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Abstract: Cracked tooth syndrome is defined as an incomplete fracture of the dentine in a vital
posterior tooth that involves the dentine and occasionally extends into the pulp. CTS is the third
leading cause of tooth loss in adult patients. Mandibular molars are most commonly affected teeth.
The aim of this paper is to indicate the frequency and significance of cracked tooth syndrome. To
investigate the etiological factors and the mechanism of occurrence, as well as to present the clinical
picture and the specificity of the diagnostic protocol. Of course, guidelines should be given to make
the right decision for therapeutic procedure, because especially in patients with CTS, the individual
approach is of great importance.

For the preparation of this paper, a search was made of papers from the last 10 years from a relevant
database from MEDLINE® / PubMed®, Science Direct®.

Given the difficult diagnosis of CTS, it is necessary to distinguish some terms. The American
Association of Endodontists (AAA) has divided longitudinal tooth fractures into 5 classes: infraction,
crown fracture, cracked tooth, split tooth, and vertical root fracture.

The diagnosis of CTS is often problematic and has been known to challenge even the most
experienced dental operators, accountable largely by the fact that the associated symptoms tend to
be very variable. Complications of CTS are involvement of the pulp and/or periodontal ligament, cusp
fracture or loss of tooth vitality. In order to diagnose CTS, dentist should elicit thorough dental history,
do the clinical examination and use clinical tests such as visual dying, vitality tests, dental radiograph
imaging and endodontic microscope.

Conclusion: Early detection avoids a number of complications and ultimately can prevent tooth loss.
The inability to visualize the crack during the clinical examination reduces the probability of making a
correct diagnosis. In order to carry out the best possible treatment, it is necessary to take into account
all the factors from the occurrence of the syndrome, the condition and the prognosis of the tooth.
Therapy varies according to the position and extent of the fracture.
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Introduction: Cracked tooth syndrome is an incomplete fracture of a vital tooth in the transcanine
sector. The first definition was given by Cameron, who defines it as a fractured line with an unknown
depth that starts on the tooth surface, from the enamel, and the dentin, and can lead to contact with
the pulp or the periodontal ligament. Most often affected by this type of fracture are the mandibular
molars. [1] The clinical signs and symptoms are changeable, and most often this is the main reason

for an unsuccessful diagnosis.



The symptoms are usually progressive. Since the crack appears on the surface, and then extends
towards the pulp, the first symptom is pain when biting, followed by sensitivity to thermal sensations,
and spontaneous pain.[2,3] If not diagnosed in time, complications can occur, such as gum swelling
or a complete fracture of the tooth.

Unlike the complete teeth fractures that are described in detail in the literature, the cracks and the
incomplete fractures had not received much attention. [2-4]Thomas described them as "fissural
fractures" and stated that if they are deep, the fractures could allow bacteria to invade the pulp. In
1962, Sutton described a "greenstick fracture of the tooth crown." [5,6]This fracture is considered as a
stage before the fracture and a fracture of the tooth itself - the tooth is cracked, but the two parts are
not completely separated. It is most often caused by trauma to the lateral forces of the teeth that are
weakened by restorations or caries. [22]

Due to the fact that CTS is difficult to be diagnosed, it is necessary to distinguish some terms. The
AAE (American Association of Endodontists) divided the longitudinal tooth fractures into 5 classes
(Figure 1) - infraction, tuber fracture, cracked tooth, split tooth, and vertical root fracture.[13]

The infraction affects only the enamel as a result of occlusal forces, and it is asymptomatic. A crown
fracture also involves separation of the part of the crown. A cracked tooth is an incomplete fracture
that begins on the crown, and is most often placed mesiodistally. A split tooth is a complete fracture
that begins on the crown, often extends and subgingivally affects both marginal ridges. A vertical
fracture is a complete or incomplete fracture at any level usually directed buccolingually. [5]

Picture 2. 5 classes of longitudinal teeth fractures. From left to right — infraction, tuber fracture,
cracked tooth, split tooth, and vertical root fracture[5]

The purpose of this paper is to indicate the frequency and the significance of the cracked tooth
syndrome, to investigate the etiological factors and the mechanism of occurring, as well as to present
the clinical picture and the specificity of the diagnostic protocol. Of course, guidelines should be given
in order to bring a right decision for a therapeutic procedure, since especially the patients with CTS
need an individual approach.

Material and method: For the writing of this paper, a search of papers from the last 10 years was
made from a relevant database of MEDLINE®/PubMed®, and ScienceDirect®.



Etiology: CTS is a complex condition whose etiology is multifactorial. Some of the causes are
previous restorative treatments, occlusal factors, developmental anomalies, trauma, and aging with
associated changes in the tooth tissue. [17]

Some of the harmful habits that can contribute to the development of CTS are tooth clinching,
gnashing, and chewing hard objects, since it is considered that the effect of the excessive forces on a
healthy tooth, and the effect of forces with physiological intensity on a weakened tooth can equally be
one of the causes for incomplete fracture of enamel or dentin.[3] The usage of composite cements for
cementing "inlays", "onlays" or crowns with an inadequately prepared surface where excessive
pressure is applied to the dental structures, can also lead to cracks or fractures. [1]

Although parapulpal pins are used as a therapeutic option for teeth restoration with a large loss of the
tooth substance, it is important to note that they can lead to a fracture or CTS. [7]

The application of amalgam alloys with poor quality and the excessive pressure during amalgam
condensation are also some of the factors that can lead to CTS. The difference in the coefficient of
thermal expansion between the tooth and the restorative material can also lead to the appearance of
this syndrome.[8,9] Most of the teeth with CTS have restorations that do not significantly cause
weakening of the tooth structure, but it is considered that the occlusal stress is a more dominant
factor compared to the amount of the remaining tooth substance.[27-30]

The endodontic treatment of teeth is also one of the risk factors, whereas besides that a larger
amount of the tooth substance is removed, there may be additional retention during the filling that
further contributes to the occurrence of CTS.[11,16] The use of Sodium Hypochlorite that causes
chemical and mechanical changes in the dentin in proportion to the concentration leads to a
weakening of the dentin collagen, which consequently leads to a decrease in the elasticity of the
dentin. Therefore, the application of the rotary instruments in the channel without a controlled force
may cause a crack in the dentin. [25,26]

Also, one of the most common causes is considered to be the masticatory trauma of a bite of solid
foods/objects and the bruxism that can be much stronger than those contractions provoked
consciously. [9,10]This leads to the action of force of extremely strong intensity on a small area. Also,
the erosion, abrasion and the caries, cause a physical stress especially in older people, where they
have been acting continuously for a long time.[29]

Among the developmental anomalies are those structural anomalies that lead to weakening of the
tooth structure. There are studies that present cases where the tongue piercing is the cause of CTS. It
often appears at adolescents, and the frequency is up to 70%.[32] The excessive removal of the tooth
substance during the preparation of the cavity, especially of the mesio-occlusal or disto-oclusal cavity

with which the marginal ridges are removed, increases the risk of a fracture.[18-20]

Clinical picture

CTS is a condition that is difficult to be diagnosed with a clinical examination since it is often not
possible to visualize the fractured line. [3]

CTS is characterized by a specific pain that occurs after occlusal pressure subsides. This is the so-
called rebound pain or recurrent pain that occurs after chewing fibrous food. The pain occurs
especially after consuming cold drinks. The absence of pain is characteristic after warm stimulus. The



pain also occurs after protrusion, retrusion and lateral movements where the occlusal surfaces pass
over each other.[8-10] Also, an acute pain may occur after eating solid food, which eventually spreads
to the entire ipsilateral side of the face. However, sometimes the pain could be mild or even
spontaneous. The patients can most often localize the pain, which to some extent facilitates the
diagnosis from other odontalgias.[14] If the patient does not localize the pain, the percussion usually
localizes it, whereas the intensity of the pain is proportional to the strength of the force. The patients
often complain that the pain persists for several months. After force application, there is no separation
of the tooth segment.[15,18]

CTS can be accompanied by reversible pulpitis that occurs as a result of hypersensitivity of the tooth
itself, and if bacteria penetrate from the fractured line, it can lead to deterioration and development of
irreversible inflammation.[21]

If a fractured line eventually reaches the pulp chamber, symptoms of irreversible pulpitis or apical
periodontitis follow, and if the line progresses toward the root, they are usually accompanied by
localized periodontal damage.[28] The most common symptoms that patients report are sensitivity to
cold, sweet, or sometimes warm or a combination. The explanation lays in the hydrodynamic theory
of pain, that is based on the fluid movement in the dentinal tubules and the activation of the delta
fibers that are responsible for short-term sharp pain.[23-25]

About 70-80% of the nerve endings in the pulp are non-myelinated C-fibers that are responsible for
mild pain that is difficult to localize and is usually a result of hot stimulus. These fibers are usually
activated when the pulp is affected, so if patients with CTS develop a mild pain from hot stimulus, an
urgent treatment is needed, that comprises of tooth immobilization by placing an orthodontic wire on
both sides of the fractured line. Also, it is recommended to apply zinc oxide eugenol for a proper edge
closure in order to fill the crack and eventually preserve the vitality of the tooth.[17]

Diagnosis: The diagnosis of CTS is relatively difficult to confirm since the pain that occurs is similar
to many other conditions of sinusitis, temporomandibular joint disorder, headache, or earache. The
early diagnosis is especially important for a proper therapy and prevention of progression in form of
fracture, pulp or periodontal tissue affection.[19]

In order to place a diagnosis, a comprehensive dental history is required, along with clinical
examination, visual tests, vitality tests, radiography, and the use of a microscope.

The inability to see a crack during a clinical examination reduces the likelihood of placing an accurate
diagnosis.[26] However, the existing of some factors during the clinical examination, such as abrasive
fasets on the occlusal surfaces, the presence of localized periodontal defects that usually occur when
the fractured line is localized sublingually, could significantly facilitate the diagnosis.[36,37] Many
authors recommend the removal of existing restorations and pigmentations for easier visualization of
the fractured line. The rubber dam makes the visualization easier and also highlights it and acts
contrastive compared to the color of the rubber itself. Also, in the clinical examination we include
tactile examination, translumination and Bite- test. [30-33]

The X-ray diagnostics is certainly an indispensable part of placing a diagnosis, especially for
excluding other pathological conditions or a fracture in the buccolingual direction, because the
fractures in the mesiodistal direction are parallel to the film and cannot be recognized. [35]Bitewing
images are certainly superior to the retroalveolar ones. The usage of a microscope facilitates the



visualization of small cracks, and also allows precise positioning of the crack explorer during the
tactile detection. With the combination of a microscope and translumination, the depth of the fracture
line can be seen.[12]

The acute periodontitis, reversible pulpitis, dentinal hypersensitivity, postoperative sensitivity, occlusal
parafunctional trauma, and trigeminal neuralgia should be considered differentially diagnostic.[34]
Therapy: The basis of a good CTS therapy is the detection of the etiological factor that led to the
cracking. There is no unified treatment protocol, but it has been established that the primary goal is to
immobilize the cracked tooth segment that is under pressure.[36] This is achieved by removing the
affected tuber and restoring the defect or placing a restoration on the both sides of the crack that will
prevent movement of the tooth segment. The purpose of this approach is not only to alleviate the
symptoms but also to prevent the flexion of the affected tuber, a propagation of the crack and the
entering of microorganisms into the pulp.[40] Some clinicians recommend removing the affected tuber
which is later restored by occlusal balancing, and according to some authors, that tuber should be
removed from contact. Others do not recommend contact removal.[39] CTS treatment can be
immediate, with indirect or direct restorations, with or without tubal replacement. Some clinicians
recommend crowns on CTS-affected teeth because the fractured line almost always extends to the
cervical third of the crown. Placing a crown allows arrangement of the occlusal forces to the treated
tooth in order to reduce the possibility for propagation of the fractured line, it serves as a splint and
excludes the possibility of tooth fragments movement.[32,34] During the preparation of the teeth, it is
necessary to reduce the functional pressure that is transferred to the fractured parts of the tooth. A
modification of teeth preparation with CTS includes additional reduction of the affected tubers,
avoiding of replacing grooves to the fractured line or with it, usage of low viscous cements and apical
placement of the edge of the preparation. The prognosis of CTS teeth depends mainly on 3 factors:
the location and the length of the fracture line, the time of initiation of the intervention, and the type of
restoration that serves as the fracture splint.[23,24] Direct adhesive restorations without
compensating the tuber are acceptable in teeth where the filling would not be greater than half the
buccal-lingual width. Teeth with CTS should be restored immediately with direct adhesive restoration,
and indirect restorations should be applied after the symptoms have subsided.[28]

Whole crowns and onlays are the gold standard for many clinicians. However, the large loss of the
tooth tissue and the high risk of loss of vitality are the disadvantages when making crowns for CTS
therapy.[38,39] While the indirect restorations require preparation of temporary restorations, they take
longer to be made and are more expensive.[31] The purpose of the restoration is to extend the life of
the tooth, therefore, the direct restorations by replenishing the tubers are best for treating complete
fractures of the lateral teeth. They are economically acceptable, and efficient for taking care of such
defects and if they are made of composite, they are aesthetically acceptable restorations.[38]

The earlier the crack is repaired the more likely it is to avoid reversible damage. The therapy depends
on the position and angulation of the fractured line, as well as the involvement of the tooth
structure.[33,34]

Conclusion: CTS is the third leading cause of lateral tooth loss in adult patients. Therefore, it is very
important to raise the awareness of students and clinicians about this syndrome. Most
epidemiological data indicate that the most commonly affected teeth are the mandibular molars.



Taking into consideration the multifactorial etiology of CTS, it can be said that the removal of the

marginal ridge during the preparation and the action of occlusal forces have the biggest role. An early

detection can detect numerous complications and ultimately tooth loss. In order to carry out the best

possible treatment, it is necessary to take into consideration all the factors from the occurrence of the

syndrome itself, the condition and the prognosis of the tooth. The fractures that involve only the dentin

and extend horizontally without affecting the pulp and those not less than 2 mm below the epithelial

attachment of the gums are considered favorable for treatment. The prognosis is poor in teeth where

the fracture involves both marginal ridges, affects the pulp, and goes deep subgingivally.
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