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ABSTRACT

Cracked tooth syndrome (CTS) is defined as an incomplete fracture of the vital tooth involving both 

enamel and dentin, and occasionally extending into the pulp. Mandibular molars are the most commonly 

affected teeth. Complications of CTS are involvement of the pulp and/or periodontal ligament, cusp 

fractur or loss of tooth vitality. The diagnosis of CTS is challenging even for the most experienced dental 

practitioners. The fact that the associated symptoms tend to be very variable is one of the most 

aggravating factors. In order to reach a diagnosis, the dentist should provide a detailed dental history and 

careful visual and tactile clinical examination and clinical tests. Therapy varies according to the position 

and extent of the fracture. The main objective of the paper is to provide a review of the etiological factors of 

the CTS, diagnosis and treatment modalities.
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Introduction

The paper discusses the incidence of the CTS, 

looks into etiological factors and the occurrence 

mechanism, clinical features and points the 

guidelines for detecting this problem.

Etiology of the CTS

CTS is a complex condition with multifactorial 

etiology. Some of the causes are previous 

restorative treatments (bulk fill composites [5], 

para-pulpal pins [6], [excessive removal of tooth 

substance during preparation [5], removal of 

marginal ridges, the difference between thermal 

expansion coefficients of the tooth and restorative 

materials [7]), occlusal factors (exerting high-

intensity forces on the sound tooth, or exerting 

physiological bite force on the weakened tooth [8], 

masticatory trauma [9]), developmental anoma-

lies, trauma or aging [10].  In addition, it is stated 

that sleep bruxism, teeth clenching or grinding 

may cause the CTS [3]. The tooth anatomy itself can 

be one of the crack-forming factors, such as deep 

Cracked tooth syndrome (CTS) is defined as a 

fracture plane of unknown depth and direction, 

coming through the tooth structure that can 

progress (Figure 1.) to the pulp and/or perio-

dontal ligament [1]. This type of non-distinct tooth 

fracture was described by Sutton in 1962. as a 

greenstick fracture, a term normally used in 

orthopedics when a bone bends and cracks, 

instead of breaking completely into separate 

pieces [2]. Cameron's 1964. report was the earliest 

mentioning of the CTS term [1, 3].  The latter 

condition can have various consequences - from 

negligible problems not requiring therapy, through 

endodontic treatment, to complete tooth loss. Due 

to the frequently vague symptoms, establishing a 

correct diagnosis can be a great challenge. The 

dentist needs to be familiar with the CTS and must 

be aware of this problem [2]. The incomplete 

fracture should be considered in any case of 

otherwise unexplainable discomfort in a molar 

tooth [4]. 

with a deeper preparation, thus increasing the 

height of the cusp [14]. Fracture lines are parallel 

to the cusp slope (Figure 1.). The fracture line of 

intact teeth is usually centrally located [16], 

usually in mesiodistal direction (Figure 2.) [10].

Epidemiology of the CTS

Tooth fractures are one of the most common 

problems patients are facing and the third leading 

cause of tooth loss [8]. One in 23 adults expe-

riences a fracture of one posterior tooth every 

year [17]. Most practitioners consider CTS to affect 

posterior vital teeth [1], particularly mandibular 

occlusal grooves, steep cusp incline, wide pulp 

chamber, the prominent mesio-palatal cusp of the 

maxillary first molar combined with extremely 

lingually inclined mandibular molars [11]. 

It is not completely clear how cracks are formed 

in restored teeth. Possibly, microcracks occur as a 

consequence of cusp flexion caused by occlusal 

stress during mastication and thermal expansion 

of restorative materials [12]. Occlusal stress leads 

to cusp flexion that grows proportionally to the 

removal of dental substance during cavity pre-

paration [13]. A study conducted on mandibular 

molars where they exerted upon with a force of 

intensity 20 N/s for 5 s showed minimal 

deformation of intact teeth cusps, while teeth with 

MO or MOD restorations had an increase of 

deformation of 2-5 µm, depending on the 

extension of the preparation [14]. When cusps 

deform during the mastication, the inner corner of 

the cavity becomes “locus minoris resistentiae” for 

microfractures to form [15]. In larger restorations, 

the cracks are usually superficial and do not cause 

any symptoms. However, teeth with minor 

restorations, often have deeper fracture lines 

accompanied by symptoms. The deformation 

increases 8 times if the width of the cusp is reduced 

by half as well as the bottom of the cavity is lowered 

molars [2, 18, 19]. The wedging effect is used in 

order to explain mandibular molars' fracture. 

Maxillary first molar, with its prominent mesial-

palatal cusp, occludes in the central fissure of 

mandibular first molar which causes the frac-

ture [4, 20]. The main reason why maxillary molars 

are more resistant to fractures is the transverse 

ridge being their structural reinforcement [21]. 

Epidemiological studies of the CTS incidence 

show conflicting results [8, 21]. Researches have 

shown various statistical data of CTS correlating 

specific age groups [18, 22]. Cameron examined 50 

teeth and claimed that women facing the CTS more 

often [2], while others found that was more 

frequent in men [1].  Nevertheless, new studies 

show that both, men and women, are equally 

affected [12, 23]. 

Teeth become more fragile over time and prone 

to fractures [2]. This condition usually affects adult 

patients aged 30-60 years [5]. Seo et al. performed 

research on 107 fractured teeth and the largest 

number of fractures diagnosed in patients in their 

forties, followed by those in their thirties and 

fifties [12]. A few teeth with CTS were found in 

patients in their sixties, which is associated with a 

reduced number of teeth due to their loss [12]. 

 Incomplete fractures of posterior teeth more 

often affect teeth with extensive intra-coronal 

fillings [1, 5, 10]. Teeth restored with amalgam and 

gold inlay are more prone to fractures, while teeth 

restored with composite or porcelain inlay are 

more resistant [22]. Larger amounts of restorative 

material (which may be due to a larger amount of 

destroyed tooth tissue or even preventive removal 

of healthy dental substance) can produce 

microfractures under masticatory stress [2]. 

However, studies also found CTS in 28% of unfilled 

teeth [5] and 18.2% of intact cracked teeth [1].

Clinical manifestations of the CTS

CTS is characterized by a specific type of pain, 

known as the rebound pain - sharp, fleeting pain 

occurring when the biting force is released from 

the tooth, which may occur when eating fibrous 
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Figure 1. Pigmented fracture line on the extracted tooth Figure 2. A probe in the molar split fragments
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foods [24, 25]. When biting down, the segments are 

usually moving apart and thereby reducing the 

pressure in the dentin nerve fibers. When the bite 

is released, the segments snap back together 

sharply increasing the pressure and causing 

pain [26]. It is possible that the fracture crack may 

extend to the pulp resulting in pulpal inflamma-

tion. Sensitivity to sweet is possible or the tooth 

with crack remains asymptomatic for a long 

time [3]. Unexplained sensitivity to cold is 

commonly found [2]. 

In order to diagnose CTS, it is very important to 

locate the stress plane as the vulnerable area of the 

tooth. A stress plane is an area that is loaded by 

great occlusal forces during the masticatory cycle 

and may result in a fracture. A tooth stress plane or 

fracture plane may be completely supra-gingival, 

known as the cusp stress plane, may intersect the 

furcation – furcation stress plane, or a sub-gingival 

aspect of the root – gingival stress plane. A cuspal 

stress plane is a stress plane located approximately 

apical to one cusp, or apical to two or more 

connected cusps, where the axial aspect of the 

stress plane may intersect the pulp chamber walls 

or roof (but does not intersect the pulp chamber 

floor) [13, 16, 18]. A furcation stress plane 

generally is caused by a cusp from an opposing 

tooth occluding into the central groove of the 

posterior tooth, resulting in stresses that try to 

split the tooth into buccal and lingual pieces [27]. 

Gingival stress plane circumscribes the cross-

section of tooth structure that is located 

approximately at the interface between the sub-

gingival and supra-gingival tooth structure. This 

plane also intersects the pulp chamber. The 

supragingival tooth structure can rotate freely, in 

response to occlusal forces stressing this interface, 

and the subgingival tooth structure is essentially 

held firmly by the surrounding alveolar bone and 

periodontal ligament [25].

Diagnosis of the CTS

In order to come up with a diagnosis, the dentist 

must be aware of epidemiological facts – 

mandibular molars are the most affected teeth, 

the surrounding shadows by coaxially delivering 

the light. The ideal magnification for detecting 

fractures within the enamel is x16 [5]. The tooth 

with CTS may have occlusal facets indicating 

eccentric mastication contact [10].

Since the most common symptom of CTS is pain 

on biting [2]  or rebound pain, a bite test is 

routinely used to establish a diagnosis [31]. Bite 

test is performed using commercially available 

tools, such as “Fractfinder” (Denbur, Oak Brook, IL, 

USA) and “Tooth Slooth” (Professional Results Inc., 

Laguna Niguel, CA, USA) where the patient bites on 

the individual cusp. This tool allows the transfer of 

increased force to the cusp, thus increasing the 

pain that ceases with the pressure withdrawn [10]. 

Dental radiograph imaging provides ambiguous 

information about tooth fractures [3, 27]. Indirect 

diagnostic measures like copper rings, steel 

orthodontic wires, and acrylic temporary crowns 

can be applied to the tooth to prevent tooth 

separation in the area of the fracture line during 

mastication. Following the application of the 

splint, the symptoms decrease in 2-4 weeks. The 

absence of pain indicates the diagnosis of CTS. 

Moreover, a composite resin applied to the dried 

tooth in a 1-1.5 mm thick layer without etching and 

bonding placed over the fracture line can be used 

as a splint [25, 32]. 

Conditions to consider in the differential 

diagnosis of CTS include the following: galvanic 

pain related to amalgam restoration [10], pulpal 

reversible inflammation, dentine or postoperative 

hypersensitivity, occlusal trauma [31], fractured 

restoration [3], orofacial pain and psychiatric 

disorders [10].

Treatment of the CTS

The foundation of proper CTS therapy is 

considering the etiological factor which caused the 

crack [32]. There is no universal protocol for CTS 

therapy, nevertheless, it is established that the 

main objective is to alleviate symptoms and 

immobilize the fractured particles [16].  If CTS 

occurs as a consequence of parafunction - the main 

goal is to remove etiological factors. Some dentists 

with extensive intra-coronal restoration [3]. For 

the identification of this type of fracture, it is 

necessary to go through the diagnostic protocol - 

dental history, clinical examination using 

periodontal probing, tooth staining, vitality 

testing, as well as the application of special 

methods such as transillumination or bite test. The 

diagnosis of CTS is relatively difficult to establish. 

Recognizing the syndrome itself can be difficult 

because the discomfort or pain that occurs within 

CTS may be similar to the symptoms of sinusitis, 

temporomandibular joint disorders, headaches, 

ear pain, etc. [28] . Sometimes, the patient is unable 

to point to the tooth causing pain [10].

Anamnesis can clear up any doubts and make it 

easier for us to establish a diagnosis [10]. If the 

patient claims that he has changed fillings in the 

past, performed occlusal balancing, and performed 

many other treatments that did not alleviate their 

symptoms, CTS as a possibility can be considered 

and further diagnostic procedures should be 

implemented [3] .

Visualization of the crack line is necessary for 

diagnosis. The inability to visualize a crack by 

clinical examination reduces the possibility of 

establishing an accurate diagnosis. Many authors 

suggest the removal of existing restorations and 

pigmentations in order to facilitate the 

visualization of the fracture line. The rubber dam 

facilitates the visualization of the crack by isolating 

the tooth and creating a contrast between the color 

of the gum and tooth [3]. Staining the tooth with 

gentian violet or methylene blue can facilitate the 

visualization of the fracture line [29]. The main 

disadvantage of this method is that it takes at least 

2-5 days to see the results. The dye takes some time 

to diffuse into the fracture [3]. Transillumination 

can help the dentist to visualize a crack when 

applied directly to the involved tooth [25]. 

Yellow/orange lights being more favorable for 

diagnosis than blue, although blue is usually 

available [30]. The use of an operative microscope 

enables clinicians to perform dental procedures 

more precisely. The operative microscope 

facilitates diagnosis through better visualization of 

the crack line. Not only that magnifies the object, 

but it also allows to work without interfering with 

recommend the removal of the affected cusp which 

would later be restored, preventing the contact 

with the antagonist [33]. Others consider this 

approach very invasive [21]. Fractures involving 

only dentin, extending horizontally without 

affecting the pulp, and those not deeper than 2mm 

below the gingival epithelial attachment are 

considered favorable for treatment. Fractures that 

involve both marginal ridges, affect the pulp, or 

reach deep sub-gingival are not favorable for 

treatment. If the diagnosis is not timely 

established, the progression of the crack can lead 

to separation and extraction (Figure 2).

The treatment of CTS can be immediate using 

direct restorations with or without cuspal 

coverage, with indirect intra-coronal restorations 

without cuspal coverage and indirect restorations 

with cuspal coverage (on-lay and full crown). If the 

existing cavity is not larger than half of the 

buccolingual width of the tooth, direct amalgam or 

composite resin restoration can be successful. 

Nevertheless, if more of the dental substance is 

removed, the best solution is on-lay or dental 

crown - which are the gold standard in 

treatment [25]. Profound cracks involving pulp 

require endodontic treatment prior to crown 

placement [2]. The best treatment option is 

prevention through minimally invasive cavity 

preparation and adequate cuspal protection [10].

Conclusion

There are no clearly defined etiological factors 

leading to CTS. The greatest effect on the CTS 

occurrence is the weakening of the tooth structure 

by removing the marginal ridge during 

preparation and the action of occlusal forces. 

Symptoms that can be found are rebound pain, 

tooth pain on sweet cold or the tooth may be 

asymptomatic. Even though CTS symptoms are 

nonspecific, when a patient complains about pain 

and/or discomfort when chewing or biting, CTS as 

a possibility should be considered. Bite test is 

considered an useful method in diagnosing CTS 

enhanced by good visualization, preferably using 

operative microscope.
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Visualization of the crack line is necessary for 

diagnosis. The inability to visualize a crack by 

clinical examination reduces the possibility of 

establishing an accurate diagnosis. Many authors 

suggest the removal of existing restorations and 

pigmentations in order to facilitate the 

visualization of the fracture line. The rubber dam 

facilitates the visualization of the crack by isolating 

the tooth and creating a contrast between the color 

of the gum and tooth [3]. Staining the tooth with 

gentian violet or methylene blue can facilitate the 

visualization of the fracture line [29]. The main 

disadvantage of this method is that it takes at least 

2-5 days to see the results. The dye takes some time 

to diffuse into the fracture [3]. Transillumination 

can help the dentist to visualize a crack when 

applied directly to the involved tooth [25]. 

Yellow/orange lights being more favorable for 

diagnosis than blue, although blue is usually 

available [30]. The use of an operative microscope 

enables clinicians to perform dental procedures 

more precisely. The operative microscope 

facilitates diagnosis through better visualization of 

the crack line. Not only that magnifies the object, 

but it also allows to work without interfering with 

recommend the removal of the affected cusp which 

would later be restored, preventing the contact 

with the antagonist [33]. Others consider this 

approach very invasive [21]. Fractures involving 

only dentin, extending horizontally without 

affecting the pulp, and those not deeper than 2mm 

below the gingival epithelial attachment are 

considered favorable for treatment. Fractures that 

involve both marginal ridges, affect the pulp, or 

reach deep sub-gingival are not favorable for 

treatment. If the diagnosis is not timely 

established, the progression of the crack can lead 

to separation and extraction (Figure 2).

The treatment of CTS can be immediate using 

direct restorations with or without cuspal 

coverage, with indirect intra-coronal restorations 

without cuspal coverage and indirect restorations 

with cuspal coverage (on-lay and full crown). If the 

existing cavity is not larger than half of the 

buccolingual width of the tooth, direct amalgam or 

composite resin restoration can be successful. 

Nevertheless, if more of the dental substance is 

removed, the best solution is on-lay or dental 

crown - which are the gold standard in 

treatment [25]. Profound cracks involving pulp 

require endodontic treatment prior to crown 

placement [2]. The best treatment option is 

prevention through minimally invasive cavity 

preparation and adequate cuspal protection [10].

Conclusion

There are no clearly defined etiological factors 

leading to CTS. The greatest effect on the CTS 

occurrence is the weakening of the tooth structure 

by removing the marginal ridge during 

preparation and the action of occlusal forces. 

Symptoms that can be found are rebound pain, 

tooth pain on sweet cold or the tooth may be 

asymptomatic. Even though CTS symptoms are 

nonspecific, when a patient complains about pain 

and/or discomfort when chewing or biting, CTS as 

a possibility should be considered. Bite test is 

considered an useful method in diagnosing CTS 

enhanced by good visualization, preferably using 

operative microscope.
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For the best possible treatment of tooth with 

CTS, it is necessary to take several factors into 

account – etiological factor, the tooth condition, as 

well as prognosis. If the irreversible pulpal or 

periapical pathosis of the involved tooth is 

diagnosed, it is necessary to perform endodontic 

treatment. When restoring the tooth, the amount 

of residual dental substance needs to be 

considered. Full crowns and onlays are the gold 

standard in CTS treatment. Timely detection can 

prevent numerous complications and ultimately 

tooth loss.

It is very important to raise the awareness about 

this syndrome among dental medicine students 

and dentists. To raise students' knowledge, it is 

suggested for this topic be included in the 

syllabuses. 
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well as prognosis. If the irreversible pulpal or 

periapical pathosis of the involved tooth is 

diagnosed, it is necessary to perform endodontic 

treatment. When restoring the tooth, the amount 
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