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12 Chapter 1

In order to establish a diagnosis the dentist relies on the clinical as well as 
the radiologic findings. In periapical radiographs that are used in the standard 
clinician practice, a three dimensional anatomical area is reproduced on two-
dimensions. The superimposition of adjacent anatomical structures like the 
maxillary sinus, the zygomatic arch and the cortical bone are natural burdens 
for a clear radiographic image. Additionally, the anatomy of teeth is not always 
clearly visible on periapical radiographs especially in cases of curved or 
multirooted teeth. These limitations of periapical radiographic images have an 
impact on the diagnosis and eventually on the treatment plan offered to the 
patient (1-5).

The cone beam computed tomography (CBCT) has been welcomed in 
the field of dentistry and particularly in endodontics in the recent years, as 
it can help the clinician to overcome some of the limitations of periapical 
radiographs. CBCT scans result to the three-dimensional reconstruction of 
an anatomical area at a relatively low radiation dose (6-9). Conventional 
computed tomography scanners for dentomaxillofacial applications have been 
replaced by CBCT scanners, due to the reduced radiation dose and costs of 
the latter (6, 10, 11). 

There are several dentomaxillofacial CBCT scanners currently on 
the market, which differ in detector design, scanning and reconstruction 
parameters (12-16). There are two types of detectors used in CBCT systems: 
the image intensifier tube/charged coupled detector (IIT/CCD) and the flat panel 
detector (FPD). The technology of the IIT/CCD is inferior to the FPD, because 
it introduces artifacts and increased noise levels in the resulting images  
(17, 18). The scanning parameters include the tube voltage (kVp) and tube 
current (mA), the scan field of view (FoV) and the positioning of the patient. 

Introduction
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The reconstruction parameters include the number of basis projections 
(acquisitions) used for reconstruction, the voxel size and the reconstruction 
algorithm. A change in any of these parameters, CBCT hardware and software, 
results in a different amount of image artifacts and influences the CBCT image 
quality. 

The ability to reduce or eliminate superimposition of the surrounding 
structures makes CBCT superior to periapical radiographs and it could be a 
valuable tool in the diagnosis and decision making in endodontics (19). Possible 
additional applications of the CBCT scans could include the detection of vertical 
root fractures, the detection of periapical lesions (apical periodontitis) and the 
estimation of the root canal length.

Vertical Root Fractures 

An undetected vertical root fracture can lead to false diagnosis and 
eventually further treatment that cannot prevent an extensive bone loss. 
Therefore early diagnosis is important for both the dentist and the patient. There 
are different radiological and clinical signs related to vertical root fractures, 
but they are not pathognomonic (20-23). It is known that radiographically a 
vertical root fracture is visible only if it is on the same plane with the x-ray 
beam or at an angle of 4° to either side (24).

The only way to be certain of the presence of a vertical root fracture is the 
direct visualization of it. In endodontically treated teeth suspected of a fracture 
that can be done either after extraction, or during orthograde retreatment, 
or endodontic microsurgery. The option of extraction is usually the last 
treatment option offered by the dentist, and other options are getting priority. 
In orthograde retreatment after removal of the root canal filling material parts
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 of the root canal walls are inspected with an operating microscope; 
factors like the curvature of a root and the level of the root that is fractured can 
help the fracture to remain undetected. In endodontic microsurgery a fracture 
can be detected when already the buccal cortical bone is lost and the fractured 
root surface is uncovered. Furthermore if a vertical root fracture is located on 
the lingual or palatal part of a root surface it will also be hard to be detected 
in endodontic microsurgery. 

The ability to detect vertical root fractures is clinically compromised and 
radiographically limited (using only 2-dimensional periapical radiographs). The 
intuitively perceived advantages of CBCT on this domain have to be explored 
and analyzed.

Apical Periodontitis

It is known that periapical lesions are visible on radiographs when at least 
a part of the cortical bone is affected, while small lesions or those remaining 
only on the cancellous bone remain undetected (25-27). Recent studies 
suggest that CBCT is more sensitive in detecting periapical radiolucencies 
than radiographs (5, 28, 29). That is attributed to the three dimensional nature 
of the CBCT, that removes external factors like anatomical noise and poor 
irradiation geometry that hinder the detection of periapical lesions (28). 

The diagnosis of periapical disease and the following treatment options 
are based on both clinical and radiographic findings. In numerous studies 
the assessment of the outcome of endodontic (re)treatment is based on the 
evaluation periapical radiographs (30-41). There are also recent studies 
based on the evaluation of periapical radiographs and /or CBCT scans that 
report a discrepancy between CBCT and periapical radiographs with regard 
to the status of the periapical area (42,43). That is partly explained by the fact 
that periapical lesions are three dimensional and the mesio-distal dimension 

Chapter 1
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is not always equal to the bucco-lingual (8, 44). Therefore instead of using 
the change in one dimension of a lesion as a criterion for the outcome of 
endodontic (re)treatments, the change of the lesion’s volume could be used. As 
the reliability of volumetric measurements on CBCT data has been confirmed 
in in-vitro studies, the use of the volumetric change could be another way of 
assessing the outcome of endodontic treatments (45-47).

Root Canal Length

The estimation of the root canal length is an important part of the 
endodontic treatment. Clinicians so far rely mostly on the use of periapical 
radiographs and electronic apex locators (EALs). Ideally in infected teeth 
the end point of the root canal filling would be at the apical constriction, the 
junction between the pulp and the periodontium. The apical constriction is 
located 0.5-1.0 mm away from the apical foramen for teeth of different ages 
but the apical foramen can be up to 3mm away from the radiographic apex 
(48). The combined use of periapical radiographs and electronic apex locators 
allows for greater accuracy in the root canal length estimation than periapical 
radiographs only (49,50). 

The limitations of periapical radiographs are well known and they are due 
to the technique sensitivity and subjectivity, as well as on the superimposition 
of adjacent tissues that increase the danger of errors in the estimation of the 
root canal length (51-53). The impact of these limitations is more evident in 
multirooted teeth. On the other hand, measurements obtained from electronic 
apex locators in partially or totally obliterated root canals are not consistent. 
Electronic apex locators aim for the area between the apical constriction and 
the apical foramen (54). Elayouti et al (51) reported a higher frequency of 
overinstrumentation in posterior teeth in comparison to anterior teeth when 
periapical radiographs were used. Instrumentation beyond the apical foramen 
is associated with a poor prognosis and it should be avoided (30, 55).
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The ability of CBCT to reduce or eliminate superimposition of the 
surrounding structures makes it superior to periapical radiographs (57). In 
that aspect the use of CBCT scans for the root canal length measurement 
could possibly lead to a more favorable prognosis of endodontic treatments. 
Recent studies have compared the use of CBCT to EALs for the working 
length measurement in vivo (57, 58). Although their results support the use 
of CBCT scans for endodontic working length measurements, a gold standard 
measurement after extraction of the teeth, did not take place as this was not 
ethical. Thus the precision of root canal length measurements on CBCT scans 
and periapical radiographs as compared to a gold standard had to be further 
investigated. Additionally the influence of tooth type (anterior, posterior) on 
root canal length measurements had to be examined.
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Objetives and outline of the thesis

The objectives were:

•  To examine whether CBCT scans can be used for the detection of 
vertical root fractures in endodontically treated teeth. 

•  To follow the volumetric changes of periapical radiolucencies in 
endodontically treated teeth one year after orthograde retreatment with 
the use of CBCT scans. 

•  To compare the precision of root canal length determination on CBCT 
scans and periapical radiographs to a gold standard. Additionally to 
examine the influence of tooth type (anterior, posterior) on root canal 
length measurements as assessed on CBCT scans and periapical 
radiographs. 
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Outline of the thesis

•  In chapter 2, the detection of vertical root fractures by CBCT scans is 
examined. This hypothesis is initially examined in vitro, where artificially 
created vertical root fractures are tested. In the first study the accuracy 
of CBCT scans is compared to that of periapical radiographs in vertical 
root fracture detection, while in the second one, five different CBCT 
scanners are compared with regard to their accuracy in detecting 
vertical root fractures. The influence of root canal filling on fracture 
visibility is examined in both studies. After the encouraging results of the 
in vitro studies, the validity of two CBCT scanners in detecting vertical 
root fractures in endodontically treated teeth in vivo was examined.  

•  In chapter 3, the volumetric changes of periapical lesions of endodontically 
treated teeth are followed one year after orthograde retreatment. CBCT 
scans are used to assess the volumetric changes of periapical lesions 
of mainly multirooted teeth. 

•  In chapter 4, the precision CBCT scans and of periapical radiographs on 
root canal length determination is examined. Additionally the influence 
of tooth type on these measurements is examined.

Chapter 1
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Section 2.1

Abstract

Our aim was to compare the accuracy of cone beam computed tomography 
(CBCT) scans and periapical radiographs (PRs) in detecting vertical root 
fractures (VRFs) and to assess the influence of root canal filling (RCF) on 
fracture visibility. Eighty teeth were endodontically prepared and divided into 
four groups. The teeth in groups A and B were artificially fractured, and teeth 
in groups C and D were not. Groups A and C were root filled. Four observers 
evaluated the CBCT scans and PR images. Sensitivity and specificity for VRF 
detection of CBCT were 79.4% and 92.5% and for PR were 37.1% and 95%, 
respectively. The specificity of CBCT was reduced (p = 0.032) by the presence 
of RCF, but its overall accuracy was not influenced (p = 0.654). Both the 
sensitivity (p = 0.006) and overall accuracy (p = 0.008) of PRs were reduced 
by the presence of RCF. The results showed an overall higher accuracy for 
CBCT (0.86) scans than PRs (0.66) for detecting VRF.
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Introduction

A definitive diagnosis of vertical root fractures (VRFs) in endodontically 
treated teeth is challenging. The clinical symptoms and radiographic signs are 
not completely pathognomonic (1–7), although dual sinus tracts or sinus tract–
like pockets on opposite sides of a root are considered almost pathognomonic 
for a VRF (8). The prognosis of VRF is poor. In a 5-year follow-up study 
of nonsurgically endodontically treated teeth, root fracture was the untoward 
event in 32.1%, and the elected treatment was extraction (9).

Because periapical radiographs (PRs) are two-dimensional (2D) images of 
three dimensional anatomic structures, the superimposition of adjacent tissues 
may obscure the visibility of VRFs. Thus, direct visualization of a radiolucent 
fracture line on radiographs is the only explicit feature for detecting VRFs. 
A three-dimensional diagnostic imaging system could diagnose VRF more 
accurately. Conventional multidetector computed tomography (MDCT) scans 
were found superior to PRs in detecting VRFs (10). However, the radiation 
dose involved in MDCT scans, the limited availability, and the increased costs 
impede its use in dentistry (11, 12). 

Cone beam computed tomography (CBCT) scans, which provide 
comparable images at reduced dose and costs, are a better alternative to 
MDCT scans in endodontics (13, 14). CBCT scans use a cone-shaped x-ray 
beam to acquire a three-dimensional scan of the patient head in a single 3600 
rotation (15). Prototype local computed tomography scans and flat-panel 
detector CBCT systems that are used to scan ex vivo tissue samples were 
found useful for detecting VRFs (16, 17). The feasibility of clinical dental CBCT 
systems with a rotating x-ray tube and detector apparatus in detecting VRFs 
is thus far unknown. Also, because VRFs are most commonly associated with 
endodontically treated teeth, it is important to assess the possible influence of 
root canal filling on fracture line visibility. 
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The first aim of this study was to evaluate the accuracy of a clinical dental 
CBCT system in comparison with digital PRs in detecting VRFs in root-filled 
and nonfilled teeth. The second aim was to assess the influence of gutta-
percha root canal filling on the detection of VRFs with CBCT scans or PRs.

Chapter 2 – Section 1
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Materials and Methods

Sample Preparation

Eighty extracted human teeth (40 premolars and 40 molars) were 
inspected using a stereomicroscope (Wild Photomakroscop M400, Wild, 
Heerbrugg, Switzerland) for the absence of VRFs. Access opening was made 
for each tooth, and the root canals were prepared with the ProTaper rotary 
system (Dentsply Maillefer, Tulsa, OK) until size F3. The teeth were divided 
into four groups: two experimental (A and B) and two controls (C and D). 
Each group consisted of 10 premolars and 10 molars (n = 20), which were 
decoronated to eliminate bias of enamel fractures. In groups A and B, the 
teeth were stabilized in copper rings filled with light body impression material 
(Express 2 VPS; 3M ESPE, Zoeterwoude, The Netherlands), and a holder was 
used to fix the samples in place. A tapered chisel inserted in the canal space 
was tapped gently with a hammer to induce a VRF. The fractured teeth were 
inspected again under the stereomicroscope to confirm the presence of VRFs. 
The fracture line orientation (buccolingual or mesiodistal) was also recorded. 
A well-fitting gutta-percha cone was inserted in the canals of groups A and C. 
One investigator, who was not involved in the observation, coded the teeth and 
placed them in premade sockets in 10 dry human mandibles bilaterally in the 
posterior region. The mandibles were coated with three layers of dental wax 
buccally and lingually to simulate soft tissue. Agar-agar (Merck, Darmstadt, 
Germany) was used to fix the teeth in these holes and to fill the gaps between 
the root surface and the socket.

Radiographic Scan

The sample was scanned using the I-CAT CBCT (120 KvP, 5 mA; Imaging 
Sciences, Hatfield, PA). The scans were made according to the manufacturer’s 
recommended protocol to scan the mandible with the 10 “ 16 cm field of View 
(FoV) selection. The datasets were exported in DICOM 3 file format, and the 
size of the isotropic voxel was 0.25 mm. The PR images were made with 
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a fixed x-ray unit (Siemens Heliodent MD, Erlangen, Germany) and size 2 
phosphor-plate films (Digora, Tuusula, Finland) following manufacturer’s 
recommendations, two radiographs per tooth, one using parallel technique and 
the other with mesial angulation.

Data Analysis

The images were imported into image analysis and visualization software 
(Amira 4.2.0; Visage Imaging, Carlsbad, CA). Orthographic tomographic 
reconstructions were created in axial, sagittal, and coronal directions. Four 
observers (two endodontists and two fourth-year dental students) were 
calibrated by training them in CBCT images using dummy datasets from a 
pilot study. All images were displayed on a 21-inch flat-panel screen (Philips 
Brilliance, Amsterdam, The Netherlands). Each observer assessed the presence 
or absence of a VRF on a dichotomous scale (fractured/nonfractured). CBCT 
images were reviewed in the three reconstruction planes (axial, coronal, and 
sagittal), and a single score was obtained for each tooth (Fig. 1). PR images 
were reviewed, and a single score was also obtained per tooth.

The radiographic features for detecting a VRF on a CBCT scan were the 
direct visualization of a radiolucent line, which traversed the trunk of the root 
separating it either partially or completely into two segments that is followed on 
at least two consecutive slices (10). The radiographic feature for detecting VRF 
on PRs was also the direct visualization of a radiolucent line, which traversed 
the root surface on either the parallel or the mesially angulated images.

Statistical Analysis

The data were analyzed on SPSS 16.0 software (SPSS Benelux, 
Gorinchem, The Netherlands). A two-sided chi-square test was used to 
measure the sensitivity and specificity of both CBCT scans and PRs for the 
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detection of VRF. A univariate analysis of variance was used to assess the 
influence of the radiographic technique (CBCT scans or PRs), filling material 
(filled or nonfilled), and the level of expertise (endodontists or dental students) 
on overall accuracy in detecting VRFs. Overall sensitivity and specificity were 
first calculated for all teeth and then separately for filled and nonfilled teeth. 
Sensitivity was also calculated per fracture orientation (buccolingual and 
mesiodistal). The overall agreement among the observers was measured by 
using Cohen’s kappa. The alpha value was set to 0.05.

Figure 1.  I-CAT CBCT reconstructions. (A) Three-dimensional surface 

reconstruction of the mandible. Fracture line is visible  

on 2D slices (arrow). (B) Axial, (C) coronal, and (D) sagittal.
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Table 1. Overall Sensitivity and Specificity Percentages of CBCT Scans and PRs per 

Observer Group and Root Filling.

Scanner Endodontists Dental
Students

Both
Groups

Root
Filled

Non
Filled

Bucco
Lingual

Messio
Distal

CBCT

Sensitivity 77.5 81.3 79.4 78.8 80.0 87.0 63.5

Specificity 91.3 93.8 92.5 87.5 97.5 – –

PR

Sensitivity 37.5 36.7 37.1 26.6 47.5 51.4 7.7

Specificity 95.0 95.0 95.0 93.8 96.2 – –

Figure 2. A light photograph showing vertical root fracture on two teeth by 

fracture line orientation (arrow). (A) Mesiodistal and (B) buccolingual.
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Results

The sensitivity and specificity results for CBCT scans and PRs are 
reported in Table 1. The overall sensitivity of detecting VRFs was significantly 
higher for CBCT scans compared with PRs (p = 0.0001). The overall specificity 
of CBCT scans was slightly lower than PRs but not significantly different  
(p = 0.489). CBCT scans were overall significantly more accurate than PRs in 
detecting VRFs (p = 0.0001). The accuracy of CBCT scans was 0.86 and that  
of PRs was 0.66.

The presence of root canal filling (RCF) did not significantly influence 
the sensitivity of CBCT scans (p = 0.84), but it reduced their specificity (p = 
0.016). For PRs, the presence of RCF reduced sensitivity (p = 0.006) with no 
significant influence on specificity (p = 0.471). The presence of RCF reduced 
overall accuracy of PRs (p = 0.008) but not that of CBCT scans (p = 0.654). 
Of all fractured roots, fracture lines in 67.5% were in the buccolingual direction 
and 32.5% were in the mesiodistal direction (Fig. 2). The sensitivity of CBCT 
scans was higher than PRs for detecting both buccolingual and mesiodistal 
fractures (Table 1). The overall agreement among the observers was 
moderate (k = 0.521). There was no significant difference in overall accuracy 
between and among the observers for detecting VRFs by both CBCT scans  
and PRs (p = 0.76).
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Discussion

This study investigated the feasibility of CBCT scans in detecting VRFs 
in endodontically treated teeth. The results show an overall higher accuracy 
of CBCT scans in comparison with PRs. The overall sensitivity of CBCT 
scans was significantly higher than PRs in detecting fracture lines. The high 
sensitivity of CBCT scans is evidently caused by the higher inherent contrast of 
tomographic imaging in comparison with conventional 2D projection imaging. 

The three-dimensional nature of CBCT scans allows visualizing the 
fracture line from multiple angles and different orientations at very thin slices 
and at a very high contrast. Conversely, the 2D nature of PRs obscured the 
visibility of the fracture line because of the inherent superimposition artifact, 
which may explain the low sensitivity of PRs in detecting VRFs. The overall 
specificity was high and comparable for both CBCT scans and PRs. The high 
specificity for PRs could be explained by the fact that most teeth were scored 
negatively for VRF because most fractures were not visible.

Although the overall accuracy of CBCT scans was not reduced by  
the presence of RCF, its specificity was reduced. Radiopaque substances 
such as gutta-percha cones create distinct star-shaped streak artifacts on 
tomographic slices that can mimic fracture lines on CBCT images (18), which 
may decrease observer confidence in diagnosing VRFs. On the other hand, 
RCF significantly reduced the overall accuracy of PRs and the overall sensitivity, 
leading to more false-negative results. In accord with previous findings, there 
were more buccolingual fractures (67.5%) than mesiodistal fractures (32.5%) 
in this study (15). Therefore, it is probable that most of the fracture lines were 
obscured by the filling. The sensitivity of PRs for detecting mesiodistal fractures 
was very low (7.7%) compared with the detection of buccolingual fractures 
(51.4%). The mesiodistal fractures are almost impossible to detect with 2D 
radiographs because the x-ray beam must be within 40 of the fracture plane to 
allow detection (19). In fact, this suggests that the sensitivity of PR could have 
been even lower if there were more mesiodistal fractures in the sample. 
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The sensitivity of CBCT scans was higher than PRs for both fracture types 
(87% and 63.5%), respectively.

Both observer groups were comparable in their ability to detect VRF on 
both systems with no observable predilection of the more experienced group 
over the less experienced group. Both groups received similar training during 
the calibration session and the detection criteria of a VRF on both systems 
were clearly defined, which can explain this lack of significant difference. 

The detection of VRF was limited by the voxel size (0.25 mm) and the 
contrast-to-noise ratio of the selected scan field. The method in which the 
fractures were created may not reflect the actual clinical situation. For example, 
the distance between the fragments may in some teeth slightly deviate from 
that generally seen in vivo. However, our aim was to compare the accuracy 
of the two radiographic techniques, and this was performed under same 
conditions for both techniques.

Our results corroborate previous findings that CBCT scans are superior 
to PRs in detecting longitudinal root fractures (16, 17). Previous studies used 
prototype CBCT systems, which are not clinical and cannot be used to scan 
patients. Also, they have different scanning and reconstruction settings from 
dental CBCT systems currently available. In those studies, the influence of 
the presence of RCF on the visibility of VRFs was not assessed either. More 
research is required to determine patient scanning and data-reconstruction 
parameters with CBCT scans that could influence the visibility of the fracture 
line. In conclusion, CBCT scans are more accurate than PRs for detecting 
VRFs, and the presence of RCF does not reduce its accuracy.
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Abstract

Introduction: This study compared the accuracy of cone beam computed 
tomography (CBCT) scans made by five different systems in detecting vertical 
root fractures (VRFs). It also assessed the influence of the presence of root 
canal filling (RCF), CBCT slice orientation selection, and the type of tooth 
(premolar/molar) on detection accuracy. 

Methods: Eighty endodontically prepared teeth were divided into four 
groups and placed in dry mandibles. The teeth in groups Fr-F and Fr-NF 
were artificially fractured; those in groups control-F and control-NF were not. 
Groups Fr-F and control-F were root filled. CBCT scans were made using five 
different commercial CBCT systems. Two observers evaluated images in axial, 
coronal, and sagittal reconstruction planes. 

Results: There was a significant difference in detection accuracy among 
the five systems (p = 0.00001). The presence of RCF did not influence 
sensitivity (p = 0.16), but it reduced specificity (p = 0.003). Axial slices were 
significantly more accurate than sagittal and coronal slices (p = 0.0001) in 
detecting VRF in all systems. Significantly more VRFs were detected among 
molars than premolars (p = 0.0001). 

Conclusions: RCF presence reduced specificity in all systems (p = 0.003) 
but did not influence accuracy (p = 0.79) except in one system (p = 0.012). 
Axial slices were the most accurate in detecting VRFs (p = 0.0001).
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Introduction

The clinical and radiographic diagnosis of vertical root fractures (VRFs) 
is often complicated. A local deep pocket, dual sinus tracts, and a halo 
type of lateral radiolucency are among the symptoms (1–8). Often these 
symptoms are not convincing to justify tooth extraction, which usually is the 
elected treatment because the prognosis of VRFs is poor. Therefore, the 
exact diagnosis of a VRF is crucial to avoid erroneous extraction. However, 
because of the two-dimensional nature of periapical radiographs (PRs) and 
the inherent superimposition projection artifacts, visualizing a VRF is difficult, 
especially when the fracture line is mesiodistally oriented (9). The presence 
of a VRF is only confirmed by direct visualization (10). This may sometimes 
be accomplished by means of a surgical diagnostic flap, which is quite 
invasive.

Cone beam computed tomography (CBCT) scans specifically designed for 
the maxillofacial region have become largely accessible to clinicians and have 
replaced conventional computed tomography scans for dentomaxillofacial 
applications because of their reduced radiation dose and installation and 
maintenance costs (11–13). Prototype flat-panel CBCT systems were found 
useful in detecting VRFs (14, 15). Those systems, however, cannot be used 
to scan patients. Recently, a CBCT system was found more accurate than 
PR in detecting VRFs in root-filled teeth (16). The superiority of CBCT over 
PR is primarily because of the high contrast and three-dimensional nature 
of tomographic imaging, which permits direct visualization of fracture lines 
otherwise masked in PR.

Several dentomaxillofacial CBCT systems are currently on the market. 
Those systems differ from each other in detector design, patient scanning 
settings, and data reconstruction parameters (17–21). Several scanning and 
reconstruction factors including scan field of view (FoV) selection and voxel 
size, the number of basis projections (acquisitions) used for reconstruction, 
and image artifacts have significant influence on image quality in CBCT. 
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CBCT systems vary in their image quality and ability to visualize anatomic 
structures (22–27). This variation is most prominent with small and delicate 
anatomic structures such as periodontal ligament and trabecular bone (28). 
It is, therefore, probable that different CBCT systems vary in their ability to 
detect VRFs because the fractures are small. The influence of the presence 
of root canal filling (RCF) on VRF visibility could also vary among the different 
scanners. Additionally, the selection of the reconstruction plane (axial, sagittal, 
or coronal) used for the detection or the type of tooth could have an influence 
on VRF detection. This study aimed to compare the accuracy of five clinical 
CBCT systems for detecting VRFs in endodontically prepared teeth and to 
assess the influence of the presence of a RCF, slice orientation selection, and 
the type of tooth on accuracy for detecting VRF in each system.
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Sample Preparation

We used the method described by Hassan et al (16). Briefly, 40 extracted 
premolars and 40 molars were inspected on a stereomicroscope (Wild 
Photomakroscop M400; Wild, Heerbrugg, Switzerland) for the absence 
of VRFs. Endodontically prepared root canals (size F3, ProTaper; Dentsply 
Maillefer, Tulsa, OK) were divided into two experimental (Fr-F and Fr-NF) and 
two control groups (control-F and control-NF). Each group consisted of 10 
premolars and 10 molars (n = 20). The teeth were decoronated to eliminate a 
bias of enamel fractures. The roots in groups Fr-F and Fr-NF were vertically 
fractured using the method described by Hassan et al (16). The fractured 
teeth in these two groups were inspected again under the stereomicroscope 
to confirm the presence of VRFs. Fracture line orientation (buccolingual or 
mesiodistal) was also recorded. A well-fitting gutta-percha cone was inserted 
in the canals of groups Fr-F and control-F. One investigator, who was not 
involved in the observation, coded the teeth and fixed them with agar-agar 
(Merck, Darmstadt, Germany) in premade sockets bilaterally in the posterior 
region in 10 dry human mandibles, which were coated with three layers of 
dental wax (Tenatex Red; Kemdent, Swindon, UK) buccally and lingually to 
provide some level of soft-tissue simulation.

Radiographic Scans

The sample was scanned using five CBCT systems according to the 
protocols recommended by the manufacturer. The CBCT systems were 
NewTom 3 G (QR SLR, Verona, Italy), Next Generation I-CAT (Imaging 
Sciences International, Hatfield, PA), Galileos 3D (Sirona Germany, Bensheim, 
Germany), Scanora 3D (Soredex, Tuusula, Finland), and 3D AccuiTomo-xyz 
(J. Morita, Kyoto, Japan). System specifications and scan settings are shown 
in Table 1. The scanned data were exported in DICOM 3 file format.

Materials and Methods

Chapter 2 – Section 2
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Data Analysis

The axial, coronal, and sagittal tomographic slices of the datasets were 
created in Amira image analysis software (V4.2.0; Visage imaging, Carlsbad, 
CA). Two blinded and calibrated experienced endodontists assessed the images 
on each slice orientation independently. The calibration included training on 
the radiographic features of VRF on CBCT scans. The visibility of a radiolucent 
fracture line crossing the root either completely or partially on at least two 
consecutive slices was the main radiographic feature for detecting a VRF 
(16). Images were displayed on a 21-inch flat-screen panel (Philips Brilliance, 
Best, The Netherlands). Each observer assessed the presence of VRF on a 
dichotomous scale (fractured/not-fractured). A separate score for detecting 
VRF was obtained for each slice orientation (axial, sagittal, and coronal). The 
root was considered fractured when a fracture line was detected on any one 
of the three slices.

Statistical Analysis

The data were analyzed on SPSS software (v16.0; SPSS Benelux, 
Gorinchem, The Netherlands). The radiographic measurements were 
compared with the gold standard (physical observations) using a two-sided 
chi-square test to determine the sensitivity and specificity of each system in 
detecting VRFs. A univariate analysis of variance test assessed the influence 
of the choice of CBCT system, the presence of an RCF, reconstruction slice 
orientation (axial, coronal, or sagittal), and the effect of tooth type (premolar or 
molar) on the detection accuracy of VRF. Additionally, the influence of VRF line 
orientation (buccolingual or mesiodistal) was also assessed. A Cohen kappa 
measured the overall and per system agreement between the two observers. 
The alpha value was set to 0.01 agreement measure, sensitivity, specificity, 
and accuracy results for the five CBCT systems are summarized in Table 1. 
There was a statistically significant difference among the five scanners in 
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their sensitivity for detecting VRF (p = 0.0001) and no statistically significant 
difference in their specificity (p = 0.17). There was a statistically significant 
difference in overall accuracy among the five systems (p= 0.0001) (Table 1). 
The presence of RCF did not influence sensitivity (p = 0.16), but it reduced 
specificity (p = 0.003). RCF did not reduce overall accuracy in detecting VRFs 
on CBCT scans (p = 0.79) except for the Galileos 3D system (p = 0.012). Axial 
slices were significantly more accurate than sagittal and coronal slices (p = 
0.0001) in detecting VRFs in all systems (Table 1). Significantly more VRFs 
were detected among molars than premolars (p = 0.0001). There was no 
significant influence of VRF line orientation (buccolingual or mesiodistal) on 
detection accuracy (p = 0.21). The overall agreement between the observers 
was fair (k = 0.385). The agreement for the i-CAT was good (k = 0.68), and it 
was better compared with those for other systems (Table 1).

Discussion

The Next Generation i-CAT was the most accurate system, followed by 
the Scanora 3D. The other three systems were significantly less accurate in 
detecting VRFs. Possible explanations for the variation include differences in 
detector type and characteristics, scan FoV selection, and voxel size (which 
influence contrast and resolution) as well as system specific image artifacts.

Based on detector design technology, current CBCT systems are 
categorized into the following groups: (1) image intensifier tube/charged 
coupled device (IIT/CCD) combinations or (2) flat-panel detectors (FPDs) 
(29). It is reported that IIT/CCD detectors are inferior to FPD in terms of 
reduced dynamic range, contrast and spatial resolution, increased pixel noise, 
and image artifacts (30, 31). I-CAT and Scanora 3D are both FPD-based 
systems; the other three systems are IIT/CCD based (Table 1). This might 
explain the superiority of those two systems to the other three.

Chapter 2 – Section 2
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The influence of FoV selection during the scan is equally important. 
Broadly, based on FoV selections, CBCT systems are categorized into the 
following: (1) small (dental) volume usually used for scanning few teeth or 
one jaw; (2) medium (maxillofacial) volume covering both jaws, the maxillary 
sinus, and part of the nose; and (3) large (craniofacial) volume, which covers 
the entire maxillofacial region extending in some systems to the cranial vertex 
superiorly (17–21). FoV selection is directly related to voxel size and influences 
spatial and contrast resolution. Larger FoV selection provides less resolution 
and contrast in comparison with small FoV, and this directly influences the 
visibility of anatomic structures with CBCT (28–31). Some CBCT systems, 
such as Galileos 3D, provide a single-scan FoV selection of 15 _ 15 cm, which 
cannot be modified. Therefore, it was impossible to standardize the FoV and 
voxel size selections for all of the systems included in this study. However, an 
attempt was made to obtain the scans with comparable scan FoVs and voxel 
sizes as much as possible.

The number of basis projections obtained during the scan, data 
reconstruction parameters (algorithms), and machine-specific image artifacts 
may also contribute to the variation among the systems (28-33). An image 
of low quality is difficult to be interpreted, and a definite diagnosis cannot be 
done easily. More false-positives and/or false-negatives arise, thus reducing 
the system’s overall accuracy. This is a possible explanation for the fair and 
poor kappa scores, especially for the Galileos 3D system (Table 1).

The presence of RCF reduced specificity in all systems, leading to more 
false-positive results (Table 1). Radiopaque materials such as gutta-percha 
cones create streak artifacts that mimic fracture lines (16). However, the 
presence of RCF did not reduce overall detection accuracy except in the 
Galileos system, which was associated with many artifacts (Fig. 1).
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VRFs extend by definition longitudinally onto the root surface. Therefore, 
it is logical that a horizontal cross-section perpendicular to the VRF should 
provide the best detection. Indeed, axial slices were more accurate than coronal 
and sagittal ones in detecting VRFs in all systems (Table 1). The fracture 
line orientation had no significant influence on the detection accuracy. This 
corroborates a previous finding that CBCT is insensitive to VRF line orientation 
because of its three-dimensional nature (16). 

The study was limited to the CBCT systems that were accessible when 
this study was conducted. New models with different technical specifications 
appear on the market each year from the same or other manufacturers. 
Whether those CBCT systems or models would perform differently remains to 
be investigated.

In conclusion, there is a large variation among the different CBCT 
systems in their ability to detect VRFs ex vivo possibly because of the detector 
characteristics of each system, FoV and voxel size selections, and other several 
CBCT-specific image artifacts. The presence of RCF reduced specificity in 
all systems, but it did not influence overall accuracy except in the Galileos  
3D system. Axial slices are more accurate than sagittal and coronal for 
detecting VRFs.
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Figure 1.  An example of an axial cross-section showing a vertical root fracture line 

(arrow) in an endodontically filled root (row A) and in a nonfilled root 

(row B). CBCT systems from left to right: (1) Next Generation i-CAT, (2) 

Scanora 3D, (3) NewTom 3G, (4) AccuiTomo MTC-1, and (5) Galileos 3D.
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Scanner
NewTom 3G Next Generation 

I-CAT
Galileos 3D Scanora 3D AccuiTomo - 

XYZ

Detector Design
AFP imaging 

IIT/CCD*
Imaging 

Sciences Int 
FPD•

Sirona  
IIT-CCD

Soredex  
FPD

J.Morita  
IIT/CCD

Scanning and  
Reconstruction

kVp 110 120 85 85 80

mA 2.4 5 7 10 3.3

Field of View 
(FoV) in cm 10x10 10x16 15x15 7.5x10 3x4

Voxel Size  
in mm

0.20 0.25 0.30 0.20 0.25

Results

Sensivity Overall 30.4 77.5 18.8 57.5 48.1

Specificity Overall 95 91.3 85 85 90.7

Accuracy Overall 62.7 84.4 53.8 71.3 69.4

Axial 61.5 84.4 51.9 70.7 67.4

Coronal 51.9 65.7 53.8 68.2 59.9

Sagittal 55.8 68.2 48.8 63.2 65.1

Root canal 
filled teeth

62.5 81.3 51.9 72.5 66.9

Premolars 54.4 78.8 47.5 63.8 58.9

Molars 71.3 90 56.3 78.8 78.9

Kappa 0.25 fair 0.68 good 0.03 poor 0.42 moderate 0.38 fair
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Table 1.  Scanning and reconstruction parameters for the five different CBCT 

systems used. Sensitivity, specificity, overall accuracy for the detecting 

vertical root fractures, and accuracy for root canal filled (RCF) teeth 

for tooth type (premolar or molar) per CBCT system and the Kappa 

interobserver agreement per CBCT system.

 *Image Intensifier Tube/Charged Coupled Device. 
•Flat-panel detector.
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Abstract

Introduction: The presence of a vertical root fracture (VRF) in an 
endodontically treated tooth has an immense impact on the treatment’s 
outcome. Early diagnosis of a VRF is imperative to avoid overtreatment and 
extensive bone loss. Our study aimed to examine the validity of two cone-beam 
computed tomography (CBCT) scanners in detecting VRFs in endodontically 
treated teeth in vivo. 

Methods: Thirty-nine endodontically treated teeth suspected of VRFs from 
39 patients were included. No fracture line was visible in periapical radiographs. 
Two limited-field-of-view scanners were used, the NewTom 3G and the 3D 
Accuitomo 170. Three observers evaluated the CBCT images independently 
and twice. The most frequently given score was used to calculate the validity 
of the CBCT systems. The findings of orthograde retreatment, endodontic 
microsurgery, or extraction were the gold standard. The intraobserver 
agreement (Cohen kappa) and the interclass correlation coefficients  
were calculated. 

Results: The sensitivity, specificity, and accuracy for the NewTom 3G 
were 75%, 56%, and 68%, respectively, and for the 3D Accuitomo 170 they 
were 100%, 80%, and 93%, respectively. The positive predictive value and the 
negative predictive values were 75% and 55%, respectively, for NewTom 3G 
and 90% and 100%, respectively, for 3D Accuitomo170. 

Conclusions: The results of our study support the use of 3D Accuitomo 
170 for the detection of VRFs in endodontically treated teeth. They also suggest 
that the reproducibility and accuracy in VRF detection depend on the CBCT 
system used. 
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The presence of a vertical root fracture (VRF) in endodontically treated 
teeth significantly reduces their long-term prognosis, leading ultimately to 
extraction (1). VRFs that remain undetected may lead to extensive bone loss 
and unnecessary overtreatment (orthograde, retrograde). For both the patient 
and the dentist, their early diagnosis is imperative. This can be a true challenge 
because the related clinical and radiographic signs are not pathognomonic (2). 
The need for more evidence-based data for the detection of VRFs became 
apparent in the systematic review by Tsesis et al (2). According to the literature, 
the clinical signs that are frequently correlated with an extensive VRF are 
multiple sinus tracts and the presence of a deep osseous defect isolated in one 
tooth (3–5). A VRF is radiographically visible only if it is in the same plane with 
the x-ray beam or at an angle of 40 to either side (6). The superimposition 
of adjacent tissues and materials also makes the 2-dimensional radiographic 
detection of VRF difficult (7).

The introduction of cone-beam computed tomography (CBCT) in dentistry 
allowed the acquisition of 3-dimensional volumes of dental arches with high 
spatial resolution and low radiation as compared with conventional CT (8). 
Ex vivo studies support the use of CBCT scans for the detection of VRFs in 
endodontically treated teeth (9–13). However, the VRFs in these studies were 
artificially created, which could be different from the ‘‘naturally’’ occurring 
ones. Also, when the detection of VRFs by different CBCT scanners was 
compared, there was always a difference in their detection accuracy both ex 
vivo and in vivo (10, 14). Therefore, the aim of this study was to examine the 
validity of 2 CBCT scanners (NewTom 3G, 3D Accuitomo 170) in detecting 
VRFs in endodontically treated teeth.
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Materials and Methods

CBCT scan images of 39 endodontically treated teeth from 39 patients 
were analyzed for the study. These patients were referred to the Postgraduate 
Endodontology Clinic of the Academic Centre for Dentistry Amsterdam (ACTA) 
from 2009–2011 for further diagnosis and treatment. All teeth were suspected 
to have VRFs. The clinical and radiographic signs suggesting the presence of 
VRFs in endodontically treated teeth were the following: pain on percussion 
and/or palpation, presence of a deep isolated periodontal pocket (bone loss), 
presence of one or multiple sinus tracts, and halo or J-type radiolucency 
around the corresponding tooth on the periapical radiograph (PR).

No fracture line was visible on PRs in any of the cases. The CBCT 
scans were taken for diagnostic purposes before any treatment took place. 
All patients gave their consent to include their radiologic data in the study.  
The institutional review board approved the protocol of the study.

The patients were scanned by using limited-area field of view either by 
the NewTom3G (110 kv, 3.90-5.6 mA; QR SLR, Verona, Italy) or by the 3D 
Accuitomo 170 (90 kv, 5 mA; J. Morita, Kyoto, Japan) at the Department of 
Oral Radiology of ACTA. The smallest isotropic voxel size (0.2 mm for NewTom 
3G and 0.08 mm for 3D Accuitomo 170) was selected for both scanners. 
Following the as low as reasonably achievable principle and the manufacturer’s 
recommendations, the lowest possible radiation was used for both PRs and 
CBCT scans.

The cases were distributed between the 2 CBCT systems according to 
their availability at the time of the study. The NewTom 3G was not available in 
ACTA’s Department of Oral Radiology since the beginning of 2011. Twenty-five 
cases, 10 of which had a restoration, were scanned by NewTom 3G. Fourteen 
cases, 7 of which had a restoration, were scanned with the 3D Accuitomo 170. 
Three case-blinded and calibrated endodontists assessed all images twice 
and independently. There was at least 1-week interval between the sessions.  
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The calibration included training on the radiographic features of VRFs on CBCT 
scans with vertically fractured extracted teeth. The visibility of a radiolucent line 
crossing the root completely or partially on at least 2 consecutive slices was 
the main radiographic feature for detecting a VRF (9, 10, 15). The observers 
received no clinical information before the examination of the images except 
for the site of the concerned tooth. The CBCT images were displayed on a 
22-inch flat-screen panel (L2245wg LCD;Hewlett Packard, Palo Alto, CA). 
The assessment of the scans was performed on the software recommended  
by each manufacturer (NNT for the NewTom 3G and i-Dixel for the 3D 
Accuitomo 170).

All observers could scroll through the entire reconstruction volume and 
interactively manipulate the images to simulate the clinical situation. The 
images were viewed in 3 reconstruction planes (axial, coronal, and sagittal). 
Each observer scanned all the images for the presence of a VRF and recorded 
the outcome on a dichotomous scale (fracture present or absent).

The diagnosis of VRF based on the CBCT scans was confirmed by 
orthograde retreatment, endodontic microsurgery, or ultimately extraction of 
the tooth. The teeth were inspected under a dental operating microscope (SOM 
62; Karl Kaps GmbH & Co. KG, Asslar, Germany) for the visualization of a VRF 
(Fig. 1). In case of retreatment, the root canal surfaces were inspected for the 
presence of a fracture line after removal of the coronal restoration and the 
root canal filling material. In case of surgery, a full mucoperiosteal thickness 
flap was elevated. The exposed root surface could be directly examined when 
a bony dehiscence was present. When a VRF was diagnosed, tooth extraction 
or root amputation was performed. If no VRF was detected, the appropriate 
treatment was performed, and the tooth was monitored for at least 1  
more year.
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The confirmation of the presence of a VRF in this phase of the study was 
regarded as the gold standard that was used to assess the validity (sensitivity, 
specificity, accuracy, negative predictive value, and positive predictive value) 
of the 2 CBCT scanners. The intraobserver agreement (Cohen kappa) 
was calculated for each observer and for each scanner independently. 
The interobserver agreement was calculated with interclass correlation 
coefficients (ICCs) for the first and second readings of all 3 observers for each 
scanner independently (16). In cases of disagreement between the observers,  
the score that was given mostfrequently was used to assess the validity.

Figure 1..  A case of tooth #14, which was endodontically treated and suspected 

of VRF. At the time of the consultation, the tooth was not sensitive to 

percussion and palpation, and there was neither an isolated pocket 

present nor a local swelling. (A) Digital PR; the periapical radiolucency 

around the mesiobuccal root is visible. (B) Axial image of the same  

tooth; a radiolucent line on the buccal and palatal side (arrows) of  

the mesiobuccal root is visible. (C) Preoperative photograph.  

(D) The exposed root surface after flap elevation. (E) The fracture line is 

visible (arrow) in the resected mesiobuccal root.
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Results

The intraobserver agreement values and the ICCs are reported in Table 1. 
The consensus score was used to calculate the sensitivity, specificity, and 
accuracy together with the positive and negative predictive values. Because 
of the low ICCs of 1 of the 2 CBCT scanners, the data were not pooled, and 
the results are presented separately (Table 2). Overall, 4 false-negative cases 
and 5 false-positive cases were detected (Table 2). All of the false-negative 
cases and 4 of the 5 false-positive cases were scanned with the NewTom 3G, 
and their diagnosis was confirmed with the surgical findings. Only 1 of the 
false-positive cases was scanned with the 3D Accuitomo 170. In this case no 
fracture line was visible during the orthograde retreatment, no clinical signs 
of VRF were present at 1-year follow-up, and no further treatment took place.

Discussion

Our results suggest that the reproducibility and accuracy of CBCT scans 
in detecting VRFs in endodontically treated teeth depend on the CBCT system 
used. They also support the use of 3D Accuitomo 170 over the NewTom 
3G. The different validities of the 2 CBCT scanners are attributable to 
various factors: the quality of the scan, the presence of materials causing 
artifacts, and the experience of the observers who assessed the images.  
The quality of the CBCT images could be influenced by the voxel size and the 
detector design (17–19). Whereas the NewTom 3G had an image-intensifier  
tube/charge coupled detector and a voxel size of 0.2 mm, the 3D Accuitomo 
170 had a flat panel detector and a voxel size of 0.08 mm.

The presence of radiopaque materials such as gutta-percha, artificial 
crowns, or other metallic restorations can create artifacts and make 
interpretation of the image more difficult (7, 9, 20). All the teeth included in 
our study had been endodontically treated. 
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The percentage of cases with artificial crowns or other metallic restorations 
was almost the same for both CBCT systems. Although the distribution of 
the cases favored neither CBCT system, more artifacts were detected by the 
NewTom 3G images.

Although the observers who assessed the images may be another factor 
explaining the differences between the 2 CBCT systems, the 3 observers 
involved in this study were calibrated and had been similarly trained in the 
assessment of CBCT images. Intraobserver and interobserver agreements 
were both higher for the 3D Accuitomo 170 than for the NewTom 3G.

To our knowledge, 3 other in vivo studies have examined the diagnostic 
ability of CBCT systems in detecting root fractures. Bernardes et al 
(21), who used CBCT scans (Accuitomo 3DX; 80 kv, 5.6 mA) and PRs to 
examine endodontically treated teeth suspected of root fractures, found that 
CBCT scans detected more root fractures than PRs did. The cases they 
examined included both VRFs and horizontal root fractures. In their study the 
diagnoses of root fractures were not confirmed on the basis of surgery or 
extraction. Therefore, no conclusions could be drawn regarding the validity of  
the CBCT system.

Table 1.  The reliability of the two CBCT scanners with regard to VRF detection.

NewTom 3G 3D Accuitiomo 170

Intraobserver 
agreement

Observer 1 0.51 0.85

Observer 2 0.83 1.00

Observer 3 0.60 0.81

Interclass  
correlation  

coefficients

1st reading 0.25 0.79

2nd reading 0.26 0.71
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Table 2.  Validity of the two CBCT scanners. Fr: fracture, No Fr: no fractu.

NewTom 3G 3D Accuitomo 170

Fr No Fr Fr No Fr

Gold Standard
Fr 12 4 9 0

No Fr 4 5 1 4

Number of Cases 25 14

Sensitivity 75% 100%

Specificity 56% 80%

Accuracy 68% 93%

Positive Predictive Value 75% 90%

Negative Predictive Value 55% 100%

However, a similar study by Edlund et al (14) did use surgical findings to 
verify the radiographic diagnosis of VRFs by using the 3D Accuitomo 80 and 
iCAT CBCT systems. Although the intraobserver and interobserver agreements 
of the 2 observers were not calculated, the authors reported accuracies of 
90% for the 3D Accuitomo 80 and 82% for the iCAT. They concluded that 
CBCT technology is effective in detecting VRFs with a relatively high sensitivity 
(89%, 87%) and specificity (100%, 71%). Comparison of these results with our 
own findings shows that the validity of the NewTom 3G is inferior to that of the 
other 3 CBCT systems (3D Accuitomo 80, iCAT, and 3D Accuitomo 170). The 
validity of the 3D Accuitomo 170 used in the present study is similar to that of 
3D Accuitomo 80 and iCAT (14, 21).

In the third study, Wang et al (20) compared the validity of conventional 
dental radiographs in detecting VRFs with that of the 3DX Accuitomo (80 kV, 
5 mA) CBCT system; only teeth that were suspected of a VRF were included. 
Almost twice as many nonendodontically treated teeth were examined as 
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endodontically treated ones. The radiographic diagnosis was confirmed by 
using surgical findings. Two observers assessed the images once independently 
and reached consensus through discussion. The overall accuracy of the 3DX 
Accuitomo for both endodontically and nonendodontically treated teeth was 
91.9%, which was higher than that of the NewTom 3G (68%) in our study and 
close to that of the 3D Accuitomo 170 (93%). The interobserver agreement 
reported by Wang et al was higher than that in our study. That could be 
attributed to the fact that we included only endodontically treated teeth, which 
may have produced more artifacts on CBCT scans.

In our study, the observers independently assessed the images twice.  
No negative controls were present among the scans of our cases, because the 
patients would have been exposed to unnecessary radiation with no clinical 
value (22). The score used to calculate validity did not result from discussion 
between the observers but was the most frequently given score by each of 
them. This procedure is more objective. It would be helpful if future studies 
reported the validity as well as the reliability of a new diagnostic tool such 
as the CBCT. In this way the optimum use of different CBCT systems can be 
obtained, and the benefits to the patient of each exposure can outweigh any 
risks (22).

To calculate validity, a gold standard is needed. Although findings of 
orthograde retreatment and endodontic microsurgery may be considered as 
the gold standard in endodontically treated teeth suspected of VRFs, none of 
these methods represent a real gold standard; all have limitations, and VRFs 
may remain undetected. First, orthograde retreatment does not allow all parts 
of the root canal wall to be inspected thoroughly, and a fracture line may 
remain undetected. Second, if a VRF is located on the lingual or palatal part 
of the root surface, it will also be hard to detect in endodontic microsurgery. 
Findings after tooth extraction are probably the nearest we can come to a 
real gold standard, because extraction allows the complete root surfaces of a 
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tooth to be inspected. However, because extraction is not always feasible in a 
clinical situation, the gold standard is slightly compromised.

Our study was limited to the 2 CBCT systems that were currently available 
at ACTA’s Department of Oral Radiology. Our purpose was to examine the 
validity of 2 CBCT systems regarding the detection of VRFs in a clinical 
situation and not to examine the technical or scanning characteristics of the 2 
systems. These should be thoroughly examined in future studies.

In conclusion, although our results corroborate those of other studies that 
support the use of CBCT for the detection of VRFs in endodontically treated 
teeth, the reproducibility and accuracy in VRF detection depend on the CBCT 
system used. For diagnosing VRFs, the 3D Accuitomo 170 seems to be more 
suitable than the NewTom 3G.
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Abstract

Introduction: Cone beam computed tomography (CBCT) allows us to 
assess in three-dimensions the location and size of periapical radiolucencies. 
We aimed to assess by CBCT scans the volumetric changes of periapical 
radiolucencies in endodontically treated teeth one year after orthograde 
retreatment.

Methods: Forty-five root-filled teeth with persistent apical periodontitis 
requiring endodontic orthograde retreatment, from 37 individuals, were 
included in the study. The research protocol was approved by the VU University 
Medical Center Amsterdam (VUmc) ethics committee (2007/265) and the 
participants signed a letter of consent. We made two CBCT scans for every 
patient; the first one before retreatment and the second one a year later. Two 
observers measured independently the volume of radiolucencies on CBCT 
images using AMIRA software. The intraclass correlation coefficient (ICC) was 
used to evaluate inter-observer agreement and the Wilcoxon signed-rank test 
was used to assess pre and post treatment volume size.

Results: The ICCs were 0.994 and 0.998 for the scans before retreatment 
and one year after, respectively. The recall rate was 78% for the teeth and 73% 
for the patients. The volumetric change in periapical radiolucencies one year 
after retreatment was statistically significant (z= - 3.112, p<0.005). The volume 
of periapical radiolucencies reduced in 20 teeth (57%), remained unchanged 
in 8 (23%) and increased in 7 (20%).

Conclusions: One year after endodontic orthograde retreatment the 
volume of periapical radiolucencies reduced significantly in 57% of the teeth.



92 Chapter 3

Introduction

The gradual decrease in the bone mineral density due to apical periodontitis 
appears on the radiograph as a radiolucent area around a root apex (1-3). 
The detection of these periapical radiolucencies and the changes over time 
in their size (volume) play a significant role in the decision making process of 
a treatment plan (4-6). An increase in size of a periapical radiolucency after 
an endodontic treatment indicates that further treatment is necessary, while a 
decrease in size of a periapical radiolucency or the absence of it, is regarded 
as a sign of healing (7). 

The size of periapical radiolucencies before and one or more years 
after endodontic treatment is routinely compared using two-dimensional 
periapical radiographs.  However, the sensitivity of two-dimensional periapical 
radiographs (PA) is quite insufficient, especially in making such a comparison, 
due to the superimposition of adjacent tissues, the thickness of the overlying 
cortical bone, the complex anatomy of multi-rooted teeth, or more importantly 
the lack of capacity of this two-dimensional method to assess the ‘depth’ 
(buccal-lingual size) of a lesion (8-12, 17). 

The three-dimensional reconstruction of an anatomical area at a 
relatively low radiation dose, has become possible by the use of cone beam 
computed tomography (CBCT) (13-16). That is why the CBCT imaging has 
been welcomed in the field of dentistry and particularly in endodontics in the 
recent years. On CBCT images it is possible to distinguish which root or roots 
are involved in the lesion, as well as the exact location and the volume of 
it (8, 17-20). Volumetric changes in periapical lesions in dogs six months 
after endodontic treatment have been reported (17), and the presence or 
absence of apical periodontitis in dogs as detected by CBCT scans has been 
confirmed with histology (18). A recent study used CBCT scans and digital 
periapical radiographs to determine the radiologic changes in the periapical 
tissues one year after primary endodontic treatment (21). The evaluation of 
the preoperative and postoperative radiolucencies was based on a visual 
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interpretation of the CBCT images that did not involve any measurements. 
Thus it is possible that their results, especially in case of small changes in the 
size of the radiolucencies, may be an overestimation or an underestimation. In 
a recent study (22) the changes in lesion size following root canal treatments 
were measured both on PA and CBCT. The authors reported 54.9% agreement 
between the findings of PA and CBCT. It was concluded that the changes in 
lesion size determined with CBCT data and PA are different and thus the 
radiographic outcome determined with PA could be untrue. As the reliability 
of volumetric measurements on CBCT data has been confirmed in in-vitro 
studies (23-26), the use of the volumetric change could be another way of 
assessing the outcome of endodontic treatments.

To our knowledge there is no previous clinical study in humans that 
compared the volume of the lesions before and one year after orthograde 
retreatment. The aim of the present study was to assess on CBCT scans the 
volumetric changes in periapical radiolucencies in endodontically treated teeth 
one year after orthograde retreatment.
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Materials and Methods

In total 45 teeth, diagnosed with apical periodontitis, of 37 otherwise 
healthy individuals (27 females, 10 males) were included in the study. The 
age range of the participants was 20 to 70 years (mean=45, SD=13). All teeth 
had been endodontically treated in the past and the participants were referred 
for orthograde retreatment to the Postgraduate Endodontology Clinic at the 
Academic Centre for Dentistry Amsterdam (ACTA) from 2009 to 2011. The 
participants were informed about the aim of the study and signed a letter of 
consent. The research protocol was approved by the VU University Medical 
Center Amsterdam (VUmc) ethics committee (2007/265). Every participant 
had two CBCT scans taken; the first one before the endodontic retreatment 
and the second one a year later.

Postgraduate endodontology students performed the orthograde 
retreatments using a standard treatment protocol. Briefly, the protocol was 
comprised of the use of a rubber dam and an operating microscope (SOM 
62, Karl Kaps GmbH, Asslar, Germany), passive ultrasonic irrigation with 
2% sodium hypochlorite and 17% EDTA. The canals were filled with gutta-
percha and AH 26 using either lateral or warm vertical compaction. The canal 
orifices were sealed with Vitrebond. The teeth were restored after treatment 
either with composite ( Clearfil TM, Kuraray Dental, Benelux) or glassionomer  
(Ketac Fil, 3M Nederland) depending on the wish of the referring dentist.

The CBCT scans were made at the department of Oral and Maxillofacial 
Radiology of ACTA. The occlusal plane of the patient was oriented parallel 
to the axial scanning plane according to the manufacturer’s recommended 
protocol. All of the preoperative scans were made using the NewTom 3G ( 9 
inches field of view, 110 kVp, 3.90-5.6 mA, 36 s scan time, 12 bits depth, QR 
SLR, Verona, Italy). One year after treatment, 35 teeth of 27 individuals were 
scanned. Nine teeth out of six individuals were scanned using the NewTom 3G 
(preoperative settings) and 26 teeth out of 21 individuals were scanned with 
the NewTom 5G (14 bits depth, QR SLR, Verona, Italy), because the NewTom 
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3G was not available anymore at the Department of Oral and Maxillofacial 
Radiology of ACTA after the first quarter of 2011. The scan settings for the 
NewTom 5G were 80x80 mm field of view, normal resolution, standard dose, 
regular scan time (18 s). NewTom 5G was operated at 110 kVp and 3.76-
6.43 mA. The reason of mA variability in the scans is the employment of 
Safe Beam TM technology in NewTom units which automatically modify the 
radiation dose based on the size of object under assessment. The mentioned 
two CBCT scanners differ from each other in detector design. In NewTom 
3G the combination of image intensifier tube and charged couple device (IIT/
CCD) is used, while it has been replaced by flat panel detector in NewTom 5G. 
We kept the scanning parameters similar and exported all of the data with a  
0.3 mm voxel size to ensure an identical spatial resolution for all of the images.

All scans were converted to digital imaging and communications in 
medicine format (DICOM3) and were exported with isotropic voxels of 0.3 mm. 
The DICOM3 data of every scan were saved in separate, randomly numbered, 
files (http://www.random.org/lists/) and then imported and evaluated with  
the AMIRA software (5.3.4, Visage Imaging GmbH). The images were displayed 
on a 22-inch flat-screen panel (L2245wg LCD; Hewlett Packard, Palo Alto, 
CA). Two independent and calibrated examiners (one endodontist, one 
radiologist) assessed all scans separately. The identity of the treatment status 
was concealed from the observers by assigning a random number to each 
volume and assigning a random viewing order for the volumes. The examiners 
scrolled through the entire reconstructed volume of every scan to assess the 
presence of periapical radiolucencies associated with root apices, which were 
at least twice the width of the periodontal ligament (9, 10). In multi-rooted 
teeth the radiolucencies were present either solely around the roots or around 
all roots of a tooth. The volume of each of the periapical radiolucencies was 
measured by both examiners following the same segmentation procedure in 
the AMIRA software (Figure 1) and saved in an Excel file. 
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The segmentation procedure and the volumetric measurements were 
done with the following steps:

•  Locate in each of the three planes (axial, coronal, and sagittal) the slice 
in which the radiolucency is most clearly seen.

•  Perform two-dimensional segmentation in all three planes, to select 
the radiolucent area in these three slices (blow tool; Gaussian1,  
Tolerance 35).

•  Create a three-dimensional reconstruction of the radiolucency 
by expanding the selected areas in all slices in the three planes  
(wrap tool).

•  Inspect the borders of the selected volume in all slices and correct 
when necessary. 

•  Use the “material statistics” option of the software to automatically 
calculate the selected volumes in mm3.
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Statistical Analysis

The statistical analysis was performed on SPSS software (v.20, 
IBM, Armonk, New York, U.S). The agreement between the two observers 
was calculated with the intraclass correlation coefficient (ICC). The ICC 
for the preoperative scans was 0.994 (95% confidence interval, 0.988 - 
0.997) and for the one-year-after-treatment scans 0.998 (95% confidence 
interval, 0.996 - 0.999). Because of the high ICCs, the mean values of the 
measurements performed by the two observers were used for further analysis.  
A Wilcoxon signed rank test was used to examine whether there was a difference 
between the volume of the periapical radiolucency before retreatment and 
one year later. The analysis was done per tooth and not per root, since in 
multirooted teeth often the radiolucencies involved more than one root at  
the same time.

Figure 1.  
The volumetric change of 
a periapical lesion of tooth 
number 30 from patient 
14 during the 1-year of 
recall. The DICOM3 data 
of the preoperative scan 
transferred in the AMIRA 
software and the selected 
volume of the periapical 
lesion in axial plane (A), 
sagittal plane (B), coronal 
plane (C) and in the 3D 
reconstruction (D). The 
Dicom3 data of the 1-year 
recall scan and the selected 
volume of the periapical 
lesion in axial plane (E), 
sagittal plane (F), coronal 
plane (G) and in the 3D 
reconstruction (H).
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The percentage of volume change was calculated per tooth. In addition, 
the absolute value of the interobserver difference was calculated in percentage 
and the maximum value was used as a detection limit to define whether the 
volume of the lesion was enlarged, reduced or remained unchanged. A lesion 
was considered to be enlarged or reduced if the percentage of volume change 
was higher than the detection limit. Lesions whose percentage of change was 
lower than the detection limit were considered to have remained unchanged.

To validate the comparison between the volumes of periapical lesions 
seen on NewTom 3G and NewTom 5G a pilot study was performed. A dry 
human mandible was scanned with both the NewTom 3G and the NewTom 
5G using the same scanning parameters as mentioned above. The volumes of 
seven sockets were measured and the intraclass correlation coefficient (ICC) 
was calculated. The ICC reports the validity of the measurements with the 
two scanners and it was 0.998 (95% confidence interval, 0.990 – 1.000). The 
high ICC value shows that there is agreement between the measurements 
done on the two scanners. Thus all teeth scanned one year after endodontic 
retreatment were examined as one group.
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Results

Out of the 37 patients included in the study, 27 returned one year after 
retreatment for evaluation. The recall rate was 78% for the teeth and 73% 
for the patients. Reasons for dropout were pregnancy (n=10), wishing to 
discontinue the study (n=2), relocation (n=2) and no show at the appointments 
(n=5).

The volumetric change for every periapical lesion is presented in Table 1. 
The change in the volume of periapical radiolucencies one year after retreatment 
was statistically significant (z= - 3.112, p<0.005).  The interobserver difference 
in percentage varied between 0 and 33% with an average value of 10.9%.  
The value of 33% was considered as the detection limit. Using this limit, the 
volume of periapical radiolucencies reduced in 20 teeth (57%), remained 
unchanged in 10 teeth (29%) and enlarged in 5 teeth (14%). Complete absence 
of the periapical radiolucency one year after orthograde retreatment was 
observed in two teeth (6%). Participants with teeth showing an enlargement 
in the volume of periapical radiolucencies were referred for further treatment 
(endodontic surgery or extraction).

Discussion

In our study we report the volumetric changes as the percentage of 
reduction or enlargement in the volume of the periapical radiolucency one 
year after retreatment. This is quite an objective way of reporting the results 
as it is based on a quantitative assessment. On the other hand, using the 
percentage of change for the comparison of pre- and postoperative lesion 
size is much stricter than just a visual interpretation of the images. That could 
explain the low percentage (6%) of radiolucencies that disappeared completely 
one year after retreatment in this study. 

The volume of 14% of the periapical lesions enlarged in one year.  
The reasons for the enlargement of the lesion volume can be persistent intra-
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canal or extra-canal infection, reinfection, foreign body reaction, the presence 
of a radicular cyst or a vertical root fracture (27). Although no vertical root 
fractures were detected in any of these teeth on the CBCT scans, there is a 
chance that they remained unnoticed because of the voxel size (0.3mm) (28). 
As it is not well established whether and under which parameters the CBCT 
images could be used for the differentiation of periapical cysts, no such attempt 
was made in the present study (29-31). Histological examination remains the 
standard clinical procedure for the differentiation between radicular cysts and 
apical periodontitis (31). 

CBCT scans and periapical radiographs were used before to detect apical 
periodontitis in dogs, and the radiological findings were confirmed with the 
gold standard (histological findings) (18). CBCT scans were more sensitive 
(0.91) in detecting periapical lesions, compared to periapical radiographs (0.77). 
Histological evaluation, however, revealed a few small periapical lesions that 
were not visible on CBCT scans. The diagnostic accuracy for CBCT was 0.92 
and for periapical radiographs 0.78. In the present study, the periapical tissue 
of the human teeth could not be examined histologically for ethical reasons.

When CBCT scans were used to measure the volumetric changes in 
periapical radiolucencies 6-months after endodontic treatment in dogs (17), 
in 65% of the cases either the present radiolucencies enlarged or new ones 
emerged. In 35% of the roots the volume of the radiolucencies reduced, out 
of which in 26% the radiolucencies resolved (17). In our study, in 14% of 
the teeth the radiolucencies enlarged, while no new radiolucencies emerged.  
In 57% of the teeth the radiolucencies reduced, out of which 6% disappeared 
completely and in 29% they remained unchanged. The differences in the 
findings could be explained by differences in the morphology of canine and 
human teeth, the measurement unit (root versus teeth), the time elapsed 
after treatment (6 months versus 1 year), the phase of the treatment  
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(primary endodontic treatments versus orthograde retreatments), and by  
the size of the radiolucencies before treatment. 

In a recent study, CBCT images and periapical radiographs were used 
to determine the radiologic changes in periapical tissues in human teeth, 
one year after primary endodontic treatment (21). The comparison of the 
radiolucencies was based on visual interpretation of the CBCT scans; the most 
characteristic CBCT images of the radiolucencies were displayed as keynote 
presentations and they were classified accordingly into six categories (new 
periapical lesion, enlarged, unchanged, reduced, resolved and unchanged 
healthy periapical status). Four percent of the radiolucencies enlarged and 
7% new radiolucencies emerged. In 22% of the teeth the radiolucencies 
reduced, and in 28.5% resolved. In 4% of the teeth the radiolucencies 
remained unchanged. Thirty-four percent of the examined and treated teeth 
were free of radiolucencies both before and after treatment. The difference 
in the results with our study could be explained by either the method used 
for the comparison of the radiolucencies (volumetric measurement versus 
visual interpretation), the type of treatment (orthograde retreatment versus 
primary endodontic treatment), or the size of the radiolucencies. Unless a 
direct quantitative comparison is made, there is room for underestimation or 
overestimation of the radiolucencies before- and after-treatment. 

In a recent study (22) changes in the size of periapical radiolucencies 
after primary endodontic treatment were compared by PA and CBCT to assess 
the outcome of the treatment. The authors reported that after assessing CBCT 
images the size of the radiolucency was reduced or resolved after a period 
of 10 to 37 months in 77.5% of the examined roots. Possible explanations 
for the lower percentage of reduced or resolved periapical radiolucencies 
in our study could be the difference in the detection limit used, the size of 
the radiolucencies preoperatively and the type of the treatment (both initial 
treatment and retreatment versus only retreatment).
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Measuring the change in the volume of periapical radiolucencies relies on 
the criteria used to define such radiolucencies and the technical protocol used 
to reconstruct their volume. The criteria used for defining them have been 
reported previously (9, 10, 21, 32). There is so far no fully automated method to 
measure the volume of radiolucencies. Available methods still require a human 
observer to verify the reconstruction quality. In our study two independent 
observers who are experienced in assessing CBCT images, carried out the 
measurements and had an excellent interobserver agreement. The workflow 
for the comparison of the volumes of periapical radiolucencies was time-
consuming and not clinician-friendly. As CBCT systems (both hardware and 
software) become more mature it is expected that volumetric comparisons 
become integrated (33, 34). In conclusion, the volumetric measurements 
revealed a reduction of the size of periapical radiolucencies in more than half 
of the teeth one year after orthograde retreatment.

Table 1.  The raw data for the measurements of each observer and the percentage  

of the volumetric changes of periapical radiolucencies.
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Patient Tooth

Examiner 1 
Preoperative 

volume 
(mm3)

Examiner 2 
Preoperative 

volume 
(mm3)

Examiner 
1 Recall 
volume 
(mm3)

Examiner 
2 Recall 
volume 
(mm3)

Mean 
Preoperative 

volume 
(mm3)

Mean 
Recall 
volume 
(mm3)

Percentage 
of  

Decrease
%

1 8 8.55 8.54 6.94 7.56 8.55 7.25 15.16

2 19 32.45 32.09 9.36 9.48 32.27 9.42 70.81

3 4 120.84 137.99 199.37 199.31 129.43 199.34 -54.01

14 25.91 27.17 18.20 21.41 26.54 19.81 25.38

15 25.48 22.93 17.67 17.44 24.21 17.56 27.47

4 31 35.02 32.32 8.25 9.63 33.67 8.94 73.45

5 14 58.61 71.78 7.42 6.39 65.20 6.91 89.40

31 74.30 80.84 4.68 5.45 77.57 5.06 93.47

6 28 55.84 53.27 18.11 21.08 54.55 19.60 64.08

7 14 69.91 75.08 18.11 21.08 54.55 19.60 64.08

8 14 203.60 198.67 78.97 63.35 201.13 71.16 64.62

9 5 18.53 19.80 0.00 0.00 19.17 0.00 100.00

3 121.17 97.74 60.06 57.72 109.45 58.89 46.20

10 31 925.12 1072.03 1235.25 1198.02 998.58 1215.14 -21.69

11 3 41.97 43.56 15.44 14.04 42.76 14.74 65.52

12 19 8.73 8.48 29.17 31.98 8.60 30.58 -255.56

13 29 13.29 12.33 19.84 18.79 12.81 19.32 -50.85

30 14.42 16.50 17.12 13.15 15.46 15.13 2.13

14 30 45.87 54.58 8.22 6.44 50.22 7.33 85.41

15 19 18.00 13.81 5.10 6.53 15.90 5.82 63.42

16 19 43.90 47.53 41.00 46.31 45.72 43.65 4.51

14 41.12 35.09 19.33 20.08 38.11 19.70 48.29

15 5.68 6.43 21.66 25.02 6.05 23.34 -285.72

17 30 97.33 88.75 84.89 76.50 93.04 80.69 13.27

18 25 2.45 2.07 0.00 0.00 2.26 0.00 100.00

19 21 18.62 20.36 5.37 7.17 19.49 6.27 67.83

20 13.78 13.57 10.38 8.64 13.67 9.51 30.43

20 3 97.41 95.36 38.07 43.23 96.38 40.65 57.83

21 14 32.86 35.01 46.87 46.17 33.93 46.52 -37.09

22 14 987.27 998.71 891.97 979.26 992.99 935.62 5.78

23 8 24.53 26.42 5.81 6.78 25.48 6.29 75.31

24 2 34.69 29.50 18.50 16.36 32.09 17.43 45.69

25 30 25.19 27.08 37.50 31.64 26.14 34.57 -32.29

26 3 86.14 97.24 7.83 5.24 91.69 6.53 92.87

27 30 353.71 367.35 41.34 48.82 360.53 45.08 87.50
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Introduction: The primary aim of this study was to compare the precision 
of root canal length determination on cone beam computed tomography 
(CBCT) scans and periapical radiographs (PA) to the actual root canal length. 
The secondary aim was to examine the influence of tooth type on root canal 
length measurements as assessed on CBCT scans and periapical radiographs.

Methods: In total 40 root canals of 33 teeth (molars, premolars, canines, 
incisors) out of five dentate maxillas of human cadavers were included. Root 
canal length measurement was performed by a consensus panel (2 examiners) 
on CBCT scans (3D Accuitomo 170) and digital PA. After straight line access 
opening a file #15 was fixated in every root canal at the length measured 
on CBCT scans. All teeth were extracted and the root canal containing the 
file was uncovered. Measurements made on images taken with a digital 
camera (AxioCam, Carl Zeiss), linked to stereo-zoom microscope (Stemi SV6,  
Carl Zeiss) were used as the actual root canal length. 

Results: When all roots were examined together, it was not clear which 
method is better for all types of teeth. For root canals of anterior teeth there 
was no significant difference between the two methods. For root canals 
of posterior teeth, CBCT images gave results significantly closer to the 
actual root canal length in comparison to PA (t-value -1.96, critical value is  
1.74 significance level of 0.05). 

Conclusions: Root canal length measurements of posterior maxillary teeth 
were more accurate on CBCT images than PA.

Abstract
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Introduction

The main objectives of root canal treatment are the removal of vital and 
non-vital pulp tissue, the removal of microorganisms from the root canal space 
and the placement of an adequate root canal filling to prevent reinfection 
and to to create an environment for favorable periapical healing (1, 2). For a 
thorough cleaning and shaping of the root canal, the correct working length 
measurement is of outmost importance (3). Clinicians so far rely on the use of 
periapical radiographs (PA) and electronic apex locators (EAL).  The combined 
use of PAs and EALs allows for greater accuracy in the working length 
determination than PAs only (4, 5). However, the measurements obtained 
from EALs in partially or totally obliterated root canals are not consistent (6). 
On the other hand, relying solely on PAs for the working length measurement 
can be problematic. The technique is sensitive and subjective and the two-
dimensional representation of a three-dimensional area increases the danger 
of overestimation of the root canal length (7-9). 

Recently cone beam computed tomography (CBCT) was introduced to 
endodontics as a rather noninvasive tool for evaluating tooth morphology and 
disease diagnosis (10, 13, 14). It has been reported that CBCT scans are more 
sensitive than PAs in detecting pre- and post-treatment periapical lesions  
(9 -12), root canal anatomy (15), vertical root fractures (16), root perforations 
(17) and post-treatment periapical lesions. A major advantage of CBCT is the 
three-dimensional imaging. The ability to reduce or eliminate superimposition 
of the surrounding structures makes CBCT superior to PAs (18). Recent studies 
have compared the use of CBCT to EALs for the working length measurement 
in vivo (19, 20). Although their results support the use of CBCT scans for 
endodontic working length measurements, measurement of the actual root 
canal length after extraction of the teeth, did not take place as this was  
not ethical.
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The primary aim of this in situ study was to compare the precision of root 
canal length determination on CBCT scans and periapical radiographs to the 
actual length. The secondary aim was to examine the influence of tooth type 
(anterior, posterior) on root canal length measurements as assessed on CBCT 
scans and periapical radiographs.
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Materials and Methods

Five dentate maxillas from human cadavers obtained by the department of 
Anatomy of the Academic Centre for Dentistry Amsterdam (ACTA) were used. 
In total 40 roots out of 33 maxillary teeth (7 molars, 11 premolars, 7 canines 
and 15 incisors) were included. All types of coronal restorations were removed 
before PAs and CBCT scans were taken to avoid scatter and beam hardening 
artifacts.  None of the included roots in the present study was previously 
endodontically treated. The PAs were taken with the digital imaging system 
Planmeca ProSensor (63 kV DC 8 mA) using the paralleling technique. The 
CBCT scans were taken with the 3D Accuitomo 170 (90KV, 5mA, J. Morita, 
Kyoto, Japan) at the department of Oral Radiology of ACTA. For the CBCT 
scans the settings were 360˚ rotation, standard resolution, limited field of 
view (FOV) 4x4cm and voxel size 0,125mm, while for the reconstruction the 
thickness of the slices was 1mm and the interval 0.5mm.

For the measurement of each root canal length the reference point was 
the corresponding/adjacent cusp (buccal cusp for buccal root canal) and 
did not altered during the measurements. On PAs the distance between the 
reference point and radiographic apex of the root canal(s) was measured 
using the Emago software (Oral Diagnostic Systems, ACTA, Oral Radiology, 
The Netherlands). For the root canal length measurement on CBCT scans we 
followed the method described by Janner et al (19). The CBCT slice (mesio-
distal or vestibulo-oral) showing the cusp, most of root canal curvatures and 
the major foramen was selected. The distance between the reference point 
and the apex was measured. The measurement line followed each visible 
canal deviation in the respective slice thus allowing for nonlinearly shaped 
canals (Figure 1). All measurements were carried out by two observers, one 
endodontist and 1 undergraduate student. For each assessment the observers 
evaluated the images together and reached consensus.

Straight line access opening of all teeth was gained using diamond burs in 
airrotor and long neck burs in micromotor. A Flexo file #15 (Dentsply Maillefer, 

Chapter 4
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Ballaigues, Switzerland) was brought in the root canal to the length measured 
by the CBCT scan. When it was necessary hand files from #6 to #10 were 
used, for minimum enlargement of the root canal. Obstructions present in root 
canals were bypassed using EDTA and pre-bent files. Teeth where this was 
not possible were excluded from the study. The file #15 was cemented with 
composite in the root canal and its handle was removed. Afterwards all teeth 
were extracted. To avoid root fracture bone around the tooth was partially 
removed prior to extraction. Teeth that fractured during extraction were not 
included in the study. 

All root canals of the extracted teeth were exposed under an operating 
microscope by carefully grinding one part of the dentinal wall until the root 
canal with the file #15 was uncovered. Caries indicator (Sable Seek and Seek, 
Ultradent, Inc, USA) was applied on the canal surface to increase its visibility 
during this procedure. Digital images of all canals were obtained with the 
AxioCam (Carl Zeiss) digital camera, linked to Stemi SV6 (Carl Zeiss) stereo-
zoom microscope at 10x magnification and were used as the actual root canal 
length (Figure 1). The measurements were done using the corresponding 
software Axiovision 4 (release 4.8.2.SP2, Carl Zeiss).

Figure 1.  
Root canal measurements  
of tooth number 8. (A-B) root 
canal length measurement 
on CBCT slices; (A) mesio-
distal view where the 
length is 23.52mm and (B) 
vestibulo-oral view where 
the length is 23.25mm. 
(C) Digital periapical 
radiograph with root canal 
measurement (25.1mm). (D) 
Digital image of the exposed 
root canal with a file  
#15 (23.04mm).
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A one-sample t-test was used to analyze which of the two methods  
(PA or CBCT) gives results closer to the gold standard in root canals of all 
teeth. We calculated the difference in length between each method and the 
actual length for each root, and then used their absolute value, that is the value 
of the difference regardless the positive or negative sign. The one-sample 
t-test was performed on the difference of the absolute values of PA and CBCT. 
For example, if the root canal length was 23mm on PA, 19mm on CBCT, and 
the actual length was 21mm, the difference between PA and actual length 
would be 2mm (positive difference), while the difference between CBCT and 
actual root canal length was -1mm (negative difference). The absolute values 
in this example would be 2mm for PA and 1mm for CBCT and the difference of 
their absolute values would be 1mm.

Another one-sample t-test was performed for the root canals of anterior 
and of posterior teeth separately. The null hypothesis was that the distribution 
of the difference between the absolute distances of the two methods to the 
actual root canal length would have a mean of zero. The confidence level was 
set at 95%. Additionally the mean and standard deviation (SD) were calculated 
for each method. The statistical tests were performed in Excel (Microsoft 
Office 2003).

Statistical Analysis

Chapter 4
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Results

When all root canals were examined together the one-sample t-test 
produced a t-value of 1.37 and the null hypothesis was accepted with a 
significance level of α=0.05. Thus, it was not clear which method was more 
accurate for all types of teeth. For the root canals of anterior teeth the one-
sample t-test produced a t-value of 0.00, and at a significance level of α=0.05 
the null hypothesis was again accepted. However, for the root canals of posterior 
teeth the one-sample t-test produced a t-value of -1.96 with a negative mean. 
The null hypothesis was rejected as the critical value is 1.74 with a significance 
level of 0.05. The negative value on the difference means that the CBCT 
measurements in the root canals of posterior teeth were significantly closer to 
the actual root canal length in comparison to the periapical radiographs. The 
results of the descriptive statistics are seen in Table 1. There was a tendency 
for underestimation of the root canal length measured on the CBCT scans in 
comparison to the actual root canal length in both anterior (0.74mm, sd=±0.89 
mm) and posterior teeth (0.51mm, sd=±0.73mm) while there was a tendency 
for overestimation of root canal length measured on PA for both anterior 
(-0.23mm, sd=±1.30mm) and posterior teeth (-0.60mm, sd=±1.36mm).
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Our results suggest that CBCT scans could measure root canal length of 
posterior maxillary teeth more accurately. Although in anterior maxillary teeth 
there was not a significant difference between PA and CBCT with regard to 
the root canal length measurement, this is not unexpected given the more 
complex anatomical nature of the posterior teeth. 

To our knowledge this study is the first one to measure root canal lengths 
using CBCT scans in situ and hereafter compare these findings with the actual 
root canal length. The dentate heads of the cadavers that were used in this 
study had all soft tissues attached, and all neighboring anatomical structures 
like maxillary sinus and zygomatic arch were present, simulating in this way 
the real clinical situation. The extraction of the teeth and their subsequent 
analysis with the stereomicroscope allowed for a direct comparison of PA  
and CBCT measurements to the actual length of the root canal. In addition,  
the extraction of the teeth did not present the difficulties related to dry 
specimens (maxillas or mandibles). 

In this study for each root canal length to be measured, the most suitable 
CBCT slice on either the mesio-distal or the vestibulo-oral plane was used. 
The selection of the slice was dependent on the curvature of the root and 
the location of the major foramen, which is not always located at the tip of 
the root. Martos et al (19) reported that in only 40% of permanent maxillary 
and mandibular teeth the major foramen is located at the tip of the root, while 
the most frequent deviations of the foramen were to the buccal (20%) and 
distal (14%). In contrast to CBCT scans, PAs display only the mesio-distal 
view of a root and are not able to identify the major foramen with sufficient  
reliability (7, 19, 21). 

Previous studies have compared CBCT to EALs with regard to working 
length measurements (19, 20). In our study the use of EALs was not possible 
due to the interference of the preservation liquid where the cadavers had been 

Discussion
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stored on the electrical properties of the human tissues, which resulted in false 
readings. Especially in teeth where the use of EAL is presenting problems, 
the use of CBCT scans could be an alternative to reduce or even replace 
PAs. Both studies of Janner et al (19) and Jeger et al (20) are in accord  
with the findings of our study that support the use of CBCT for root canal 
length measurement. 

In spite of the relatively small sample size of the study there was seen 
a tendency for overestimation of the root canal length when PAs were used, 
and a tendency for underestimation with CBCT images. In accord with these 
findings, is the study of Elayouti et al (9) that reported a higher frequency of 
overinstrumentation in posterior teeth in comparison to anterior teeth when 
PAs were used. Instrumentation beyond the apical foramen is associated with 
a poor prognosis; therefore it should be avoided (2, 22). In that aspect the use 
of CBCT scans for the root canal length measurement could possibly lead to a 
more favorable prognosis of endodontic treatments. 

The use of CBCT in endodontics should however be limited to 
the assessment and treatment of complex endodontic conditions.  
Although it provides useful information on root canal anatomy, facilitates 
detection of periapical lesions or procedural errors such as perforations, has 
some limitations. Radiation dose, scattering and cost must be considered. 
Using the smallest possible field of view (FOV) for every case is recommended. 
In the present study the CBCT scanner settings were in accordance to the 
ALARA principle, in spite of the fact that human cadavers were used. The 
CBCT scanner was the 3D Accuitomo 170 (90KV, 5mA, J. Morita, Kyoto, Japan)  
with a limited FOV of 4x4cm and voxel size 0,125mm. A significant shortcoming 
of CBCT scans that affects their image quality and diagnostic accuracy is  
the scatter and beam hardening artifacts caused by radiopaque materials 
such as metal posts, restorations and root filling materials. For that reason all 
restorations were removed prior to scanning. This study does not suggest that 
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PA should be replaced by CBCT scans during every endodontic procedure, 
but it supports the additional use of pre-existing scans taken for diagnostic 
purposes (e.g. before endodontic microsurgery, in cases of resorption after 
orthodontic treatment). CBCT scans can be helpful in establishing the root canal 
length in carefully selected cases while taking into account the ALARA (as low 
as reasonably achievable) principle. Making use of all the available information 
in pre-existing CBCT scans may result on having fewer periapical radiographs 
necessary, which serves the ALARA principle. In conclusion, when CBCT 
images were used for root canal length measurements of posterior maxillary 
teeth, they were significantly more accurate than periapical radiographs.

Chapter 4
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In the current thesis the use of cone beam computed tomography (CBCT) 
in endodontics has been evaluated within the framework of in vitro and in vivo 
studies. The possible enhancements in the diagnosis and the decision-making 
in endodontics have been analyzed and the factors affecting the formation of 
a treatment plan have been demonstrated.

Chapter 2 is dedicated to the detection of vertical root fractures of 
endodontically treated teeth on CBCT scans. Section 2.1 contains an in 
vitro study where the accuracy of CBCT scans is compared to that of periapical 
radiographs in detecting vertical root fractures. The influence of root canal 
filling material on the fracture visibility was also examined. The vertical root 
fractures in the teeth used were artificially created and the teeth were placed 
in dry mandibles for the scanning. The CBCT scanner used was the I-CAT 
(120 KvP, 5 mA, 10 x16 cm field of View (FoV), 0.25mm voxel size; Imaging 
Sciences, Hatfield, PA). The overall accuracy of the I-CAT CBCT scanner 
(86%) was higher than that of periapical radiographs (66%). The presence of 
root canal filling material had a negative influence on the specificity of CBCT 
scans (p=0.032) and on the sensitivity of periapical radiographs (p=0.006). 
In Section 2.2 the second in vitro study conducted as part of this thesis 
is presented. It examined the accuracy of five different CBCT scanners in 
detecting vertical root fractures. Additionally the influence of root canal filling 
material and the selection of the slice orientation were analyzed. The vertical 
root fractures in the teeth used were artificially created and the teeth were 
placed in dry mandibles for the scanning. The CBCT scanners used were the 
following: NewTom 3 G (110KvP, 2.4mA, 10x10cm FoV, 0.2 mm voxel; QR SLR, 
Verona, Italy), Next Generation I-CAT (120 KvP, 5 mA, 10 x16 cm FoV, 0.25mm 
voxel; Imaging Sciences International, Hatfield, PA), Galileos 3D (85KvP, 7mA, 
15x15cm FoV, 0.3mm voxel; Sirona Germany, Bensheim, Germany), Scanora 
3D (85KvP, 10mA, 7.5x10cm FoV, 0.2mm voxel; Soredex, Tuusula, Finland), and 
3D AccuiTomo-xyz (80KvP, 3.3mA, 3x4cm FoV, 0.25 voxel; J. Morita, Kyoto, 
Japan). There was a significant difference among the accuracy of the CBCT 
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scanners (p=0.0001). The presence of root canal filling material negatively 
influenced the specificity (p=0.003) in all scanners. The use of axial slices for 
the assessment of the scans resulted in significantly more accurate detection 
of vertical fractures (p=0.0001), than the use of coronal or sagittal slices. In 
Section 2.3 the validity of two CBCT scanners on detecting vertical root 
fractures is examined in vivo. Thirty nine individuals with 39 endodontically 
treated teeth suspected of vertical root fracture were scanned before 
endodontic surgery. No fractures were visible on periapical radiographs. The 
scanners used were the NewTom 3G (110 kv, 3.90-5.6 mA, 0.2mm voxel; QR 
SLR, Verona, Italy) and 3D Accuitomo 170 (90 kv, 5mA, isotropic voxel size 
0.08mm; J. Morita, Kyoto, Japan). The findings of orthograde retreatment, 
endodontic microsurgery, or extraction were used to verify the presence 
or absence of a vertical fracture. The results of this study suggest that the 
reproducibility and accuracy of VRF detection depend on the CBCT system 
used, and support the use of 3D Accuitomo 170 for the detection of VRFs in 
endodontically treated teeth over the use of NewTom 3G. The accuracy of 3D 
Accuitomo 170 (93%) is significantly higher than that of NewTom 3G (68%). 

Chapter 3 contains a clinical study that examines the change in 
volume of periapical radiolucencies of endodontically treated teeth one year 
after endodontic orthograde retreatment. Forty-five endodontically treated 
teeth with persistent apical periodontitis requiring endodontic orthograde 
retreatment, from 37 individuals referred to the Postgraduate Endodontology 
Clinic at the Academic Centre for Dentistry Amsterdam (ACTA) from 2009 to 
2011. The research protocol was approved by the VU University Medical Center 
Amsterdam (VUmc) ethics committee (2007/265) and the participants signed 
a letter of consent. For every individual there was a CBCT scan made before 
retreatment and a second scan a year later. The recall rate was 78% for the 
teeth and 73% for the patients. Two observers measured independently the 
volume of radiolucencies on CBCT images using the AMIRA software (5.3.4, 
Visage Imaging GmbH). The volumetric change in periapical radiolucencies 
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one year after retreatment was statistically significant (z= - 3.112, p<0.005). 
The volume of periapical radiolucencies reduced in 20 teeth (57%) remained 
unchanged in 8 (23%) and increased in 7 (20%). 

Chapter 4 examines the precision of root canal length measurement 
on CBCT scans and the influence of tooth type (anterior, posterior) on these 
measurements. In total 40 root canals of 33 teeth (molars, premolars, canines, 
incisors) out of five dentate maxillas of human cadavers were included. 
Root canal length measurement was performed by a consensus panel. The 
CBCT scanner used was the 3D Accuitomo 170 (90KV, 5mA, 360˚ rotation, 
standard resolution, 4x4cm field of view, voxel size 0,125mm; Morita, Kyoto, 
Japan) and digital periapical radiographs. All teeth were extracted and the 
measurements made on digital images (AxioCam, Carl Zeiss), linked to stereo-
zoom microscope (Stemi SV6, Carl Zeiss), were used to define the actual 
root canal length. For root canals of anterior teeth there was no significant 
difference between the periapical radiographs and the CBCT scans. For root 
canals of posterior teeth, CBCT images gave results significantly closer to the 
gold standard in comparison to periapical radiographs (t-value -1.96, critical 
value is 1.74 significance level of 0.05). Root canal length measurements 
of posterior maxillary teeth were more accurate on CBCT images  
than periapical radiographs.

Chapter 5
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The present thesis does not suggest that CBCT scans should replace the 
periapical radiographs for every endodontic patient. This thesis emphasizes 
the need for careful patient selection when CBCT scans are advised, as well 
as the selection of the most suitable CBCT system and settings. Furthermore, 
this thesis points out the importance of making the best use of available 
pre-existing CBCT scans before a patient is treated. A CBCT scan can be 
a valuable tool in establishing a diagnosis and in further treatment planning 
when the information arising from both clinical and periapical radiographs are 
not sufficient. However not all CBCT scans provide the necessary diagnostic 
information. Important factors that have to be considered for the justification 
of a CBCT scan are the radiation, the image quality and the presence of 
artifacts arising from radiopaque materials such as guttapercha, intracanal 
posts, artificial crowns or other metallic restorations. Careful patient selection 
and the appropriate CBCT scanning parameters are both serving the ALARA 
(as low as reasonably achievable) principle. 

The technology of cone beam computed tomography is developing in the 
last years. CBCT scans can be used for the detection of vertical root fractures 
in endodontically treated teeth as they have an overall higher accuracy in 
comparison with periapical radiographs. However the reproducibility and 
accuracy in vertical root fracture detection depend on the CBCT system used. 
The spatial resolution, the signal-to-noise ratio, the dynamic range and other 
CBCT-specific image artifacts have an impact on the visibility a vertical root 
fracture. 

The volumetric changes of periapical radiolucencies after endodontic (re)
treatment could serve as proxy measurements in the evaluation of a treatment 
outcome. Performing such measurements is quite cumbersome even with 
state of the art technology and as CBCT systems (both hardware and software) 
become more mature it is expected that such volumetric comparisons will 
become integrated in the standard vendor provided workflows.

General conclusions
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CBCT images were proved to be significantly more accurate than periapical 
radiographs when used for root canal length measurements of posterior 
maxillary teeth. This statement does not suggest that periapical radiographs 
should be replaced by CBCT scans during every endodontic procedure. It 
rather emphasizes the value of CBCT scans in endodontics and supports 
the additional use of pre-existing CBCT scans that were made for diagnostic 
purposes prior to treatment.

Chapter 5
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•  For the detection of vertical root fractures on CBCT scans, the 
factors that have to be considered are the detector design, the voxel 
size, the contrast-to-noise ratio of the selected field of view (FoV), 
and the possible artifacts arising from radiopaque materials  
(e.g. root canal filling material, intracanal posts, artificial crowns, 
other metallic restorations).

•  Removal of radiopaque materials that cause artifacts and interfere 
with the CBCT scan could be done prior to scanning.

•  The main radiographic feature of a vertical root fracture on a 
CBCT scan is the presence of a radiolucent line crossing the root 
completely or partially on at least two consecutive slices. 

•  Axial slices are more accurate than coronal and sagittal in detecting 
vertical root fractures. 

•  Root canal length measurements of posterior maxillary teeth are 
more accurate on CBCT images than periapical radiographs.

•  The CBCT slice (mesio-distal or vestibulo-oral) to be selected for  
root canal length measurements should include the cusp, most of 
root canal curvatures and the major foramen.

•  It should be taken into account that there is a tendency for 
underestimation of the actual root canal length when CBCT  
images are used.

Recommendations for the use of CBCT  
in endodontic practice
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Samenvatting

In dit ondezoek wordt het gebruik van cone beam computed tomography 
(CBCT) in de endodontologie geëvalueerd door middel van in-vitro en in-
vivo studies. Verbeteringsmogelijkheden  voor diagnostiek en  besluitvorming 
werden geanalyseerd. Tot slot worden factoren benoemd waarmee bij het 
opstellen van het behandelplan rekening gehouden moet worden.

Hoofdstuk 2 is gewijd aan de diagnose van verticale wortelfracturen 
in endodontisch behandelde tanden en kiezen op CBCT scans. Sectie 2.1 
bevat een in-vitro studie waarin de precisie van CBCT scans wordt 
vergeleken met die van periapicale röntgenfoto’s bij het opsporen van 
verticale wortelfracturen. De invloed van het wortelkanaalvulmateriaal op 
de zichtbaarheid van de fractuur werd ook onderzocht. In speciaal hiervoor 
geselecteerde tanden en kiezen werden kunstmatig verticale wortelfracturen 
gecreëerd. De tanden en kiezen werden in droge onderkaken geplaatst en 
vervolgens gescand. De hiervoor gebruikte CBCT scanner was de I-CAT 
(120 KvP. 5mA, 10 x 16 cm ‘field of view’ (FoV). 0.25mm voxel size; Imaging 
Sciences, Hatfield, PA). Over de hele linie had de I-CAT CBCT scanner (86%) 
een hogere precisie dan de periapicale röntgenfoto’s. De aanwezigheid van 
wortelkanaalvulmateriaal had een negatieve invloed op de specificiteit van 
de CBCT scans en op de sensitiviteit van de periapicale röntgenfoto’s. In 
Sectie 2.2 wordt een tweede in vitro studie als onderdeel van dit onderzoek 
gepresenteerd. Hierin wordt de precisie van vijf verschillende CBCT scanners  
bij het opsporen van verticale wortelfracturen onderzocht.  In aanvulling hierop 
werd de invloed van het wortelkanaalvulmateriaal en van de keuze van de 
doorsnede oriëntatie geanalyseerd.  In speciaal hiervoor geselecteerde tanden 
en kiezen werden kunstmatig verticale wortelfracturen gecreëerd. De tanden 
en kiezen werden in droge onderkaken geplaatst en vervolgens gescand. 
Hiervoor werden de volgende CBCT scanners gebruikt: NewTom 3 G (110KvP, 
2.4mA, 10x10cm FoV, 0.2 mm voxel; QR SLR, Verona, Italy), Next Generation 
I-CAT (120 KvP, 5 mA, 10 x16 cm FoV, 0.25mm voxel; Imaging Sciences 
International, Hatfield, PA), Galileos 3D (85KvP, 7mA, 15x15cm FoV, 0.3mm 
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voxel; Sirona Germany, Bensheim, Germany), Scanora 3D (85KvP, 10mA, 
7.5x10cm FoV, 0.2mm voxel; Soredex, Tuusula, Finland), en de 3D AccuiTomo-
xyz (80KvP, 3.3mA, 3x4cm FoV, 0.25 voxel; J. Morita, Kyoto, Japan). Er was 
een significant verschil in precisie tussen de CBCT scanners (p=0.0001). 
Bij alle scanners had de aanwezigheid van wortelkanaalvulmateriaal een 
negatieve invloed op de specificiteit. Bij axiale doorsneden was de diagnose 
van de wortelfracturen (p=0.0001) aanzienlijk nauwkeuriger dan bij coronale 
of sagittale doorsneden. In Sectie 2.3 wordt van twee CBCT scanners 
de validiteit voor het diagnosticeren van verticale wortelfracturen in-vivo 
onderzocht. Negenendertig personen met 39 endodontisch behandelde tanden 
met een vermoeden van verticale wortelfractuur, werden gescand  alvorens 
een endodontische operatie te ondergaan. Op de  röntgenfoto’s waren geen 
fracturen te zien. De hiervoor gebruikte scanners waren de NewTom 3G (110 
kv, 3.90-5.6 mA, 0.2mm voxel; QR SLR, Verona, Italy) en de 3D Accuitomo 
170 (90 kv, 5mA, isotropic voxel size 0.08mm; J. Morita, Kyoto, Japan). Met 
orthograde herbehandeling, endodontische microchirurgie of extractie werd 
de aan- of afwezigheid van verticale fracturen geverifieerd. Uit deze studie 
kwam naar voren dat de reproduceerbaarheid en precisie van VRF diagnose 
afhangt van het gebruikte CBCT systeem en dat voor de diagnose van VRF’s in 
endodontisch behandelde tanden en kiezen het gebruik van de 3D Accuitomo 
170 de voorkeur verdient boven dat van de  NewTom 3G. De precisie van de 3D 
Accuitomo 170 (93%) is aanzienlijk hoger dan die van de NewTom 3G (68%). 

Hoofdstuk 3 bevat een klinische studie van de volumeverandering  
van de periapicale laesies van endodontisch behandelde tanden een jaar 
na orthograde herbehandeling. Het betrof hier vierenvijftig endodontisch 
behandelde tanden en kiezen met persisterende parodontitis apicalis bij 
37 personen die een endodontische orthograde herbehandeling moesten 
ondergaan en  hiervoor tussen 2009 en 2011 verwezen waren naar de 
postacademische endodontologische kliniek van het Academisch Centrum 
voor Tandheelkunde Amsterdam (ACTA). Het onderzoeksprotocol werd 
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goedgekeurd door het ethisch comite (2007/265) van het VU Medisch 
Centrum Amsterdam (VUmc) en de deelnemers ondertekenden een brief voor 
akkoord. Bij ieder van hen is vóór de behandeling een CBCT scan gemaakt, een 
tweede scan volgde een jaar later. Het terugkompercentage was 78% voor de 
tanden en 73% voor de patiënten. Twee waarnemers maten onafhankelijk van 
elkaar het volume van de  radiolucenties op de CBCT beelden, daarbij gebruik 
makend van AMIRA software (5.3.4, Visage Imaging GmbH). De verandering 
van het volume van de periapicale radiolucenties een jaar na herbehandeling 
was statistisch significant (z= - 3.112, p<0.005). Het volume van de  periapicale 
radiolcunties nam in 20 tanden en kiezen (57%) af, bleef in 8 (23%) ongewijzigd 
en nam in 7 (20%) toe.

Hoofdstuk 4 onderzoekt de mate van precisie van de 
wortelkanaalwortelkanaalmeting op CBCT scans en de invloed van de positie 
van de tand (anterieur, posterieur) op de metingen. Hiervoor werden 40 
wortelkanalen van 33 tanden (molaren, premolaren, caninen en incisoren) 
uit vijf gebitten van stoffelijke overschotten gebruikt. De meting van het 
wortelkanaal werd gedaan door  een consensus panel. De hiervoor gebruikte 
CBCT scanner  was de 3D Accuitomo 170 (90KV, 5mA, 360˚ rotation, standard 
resolution, 4x4cm field of view, voxel size 0,125mm; Morita, Kyoto, Japan). 
Daarnaast werd gebruik gemaakt van digitale periapicale röntgenfoto’s. Alle 
tanden en kiezen werden  getrokken en de metingen, op digitale afbeeldingen,  
(AxioCam, Carl Zeiss, aangesloten op een stereo-zoom microscoop, Stemi 
SV6, Carl Zeiss) werden gebruikt om de lengte van het wortelkanaal te bepalen.  
Bij de wortelkanalen van de voortanden was er geen significant verschil 
tussen de periapicale röntgenfoto’s en de CBCT scans. Bij de premolaren en 
molaren lagen de resultaten van de CBCT beelden significant dichter bij de 
gouden standaard dan die van de  periapicale röntgenfoto’s (t-value -1.96, 
critical value is 1.74 significance level of 0.05). Op de CBCT beelden waren de 
wortelkanaalwortelkanaalmetingen van de molaren nauwkeuriger dan op de  
periapicale röntgenfoto’s.
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Conclusies

Dit onderzoek suggereert niet dat bij alle endodontische patiënten de  
periapicale röntgenfoto’s vervangen zouden moeten worden door CBCT scans. 
Het benadrukt wel de noodzaak van behoedzaamheid wanneer CBTC scans 
worden aanbevolen, alsook de noodzaak om zoveel mogelijk gebruik te maken 
van al bestaande CBCT scans. Een CBCT scan kan een waardevol instrument 
zijn voor het stellen van de diagnose en  het opstellen van een behandelplan als 
klinische en periapicale röntgenfoto’s niet voldoende informatie geven. Echter, 
niet alle CBCT scans verschaffen de noodzakelijke diagnostische informatie. 
Belangrijke factoren waar rekening mee gehouden moet worden voor een 
verantwoord gebruik van CBCT scans zijn straling, beeldkwaliteit, artefacten 
die ontstaan door radiopaque materialen zoals guttapercha, intracanale stiften, 
kunstkronen of andere metalen restauraties.  Door behoedzaamheid bij de 
selectie van patiënten èn met de juiste CBCT scanning parameters wordt 
zoveel mogelijk tegemoetgekomen aan het ALARA (as low as reasonably) 
principe. De technologie van cone beam computed tomography heeft de 
afgelopen jaren een grote ontwikkeling doorgemaakt. CBCT scans sporen 
verticale wortelfracturen in endodontisch behandelde tanden op, met in het 
algemeen hogere precisie dan periapicale röntgenfoto’s. Hierbij moet wel 
opgemerkt worden dat de reproduceerbaarheid en de precisie afhangen van 
het gebruikte CBCT systeem. De spatiale resolutie, de signaal-ruis verhouding, 
het dynamisch bereik (dynamic range) en andere CBCT eigen artefacten 
hebben invloed op de zichtbaarheid van een verticale wortelfractuur.

De volumetrische veranderingen van periapicale laesies na endodontische 
(her)behandeling kunnen dienen als proxy metingen bij de evaluatie van een 
behandeling. Het uitvoeren van dergelijke metingen is behoorlijk omslachtig, 
zelfs met de meest geavanceerde technologie. Naarmate CBCT systemen 
(zowel hard- als software) zich verder ontwikkelen, is de verwachting dat 
dergelijke volumetrische vergelijkingen geïntegreerd zullen worden in het 
productieproces. Bij wortelkanaalmetingen van maxillaire tanden blijken CBCT  
beelden significant nauwkeuriger te zijn dan periapicale röntgenfoto’s. Hiermee 
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suggereren we niet dat CBCT scans bij elke  endodontische behandeling de 
periapicale röntgenfoto’s zouden moeten vervangen. Wel benadrukken we het 
belang van CBCT scans voor de endodontische praktijk waarbij we het gebruik 
van CBCT scans die al eerder bij de diagnose werden gemaakt, voorstaan.
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Aanbevelingen voor het juiste gebruik van CBCT  
in de endodontische praktijk

•  Factoren waarmee bij het opsporen van verticale wortelfracturen op 
CBCT scans rekening gehouden moet worden, zijn: het type detector, 
de voxelgrootte, de contrast-ruis verhouding van het geselecteerde 
beeldveld (FoV), en eventuele artefacten door radiopaque materialen 
(bijvoorbeeld wortelkanaalvulling, intracanale stiften, kunstkronen en 
ander metalen restauratiemateriaal). 

•  Alvorens er gescand wordt, dienen radiopaque materialen die 
artefacten kunnen veroorzaken en interfereren met de CBCT scan, 
verwijderd te worden.

•  Het meest opvallende radiografische kenmerk van een wortelfractuur 
op CBCT scan is de aanwezigheid van een radiolucente lijn die 
over de hele wortel zichtbaar is of gedeeltelijk op tenminste twee 
opeenvolgende doorsneden.

•  Axiale doorsneden zijn nauwkeuriger dan coronale en sagittale 
doorsneden bij het diagnosticeren van wortelfracturen. 
Wortelkanaalmetingen van molaren en premolaren zijn op CBCT 
scans nauwkeuriger dan op periapicale röntgenfoto’s. 

•  De geselecteerde doorsnede (mesio-distaal of vestibulo-oraal) voor 
de wortelkanaalwortelkanaalmeting moet de knobbel, het merendeel 
van de wortelkanaalkrommingen en het apicale foramen bevatten.

•  Er dient rekening mee gehouden te worden dat bij CBCT scans er 
een neiging is tot het onderschatten van de wortelkanaallengte.
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