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Abstract: This study aimed to compare the sensitivity of radiographs and 
flat-panel volume-computed tomography (fpVCT) in detecting the remain-
ing root-canal filling material. Thirty-two root canals in extracted human 
mandibular molars were prepared and obturated with gutta-percha and 
sealer. The filling material was removed, and the teeth were split longitudi-
nally. Radiographs and fpVCT scans were obtained and digitized. Virtual 
images were developed using reconstruction software and then superim-
posed, and the remaining filling material was outlined. Direct observation 
of the split root halves using flatbed scans served as a control. The presence 
and extension of the remaining filling material were evaluated. Statistical 
analysis was conducted using chi-squared test (P < 0.05). A total of 116 
remnants were detected in the flatbed scans, 81 in the fpVCT scans, and 90 
in the radiographs, with no significant difference between the radiograph 
(78%) and fpVCT (70%) results (P = 0.18). In the fpVCT scans, 42% of 
the remnants exhibited the same dimensions as the control, whereas 27% 
appeared larger and 30% appeared smaller. In the radiographs, the dimen-
sions of the remnants were identical to the control in 64% of cases, smaller 
in 29%, and larger in 7%. FpVCT did not exhibit better performance than 
dental radiographs in detecting the remaining root-canal-filling material: 
the extension of remnants was indicated correctly in the fpVCT in fewer 
than 50% of the samples.

Keywords; dental radiograph, endodontic retreatment, flat-panel volume-
computed tomography, gutta-percha remnants

Introduction

Orthograde retreatment represents an important treatment option in cases 
of primary endodontic treatment failure. Complete removal of root-canal 
filling material is essential to permit adequate re-preparation, disinfec-
tion, and re-obturation of the root-canal system. Nevertheless, it has been 
demonstrated in numerous studies that it is difficult, if not impossible, to 
achieve complete removal of gutta-percha and sealer [1-5].

In experimental studies, roots can be split longitudinally and observed 
under a microscope to control complete removal. Clinically, the use of a 
dental operating microscope can be helpful to detect remnants of filling 
material, but this is limited to the straight part of the root canal in curved 
roots [2,6,7]. Alternative techniques to control the removal of the filling 
material in vivo include dental radiography, or simple use of tactile sense 
and visual control of instruments.

In contemporary endodontics, cone-beam computed tomography has 
become an important diagnostic tool. In contrast to dental radiographs, 
this technique generates three-dimensional images. In numerous studies 
and case reports, cone-beam computed tomography has been shown to 
be helpful in visualizing additional root canals [8], vertical root fractures 
[9,10], size and location of periapical lesions [11,12], external or internal 
resorptions [13], voids inside root fillings [14,15], and details of root-canal 
morphology [12,16].

Flat-panel volume-computed tomography (fpVCT) allows for thor-
ough, three-dimensional exploration of dental arches or human heads at 
a high resolution [17,18], which is superior to conventional CT systems 
[19-22]. It has already been shown that fpVCT is a suitable diagnostic tool 
for the detection of anatomical structures, such as lateral canals and pulp 
stones [22].

On this basis, it could be assumed that fpVCT might also exhibit 
superior performance in detecting residual root-canal filling material in 
endodontic retreatment procedures compared with dental radiographs.

The aim of this experimental study was to determine and compare the 
sensitivity of conventional dental radiographs and fpVCT in detecting the 
remaining root-canal filling material in extracted human teeth.

Materials and Methods

This study was approved by the ethics committee of the University of Göt-
tingen (DOK_155_2016).

Sample preparation
Thirty-two human mandibular molars, which had been extracted for rea-
sons not related to this study, were collected. After extraction, the teeth 
were stored in 0.1% thymol at room temperature. In each tooth, one 
root canal was prepared and obturated with AH Plus (Dentsply DeTrey, 
Konstanz, Germany) and gutta-percha (VDW, Munich, Germany). The 
root-canal filling material was removed 6 weeks after the setting of the 
sealer, using nickel-titanium instruments. When removal was considered to 
be complete, with no further filling material visible on the instruments, the 
teeth were split longitudinally using a cutting blade that did not penetrate 
the root canal. The grooved roots were finally separated using a spatula 
(Aesculap by Braun, Melsungen, Germany).

The samples were dried, and the root halves were embedded into blocks 
of transparent polyether cast resin material (EFCO, Rohrbach, Germany) 
measuring 30 × 40 mm wide and 10 mm thick. For a three-dimensional 
orientation during image processing, and to allow exact superimposition 
of different images, three different radio-opaque reference elements were 
embedded into the resin samples. These metallic elements were positioned 
as far from the tooth halves as possible to permit unhindered beam projec-
tion and to prevent any beam-hardening effects. The resin samples were 
polished 24 h after sample preparation, when the curing process at room 
temperature was finished, removing approximately 0.1 mm of the uncured 
surface layer.

Image preparation and data interpretation
A 30 × 40 mm dental radiograph (Dentus M2, AGFA-Gevaert, Mortsel, 
Belgium; Heliodent MD, Sirona, Bensheim, Germany) and an fpVCT 
image (General Electric Global Research Centers, Niskayuna, NY, USA) 
were taken of each sample. A resin board was positioned within the field 
of view while obtaining the fpVCT images. The tube voltage was set at 80 
kV and the tube current at 100 mA. The longitudinal axis of each sample 
was positioned vertical to the course of the beam. Great care was taken to 
ensure that all images were captured in identical projection to prevent per-
spective distortion in both the radiographs and fpVCT images. The fpVCT 
scans were converted into two-dimensional images.

Flatbed scans with an optical resolution of 1,600 × 3,200 dpi were 
obtained of each sample to serve as controls. A molding tool was used 
to ensure the ideal positioning of each sample. All images were saved in 
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Adobe Photoshop CS (Adobe Systems, San Jose, CA, USA).
For image evaluation, the control images, radiographs, and fpVCT 

images were straightened using the reference elements, resulting in identi-
cal dimensions for all three types of image (Fig. 1). All gutta-percha and 
sealer remnants were outlined and coded with different colors, applied 
independently in each image. The remnants in the fpVCT images were 
marked with red, whereas the remnants in the radiographs were marked 
with blue and the control images with green (Fig. 2). Adobe Photoshop 
CS was used to superimpose the different images onto the control image, 
and optimal congruence was achieved by superimposition of the reference 
objects.

The observer analyzed whether root-canal filling remnants could be 
detected in the control image, radiograph, and fpVCT image. A score of 
1 was recorded when filling material was detectable, and a score of 0 was 
recorded when no filling material was visible. True-positive, true-negative, 
false-positive, and false-negative findings were noted for each sample. The 
sensitivity levels of the radiographs and fpVCT scans for the detection of 
remnants were calculated.

To evaluate the extension of the remaining root-canal-filling material, 
the extension of remnants in each radiograph and fpVCT scan was cor-
related with that observed in the corresponding control image (larger than 
control = +1; same size as control = 0; smaller than control = −1).

Statistical evaluation
Statistical evaluation was conducted using chi-squared test, with P < 0.05.

Results

Detection of root-canal-filling material
A total of 116 remnants of filling material were detected in the flatbed scans: 
90 of these were detected in the radiographs and 81 in the fpVCT images. 
The sensitivity level for the detection of the remaining root-canal filling 
material was 0.70 for the fpVCT images and 0.78 for the radiographs; i.e., 
the remaining material was correctly identified in 70% and 78% of the 
images, respectively. False-negative results were returned in 29% (n = 34) 

and 22% (n = 25) of the specimens, respectively. The differences between 
the radiograph and fpVCT findings were not statistically significant (P > 
0.05), and neither technique returned any false-positive results. Thus, both 
radiographs and fpVCT scans have a positive predictive value of 100%.

A comparison of the radiograph and fpVCT results shows no statis-
tically significant difference (P = 0.18) between these image-guided 
techniques in 84% of cases. The fpVCT findings were more accurate in 
only 4% of cases, whereas the radiographs were more accurate in 12% of 
cases (Fig. 3).

Extension of root-canal-filling material
In the majority of cases (64%), conventional radiographs revealed an 
extension of residual filling material equivalent to or smaller (29%) than 
that observed in the flatbed scans, and a larger extension was only observed 
in a small proportion of cases (7%). In comparison with the control images, 
43% of the fpVCT scans revealed an equivalent amount of filling material, 
whereas 27% revealed smaller remnants, and 30% revealed larger rem-
nants. The difference in accuracy of observing extension of the remaining 
filling material between the radiographs and the fpVCT scans was signifi-
cant (P < 0.001), with the radiograph showing superior performance.

A comparison between the radiographs and the fpVCT scans shows 
identical results in 56% of the specimens. In the fpVCT scans, the filling 
material remnants appeared larger in 20.7% of samples and smaller in 6.9% 
of samples compared with those in the radiographs. In 12.1% of samples, 
the fpVCT scans did not indicate the presence of gutta-percha even though 
it could be detected in the corresponding radiographs. On the other hand, 
4.3% of cases of gutta-percha remnants detected in fpVCT scans were not 
observed in the corresponding radiographs (Fig. 4).

Discussion

The success rate of endodontic retreatment ranges from 40% to 100% [23]. 
The removal of gutta-percha and sealer is an important prerequisite for a 
high success rate, as otherwise, residual bacteria or necrotic tissue may 
sustain periapical inflammation or persistent pain. Several devices and 

Fig. 1   Example of comparison of direct view using the flatbed scan, radiograph, and 
fpVCT images of a tooth with gutta-percha remnants. Bar length is 2.7 mm.

Fig. 3   Agreement between radiograph and fpVCT in the detection of gutta-percha 
remnants. For most of the remnants (84%), no difference is observed between the 
two methods. In 12% of the samples, gutta-percha remnants were detected only in the 
radiographs, whereas in 4% of the samples, remnants were only detected in the fpVCT 
scans. The total number of remnants observed in the flatbed scans was 116.

Fig. 4   Agreement between radiograph and fpVCT scan regarding the two-dimen-
sional extension of gutta-percha remnants. In 56% of the remnants, equivalent sizes of 
extension were shown by radiographs and fpVCT, whereas 20.7% were seen as larger 
and 6.9% smaller in fpVCT than in radiographs. In 12.1% of samples, false-negative 
detection occurred in fpVCT, and true-positive detection occurred in only 4.3% of 
the samples. There were no false-positive findings. The total number of remnants 
observed in the flatbed scans was 116.

Fig. 2   Example of a superimposition of the three types of scans and images. Rem-
nants are colored as follows: green in the control, blue in the radiograph, and red in the 
fpVCT. Numbers indicate numbering of remnants.
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techniques are available to ensure complete removal of gutta-percha rem-
nants, including radiographs, microscopes, and direct observation [1-5].

To the best of the authors’ knowledge, this is the first study comparing 
the precision of conventional radiography, fpVCT, and direct observa-
tion for endodontic purposes. Contrary to expectations, two-dimensional 
fpVCT images do not exhibit superior performance in detecting residual 
root-canal filling material compared with dental radiographs. Significant 
differences were observed between the effectiveness of the two techniques 
for examining the extension of residual filling material. The three-dimen-
sional images provided by the fpVCT technique allow a three-dimensional 
analysis of any remnants, but it has not been shown to be important or 
helpful from a clinical view. Additionally, there is as yet no evidence that 
the size of a filling remnant has any impact on the success of the treatment. 
In some cases, it might be helpful to know the details of the exact location 
of the remnant, for example, whether it is located on the buccal or the 
lingual wall of the root canal, for which a three-dimensional view would 
be required.

Many studies have been conducted concerning the efficacy of different 
techniques in removing root-canal filling material, with some suggesting 
that, irrespective of the removal technique, complete removal of the filling 
material cannot be achieved under any circumstances [24-28]. Researchers 
have examined the detectability of residual filling material using a range 
of techniques, including dental radiographs [27,29,30], micro CT [31-33], 
computed-volume tomography, dental operating microscopes, and clearing 
techniques [1,2,34-36]. In the current study, flatbed scans were used as 
control images. The fpVCT technique has been employed for endodontic 
purposes in three previous studies by Hannig et al. [37,38] and Heidrich 
et al. [22], who concluded that root-canal anatomy and vertical root frac-
tures could both be detected reasonably well by fpVCT, due to the high 
resolution and the advantages of effective three-dimensional imaging. 
In the present study, two-dimensional images were compared with two-
dimensional radiographs. The results reveal that small volumes of filling 
material residue are detectable by neither fpVCT scans nor radiographs, 
probably due to low radiographic contrast in remnants with low thickness. 
Therefore, fpVCT is not superior to radiographs for the detection of root-
canal filling material. The findings of this study indicate that the sensitivity 
levels of both techniques range from 70% to 78%, which is similar to the 
results reported by Schirrmeister et al. [1]. Compared with radiographs, 
the fpVCT technique presents some major disadvantages, including high 
radiation exposure, time-consuming processes, and high costs, leading 
to the conclusion that radiographs should be favored for this diagnostic 
purpose.

Only one study, by Schirrmeister et al. [2], has previously compared 
two different techniques for the detection of residual root-canal filling 
material, whereas other studies have explored the efficacy of different 
techniques and/or solvents in removing such material. Schirrmeister et 
al. [34] examined the detectability of residual Epiphany and gutta-percha 
after root-canal retreatment using a dental operating microscope and dental 
radiographs in straight root canals. The teeth were cleared to evaluate the 
residual material. The results of their study revealed significantly smaller 
areas of residual gutta-percha and Epiphany using the radiographs com-
pared with the dental microscope, especially for the gutta-percha group. 
Use of a dental microscope is therefore helpful and essential in endodon-
tics; however, it is less useful in curved root canals for the detection of 
residual filling material in areas located apically to the curve.

In the present study, gutta-percha remnants appeared smaller in the 
radiographs compared with the control, whereas larger amounts of gutta-
percha were observed in the fpVCT scans. Similar results were observed 
by Betti and Bramante [26].

One reason why gutta-percha is less detectable by radiography may be 
the poor radio-opacity of thin layers of sealer and gutta-percha, with the 
remaining filling material appearing larger in fpVCT scans due to a larger 
scattering around radio-opaque material. In interpreting the results of the 
present study, it must be noted that only root halves were evaluated. If 
complete, un-sectioned roots had been analyzed, the layer of surrounding 
dentin and cementum would have been thicker.

Further research should be conducted using different devices to perform 
computed-volume tomography for comparison with dental radiographs.

It can be concluded that, under the limitations of the present study, two-
dimensional images generated by fpVCT are not more effective than dental 

radiographs for detecting the remaining root-canal filling material.
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