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Abstract

Background: There are challenges in detection and prevalence of cracked
teeth, especially in asymptomatic cases. This underestimates the actual preva-
lence and possibility of preventive restorative treatment. Objectives: To de-
termine the prevalence and distribution of cracked posterior teeth among
adult patients attending the dental clinic of OAUTHC, Ile-Ife, Osun State,
Nigeria. Materials and Methods: A cross sectional study where consecutive
patients aged 18 years and above were examined for the presence of cracked
posterior teeth over a period of one year (May 2016-April 2017). The teeth
were initially examined with the naked eye. Thereafter, transillumination,
methylene blue dye and magnifying lens were used to aid detection of more
cracks. Data was analyzed with the IBM Statistical Package for Social Sciences
(SPSS) for Windows (version 21.0). Level of significance was set at p < 0.05.
Results: Out of the 64,370 posterior teeth examined for cracks in 3345 pa-
tients, 264 were diagnosed as cracked in 152 patients, giving a patient preva-
lence of 4.5% and tooth prevalence of 0.4%. Amongst the 152 patients, the
prevalence was 9.1%. There was a slightly higher male preponderance while
cracked tooth was observed to increase with age (p = 0.007). The skilled
(56.6%) and those that attained tertiary education (77.6%, p = 0.023) had
more cracked teeth. Mandibular first molar (19.7%) was the most frequently
cracked tooth type. The cracks were usually centrally placed (91.7%) and run
in a mesiodistal direction (61%). Transillumination (44.7%) detected more
cracked teeth. Conclusion: Prevalence of cracked tooth was observed to be
low with a slightly higher proportion in male and the figure increases with
age. Mandibular first molar was the most frequently cracked tooth while
transillumination was the most useful diagnostic tool. Most cracks ran in the
mesiodistal direction and fracture lines were usually centrally placed.
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1. Introduction

There have been challenges as regards definition, diagnosis and treatment of
cracked teeth. These have made it a research problem in the literature. Earliest
definition in the literature was by Gibbs [1] in 1954. He referred to the clinical
symptoms associated with incomplete fracture of posterior teeth involving the
cusp as “cuspal fracture odontalgia”. The American Association of Endodontists
[2] defined a cracked tooth as a type of incomplete longitudinal tooth fracture
usually involving the premolars and molars. The fracture plane usually origi-
nates from the coronal aspect of the tooth and progresses apically with or with-
out symptoms depending on the extent of fracture [2]. Other longitudinal frac-
tures described by this association include crazed tooth, fractured cusp, vertical
root fracture and split tooth. Apart from crazed tooth, the others could result
from an untreated cracked tooth. Some authors [3] [4] [5] also use the term
“cracked tooth syndrome” to describe this type of longitudinal tooth fracture
with associated signs and symptoms.

Guertsen [5] in 2003, reported that the prevalence of cracked tooth had been
on the rise over the past decade. Furthermore, splits, cracks or fractures have
been reported to be the third most common cause of tooth loss in industrialized
countries in recent times [3]. This, coupled with variations among different
populations and the increasing rate shows it is of high clinical importance. Bader
et al. [6] reported that longitudinal tooth fractures such as cracked tooth, frac-
tured cusp, vertical root fracture and split tooth accounted for a rate of 4.4 frac-
tured teeth per 100 adults per year for posterior teeth, with 15% of such fractures
resulting in pulpal involvement or extraction. They further reported the corres-
ponding rates for molars and premolars as 3.1 and 1.3 teeth per 100 adults re-
spectively, from the total number of fractures seen in the posterior teeth.
Cracked tooth usually presents in patients aged between 30 and 50 years [7] [8]
[9]. Predominance in either of the genders has been reported [10] [11], while
others have reported no sex predilection [12] [13]. Most studies [10] [11] [14]
have reported cracked teeth to be most prevalent in mandibular molars with
intracoronal restorations.

As regards the direction of crack lines, most cracks usually run in the mesi-
odistal direction; however, they may run in the buccolingual direction or as a
combination of both [9] [12]. Crack lines are mostly centrally located [11] [15].
Centrally located cracks and those running in a mesiodistal direction are more
likely to cause pulpal involvement, while peripherally located cracks more often
lead to cuspal fracture [9]. Cracks in teeth tend to follow these areas because

they are weak portions of the tooth where fracture plane may likely propagate

[3].
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Variations in the reported prevalence may be affected not only by population
characteristics, but also importantly by the challenge in identifying the cracks,
especially in asymptomatic teeth. Cracked teeth may or may not be symptomat-
ic. When present, symptoms are non-specific and mimic pulpal, periapical or
periodontal inflammation. The detection of the un-displaced crack line is chal-
lenging in clinical practice [2] [3] [10], and more so in asymptomatic cracked
teeth. In the presence of symptoms, the clinician will usually attempt to seek for
the cause of pain, and the presence of cracks eventually becomes obvious. Iden-
tifying cracked teeth in the absence of symptoms, however, poses a different
challenge. The clinician may naturally not seek for cracks during routine oral
examinations, and individuals will usually not present to the clinic due to
cracked teeth without symptoms. They may, therefore, be found by chance when
patients report for other complaints. Such incidental findings would be more
probable when they are visible to the naked eye. Otherwise, they would go unno-
ticed and continue to propagate as a result of mastication or certain parafunc-
tional habits. However, with the use of other diagnostic aids, more cracks can be
detected. In the absence of symptoms, these adjuncts, such as dyes, transillumi-
nation, and magnification become necessary. Prevalence studies on cracked
teeth would, therefore, require the use of one or more of these additional me-
thods to prevent underestimating the problem.

Studies [11] [15] [16] [17] have been done on the prevalence of cracked teeth.
However, not many published studies were found on the prevalence of cracked
teeth in Nigeria. Udoye and Jafarzadeh [11] conducted their study among Nige-
rian patients in the southeastern part of the country. There is yet no such data
on the condition in other regions. Availability of such data on early and accurate
diagnosis of cracked teeth provide options for conservation of such teeth as well
as better prognosis. As research into improvements in the diagnosis and treat-
ment of cracked teeth continues, this study became necessary and was, therefore,
carried out with the aim of determining the prevalence and distribution of
cracked teeth in adult patients presenting at the Dental Hospital of the Obafemi
Awolowo University Teaching Hospitals Complex, located in the Southwest of

Nigeria.

2. Materials and Methods

A cross sectional study was conducted over a one-year period (May 2016-April
2017) among all patients aged 18 years and above that presented at the Oral di-
agnosis and Restorative clinics of the teaching hospital. Approval for the study
(ERC/2014/11/07) was granted by the Ethics committee of the hospital before
commencement. Consecutive adult patients in good general health were ex-
amined irrespective of their primary reason for visit to the facility, following ex-
planation of the study and their consent to participate.

The minimum sample size required for the study was based on recruiting pa-

tients consecutively for a period of one year while using the formula below [18].
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Ne Z'p l() 12— p)

where N—is the total sample size, Zis taken as 1.96 at 95% confidence interval,
P (prevalence) = 0.089, as obtained from a study with similar methodology [11]
and D (degree of accuracy) = 0.05.

Based on the above formula, N was calculated to be = 124.59 = 125.

To accommodate for attrition, 21.6% of sample size (27 subjects) was added to
the value obtained (125 subjects); resulting in a sample size of 152 consecutive
subjects for the study.

Intraoral examination with a sterile dental probe and mirror was carried out
to detect presence of clinically visible cracked posterior tooth or teeth. The di-
agnostic criteria for the cracked tooth were: a posterior tooth with an identifiable
crack line or fracture running in a mesiodistal or buccolingual direction or both;
crack line that is inseparable by a dental probe; and the tooth may be either
symptomatic or asymptomatic. Adjuncts such as magnification lens, transillu-
mination and staining were used to aid the identification of cracked tooth.

Initially, each posterior tooth was examined for cracks with the naked eye
without any adjunct. Afterwards the magnification lens was utilized with a 3.5X
(14 diopter) power magnification lens (SE Japan). Transillumination using Mi-
crolux transilluminator (Microlux Diagnostic System) was subsequently done to
lighten up the tooth surface properly. The transilluminator was also placed
against the buccal aspect of the tooth while a dental mirror placed on the lingual
aspect was checked if light passes through the tooth or not. The methylene blue
was used on the teeth which were symptomatic, yet, no visible crack line was de-
tected. The teeth were stained for a minute and rinsed afterwards to assess if
suspected crack lines retained the dye. For each cracked posterior tooth detected
through the naked eye or with the adjuncts, the dental probe was passed gently
along the crack to rule out a split tooth.

Following confirmation, patients with at least one cracked posterior tooth
were recruited into the study. Anterior teeth with cracks and other longitudinal
fractures such as craze lines, fractured cusps, vertical root fracture and split
tooth were excluded from the study. All study related data including subjects’
characteristics were collected in a data form including age, gender, occupation,
education, tooth involved, number of teeth involved and distribution.

Data analysis: Data was analyzed with the IBM Statistical Package for Social
Sciences (SPSS) for Windows (version 21.0). Associations between sociodemo-
graphic variables and prevalence of cracked teeth; direction, location of cracks
and diagnostic aids were carried out with Chi square test at 95% confidence in-
terval, with tables and charts utilized for data presentation. The level of statistical

significance was set at p-value < 0.05.

3. Results

A total of 3345 patients, comprising 1642 males and 1703 females, with ages
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ranging from 18 to 92 years and a mean age of 54.26 * 16.54 years presented at
the oral diagnosis clinic during the 12-month study period. One hundred and
fifty-two (152) of these patients were identified with varying numbers of cracked
posterior teeth, which gave an overall prevalence rate of 4.54%. The highest pre-
valence was seen among subjects in the 41 - 50-year age range and those above
60 years (1.17% each) with the least found among those less than 20 years
(0.06%). Prevalence was observed to increase with age and found to be signifi-
cant (p < 0.05). The difference in prevalence between the genders was not statis-
tically significant, though commoner among the males (Table 1).

From a total of 64,370 posterior teeth examined in the 3345 subjects, 264
posterior teeth were diagnosed cracked. This gave a tooth prevalence of 0.4%.
The 264 cracked posterior teeth were identified among the 2905 posterior teeth
examined in the 152 subjects, giving a cracked posterior teeth prevalence of 9.1%
among subjects identified with cracked posterior teeth. Their ages ranged from
18 - 84 years with a mean age of 50.43 + 14.18 years. Those in the 51 - 60 years
age range and those above 60 years had the highest prevalence of cracked teeth
with the least among those aged 20 years or less. Distribution of the cracked
teeth based on other subjects’ variables—gender, education and occupation
showed differences but statistically significant only for level of education (p =
0.023). Greater in males (p = 0.987), skilled subjects (p = 0.542) and those with
tertiary education (Table 2).

The number of cracked teeth ranged from 1 to 5 teeth per subject, with one
cracked tooth each identified in 96 (63.2%) subjects. The maximum number of
cracked teeth (5) was noted in 4.6% of the subjects (Table 3).

The most observed cracked tooth was the mandibular first molar (19.7%),
followed by the mandibular first premolar (16.7%), then the mandibular second
molar (15.2%) while the least was the maxillary third molar accounting for 1.5%
of the total cracked teeth (Figure 1).

Using a combination of different methods to identify the presence of cracks in
the posterior teeth, only 88 (33.3%) were visible to the naked eye alone, while the
use of magnification lens, transillumination, and staining were necessary for
identification of the rest of the cracked teeth (66.7%) (Figure 2).

The majority (91.7%) of the cracks were located centrally on the teeth while
most (61.0%) of the cracks ran in a mesiodistal direction (Table 4).

Transillumination (41.7%) was the most useful in detecting centrally located
cracks. This was followed by the naked eye (36.0%) while the use of dye was the
least (9.9%). As regards the peripherally located cracks, transillumination was
also found to detect the majority (77.3%) while the use of dye and magnification
accounted for 9.1% each with naked eye being the least (4.5%). The relationship
between the diagnostic tools and location of cracks were all found to be statisti-
cally significant (Table 5).

Majority (65.2%) of the cracks running in the mesiodistal direction were de-
tected with transillumination, followed by magnification (18.6%), use of dye
(12.4%) and naked eye being the least (3.7%). Naked eye detected most (82.8%)
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of the cracks running buccolingually, followed by transillumination (13.1%), use

of dye (6.1%) and magnification (2.0%). All the combined cracks were detected

with the naked eye. The relationship between the diagnostic tools and direction

of cracks were all statistically significant except the use of dye (Table 6).

Table 1. Prevalence of cracked teeth among the subjects by age group and gender.

Age group Present Absent Total

n (%) n (%) n (%)
<20 2 (0.06) 397 (11.87) 399 (11.93)
21-30 13 (0.39) 1006 (30.07) 1019 (30.46)
31-40 21(0.63) 538 (16.08) 559 (16.71)
41-50 39 (1.17) 362 (10.82) 401 (11.99)
51-60 38 (1.14) 487 (14.56) 525 (15.70)
>60 39 (1.17) 493 (14.74) 532 (15.91)
Total 152 (4.54) 3193 (95.46) 3345 (100.0)

Gender

Male 79 (2.36) 1563 (46.73) 1642 (49.01)
Female 73 (2.18) 1630 (48.73) 1703 (50.91)
Total 152 (4.54) 3193 (95.46) 3345 (100.0)

Chi-square tests: (Age X* = 21.461, df = 5, p = 0.007), (Gender X* =2.907, df = 1, p = 0.100).

Table 2. Comparison of the number of cracked teeth by subjects’ sociodemographic

characteristics.
N, =152 N = 264
Parameters P T x? value
n (%) n (%) P
<20 2(1.3) 2(0.8)
21-30 13 (8.6) 15 (5.7)
31-40 21 (13.8) 27 (10.2)
Age group 21.889 0.009**
(years) 41 -50 39 (25.7) 65 (24.6)
51 -60 38 (25.0) 78 (29.5)
>60 39 (25.7) 77 (29.2)
Male 79 (52.0) 139 (52.7)
Sex 3.001 0.987
Female [73 (48.0) 125 (47.3)
Skilled 86 (56.6) 154 (58.3)
Occupation Unskilled 34 (22.4) 57 (21.6) 2.891 0.542
Dependants 32 (21.1) 53 (20.1)
Nil 5(3.3) 14 (5.3)
Primary 6(3.9) 13 (4.9)
Education 14.003 0.023**
Secondary 23 (15.1) 49 (18.6)
Tertiary 118 (77.6) 188 (71.2)

N, = total number of patients; Ny, = total number of cracked teeth.
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Table 3. Number of cracked posterior teeth per patient.

Number of cracked Number of patients Cumulative number
teeth per subject N, (%) of cracked teeth N (%)
1 96 (63.2) 96 (36.4)
2 23 (15.1) 46 (17.4)
3 17 (11.2) 51 (19.3)
4 9 (5.9) 36 (13.6)
5 7 (4.6) 35(13.3)
Total 152 (100) 264 (100)

N, = total number of patients; Ny = total number of cracked teeth.

Table 4. Direction and location of cracks.

Classification Np =264
Central 242 (91.7)
Location of cracks .
Peripheral 22 (8.3)
Mesiodistal 161 (61.0)
Direction of cracks Buccolingual 99 (37.5)
Combination 4 (1.5)

Table 5. Relationship between location of cracks and diagnostic tools.

Diagnostic aids Location of cracks Total x? p value
Central Peripheral

n =242 n=22

n (%) n (%)
Naked eye 87 (36.0) 1(4.5) 88 54.096 <0.001
Transillumination 101 (41.7) 17 (77.3) 118 74.336 <0.001

Dye 24 (9.9) 2(9.1) 26 14.226 0.001

Magnification 30 (12.4) 2(9.1) 32 22.718 <0.001

Table 6. Relationship between direction of cracks and diagnostic tools.

Diagnostic aids Direction of cracks Total x? p value

Mesiodistal Buccolingual Combination

n =161 n =99 n=4

n (%) n (%) n (%)
Naked eye 6(3.7) 82 (82.8) 4 (100) 88 200.997 <0.001
Transillumination 105 (65.2) 13 (13.1) 0 (0.0) 118 70.565  <0.001
Dye 20 (12.4) 6 (6.1) 0 (0.0) 26 3.238 0.198
Magnification 30 (18.6) 2 (2.0) 0 (0.0) 32 20.602  <0.001
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Figure 1. Distribution of cracked tooth according to tooth types. Max—
Maxillary, Mand—Mandibular, PM—Premolar, M—Molar.

Enaked eye @ magnification Mtransillumination  staining

Figure 2. Diagnostic tools used in identifying cracked teeth.

4. Discussion

Cracked teeth may occur with or without symptoms, and as a finding, even in
the presence of pulpal symptoms, may be challenging to locate. Problems have
been associated with the identification of cracked teeth as crack detection may
require thorough assessment [2]. Seo [19] reported the importance of using dif-
ferent diagnostic tools and aids in identifying cracks in teeth. In this study, the
detection of cracked teeth was enhanced by the use of various diagnostic tests to
avoid missing out the less visible cracks, a factor that may underestimate the
prevalence. Transillumination was most useful accounting for nearly half of the
detected cracked teeth. Apart from the subtle nature of the cracks that necessi-
tated the use of this adjunct, another reason may be due to the usual mesio-distal
direction of the majority of cracks [13] as was also observed in this study, a fac-
tor that makes transillumination a good tool for its detection. The light beam
applied to the buccal or lingual surface of the tooth may not completely pass

through to the other side of the tooth, indicating a longitudinal tooth fracture
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with crack line in a mesiodistal direction. The usefulness of this method was also
affirmed in this study. The number of mesiodistal cracks detected with transil-
lumination was very high (65.2%) when compared to buccolingual cracks and
combined cracks that were detected usually on visual examination without tran-
sillumination.

Furthermore, the centrally placed cracks were easily detected when compared
to the peripherally located cracks which required more of transillumination in
its detection. This may be due to the usual complaint of pain from teeth with
centrally located cracks following pulpal involvement which makes the examiner
look for cracks in such teeth. Also, peripherally located cracks like cracks run-
ning in the mesiodistal direction may be difficult to detect because of the adja-
cent teeth.

Staining was the least useful in the detection of cracked teeth in this study.
This is probably because crack detection by staining requires the stain to be in
close contact with the tooth for two to three days. Since detection is not imme-
diate, this gives other methods like transillumination, higher usage and thus a
higher rate of crack detection. However, it is a useful tool when it comes to deli-
neating crack lines.

In spite of the diagnostic aids used, the prevalence observed in this population
(4.5%) was lower than that reported in most studies [11] [16] [17]. For example,
Udoye and Jafarzadeh [11] reported a prevalence of 8.9% in South Eastern Nige-
ria. Krell and Rivera [17] reported a prevalence of 9.7% in an American popula-
tion while Detar [16] in another group of American population reported a
slightly higher prevalence of 5.9%. Differences in diet, life expectancy, accessibil-
ity to and utilization of dental services as well as the use of advanced technology
in diagnosing cracked teeth could cause the variations in the results. This study
observed a very low tooth prevalence (0.4%) of cracks among the posterior teeth
examined in the whole population of subjects examined. None of the studies
found in the literature reported tooth prevalence of cracks among all posterior
teeth examined, making it difficult to make comparison. However, like in this
study, Siribang and Sirikwan [15] reported cracked posterior tooth prevalence
among subjects with cracked teeth. A lower value of 9.1% prevalence among the
posterior teeth examined in subjects with cracked teeth was observed in this
study, compared to 37.9% reported by Siribang and Sirikwan [15]. Aside from
differences in population characteristics and diagnostic methods used, the dif-
ference in prevalence could also have been due to the inclusion of craze lines in
their study. Majority (63.2%) of the subjects in this study had at least one
cracked tooth. Similarly, majority (97%) of patients studied by Siribang and Si-
rikwan [15] had at least one cracked tooth. The presence of more than one
cracked tooth in some of the subjects seen agrees with the study of Cameron [4]
that reported that it is not uncommon to find more than one cracked tooth in an
individual at a given time. He stated that the predisposing factors of cracked

tooth usually work in concert on multiple teeth at the same time.
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Generally, the prevalence of cracked tooth increases with age [2] [11] [12]
[20]. This study also found the prevalence of cracked tooth to increase with age.
The reason adduced to explain this observation was the retention of teeth till old
age which makes them undergo repeated occlusal and thermal stresses over a
long period of time. This may cause dehydration and fatigue with subsequent
loss of resistance of human dentine to crack formation [21] [22].

Different prevalence scores of cracked teeth by sex have been reported [2] [11]
[12] [15] [16]. Udoye and Jafarzadeh [11] as well as other studies found males to
be more affected. Helkimo and Ingerwall [23] suggested that masticatory mus-
cles are more developed in males than females making them exert more masti-
catory force which may predispose the teeth to cracks. On the contrary, other
studies [2] [15] [16] [24] have reported a higher female predilection. Cameron
[10] stated that this may be due to better accessibility and utilization of dental
services by the females. The present study found a slightly higher prevalence in
males, though not statistically significant. This is in agreement with the report of
Dewberry [25] that also found a little higher number of cracked teeth in males.
The varying predilections reported for the genders may be due to differences in
the population base, gender composition and attendance in the dental clinics
where the studies were carried out.

The education level of the subjects was skewed in number towards subjects
with tertiary education. This is probably due to the location of the dental hospit-
al in an academic environment, a university. Therefore, the majority of the pa-
tients could have been students and workers at the University. The higher num-
ber of cracked teeth observed in subjects that attained tertiary education is thus
expected. Furthermore, the educated and higher socioeconomic class tend to
take more interest in their health, and are also able to afford treatment.

Most studies have demonstrated cracked tooth to occur more in the mandible
than the maxilla [9] [10] [26] [27]. The reasons are that the posterior mandibu-
lar teeth lack structural integrity and are subjected to heavier masticatory forces
[10]. This study noted that more mandibular posterior teeth were affected with
cracks. In contrast, some studies [11] [13] demonstrated more cracked teeth in
the maxilla. Roh and Lee [13] observed more cracked teeth in the maxilla of Ko-
reans and suggested that the presence of lingually inclined buccal cusp of man-
dibular molars that acts as a plunger cusp on the maxillary molars in that popu-
lation may account for this occurrence. Cracked tooth has been demonstrated to
affect molars more than other tooth types [11] [13] [16] [19]. Similarly, the same
trend was observed in this study. Ehrmann and Tyas [26] suggested the cause to
be the proximity of molars to the temporomandibular joint. Arnold [28] re-
ported that heavier forces are exerted on most posterior teeth with a force ratio
of 4:2:1 on molars, premolars, and incisors respectively.

This study further found the mandibular first molar to be the most affected
tooth type as reported by previous studies [14] [29]. This is not unexpected be-

cause it is the first tooth to erupt. It stays longer and undergoes lots of occlusal
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stress compared to other posterior teeth. Furthermore, they could be more sus-
ceptible to dental caries, masticatory accident, repeated restorations and occlusal
wear facets. Thus, it could be stated that the synergistic effect of these factors on
the mandibular first molar predispose them to have more cracks. On the con-
trary, other studies [10] [11] reported the mandibular second molar to be the
most commonly cracked tooth.

The limited diagnostic methods employed in this study, like others before this,
could be a limitation to reporting the true prevalence of cracked teeth. Some au-
thors [30] [31] have reported increased ability of new technology to detect pres-
ence of more cracks in teeth over the well-known established ones like transil-
lumination, staining with dyes, and magnification with loupes. These include
operating microscopes [30] [31] that can give up to 16X magnification of the
tooth structure and ultrasound [32]. Also, with the advent of cone beam com-
puted tomography (CBCT) and optical coherence tomography, it is expected
that there would be improvement in locating cracks usually not visible to the
naked eyes, most especially those located in the roots. Although, these facilities
are expensive and not readily available in most centers, they are important di-

agnostic aids that could enhance the detection of more cracked teeth.

5. Conclusion

The study found a low prevalence of 4.5% among the dental patients of the hos-
pital, a 0.4% posterior tooth prevalence, a slightly higher prevalence in males,
and a prevalence that increased with age. The majority of cracks were found in
mandibular molars and the mandibular first molar was the most frequently
cracked tooth. Transillumination is a quick and easy way to enhance the detec-
tion of cracked teeth, but a combination of other methods provides better as-

sessment.
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