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Resumen 

Introducción: El síndrome del diente fisurado (SDF) se define como una fractura incompleta 

de un diente posterior vital que involucra la dentina y ocasionalmente se extiende hacia la pulpa. 

Los dientes más comúnmente afectados son los molares mandibulares, seguidos de los 

premolares y molares superiores. En la práctica clínica, el diagnóstico de SDF puede ser difícil 

y desafiante para muchos dentistas debido a la variedad de síntomas y al hecho de que es difícil 

de reconocer. Sin embargo, entre los síntomas más frecuentes en los pacientes con SDF se 

encuentran el dolor agudo al morder y la sensibilidad térmica. El SDF tiene una etiología 

multifactorial, algunas de las más frecuentes son: traumatismo masticatorio o accidental y 

mordida involuntaria con fuerza masticatoria fisiológica o con un objeto muy duro. Objetivos: 

El objetivo de este estudio es comparar y evaluar las diferentes herramientas diagnósticas y 

determinar la herramienta ideal en caso de síndrome de diente fisurado, establecer los 

principales factores etiológicos, determinar el manejo óptimo y estudiar el pronóstico. 

Metodología: La presente investigación se realizó a partir de una extensa revisión bibliográfica 

utilizando Medline, Pubmed y la biblioteca en línea de la Universidad Europea. Conclusión: 

El síndrome del diente fisurado puede tener múltiples causas y etiologías, por lo que es 

importante implementar diversas herramientas de diagnóstico para poder descartar otras 

posibles patologías y obtener el diagnóstico definitivo. La prueba de mordida y la 

transiluminación son dos de los métodos de diagnóstico que han demostrado ser muy comunes 

para la detección de SDF, utilizándose una combinación de los dos. Además, un diagnóstico 

precoz se ha asociado con un tratamiento restaurador y un pronóstico con más éxito. Palabras 

clave: Síndrome del diente fisurado, diagnóstico, manejo, etiología, diente fisurado y 

tratamiento, signos y síntomas del síndrome del diente fisurado.  

 



 
 

 

Abstract 

Introduction: Cracked tooth syndrome (CTS) is defined as an incomplete fracture of a vital 

posterior tooth that involves the dentine and occasionally extends into the pulp. The most 

commonly affected teeth are mandibular molars, followed by maxillary premolars and 

maxillary molars. The diagnosis of CTS can be difficult and challenging for many dentists in 

clinical practice due to the variety of symptoms and the fact that it is hard to recognise. 

However, among the most frequent symptoms in patients with CTS is a sharp pain on biting 

and thermal sensitivity. CTS has a multifactorial aetiology, some of the most frequently seen 

being masticatory or accidental trauma, and unintentional biting with either physiologic 

masticatory force or on a very hard object. Objectives: This study aimed to compare and 

evaluate the different diagnostic tools and to determine the ideal tool in case of cracked tooth 

syndrome, establish the main aetiological factors, determine the optimal management and study 

the prognosis. Methodology: The present research was carried out based on an extensive 

bibliographical review using Medline, Pubmed and the online library of Universidad Europea. 

Conclusion: Crack tooth syndrome can have multiple causes and aetiologies; therefore, it is 

important to implement a variety of diagnostic tools to be able to dismiss other possible 

pathologies and achieve the definitive diagnosis. Bite test and transillumination are two of the 

diagnostic methods that proved to be widely common for the detection of CTS but used as a 

combination of the two. Moreover, an early diagnosis has been associated with more successful 

restorative management and prognosis. Keywords: Cracked tooth syndrome, diagnosis, 

management, aetiology, cracked tooth and treatment, signs and symptoms of cracked tooth 

syndrome.   
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Introduction   

Cracked tooth syndrome (CTS) is defined as an incomplete fracture of a vital posterior tooth 

that involves the dentine and occasionally extends into the pulp (1). Cameron (2) was the first to 

introduce the term cracked tooth syndrome in March 1964, when he described a direct 

relationship between restoration size and the appearance of CTS. The studies of Cameron 

referred to a higher incidence of CTS among women, (2) however new research shows that both 

sexes are equally affected (3). The most commonly affected teeth are mandibular molars, 

followed by maxillary premolars and maxillary molars. On the other hand, mandibular 

premolars appear to be the least affected (3). The crack typically seems to have a mesiodistal 

orientation in the majority of the teeth, and in the mandibular molars, it may have a buccolingual 

direction (1). The diagnosis of CTS can be difficult and challenging for many dentists in clinical 

practice due to the variety of symptoms and the fact that it is hard to recognise (4). Among the 

most frequent symptoms in patients with CTS is a sharp pain on biting and thermal sensitivity, 

especially to cold food and drinks (4,5). The article written by Tanumihardja M.(6) mentioned the 

following as the most common causes of CTS: masticatory or accidental trauma and 

unintentional biting with either physiologic masticatory force or a very hard object that may 

suddenly generate an excessive load, causing the tooth to split(6).  The discovery of a cracked 

tooth should be as early as possible, consisting of multiple diagnostic tests for the dentist to 

firstly, correctly diagnose the tooth and secondly, to achieve the best treatment plan and 

prognosis (7). 
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History and Classification  

Historically, there have been several terms used to describe cracked teeth. In 1954 Gibbs 

was the first to describe incompletely fractured posterior teeth and a few years later Ritchey 

and colleagues in 1957 discussed pulpitis due to an incomplete fractured tooth (8). Shortly after 

that, Cameron invented the term “cracked tooth syndrome” in 1964 and defined it as an 

incomplete fracture of a vital posterior tooth that may or may not involve the pulp (9). 

Furthermore, many other terms have been used such as split-root syndrome, hairline fracture, 

hairline tooth fracture, enamel infraction, crown craze, craze lines and crack (8). The study by 

Hasan S. et al. (8) explained a research called “cracking the cracked tooth code” that was written 

by the American Association of Endodontics where five types of cracked teeth have been 

identified.  

Craze lines are visible fractures that only involve the enamel. Long vertical craze lines 

are most commonly seen in anterior teeth (Figure 1a). Fractured cusps originate in the crown 

of the tooth, extend into the dentin, and it terminates in the cervical part of the tooth. They are 

frequently seen in teeth with large restorations, causing unsupported cuspal enamel (Figure 1b). 

A cracked tooth is defined as a crack extending from the occlusal surface of the tooth apically 

without the separation of the segments. A crack is often seen at the centre of the tooth in a 

mesiodistal direction including one or both marginal ridges (Figure 1c). A split tooth is a typical 

crack that extends through both marginal ridges usually in a mesiodistal direction splitting the 

tooth completely into two segments (Figure 1d). Vertical root fractures arise at the root in a 

buccolingual direction. The crack may be complete or incomplete and may include the whole 

root or only a part (Figure 1e) (8,9).  
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Figure 1: Schematic drawing of the different types of cracked teeth. (a) craze line, (b) fractured 

cusp, (c) cracked tooth, (d) split tooth, (e) vertical root fracture (8).  

 

Epidemiology and Aetiology  

More recent studies state that CTS is one of the most frequent problems among patients 

and has led to the third major causing factor in the loss of posterior teeth in adults. Cameron´s 

study presented that 80% of the cases of CTS appeared in patients above 40 years old. However, 

nowadays, more cases are proven to happen in much younger patient (10). It is found to be more 

common among patients within the age range between 30-60 years. The appearance of CTS is 

unknown, but an incidence rate of 34-74% has been registered. Nevertheless, it is highly 

probable that the incidence of CTS will increase as people maintain their teeth into an older age 

today. As mentioned before, mandibular molars show to be the most frequently affected teeth. 

One of the reasons for this may be the eruption sequence. Mandibular first molars are the first 

permanent teeth to erupt into the dental arch, therefore they are more susceptible to dental caries 

and likely have more restorative treatments done. This leads to a higher risk of fracture. The 

“wedging effect” in the lower first molar teeth caused by the prominent mesio-palatal cusp of 

the maxillary first molar teeth may be another cause of the mandibular molar teeth being the 

most affected (3, 8).  
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CTS has a multifactorial aetiology that can be divided into two primary predisposing 

factors: natural predisposing features and iatrogenic causes (9).  

Natural predisposing features include morphological factors such as steep cusp/fossas 

of maxillary premolars and lingual inclination of the lingual cusps of mandibular molars, which 

are considered to be the most probable to suffer complete loss by fracture of both lingual cusps. 

CTS due to occlusion is another important aetiology, which includes masticatory accidents such 

as biting on a hard object or food with excessive force. Some authors claim that this is the most 

common cause of CTS. The presence of occlusal interferences and/or loss of anterior guidance 

may contribute to harmful eccentric forces leading to a crack or worse, a fracture. Nowadays, 

a lot more people maintain their natural teeth much longer than before, the ageing dentition 

being at a higher risk to suffer cracks, as dental hard tissue becomes more rigid and less elastic 

with age and the forces applied may be greater than the elastic limits of the dentine. Lastly, 

regarding natural predisposing factors, parafunctional habits such as bruxism -centric and 

eccentric-, extensive attrition and abrasion are also important aetiological factors (3, 9).   

Iatrogenic factors include the use of rotatory instruments, cavity preparation and the 

width and depth of the cavity. Excessive removal of tooth tissue during a cavity preparation has 

proved to significantly reduce the intrinsic strength of the tooth, causing it to be at a higher risk 

to crack. Logically the deeper and bigger the cavity, the higher the risk of cracks and fractures 

because of reduced supporting tooth structure (3, 9).  
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Signs and symptoms  

Cracked tooth syndrome has a variety of signs and symptoms and it is not always easy 

to diagnose. However, the main signs and symptoms that all authors mention are masticatory 

pain and sensitivity to cold and sweet food; and these vary depending on the location, direction 

and size of the crack (11). Other factors like pulp involvement can lead to signs and symptoms 

of irreversible pulpitis or necrosis. If the crack reaches the root surface, it may present an 

isolated periodontal pocket.  

Therefore, the definitive diagnosis of a crack can only be made once there are a variety 

of the aforementioned symptoms present, and once all other presumptive diagnoses have been 

excluded. Removal of any existing restoration can also improve the visibility of a possible 

crack, which can help to confirm the diagnosis, and is therefore recommended (6).  

 

Diagnosis and Management  

As it is known the CTS can be challenging to diagnose due to the diverse signs and 

symptoms. However, an early diagnosis with the help of multiple diagnostic tools like the 

patient´s history, periodontal state, radiographs, vitality tests and microscopic detection has 

shown to have a direct relation with a successful treatment and better prognosis. Also, the 

diagnosis and treatment of CTS will depend on the location, periodontal probing depth and the 

direction of the crack line (11).  

Three other important diagnostic tools that have been shown to be important for the 

diagnosis of CTS:  

Bite test: Nowadays, there are many options for how to perform the bite test. It can be 

performed using a wooden toothpick, as Cameron used in 1964; or by using other tools, such 

as a cotton roll, orange wooden stick, rubber abrasive wheels such as Berlew wheel, or the head 
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of number 10 round bur in a handle of cellophane tape. Other commercial methods such as 

Fractfinder (Denbur, Oak Brook, IL, USA) and Tooth Slooth (Professional Results) have been 

described and supported by Ehrman et al. as methods that present high levels of sensitivity 

when compared to the use of wooden sticks and cotton rolls (4, 8). 

Transillumination: Transillumination has been explained by different authors as one 

of the most used diagnostic tools for CTS. Transillumination is a light source that is placed 

directly on the tooth surface and in combination with a fibre optic light and magnification, it 

will improve the visualization of the crack (4, 9). 

Optical coherence tomography: Optical coherence tomography (OCT) is an image 

tool based on interferometry, which uses light at a wavelength near-infrared to produce cross-

sectional images of biological structures at a high resolution, without exposure to harmful 

electromagnetic radiation (X-ray).  Future improvement of the OCT has led to; SS-OCT (swept-

source OCT), which provides live cross-sectional images of the internal biological structures 

such as dental tissues, with microscopic level resolution (12,13).  

Additional tests such as ultrasound, dye test, quantitative light-induced fluorescence 

technology, Cone-Beam Computed Tomography image (CBCT) with meglumine diatrizoate 

and iodine laser have been described as useful methods in the diagnosis of CTS (4,14,15,16). 

Depending on the diagnosis and the severity of the crack line the treatment can vary 

from a simple restoration to endodontic treatment or as a last resort, extraction. Related to the 

restorative treatment options, depending on the severity of the crack, the restorative treatment 

has been divided into; Immediate treatment, Direct restoration with and/or without cuspal 

coverage and Indirect restoration with and/or without cuspal coverage (5, 17, 18).  

 

 



 7 

Prognosis  

Similar to aetiology, the prognosis of teeth with CTS also depends on multiple factors. 

Two main factors are the location and the degree of the crack. Cracks that do not involve the 

dental pulp, run horizontal, involve only one marginal ridge and do not run more than 2-3 mm 

below the periodontal attachment have an excellent prognosis according to S. Banerji et al. (3). 

If the dental pulp, more than one marginal ridge, and a more vertical fracture are involved, the 

prognosis is worse.  The anatomy of the tooth and roots, the history of previous restations of 

the tooth and functional and parafunctional forces are other factors that may have an effect on 

the prognosis. This also shows why it is so important to diagnose early (3).  
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Objectives 

Primary Objectives:  

• To compare and evaluate the different diagnostic tools and to determine the ideal 

method in case of cracked tooth syndrome. 

Secondary objectives: 

• To establish the main aetiological factors of cracked tooth syndrome.  

• To determine the optimal management, in cases of cracked tooth syndrome. 

• To study the prognosis of teeth affected by cracked tooth syndrome   
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Methodology 

This study was carried out exclusively based on a thorough bibliographic review of the 

literature on cracked tooth syndrome. The online library of Universidad Europea de Madrid 

(UEM) was used as the main source of information; providing access to Medline and Pubmed, 

which were then used to search for and access various articles. Additionally, Google scholar 

was consulted to find additional articles on the various aspects of the topic presented in this 

research. Initially, a publication date limit was set in the search for articles, thereby excluding 

all articles published prior to 2010. However, the range limit of 10 years was later discarded, 

due to the significance and relevance of certain information found in articles published prior to 

that date.   

In the search engine, some keywords were used either alone or in combinations such as: 

cracked tooth syndrome, diagnosis, management, aetiology, cracked tooth and treatment, signs 

and symptoms of cracked tooth syndrome.  Through the online research, 40 articles were 

initially found; and 28 of those articles met the inclusion criteria, listed below, allowing them 

to be used in this study.   

The following inclusion/exclusion criteria were considered: 

Inclusion criteria: 

• English or Norwegian language articles or books  

• Articles relevant to the objectives of the study  

• Recent studies, preferably from the last 10 years 

• Articles are written in journals of dentistry of impact   

Exclusion criteria: 

• Articles or books not written in English or Norwegian  

• Articles irrelevant to the objectives of the study  
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Discussion 

Different diagnostic tools  

The diagnosis of cracked tooth syndrome is often complex and confusing due to its 

variable and unpredictable symptoms which have shown to be challenging for dentists in 

clinical practice (7). Due to the variable symptoms of CTS, it may be easily misdiagnosed 

because of similar features to other dental conditions. Such conditions include: acute 

periodontal disease, reversible pulpitis, dental hypersensitivity, galvanic pain associated with 

silver amalgam restorations, sensitivity resulting from micro-leakage from recently placed 

composite resin restorations, post-restoration high occlusion, occlusal trauma as a result of 

parafunctional habits, orofacial pain originating from conditions such as trigeminal neuralgia 

and psychiatric disorders such as atypical facial pain (3, 8). 

Therefore, to achieve a successful diagnosis of CTS, it is important to perform a good 

dental history of the patient as early as possible. In fact, the patient can provide information that 

may give a more precise and closer diagnosis to detect CTS, for example, pain while biting. 

The patient may complain of pain while eating specific hard food or pain while biting on any 

hard objects (1, 4, 10). Following the information from the patient, a good clinical examination is 

equally important. In a tooth where the crack continues subgingivally, a localized periodontal 

defect may be detected through periodontal probing, however, this may also indicate a split 

tooth that has a worse prognosis than a cracked tooth (1, 4). The use of radiographs during clinical 

examination can be useful in excluding any other dental pathologies. However, the reliability 

of the radiograph as a diagnostic tool for CTS depends on the direction of the crack: while 

cracks that run in a buccolingual direction are often easily detected, cracks that proceed in a 

mesiodistal direction, which are parallel to the plane of the film, are not (1, 4, 8).  
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The diagnosis of CTS can be easily achieved with certainty if the clinician can detect 

the crack through a visual diagnosis. The crack is observed as a crack line located at the tooth 

surface (19). However, this does not occur in the majority of the cases due to the small size of 

the crack, therefore further additional clinical examinations are important to include in the daily 

practice to determine the extension and localization of the crack line and to establish the best 

treatment plan possible (7, 20).   

As stated by Erinne B. et al. (9) the most commonly used tools to detect cracked tooth 

syndrome are; vision enhancers, symptom reproducers, radiographs, transillumination with a 

fibre optic light and the use of magnification that will enhance the visualization of the crack. If 

a restoration is present many authors advise eliminating it to archive a better visualization of 

the crack (7, 9, 19).                        

When cracked tooth syndrome was first described by Cameron in 1964(2), the most 

common symptoms mentioned by patients were pain upon biting and an unexplained sensitivity 

to cold. To this day, these symptoms remain the most common in cracked tooth syndrome 

patients, as confirmed by a general consensus of the scientific community, for example by the 

Journal of the Canadian dental association in 2002(1), the British Dental Journal in 2010(3), and 

a case report by M. Fawzy et al. in 2020(21). Therefore, this finding of biting /chewing pain can 

serve as an early diagnosis of CTS with the help of a bite test and a vitality test at the suspected 

teeth. While the vitality of these teeth usually remains positive, with no signs of pulp 

affectation, there are cases where they could present hypersensitivity to cold stimuli, indicating 

inflammation of the pulp (5, 8).   
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Bite test 

The first bite test was performed in 1964 using a wooden toothpick. The bite test is used 

as a symptom reproducer aid, assisting in the diagnosis of a cracked tooth (10).  

A study was done by Yang Y. et al. (10) compared the use of wet cotton rolls and Tooth 

Slooth, which help in the early diagnosis of cracked tooth syndrome (Figure 2a and 2b). A 

Tooth Slooth is composed of a small plastic bite block shaped like a pyramid (20 x 10 mm) 

attached to a handle. The tip of the pyramid can be placed on each individual cusp of the tooth 

suspected of presenting a crack. The patient is asked to bite, thereby putting selective pressure 

on one cusp (6, 10). Pain while biting or after the release of biting pressure is the most probable 

pathognomic sign of a cracked tooth syndrome (6, 10, 22).  

 46 patients were enrolled in this study, 91.3% of these patients presented pain when 

they bit on the Tooth Slooth and 63.0% were only uncomfortable when biting the wet cotton 

rolls. This study verified that the relative ratio of biting pain using the Tooth Slooth was 

considerably higher than the use of wet cotton rolls in the aid of early diagnosis of CTS (10).   

Figure 2: 2a Bite test with a wet cotton roll, 2b Bite test using a Tooth Slooth (10).   

The study by Yang Y. et al. (10) attributed the differences in sensitivity of the tests to the 

surface area covered. While the cotton rolls put pressure on the whole or majority of the tooth 

surface, thereby locating the tooth with biting pain, the Tooth Slooth, on the other hand, can 

identify the exact cusp involved as it localizes the pressure to that area.  
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Trans-illumination  

A study done by Erinne B. et al. (9) where they reviewed the literature of cracked teeth 

and another study by Kadandale S. et al. (23) where they studied three different cases presenting 

cracked tooth syndrome, they referred to transillumination with fibre optic light source and a 

magnifier as the most common method to diagnose CTS. Mathew et al. (4) and Hasan S. et al.(8) 

described that transillumination can be used to diagnose both incomplete cracks found in CTS 

and incomplete vertical tooth fractures.  

Before carrying out the transillumination test it is important to first clean and dry the 

tooth followed by the placement of the light source directly on the involved tooth. In a tooth 

that does not present any cracks or may only present craze lines the light transmitted will go 

through the crown, whilst a tooth presenting a crack will block the light transmitted. Due to the 

crack, dark and light areas are formed and separated making the crack visible (4, 8, 22).  

Fitha Prabantari Angela and Anggraini Margonno (7) highlighted the success of using 

transillumination together with povidone-iodine in the detection of a fracture line, extending 

mesiodistally on the occlusal surface towards both marginal ridges. Another study, conducted 

by Wright et al. (7), confirmed these findings, underlining the success of using transillumination 

in combination with a stain, in this case, methylene blue, to be the best diagnostic test for cracks.  

However, the transillumination technique presents two main disadvantages. It has been 

proven that transillumination worsens the results of the diagnosis by dramatizing the cracks of 

the tooth. As a consequence, the lines will appear also at the level of structural cracks, meaning 

that the cracks seen may belong to the natural features of the tooth. The second main 

disadvantage is that transillumination is not able to distinguish and doesn´t have the sensitivity 

to distinguish the slight change of colours thereby it does not provide information of the depth 

of the crack (4, 8, 16). However, these disadvantages have been overcome by using the 
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transillumination with a fibre-optic light together with magnification which then will provide 

better visualization of a crack, improving the quality and the treatment outcome. In fact, 

transillumination is one of the most used diagnostic tools especially in early detection (4, 7, 22, 23).  

 

Optical coherence tomography (OCT) 

Because of the disadvantage of the transillumination test, new methods like OCT have 

been studied to improve the diagnosis of cracks. In a study by Y. Shimada et al. (13) they 

compared SS-OCT imaging with transillumination to diagnose cracks (Figure 3a and 3b) (13). 

In a healthy tooth, the complete thickness of the enamel can be seen through SS-OCT 

because of the dentin-enamel junction (DEJ). The DEJ appears as a dark border and due to the 

different biological components, the enamel and dentin can be differentiated (Figure 3b). 

Nonetheless, if a crack presents deeper into the dentine, it´s harder to diagnose them using 

optical coherence tomography. Furthermore, factors like the surface inclination and roughness 

of the tooth are highly prone to affect the penetration depth of the SS-OCT. Therefore, a tooth 

presenting a smooth surface will achieve a more favourable penetration depth for SS-OCT (12).  

Throughout the study of Yasushi Shimada et al. (12) and another study by M.S. Segarra 

et al. (13), they explained the appearance of the crack on the SS-OCT as a bright line because of 

the high backscattered waves, which makes it possible to detect very small cracks (12, 13). 

However, the backscattering effect of the optical coherence tomography has been explained as 

an important disadvantage by Roma M. et al. (22) therefore they did not recommend it (22).  
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Figure 3: a; Hairline enamel crack through transillumination and b; crack from enamel to DEJ 

through SS-OCT (12). 

Another study done by Sang-Hee Lee et al. (20) proposed the use of optical coherence 

tomography as a diagnostic tool for cracked tooth syndrome. Sang-Hee Lee et al. (20), proved 

the accuracy of SS-OCT (Figure 4c) by comparing the findings of crack lines with other 

conventional tools such as visual inspection (Figure 4a), transillumination (Figure 4b) and 

Micro-CT (Figure 4d) (20). Throughout their study, 61 teeth and 109 surfaces were examined. 

This study established that the mean number of detected crack lines per surface (MNDCps) was 

higher in SS-OCT than in the three other conventional methods. However, they reported 8 cases 

where the number of observed crack lines using transillumination was superior to SS-OCT. 

With this, they concluded that the SS-OCT sensitivity and specificity were as high as for 

transillumination and found to be an acceptable diagnostic tool for cracked tooth syndrome (20).       
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Figure 4: The crack lines detected in the four different detection tools (20).   

 

Despite the backscattering effect described by Roma M. et al. (22), the SS-OCT has some 

important advantages, such as it uses light thereby has no risk of radiation exposure, can be 

safely used in infants and pregnant women and can be used not only to diagnose cracks but also 

carries and micro-gaps at the site of restoration (12, 13).  

In addition to the study by Roma M. et al. (22) the three other studies by Yasushi Shimada 

et al. (12), M.S. Segarra (13) and study by Sang-Hee Lee et al. (20) provided more detailed 

information regarding the use of SS-OCT to diagnose CTS and approved it as a successful 

diagnostic tool, especially in early diagnosis.  
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Others 

Another method that is used to diagnose CTS, mentioned in the introduction, is 

quantitative light-induced fluorescence technology (QLF). This method was studied by Jun et 

al. (14) where they examined 96 extracted human teeth. They found a correlation with 

transillumination as both used light and therefore share the same advantages regarding the safe 

use in children, pregnant women and other people that are sensitive to radiation. Their results 

proved a successful use of the QLF technique not only in detecting the crack but also the depth. 

However, this is the first study using QLF technology for the diagnosis of CTS therefore future 

studies are needed (12, 14).   

The Australian Endodontic Journal in 2020(16) did a study using a diode laser to 

diagnose symptomatic cracks in teeth with a cracked tooth. This study was done over 4 years 

and twelve patients were included. Throughout their study ten of the twelve patients had a 

positive response to the laser scan. Therefore, the authors A. Sapra et al. (16) concluded that the 

use of diode laser could be used as a diagnosing method in symptomatic cracks in patients 

having CTS. However, as this study had a small sample size it is important to carry out future 

studies with a bigger sample size to confirm the diode laser as a preferred approach. 

Additionally, this method has a disadvantage as it is unclear if it can be used in pregnant and 

breastfeeding patients (16).  

A study was done by Yuan et al. (15) used Meglumine Diatrizoate (MD) which is an 

iodine contrast to increase the quality of diagnosing a cracked tooth with Cone-Beam Computer 

Tomography image (CBCT). This study demonstrated the successful use of MD as a contrast 

medium to detect crack lines. However, it presents many disadvantages such as; it can disappear 

in contact with saliva, very small size cracks might not be detected and movement and 
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restriction of muscles make it hard to perform in the clinic. Therefore, additional studies are 

needed for using MD as an iodine contrast in the future (15).    

As mentioned in the introduction dye test could be used as an additional tool for 

diagnosing CTS. In three different studies written by S. Banerji et al. (3), Mathew et al. (4), and 

Hasan S. et al. (8), they describe the use of gentian violet or methylene blue stains used to 

emphasize the crack. Although 2-5 days is needed for it to be successful, thereby a provisional 

restoration may be needed. However, a provisional restoration may aggravate the crack leading 

to a worse condition of the tooth and more invasive treatment.  

Lastly the study by Mathew et al. (4) and a later study by Hasan S. et al. (8) mention 

ultrasound and its ability of imaging cracks in simulated tooth structure which could be a 

successful diagnosing tool in the future.  

 

Aetiology 

As mentioned in the introduction cracked tooth syndrome has a multifactorial aetiology. 

Lubisich et al. (9) and Qian et al. (24) divided the aetiological factors into two primary 

predisposing factors: natural predisposing factors and iatrogenic cause. Related to the natural 

predisposing factors, masticatory accidents such as biting on a hard object or food were 

described by S. Banerji et al. (3) as the most common cause of CTS. Moreover, iatrogenic factors 

like cavity preparations have proven to significantly increase the chance of cracked tooth. 

Lubisich et al. (9) referred to an earlier study where they found a direct correlation regarding the 

size of cavity preparation with a crack and fractured tooth (3, 9).  

Lynch CD. et al. in 2002(1) described the different aetiological factors of CTS dividing 

it into four categories: `restorative procedures`, occlusal factors`, `developmental conditions` 

and `miscellaneous factors` (Table 1). This classification has been well accepted as it has been 
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used in later studies done by the British Dental Journal in 2010(3) and in the International Journal 

of Applied and Basic Medical Research (8) in 2015. 

Table 1: Classification of the aetiological factors of cracked tooth syndrome (1, 3, 8).  

 

Although the authors use different methods to classify the different aetiological factors 

the majority of the causes are the same, just divided into different categories.  

Two other factors that have been discussed by other authors include the sex of the person 

affected and the tooth involved. The study by Hasan S. et al. (8) has shown that females appear 

to be more susceptible to getting CTS. Most other articles, however, have shown that both sexes 

are equally susceptible to CTS. On the other hand, many studies unanimously agree that 

mandibular molars are the most susceptible tooth to experience cracked tooth syndrome. These 

studies were mentioned in the paper by Lubisich et al. (9), where 10 out of the 12 studies listed 

agreed that mandibular molars were most prone (3, 6, 8, 9).  
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Management 

The British Dental Journal has described several methods for managing CTS. However, 

it lacks clinical studies to confirm the most favourable technique to use (5). The different 

managing method for CTS based on the study by S. Banerji et al. in 2010 and another study by 

the same authors done in 2017 the treatments should be effective, efficient, economic, 

predictable and biologically conservative based on the mentioned factors (5, 18). Another 

important factor explained by other authors which are important to take into account when 

choosing the best treatment option is the extension of the crack and if it involves the pulp or 

not (1, 6, 22).  

As explained in the introduction the different restorative management of CTS is divided 

into: Immediate treatment, Direct restoration with and/or without cuspal coverage and Indirect 

restoration with and/or without cuspal coverage (5, 17, 18).  

 

Immediate treatment 

The Journal of the Canadian Dental Association (1) describes that immediate treatment 

depends on the amount of tooth involved. If the amount is very small, just the removal of the 

crack part and restoring it with a composite can be achieved. However, if the crack involved is 

huge or affecting the pulp the tooth involved is highly recommended by several authors to be 

immobilised. To immobilise the segment different methods have been explained, such as 

copper ring, orthodontic band, temporary crown and direct composite splint. Different studies 

have agreed to use a stainless-steel orthodontic band as the most favourable method due to the 

effective modelling and minor irritating of the gingiva (Figure 5a). The orthodontic bands have 

been advised to be used in combination with an occlusal adjustment which has been proven to 

alleviate correlated symptoms and reduced stress to the involved tooth (1, 18, 23, 25).   
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Furthermore, a more detailed study done by S. Banerji et al. in 2014(17) proved that direct 

placement of bonded composite resin over the tooth surface to splint the fracture and 

immobilise the segment has been successfully used as a minimally invasive method for 

diagnosing and management of symptoms of CTS (Figure 5b). This method is now called a 

`direct composite splint` (DCS) by multiple authors. However, this method has been reported 

only to be successful for the management of CTS in a short to medium period of time. 

Moreover, as mentioned before the different methods need future studies to approve the best 

option in clinical practice (5, 17, 18).  

 

Figure 5: 5a crack tooth stabilised with orthodontic band and 5b crack tooth splinted with DCS 

(7, 17). 

Direct restoration  

Reports from different studies show that direct restoration with or without cusp coverage 

in the management of CTS has been a successful treatment option. As mention earlier, the 

extension of the crack influences the choice to restore with or without cusp coverage. Opdam 

et al. (18) studied two different groups, one group was treated with direct composite intra-coronal 

resin restoration (without cusp coverage) and the other group with direct bonded resin overlay 
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restoration (cusp coverage). This study proved that a direct restoration treatment with cusp 

coverage had a higher success rate because of the possibility of the continuous breakdown of 

the inter-coronal material due to cyclical functional loading that could lead to future cracks. 

Therefore, important factors like parafunctional habits like tooth clenching or grinding have 

been discussed as an important factor to take into consideration when choosing the treatment 

option (5). More studies have discussed that to achieve long-term management of CTS and best 

prognosis the direct restoration with cusp coverage is the treatment of choice. In the study by 

S. Banerji et al. (18) they had a success rate of 72.7% of teeth treated with direct composite resin 

inlays or onlays with 11 years follow-up period. (5, 7, 18). 

Nevertheless, this approach has been described to be cost-effective, efficient and 

aesthetic. Also, in comparison with indirect restoration, direct restoration seems to be less 

problematic in the concern to maintain the pulp. However, direct restoration requires abundant 

operator skills and it’s not clear the survival of direct restoration especially among bruxists 

patient (5, 7, 18).    

 

Indirect restoration 

As mentioned for the direct restoration, the indirect restoration can also be done with or 

without cusp coverage. As described by the British Dental Journal in 2017(5) the materials used 

in indirect restoration have the ability to provide much better mechanical properties in the oral 

environment and easier to work with. The different materials for indirect restoration have been 

discussed in different studies. Signore et al. (26) studied the use of indirect bonded resin 

composite onlays to treat CTS (Figure 6a). This study showed a 93.02% survival rate with a 

six-year follow-up period in a sample of 43 teeth, demonstrating the success of this material in 

teeth presenting CTS (5, 18, 26). Moreover, indirect composite onlays have manifested to be 
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beneficial compared to porcelain due to their great ability to absorb compressing load. In fact, 

it decreases the shock received by the underlying tooth structure (18).  

The use of ceramic onlays versus composite onlays has been explained by S. Banerji et 

al. (18). They have proved the advantages of using composite as opposed to ceramic. The 

fragility and the low elastic modulus of ceramics make the material a less favourable option, as 

they infer a limited ability of plastic deformation when bearing a masticatory load, leading to a 

higher possibility of fractures. This is especially significant when comparing ceramics to 

composite materials, which have a higher elastic modulus and are therefore able to bear more 

load (5, 18). As for the type of restoration, the majority of authors state that a full-coverage crown 

is the best treatment for the management of CTS. This is argued due to the efficient spread of 

the occlusal load over the entire tooth and a better retention, increasing immobilisation (5, 6, 18). 

An example of this is shown in Figure 6b, which presents a fractured tooth treated with a full 

coverage porcelain-fused-to-metal crown (7).  

Figure 6: (a) A tooth treated with an indirect resin composite onlay, which previously presented 

a mesial fracture. (b) A tooth-, previously presenting a fracture in the occlusal surface, treated 

with a full coverage porcelain-fused-to-metal crown (7, 18). 

A more recent study by the Iranian Endodontic Journal (11) proposed the use of the CAD-

CAM system in the treatment of cracked teeth (Figure 7). Through this technique they provided 

a faster approach as the treatment could be done in one visit, hence no temporary crown is 
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needed. Furthermore, this study had a 100% survival rate over 5 years of all the three different 

cases (3 samples) they presented, therefore demonstrated the use of CAD-CAM as a potential 

treatment for CTS (11).  

 

 

 

 

 

 

 

Figure 7: (a) Presents tooth 26 with the crack lines, (b) shows the final endodontic treatment 

performed and (c) present the tooth at the end with the full coverage crown made by the CAD-

CAM system (11).  

 

Nevertheless, as explained in multiple articles the condition of the pulp and the 

periapical areas influences the treatment plan. If the pulp is vital it may proceed directly to the 

restorative treatment, however, if it has any symptoms of irreversible pulpitis or a necrotic pulp 
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an endodontic treatment is needed before the restorative treatment (7, 19, 22, 23). This was presented 

in the study by Sadasiva Kadandale et al. (23) where they studied 3 different cases including 

three patients where each of them had one tooth presenting cracked tooth syndrome. With help 

of two pulp test and no responses to any of them, a root canal treatment was required in all the 

3 cases. Following the root canal treatment, a composite core to splint the fracture was used, 

later to terminate a full-coverage metal-ceramic crown was used. With regular check-up, this 

tooth presented a successful treatment (23).  

As mentioned in the previous paragraph, the study by the Iranian Endodontic Journal(11) 

also studied 3 different cases presenting crack tooth syndrome. In case 2 it was diagnosed 

irreversible pulpitis and in case 3 pulp necrosis was in both cases due to the deep extension of 

the crack line. Therefore, in the two cases, they needed to perform endodontic treatment, latterly 

they completed the treatment with a full-coverage crown done through the CAD-CAM system. 

One of their cases is presented in figure 7 a, b and c. Nevertheless, in comparison to the study 

by Sadasiva kadandale et al. (23), this study by the Iranian Endodontic Journal (11) presents a 

better follow-up with a survival rate of 100% as mentioned before. However, future studies and 

cases are needed with a higher number of individuals involved (11, 23).  
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Prognosis  

The prognosis of a tooth presenting CTS will depend on multiple factors. Furthermore, 

the localization and the degree of the crack as S. Banerji et al. (3) explained in their study are 

two important factors for the prognosis of CTS (3). Nevertheless, different authors as for 

example Fitha Prabantari A. et al. (7) and Hasan S. et al. (8) stated the importance of an early 

diagnosis thereby early management leading to a favourable prognosis (3, 22). Moreover, the 

early detection of a crack can avoid further deterioration and can prevent the crack from 

extending into the pulp chamber or sub-gingivally (3). An example of this is presented in one of 

the cases by Kadandale Sadasiva et al. (23) where they detected a tooth presenting a fracture 

extending mesio-distally and vertically towards the floor of the pulp chamber. The final 

treatment for this tooth was an extraction, after which they discovered a fracture involving both 

the entire crown and root (23). This highlights the importance of early detection: if the patient 

had visited the dentist sooner, the fracture may have been detected earlier, increasing the 

likelihood of the tooth being saved.    

Additionally, the involvement of the pulp has also proved to be highly important for the 

prognosis explained by S. Banerji et al. (3). If the crack extends into the pulp an endodontic 

treatment is needed which have been proved to have an increased failure rate of 14.5% after a 

follow-up period of 2 years (3).  

However, two different studies done by Sim et al. (27) and Kang et al. (28) were based on 

the survival of a tooth presenting a crack after treated with a root canal treatment. The study by 

Sim et al. (27) presented a survival rate of 81.8% in 84 teeth presenting cracks after a 5-year 

follow-up. Furthermore, Kang et al. (28) presented a survival rate of 90.0% in 88 teeth 

incorporated after 2 years of the follow-up period. This shows that with a good endodontic 

treatment the survival and the prognosis of the tooth increases (7, 27, 28).   



 27 

Conclusions  

1. Crack tooth syndrome can have multiple causes and aetiologies, thereby it presents different 

symptomology which can make it challenging to diagnose.  

 

2. It is important to implement multiple diagnosing tools to be able to dismiss other possible 

pathologies and archive the definitive diagnosis. However, the bite test and the 

transillumination are two of the diagnosing methods which are proved to be widely common 

for detection of CTS, but used as a combination of the two, and also with other materials.   

 

3. The aetiology of CTS is also multifactorial and can be divided into: restorative procedures, 

occlusal factors, developmental conditions and miscellaneous factors.   

 

4. The management of CTS depends on the severity, extension, and localization of the crack. 

Thereby there are multiple methods of how to manage it. However, it has been proven that a 

full-coverage crown is the best treatment options for CTS, although future studies are needed.  

 

5. The prognosis of CTS depends on multiple factors as in all the other cases. However, early 

diagnosis has been associated with more successful restorative management and prognosis. 

Furthermore, the improvement of clinical skills has proved a higher survival rate and prognosis. 

In the cases of a tooth presenting a crack with damage to the pulp, root canal treatment is needed 

prior to crown placement.  
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Responsibility 

The present research is looking into different ways to diagnose and manage Cracked 

Tooth Syndrome. Many ways on how to diagnose this pathology have been explained, one of 

the most common tools being the bite test. This can be done with only a cotton roll or a Tooth 

Slooth which are inexpensive both for the clinic and for the patient.  

Furthermore, an early diagnosis of the syndrome can allow for an early treatment 

intervention, which can be significantly cheaper for the patient, as well as less risky for their 

health. This will benefit the entire population, but especially the part of the population with a 

lower income. Therefore, it is important that all clinicians are familiar with how to diagnose 

CTS and what is the best possible way to treat it. This means that more research is necessary 

since the improvement of diagnostic tools could lead to more affordable treatments and 

therefore increased accessibility to dental health care.   
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