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Abstract 
      A cracked tooth is a confusing and difficult clinical entity in the dentistry. This clinical scenario 
poses a diagnostic challenge to the clinician. The cracks in the teeth may propagate coronally or 
from radicular portion of the teeth. Cracked teeth can occur both in healthy and endodontically 
treated teeth. Cracked tooth syndrome requires appropriate diagnosis and treatment planning as 
the signs and symptoms can be vague and misleading. Initial diagnosis of cracked teeth have 
proven to give a successful prognosis and the treatment can be kept as conservative as possible. 
This article highlights a detailed overview of etiology, signs, symptoms, classification and diagnosis 
and treatment modality of cracked teeth.  
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 Introduction 

 
       Craze line or incomplete fractures of the 
teeth which appear asymptomatic can become 
symptomatic. The clinical signs may be bizarre 
ranging from sensitivity to varying degrees of 
pain. The localization of this condition is vague 
and annoying. The cracks may develop in 
enamel and underlying dentin in the initial cases 
but in severe cases, it may affect the pulp and 
the periodontal supporting structures. The range 
of pain may vary from slight sensitivity to severe 
gnawing pain which cannot be tolerated.  
      Cracked tooth or split tooth is described as 
complete or incomplete tooth fracture that 
involves dentin and in some instances affects the 
pulp (1- 4). Cracked tooth was first noticed as an 
incomplete cuspal fracture of a posterior tooth 
and was termed as “cuspal fracture odontolagia” 
by Gibbs in 1954 (5). The terminology cracked 

tooth syndrome was first coined by Cameron in 
1964 (2). In this scenario, the symptoms were not 
clear but the teeth exhibited a painful response to 
pulp sensibility tests, and the tooth was rendered 
necrotic, whilst the pulp and periodontium were 
healthy (2,6). 
      Ellis in his literature exhibited the incomplete 
fracture of the teeth as a fracture line of varying 
direction extending through tooth structure to an 
unknown depth and may advance to connect with 
the pulp and/or periodontal ligament (6-9). 
     Teeth affected with cracks may present 
themselves in vertical or horizontal fracture 
involving crown and root (10). The causative 
factors for the cracks is generally the 
combination of occlusal load and the treatment 
procedures (11). Crown and Crown root fractures 
are considered as incomplete fractures in the 
crown aspect of the posterior teeth extending in a 
mesiodistal direction involving the marginal ridge. 

The crack initiates in the coronal aspect of 
the tooth and may end at the cementoenamel 
junction or extend into the radicular portion of the 
tooth (2, 10, 12, 13). Vertical root fractures are 
complete straight-line fractures extending from 
the root to the periodontium (14). The various 
etiological factors are mentioned in table 1.  
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 Table 1. Etiology of cracked teeth. 

 
     Cracked teeth vary from craze lines to 
greenstick fractures to severe form of vertical 
root fractures. This condition usually presents in 
people aged between 30 years to 50 years 
(12,15,16). No gender variation has been 
reviewed for this condition (17). The incidence of 
cracked tooth syndrome is great with mandibular 
second molars, followed by mandibular first 
molars and maxillary premolars (1, 18). 

      There are two definitive patterns in cracked 
teeth (2). In the first type, the crack is centrally 
placed and in the second type, the crack is 
peripherally placed resulting fracture of the cusp. 
In case of split tooth, when the force is applied to 
the crown, the tooth fragments get separated 
resulting in excruciating pain. The separated 
fragments in the dentin result in fluid movement 
within the dentinal tubules triggering the 
stimulation of odontoblasts in the pulp resulting in 
excitation of pulpal nociceptors (1, 4, 19). 
 

Classification  
Several classifications have been 

proposed by various authors based on site of the 
crack, type of the placement of the crack and the 
direction of the crack. American Association of 
Endodontists had laid down a classification of the 
cracks in a paper titled, “cracking the cracked 
tooth code” where the origin of the crack and its 
prognosis for the treatment was assessed (20). 

[table.2]  
Craze Lines 
Craze lines are initial and evident cracks 

which are confined to the enamel. In posteriors, 
the craze lines usually intersects the marginal 
ridge and extend buccally or lingually. Vertical 
and the longest craze lines are usually seen in 
anterior teeth. The craze lines are well detected 

under transillumination. If the light doesn’t pass 
through, it is diagnosed as crack. If the light 
passes through and lightens the entire crown, it 
is termed as craze line (21). [fig. 1] 

 
Table 2. AAE classification of cracked teeth. 

 

 
Figure 1. Craze lines. 
 

Fractured Cusp  
Fractured cusp is a clinical entity where 

there is a separated cuspal fragment from the 
remaining part of the teeth. The fracture can be 
complete or incomplete. These fracture lines 
usually start at the occlusal and extend towards 
cervically. These fractures commonly occur in the 
buccal cusp of maxillary premolars and the 
mesiobuccal and distobuccal cusp of maxillary 
molars (22).  In a study by Bader et al. it was 
found that lingual cusps break more commonly 
than buccal cusps in mandibular molars (23). 

       Fractured cusps are usually seen in teeth 
with large restorations with inadequate cuspal 
enamel. The patients with fractured cusp usually 
complain of severe pain on mastication, and 
more distinctly on the release of biting force. 
They also complain of sensitivity to cold. This 
condition can be confirmed by a bite test using a 
tooth slooth and surgical loupes and microscopes 
can be used for identification. The pulpal 
response is usually vital. Radiographically no 
periapical changes. [fig. 2] 
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Figure 2. CBCT of fractured cusp with pulpal 

symptoms. 
 

Cracked tooth 
A cracked tooth is a characteristic crack 

extending from the occlusal surface of the tooth 
run downwards apically without the separation of 
the fragments. According to the studies by Roh 
and Lee (24) and Seo et al. (25), the cracks run 
more commonly mesiodistally than buccolingually.  
     Cracked teeth are usually identifiable by 
staining using methylene blue dye(26) and 
transillumination using fibre-optic (27). Bite test 
using tooth slooth is considered as the 
dependable test for diagnosis (21). Bite test 
becomes positive when the lesion involves 
periapical area resulting in apical periodontitis. 
Pain elicited on the release of the biting force is 
considers as the pathognomic sign for a cracked 
tooth. This condition is usually associated with 
deep narrow pockets. A cracked tooth can be 
further confirmed using CBCT and surgical 
microscope. [fig. 3] 
 

 
Figure 3. Cracked teeth in a mesiodistal 
direction. 

Split tooth 
A split tooth is symptomatic crack running 

through both the marginal ridges in a mesiodistal 
direction and splitting the tooth into two 
fragments. This type of crack is placed centrally 
and the prognosis of the tooth is rendered poor. 
This condition occurs in endodontically treated 
teeth. The fragments are mobile and easily 
diagnosable. Split tooth is accompanied with pain 
on biting, periodontal pockets, horizontal bone 
loss and may be associated with periodontal 
abscess.  

Vertical root fractures (VRF) 

Vertical root fractures, according to the 
American Association of Endodontists (AAE) are 
described as complete or incomplete fractures 
originating from the root and extending 
buccolingually. [Fig 4] It may occur in root canal 
treated tooth or vital teeth (20). In a study by 
Tang et al., it has been proven that vertical root 
fractures are more in endodontically treated teeth 
(28). Vertical root fractures can occur during any 
procedure of root canal treatment or even during 
the post space preparation. Vertical root fractures 
can be associated with teeth with endo-perio 
relation having a deep periodontal pocket and J 
shaped or halo radiolucency. CBCT is an 
excellent diagnostic tool for the diagnosis of 
vertical root fractures (29,30). 

 

 
Figure 4. Vertical Root Fracture. 

 
Diagnosis Aids for the Cracked Teeth 

 
Operating Microscopes  
Surgical microscopes with high resolution 

(X6–X8 magnification or higher) helps is more 
accurate diagnosis than loupes (21). 
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Transillumination  
According to AAE, transillumination with 

fibre optic light source is one of the accurate aid 
in the diagnosis of a fracture (31).  In this, the 
tooth is air-dried and the fibre optic light is placed 
directly on to the tooth. The principle behind 
transillumination is that the light passes through 
the substrate and reaches the gap, following with 
which the light gets reflected. Dark and light 
areas are formed which are separated by fracture 
line. The major drawback of transillumination is 
that it highlights all the minor cracks and may be 
misleading for the diagnosis.  

Optical Coherence Tomography 

OCT is a high resolution computing 
imaging technique which uses echo time delay of 
the backscattered light (32). It provides 
microscopic visualization of details and cellular 
structures. The basic disadvantage of OCT is 
backscattering and therefore it is not 
recommended.  

Scanning electron microscopy 

SEM or scanning electron microscopy is 
one of the commonest methods to detect cracks 
in extracted teeth. SEM uses high-energy 
electrons to detect the crystalline structure, 
morphological entity and the composition of the 
test specimen (32).  
  SEM is highly technique sensitive but can 
detect the 3D morphology of the specimen (33). 
This technique can visualize the cracks of less 
than 1nm (34). 

Micro-computed tomography 

This imaging system produces images at 
micrometer levels. It visualizes the 3D 
morphology of the object without destroying it. 
The x-ray beam used in micro-CT is of higher 
range and can penetrate through the thickest 
layers of the specimen. This imaging system has 
better clarity than conventional CT. The 
disadvantage of this system is that it requires 
more exposure time. Studies have been 
conducted to analyze the crack morphology 
using BaSO4 stain (35, 36). 

Transmission electron microscopy 
Transmission electron microscopy (TEM) 

is a high magnification imaging system which 
uses higher energy electrons than SEM and 
produces images of high-resolution quality. The 
study sample is illuminated with high electron 
beam in a vacuum and the electrons transmitted 
through the sample are detected on a 
phosphorescent screen or through a camera (37). 

Studies have been performed by Kubo et al. to 
check for the dentinal microcracks with TEM (38). 

 
 Management Of Cracked Teeth 
 

Initial diagnosis of this clinical scenario is 
very important for the treatment and its success 
of the cracked teeth to prevent the progression of 
crack into the pulp and periodontal tissues (39).  
A decision flowchart for the treatment options 
have been laid down in Table 3. Initial cracks are 
easy to detect, hence can be managed 
conservatively. Minor cracks in the teeth can be 
restored with restoration or with crown. Severe 
cracks which involve pulp require endodontic 
treatment and then restored with a crown (41). 
Teeth with deep cracks cannot be treated and 
hence extracted.  
Clark and Caughman laid down a classification 
for the prognosis of the cracked teeth (40).  The 
prognosis was categorized as excellent, good, 
poor and hopeless. 
 

 
Table 3. Decision flowchart for the 

management of cracked teeth 
 
1. Excellent: (a) fractured cusp restricted to 
dentin that arises from facio-pulpal or linguo-
pulpal line angle of a cusp to the CEJ or slightly 
below. (b) Fracture of the cusp in a horizontal 
direction which does not involve the pulp.  
2. Good: A vertical fracture present in the coronal 
aspect running mesiodistally involving the dentin 
and not the pulp.  
3. Poor: A vertical fracture present in the coronal 
aspect running mesiodistally involving the dentin 
and the pulp (confined to the crown). 
4. Hopeless: A vertical fracture present in the 
coronal aspect running mesiodistally involving 
the pulp and root.  
 
 



 

Journal of International Dental and Medical Research ISSN 1309-100X                           Management Of Cracked Tooth Syndrome 
http://www.jidmr.com                                                                                                                                                       Roma M and et al 

 

  Volume ∙ 13 ∙ Number ∙ 3 ∙ 2020 

                            
Page 1202 

 Conclusions 
 

It is mandate for every practitioner to have 
comprehensive information and knowledge about 
cracked tooth syndrome and its existence. One 
should be able to diagnose with the chief 
complaint and a good case history. Careful 
clinical examination and the diagnostic tests will 
help in arriving at the diagnosis. Treatment 
modalities will vary depending on the severity, 
extent and the location of the crack. Proper 
analysis for the management varies according to 
the clinical need like occlusal contouring to the 
rehabilitation of cuspal fracture with composite 
restoration to prosthetic rehabilitation. In the most 
severe cases, extraction will be planned.  

 
List of Abbreviations  
1. AAE : American Association of 

Endodontists 
2. CBCT : Cone beam computed 

tomography 
3. VRF : Vertical Root Fractures 
4. OCT: Optical Coherence Tomography 
5. SEM : Scanning electron microscopy 
6. micro-CT : Micro-computed tomography 

7. TEM : Transmission electron microscopy 
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