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Abstract
The aim of this review is to discuss the longitudinal tooth fractures in terms of definition and classification, aetiologies, incidence, 

diagnosis and management as well as to assess literatures including critical appraisal. Electronic library search was undertaken 
between January 2017 to March 2017 through different well Known journals such as International Endodontic Journal (IEJ), Journal 
of Endodontics (JOE), Journal of Endodontics, Oral Surgery Oral Med icine Oral Pathology Oral Radiology Endodontology (OOOOE) 
and Australian Dental Journal (ADJ).

Longitudinal tooth fracture is defined as a fracture that occurs over time with a vertical direction. Mainly, cracks and fractures 
can be divided into either incomplete and/or complete. In 2008, a classification of longitudinal tooth fracture was established to be 
from the least severe to the most. Longitudinal tooth fracture categorized into (a) craze line; (b) fractured cusp; (c) cracked tooth; 
(d) split tooth; and (e) vertical root fracture. The incidence of longitudinal tooth fracture is increasing due to many factors including 
that diagnosis of longitudinal tooth fracture is improved; therefore, it is not difficult to be identified and reported. Moreover, doing 
restorative procedures on teeth with no enough dentin support and placing restorations that eventually create wedging/displacing forces 
and cause longitudinal tooth fracture.

Longitudinal tooth fractures are findings; they are not considered to be pulpal or periapical diagnosis. Clinical signs and symptoms, 
results of objective tests such as a selective biting test aid detection of longitudinal tooth fracture. In addition, radiographic findings 
assist also to diagnose some types of longitudinal tooth fracture. There were numerous studies that used different imaging modalities 
and compared them to each other in order to evaluate their diagnostic accuracy. In fact, three-dimensional imaging modalities produce 
an image with high accuracy than the two-dimensional ones. However, some recent studies that have some limitations concluded that 
there was no statistical difference between the sensitivity or specificity of both 2D and 3D imaging modalities to detect vertical root 
fractures certainly.

Management of longitudinal tooth fracture is complex and challenging in some cases; however, some cases are severely fractured 
and the tooth is considered to be non-restorable; therefore, tooth or root extraction is the required treatment approach. Management 
of longitudinal tooth fracture varies based on the fracture extent as well as on tooth vitality and the associated symptoms. An essential 
initial step to be followed which is the removal of any existent restoration in order to assess tooth restorability and check for cracks and 
fractures. For instance, if the affected tooth is non-vital, severely symptomatic or a fracture is extended to the pulp, a root canal treatment 
is required. In addition, an orthodontic band to be placed in order to hold the segments together and to prevent the increase of the 
existing fracture during the root canal procedure. On the contrast, if the tooth is vital and asymptomatic. A bonded composite resin 
restoration to be placed in the assessment cavity and a cusp coverage restoration such as an onlay or a crown to be on the top eventually. 
Regarding vertical root fracture (VRF), the predictable treatment approach is either to extract the tooth or remove the fractured root 
by either hemisection or root amputation in multirooted teeth. Prevention of the different types of longitudinal tooth fracture can be 
achieved by following some preventive measures that can increase the fracture resistance ultimately.
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Introduction
In 1996, a longitudinal tooth fracture term was firstly introduced 

by Rivera. The reason behind using the term longitudinal fractures 
is that they represent vertical extensions of cracks or fractures over 
distance and time (1). Therefore, the definition of a longitudinal 
tooth fracture is a combination of two meanings or components. The 
first implies distance (length), particularly in the vertical (occlusal-
cervical) plane. The second indicates that these fractures occur over a 
period of time (2).

According to the American Association of Endodontists (AAE) in 
2008, a longitudinal tooth fracture is classified into five classifications 
from the least severe to the most: (a) craze line; (b) fractured cusp; 
(c) cracked tooth; (d) split tooth; and (e) vertical root fracture (3). 
There are many terms that have been used for tooth fractures and this 
show the confusion about this complex condition (4). Therefore, in 
order to lower this confusion throughout researchers and clinicians, 
these five classifications aid to provide global definitions (5). The term 
crack differs from the term fracture. Crack means an incomplete break 
in a substance, while fracture is a complete or incomplete break in a 
substance (1).

There are many reasons behind the increase in the incidence 
of longitudinal tooth fractures. First of all, patients when they 
age, treatment modalities for their teeth that include restorative 
procedures (e.g. loss of marginal ridges) are their first treatment of 
choice rather than teeth extraction. A fracture happens once a force 
exceeds the dentine or enamel elastic limit (6, 7). Secondly, due to the 
improvement in diagnosing longitudinal tooth fractures, they can be 
more identified and their incidence is increased (1).

Generally, longitudinal tooth fractures occur as a result of occlusal 
displacing forces and/or dental procedures. These forces exceed the 
dentin strength (weaken dentin) and eventually lead to a longitudinal 
tooth fracture. These types of fractures are more common in 
posterior teeth although they can occur in all teeth (8). Bader et al 
identified the incidence rate for complete tooth fracture and that 
was based on 143 complete fractures identified during 14 days from a 
candidate population of 74,503 adults. Complete fracture rates of 5.0 
and 4.4 per 100 adults per year for all teeth and for posterior teeth, 
respectively (9). In a recent study, it was found that 175 teeth out of 
1977 teeth were diagnosed over a five-year period as cracked teeth 
(8.9%) (10). Vertical Root Fracture (VRF) is another common type of 
fracture. According to many studies that were conducted on certain 
participants who had extraction of root canal treated teeth because of 
VRF, the prevalence of VRF was reported and found to be as the main 
reason of teeth extraction.

Longitudinal tooth fractures are considered findings; they are 
not pulpal or periapical diagnosis. The diagnosis of these fractures 
is developed and there are many clinical tests that help in identifying 
these fractures such as trans-illumination, biting devices, staining and 
magnification improve the longitudinal tooth fracture diagnosis in 
addition to radiographic findings (1).

Treatment options for these fractures vary according to the 
fracture type. For instance, no treatment is needed for craze lines 
but other fractures require a treatment. Moreover, the prognosis of 
the fracture also depends on the fracture type and extent that ranges 
from hopeless to very good prognosis (1). For instance, teeth with 
extensive fracture have a poor prognosis and extraction is the possible 
treatment option (11).

Classification of Longitudinal Tooth Fractures
Craze lines

Craze lines are a longitudinal defect in anterior teeth and also 

a defect that extends over marginal ridges in posterior teeth. These 
craze lines occur naturally and confined to enamel structure. When 
they occur on marginal ridges of posterior teeth, they can be confused 
with cracked teeth (12).

Fractured cusp

Fractured cusp is defined as either complete or incomplete fracture 
that starts from the crown and extends subgingival with both mesio-
distal and facio-lingual direction. On molar teeth, both buccal and 
lingual cusps may be involved (Figure 1) (13). Fortunately, fractured 
cusp is considered as the least devastating fracture type as well as the 
easiest to diagnose and manage (1). 

Incidence: Fractured cusp is more common than the other types 
of longitudinal tooth fracture. Teeth without cusp protection with 
extensive caries or large restorations are the more common teeth to 
have this type of fracture (14).

Mandibular cusps fracture is more common than maxillary cusps 
fracture, also nonfunctional cusps fracture is more often to occur 
than the functional cusps fracture. In 1985, hundred and eighteen 
cusp fractures were observed in an in vivo study (clinical survey). 
Mandibular molars presented 59 cusp fractures, eleven (19%) 
occurred on the functional buccal cusps, while 48 (81%) were on the 
nonfunctional lingual cusps. On the other hand, Maxillary molars 
presented 32 cusp fractures, 14 (44%) were on the functional lingual 
cusps while eighteen (56%) occurred on the nonfunctional buccal 
cusps (15).

Etiology: Longitudinal tooth fractures occur by occlusal wedging 
forces and/or dental procedures. In fractured cusp, there is usually a 
history of extensive deep interproximal caries or a subsequent large 
Class II restoration (1). Extensive caries or large restorations cause 
inadequate dentine support of the cusp (16); hence, a cusp fracture 
occurs.

Cracked tooth

Cracked tooth is an incomplete fracture started from the crown 
with subgingival extension, usually directed mesio-distally.

Incidence: Kang et al analyzed the distribution and characteristic 
features of cracked teeth and evaluated the outcome of root canal 
treatments (RCTs) for cracked teeth; the incidence of cracked teeth 
was stated. Out of 1977 teeth were examined over a five-year period, 
175 teeth were diagnosed as cracked teeth (8.9%). According to AAE 
classification, of 175 cracked teeth, 25 were fractured cusps (14.3%), 
111 were cracked teeth (63.4%), 21 were diagnosed with VRF (12.0%), 
and 18 were diagnosed with split tooth (10.3%). Cracks were more 
prevalent among men (61.1%) than women. The lower second molar 
was most frequently cracked (25.1%).

The majority of patients with cracked teeth were in the age ranges 
of 50–59 years (32.0%) and > 60 years (32.6%) (10). This study has 
some limitations. Although the title of this study is “Cracked teeth”, 
the results included all types of tooth fractures. In addition, this study 

Figure 1: Cuspal fracture (1).
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was conducted on a specific population, those patients who visited the 
Department of Conservative Dentistry at Ewha Womans University 
Dental Hospital, Seoul, Korea. Therefore, the results of this study do 
not reflect the prevalence of cracked tooth on the whole population.

Etiology: Cracked teeth depend on both time and patient habits 
such as patients who chew hard on hard substances. Therefore, these 
forces exceed dentin strength and cracked teeth may occur. According 
to inconclusive evidence, another suggested cause is that differences 
in expansion and contraction of restorations versus tooth structure 
may weaken and crack dentin (17).

Split tooth

The end-result of a long-term progression of a cracked tooth is 
a split tooth (18) (Figure 2). The term split tooth means a complete 
fracture initiated from the crown with subgingival extension, usually 
directed mesio-distally. Both marginal ridges and proximal surfaces 
are involved (1).

Incidence: The incidence of split tooth is increasing as the 
incidence of cracked tooth (19).

Etiology: Both cracked and split teeth have the same causes. Split 
tooth may be more common in root canal treated teeth and this is 
because caries, restorations, or overextended access preparations 
compromise the strength of these teeth. In summary, the causes of 
split tooth include wedging forces on existing restorations and new 
traumatic forces that exceed the elastic limits of the remaining intact 
dentin.

Vertical Root Fracture (VRF)

Vertical Root Fracture (VRF) is either complete or incomplete 
fracture initiated on the root at any level with facio-lingual direction 
usually. This fracture may include one or both proximal surface (facial 
or/and lingual) (Figure 3) (20).

Incidence: Vertical Root Fracture (VRF) is a common fracture 

type to occur (21). Vire et al. evaluated extracted teeth which had 
been endodontically treated over a 1-year period. The reason for 
extraction was VRF in 4.3 % of the 116 extracted teeth (22). Fuss et al. 
researched a total of 564 permanent teeth which were extracted over 
6 months. VRF was 10.9 % among 147 endodontically treated teeth 
(23). Moreover, Yoshino et al. investigated the prevalence, by gender, 
of vertical root fracture (VRF) as the main reason for the extraction of 
permanent teeth in dental clinics in Tokyo, Japan. The results of this 
study showed that 736 teeth were extracted from 626 patients during 
the 6-month period. A total of 233 teeth were extracted by VRF (31.7 
%), and 93.6 % of these were endodontically treated teeth. In females, 
the percentage of extractions due to VRF (34.7 %) was higher than 
males (29.4 %) (24).

Etiology: Vertical Root Fracture (VRF) occurs due to wedging 
forces within the canal such as condensation (lateral and vertical) of 
the root canal filling (25) as well as post placement and cementation 
(26). Different condensation techniques for gutta-percha have 
revealed many fracture potentials (27, 28); however, larger canal 
preparations can cause higher stresses when these condensation forces 
are applied (28).

Diagnosis of Longitudinal Tooth Fractures
Subjective findings and objective tests as well as radiographic 

findings aid diagnosis of longitudinal tooth fractures. According 
to Abbott in 2004, it was concluded that the presence of marginal 
breakdown, caries, cracks and fractures which are the most common 
causes of pulp and periapical disease cannot be fully diagnosed 
without removing the existing restoration (29). Therefore, restoration 
removal is a must, so the crack is to be visible or disclosed by staining 
and/or transillumination (1).

According to a recent ex-vivo study in 2016, the ability of a 
quantitative light-induced fluorescence (QLF) technology was 
evaluated in the detection of enamel cracks. It was concluded that 
QLF is a non-destructive method and a useful tool for the diagnosis 
of enamel cracks (30). However, this is a laboratory based study 
on extracted teeth and there is no clinical report of using the QLF 
technology to detect tooth crack.

Craze lines

Craze lines occur naturally on enamel structure. Direct 
visualization and transillumination are both ways in identifying craze 
lines. Light transillumination gives more details as to how the light 
penetrates through the craze line. Actually, the light is not blocked or 
reflected when its transilluminated from the facial or lingual surface 
(Figure 4).

Fractured cusp

As a subjective finding of a tooth with fractured cusp, a sharp and 
brief pain upon the release (teeth separation) after biting or closure on 
an object. Henceforth, biting test is considered as the most indicative 
objective test for cuspal fracture. A Tooth Slooth is a specially designed 
instrument to be used for the biting test and placed on individual 
cusps (Figure 5). A cotton applicator or a rubber polishing wheel can 
also be used (1).

In terms of radiographic findings, a fractured cusp is not visible 
on radiograph usually. However, there may be a “ghost” appearance 
on the radiograph in case of a complete missing cusp.

Cracked tooth

Cracked tooth diagnosis is often challenging and this is due to 
the fact that the associated symptoms tend to be very variable (31). 
Signs and symptoms, test results and radiographic findings of cracked 
teeth vary upon the extent of the fracture. If the fracture is not close 
to the pulp, then there is no pulpal inflammation. However, if the 

Figure 2: Cracked tooth progression to split tooth (1).

Figure 3: Vertical Root Fracture (1).
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fracture in a close approximation to the pulp, pulpal inflammation 
should be expected. A range of symptoms may present with cracked 
teeth varying from slight to very severe spontaneous pain consistent 
with irreversible pulpitis, pulp necrosis, or apical periodontitis (32). 
Riccuci et al stated that cracked teeth are colonized by bacteria that 
are arranged in biofilms that may reach the pulp and periodontal 
ligament. This is the most significant problem related to cracked teeth 
(20). In summary, a severe pulp and/or periapical pathosis will likely 
be present once the fracture has extended to and exposed the pulp (1).

Objective tests include pulp and periapical tests have variable 
results. Pulp test results indicate that the pulp is vital (responsive) 
most of the time; however, the pulp may be necrotic (non-responsive) 
(33). In addition, direct visualization in combination with staining 
and light transillumination is usually effective to detect cracks (34) 
after the removal of tooth restoration (29). Moreover, when pain is 
reported on mastication specifically, a selective biting test on objects 
such as the Tooth Slooth is helpful (1).

Split tooth

Identification of split tooth is considered to be easy in general 
and the reason behind this is that there is a visual separation of the 
segments usually. Moreover, split tooth differs from cracked tooth 
that it doesn’t have the variable signs and symptoms as well as variable 
tests results. Pain on mastication is commonly reported by the patient 
including the significant damage to the periodontium (35, 36). The 
findings of objective tests including pulpal and periapical tests are not 
helpful to diagnose split tooth in particular. Additionally, wedging 
technique is used to know whether segments are separable or not. 
Radiographic findings reveal the damage to the periodontium more 
likely. Radiographs show a horizontal loss of interproximal bone or 
interradicular bone with a U-shaped furcation lesion appearance (1).

Vertical Root Fracture

Vertical Root Fracture (VRF) has a variety of signs, symptoms, 

and radiographic findings. However, a tooth that has had root canal 
treatment, with or without a post placement with a sinus tract and a 
narrow, isolated periodontal probing is considered to be an indicator 
for the presence of a vertical root fracture (21, 23). Actually, it is not 
easy to reach a definitive diagnosis on the basis of signs and symptoms 
alone because they are not specific to fractures and are very similar to 
endodontic or periodontal disease.

Commonly, there is a mild pain on pressure or mastication. A 
periodontal-like abscess occur often and this because vertical root 
fractures look like periodontal lesions (37, 38). The best method to 
identify vertical root fractures is flap reflection by exposing both soft 
tissues and bone surgically (39).

Radiographic findings include marked bone resorptive patterns 
that extend from the root apex along the lateral root surface 
and described as a “J-shaped” or “Halo” pattern (40). Periapical 
radiography is not accurate for a definitive diagnosis of vertical root 
fractures as it was concluded by numerous studies. Therefore, using 
computed tomography (three-dimensional imaging technology) may 
be more helpful to detect vertical root fractures rather than using 
conventional radiography (two-dimensional imaging technique) (41, 
42). Because of the advantages of cone-beam computed tomography 
(CBCT) imaging technology in comparison to the medical computed 
tomography (CT) including lower radiation doses as well as greater 
cost-effectiveness (43).

Several studies that were conducted to detect the accuracy of 
CBCT to diagnose vertical root fractures and to evaluate different 
radiographic modalities to be used to detect vertical root fractures. 
According to an ex vivo study in 2014, the aim was to compare the 
diagnostic accuracy of digital radiography (DR) and cone-beam 
computed tomography (CBCT) imaging in the detection of vertical 
root fracture (VRF). Both digital radiographs (CCD sensor) and 
small-volume CBCT scans (3D AccuitomoF170; J Morita, Kyoto, 
Japan) were taken for 21 teeth from 20 patients, then atraumatic 
extraction of these teeth was done in order to lower possible creation 
of intraoperative fracture. Furthermore, the teeth were visually 
inspected using a microscope to confirm the presence/absence 
of fracture. The width of the fracture was measured and the teeth 
were divided into two groups according to the fracture width (60-
300 µm and 300-770 µm). Thirteen examiners (3 endodontists and 
10 endodontic postgraduates) assessed the radiographs and CBCT 
scans. Results showed that there was no statistical difference between 
the sensitivity or specificity of either DR and CBCT imaging. Both 
imaging modalities have poor sensitivity and high specificity (44). 
This study has some limitations include a small sample size first of 
all. Secondly, a certain CBCT scan was used and compared with 
the digital radiography. Moreover, radiographs were assessed by a 
high number of postgraduate students in comparison to the more 
experienced clinicians (3 endodontists).

Another study that was published in 2015 with the purpose to 
compare the diagnostic accuracy of cone-beam computed tomography 
(CBCT) for the detection of artificially induced Vertical Root Fractures 
(VRF) of different widths both ex vivo and in vivo. The sample was 
45 extracted single rooted human teeth (non-endodontically treated) 
including maxillary canines, maxillary first premolars and mandibular 
incisors. The control group was 20 teeth without VRF and 25 teeth 
in the fractured group (test group). Five teeth were excluded from 
the fracture group because the created fracture did not reach the root 
canal wall (narrower than 50 µm). Both ex vivo and in vivo CBCT 
(3D Accuitomo) scanning were performed. Five examiners evaluated 
and assessed the CBCT images for sensitivity, specificity and accuracy. 
Results indicated that the accuracy of CBCT to detect VRF of 50-300 
µm width ex vivo was significantly higher when compared to the in 
vivo (45). There are some drawbacks and limitations of this study such 
as the sample was small in size and only single rooted teeth were used. 
In addition, vertical root fractures were created by using a hammer 

Figure 4: Transillumination provides further details as to how the 
light penetrates through the craze line (1).

Figure 5: The use of Tooth Slooth (13).
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with a gentle tapping. It was not stated the amount of force needed 
to induce the fracture and was that force controlled to be the same to 
all teeth or not? Moreover, the study results were only related to the 
incomplete vertical root fracture.

Recently, a retrospective cohort study that was published with 
the aim to examine different patientand treatment-related factors in 
association with the time of presentation of vertical root fractures 
(VRFs) in root canal treated teeth with crown restorations. The 
sample was 197 root filled teeth with crown restorations and without 
post. Clinical signs and symptoms were recorded and radiographs 
were taken. It was suspicious that those teeth have VRFs but after 
surgical flap elevation, a diagnosis of VRFs was confirmed. Results 
showed that within 5 years of the postoperative period, the most 
common observed clinical findings were pain on percussion (60%), 
pain on palpation (62%), presence of a deep narrow pocket (81%), and 
sinus tract/swelling (67%). Moreover, the most common radiographic 
feature is the “Halo”type radiolucency (48.7%). It was concluded that 
pain on palpation and percussion, deep narrow pocket, sinus tract, 
and “Halo”-type radiolucency are characteristic features of VRFs (46). 
The drawbacks and limitations of this study include that it’s a retrospective 
study. Moreover, a small sample size was included in the study.

Management of Longitudinal Tooth Fractures
Management of longitudinal tooth fractures is challenging 

usually. It is easy to manage some cases, while others are considered to 
be destructive and require tooth or root extraction.

Fractured cusp

The management of fractured cusp includes either to retain the 
cusp or remove it based on its mobility. If the fractured cusp is mobile 
(complete cuspal fracture), removal of that cusp is indicated and the 
tooth is restored with an appropriate cuspally reinforced restoration. 
On the contrary, if the fractured cusp is not mobile (Incomplete 
cuspal fracture), the cusp can be retained by placing a cuspally 
reinforced restoration to hold the segments. Root canal treatment is 
only indicated if the pulp is exposed (1).

Cracked tooth

The course of treatment and prognosis are determined based 

on vitality and symptoms. For instance, an immediate endodontic 
intervention is indicated in case of the tooth is non-vital or long-term 
symptomatic. During access cavity preparation, a careful examination 
for any fracture extending through the floor of the pulp chamber 
or any fracture along the canal wall with apical extension must be 
checked. The tooth is considered to be non-restorable in case of one 
of these fractures is present. Therefore, the tooth is for extraction (47).

However, if there is no fracture on the pulp chamber floor or 
the canal wall, the tooth is to be stabilized with an orthodontic band 
immediately in order to prevent the increase of the existing fracture 
while doing root canal treatment (31).

On the contrast, an immediate endodontic intervention is contra-
indicated if the tooth is vital and asymptomatic or newly symptomatic. 
The assessment cavity should be restored with a bonded composite 
resin restoration immediately as well as performing a crown 
preparation. The tooth is considered restorable if the crown margin 
can be placed apical to any fracture (Figure 6) (48).

According to a prospective study in 2009, the aims were to 
assess signs and symptoms caused by cracks in teeth and to assess a 
conservative management protocol. The sample was 100 teeth that 
were diagnosed with reversible pulpitis because of the cracks. After 
diagnosis confirmation, the conservative management approach was 
explained to the patients in details (Figure 7).

In this study, none of the teeth required extraction, 85 teeth did 
not require endodontic treatment and 15 teeth required endodontic 
treatment and this due to carious or mechanical pulp exposure 
and not because of irreversible pulpitis. In teeth that did not need 
endodontic intervention, a sedative lining (Ledermix cement) with a 
temporary restoration was placed after the removal of restorations, 
caries and cracks. A stainless steel band was used in combination 
with the temporary restoration when more retention is needed. A 
3-month review was arranged in order to assess the healing process 
and the pulp status. Once the symptoms had resolved, those teeth 
were referred to be restored with an onlay or a crown restoration. 
The overall summary stated that 80% of the teeth did not require root 
canal treatment as shown in Table 1

 

Figure 6: Management of incomplete vertical fractures (48).

Figure 7: Protocol for managing teeth with cracks and pulpitis (49)
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The conclusion revealed that cracked teeth with reversible pulpitis 
can be treated conservatively without endodontic treatment (49).

Split tooth

The management of split tooth depends on the location and 
severity of the fracture. The tooth must be extracted if the fracture 
is deep apically and severe. However, if the fracture is not deep 
apically (middle to cervical third of the root), then the mobile small 
segment can be removed and the remaining of the tooth can be 
saved. Particularly, if the tooth had a previous root canal treatment 
and already restored (with no exposed root canal filling material), 
the appropriate treatment of choice is the removal of the fractured 
segment and no further treatment to be performed (the defect 
frequently granulates in, and reattachment occurs to the fractured 
dentin surface). Another approach to manage a split tooth is to 
remove the fractured segment first of all, then a root canal treatment 
to be performed (if not already treated), followed by an orthodontic 
extrusion or a crown lengthening procedure and finally a placement 
of an appropriate restoration. However, this approach is considered as 
a not practical approach because the fracture is too deep on the root 
surface usually (1).

Vertical Root Fracture

Treatment of teeth with vertical root fracture is not easy and 
depends on the tooth type and on the location, duration and extent 
of the fracture (50). The only predictable treatment is either tooth 
extraction or fractured root removal (Rivera & Walton 2015). In 
multirooted teeth, the removal of the fractured root can be done by 
either hemisection or root amputation is considered as a successful 
treatment option (51, 39).

Moreover, other treatment approaches that have been proposed 
to reduce the fracture or retain the root. For example, placement of 
calcium hydroxide, ligation of the fractured segments, or cementation 
of the fractured segments, trying to bind them by adhesive resins, 
epoxies, or glass ionomer (52, 53). In addition, an unpractical 
treatment method is to extract the tooth, repair the fracture with a 
laser, cement or bonding agent, and then replant the tooth. Many of 
these suggested methods have not been shown to be effective long-
term (1).

According to a case report that was published regarding the 
treatment and prognosis of a maxillary second molar exhibiting a 
complete vertical crown-root fracture. There was a wide separation of 
the buccal and palatal segments by as much as 2 mm, but they were not 
mobile. It was necessary to bring the segments into close apposition to 
restore the tooth. This was accomplished by application of orthodontic 
elastics to the tooth crown in combination with a wire splint. After 
approximately 1 month of continuous use of the orthodontic elastics, 

the dislodged segments were suitably repositioned close to their 
original positions. The tooth was then root canal treated and restored 
with a cast complete crown. The restored tooth has been functioning 
well, with periodic periodontal maintenance for more than 3.5 years. 
Therefore, this indicating a promising prognosis (54). There are some 
limitations in regard to this case report. First of all, it is a case report 
and has a low quality of evidence.

Moreover, it’s only reported a selected and single case (maxillary 
second molar). There was no definite outcome with a long-term 
follow-up.

Prevention of Longitudinal Tooth Fractures
In general, there are some preventive measures that can be applied 

to reduce the risk of longitudinal tooth fractures to occur. Fractured 
cusp can be prevented by minimizing the width and depth of cavity 
preparation to avoid removal of dentin support (55).

Moreover, avoid placing wedging restorations such inlays 
especially when there is no enough dentin support. In case of 
undermined cusps, it should be reduced and covered by gold or 
amalgam onlay to provide a significant fracture resistance (56). Both 
cracked tooth and split tooth have the same preventive measures. 
In addition to the measures related to fractured cusp, patients need 
to eliminate the oral destructive habits. Teeth with large access 
preparations require an appropriate cusp protection such as using an 
onlay or a crown restoration (57).

Prevention of vertical root fracture is considered to be not 
difficult and this is because the causes of it are well known. Vertical 
root fracture can be prevented by avoiding the excessive removal of 
the intraradicular dentin and minimizing the internal wedging forces 
(1). For instance, selecting the appropriate treatment procedure that 
require a minimally invasive dentin preparation (58, 59). Regarding 
the root canal filling condensation, it should be carefully controlled. 
For example, the use of a more flexible and less tapered finger pluggers 
or spreaders rather than the use of stiff, conventional hand-type 
spreaders and this is because they are more safe (60, 61).

According to an in vitro study that was conducted to assess the 
influence of MetaSEAL and AH Plus on the resistance to vertical root 
fracture of root canal treated teeth when using either the matched-
taper single-cone or lateral condensation technique. The sample 
was 90 extracted single-canal mandibular premolar teeth were 
sectioned and a standard root length of 13 mm were left. In addition, 
both buccolingual and mesiodistal diameters were measured. 
Teeth were randomly divided into 6 groups with 15 teeth in each 
group. No instrumentation or obturation was performed in the 
first group (control group). The roots in the remaining groups 2–6 
were instrumented by using ProTaper rotary instruments including 

Treatment outcome Number of teeth

No endodontic treatment - pulpitis resolved 80
Uncertain pulp status - Patient did not return for further follow-up as scheduled 1

Endodontics required

19

1.	 At investigation appointment due to:

15
	• exposed by caries 4
	• crack into pulp chamber 2
	• post required 9

2.	 At later times due to:

4
	• pulpitis continued with lemp.restn 1
	• pulpitis after core 2
	• pulp necrosis at 3 months 1

total 100

Table 1: Treatment outcome of 100 cracked teeth with reversible pulpitis (Abbott & Leow 2009)
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irrigation with 2 mL of 5% NaOCl, 5 mL of 17% EDTA was applied 
for 3 minutes, followed by 5 mL of distilled water. No obturation was 
performed in group 2. The roots in group 3 and 4 were ob turated 
with AH Plus used with the matched-taper single-cone and lateral 
condensation techniques, respectively; whereas, MetaSEAL was used 
instead of AH Plus sealer in group 5 and6. Afterwards, the roots were 
subjected to a vertical loading force (1 mm/min). Results showed that 
there was significant difference between the group treated with AH 
Plus and the lateral condensation technique and the group treated 
with AH Plus and the matched-taper single-cone technique in terms 
of resistance values. It was concluded that the use of the matched-taper 
single-cone technique, MetaSEAL and AH Plus have the potential 
to reinforce   endodontically treated teeth (60). This study has some 
limitations that include it is an in vitro study. A small sample size with 
selected single-canal mandibular premolar teeth were included in the 
study. Moreover, different types of root canal sealers with different 
properties were used.

A recent study that was published in 2016 to evaluate the resistance 
to vertical root fracture of root filled teeth using different root 
canal preparation concepts (apical stop and continuously tapering 
preparation, with different foraminal enlargement). The sample size 
was small as the previous study (90 single-rooted premolars) and a 
control group with no instrumentation or obturation was performed. 
Only AH Plus sealer was used with the Gutta-percha in the root filled 
teeth. It was concluded that different canal preparation techniques 
reduced resistance to fracture when compared with the control group; 
however, after root filling, there was a significant increase in resistance (63).

Conclusion
Diagnosis of longitudinal tooth fracture and its management varies 

in complexity based on the type of the fracture as well as the extent and 
location of each type. Some types are easy to diagnose; whereas, other 
types require several tests including clinical and radiographic findings 
in order to reach a definitive diagnosis. For instance, a split tooth is 
easy to be diagnosed and this is because the separated segments can 
be detected visually most of the time. Additionally, its management 
depends on the location of the fracture. If the fracture is not deep ap 
ically, then the tooth can be saved; however, tooth extraction is the 
required management approach if the fracture is located deep apically.

Diagnosis of a cracked tooth is challenging usually and this 
is due to the variety of the associated symptoms, tests result and 
radiographic findings. Furthermore, the management of a cracked 
tooth ranges from saving the tooth with the use of different restorative 
materials with or without endodontic intervention to tooth extraction. 
Similarly, vertical root fracture (VRF) has this variety and complexity 
in both diagnosis and management. Although there are some findings 
that indicate the presence of vertical root fracture such as sinus tract 
and a narrow, isolated periodontal probing, flap reflection by surgical 
exposure of both soft tissues and bone is considered as a reliable 
approach to identify vertical root fracture.

Interestingly, longitudinal tooth fracture can be prevented to 
occur be taking in consideration different preventive measures by both 
patient and clinician. The patient has to lower or even eliminate the 
destructive oral habits, while the clinician should not remove dentin 
support by being conservative in the cavity preparation; however, if 
the tooth is already with a large cavity or access preparation and there 
is no enough dentin support, an adequate cusp coverage restoration 
(onlay or crown) is required to be placed to provide the tooth a 
significant fracture resistance. In addition, the clinician needs to avoid 
excessive intraradicular dentin removal during root canal treatment 
to lower the risk of vertical root fracture hopefully.
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