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A B S T R A C T   

Objectives: To summarize the available evidence of crack formation in teeth and to discuss the limitations of the 
current clinical diagnostic modalities for crack detection in teeth. 
Background: Cracks are a common clinical finding in teeth and yet clinicians still struggle to identify the full 
extent and orientation of cracks for their appropriate timely management. The biomechanics of crack devel
opment can be due to multiple factors and can differ from an unrestored tooth to a restored or endodontically 
treated tooth. 
Data & sources: This narrative review has been designed following the guidelines published by Green et al. 2006 
[1] Published literature in the English language that addresses the objectives of this review up to July 2022 was 
sourced from online databases and reference lists. The relevance of the papers was assessed and discussed by two 
reviewers. A total of 101 publications were included in this narrative review. 
Conclusions: The initiation and development of cracks in teeth are likely linked to an interplay between the 
masticatory forces and fracture resistance of the remaining tooth structure. From the identified literature, the 
quality and quantity of remaining tooth structure in a restored or endodontically-treated tooth affects the 
biomechanics of crack development compared to an unrestored tooth. The extent, orientation, and size of the 
cracks do affect a clinician’s ability to detect cracks in teeth. There is still a need to develop reliable diagnostic 
tools that will accurately identify cracks in teeth beneath restorations to enable effective monitoring of their 
propagation and provide appropriate interventions. 
Clinical significance: The development and propagation of cracks in an unrestored tooth differ greatly from a 
restored and endodontically treated tooth; mainly linked to the quantity and quality of the remaining tooth 
structure and the forces acting on them. Identifying the extent of cracks in teeth remains challenging for early 
clinical intervention.   

Introduction 

Cracks in teeth remain a significant problem in restorative dentistry 
as they can lead to pain and loss of structure, with early identification 
and management being a clinical challenge. Cracks in teeth can be 
defined as plastic deformations that appear as a break within the tooth 
structure but without actual separation or loss of the dental hard tissue. 
[2] The cracks can develop in various depths and orientations. It should 
be noted that cracks are merely clinical findings and are not considered a 
diagnosis. 

There have been many classifications proposed since the 1950s to 
distinguish the types and clinical presentations of cracks seen in teeth. 

The once famous term ‘cracked tooth syndrome’ coined by Cameron in 
1964 gradually lost favour as cracked tooth is not considered a disease 
and the symptoms can be inconsistent. [3] Other authors tried to classify 
cracks in the direction of their fracture plane within the tooth, namely 
‘horizontal’, ‘vertical’, or ‘oblique’. [4] In the 1997 publication 
‘Cracking the Cracked Tooth Code’, the American Association of End
odontics (AAE) used five terminologies to define various types of cracks 
in teeth; a classification that was widely adopted.[5] The five crack 
entities are: enamel craze line, fractured cusp, cracked tooth, split tooth, 
and vertical root fracture (VRF). The first 4 entities originate on the 
occlusal surface and propagate apically while VRF begins in the root 
usually in a bucco-lingual direction that may extend coronally or 
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laterally. [5] It should be noted that the AAE classification does not 
address the internal extension and termination of the cracks, which is 
crucial to enable a prognosis and management of such teeth. In 2008, a 
revised version of this classification highlighted cracks in teeth as lon
gitudinal tooth fractures.[6] However, cracks may have irregular shapes 
and it is often difficult to determine the directions of their fracture plane. 
[4] 

Elastic limit is the maximum capacity of an object to stretch before 
permanently altering its shape and size. The occurrence of cracks in 
teeth has been linked to multiple factors that may overcome or weaken 
the elastic limit of dental hard tissues. Over time, the structural 
discontinuity in dental hard tissues could grow and contribute to dental 
caries, infection of periapical and periodontal tissue, or end as a cata
strophic splitting of teeth. Thus, early identification of cracks is poten
tially important for its timely management to prevent further crack 
propagation and often the ensuing complications including pain, that 
may vary in presentation and severity The symptoms may range from 
mild dentinal hypersensitivity to very severe spontaneous pain associ
ated with irreversible pulpitis or apical periodontitis and are often 
triggered during chewing cycles.[6,7] A narrative review on the topic of 
cracked teeth has recently been published with a focus on the clinical 
management.[8] A complementary review of the incidence, micro
structure, diagnostic, and clinical implications has not been covered in a 
review article. Clinicians are still currently limited by the existing clin
ical investigative modalities for accurate identification and location of 
the exact extension of cracks. 

This narrative review aims to summarize the available evidence on 
crack formation in teeth (Intact, restored and root filled) and the current 
best diagnostic modalities for crack detection. Specific questions are: (1) 
What is the incidence of cracks in human dentition? (2) How do cracks 
form within teeth and is there a difference between unrestoredt, 
restored, and root canal-treated teeth? (3) What are the risk factors that 
contribute to cracks in teeth? (4) Are there any parameters that may act 
as prognostic indicators for the restorability of cracked or fractured 
teeth? (5) What are the challenges to identify cracks in teeth clinically? 

Method 

The search protocol for this narrative review has been designed 
following the guidelines established by Green, Johnson, and Adams [1]. 

Published literatures were searched using electronic databases: 
Cochrane Oral Health Group Specialized Register, Cochrane Central 
Register of Controlled Trials (CENTRAL), Web of Science, PubMed, 
EMBASE, and Google Scholar. The search words included ‘cracked 
tooth’, ‘fractured tooth’, ‘cracked root canal treated tooth’, ‘crack tooth 
syndrome’, ‘teeth cracks’, ‘dental cracks’, ‘dental fracture’, and ‘crack 
growth’. These terms were used alone or searched with the aid of 
Boolean operators like AND, OR. Only articles published in English were 
included. In addition, the reference lists of the identified articles were 
further gleaned to gather other relevant papers. The included articles in 
this review were published from the first identifiable account in 1961 till 
July 2022. 

The search was conducted independently by two reviewers and the 
gathered titles and abstracts were collectively screened in detail. Articles 
involving tooth fracture due to trauma and non-English publications 
were excluded from this review. The full text of the articles were 
retrieved, assessed and discussed for relevant findings for the purpose of 
this review by both reviewers. A total of 101 papers were included in the 
review for analysis. These consisted mainly of in-vitro studies (n=54) 
followed by observational clinical studies (n=29) and narrative reviews 
(n=18). The methodology pathway for the literature search is outlined 
in Figure 1. 

Discussion 

The objectives of this narrative review have been sought through a 
detailed critical analysis of the available literature. This exercise has 
identified that there is insufficient evidence to provide a comprehensive 
response for objective #4, in which this narrative review has failed to 
identify any evidence for prognostic indicators for the restorability of 
cracked teeth. The identified evidence for the remainder of the stated 
objectives is critiqued in the following subsections. 

Incidence of cracks 

Table 1 summarized the published incidence of all forms of cracks in 
teeth from the 16 studies that stipulated this finding. The published 
literature on incidence of cracks in teeth spans from 1964 to the present 
date but many papers do not clearly distinguish systematically the 
various types of crack and the associated symptoms. Cracks can be found 

Figure 1. The methodology pathway for the literature search (1961-July 2022)  
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Table 1 
Incidence of cracked teeth from 16 studies  

Study author Tooth type Incidence rate (%) Total teeth Unrestored (%) Average age Country of origin 

Cameron 1964 [25] Mandibular molars 54 50 NA NA US 
Maxillary molars 28 
Mand. Premolars 2 
Max. premolars 16 
Other 0 

Hiatt 1973 [26] Mandibular molars 70 100 35 40-49 US 
Maxillary molars 19 
Mand. Premolars 10 
Max. premolars 1 
Other 0 

Talim & Gohil 1974 [27] Mandibular molars 45 40 NA NA India 
Maxillary molars 22.5 
Mand. Premolars 7.5 
Max. premolars 25 
Other 0 

Cameron 1976 [3] Mandibular molars 66.7 102 NA NA US 
Maxillary molars 23.5 
Mand. Premolars 0 
Max. premolars 9.8 
Other 0 

Abou-Rass 1983 [28] Mandibular molars 45.8 120 15.8 NA NA 
Maxillary molars 20.8 
Mand. Premolars 0 
Max. premolars 19.2 
Other 14.2 

Cavel et al. 1985 [29] Mandibular molars 44.9 118 4.2 NA US 
Maxillary molars 25.4 
Mand. Premolars 5.1 
Max. premolars 24.6 
Other 0 

Eakle et al. 1986 [30] Mandibular molars 43.2 206 8.7 37.6 NA 
Maxillary molars 25.73 
Mand. Premolars 25.24 
Max. premolars 5.83 
Other 0 

Lagouvardos et al. 1989 [31] Mandibular molars 46.5 200 NA 25-48 Greece 
Maxillary molars 20 
Mand. Premolars 5 
Max. premolars 28.5 
Other 0 

Bader et al. 2001 [32] Mandibular molars 36.3 377 NA NA US 
Maxillary molars 22 
Mand. Premolars 6.9 
Max. premolars 20.4 
Other 14.3 

Brynjulfsen et al. 2002 [33] Mandibular molars 28.3 46 NA NA Norway 
Maxillary molars 39.1 
Mand. Premolars 4.3 
Max. premolars 28.3 
Other 0 

Roh et al. 2006 [12] Mandibular molars 36.4 154 NA 40-49 South Korea 
Maxillary molars 57.1 
Mand. Premolars 1.9 
Max. premolars 4.6 
Other 0 

Krell & Rivera 2007 [18] Mandibular molars 59.6 796 NA NA US 
Maxillary molars 29.9 
Mand. Premolars 1.6 
Max. premolars 8.9 
Other 0 

Seo et al. 2012 [16] Mandibular molars 45.8 107 28 25-70 South Korea 
Maxillary molars 44.8 
Mand. Premolars 2.8 
Max. premolars 6.6 
Other 0 

Banerji et al. 2014 [34] Mandibular molars 48.35 151 25.2 30-80 UK 
Maxillary molars 31.12 
Mand. Premolars 6.63 
Max. premolars 13.9 
Other 0 

Hilton et al. 2017 [35] Mandibular and maxillary molars 81 2,975 18 19-85 US 
Mand. and maxillary Premolars 19 
Other 0 

Hilton et al. 2020 [2] Mandibular and maxillary molars 80 1,850 NA 54.2 US 
Mand. and maxillary Premolars 20 
Other 0 
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in both unrestored and restored teeth. [9] The incidence and prevalence 
of cracks are reported to be more frequent in teeth with intracoronal 
restorations[10], a finding that is disputed by several recent studies that 
report an increasing incidence in unrestored teeth.[11–13] Retrospec
tive clinical studies reported that cracks were seen more in patients over 
40 years old, a finding that was postulated to be due to the changes in the 
elasticity of dentine with age, accumulation of fatigue stresses in the 
tooth structure over time and patients having more restorations done as 
they aged.[14] There is no evidence of gender predilection for cracked 
teeth with significant variation between studies.[15–17] Cracks were 
more common in posterior teeth particularly the mandibular molars, 
maxillary molars, and maxillary first premolars[9,15,18] while craze 
lines which are superficial hairline cracks were reported seen more in 
anterior teeth. The cross-sectional study by Khovidhunkit and Song
manee [19] reported that craze lines were primarily observed in canines 
and the authors suggested further investigation could be done to check if 
canine-guided occlusal scheme could be a risk factor. 

There is strong epidemiological evidence that supports the correla
tion between the presence of cracks and VRF in endodontically treated 
teeth (ETT). Vire (1991) reported 59.4% of 116 ETT extracted in a group 
practice over 1-year period failed prosthetically due to crown fracture. 
[20] A 5-year study from Taiwanese national database published in 
2008 reported of the 857 non-surgical ETT that were randomly selected, 
28.1% of the extracted 64 samples were due to unspecified tooth frac
tures.[21] A further retrospective study (2008) of 547 extracted ETT 
from an Israeli military dental clinic reported that 2.4% and 8.8% of 
cases failed by unrestorable cuspal fracture and VRF respectively.[22] 
Finally, a survey reported in 2011 of 119 extracted ETT done in Nigeria 
identified that 15.1% and 13.4% have failed by unrestorable crown 
fracture and VRF respectively.[23] From these retrospective studies, it is 
both difficult to establish any consistency in the incidence nor ascertain 
specific aetiological data. Also, it is not possible to establish whether 
sampled teeth had cracks before endodontic treatment or developed 
post-treatment and whether these teeth received a cuspal coverage 
restoration post-treatment. 

The overall incidence of cracks in teeth is neither routinely nor 
consistently reported as the available diagnostic tools lack accuracy to 
determine their presence, extent, and prognostic indicators. With an 
increase in the average life expectancy and increased retention of nat
ural dentition for longer periods of time, the incidence of cracked teeth is 
anticipated to increase. [24] 

Initiation and propagation of cracks 

The elastic limit of a tooth depends on the quality and quantity of the 
remaining tooth structure and its ability to withstand the force acting on 
the tooth.[7] Based on those factors, the nature and development of 
cracks are different between an unrestored versus a restored tooth. It’s 
been proposed that crack formation can occur in two ways, either 
through excessive force acting on a healthy unrestored tooth or via 
physiological force acting on a structurally weakened tooth.[4,7] The 
direction, magnitude, and frequency of the stress acting on the tooth 
could influence the propagation pattern of cracks. 

Often time pain due to a crack in teeth may be triggered during 
chewing and might be difficult to locate. [6,36] This pain has been 
postulated to be due to a sudden movement of dentinal fluid when the 
cracked portion of the tooth moved independently stimulating the 
A-delta nerve fibers within the pulp or seepage of noxious irritant 
through the crack triggering the release of pain-inducing neuropeptide 
or alternatively stretching and compressing of odontoblastic process 
within the cracked dentine. [36] 

Cracks in unrestored teeth 

Unrestored teeth usually exhibit surface cracks which are often seen 
clinically as craze lines. Enamel is known to be the hardest tissue in the 
human body but also acts like a brittle material under force due to the 
low modulus of elasticity. [37] On the external surface of the virgin 
tooth, enamel exists as an amorphous microstructure but has enamel 
rods parallelly aligned beneath this layer. Cracking of enamel occurs via 
the separation of the enamel rods along the interprismatic substance. 
[38] However, the progression of a crack can be affected by the decus
sation of enamel (Fig 2) where the rods cross obliquely in alternating 
bands to one another nearer to the enamel-dentinal junction (EDJ).[39, 
40] The degree of decussation is reported to be higher in the thicker 
parts of enamel, particularly at the cuspal or incisal edge regions.[41] 
Enamel tufts which are hypocalcified enamel rods and interprismatic 
substance due to the adaptation of crystals to the spatial condition in 
enamel are natural defects arising from EDJ and extending into 
one-third of the enamel thickness that could contribute to internally 
initiated cracks in enamel. [42] Regardless of whether the crack is 
initiated externally or internally, it can continue to grow until the 
fracture energy has been exhausted or impeded by mechanisms of 
toughening in the decussated enamel region. Bajaj et al. showed that 
some local toughening mechanisms like the formation of uncracked 
ligaments such as crack bridging, crack deflection, or micro-cracking 
encourage cracks to propagate in a more transverse direction. [39] As 
the load increases beyond the capacity of these mechanisms, the cracks 
will then grow longitudinally into the EDJ which serves as the second 
line of defense to prevent tooth fracture. The less mineralized EDJ acts as 
an effective link to transfer the compressive loads from brittle enamel 
into the more resilient dentine beneath due to the interdigitation of the 
two tissue layers. Cracks that extend into the EDJ are impeded at the 
mantle dentine zone through toughening mechanisms from uncracked 
ligament bridging.[43] An in-vitro study (2005) that examined 172 
indentation cracks in teeth reported that 75% of cracks that penetrated 
the EDJ were arrested after traveling 10µm or less into the mantle 
dentine.[38] Adjacent to the mantle dentine, dentine tubules are ori
ented perpendicularly to the EDJ and cemento-dentinal junction (CDJ). 
In-vitro studies have shown that cracks in dentine grow parallel to the 
tubules at the intertubular dentine region which are made up of 
mineralized collagen fibers running perpendicular to the tubules. [44, 
45] The propagation of cracks has also been reported to advance more 
when the lumen size of the dentine tubules increase and when the 
intertubular distance are narrower.[46] Such cracks that have extended 
into dentine may need clinical intervention to reduce the ingress of oral 
bacteria into the pulp space.[47] As a whole, the microstructure in 
enamel and dentine seems to retard the propagation of cracks through 
inherent toughening mechanisms but the formation of cracks can still 
occur if these mechanisms were overcome by sudden high impactful 
occlusal forces such as accidental biting on a hard substance. Findings 
from De Boever et al. evaluating electromyographic chewing patterns 
clinically concluded that functional chewing forces varied with the 
consistency and viscosity of food.[48] It is postulated that hard food 
wedged between the buccal and lingual cuspal inclines could potentially 
introduce lateral tensile forces which are poorly tolerated by posterior 
teeth. 

Occlusal morphology and tooth position in the dental arch 
The occlusal morphology and the position of the tooth in the dental 

arch could also influence tooth fracture resistance. Teeth with steeper 
cuspal inclines and deep grooves may be more predisposed to cracks. 
Using 3D finite element analysis to study the cuspal inclines of clinically 
cracked maxillary molars, Qian et al. found that teeth with steeper 
cuspal inclines have more tensile stresses which are concentrated mainly 

NA: Information not available 
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on the central grooves and cervical region.[49] Upper molars which 
have a sharp mesio-palatal cusp can act like a plunger, wedging onto the 
buccal and lingual cuspal incline of the lower counterpart. It’s no sur
prise for maxillary first premolar to commonly present with a fractured 
cusp particularly if the tooth naturally has a deep cusp-fossa relationship 
and thin slender divergent roots.[50] Due to the position in the arch, 
premolars are also subjected to more shear force than molars, particu
larly during lateral excursive movement. Immature teeth with incom
plete root formation may have thinner radicular dentine and naturally 
could be susceptible to fracture.[51] 

Role of occlusal forces 
The maximum bite force in dentate patients has been reported to 

range from 400N- 522N. [52,53] Excessive stress acting on teeth could 
occur if the patient has parafunctional habits like bruxism. The bite force 
in such patients are reported to be 4 times more than the average.[54, 
55] The loss of anterior guidance due to tooth wear, coupled with 
grinding from side to side during the bruxism cycle would subject the 
posterior teeth to harmful crack-inducing lateral forces.[56] Also, 
shallow anterior guidance could hinder the disocclusion of posterior 
teeth during lateral excursions and cause increased lateral forces acting 
on the cusp of posterior teeth. [57] Other than that, some authors have 
suggested habits like chewing on ice or alternating between cold and hot 
food and drinks could give rise to thermocycling fatigue between the 
dental hard tissues resulting in crack formation.[19,58] An in-vitro 
study (1972) subjected human and bovine teeth to thermal cycling at 
temperatures between 32 and 60◦C has shown that thermal stresses can 
promote the expansion of cracks in teeth.[59] So far, clinical evidence of 
the effects of thermal stresses and crack propagation in teeth has not 
been conclusive. Two research groups that have recently (2017, 2021) 
conducted similar questionnaires on oral functional behaviour found 
statistically significant correlations between detrimental habits of biting 
on hard objects like opening beer bottle caps with teeth or eating coarser 
foods like nuts and corn with the occurrence of cracks in teeth.[58,60] It 
is assumed that more excessive masticatory force and longer chewing 
cycles will be needed to break down harder food.[61] 

Cracks in restored teeth 

The seminal paper by Reeh et al. in 1989, identified that occlusal 
cavity preparations reduce tooth stiffness by 20% while losing both 
marginal ridges could further decrease tooth fracture resistance by up to 
63%.[62] For a class II cavity, the remaining wall acts as a cantilever 
beam during function. Pantvisai et al. demonstrated that extensive loss 
of coronal dentine and marginal ridges increase the cuspal deflection in 
a bucco-lingual direction during function and can result in a mesiodistal 
crack propagating from the crown and onto the root of the tooth.[63] It 
was found that for a tooth with a MOD cavity, the buccal and lingual 
cusps spring apart by about 10µm suggesting the remaining axial walls 
are always under tension.[64] Also, the cuspal deflection under func
tional loading would increase by 8 times every time the cavity depth 
doubles or if the width of the cavity extends beyond ½ of the bucco
lingual width.[65] During compressive masticatory loading, the tension 
would be concentrated mainly at the internal line angle on the cavity 
floor and microcracks can form once the force exceeds the elastic limit of 
the tooth. Such cracks if they propagate in an oblique direction often 
result in a fractured cusp, especially in cases where the extensive 
restoration undermined a cusp. [66] The direction of crack propagation 
could be influenced by the direction of dentinal tubules under the 
restoration and the differences in the tubular dentine density as the 
cavity depth approaches the pulp chamber.[46] The transverse ridge of 
the mandibular molar and the oblique ridge of the maxillary molar are 
said to be important occlusal cross-bracing structures that could provide 
some protection against crack formation under compressive loads. 
Removal of these anatomic features particularly in class I cavity that has 
extended into dentine can result in tension fracturing of the proximal 
marginal ridge or a cusp due to the inability of underlying dentine to 
absorb the tensile forces.[67] 

The type of restoration used might also influence the fatigue resis
tance of the restored tooth. The differences between the coefficient of 
thermal expansion(CTE), which is the measurement of dimensional 
changes of a material when the temperature is raised by 1◦C between the 
restorative material used for direct intra-coronal restoration and tooth 
structure may induce strain on the remaining cavity wall.[68] Amalgam 
is known to expand upon setting and have almost double CTE 
(22.1×10− 6ºC− 1) than dentin (8.3×10− 6ºC− 1) which could place stress 

Figure 2. Schematic illustration of crack propagation through dental hard tissues in an intact tooth. Local toughening mechanisms like the formation of uncracked 
ligament bridges distant from the crack help to encourage the crack to propagate in a more transverse direction under loading. 
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on the cavity walls and initiate the cracks.[54,55] Placement of retentive 
pins could also introduce micro-cracks in dentine and act as a stress 
concentration site during function.[56] For smaller cavities that do not 
extend beyond two-thirds of the intercuspal distance, adhesive restor
ative materials like composite are now preferred over amalgam because 
they bond and reinforce the remaining tooth structure. Even so, com
posite should be placed with incremental technique to reduce the tensile 
stresses developed between the cavity walls during polymerization 
shrinkage. [69] Bulk-fill composite resins are reported to reduce cuspal 
deflection by removing the stress concentration at weakened regions 
and promoting more homogenous stress distribution.[70] A correla
tional study by Seo et al. (2012) found that cracks were more common in 
teeth restored with non-bonded restoration such as amalgam and gold 
inlays than those restored with bonded composite resin and porcelain 
inlays.[16] The authors proposed that the non-bonded restorations 
combined with sharp internal line angles contribute to the crack for
mation while the bonded restorations are able to disperse the mastica
tory forces better. 

The presence of premature contact or eccentric interferences on the 
restorations in posterior teeth can cause persistent destructive wedging 
and displacing forces on the remaining axial walls, resulting in cracks 
development; in a similar manner to occlusal interference in unrestored 
teeth.[71] Over-carving of restoration which induces a deep cusp-fossa 
relationship or having such inappropriate occlusal anatomy fabricated 
on cast restoration might also increase harmful lateral stress on the 
remaining tooth structure. Also, teeth that act as abutments for 
long-span, distal-cantilevered fixed bridges or removable partial pros
theses are subjected to greater lateral and torquing forces during func
tions which can lead to crack generation.[72] 

Cracks in root canal-treated teeth 

In general, teeth that require endodontic treatment often have been 
structurally compromised due to carious process, trauma, tooth wear, 
pathologic resorption or pre-existing restorative treatment. According to 
Reeh et al.(1989), endodontic procedures collectively would further 
reduce tooth fracture resistance by 5%.[62] The peri-cervical dentine of 
teeth is particularly critical in transmitting forces from the occlusal table 
to the roots which was demonstrated by a finite element analysis study 
of different access cavity designs.[73,74] An experimental study noted 
that the fracture resistance in endodontically treated premolar reduce 
significantly when the thickness of the remaining axial wall of <2mm. 
[75] The loss of hard tissues occlusal to the roof of the pulp chamber and 
pericervical region can result in less tooth structure remaining to resist 
split-apart stresses. Such split-apart stress could further propagate the 
coronal crack unto the pulp chamber floor and subsequently onto the 
radicular dentine. The fracture resistance of a root-filled tooth is 
therefore partly dependent on the ability of the final restoration to form 
a solid integrated complex with the remaining tooth structure to resist 
cuspal deflective forces.[76–78] For root canal-treated teeth with wider 
cavities or with existing cracks prior to endodontic therapy, indirect 
cuspal coverage restorations are better suited to prevent flexure of the 
axial walls and expansion of the cracks. [79] The masticatory load will 
be transferred to the tooth structure circumscribed by the margins of the 
crown which ideally should be extended 2mm below the termination of 
the crack line.[80] Also, the presence of good proximal contacts for 
root-filled teeth should not be overlooked as studies have reported that 
this help to dissipate occlusal forces favourably to the adjacent teeth. 
[45,48] 

In-vitro studies have suggested that the process of root canal treat
ment can give rise to microcracks of radicular origin, which could 
eventually develop into VRF.[81] The collagen and mineral structure of 
dentine can be weakened by the endodontic irrigants and intracanal 
medicament used.[82,83] In-vitro studies have also reported that 
instrumenting root canals with endodontic files does generate micro
cracks on root canal walls.[84–86] With continuous masticatory loading 

on the tooth or while applying compaction forces during obturation, 
these microcracks could propagate.[87,88] However, in vitro stress 
analysis studies have collectively concluded that the compaction forces 
during lateral condensation technique or warm vertical condensation 
technique were insufficient to cause VRF.[89–91] A mean load of 5-6 
times higher than the load used in obturation is required to cause 
VRF.[92,93] However, thermal strain as a result of prolonged direct 
contact with the plugger operating at 200◦C may cause thermal 
expansion of root dentine and induce microcracks formation.[88] Strain 
from vertical compaction forces or thermal stresses are usually greatest 
in the apical portion of the root.[93] Teeth with natural developmental 
grooves on the roots (i.e. mesial root of mandibular molars or buccal 
root of maxillary first premolar) or thin radicular walls are also more 
susceptible to fracture.[94,95] Particularly in roots with oval canals, 
VRF have been reported to occur more frequently in bucco-lingual di
rection.[90,96] For root canal-treated teeth that require post-retained 
restorations, post-space preparation and placing a rigid or active post 
could potentially introduce destructive lateral wedging forces on the 
radicular dentine potentially favour the development of the micro
cracks.[97,98] 

The majority of the available evidence of cracks in root canal-treated 
teeth are still based on in-vitro studies using extracted teeth and might 
not be similar to the clinical scenarios. Despite that, the quality and 
quantity of the remaining coronal and radicular tooth structure appear 
to play an important role in fracture resistance of root canal-treated 
teeth. 

As a whole, the initiation and development of cracks in teeth could 
be an interplay between multiple factors. Clinicians should therefore 
consider these risk factors that potentially give rise and propagate cracks 
in teeth to aid in timely intervention and a summary of the discussed risk 
factors has been provided in Table 2. 

Clinical implication of the location of cracks 

Depth of cracks 

At present, the evidence for the management of cracks is limited, 
primarily due to the lack of reliable non-invasive chairside diagnostic 
tools and available modalities to trace the depth of crack within teeth. 
The depth of cracks may influence the choice of clinical management 
strategies. Generally, cracks that extend into dentine are considered 
structural cracks that need to be treated.[99] Cracks that extend onto the 
root surface, furcal region, or subgingivally will have a poorer prognosis 
as these cracks will be difficult to confine and seal.[100] A recent (2019) 
well-designed prospective cohort study of teeth with cracks extending 
into the canal orifices and were root-canal treated reported survival 
rates after 2 years and 4 years were 100% and 96.6% respectively.[101] 
The authors also found an overall 90.6% success rate at 2-4 years and 
attributed that high success rate was due to microscope-assisted place
ment of intra-orifice barriers apical to the extent of the crack and 
emphasis on promptly following up with an optimal definitive restora
tion post-endodontic treatment. 

Width of cracks 

A 2016 study using MRI to analyze cracks in two molars described 
the width of the cracks as narrowing gradually from the coronal to apical 
direction until transitioning onto sound hard tissues.[102] So far no 
study in the searched literature has investigated the clinical conse
quences associated with the width of cracks in teeth, as such measure
ments can only be carried out ex vivo on extracted teeth. It would be 
logical to consider that wider cracks are unfavourable as they can lodge 
more bacterial and food debris. An in-vitro study by Chen et al. (2017) 
attempted to correlate the width and length of occlusal cracks to predict 
crack extension into the axial plane and root surfaces by observing 
micro-CT scans of 22 extracted cracked teeth.[103] It was found that 

R.C. Yap et al.                                                                                                                                                                                                                                   



Journal of Dentistry 138 (2023) 104683

7

both increases in the length and width of cracks significantly influenced 
the deeper axial extent of crack but the length of cracks was better at 
predicting the axial extent of cracks than the width of cracks. 

Orientation of cracks 

Generally, fatigue cracks in teeth can occur either in a vertical or 
oblique direction. Vertical cracks run mesiodistally and extend apically 
toward the pulp floor of the cavity, which upon further propagation 
could result in a split tooth. Oblique cracks usually initiate from the line 
angles of cavity preparations and can fail as a fractured cusp that may or 
may not extend subgingivally. A study using micro-CT investigation on 
cuspal deflection and microcracks formation after temporization in 
maxillary premolar undergoing endodontic treatment observed that the 
majority of the microcracks were running mesiodistally on the pulpal 
floor of the cavity box.[102] Another experimental study evaluating the 
impact of cusp inclinations on tooth fractures in intact maxillary pre
molars reported the majority of all the samples failed obliquely and in 
the palato-lateral direction.[104] A 2017 study that used optical 
coherence tomography to analyse enamel crack patterns observed 

vertical cracks are more likely to develop on non-functional surfaces or 
cusps of teeth while horizontal and oblique cracks were more common 
on incisal edges or functional cusps of teeth.[105] As a whole, cracks 
orientation and extension are still highly dependent on the direction and 
amount of force, the cuspal inclination of the opposing teeth and the 
microstructure remaining in the teeth after restorative procedures. 

Current clinical diagnostic modalities 

At present, the best practice of identifying cracks in teeth clinically 
relies on correlating the patient’s history and clinical observation of 
tooth surfaces with the aid of high of magnification, staining, and 
transillumination.[7,11] The bite test is also considered as a standard 
clinical technique used to localize potential crack in teeth by repro
ducing the pain felt on biting or release of biting pressure.[36] There 
have been various tools that can be used as a bite test including a wood 
stick, cotton rolls, rubber wheels or commercially designed instruments 
such as the Fracfinder (Denbur, USA), and tooth sloth. [36] However, 
the absence of pain does not guarantee the absence of cracks in teeth. 
[36] Although crack lines are not easily identified in conventional ra
diographs, the presence of deep lateral radiolucency along the root 
outline could suggest a long-standing propagating crack. Table 3 high
lights the benefits and limitations of the diagnostic modalities currently 
available for crack detection clinically. 

Overall, none of the current clinical diagnostic methods could allow 
clinicians to accurately locate the extent and orientation of cracks 3- 
dimensionally. A recently reported technique used an intraoral scan
ner with near-infrared fluorescence technology as a screening tool for 
surface cracks.[106] By directing the light at various angles, the shadow 
produced under the cracks could potentially determine whether the 
cracks have extended into dentine or are well contained within enamel 
alone. It is yet to be determined if this technology could be only useful 
for crack detection in unrestored intact cracked teeth or could also be 
beneficial for intracoronally restored cracked teeth. There is a need for 
further innovation in developing more efficient screening/diagnostic 
tools to facilitate early crack detection and to monitor crack propagation 
over time to allow prompt intervention. 

Conclusion 

As a whole, cracks are not uncommon finding in teeth and can be 
present as a catastrophic crack and fracture or the result of progressive 
wear and tear within the masticatory system which can result in pain 
and loss of tooth structure. Cracks in teeth could be linked to multiple 
factors that affect the masticatory forces and fracture resistance of the 
remaining tooth structure. There is yet insufficient evidence on prog
nostic indicators for the restorability of cracked teeth. Accurately 
identifying the presence and locating the depth and orientation of cracks 
in teeth could aid clinicians in proper case selection and clinical 
decision-making. However, due to the nature and the potential size of 
cracks in teeth, the current diagnostic methods for crack detection is still 
unable to identify cracks predictably and establish their full extent. This 
limitation hampers the ability to further study and predict the long-term 
prognosis of cracked teeth. Hence, there is still a distinct need for a 
reliable, objective, and sensitive diagnostic tool for crack detection to 
aid clinicians in timely intervention and monitoring of cracks in teeth 
and help experts to understand the initiation and propagation of cracks 
to prevent cracks in teeth. 
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Table 2 
Risk Factors for cracks in teeth  

Intact teeth  
Tooth 
structure 

• Deep fossa-cuspal relationship   

• Position in the dental arch   
• Steep anterior guidance   
• Inherent microstructure defects: Enamel tuft   
• Incomplete root formation with thin dentinal walls  

Forces Excessive mechanical stress   
• External trauma   
• Biting into hard objects   
• Chewing on coarse or hard foods   
• Parafunctional habits: Bruxism, clenching   
Thermal stresses   
• Thermal cycling eating habits   
• Chewing on ice 

Restored teeth  
Tooth 
structure 

• Loss of cross-bracing structures: transverse ridge & oblique 
ridges   
• Loss of marginal ridges   
• Increased cavity depth & width   
• Sharp internal line angles in the prepared cavity  

Forces Excessive mechanical stress   
• Premature contact not removed in restoration   
• Excessive condensation force utilized   
• Inappropriate occlusal anatomy of final restoration e.g. over- 
carving or over-contouring   
• Teeth acting as abutments for FPD or RPD   
• Properties of restorative material e.g.: setting expansion of 
amalgam or shrinkage stresses during curing of dental 
composite   
Thermal stresses   
•Mismatch of CTE of restorative material with remaining tooth 
structure 

Root canal-treated teeth  
Tooth 
structure 

• Loss of dentine coronal to the roof of the pulp chamber during 
access opening   
• Loss of pericerival dentine   
• Use of irrigants and medicament that alters the collagen and 
mineral content of dentine   
• Use of rotary files that could induce microcracks within 
radicular dentine   
• Excessive shaping and enlarging root canals   
• Removal of radicular dentine during post-space preparation  

Forces Excessive mechanical stress   
• Excessive wedging force during lateral condensation 
obturation technique or due to hydraulic pressure during 
backfill of thermoplasticized GP   
• Usage of rigid post as part of the definitive restoration   
• Cuspal coverage definitive restoration was not provided   
Thermal stresses   
• Direct contact of heated plugger (200◦C) onto root canal wall  
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Table 3 
Diagnostic methods for cracks in teeth  

Methods Benefits Limitations 

Clinical Based on the 
patient history 
and clinical 
manifestation 

Symptoms and 
signs can help 
clinicians estimate 
the extent of 
cracks in relation 
to pulp & 
periodontium 

Cracks extending 
only into dentin 
may remain 
asymptomatic 

(Pain history, 
periodontal 
probing, pulp 
sensibility test, and 
bite test) 

ETT have lost the 
pulpal innervation 
can be 
asymptomatic 
before the cracks 
have grown into 
an extensive 
fracture 
Subjective 

AND 
Confirm the presence of cracks with direct visual methods 
(a) Examination 
under a microscope 

Magnify areas of 
interest & improve 
visual acuity 

Does not indicate 
the crack depth 
and the 
orientation 

(b) 
Transillumination 
test 

Able to reveal 
hairline cracks and 
deep structural 
cracks which are 
difficult to see 
with naked eyes 

Cannot estimate 
the depth of cracks 
Subtle changes in 
the light contrasts 
can make 
interpretation 
ambiguous 
Limited diagnostic 
benefit in teeth 
restored with a 
crown or when 
cracks occur 
beneath 
restorations 

(c) Dye tracing Dye pools in areas 
with discontinuity, 
giving a better 
color contrast to 
disclose cracks 

Cannot detect 
cracks initiating 
from inner layers 
Challenging to 
differentiate 
cracks from 
anatomic grooves 
Limited value in 
estimating the 
depth of cracks 

*The above 3 visual methods will require the removal of overlying 
restoration to visualize the cracks but this may render the tooth 
unrestorable 
(d) Exploratory 
diagnostic surgery 

Able to identify 
bucco-lingually 
oriented cracks 

Limited in 
visualizing cracks 
on proximal 
surfaces 

Radiographic 
method 

2D Radiograph Isolated deep bony 
radiolucency 
around the roots 
may indicate the 
possibility of an 
extensive crack 

Only cracks that 
occurred at the 
same angle of the 
X-ray beams are 
appreciable 
Crack lines can be 
obscured due to 
the 
superimposition of 
adjacent 
structures or with 
the presence of 
coronal and root 
fillings 
Patients exposed 
to ionizing 
radiation 

3D Radiograph 
(CBCT) 

Able to visualize 3 
-dimension of the 
tooth without 
superimposition of 
adjacent 
structures 

Size of cracks 
identifiable is 
dependent on the 
voxel size of the 
machine (<0.2mm 
hairline crack is  

Table 3 (continued ) 

Methods Benefits Limitations 

inappreciable) 
[107–109] 

Able to identify 
cracks more 
accurately (77.2- 
88.6%) than 2D 
radiograph (9.1- 
11.3%)[110] 

Still missed 20 
±30% of the 
cracks[110] 
Can be hindered 
by artifacts formed 
by nearby metallic 
restoration and 
sensitive to patient 
movement during 
the scan 
Higher ionizing 
radiation exposure 

Magnetic resonance 
imaging (MRI) 

Non-ionizing 
imaging modality 

Costly & not 
readily available 

Have the potential 
to detect cracks 
<20µm[102] 

Lower sensitivity 
for crack as 
compared to CBCT 
[111] Not hindered by 

artifacts from 
radio-dense 
restorative 
materials  
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