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ABS TRACT  
 

 

Vertical root fracture is usually seen in endodontically treated teeth with or without 

post, and presents a great challenge in diagnosis and treatment. The clinical 

presentation and low sensitivity of periapical radiographs make the diagnosis of 

vertical root fracture one of the most difficult conundrums for dentists. The clinical 

signs and symptoms of a vertical root fracture are extremely variable. They vary 

according to the position of the fracture, tooth type, time after fracture, the 

periodontal condition of the tooth and the status of adjacent bone. The predisposing 

factors for vertical root fracture may be natural or iatrogenic. Natural factors include 

thin cross sections of root, pre-existing micro cracks etc. and iatrogenic factors 

include excessive root canal preparation, micro cracks by rotary and reciprocating 

instruments, excessively thick posts etc. 

Radiographs being two dimensional representations are of limited use due to 

superimposition of the fracture line by the filling material. Multiple radiographs 

taken in different angulations are recommended to be taken after removal of the 

filling material. Cone Beam Computed Tomography provides a three-dimensional 

replication of tooth with VRF helping in better assessment of such fractures. 

If not diagnosed, vertical root fracture can lead to frustration and improper 

endodontic treatment. Although difficult, a systematic diagnostic approach with a 

thorough clinical and radiographic evaluation may help in the early diagnosis of 

vertical root fracture. An accurate and timely diagnosis of vertical root fracture will 

allow extraction of tooth before extensive damage to adjacent alveolar bone can 

happen. This decision-analysis-article aims to discuss clinical and radiographic 

features of vertical root fracture and how cone beam computed tomography can help 

in its diagnosis. It also discusses the predisposing factors, treatment and measures to   

prevent vertical root fracture. 
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BACK GRO UND  
 

 

 

A Vertical Root Fracture (VRF) is a longitudinally oriented 

complete or incomplete fracture initiated in the root at any 

level and is usually detected bucco-linngually.1 Vertical root 

fracture is the third most common reason for extraction of a 

tooth that is endodontically treated.2 Vertical root fracture is 

an important threat to the tooth’s prognosis during and after 

root canal treatment. 

It is difficult to diagnose vertical root fracture. The clinical 

signs and symptoms resemble a lot with split tooth, localised 

periodontitis, endo-perio lesion, apical periodontitis or a non-

healing root canal treated tooth. It is important to 

differentially diagnose vertical root fracture from such 

conditions. Diagnosis of vertical root fracture radio graphically 

is also difficult as the radiographic patterns of per radicular 

bone destruction are also shared by other periodontic and 

endodontic lesions. In early stages there may be no radiolucent 

bone lesions observed delaying the diagnosis and treatment of 

vertical root fracture. Most VRFs are in buccolingual direction, 

the radiopaque obturating material often obstructs the view of 

hairline radiolucency of the fracture. An accurate diagnosis 

also depends on the angulation, contrast, density and the 

expertise of the clinician interpreting the radiograph. 

Diagnosis of vertical root fracture is only possible with 

cumulative input from history, clinical signs and symptoms 

and radiographic evaluation.  

Cone Beam Computed Tomography (CBCT) has a high 

accuracy and sensitivity in detecting vertical root fractures.3-11 

CBCT has ability to assess a tooth and adjacent bone in axial 

plane, providing a cross sectional view. The detection of VRF 

by CBCT greatly depends on the resolution of the machine i.e. 

voxel size, a decrease in voxel size increases the reliability.12-16 

An accurate and early diagnosis of VRF allows extraction of the 

tooth or the required root before extensive destruction of the 

surrounding per radicular structures like alveolar bone. 

Preserving the alveolar bone can help in future restorative 

procedures like implant. 

 

 

C l i ni ca l  Si gn s a nd Symp tom s of  V R F  

Most commonly associated with root canal treated teeth with 

or without post.17 The most susceptible teeth groups are 

maxillary and mandibular premolars, mesial roots of 

mandibular molars, mesiobuccal root of maxillary molars and 

mandibular incisors. In early stages the tooth may present 

with dull pain on chewing. As the fracture and the subsequent 

infection progresses, the tooth may present with a swelling 

and / or a sinus tract which is more coronally located 

compared to sinus tract associated with chronic apical abscess 

which is usually present at the junction of attached gingiva and 

oral mucosa.18 Presence of a deep, narrow, and isolated pocket 

is usually seen in buccal and lingual aspect of teeth with VRF. 

A rigid probe may be of limited value in evaluating such 

pockets as the bulge of the crown will prevent the insertion of 

probe into deep, tight pocket. A flexible post is more likely to 

detect VRF pockets at an early stage. 

 

 

Radi ogr aphi c  F ea tur e s of  V RF  

VRF can be confirmed sometimes by radiographic 

presentation of thin radiolucent line extending longitudinally 

down the root.17 Such line are usually not visible in a 

radiograph due to improper angulation or obstruction by root 

canal filling. A j-shaped or hallow appearance by a 

combination of periapical and per radicular radiolucencies,17 

dislodgement of retro-filling material,19 angular resorption of 

the crestal bone,20 separation of root fragments21 or 

displacement of apical portions of root22 are pathognomonic 

radiographic features of VRF. When suspecting a VRF, the 

clinician should initiate root canal retreatment, remove the 

root filling and then take radiographs in two or three 

horizontal angulations for radiographic diagnosis of VRF. 

 

 

Ex plor a tor y Sur g er y  

When clinical and radiographic evaluations are ambiguous in 

detection of a suspected VRF, exploratory surgery is 

recommended. A full thickness flap has to be raised and 

granulation tissue has to be removed to directly visualise 

presence of VRF line. Bony dehiscence in majority of cases and 

fenestrations in a few cases are the bone resorption pattern in 

cases of vertical root fractures.23,24 

 

 

Hi s to p atho gen esi s  o f  V e r ti c al  Roo t Fr ac tur e s  

Pockets associated with VRFs develop due to bacterial 

penetration into the fracture line which causes destructive 

inflammatory host response in the adjacent periodontal 

tissues. These bacteria can be from the infected root canal or 

from the oral cavity if the VRF is extending coronally.25 

 

 
 

 

PRED I SPO S IN G F ACT OR S F OR V ERT IC AL 

ROOT FRAC TURE S  
 

 

 

NATURA L PR EDI SP O SI N G F ACT ORS  
 

Sha pe of  Root Cr os s S e cti o n  - In oval shaped canal 

usually the buccolingual diameter is more than mesiodistal 

diameter; the strain concentration on the inner side of the 

remaining dentin wall at the highest convexity in the buccal 

and lingual sides is very high.26-28 Teeth with oval shaped root 

canals are at higher risk of VRF.29 

 

 

Occ lu sa l  F ac tor s  - Excessive occlusal loads or high 

concentration of such loads at a specific point can be another 

predisposing factor. This can be due to malocclusion or due to 

improper load sharing among the teeth.1 

 

 

Pr e - Exi s ti n g  Mi cr o Cr a c ks  - Pre-existing micro cracks 

may be present in radicular dentin due do parafunctional 

habits or repeated heavy occlusal loads. 

 

 

IATR OG EN IC PR ED I SPO S IN G FA CT ORS  
 

Root Ca na l  Tr ea tme n t  - VRF is mostly associated with 

endodontically treated teeth.30 previously it was believed that 

teeth undergoing endodontic treatment become more prone 

to fracture because of decrease in hydration. This was later 

proven to be wrong as studies found out that there is no 

difference in the properties of dentin as a material after 
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endodontic treatment.31 Although the physical properties of 

dentin as a material are not compromised, radicular dentin is 

compromised structurally in endodontic treatment. 

 
 

Ex ce s si ve  Root C a nal  P r epar a ti on  - Excessive root 

canal preparation for shaping the canals or post placement 

makes a tooth highly susceptible to VRF.27,28,32  

 

 

Mi cr o  C r ac k s C au sed by Rotar y  /  Reci pr o ca ti n g  

Instruments - Root canal treatment using rotary or 

reciprocating nickel titanium files often result in micro cracks 

formation in residual radicular dentin.33 These micro cracks 

can propagate under heavy occlusal stresses, predisposing the 

tooth to VRF. 

 

 

Type of  Spr e ader  U s ed  -  Use of a thick, rigid stainless-

steel hand spreader might exert undue stresses on the root 

dentin increasing the chances of VRF.29 Use of flexible smaller 

size finger spreaders made up of nickel titanium reduces such 

risks. 

 

 

Me thod o f  O b tur a ti on  -  Obturation techniques like 

lateral condensation exert a lot of strain on radicular dentin 

which might propagate micro cracks into fractures across full 

dentin thickness.17,18,34 Thermoplasticized gutta-percha 

techniques like Obtura and Thermafil also caused thermal 

expansion of root dentin but the chances of VRF is 

considerably low.35 

 

 

Pos t  De si g n  -  The rigidity, design and seating of a post have 

a significant contribution to the strain distribution in the 

root36 extremely rigid, long and thick posts are considered 

predisposing factors for VRF. Ferrule plays an important role 

too, crowns with adequate ferrule shows better stress 

distribution. 

 
 

Role  of  C BCT i n Di ag no s i s  of  V R F  

CBCT provides a 3-dimensional volumetric data, thereby 

allowing precise visualisation and evaluation of a tooth with 

VRF. CBCT shows more sensitivity, specificity, and accuracy in 

diagnosis of VRF compared to periapical radiographs (PR).4-10 

The pooled sensitivity, specificity and diagnostic odds ratio 

(DOR) of CBCT and PR as reported in meta-analysis by  Talwar 

et al. (Table 1) showed better sensitivity, specificity of CBCT 

than PRs in detection of VRF in unfilled teeth.11 

 
Imaging 

Technique 

Status of  

Root Filling 
Sensitivity Specificity DOR 

CBCT 
Filled 0.752 0.652 5.527 

Unfilled 0.766 0.946 94.26 

PR 
Filled 0.242 0.961 8.586 

Unfilled 0.425 0.939 14.42 

Table 1. The Pooled Sensitivity, Specificity, and Diagnostic Odds Ratio 

(DOR), of CBCT and PR for Detection of VRF as Reported in the 

 Meta-Analysis by Talwar et al.11 

 

The higher overall DOR for CBCT than PR in the detection 
of VRF in unfilled teeth shows that odds of correctly 
diagnosing VRF is more by CBCT than PR in unfilled teeth. This 
can be because CBCT allow a three-dimensional visualisation 
of VRF teeth at different angulations and orientations at very 
high contrast. The presence of filling reduces the sensitivity of 
PR which can be explained by the fact that presence of 
radiopaque root filling blocks the vision of radiolucent fracture 
line. Although the presence of filling does not significantly 
reduce the sensitivity of CBCT in assessing VRFs, it 
significantly reduces its specificity. This is because radiopaque 
endodontic filling material cause artifacts making it difficult to 
assess VRF. 

 

 

 

Figure 1. Flowchart - Decision Making for VRF 
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Evidence has shown difference in diagnostic accuracy 

among different CBCT systems. The accuracy is related to 

voxel size, field of view and resolution. CBCT with voxel size < 

0.2 mm has been found to be more sensitive than conventional 

radiographs for detection of VRF.11 

 

 

Tr ea tmen t o f  V RF  

When VRF is diagnosed in single rooted teeth, extraction of the 

affected tooth shall be done as soon as possible. A delay will 

cause additional bone loss compromising placement of dental 

implants as replacement option. In multi rooted teeth hemi 

section, raw dissection or root amputation can be carried out 

in order to remove the root with VRF. Various attempts have 

been made to repair the fracture by filling the crevice with 

restorative materials like composites and glass ionomers 

followed by reimplantation,37-42 but none of these procedures 

have been proven to be a long-term reliable treatment option. 

 

 

Mea sur e s to  Pr eve n t V RF  

 Advocating protective appliances like night guards in 

bruxers will prevent micro crack propagation. 

 Minimal preparation of canals for optimal irrigation. 

 Use of irrigating solution and EDTA gel while 

instrumentation minimizes micro crack formation. 

 Post space, canal or crown preparation shall aim at 

conserving pericervical dentin. 

 Use of partial coverage restorations when possible. 

 

 
 

 

CONC LU S ION S  
 

 

 

VRF is one of the most difficult conundrums for clinicians to 

diagnose and treat. An early detection of VRF not only prevents 

unnecessary endodontic treatment and consecutive 

frustration on failure, but also saves the adjacent alveolar bone 

from excessive destruction. A systematic approach with 

careful clinical examination, radiographic evaluation in 

multiple angulations, and a CBCT scan can help in successful 

diagnosis of VRF. Endodontic and restorative treatment 

should be carried out keeping in mind the predisposing factors 

for VRF. 
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