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ABSTRACT 
Vertical root fracture involves mostly the endodontically treated teeth being extended from the root canal to 

the periodontal ligament typically in bucco-lingual plan. Its common efficient treatment is the whole tooth 

extraction and sometomes root resection or hemisection. As the prevention of vertical root fracture 

endodontically treated teeth is the best choice it is mandatory to avoid an excessive loss of tooth structure 

by preparing the access cavity and enlargement of root canals. Aiming long-term clinical success presently 

the key goal is to strengthen the structure of these teeth. The use of these newcomers, bioceramic sealers in 

root canal fillings, would be advantageous over time as it result in a monoblock sealer/gutta-percha 

cone/dentin able to increase the mechanical resistance of the tooth root. 
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INTRODUCTION 
Vertical root fracture is a kind of 

tooth fracture predominantly found in 

previously endodontically treated teeth 

that can be located anywhere in the root 

and spreads longitudinally regardless the 

segment of the root, apical, middle or 

coronal, where it was initiated. Typically 

oriented in bucco-lingual plan, the 

vertical root fracture extend from the 

root canal to the periodontal ligament 

and may be complete, involving both 

root surfaces, or incomplete, being 

located either on buccal or lingual one 

[1-3]. Over time a soft granulation tissue 

is generated between the fractured root 

fragments, increasing their separation 

and worsening local resorption of the 

alveolar bone [4]. 

The prevalence of the vertical root 

fracture in extracted endodontically 

treated teeth is evaluated as over 11% 

[5]. Particularly susceptible to fracture 

are curved and narrowed roots in mesio-

distal direction such as lower incisors, 

premolars and mesial and distal roots of 

lower molars as well as the upper second 

premolars and mesio-buccal root of 

upper molars [2].  

This pathological condition occurs 

as a consequence of wedging forces 

developed within the root canal 

especially in teeth that were managed by 

using complex restorative procedures, 
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such as excessive root-dentine removal 

during the mechanical enlargement and 

excessive forces that result while gutta-

percha is condensed in both lateral and 

vertical technique of root canal 

obturation or cementing restorative 

posts. In lateral compaction special 

caution has to be taken for larger canals 

as the need in increased number of 

accessory gutta-percha cones results in 

multiple spreader insertion as well as in 

curved canals when tapered stiff 

spreaders are used [2]. 

However, it is good to know that 

restorative post placement is more 

unsafe that the root canal filling by 

lateral condensation of gutta-percha. 

Wedging forces arise either at 

cementation, especially in case of 

tapered posts or in case of screw posts 

that need both mechanical and frictional 

retention by insertion into the canal 

walls. Additional etiologies such as 

corrosion and expansion of metallic 

posts or occlusal chewing stress and 

wedging of coronal restorations might 

also come about in peculiar cases [2]. 

Clinically, specific to the vertical 

root fracture is the obvious dichotomy 

between diagnosis and treatment plan as 

the symptoms are obscure, often 

mimicking other disorders such as failed 

endodontic treatment or periodontal 

disease. Accordingly, in some cases the 

confusing signs and symptoms need 

additional examinations and treatment 

cooperation of specialists either in 

periodontology or in endodontics [2]. 

 

CLINICAL DIAGNOSIS OF 

VERTICAL ROOT FRACTURES 
The vertical root fracture is usually 

asymptomatic or reflects irrelevant 

clinical signs. Diagnosis is challenging 

since the clinical symptoms hardly could 

be called pathognomonic [6,2]. 

Subjective findings are scarce, not 

as much as some degree of tooth 

mobility and/or mild periapical pain at 

chewing and finger buccal pressure of 

the area. Eventually the condition 

evolution is irremediable affecting the 

periodontal tissues and result in bone 

loss and mucosal swelling that simulates 

the appearance of a periodontal abscess 

[36-42]. 

The common methods 

recommended to diagnosing the vertical 

root fractures are direct visual 

inspection, bite testing, 

transillumination, periodontal probing, 

sinus tract detection and projection 

radiography [7]. 

Nonetheless the most signs and 

symptoms evaluated by these methods of 

investigation are almost nonspecific for 

vertical root fractures resulting in a 

putative confusion with chronic apical 

periodontitis, failed previous endodontic 

treatment or periodontal disease. 

Accordingly the clinical diagnosis relies 

mainly on periodontal probing, which 

usually proves a significant deep and 

narrow isolated sinus tract-like pocket 

located mainly on one aspect of tooth 

root and less frequent on both buccal and 

lingual sides as dual sinus tracts [2,6,7]. 

Though this kind of pocket 

suggests an apico-gingival sinus tract 

with endodontic starting point actually 

the relevant clinical diagnostic test 

consists in reflecting a flap associated 

with transillumination or staining with 

dye [2,7]. 

This surgical decision with 

diagnostic aim is chiefly influenced by 

the association of periodontal probing 

defect with a previously endodontic 

treated tooth and the presence of a 

cemented restorative post. After the flap 

reflection and surgical removal of the 

granulation tissue that fill up the bone 
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dehiscence and root defect, both the line 

of root fracture or already separated root 

fragments are clearly emphasized [2]. 

 

IMAGISTIC DIAGNOSIS OF 

VERTICAL ROOT FRACTURES 
As compared to clinical 

examination the imagistic investigation 

is much more useful though not always 

significant as sometimes trivial 

incomplete root canal filling and 

anatomic overlying bony landmarks or 

even radiographic artifacts might 

obscure the radiolucent line that proves 

the fracture of tooth root. Particularly 

when the fracture direction is oblique the 

radiographic this confirming line is 

missing. Besides, it is also noteworthy 

that quite seldom the radiographs may 

visualize the separated root fragments 

[1,2]. 

However, the bone resorptive 

activity of granulation tissue related to 

vertical root fracture may be 

radiographic visualized involving the 

whole lateral surface of the root, 

resulting in various imagistic patterns 

such as halo or J-shaped, sometimes 

extended over the root apex and 

simulating a chronic apical lesion [1,2].  

On the other hand is mandatory to 

also mention an important drawback of 

periapical radiography in visualizing the 

vertical root fracture that explains why 

this line of fracture is detected merely in 

round 30% of cases. This issue is closely 

related to the X-ray projection, which 

has to be within 4
o
 of the fracture plane 

[7]. Moreover, when the fracture 

direction is oblique, in order to improve 

the diagnosis an additional radiograph is 

recommended at 45
o
 angulation as it 

facilitates the X-ray exposure to be 

approximately parallel to the fracture 

line [1]. 

Basically the drawbacks of 

periapical radiography follow from the 

compression of 3D structural 

morphology into a 2D image, anatomical 

noise and geometric distortion [3,8]. An 

increased anatomical noise is leading to 

the greater decrease in contrast [8]. 

Moreover, the tooth root is shown only 

in the mesio-distal plane and its spatial 

relationship with alveolus is not rightly 

appraised since is short of valuable 

visual information in the 3D dimension 

[8].  

Actually owing to CBCT scan, 

which yields a multiplanar image, the 

tooth root may be visualized in any 

spatial plane (sagittal, coronal or axial), 

depending on practitioner clinical need 

[8]. As compared to conventional 

periapical radiography the CBCT is also 

able to remove for the most part the 

anatomical noise and minimize the 

geometric distortion [3]. 

The diagnostic detection of vertical 

root fractures is definitely improved by 

using CBCT scans since the overall 

accuracy of this imagistic investigation 

proved to be superior to the periapical 

radiograph . The reason relies upon the 

improved contrast of the tomography 

and the ability of 3D technology to yield 

a view of the tooth root from various 

angles and orientations, including in 

coronal and axial plane [3,6]. 

Of a paramount importance to 

detecting the complete or incomplete 

vertical root fractures is also their width 

as it was observed that at ≥50 μm the 

CBCT image is more acurate than in 

case of narrower fracture line (<50 μm) 

[3]. According to other studies the 

CBCT detection of vertical root fractures 

might be confined to a 0.25-0.4 mm 

voxel size [4,6]. 

Nevertheless both periapical 

radiography and CBCT are unreliable in 
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visualizing the incomplete vertical root 

fractures [3]. Moreover, by generating 

the beam scatter effect, the imaging 

artifacts such as the high radiographic 

density of metal restorations, crowns or 

posts and enamel as well may depreciate 

the image accuracy of CBCT resulting in 

possible fading of fracture line [7,9]. 

Sometimes due to the X-ray scatter 

effect the root fillings with gutta-percha 

cones may generate star-shaped artifacts 

that easily mimic fracture lines [6]. 

The relative subjectivity of image 

evaluation mostly among inexperienced 

practitioners suggests that the voxel sizes 

can also mislead to differences in 

detection of vertical root fratures. 

Actually is hard to say to what extent 

may be assessed the precision of CBCT 

in detecting these root fractures [7]. 

Though presently the CBCT 

scanners provide more pertinent 

information about the direction and 

angulation of vertical root fractures 

caution is recommended not only in 

particular cases of systemic pathology 

but also in healthy patients due to the 

radiation dose that is still higher 

compared to panoramic radiographs [2-

4,6,7,9,10]. 

The effective radiation dose 

received by patients is significantly 

higher, such it was estimated in the area 

of lower lateral teeth, where increased 

from 0.9-3.45 μSv (periapical 

radiography) to 11-47 μSv (various 

CBCT scanners) [3]. Inclusively while 

using CBCT scanners with limited field 

of view (FOV), such as i-CAT CBCT, 

the effective radiation dose (75.3-110.5 

μSv) was much more higher (5.8-8.5) 

than that of panoramic radiographs (13 

μSv) [4]. 

Accordingly, aiming to decide the 

most appropriate correlation between the 

best radiation dose versus quality of 

image delivered by CBCT scan, the 

balance between diagnostic advantages 

and clinical risks has to be carefully 

weighed [1,4]. 

 

CONTEMPORARY 

TREATMENT OF VERTICAL 

ROOT FRACTURES 
The common efficient treatment of 

a vertical root fracture is considered the 

whole tooth extraction or, in multi root 

teeth, the removal of only the fractured 

root either by root resection or by 

hemisection. The decision for extraction 

depends on the anatomical position and 

spatial extent of root fracture. Moreover, 

the distance between the root fragments 

and vertical wall of alveolus resorptive 

defect suggest the surgical extraction 

with or without simultaneous flap 

reflection [11,12]. 

Considering the hemisection, it is 

strongly recommended to place a deep 

coronal restoration before surgery in 

order to guarantee a better seal of 

underlying already present root canal 

obturation against the oral bacteria 

access [11]. 

Alternative opportunities, 

unfortunately inefficient on long-term 

basis, might be ligation of the fractured 

segments or their cementation by resins 

or glass ionomer. The procedure to 

replant the tooth after been extracted and 

soldered the fractured fragments by 

adhesive resins, such as 4-META/MMA-

TBB, could be another attempt of 

conservative treatment [11,13]. 

 

BIOCERAMICS – A 

PUTATIVE PERSPECTIVE 
Relying on the hypothesis of 

presumable different chemical content 

and mechanical properties of vital teeth 

versus the endodontically treated teeth, 

the common belief still circulating from 
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decades among dentists is that 

endodontically treated teeth are more 

brittle and prone to fracture [14]. This 

issue raised heated debates since the 

opponents denied the water loss and 

collagen cross-linking hammering as 

inducing factors of dentin mechanical 

degradation [15,16]. 

Presently the dominant opinion 

supports the concept that the loss of 

structural integrity of tooth due to the 

access cavity preparation and 

enlargement of root canals is more 

harmful to the mechanical resistance of 

dentin rather than its chemical changes 

[17]. Since the key goal of practitioners 

is to strengthen the structure of an 

endodontically treated tooth, the long-

term clinical success, excepting the 

mandatory crown protection it is also 

suggested the use of bioceramic cements 

as sealers proving a strong adhesion to 

the remaining structure of the root canal 

[18,19]. 

Despite the conflicting reports on 

this issue in endodontic practice 

gradually were introduced among sealers 

bioceramic new comers such as MTA 

Fillapex, Endosequence BC sealer or 

Tech Biosealer Endo. These sealers are 

highly biocompatible and develop a 

strong antibacterial activity or apical 

positive biological response. They also 

provide a gap-free interface within the 

monoblock root canal filling (dentin, 

sealer, gutta-percha) and outstanding 

apical sealing [18,19]. 

Moreover, concerning the 

conservative management of vertical 

root fractures there is some hope 

concerning the putative ability of 

bioceramic sealers to strengthen the 

roots of endodontically treated teeth [19-

22]. 

Though still scarce and to some 

extent even conflicting these studies 

underline that a monoblock root canal 

filling based on bioceramic sealers might 

increase the resistance to vertical root 

fractures and afford an improved 

prognosis to already treated pulp less 

teeth which are subjected to intense 

occlusal loading. 

 

BIOCERAMICS IN ROOT 

CANAL FIILING – BIOLOGICAL 

BASIS 
EndoSequence BC Sealer is a 

premixed bioceramic sealing cement 

containing calcium bi- and trisilicate. Its 

setting into the root canal takes place by 

the chemical reaction with water located 

in the dentinal canals and the apical 

desmodontal space leading to the 

formation of calcium hydroxide, which 

after subsequent contact with tissue 

calcium phosphates is transformed into 

hydroxyapatite [23,24]. 

It is considered that the final 

reaction product, hydroxyapatite, 

achieves the chemical adhesion of the 

bioceramic cement with the 

hydroxyapatite of the dentin of the root 

canal wall and implicitly an authentic 

sealing of the endodontic space at the 

apical periodontium [23]. 

Disturbance of these chemical 

hydration reactions of calcium silicates 

can affect the bioactivity of the sealing 

cement. It is still a matter of research 

because if in vitro it has been 

demonstrated that hydroxyapatite 

precipitates on the surface of tricalcium 

silicates instead in vivo there is still 

uncertainty because endodontic irrigants, 

tissue fluids or blood plasma could 

negatively interfere with the completion 

of this favorable biological response 

[25]. 

The clinical use of bioceramic 

sealant is based on the possibility of 

creating conditions that promote local 
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tissue healing by contact with living 

periapical tissues despite the limited 

contact provided by the surface of the 

apical foramen. There are legitimate 

hopes in this regard as the ability of 

bioceramic cements to influence both 

morphology and stimulation of cell 

proliferation, differentiation and 

adhesion has been already proved. Last 

but not least, being a matter of canal 

filling materials, the anti-inflammatory 

and especially osteoconductive effects of 

bioceramic cements are also determinant 

[25]. 

In particular EndoSequence BC 

Sealer has lower cytotoxicity and 

genotoxicity than conventional epoxy 

sealants and Endosequence Root Repair 

Material is distinguished by a more 

marked differentiation of osteoblasts 

than MTA [26,27]. 

Although premixed, 

EndoSequence BC Sealer has excellent 

fluidity thanks to the nano-size of the 

powder particles (0.100-1 µm), which 

allows the easy diffusion in all directions 

of the endodontic space of the hydraulic 

condensing pressure developed by the 

introduction of the monocon [28]. 

The penetration of the 

EndoSequence BC Sealer into the depth 

of the dentinal tubules depends on the 

extent to which periradicular tissue fluid 

diffuses into its mass. This sealant has 

been shown to penetrate approximately 2 

mm into the dentinal tubules of the 

apical third of the root. Its easy entry 

into the dentinal tubules is the 

consequence of the much smaller size of 

particles (nanometer level) compared to 

the diameter of 2-3.2 µm of the tubules 

[29]. 

An additional advantage of 

EndoSequence BC Sealer, compared to 

other bioceramic sealants, is the 

development of a setting expansion, 

which although minimal (less than 

0.1%), creates an additional advantage in 

sealing the dentin tubules [29]. 

On the other hand, thanks to the 

enlarged global surface of the 

EndoSequence BC Sealer bioceramic 

cement particles conferred by their 

nanometric size, it implicitly amplifies 

the reaction capacity with tissue fluids, 

compared to other bioceramic sealants 

accelerating the in situ deposition of 

hydroxyapatite [28]. 

 

INPUT OF BIOCERAMICS IN 

ROOT CANAL FILLING 
As important as the tissue 

integration of bioceramic sealing 

cements and also based on the 

mechanism of in situ deposition of 

hydroxyapatite is their ability to form an 

impermeable interface on contact with 

the root canal wall, more precisely a 

waterproof monoblock sealant-gutta-

percha-dentin [28,30-33]. 

Although to date the best 

performing bioceramic sealant would be 

EndoSequence BC Sealer, it is possible 

to use other cements such as iRoot SP 

for this purpose, provided that the 

adhesion of the latter is weaker. The 

explanation is given by the decisive 

dependence on the degree of humidity in 

the canal existing during the intake but 

also by the release by hydration of a 

smaller amount of calcium hydroxide 

that will slow down the precipitation of 

hydroxyapatite, the key element of 

monobloc impermeability [31]. 

The setting reaction is triggered 

and runs by using the inner water of 

dentin tubules so it avoids the shrinkage 

and allows the developing of the 

aforementioned monoblock root canal 

filling [26,28,30,31]. 

The deep infiltration of bioceramic 

sealers is obvious mainly in newcomers, 
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the recent arrived MTA-based cements 

produced by nano-technology [26,30]. 

Actually the nanoparticle size of 

bioceramic sealer, such as 

EndoSequence BC Sealer, facilitates 

both adhesion and penetration that are 

closely related as they allow a 

mechanical interlocking of the set 

cement into the dentin, finally resulting 

in improving the root resistance to 

fracture [27,30]. 

The assignment of bioceramic 

sealers in improving the mechanical 

resistance of endodontically treated teeth 

is based both on their chemical bond to 

dentin, which assure a strong adherence 

to the walls of enlarged root canal 

[28,32,34,35] and to their ability to 

develop ramifications by deep 

penetration into dentinal tubules, isthmi, 

lateral canals, apical delta and some 

other anatomical irregularities of the 

endodontic space [28]. 

 

CONCLUSIONS 
In common practice a vertical root 

fracture means a loosed tooth. The 

ability of new generation of endodontic 

bioceramic sealers based on nano-

technology suggests an attractive 

hypothesis to avoiding the vertical root 

fractures of endodontically treated teeth 

by fulfilling adhesive root canals fillings 

that aim to strengthen the mechanical 

resistance of the tooth to chewing forces. 

The rationale relies upon the setting 

mechanism of bioceramics that result in 

hydroxyapatite that bind in a monoblock 

the root canal filling material to dentin.  
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