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Abstract 
Objective: The diagnosis of vertical root fracture (VRF) in endodontically treated teeth is a clinical 
challenge due to lack of specific clinical and radiographic signs. Although radiographic evaluation 
such as CBCT is helpful, intracanal posts can produce artifacts and may impair the quality of CBCT 
scans. This study aimed to compare the diagnostic accuracy of different resolutions of CBCT in 
detection of VRF in roots with casting post. 
Methods: Eighty extracted human premolars were under went routine endodontic procedure and cast 
posts were subsequently prepared. The teeth were randomly divided into two groups. The fracture 
lines were induced by an Instron machine in test group, while the teeth in control group had no 
fracture. The teeth were scanned by CBCT with two voxel resolution protocols (0.15mm and 
0.2mm). Three observers assessed the scans for presence of VRF on a 5-point scale. Diagnostic 
accuracy indices were estimated and the difference were analyzed with the Mann-Whitney test 
(p<0.05). 
Results: Probabilistic sensitivity for 0.15mm and 0.2mm resolution was 59.16 (5.2) and 46.66 
(16.64), respectively. Furthermore, probabilistic specificity for 0.15mm resolution was 56.16 (15.21) 
and for 0.2mm was 61.66 (8.77).There were no statistical differences between different resolutions 
in all diagnostic values including sensitivity, specificity, positive and negative predictive values 
(p>0.05). 
Conclusion: Diagnostic ability of CBCT in presence of casting posts was not influenced by system 
resolution. According to ALARA principle, 0.2mm voxel resolution protocol is recommended in 
these cases. 
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Introduction: 
 

Vertical root fracture (VRF) extends from root 
canal toward the periodontium and occurs 
primarily in the faciolingual plane (1, 2). VRF 
can be vertical or oblique and involve the root 
only or both the root and the crown (3). 
Depending on the nature of the stress factors, 
VRFs usually originate from the apical end of 
the root and spread coronally or can originate 

from the cervical portion of the root with 
extension in an apical direction(4). 
Endodontically treated teeth and those with 
extensive restorations are more susceptible to 
VR F(5). The etiology of the VRF is often 
iatrogenic and can be secondary to the post or 
pin placement (6). VRF is reported in 3.7 -
30.8% of cases (7). Since there is no distinct 
clinical means for VRF detection, such as 
transillumination or bite test, its diagnosis is 
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more problematic compared with fractures in 
other parts of the tooth (8). Thus, a thorough 
clinical and radiographic inspection with special 
attention to long pain history, swelling and 
localized chronic infection, tooth mobility, 
isolated deep periodontal pocket, marginal sinus 
tract, abscess, tenderness to percussion, deep 
bony defects and periapical or lateral 
radiolucencies, can lead to a better diagnosis (5, 
9-11).  
The clinical and radiographic signs and 
symptoms of VRF can be misdiagnosed by 
similar situations like aggressive periodontal 
disease or failures in endodontic therapy such as 
untreated accessory canal or root perforations (3, 
12). Definite diagnosis can be reached only by 
direct observation with or without surgical 
intervention (7). In general, radiographic 
examinations are the most practical for VRF 
detection (8). Conventional and digital intraoral 
radiography have been the most helpful till now 
(13), but the fracture line is detectable only 
when the beam is exactly parallel to it (8, 11). 
Since most of the time the beam traverses 
obliquely through the fracture line, different 
radiographies with dissimilar angles are needed 
which lead to increased patient radiation dose; 
thus the intraoral radiographs are not always 
efficient for VRF detection (14). Furthermore, 
VRF is not distinct in radiographs when there is 
no displacement between the root fragments and 
subsequent soft tissue growth (13, 15). Both 
conventional and digital intraoral radiography 
show low sensitivity for VRF detection which is 
due to the factors such as the anatomical 
superimpositions, unparalleled beam angulation 
and 2D image of the 3D structures (8, 16). 
Recently, CBCT introduced as a new method, 
has reached acceptability in most of the dentistry 
fields (17); especially for the capability of 
supplying 3D images in every plane and 
overcoming superimpositions (11). CBCT is 
better for VRF detection than conventional 
radiography despite its increased radiation dose 

(18). The amount of radiation depends on the 
voxel resolution and exposure time. The lower 
the voxel resolution size, the higher the radiation 
dose due to more image sections (11). CBCT has 
been approved in some studies for VRF 
detection in endodontically treated teeth (11, 19, 
20). Higher contrast resolution and visualization 
of images in 3D mode provide more precise 
information about VRF. Many factors including 
FOV (field of view), voxel size, number of basic 
projections and image artifacts can affect the 
image quality of CBCT (21). Presence of 
metallic or dense materials in an endodontically 
treated tooth may lead to radiolucent or 
radiopaque streaks which can mask the VRF or 
lead to misdiagnosis by imitating a VRF (20, 
22). The voxel size has a relationship with image 
quality (contrast and spatial resolution) and 
patient radiation dose; lower voxel sizes result in 
higher patient dose). Regarding to the possibility 
of choosing variable voxel sizes (different 
resolutions) in the acceptable diagnostic quality 
range beside the ALARA, we studied the 
diagnostic accuracy of different voxel sizes and 
resolutions for VRF detection in endodontically 
treated teeth with cast posts.  
 
Methods: 
 
In this cross sectional in vitro study 80 extracted 
premolar teeth without root fracture, irrespective 
of age, gender or the cause of extraction, were 
selected. The extracted teeth were debrided and 
sectioned through the cementoenamel junction 
to decrease the effect of enamel cracks. The 
remaining roots were prepared with piezo 
number 2 and 3and irrigated with normal saline. 
They were cleaned, shaped by No.15-50 files 
and obturated in order to be ready for the posts. 
A week later, the canals were prepared. Nickel-
chrome posts were made and fit to the canals but 
were not cemented in order to inhibit the 
penetration of the cement into the fracture line. 
Periapical radiographic images were taken to 
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evaluate the process of fabrication and fitness of 
casting posts. All the roots were covered with 
1mm-thick green wax and embedded in self-cure 
acrylic blocks for convenient handling and 
avoiding root separation during load application. 
Forty teeth were randomly selected and a 
prefabricated brass post was placed in the root 
canal and a fracture was induced with Instron 
machine (Zwcik.roell, GmbH &Co.KG, 
Germany). This machine exerts an increasing 
load on the posts until a crack sound is heard, 
then the force is immediately aborted according 
to the diagram on the system monitor. 
Specimens that underwent complete fracture and 
separation of fragments were excluded and 
replaced with new samples. The remaining40 
teeth had no fracture and comprised the control 
group. The cast posts were placed in root canals. 
All samples were stored in water during the 
study except when tested.  
Image Scanning 
The blocks were divided randomly into 8 groups 
of 10 samples. Each group was placed in an arch 
line on the chinrest of the CBCT system 
(NewTom VGi, Quantative Radiology, Verona, 
Italy) and scanned by two different voxel sizes: 
0.2 as the standard protocol and 0.15 as the high 
resolution;16 scans were prepared. The FOV 
(field of view) 12*8, kVp 110 and 1mm slice 
thickness were set for all scans.  
Observation 
The scans were observed blindly by three oral 
and maxillofacial radiologists on the same 
monitor (FLATRON W1752s LG) with 
1440×90 resolution. The observers were allowed 
to change the contrast and brightness. All the 
axial, coronal and sagittal images were 
accessible for viewers. 
The results of evaluation were expressed on a 5- 
point scale as below: 

0- Definitely with no fracture 
1- Probably with no fracture 
2- No idea whether there is a fracture or 

not 

3- Probably with fracture 
4- Definitely with fracture  

The samples were extracted from the blocks, 
dyed using methylene blue and washed as the 
gold standard to ensure the presence or absence 
of root fracture. 
 
Analysis: 
The data were analysis with SPSS (Statistical 
Package for Social Sciences) version 18. 
Complete and absolute sensitivity, specificity, 
positive predictive value and negative predictive 
value for every observer were derived and with 
Mann-Whitney test, the diagnostic accuracy of 
each voxel size was evaluated. Inter observer 
reproducibility was also calculated using 
agreement coefficient. 
 

Results: 
 
The diagnostic accuracy indices including 
deterministic and probabilistic sensitivity, 
specificity, positive and negative predictive 
value were estimated and Mann –Whitney test 
was used to assess significant differences 
between them. The deterministic and 
probabilistic diagnostic sensitivity, specificity, 
positive and negative predictive  values were 
found for 0.2mm and 0.15mm voxel sizes as 
shown in table 1. 
Mann Whitney test was applied for the 
comparison of different voxel sizes and found no 
significant difference in deterministic and 
probabilistic sensitivity, specificity, positive and 
negative predictive values between the two 
different voxel sizes of 0.15 and 0.2mm 
(p>0.05). 
Reproducibility: The inter-observer 
reproducibility was calculated using the 
coefficient agreement. The reproducibility 
coefficient was found to be 23.9%, 33.8% and 
35.1% for 0.2mm voxel size and 26.3%, 32.6% 
and 15.1% for 0.15mm voxel size. 
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Table 1- The diagnostic indices values in two different voxel sizes 
Voxel size (mm)/Diagnostic 

index 
0.15 0.2 

Deterministic sensitivity 
21.66 (15.27)  

(p=0.07) 
12.5 (13.22) 

(p=0.07) 

Probabilistic sensitivity 
59.16 (5.2) 
(p=0.04) 

46.66 (16.66) 
(p=0.04) 

Deterministic specificity 
16.66 (13.76)  

(p=1) 
17.5 (10)  

(p=1) 

Probabilistic specificity 
56.16 (15.21) 

(p=0.07) 
61.66 (8.77) 

(p=0.07) 
Deterministic positive 
predictive value 

78.9 (18.34) 
(p=0.02) 

51.26 (23.16) 
(p=0.02) 

Probabilistic positive predictive 
value 

61.46 (10.47) 
(p=0.7) 

54.4 (5.96) 
(p=0.7) 

Deterministic negative 
predictive value 

84 (27.71) 
(p=0.4) 

52.06 (12.29) 
(p=0.4) 

Probabilistic negative 
predictive value 

60.86 (5.94) 
(p=0.4) 

55.06 (5.9) 
(p=0.4) 

  

Discussion: 
 
In this in vitro study, tow voxel sizes were 
evaluated in increasing VRF detection accuracy. 
According to the results, no significant 
difference was found between 0.15 and 0.2 mm 
voxel sizes in VRF detection in endodontically 
treated root canals with casting post. 
As the signs and symptoms of vertical root 
fracture are similar to other root canal failures or 
periodontal disease, detection is challenging for 
dentists (11, 23). Misdiagnosis can cause 
complications such as unknown pain, resorption 
or malfunction (18) and lead to unnecessary 
surgical procedures or tooth extraction; thus, 
early detection is essential for both the dentist 
and patient (5, 19). 
Conventional radiography showed low 
sensitivity for VRF detection in different studies 
(25-47%) and digital radiography using software 
filters was unable to enhance it (5).  
Thus priority of CBCT over other imaging 
modalities for detection of VRFs has been 
remarkable (14, 23-27). However, most previous 
studies ignored the effect of root canal filling or 
posts on detection of VRF while 61.7% of cases 
have reported to have interradicular posts (14, 
23, 25-28).  

Although artifacts are less in CBCT compared to 
CT, the streak artifacts around the high density 
materials like posts can lead to false positive or 
negative results (29). Many factors affect the 
amount of artifacts in CBCT images including 
voxel size, exposure settings, size of FOV, slice 
thickness, presence or absence of root filling 
material, type of CBCT system and the receptor 
(30). Selecting the lower resolution can lead to 
lower exposure time and subsequently lower 
patient dose (29). Considering the limited 
studies on the effect of different resolutions on 
the diagnostic accuracy for VRF detection in 
presence of root canal posts, we assessed the 
diagnostic accuracy of two different voxel sizes 
of 0.2 and 0.15 mm of CBCT imaging system 
(NewTom VGi) for detection of vertical root 
fractures in presence of cast posts. 
Probabilistic sensitivity and specificity for 0.2 
and 0.15 mm resolutions were 46.66 (16.64) and 
59.16 (5.2), and 61.66 (8.77) and 56.16 (15.21), 
respectively. These values were lower than the 
rates reported in previous studies regarding post 
placement in the root canal and associated 
artifacts such as beam hardening and scattering. 
Ozer (2011) suggested 0.2 mm resolution to 
achieve acceptable diagnostic accuracy for 
detection of VRFs and less patient radiation 
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dose(18). The higher values of sensitivity and 
specificity in this study were because of the 
absence of the post in the canal. Many articles 
confirmed this difference for values with and 
without root canal filling and posts (11, 20, 22). 
de Silviera et al. (2013) also used 0.2 mm and 
0.3 mm resolutions for VRF detection in 
situations with presence and absence of root 
canal fillings and post respectively (11). 
Different root canal filling materials or posts 
(gold or nickel- chrome) as well as different 
CBCT units and various FOV can be also the 
cause of this difference in the values (29).In the 
absence of filling materials or posts and 
subsequent absence of disarranging artifacts, 
choosing smaller voxel sizes, as an effective 
factor for image quality, can significantly 
improve the diagnostic accuracy (23). 
As Metska et al. (2012) mentioned, another 
impressive factor in the accuracy of VRF 
detection in CBCT images is the system units. 
Different CBCT scanners had notably different 
potency (19). In support of this, Hassan (2010) 
expressed that systems with flat panel detectors 
(Next generation-CAT and Scanora 3D) have 
fewer artifacts, less noise and contrast resolution 
but higher spatial resolution than systems with 
image intensifier tubes/CCD detectors (Galileos 
3D, NewTom 3G and 3DAccuiTomo)[21].High 
resolution compared to low resolution CBCTs 
showed higher accuracy for this purpose as well 
(23). 
FOV (field of view) is directly related to voxel 
size and affects the contrast and spatial 
resolutions. Extended FOV shave lower contrast 
and spatial resolutions and thus influence the 
diagnosis on CBCT images (21).In Costa’s 
studies (2011, 2012), the diagnostic accuracy of 
large FOV for VRF detection, either in presence 
or absence of posts, was low (20, 22). In small 
FOV it was accurate in the absence of posts but 
imprecise in samples with post.  
As an effective factor, Estrela et al. (2011) 
revealed that the highest amount of artifacts was 

seen in images of teeth with gold and silver cast 
posts and the lowest was around the fiber – 
carbon posts (31). He also proposed that 
changing the slice thickness was not very 
influential on altering the artifact rates in CBCT 
images. 
Ozer (2011) noted in his article that the gap size 
between the root fragments playsa role in the 
diagnostic accuracy for VRF detection in CBCT 
images; when this gap is more than 0.4 mm, 
VRF detection has the highest level of precision 
(27). Thus, the nature of non-displaced and 
hairline VRFs can affect the interpretations. 
Slight fractures with no displacement are 
undetectable in intraoral radiographies (22) or 
even in CBCT scans  (32). The superimpositions 
or artifacts can resemble the fracture line (22). 
Regarding to the higher patient radiation dose in 
CBCT, it is reasonable to have the conventional 
radiographies as the first choice for VRF 
detection (13). When clinical examinations are 
highly suggestive of VRF, conventional 
radiography with different horizontal angles 
should at first be applied and if no indicative 
findings are seen, CBCT is indicated (11). 
Despite several studies on VRFs, the limitations 
of in-vitro ones may affect the results. As Mora 
(2007) has stated factors such as the method of 
inducing a fracture line or the specimens’ 
storage media can change the results (33). 
Furthermore, clinical parameters like the probing 
depth, alteration in PDL width, bone loss, 
positive percussion test and radiolucencies 
around the root are ignored and only the 
radiographic modality is assessed. The presence 
of the crown and the restorations can also affect 
the interpretation around the CEJ in axial 
sections (13, 22). 
 

Conclusion: 
 
Due to the lack of statistically significant 
differences between the resolutions of 0.15 and 
0.2 mm voxel sizes in CBCT New Tom VGi 
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system and according to the principle of 
ALARA, 0.2 mm voxel size, is recommended 
for evaluation of vertical root fracture in teeth 
with metal posts regarding to the same 

performance and less exposure dose.  
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