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Abstract

The diagnosis of vertical root fracture (VRF) has been discussed as a difficult and complicate issue to make the 
definitive diagnosis. With the using of a new modality image diagnosis, cone-beam computed tomography (CBCT), 
it may help to identify the VRF. The purpose of the study was to describe the CBCT findings of the VRF and 
relevant clinical findings. Nine patients with tentative diagnosis of VRF were included in the report. All patients 
were sent for CBCT. Most of the CBCT clearly showed peri-radicular lesion. Together with the periapical film and 
clinical findings, the diagnosis of VRF could be made. All the extracted teeth showed the VRF. CBCT is helpful 
to confirm the VRF when using with the conventional periapical film and clinical symptoms. 

Keywords: cone beam computed tomography, root canal treated tooth, vertical root fracture

Case Report

Introduction
	 Vertical root fracture (VRF) was defined as “a 
longitudinally oriented fracture of the root that origi-
nates from the apex propagates to the coronal part”.(1) 
The prevalence of VRF is more commonly found in  
endodontically treated teeth. The overall prevalence of 
VRF has been reported around 3%-5%.(2) The prevalence 
of VRF is higher (11%-20%) in endodontically treated 
teeth.(3,4) 
	 To make the definitive diagnosis, VRF is not straight 
forward to clearly define. The clinical findings in non- 
endodontic treatment tooth are hardly to confirm the VRF. 
The two-dimensional radiography such as periapical film 
somehow VRF cannot be detected. It has been investigated  
that to visualize a VRF, the primary beam needs to be 
within 4 degree of the fracture line.(5) To date the most 
accurate method to detect the VRF is surgical inspection 
or visual inspection of the extracted tooth.(6) However, in 
root canal treated tooth, clinical findings such as multiple 

sinus tracts, visual fracture line using blue light unit, can 
be helpful for VRF diagnosis. Periapical film with halo 
lesion around the root of endodontically treated tooth 
demonstrate the sign of VRF.(7)

	 Cone-beam computed tomography (CBCT) is a  
medical imaging device using a cone-shaped x-ray source 
projected on a digital flat-panel detector. The signal then 
was interpreted by a software to reconstruct the 3-D  
image. By using the software with the algorithm, the 
image can be seen in every dimension depending on each 
commercial software used. Compared to the medical CT, 
CBCT units are smaller and less cost with the higher  
resolution images with lower x-ray doses to the patients.(8)  
A study showed the average sensitivity of the CBCT 
for the diagnosis of VRF was 0.84±0.2.(6) However, a  
systematic review on CBCT and VRF concluded that, 
there is currently insufficient evidence to suggest that 
CBCT is a reliable test in detecting VRFs in endodonti-
cally treated teeth.(9)
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	 The purpose of the case report was to describe the 
CBCT findings of the VRF and relevant clinical findings.

Case series
	 Nine patients with tentative diagnosis of VRF were 
included in the report. Six male and three female patients 
with average age 57.2 years were presented to the dental 
clinic of Sukhothai Hospital between August 2019 to 
February 2020. Most of the cases had chief complaint of 
gingival swelling, pain at the affected teeth, some cases 
the pus exudate were presented.  The teeth involvement 
are eight molars (two upper first molars, two upper second 
molars, four second lower molars) and one first premolar. 
Eight from nine teeth are endodontically treated teeth. The 
details of cases are shown in table1. Periapical radiogra-
phy was made in all cases. The tentative diagnosis was 
made in all cases as VRF. 

Periapical film findings
	 Case 1-8 show root canal treated teeth, case 9 shows 
severe attrition tooth without endodontically treated tooth. 
All the case shows periapical radiolucency. Case1, 2, and 
3 show clearly defined of VRF. Case 4-9 are not clearly 
detected for root fracture.

CBCT findings
	 All the cases were proceeded to the CBCT scanning 
(Dentiiscan, NSTDA, Thailand) for three-dimensional 

radiographic investigation. Dentiiplan software (NSTDA, 
Thailand) was used to identify the 3D radiographic find-
ings. 
	 Case 1 Axial view: The image shows the artifact of 
metal post in the root canal, however, the separation of 
buccal root can be detected.
	 Coronal view: The image shows clearly separated 
buccal root from the metal post in the canal. 
	 Sagittal view: The image indicates the bone resorp-
tion around the root, the space between buccal root can 
be detected.
	 3D image shows the bony destruction around the root 
of both premolars, the fracture piece of the buccal root can 
be seen. (Figure 1)
	 Case 2 Axial view: The fracture root cannot be  
detected. The periapical radiolucency can be detected.
	 Coronal view: The fracture part of the distobuccal 
root can be detected. 
	 Sagittal view: The fracture root cannot be seen,  
however, the bony lesion can be seen more invasion into 
the furcation.
	 3D image: The fracture root cannot be detected. 
(Figure 2)
	 Case 3 Axial view: The fracture root cannot be  
detected.
	  Coronal view: The fracture root cannot be detected, 
but the bony lesion around palatal root and buccal can be 
seen involved in the furcation area.

Figure 1: CBCT of case 1. CBCT of case 1. (A) axial view, (B) coronal view, (C) reconstruction view and  
(D) sagittal view.
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Table 1:  Information of patients and periapical films.

Number Gender Age Tooth Clinical findings Periapical film

1 Female 65 24

No pain, sinus tract found between teeth 
24, 25, deep pocket depth around tooth 
24, tooth 24 has no mobility, previously 
root canal treatment

2 Male 81 16

Sinus tract at buccal of tooth 16, deep 
pocket depth at mesial of tooth 16, tooth 
16 has 1st degree of tooth mobility. Pre-
viously root canal treatment 

       

3 Male 68 27

No pain, swelling and deep pocket depth 
at buccal of tooth 27, crack line found 
at mid buccal, 2nd degree mobility.  
Previously root canal treatment 

4 Male 61 26

No pain, sinus tract at buccal of tooth 26, 
deep pocket depth around the tooth, 2nd 
degree tooth mobility. Previously root 
canal treatment 

5 Female 44 47
Swelling with pus exudate, deep pocket 
depth around the tooth, 3rd degree tooth 
mobilty. Previously root canal treatment

6 Male 59 47

No pain, slightly swelling at buccal of 
the tooth, pus exudate is found from 
deep pocket depth, 1st degree tooth  
mobility. Previously root canal treatment

7 Male 42 47

No pain, sinus tract at buccal of the tooth, 
deep pocket depth at mesial and distal of 
the tooth, 1st degree mobility. Previously 
root canal treatment 

8 Male 41 47
No pain, normal pocket depth, no  
mobility found. Previously root canal 
treatment

9 Male 56 27
Slightly pain, swelling with mesial deep 
pocket depth, 2nd degree tooth mobility. 
No previous root canal treatment.
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Figure 2: CBCT of case 2. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

Figure 3: CBCT of case 3. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

	 Sagittal view: The fracture root cannot be detected. 
Radiolucency (halo lesion) around buccal root can be seen 
clearly.
	 3D image: The fracture root cannot be detected. 
(Figure 3)
	 Case 4 Axial view: The fracture part can be clearly 
detected; the fracture line is seen.
	  Coronal view: The fracture root which is separated 
from the buccal root can be found, bony lesion around the 
root can be seen.

	  Sagittal view: The fracture line can be detected, the 
bone resorption around the fracture root is easily seen.
	 3D image: The fracture root can be seen in the  
image. (Figure 4)
	 Case 5 Axial view, coronal view, sagittal view, and 
3D image: The fracture cannot be detected, however, the 
bone lesion around the roots in all views is easily seen for 
the location of the lesion which is reflected the classical 
finding of root fracture. (Figure 5)
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Figure 4: CBCT of case 4. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

Figure 5: CBCT of case 5. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

	 Case 6 The findings of CBCT in axial view, coronal 
view, and sagittal view are like case 5. However, the frac-
ture root can be detected in 3D image. (Figure 6)
	 Case 7 CBCT was made before the root canal treat-
ment. For all views of the CBCT image, the fracture root 
cannot be detected. The radiolucency of bony lesions 
shows the furcation involvement area better than peri-
apical radiography. The diagnosis of VRF could be made 
from this finding. (Figure 7)

	 Case 8 CBCT was made before the root canal treat-
ment. For all views of the CBCT image, the fracture root 
cannot be detected. The periapical lesion can be found, 
but the diagnosis of VRF cannot be made. (Figure 8)
	 Case 9 In all views of CBCT image, the fracture root 
cannot be detected. But the radiolucency around the tooth 
and bony pocket especially in 3D image, together with 
the clinical findings, the diagnosis of VRF can be made. 
(Figure 9)
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Figure 6: CBCT of case 6. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

Figure 7: CBCT of case 7. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

	 All the teeth are extracted due to unimproved clinical 
symptoms, or some are non-restorable or hopeless teeth. 
The extracted teeth show vertical root fracture.

Discussion
	 Vertical root fracture (VRF) is normally cannot be 
treated by root canal treatment. The involving teeth are 
normally end with tooth extraction. Clinically, the patients 
are suffering from VRF though the root canal treatment 
has been performed. In the root canal treated teeth, VRF 

is also the long-term consequence of previous endodon- 
tically treatment tooth. In our case reports, most of the 
VRF are root canal treated teeth, some were tried with root 
canal retreatment, but the results are poor. The symptoms 
are continued, and the end results are tooth extraction.
	 The differential diagnosis of VRF is challenging 
because there are no pathognomonic clinical signs and 
symptoms of VRF.(10,11) The using of CBCT together 
with periapical radiography and clinical findings is useful 
for the tentative diagnosis and decision making for tooth  
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Figure 8: CBCT of case 8. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

Figure 9: CBCT of case 9. (A) axial view, (B) coronal view, (C) reconstruction view and (D) sagittal view.

extraction. Although most of the reported cases, the  
fracture lines cannot be seen in both periapical film and 
CBCT, but the peri-radicular lesion in CBCT are con-
firmed the evidence of VRF (case 3, 5, 7, 9). A study from 
Byakova et al. indicated that CBCT was helpful in VRF 
diagnosis even when it was not possible to visualize the 
fracture line.(6)

	 The width of fracture lines has been assessed for VRF 
detection, Chavda et al. found poor sensitivity in detection 
VRF.(15) In our report, the fracture lines cannot be seen 
until the root fragment is separated (case 1, 2, 4, 6). 

	 VRF occurred mainly in patients older than 40 years. 
Several studies have shown that age-related changes in 
dentin can lead toa decrease in fracture resistance.(12-14) 
In our cases report, the average age of the patient is 57.2 
years, the youngest is 40 year old and the oldest is 81 year 
old. 
	 A systematic review on CBCT for detecting VRF 
in endodontically treated teeth which included 4 studies 
and 130 patients shows that there is insufficient evidence 
to suggest that CBCT is a reliable test in detecting VRF 
in endodontically treated teeth.(9) However, in our report, 
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the CBCT is useful to detect the 3D peri-radicular lesion 
to confirm the evidence of VRF.
	 To make the diagnosis of VRF, the clinical findings 
together with radiography are important for the definitive 
diagnosis. The finding of the 2D radiography is somehow 
not sufficient to diagnose the VRF. CBCT may be useful 
for the differential diagnosis especially for detecting the 
bony lesion around the VRF tooth, thus the correct deci-
sion to extract the VRF tooth.

Conclusions
	 CBCT is helpful to confirm the VRF when using with 
the conventional periapical film and clinical symptoms.
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