having 1-2, 3-4, and 5-6 voids, respectively 

(Table II). 

 

Table II. Relationship between the presence of voids and bone densities in the CBCT method 

Radiography 

 techniques 

Presence or absence of 

bone changes 

Number and 

percentage of 

voids 

Void Total number 

and percentage 

of voids 
0 1‒2 3‒4 5‒6 

CBCT No bone changes Number 3 64 30 6 103 

Percentage 2.9% 61.8% 29.4% 5.9% 100% 

Bone changes Number  8 19 9 36 

Percentage  22.2% 52.8% 25.0% 100% 

 In this study, the periapical lesion was defined based on 

the CBCT periapical index scores; therefore, scores 2-5 

were defined as periapical lesions (22) (Table III). 
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Table III. Cone-beam computed tomography periapical index scores 

 

Score 

 

 

Quantitative bona alterations in mineral structures 

0 Intact periapical bone structures 

1 Diameter of periapical radiolucency > 0.5-1 mm 

2 Diameter of periapical radiolucency > 1-2 mm 

3 Diameter of periapical radiolucency > 2-4 mm 

4 Diameter of periapical radiolucency > 4-8 mm 

5 Diameter of periapical radiolucency > 8 mm 

Score (n) 

+E* 

Expansion of periapical cortical bone 

Score (n) 

+D* 

Destruction of periapical cortical bone 

Discussion 

In the endodontically treated teeth, maximum effort 

should be made to remove microorganisms and obturate 

the entire length of the root canal to create a complete 

seal in the prepared canals and prevent treatment failure 

(1). The final obturation material is a combination of 

condensed gutta-percha cones and sealer, and their full 

adaptation with the canal walls is necessary for a proper 

seal (2).  

In 2014, Saberi et al. showed that the warm vertical 

technique had a better sealing ability than the lateral 

condensation and thermoplasticized injectable gutta-

percha techniques against bacterial leakage in teeth with 

oval-shaped canals (23). 

Kositbowornchai et al. studied the amount of void space 

in root canal obturations using conventional and digital 

radiography and reported that both techniques were equal 

in detecting the amount of empty space (24). 

Periapical, panoramic, and CBCT radiographs were used 

in this study. Cross-sectional, axial, and coronal plans 

have been evaluatedin CBCT radiography (Figure 3-6). 

The comparison of the number of voids showed a 

significant difference in the quality of root canal 

obturation among the three methods. The panoramic and 

CBCT methods showed the highest and the least number 

of samples without voids, respectively. In the CBCT 

method, 10.8% of samples contained 5-6 voids; however, 

none of the samples had 5-6 voids, and there was no 

significant difference in samples without void and those 

with 1-2 voids in the periapical and panoramic methods. 

In 2011, Liang et al. examined voids and periapical 

lesions using CBCT and periapical radiographic 

techniques. According to this study, CBCT identified 

more voids and periapical lesions than periapical 

radiographs (25).  

 

Figure 3.Axial CBCT image of tooth #20 with root canal treatment. 
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Figure 4. Cross-sectional CBCT image of tooth #20 with root canal treatment 

 

Figure 5.Corrected coronal CBCT image of tooth #20 with root canal treatment. 

 

  

 
Figure 6. Comparison of panoramic, CBCT, and periapical radiography of tooth #20 with root canal treatment. 

 

Huybrechts et al.  showed no difference between digital 

imaging, analog radiography, and CBCT in detecting 

voids >300 μm; however, smaller voids were better 

detected by digital radiography than analog radiography 

and CBCT (20). In another study, Moller et al.showed 

significant differences in the diagnosis of small voids 

between analog, digital, and CBCT intraoral radiographic 

imaging techniques(26). 

The results of the studies mentioned above were all 

consistent with those of the present study. However, in 

this study, the size of voids was not considered an 
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identification factor in the radiographs, and their number 

is important. 

Based on the results, three-dimensional CBCT imaging 

is a better technique for detecting voids than other two-

dimensional analog and digital radiographic methods. 

The differences in the results of studies can be explained 

by differences in the applied radiation doses. 

In the present study, no significant difference was 

observed in lesion identification between the three 

methods; therefore, each periapical and panoramic 

method identified 21%, and the CBCT method identified 

26.8% of the samples with lesions. In addition, the kappa 

agreement in identification of the lesion was 0.956, 

0.802, and 0.803 for the panoramic-periapical method, 

panoramic-CBCT, and periapical-CBCT techniques, 

respectively. The highest agreement was observed in 

identifying the lesions by the panoramic-periapical 

techniques. 

In 2007, Farman et al. showed that the diagnosis rate of 

apical periodontitis was 71%, 84%, and 93% using 

periapical imaging, CBCT technique, and histology 

method, respectively (27). This study described the value 

of periapical radiography in diagnosing limited apical 

periodontitis and showed that lesions were more detected 

using the CBCT method than periapical radiography. 

In the same line, Dalili et al.reported a higher frequency 

of lesion detection by CBCT than panoramic 

radiography, so that 15.9% and 4.2% of cases of 

periapical radiolucent lesions were identified by CBCT 

and digital panoramic techniques, respectively. 

Moreover, a low Kappa agreement of 0.374 was detected 

between the panoramic method and CBCT in their study 

(28), which was lower than that in the present study. It 

should be noted that although in the present study, the 

agreement of CBCT with panoramic and periapical 

methods was less than the agreement between panoramic 

and periapical techniques, this level of agreement was 

acceptable. 

Cheng et al. showed a low agreement between periapical 

radiography and CBCT in 2011, and approximately 

30.3% of the obturation lengths reported in periapical 

radiographs were inappropriate by CBCT (18). Tsai et al. 

(2012) reported that the diagnostic value of CBCT in 

lesions >1.4 mm in diameter was excellent; however, the 

diagnostic value of periapical radiographs was low in any 

lesion size (29). 

Approximately 30-50% of bone must be resorbed to view 

a periapical lesion. On the other hand, such factors as 

morphological diversity of the apical region, bone 

density, beam angle, radiographic contrast, and the 

periapical lesion position affect the distinguishing power 

of radiography (30). 

In a study conducted by Estrela et al. (2008), the 

frequency of apical periodontal lesions in endodontically 

treated teeth was 17.6% on panoramic radiographs and 

63.3% on CBCT radiographs, which was approximately 

one-third of the lesions detectable on panoramic 

radiographs (31). In the present study, lesions were 

detected at a higher rate through the CBCT than the 

panoramic technique due to the high rate of false-

negative diagnosis in the conventional panoramic 

radiography; however, this difference was not 

significant. 

Furthermore, the artifact caused by the metal post is 

effective in the root canal in the apical region and affect 

the diagnosis and examination of this region (32). 

It is suggested that more prospective clinical studies in 

this field should be performed with more data, the same 

type of teeth, and different study tools to compare the 

accuracy of these three radiographic methods and 

consider the factors affecting the clinical stability of the 

data.  

Conclusion 

The present study evaluated the quality of root canal 

filling and periapical health by periapical, panoramic, 

and CBCT radiographic techniques. Based on the results, 

the highest and the lowest number of void-free samples 

were observed in the panoramic and the CBCT 

radiography, respectively. Fewer samples with lesions 

were observed using periapical and panoramic 

radiographs compared to the CBCT method; however, 

there was no significant difference between the three 

methods regarding the frequency of lesions. Examination 

of cortical bone thickness change in samples with lesions 

showed significant differences between CBCT, 

panoramic, and periapical radiography methods. 

Moreover, in examining the relationship between the 

presence of voids and bone changes in the CBCT method, 

the highest and lowest number of voids were 3-4 and 1-2 

in samples with voids, respectively. Eventually, the 

panoramic-periapical method could better identify the 

lesions. 
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