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Etiology, Prevalence, and Classification of Cracked Tooth Syndrome (CTS),
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Abstract

Background: Dentists all around the world struggle with diagnosing cracked tooth syndrome. For most cases, detection of
CTS is the main problem since the crack can be hidden under fillings or on the enamel surface which is too small to be de-
tected with the naked eye or can be part of a root that sometimes is not visually evident. Nowadays, using dental magnifica-
tions (Dental Loupes, Dental Operating Microscope (DOM)) in everyday practice makes it possible to discover lots of dental
anatomical structures and make the treatment outcome more predictable than ever. The above-mentioned devices are also
used for detecting tooth cracks, but they are not the only tools that can be used to diagnose CTS.

Aim: This article aims to explore cracked tooth syndrome, describe existing classification- compare contrast discuss challeng-
es with diagnosis, and bring dental professionals’ attention to this phenomenon. Due to outdated and limited existing litera-
ture about CTS, this article attempts to fill in the informational gap, while creating an incentive for dentists and scholars to
further explore this topic.

Methods: to analyze CTS in-depth descriptive qualitative research method, specifically an existing literature review was ap-
plied. Collected information includes scholars’ research from: PubMed, ResearchGate, Springer, Wiley, Elsevier, JoE, FDI
World Dental Federation, European Journal of Prosthodontics and Restorative Dentistry, NCBI National Library of Medi-
cine, The Journal of Prosthetic Dentistry (JPD), JADA.

Results:The results of the research show that a lack of knowledge about CTS, its etiology, and prevalence remains a chal-
lenge. Absence of the evidence-based scientific research in Georgia limits professionals to be vigilant about the CTS and pro-
vide the relevant treatment plan for it. Additionally, the article identifies the recent classification of CTS, and it underscores
the importance of further studies to be done about CTS.

Conclusions: CTS classification helps us differentiate cases and create tailored approaches based on the individual needs of
the patient. To make a correct diagnosis it is crucial to be aware of the classification which will lead to a correct treatment
plan in the future. The prevalence among the different demographics of patients is not studied well enough and there is a lack

of recent statistical data regarding its incidence.
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Introduction
he term “Cracked tooth syndrome” (CTS) includes
all types of linear damage on the tooth surface. For
dentists, it is still challenging to differentiate crack
types from each other and most of the time they
mistakenly diagnose them. In addition, cracks might have differ-
ent directions, and it is not predetermined how deep or which
direction the damage has spread [1].
Etiology:
In 2022, the World Dental Federation (FDI) published an
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article about the prevalence of cracked teeth cases that
“especially increased during the COVID-19 pandemic due to its
stressful nature, affecting people’s oral health and overall well-
being.” Also, it may be caused by stress or trauma-related symp-
toms such as teeth grinding and chewing or biting on hard ob-
jects [2].

Cracks are the result of trauma or tension on the tooth struc-
ture. Most of the cracks on the crown part are horizontal and
are caused by trauma whereas vertical incomplete fractures are
more caused by tension or iatrogenic manipulations [3].

The symptoms of CTS vary from each other. Usually, there is
more than one symptom is presented; however, the most fre-
quent symptom that was stated by patients was sensitivity to
cold [4]. Pain on biting and spontaneous pain were less com-
mon.

As it is extremely hard to diagnose cracked teeth it is harder
to state the exact etiology of this phenomenon, however, there
are many hypotheses regarding occlusal forces impacting tooth
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structures.

Many scholars have mentioned the link between the different
types of restorative materials could impact developing tooth
cracks in time. Most of the cases CTSs were associated with
amalgam restorations or substantial amounts of composite mate-
rial that was introduced into the cavity in large portions.

A study by Hiatt has shown that most affected teeth are man-
dibular molars due to the cusp-fossa correlation between the
upper molars. Mostly there are 2 main reasons for this unpleas-
ant outcome:

a. The chronic structural fatigue due to the cuspal-fissure con-
nection because these areas have shown the lack of calcifi-
cation in fissures of lower molars.

b. Exerted force affects the fulcrum area more due to the lever
principle and has a higher incidence of cracks in the second
molars compared to the first.

Silverstri mentions iatrogenic factors during the MOD prepa-
ration of the tooth cavities.

Other additional factors include bad habits that use excessive
masticatory forces.

Classification:

The American Association of Endodontists (AAE) and the
World Dental Federation (FDI) have created a classification of
CTS to diagnose different types of cracks.

According to the classification of AAE, the cracks can be
divided into 5 locations and described by their origin, direction,
symptoms, pulp status, and prognosis (Table 1; Fig. 1), whereas
FDI classification (Fig. 2) has six subdivisions, which is more
detailed and gives dentists precise condition of hard tissues,
pulp, and periodontium status during CTS [5].

However, FDI has made 2 more additional types of clin-
ical cases of the CTS: 1. The crack that extends from
enamel to dentin layer- “Crack of Dentine”. 2. The crack
that extends from the enamel to the pulp- “Crack Expend-
ing to Pulp”.

To summarize these two classifications, both have their ad-
vantages and disadvantages. The AAE mentions “vertical root
fracture” which is not included in the FDI classification whereas
the FDI has more detailed information about the pulp and peri-
odontium status.

The cracks that are in a vertical direction oriented mesio-
distally may develop into a split tooth in the future. Vertical
cracks are more likely to develop on non-functional surfaces or

cusps of teeth while horizontal and oblique cracks were more
common on incisal edges or functional cusps of teeth [7].

Prevalence:

C. E. Cameron was the first scholar who use the term
“cracked tooth syndrome (CTS)” in 1964 and defined it as a
critical posterior tooth incomplete fracture that includes the
dentin extending to the pulp [§].

Back in 1976, He published an early epidemiological survey
where he stated the prevalence of CTS was high among female
dental patients [9].

Since then, much research has been done over the years, and
new findings are not sex-related, thus there are no differences in
incidence between males and females.

A study conducted in 2010 by S. Banetji et al. revealed that
CTS affects adult dental patients, typically in the age range of 30
to 60 years [10].

In another study that was published by WH Hiatt in 1973
under the name “Incomplete crown-root fractures in pulpal
periodontal disease,” he specified that “Cracked Tooth Syn-
drome appears to typically affect adult patients that are past their
third decade, often affecting teeth that have previously received
the restorative intervention, although not exclusively.” [11]
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Iit has since been shown by more recent studies that both
sexes seem to be equally affected- in 2006 the scholar Byoung-
Duck Roh et al. Analyzed 154 cases of teeth with cracks. He
announced the prevalence of CIS that “were observed most
frequently in the teeth with no restorations (60.4%) and with
class I restorations (29.2%). The most prevalent age was in those
over 40 years of age (31.2% in their 40s, 26.6% in their 50s) and
the prevalence was similar in men (53.9%) and women (46.1%).
Cracked teeth were found more frequently in the maxillary mo-
lars (33.8% in the first molar, 23.4% in the second molar) than
in the mandibular molars (20.1% in the first molar, 16.2% in the
second molar). 96.1% of the cracked teeth responded to the bite
test, and 81.1% of the cracked teeth were observed in the mesi-
odistal direction. The prevalence of cracked teeth was highest in
intact teeth with no restoration, in maxillary molars, and in those
over 40 years of age. When examining an intact maxillary poste-
rior tooth that is sensitive to a bite and thermal change, a crack
in the mesiodistal direction needs to be considered one of the
causes.” [12] The cracks are mostly found in posterior mandibu-
lar and maxillary molars, and craze lines- in anterior teeth [13].

Abou Rass published the most fractured teeth- the second
lower molars, then the first lower molars, upper premolars, and
upper second molars [14].

It is considered that the lowest number of fractures with 0.2%
is the lower first premolar probably because of having a single
big cusp on the buccal side.

The following characteristics need to be taken into considera-
tion:

1) Heavily developed masticatory musculature

2) Wear facets in molars and premolars

3) Big cusps accompanied by deep grooves and fossae

4) Stained grooves and fossae.

In 2012, Deog-Gyu Seo et al. published an analysis of factors
associated with cracked teeth. He studied one hundred-seven
(n=107) teeth with longitudinal fractures from 103 patients. The
result showed that “cighty-seven teeth were diagnosed with a
cracked tooth (81.3%), 14 were diagnosed with vertical root
fracture (VRF, 13.1%), 4 had a split tooth (3.7%), and 2 had a
fractured cusp (1.9%); 82.2% showed a sensitive reaction on the
bite test...VRF was associated with endodontic treatment.” He
also concludes that the best diagnostic test can be a bite test for
reproducing the symptoms, however, it would be better to do a
combination diagnosis with other diagnostic methods. [15]

Cracks can be found in restored as well as unrestored teeth
[16]. Inlay (class I) restorations are more prone to crack develop-
ment [17], but in 2021 J Lee et al. mentioned that intact teeth
also might develop different sizes of cracks [18], which is mostly
caused by the aging process and are found typically in patients
over 40 years old due to an accumulation of fatigue stresses.

C. J. Yeh was the first scholar who mention the term
“fatigue root fracture” in 1997 [19]. The root fractures
were examined in non-endodontically treated teeth, and he
stated that the reasons for cracks could be the result of
excessive, repetitive, and heavy masticatory stress applied
to a tooth.

Borelli et al. reported an unusual vertical and horizontal
tooth fracture in 1999 [20]. This phenomenon has been
reported less frequently in Caucasians and more often in
Asians [21].

In 2023 Shue-Fen Yang et al. published a cross-sectional
study about the incidence of chronic fatigue in non-
endodontically treated teeth and they concluded that “the
incidence of chronic fatigue root fracture is 0.76%. Both
VRF and HRF occur mainly in aged males, in posterior
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teeth with attrition, and in teeth without restoration. Tooth
position, cross-section root morphology, and terminal
tooth are contributing factors related to chronic fatigue
root fracture.” [22]

Pathogenesis of CTS is very interesting: “When the frac-
tured portions of the tooth move independently of each
other, it causes sudden movement of fluid present in the
dentinal tubules. This causes activation of myelinated A-
type fibers within the dental pulp and results in acute pain.
Hypersensitivity to cold may occur due to the seepage of
toxic irritants through the crack. This leakage of toxic irri-
tants causes the release of neuropeptides, and a concomi-
tant lowering in the pain threshold of unmyelinated C-type
fibers within the dental pulp.” [23]

In 2023 Domenico Ricucci et al. discussed the histopathologic
and histobacteriologic Aspects of cracked teeth [24]. He con-
cluded that “the cracks in all teeth were colonized by bacterial
biofilms. Dentinal tubules were invaded by bacteria, especially
when the crack extended perpendiculatly into the dentin. Severe
accumulations of inflammatory cells were present in the pulp
zone subjacent to tubules involved with the crack. In many cas-
es, the crack extended to the pulp, leading to reactions with in-
tensities ranging from acute inflaimmation to total pulpal necro-
sis. Symptoms occurred in most cases in which the pulp was
affected. In some cases, polymorphonuclear neutrophils were
seen migrating from the pulp into the crack space and facing the
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bacterial biofilm located therein. Severe pulp reactions were also
observed when the crack extended to the pulp chamber floor.”

Methods

Literature review was used as the main research method. The
main goal of the study is to collect existing information and pre-
pare for other types of research on this topic in the future. Also,
to gain an understanding of the existing research around the
topic and debate relevant to a particular matter or area of study,
and to present that knowledge in the form of a written article.

Results and discussion

The present article gives the reader an idea of the severity of
the issue. Knowledge of the classification allows us to conduct a
differential diagnosis with similar conditions or diseases and
avoid making a wrong diagnosis. The prevalence of this syn-
drome varies across races and time periods, with age and other
environmental factors causing gaps in the final data set, giving us
only a rough idea of in which group of teeth we might expect to
see the CTS.

Conclusion

CTSs are multifactorial in origin and these factors lead to
VRFs. The complexity of CTS is its diagnosis. The symptoms
and clinical characteristics vary - making diagnosing and creating
the right treatment plan is challenging for dentists. The difficulty
is not only in diagnosis but also in choosing the right treatment
plan, the outcome of the treatment, and maintenance of it. The
prevalence of cracked teeth is not studied well enough and needs
to be observed by creating more clinical research.

Table 1. American Association of Endodontists classification of CTS:
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Crack of Enamel Vertical Crack  Oblique Crack  Crack of Dentin Crack Expending Crack Expending
to Pulp to Periodontum
Fig. 2
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