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Abstract
Background: Vertical root fracture (VRF) is a common problem in endodontically treated teeth. Due to its poor prognosis, a reliable 
technique must be used to make an accurate diagnosis. Cone beam computed tomography (CBCT) has been recently introduced for 
maxillofacial imaging. Despite the high diagnostic value of this method, metal artifacts resulting from intra-canal posts still make the 
detection of VRFs challenging.
Objectives: This study aimed to assess the effect of object position in the field of view (FOV) of CBCT on detection of VRFs in teeth with 
intra-canal posts.
Materials and Methods: The crowns of 60 extracted premolar teeth were cut at the level of cementoenamel junction (CEJ). Root canals 
were filled with gutta-percha and filling of the coronal 2/3 of the root canals was subsequently removed to fabricate intra-canal cast 
posts. The teeth were randomly divided into two groups of 30. Fracture was induced in group one using an Instron machine. Group two 
was considered as the control group with no fracture. All teeth were then randomly positioned and scanned in five different positions 
starting at the center of the FOV as well as right, left anterior and posterior relative to the center (3, 9, 12, and 6 O’clock) via the New Tom 
VGI CBCT unit. Two observers evaluated images for VRFs. Sensitivity and specificity of fracture diagnosis in each position was calculated in 
comparison with the gold standard. Wilcoxon test was used for data analysis.
Results: Considering deterministic and probabilistic diagnostic parameters, probabilistic sensitivity was similar in all positions; but 
probabilistic specificity of the center position (65.1%) was significantly higher than that of 6 and 12 O’clock positions. Considering the 
deterministic diagnostic parameters, the overall sensitivity and specificity values decreased in all positions in FOV, but sensitivity of the 
center position of FOV was significantly higher than that of other positions; specificity was significantly higher at the 3 O’clock position 
(58.5%).
Conclusion: Concerning the positions in FOV, the center position is suitable for detection of VRF in teeth with intra-canal posts due to 
significantly higher sensitivity at this position. The 3 O’clock position would be suitable for assessment of intact teeth without fractures 
due to significantly higher specificity at this position.
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1. Background
Vertical root fracture (VRF) is among the most com-

mon causes of endodontic failures (1). Detection of VRF 
is often challenging (2). Over time, VRF may cause sepa-
ration of broken pieces and compromise prognosis. VRF 
is the third most common cause of tooth extraction 
(3). Thus, its detection before endodontic treatment or 
tooth restoration is necessary. The currently used con-
ventional techniques for detection of VRFs include bite 
test, direct observation and examination using a sur-
gical microscope; however, these methods have some 
limitations (4-7).

VRF can be detected radiographically only when the 

fracture line is parallel to the path of beams (8). Other-
wise, the fracture cannot be observed on a two-dimen-
sional (2D) radiograph, particularly in early phases 
when the fracture line is in the form of a fine crack and 
the broken pieces are still attached. Superimposition 
of the adjacent structures is another factor limiting 
the sensitivity of conventional radiography for detec-
tion of VRFs. Recently, the efficacy of CBCT systems has 
been evaluated for detection of VRFs. According to the 
literature, such three-dimensional (3D) techniques 
have higher diagnostic value than conventional radi-
ography for detection of VRFs (9-13). CBCT has favorable 
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properties including high resolution, quick scanning 
time, lower cost and significantly decreased radiation 
exposure dose compared to standard CT. Studies dem-
onstrated that CBCT has superior diagnostic accuracy 
for detection of VRFs in comparison with other imaging 
modalities in teeth without root canal filling or intraca-
nal post (14-18).

Restorative treatment of endodontically treated teeth 
often includes placement of an intra-canal post. Metal 
objects including intra-canal postscan cause artifacts 
in the form of “streak lines” on CBCT images mimick-
ing root fracture. Metal artifacts can compromise the 
diagnostic value of images. Functionally, confining the 
imaging to the FOV significantly decreases patient radi-
ation dose and metal artifacts. Location of an object in 
the FOV can also affect the quality and accuracy of imag-
es (19, 20) as the artifacts, scattering radiation and noise 
in CBCT systems are not homogenously spread entirely 
across FOVs (21).

The effects of size of FOV, resolution of CBCT system and 
scanning parameters on metal artifacts and diagnostic 
accuracy of CBCT for detection of VRFs in teeth with and 
without intra-canal posts have been evaluated in previous 
studies (19, 22-24). However, the effect of object position in 
the FOV has not yet been investigated in this regard.

2. Objectives
Thus, in this study, we changed the position of fractured 

teeth with intra-canal posts within the FOV and assessed 
them at five different positions at the center of the FOV, 
left, right, anterior and posterior via CBCT for detection 
of VRFs in teeth.

3. Materials and Methods
This in-vitro study was conducted on 60 human premo-

lar teeth with no root fracture or root caries. The samples 
were selected irrespective of age and sex from patients in 
whom teeth were extracted for orthodontic treatment. 
Extracted teeth were cleaned from debris and soft tissue 
residues and the teeth crowns were cut at the level of the 
cementoenamel junction (CEJ) using a micro-motor and 
a metal disc. All teeth then underwent root canal therapy. 
The coronal part of the root canal was pre-flared using 
#2 and #3 Gates Glidden drills (Dentsply Maillefer, Ballai-
gues, Switzerland). Root canals were prepared using #15 
- #50 files (Dentsply Maillefer, Ballaigues, Switzerland) 
and intra-canal debris was removed via irrigation with 
1.25% sodium hypochlorite solution. After preparation, 
root canals were filled with gutta-percha (AriaDent, Teh-
ran, Iran) and sealer (Dentsply Detrey, Weybridge, UK). 
After one week, post space was prepared by removing 
gutta-percha from the coronal 2/3 of the root canal us-
ing #2 and #3 peeso reamers (Dentsply Maillefer, Ballai-
gues, Switzerland). Periapical radiographs were obtained 
to ensure accurate post space preparation. Post-pattern 

was prepared for all teeth using Duralay acrylic resin 
(Figure 1) (AriaDent, Tehran, Iran). Cast posts were fabri-
cated of nickel and chrome. Each post was then tried in 
the root canal, modified for perfect fit and placed in the 
canal. Due to the risk of cement flow into the fracture 
line, posts were not cemented to the root canals. Each 
tooth was covered with a layer of green wax (Dentsply 
DeTrey, Weybridge, UK) with approximately 1 mm thick-
ness and separately mounted in an acrylic block. Next, 30 
of 60 specimens were randomly selected for induction 
of VRF. The prefabricated brass dowel of the Instron ma-
chine was placed in the root canals to enhance fracture 
induction. Root fractures were induced using a univer-
sal testing machine (ZwickRoell Z020, Germany). Force 
was gradually increased until the compressive force 
of the pin induced a fracture and the sound was heard. 
Upon fracture, the force was discontinued according to 
the diagram displayed on the system monitor (Figure 2). 

Figure 1. Post-pattern preparation for fabrication of intra-canal metal posts

Completely crushed teeth were excluded from the study. 
Fracture was not induced in the remaining 30 teeth as 
controls. During the study, all teeth were stored in a hu-
mid environment and were only removed from this en-
vironment for post fabrication, root fracture induction 
and radiography.

3.1. Image Scanning
In this study, 60 teeth (30 with VRFs and 30 without 

VRFs) were divided into 12 groups each containing five 
teeth and a total of 60 scans were taken. Each scan from 
the five teeth contained both fractured and intact teeth 
and their location was changed and assessed at all five 
locations (central, 6 O’clock position: the most poste-
rior part of the FOV, 12 O’clock: the most anterior part of 
the FOV, 3 O’clock: the right most part of the FOV and 9 
O’clock position: the left most part of the FOV.

Indeed in the selected FOV, samples were located at five 
different positions starting at the center of FOV and (left, 
right, anterior, posterior) relative to the center in x (X) 
and y (Y) axis of the FOV (Figure 3) (21).
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Figure 2. Upon hearing the fracture sound, load application was discontinued as displayed on the system monitor

Teeth were placed in a fine plastic cylinder containing 
water to simulate soft tissue with 13 mm diameter (19, 
21, 25). The cylinder was placed on the chin rest of the 
New Tom VGI CBCT unit (Quantitative Radiology, Verona, 
Italy). CBCT scans were obtained using 15 × 15 cm FOV, 0.2 
mm voxel size (standard protocol), 110 KVP and a Miliam-
pere (MA) automatically adjusted for each specimen.

3.2. Data Collection
Two oral and maxillofacial radiologists blinded to the 

group allocation of teeth evaluated CBCT scans for VRFs. 
Presence of radiolucent lines in tooth root structure in 
cross sectional images of different planes considered as 
root fracture by the observers. The radiolucent lines ex-
tended out of the tooth structure were most compatible 
with intra-canal post artifacts. No time limitation was set 
for observation of images. CBCT scans were evaluated in 
axial, coronal and sagittal planes. The observers were al-
lowed to enhance the image quality using all the avail-
able enhancement filters, magnification, contrast and 
brightness. Both observers first viewed axial and then 
coronal and sagittal planes similar to the study by Hassan 
et al. (Figure 4) (26). The observers recorded their obser-
vation from 1 to 5 using the following scale (27):

1. Definite fracture (Group 1),
2. Probable fracture (Group 2),
3. Definitely no fracture (Group 3),
4. Probably no fracture (Group 4),
5. Undetectable.
According to previous studies, confirmation of the pres-

ence (group with fracture) and absence (control group) 
of fracture lines in root structure was essential, although 
these fractures were induced using testing machine. 
Methylene blue has been introduced as one of the best 
ways for this confirmation (as Gold standard) (26, 28, 29). 
Therefore, specimens were removed from acrylic blocks 

and stained with Methylene blue and evaluated by trans-
illumination. In cases with VRF, Methylene blue penetrat-
ed into the fracture line and visualized on the tooth sur-
face as dark blue line.

3.3. Statistical Analysis
Data were collected and entered SPSS version 20.0 soft-

ware (IBM Corp. U.S.A).Wilcoxon test was used for data 
analysis. The inter-observer agreement was measured us-
ing weighted Kappa.

Figure 3. Different sample positions in each FOV. center (C), right (R), left 
(L), anterior (A) and posterior (P) locations relative to the x axis (X) and y 
axis (Y) of the FOV.
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Figure 4. CBCT scans of teeth without fracture (A: axial, B: coronal, C: sagittal) and with fracture (D: axial, E: coronal, F: sagittal).

4. Results
In our study, considering the scale used for reporting 

the observers’ diagnosis, the results were described as 
deterministic and probabilistic sensitivity and specific-
ity. Deterministic sensitivity and specificity describe ob-
servers’ clinical opinion regarding definite presence or 
absence of VRFs, which were calculated as follows:

Deterministic sensitivity: proportion of cases in which 
VRFs were diagnosed definitely (Group 1) to all cases that 
really have fractures.

Deterministic specificity: proportion of cases in which 
intact teeth without fractures were diagnosed definitely 
(Group3) to all cases that are really intact.

Whereas, probabilistic sensitivity and specificity also 
included their opinion regarding the possibility of pres-
ence or absence of VRFs. They were calculated as below:

probabilistic sensitivity: proportion of cases in which 
VRFs were diagnosed definitely and probably ( Groups 1, 
2) to all cases that really have fractures.

Probabilistic specificity: proportion of cases in which in-
tact teeth without fractures were diagnosed definitely and 
probably (Groups 3, 4) to all cases that are really intact.

In undetectable cases, the observers could not define 
presence or absences of fracture lines (definitely or prob-
ably), but these cases were not excluded from the analy-
sis. They were considered in all cases that really had frac-
ture or not according to the gold standard.

Comparison of different positions of teeth in CBCT FOV 
for sensitivity and specificity were as follows:

The highest deterministic sensitivity was obtained at 
the center of FOV followed by 12, 9, 6, and 3 O’clock posi-
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tions, respectively. No statistically significant difference 
was found between 3 and 6 O’clock or 9 and 12 O’clock po-
sitions in this respect.

The highest probabilistic sensitivity was seen at the 9 
O’clock position followed by 6 and 12 O’clock, center and 
3 O’clock positions, respectively. No significant difference 
was found in probabilistic sensitivity between 6 and 9 
O’clock and the center positions, but probabilistic sen-
sitivity at the 3 O’clock position was significantly lower 
than that in other positions.

The 3 O’clock position had the highest deterministic 
specificity, which showed significant differences with 
that in other positions. The center and 6, 12 and, 9 O’clock 
positions ranked next, respectively. Deterministic speci-
ficity was not significantly different at 6 and 12 O’clock 
and the center positions.

Probabilistic specificity was significantly higher at 
the center compared to other positions, followed by 3, 
6, 9, and 12 O’clock positions, respectively. Probabilistic 

specificity was significantly different at the center and 
12 O’clock positions but no significant difference was 
found in this respect between the center and 12 O’clock 
positions. Probabilistic specificity at 6 and 9 O’clock po-
sitions was not significantly different from that in other 
positions.

Deterministic sensitivity and specificity values were low 
in all positions; however, sensitivity at the center position 
was significantly higher than that in other positions. The 
specificity was the highest at the 3 O’clock position.

Probabilistic sensitivity was the same in all positions; 
but probabilistic specificity was significantly higher at 
the center position compared to 6 and 12 O’clock posi-
tions.

 Tables 1 and 2 summarize the obtained data regarding 
detection of VRFs by observers in different positions of 
teeth within FOV of CBCT unit. Means and confidence in-
tervals evaluated for diagnostic values of two observers 
are shown in Table 3.

Table 1. Sensitivity and Specificity Values for Detection of Vertical Root Fracture by the Observers (%)

Position Observer Deterministic 
Sensitivity 

Probabilistic 
Sensitivity 

Deterministic 
Specificity 

Probabilistic 
Specificity 

3 O’clock

First observer 3.3 20.0 53.0 46.7

Second observer 6.0 36.7 50.0 73.3

6 O’clock

First observer 7.1 28.5 12.5 50.0

Second observer 0 46.4 37.5 59.4

9 O’clock

First observer 6.7 33.4 16.7 63.4

Second observer 13.3 43.3 40.0 43.3

12 O’clock

First observer 13.3 36.6 16.7 60.0

Second observer 10.0 36.7 30.0 40.0

Center

First observer 13.3 33.3 26.7 73.4

Second observer 16.7 33.3 36.7 56.7

Table 2. Mean and Merged %95 Confidence Interval of Sensitivity and Specificity Values of Two Observers for Detection of Vertical 
Root Fracture (%)

Position Deterministic Sensitivity Probabilistic Sensitivity Deterministic Specificity Probabilistic Specificity

3 O’clock 5 (2.6 - 7.4) 28.2 (22.72 - 33.68) 58.5 (50.6 - 66.4) 63.4 (54.72 - 72.08)

6 O’clock 3.6 (1.2 - 6) 37.5 (32 - 42.98) 25.0 (17.1 - 27.9) 54.7 (46.02 - 63.38)

9 O’clock 10.0 (7.6 - 12.4) 38.4 (32.9 - 43.88) 10.4 (2.5 - 18.3) 53.4 (44.72 - 62.08)

12 O’clock 11.7 (9.3 - 14.1) 36.7 (31.2 - 42.18) 23.9 (15.5 - 31.3) 50.0 (41.32 - 58.68)

Center 15.0 (12.6 - 17.4) 33.4 (27.92 - 38.88) 31.7 (23.8 - 39.6) 65.1 (56.42 - 73.78)
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Table 3. Predictive Values and Likelihood Ratios for Detection of Vertical Root Fracture by the Observers (%) a

Position Observer PPV NPV PLR NLR

3 O’clock

First Observer 4.76 25.64 0.1 0.68

Second Observer 11.76 34.88 0.13 0.54

6 O’clock

First Observer 10.34 12.90 0.08 0.13

Second Observer 0 26.83 0 0.37

9 O’clock

First Observer 7.4 15.15 0.08 0.20

Second Observer 18.18 31.58 0.22 0.46

12 O’clock

First Observer 13.79 16.13 0.16 0.19

Second Observer 12.5 25.00 0.14 0.33

Center

First Observer 15.38 23.52 0.18 0.32

Second Observer 20.83 30.56 0.26 0.44
a Abbreviations: NLR, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; PLR, positive likelihood ratio.

5. Discussion
Teeth with VRFs often have a poor prognosis and extrac-

tion is usually the treatment of choice for such cases. 
Thus, early accurate diagnosis is critical (28). Since the 
American food and drug administration (FDA) approval 
of CBCT in 2000, the efficacy and accuracy of this system 
for detection of VRFs have been the subject of many in-
vestigations. Due to high diagnostic accuracy and low ra-
diation dose in comparison with computed tomography, 
CBCT has been introduced as an excellent alternative to 
periapical conventional and digital radiography for de-
tection of VRFs under in vitro and in vivo conditions (14, 
30, 31) and various articles confirmed this superiority (25, 
31, 32), but these investigations were all in teeth without 
any root canal filling or intra-canal posts.

Though, about 90% of teeth with VRFs have root canal 
filling materials and approximately 61.7% of them have 
intra-canal posts (22). These materials cause streak-like 
artifacts in CBCT images and significantly decrease the di-
agnostic accuracy, since dark streaks may be mistaken by 
fractures and light streaks may mask actual fracture lines 
and account for cases of false positive and false negative 
results (19). The magnitude of reduction in the diagnos-
tic accuracy of imaging systems due to root canal filling 
materials and intra-canal post artifacts has been variable. 
According to a study by Costa et al. (19), presence of a me-
tallic post significantly reduces the specificity and sensi-
tivity of VRF detection.

Evidence shows that sensitivity and specificity values 
for detection of VRF by CBCT systems are influenced by 
the amount of artifacts and are dependent on the voxel 
size, FOV size, presence and type of intra-canal post, type 

of imaging system, variety of detectors, imaging slice 
thickness, VRF dimension, scanning parameters and etc. 
(19).

Artifacts, scattering radiation and noise in CBCT sys-
tems are not equally spread entirely across the FOVs (21). 
The current study was designed to assess the effect of 
changing object position within the field of view of CBCT 
on diagnostic parameters for VRF detection.

Voxel size of 0.2 mm was used in the current study. Melo 
et al. stated 0.2 mm voxel size as the most suitable proto-
col for this purpose due to low radiation dose and opti-
mal diagnostic accuracy (12, 28).

In the current study, a large FOV was used because Costa 
et al. demonstrated that presence of intra-canal posts 
significantly decreased the diagnostic accuracy for detec-
tion of VRFs in small FOVs (19, 22).

Changing slice thickness has no significant effect on the 
amount of artifacts (23); therefore, a slice thickness of 1 
mm was used in the current study. In a previous study, 
less metal artifacts, noise and contrast and higher image 
resolution were attained using five CBCT systems with 
flat panel detectors compared to systems using image 
intensifier tubes/CCD detectors (24). Therefore, flat panel 
detectors were used in the current study.

Despite these considerations, intra-canal post artifacts 
significantly influenced sensitivity and specificity of VRF 
detection in every position of FOV. Using nickel chromi-
um posts may be one of the reasons. These posts produce 
high degree detectable artifacts. A previous study on the 
effect of intra-canal post material on the amount of arti-
facts reported that gold and silver alloys caused the most, 
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and carbon fiber posts the least artifacts (26).
Considering deterministic diagnostic parameters 

(clinical opinions regarding definite presence or absence 
of VRFs), the overall sensitivity and specificity values 
decreased in all positions of the FOV. These findings are 
similar to those of Costa et al. (19), indicating significant 
reduction of these values in presence of metallic posts.

Affording to FOV location, sensitivity of the center po-
sition of FOV was significantly higher than that of other 
positions and specificity was significantly higher at the 3 
O’clock position (58.5%). Regarding the highest sensitiv-
ity at the center position of the FOV in comparison with 
other FOV positions, it seems that masking the actual 
fracture line and simulation of fracture lines by lucent 
lines are minimal in this position. Considering the high-
est specificity at the 3 O’clock position of FOV, the proba-
bility of fracture line simulation by lucent streak artifacts 
is the lowest in this position.

Considering deterministic and probabilistic diagnos-
tic parameters, probabilistic sensitivity was similar at all 
positions, but probabilistic specificity of the center posi-
tion (65.1%) was significantly higher than that of 6 and 12 
O’clock positions.

In this study, the overall agreement among the observ-
ers was moderate (kappa = 0.548), this is according to 
previous studies that showed weak to no agreement in 
evaluation of fractured teeth with intra-canal posts (19, 
22, 26), that  is completely dependent on large amount 
of artifacts produced by metal posts and superimposed 
on roots structure. Apart from the amount of reduction 
in sensitivity and specificity of VRF detection which is 
quite inconstant in different studies, variations in differ-
ent positions of the FOV may be explained by consider-
able artifacts, scattering radiation and noise in this type 
of CBCT system, which are not homogeneously spread 
throughout all FOV. This may also be explained by the 
lower applied KVP and mA resulting in greater scattering 
and noise in selected FOVs (23).

The possible effect of object location within CBCT FOV 
on gray values has also been investigated in previous 
studies, but no consensus reached in this regard (33, 34). 
A previous study on the effect of object location within 
the selected FOV in two CBCT systems (Accuitomo170 and 
NewTom 5G) on the gray value at an implant site reported 
fluctuations in gray values as a function of location of the 
object within FOV; this instability increased with the size 
of FOV. Increased noise level, scattering and artifacts spe-
cific to CBCT technology used may explain such inconsis-
tency (35).

In another study, highly variable gray values were re-
sulted from scans at the center and off-center of the FOV, 
especially when the objects were positioned off-center of 
the FOV (33).

Normally, these points can be valuable for clinical di-
agnosis of VRFs. In vitro nature of this study is the most 
important limitation in generalizing results in clinic. 
Thus, we suggest subsequent investigations to follow 

this study with an in vivo design (by placing teeth in dry 
mandibule) using various CBCT systems with different 
exposure parameters.

Presence of intra-canal metallic posts significantly re-
duced sensitivity and specificity of VRF diagnosis. Based 
on the results, the center position in the FOV is the most 
suitable one for accurate detection of VRFs in teeth with 
intra-canal posts due to significantly higher sensitivity in 
this position. The 3 O’clock position in the FOV is the most 
suitable one for accurate assessment of intact teeth due 
to significantly higher specificity in this position.
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