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 ABSTRACT 

Background: Achieving a satisfactory apical seal in root canals with open apices can be 

challenging, with the risk of filling material extrusion into the apex. Timely detection of 

voids in root canal filling material is crucial to prevent complications.  

Purpose: This study aimed to compare the accuracy of cone-beam computed tomogra-

phy (CBCT), digital radiography, and conventional radiography in detecting voids in 

mineral trioxide aggregate (MTA) apical plugs. 

Materials and Method: In this in vitro study, thirty-two extracted upper maxillary 

incisors underwent decoronation, root canal instrumentation, and simulation of an apexi-

fication model for open apex teeth. The samples were then divided into two groups 

(n=16) based on void sizes including group A in which MTA was compacted manually 

as an apical plug, and group B in which MTA apical plug was made with simulated 

voids using an 0.4-mm diameter needle. CBCT, digital, and analog radiography scans 

were performed on all samples. The images were assessed by an endodontist and a radi-

ologist to identify the presence of voids. The accuracy of the three methods in detecting 

voids in MTA apical plugs was evaluated using Chi-square analysis. 

Results: CBCT (43.8%) showed superior detection of small voids (group A) compared 

to analog (37.5%) and digital (18.7%) radiography methods, with analog radiography 

being more effective than digital radiography (p= 0.037). For large void detection 

(group B), digital radiography (94%) outperformed the other methods, while analog 

(81.3%) and CBCT (81.3%) techniques exhibited similar diagnostic abilities (p= 0.034). 

The significance level was set at p< 0.05. 

Conclusion: CBCT imaging is more effective than analog radiography for detecting 

small voids, and both methods outperform digital radiography, likely due to CBCT's 

three-dimensional imaging capabilities. In diagnosing large voids, digital radiography 

showed higher accuracy than the other techniques, while CBCT and analog radiography 

had similar diagnostic abilities. Variations in image processing and radiation doses used 

might account for the differences between these techniques.  
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Introduction 

Teeth with open apices or enlarged apical constrictions  

can present a challenge during endodontic treatment, 

making it difficult to achieve a satisfactory apical seal 
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[1]. Problems may arise during root canal filling, in-

cluding the risk of material extrusion into periapical 

tissues and the inability to fill all dimensions without 

an apical stop [2]. A potential solution for cases with 

over instrumented apices is using mineral trioxide ag-

gregate (MTA) to create a mineralized tissue barrier, 

similar to apexification treatment [2]. 

MTA has been shown to possess favorable physi-

cal, chemical, and biological properties and is com-

monly used for procedures like perforation repair, ret-

ro filling, pulp capping, and apexification [3-4]. It of-

fers advantages over calcium hydroxide, such as short-

er treatment periods, reduced risk of tooth fracture, 

and fewer dental office visits [5]. Many experts con-

sider MTA the preferred material for creating an apical 

plug in cases of necrotic pulp and wide-open apices 

due to its excellent sealing ability [6-7]. However, it is 

important to note that MTA can be costly and chal-

lenging to apply in the apical area, with a risk of inad-

vertent extrusion into periapical tissues that could 

damage tissues and complicate the repair process [8]. 

The primary objective of successful root canal 

therapy is the accurate filling of the prepared root ca-

nal system, but complications can arise during the pro-

cedure. One such issue is the presence of voids in the 

apical and coronal parts of the root canal filling mate-

rial, which can create pathways for leakage and con-

tribute to treatment failure [9]. Insufficient obturation 

has been documented to cause voids inside the canal 

filling and at the interface between the filling and den-

tin, allowing bacterial migration in the coronal-apical 

direction or vice versa, which may result in reinfection 

or chronic apical periodontitis [10]. 

Clinical radiographs are commonly used to assess 

the quality of root canal fillings due to their non-

invasiveness and ethical considerations. Both conven-

tional and digital intraoral radiographs are commonly 

used to evaluate endodontic treatment, but these two-

dimensional images have limitations in providing de-

tailed information [11]. Voids in root canal fillings 

may be challenging to detect in the buccolingual di-

mension, especially in canals with oval or ribbon 

shapes that extend widely in that direction [12]. 

Intraoral sensors require lower radiation doses 

compared to conventional films, reducing overall ab-

sorbed doses. However, digital systems like pho-

tostimulable phosphor (PSP) plates are susceptible to 

bending and scratching, resulting in permanent image 

artifacts. Furthermore, maintaining infection control 

with digital receptors can pose challenges [13]. 

Cone-beam computed tomography (CBCT) imag-

ing is a non-invasive method for examining dentoal-

veolar structures, offering high resolution and two-

sided radiation. Its primary benefit lies in the three-

dimensional nature of the images, avoiding issues like 

superimposition and geometric distortion [12].  

Kositbowamchai et al. [14] compared direct digital 

images with conventional radiographs in detecting 

simulated root canal voids. Their findings indicated 

that the diagnostic capabilities of digital and conven-

tional images for detecting voids in root canal fillings 

did not differ significantly. Similarly, Huybrechts et 

al. [15] compared the effectiveness of intraoral analog, 

digital, and CBCT images in identifying root canal-

filling voids. Their research concluded that digital in-

traoral techniques outperformed analog and CBCT 

images in detecting small voids, although voids larger 

than 300 micrometers were non-significantly detecta-

ble with all imaging methods. The size of voids can 

impact the success of root canal treatment, with differ-

ent radiographic techniques capable of detecting vary-

ing void sizes [15]. 

This study compared the detection of voids in MTA 

apical plugs using different radiographic imaging meth-

ods, including intraoral analog, digital, and CBCT im-

ages, focusing on small and simulated void sizes. 

 

Materials and Method 

Thirty-two extracted maxillary permanent incisors 

were used in the study and stored in normal saline. The 

crowns were cut to 12 mm each using a high-speed bur 

with water spray. Radiopaque markers were placed 3 

mm from the apex of each root using aluminum foil to 

identify the void formation sites. 

The root canals were instrumented using Gates-

Glidden drills from #1 to #5 via the crown-down tech-

nique to create the apexification model. Gates-Glidden 

drill #5 reached a depth of 3mm, drill #4 reached 5 

mm, drill #3 reached 7mm, and drill #2 was inserted 9 

mm into the canal to establish an open apex state. Drill 

#1 was used 1mm beyond the foramen to pass once 

without resistance, followed by a rotary instrument 
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(RaCe, FKG Dentaire, La-Chaux-de-Fonds, Switzer-

land) entering the root canal from the apical foramen 

to the entire crown length. Root canal irrigation con-

sisted of 5 mL of 2.5% sodium hypochlorite (NaOCl) 

and 5 mL of 17% EDTA to remove debris and smear 

layer, followed by another NaOCl rinse. 

The teeth were then placed in floral foam to simu-

late periapical tissues and randomly divided into two 

groups based on void sizes. Due to the lack of a com-

pletely similar study, a pilot study was used to deter-

mine the number of samples, and ultimately 32 sam-

ples (2 groups of 16) were considered for the study. 

In group A, MTA (Angelus, Brazil) was prepared 

according to the manufacturer’s instructions, placed in 

the root canal using an MTA carrier, packed with ap-

propriate-size pluggers to a depth of 3 mm from the 

root ends, and followed by inserting a paper cone 

soaked in a phosphate-buffered saline solution into the 

root canals. Once removed from the floral foam, cot-

ton soaked in a phosphate-buffered saline solution was 

placed at the apical ends of the roots. In group B, after 

MTA placement, the samples were positioned at a 

3mm distance from the apex using a 0.4mm-diameter 

syringe needle between the MTA and the root canal 

wall, packed as in group A. The syringe head was 

maintained in place until the MTA set and then re-

moved. The samples were stored in 100% humidity at 

37°C for one week; with periapical tissues reconstruct-

ed using floral foam. 

CBCT images were captured using a Newtom VGI 

device (Verona QR, Italy) at 10 ms and 110 kVp con-

cerning axial sections. Data from the CBCT scans was 

input into NNT view version 2.17 software for analy-

sis on a 19-inch LCD monitor (Philips) with a resolu-

tion of 1024*1208 and 32 bits. 

For digital radiography, each root was exposed us-

ing digital radiography equipment (Kodak, France) 

with a parallel technique. The data was stored on a 19-

inch monitor with a resolution of 32 bits and examined 

at 2× magnification (Kodak, France). 

Conventional film images were taken using #2 E-

speed periapical films (10 mA radiation, 60 kVp) from 

the same company as the digital equipment. 

 Two independent observers, an endodontist and an 

oral radiologist, evaluated all the images under the 

same conditions using a magnifying glass at 2× magni-

fication at a distance of 50–100 cm. Observers with a 

kappa value of ≥0.80 for void detection were chosen 

for the study, noting the presence or absence of voids 

in each image. Also, the study was blinded and the 

observers were unaware of the presence or absence of 

voids in the samples. 

Statistical analysis was conducted using SPSS 17 

and descriptive statistics (frequency percentages). The 

chi-squared test was used to compare groups, with a 

significance level of p< 0.05. 

 

Results 

Based on the study’s significance level (p< 0.05), the 

chi-squared test indicated a significant difference be-

tween the three techniques. In particular, the CBCT 

method demonstrated superior detection of small voids 

compared to the analog and digital methods, with ana-

log also outperforming digital (p= 0.037) (Figure 1). 

Moreover, concerning large void detection, digital 

radiography was superior to the other methods, while 

analog radiography and CBCT exhibited similar diag-

nostic capabilities (p= 0.034) (Figure 2). 

 

 
Figure 1: Comparison of the presence of voids in the miner-

al trioxide aggregate (MTA) apical plug with three imaging 

methods in group A. (*Cone-beam computed tomography 

(CBCT)) 

 

 

 
Figure 2: Comparison of the presence of voids in the miner-

al trioxide aggregate (MTA)apical plug with three imaging 

methods in group B (*Cone-beam computed tomography 

(CBCT)) 
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Discussion  

The presence of voids in root canal fillings can impact 

treatment outcomes, making their detection crucial yet 

challenging. Radiographs taken after treatment are 

critical for evaluating root canal filling quality and 

detecting voids [15]. This study compared the diagnos-

tic accuracy of digital and analog radiographs with 

CBCT images in void detection. 

Significantly, the results revealed discrepancies in 

void presence within the MTA apical plug across the 

three methods. CBCT imaging proved more effective 

in identifying small voids compared to analog and 

digital radiography, with analog also being superior to 

digital. CBCT offers higher image resolution than 

conventional radiography, allowing better visualiza-

tion of small structures like voids in root canals. It also 

provides superior contrast, improving the differentia-

tion between materials like gutta-percha and surround-

ing tissues, which helps detect small voids. Additional-

ly, CBCT's wide field of view enables a 3D view of 

the entire root canal system, making it easier to detect 

voids, particularly in areas not well captured by 2D 

radiographs [15]. The superior detection of small voids 

by CBCT suggests that this imaging technique could 

be crucial for improving the prognosis of MTA filling 

treatments, particularly in cases where voids in the 

apical third may lead to less favorable outcomes [16]. 

Identifying such voids early could potentially allow 

clinicians to intervene before complications arise, thus 

improving long-term treatment success. 

On the other hand, digital radiography effectively 

detected large voids, while analog and CBCT showed 

comparable performance. The higher effectiveness of 

digital radiography in detecting larger voids emphasiz-

es its importance in evaluating root canal fillings, es-

pecially in cases where retreatment is required. The 

ability to detect larger voids accurately may lead to 

more informed clinical decisions, ultimately improv-

ing patient outcomes [17]. 

The current study deliberately controlled the size 

and location of voids in radiographs to simplify image 

interpretation. Voids in the apical or middle third of 

the root canal are associated with a less favorable 

prognosis compared to those in the coronal third or no 

voids at all [18]. This study specifically focused on 

void detection in the apical third of root canal fillings. 

The size of voids plays a critical role in the success 

of root canal treatment, with different radiographic 

techniques varying in their ability to detect void sizes. 

In this study, simulated voids were set at 0.4mm, while 

previous research by Da Silva et al. [19] reported an 

average void length of 0.9±0.6mm per root canal. 

Huybrechts et al. [15] investigated the detection of 

voids >300µm with all the three imaging techniques. 

Digital intraoral methods outperformed intraoral ana-

log and CBCT images for small void detection. Nota-

bly, the simulated void size in our study was larger 

than in previous research. An in vitro study by Agh-

dasi et al. [11], focusing on maxillary incisor teeth, 

demonstrated that digital images could identify artifi-

cial voids with a 0.2mm diameter more effectively 

than conventional radiographs, consistent with our 

findings. 

A study by Kositbowornchai et al. [14] revealed no 

significant difference between digital and conventional 

imaging in diagnosing voids in root canals filled with 

gutta-percha, contrasting with the findings of the pre-

sent study. This difference in results may stem from 

the disparities in filling materials, as MTA was used in 

our study. Wonkyung et al.’s research [3] in 2016 sup-

ported this notion by demonstrating a higher void per-

centage with MTA as an orthograde obturation materi-

al compared to gutta-percha. Their study, focusing on 

mesial and distal canals of extracted human mandibu-

lar molars, highlighted the influence of both the apical 

plug material and root morphology on void formation 

[3]. 

Another study by Møller et al. [17] on the diagnos-

tic difference between CBCT and digital receptors to 

identify voids in gutta-percha root canal filling con-

cluded that CBCT cannot be recommended for as-

sessing the quality of root canal fillings. In this study, 

CBCT axial sections exhibited a higher sensitivity, but 

at the same time, overdiagnosis of voids was seen, 

possibly due to artifacts from the gutta-percha root 

canal fillings. In contrast, given the findings of  ch fer 

et al.’s experimental study [20], which showed no sig-

nificant variation in void detection in curved canals 

filled with gutta-percha between analogue and digital 

radiography, adopting non-destructive, three-dimensi-

onal scanning techniques could prove advantageous. 

Improving radiographic quality can enhance endo- 
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dontic evaluations in clinical settings, although previ-

ous studies have yielded conflicting results with dif-

ferent methodologies [14-15]. The current study ex-

plored the impact of different imaging techniques 

(CBCT, digital, and analog) on void sizes in MTA 

apexification. While numerous investigations have 

assessed root canal filling quality with gutta-percha or 

apexification with calcium hydroxide using various 

imaging techniques, research on MTA is limited [2, 

11]. Future studies should aim for more comprehen-

sive evaluations across all tooth types, including those 

with complex canals and different void types. 

This study has certain limitations that should be 

considered when interpreting the results. Firstly, the 

use of extracted teeth in an in vitro setting may not 

fully replicate in vivo conditions, where factors such as 

surrounding tissues, physiological movement, and 

fluid dynamics could influence void detection. Addi-

tionally, while efforts were made to standardize void 

simulation, potential biases in the creation and place-

ment of voids may have impacted the findings. Fur-

thermore, the study focused exclusively on MTA as 

the apexification material, which may limit the gener-

alizability of the results to other materials commonly 

used in endodontic treatments. Lastly, the controlled 

environment of this study does not account for varia-

tions in clinician experience, image interpretation 

skills, or patient-related factors that could affect diag-

nostic accuracy in a real-world clinical setting [21]. 

Future studies should aim to address these limitations 

by incorporating in vivo conditions, assessing different 

filling materials, and evaluating the influence of opera-

tor experience on diagnostic outcomes. Future research 

could focus on optimizing digital radiography tech-

niques to improve their sensitivity in detecting smaller 

voids, potentially bridging the gap between the per-

formance of digital and CBCT imaging. Additionally, 

exploring other imaging modalities could provide fur-

ther insights into their utility in endodontic diagnosis 

and treatment planning. The integration of these find-

ings into clinical practice could ultimately lead to 

more precise and effective treatment planning, improv-

ing patient care and outcomes in endodontics. 

 

Conclusion  

In conclusion, void size and imaging technique emerg- 

ed as determining factors. Digital receptors were more 

effective in identifying voids >0.4mm than analog and 

slightly outperformed CBCT techniques. For detecting 

smaller voids, CBCT images proved superior to both 

intraoral analog and digital techniques. The clinical 

implications of these findings are significant. CBCT's 

ability to detect small voids in the apical third of root 

canal fillings may play a key role in improving the pr-

ognosis of treatments by allowing earlier intervention. 

On the other hand, the superior performance of digital 

radiography in detecting larger voids can help clini-

cians make more informed decisions about treatment 

options, such as retreatment or monitoring, to ensure 

the long-term success of endodontic procedures [19]. 
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