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Abstract
Objective: The aim of this study was to evaluate the frequency of enamel pearls according to population, sex and 
tooth groups on Cone-Beam Computed Tomography (CBCT) or Dental Volumetric Tomography (DVT) scans of 
patients, retrospectively.
Study Design: In this study, 15185 teeth belonging to 768 patients, 430 female and 338 male, was performed cross-
sectional examination by CBCT. The volumetric Computed Tomography used in the study is Newton FP based on 
flat-panel. The data were analyzed with Pearson chi-squared test.
Results: Enamel pearls were detected in 36 subjects (4.69%). Of these enamel pearls, 19 were detected in male and 
17 were in male. There was no statistically a significant association between prevalence of enamel pearls and sex. 
All of enamel pearls were detected in molar teeth, for prevalence 0.83%. 
Conclusion: All of enamel pearls are found upper and lower molar teeth, especially the most commonly in maxil-
lary second and third molars.
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Introduction
Enamel pearls are ectopic deposits of enamel that can be 
located at the furcation area or on the root surfaces near 
the cemento-enamel junction. According to Kupietzky 
and Rozenfarb (1), the enamel pearls was first described 
in 1842 by Linderer and Linderer as enamel droplets 
and by Salter in 1874 as enamel nodules. Since then, it 
has been referred to as an enameloma, enamel globule, 
enamel knot, and enamel exostoses (1-3).
The etiology of enamel pearls remains obscure. The 
most common theory is that the pearls develop as a re-
sult of a localized developmental activity of a remnant 
of Hertwig’s epithelial root sheat that has remained ad-
herent to the root surface during root development (4). It 
is believed that these cells differentiate into functioning 
ameloblasts and produce enamel deposits on the root 
(1-3).
It varies in size and ranges between 0.3 and 4 mm in 
diameter (5,6). Although the majority of enamel pearls 
are adherents to the external root surface of the tooth, 
on rare occasions they may be detected within the den-
tin (internal enamel pearl) (7,8). Structurally, 3 types of 
enamel pearls have been described (9,10):
1. The true enamel pearl consisting entirely of enamel.
2. Composite enamel pearl or the enamel-dentin pearl 
containing a core of tubular dentin.
3. Enamel-dentin-pulp pearl containing a pulp horn, 
probably extending from the coronal pulp chamber or 
root canal. 
In previous studies, the prevalence of enamel pearls 
was evaluated by various methods, such as dry skulls, 
extracted teeth and conventional radiography (2,3,5). 
To our knowledge, there was not any another study in 
the literature that evaluated the prevalence of enamel 
pearls by CBCT in broad study group. The aim of this 
study was to evaluate the prevalence of enamel pearls 
according to population, sex and tooth groups on CBCT 
archive records. 

Materials and Methods
This retrospective study was performed on tomographic 
images obtained from patients who applied to a variety 
of dental complaints and needed to examine with CBCT 
at the Department of Oral Diagnosis and Oral Radiol-
ogy, Faculty of Dentistry, Atatürk University. Ethical 
approval was received from the Ethical Committee of 
Dentistry Faculty. 
The volumetric CT used in the study is Newtom FP 
based on flat-panel (NewTom FPI, QR-DVT-9000, 
QR srl., Verona, Italy). The exposure parameters used 
to acquire the images were 110 kVp, 1-15 mA, 17x13 
cylindirical field of view and voxel size of 0.16 mm and 
exposure time of 36 seconds. Initially, this study was 
started with images of 870 patients obtained from ar-
chive of CBCT in between 2008-2010. But then, this 

study was limited to permanent teeth, because the ac-
curate radiographic detection of enamel pearls was both 
difficult and unreliable in the deciduous dentition and 
the number of cases was very small. Therefore, patients 
younger than 15 years at the time of radiographic ex-
amination were excluded from the study (102 patients) 
and was maintained by CBCT images of 768 subjects 
(430 female and 338 male), with age between 15 and 77 
years old. 
The cross-sectional examination was performed by sin-
gle examiner in tomography room. For this purpose, 
after the volumetric data stored in patient archive were 
downloaded, presence of enamel pearls was examined 
by creating new sections in all 3 planes. The study was 
detailed by creating panoramic images in a digital envi-
ronment and 3-D images in DICOM format in suspected 
cases. The results of examination and other clinical data 
(sex, age) were recorded on a special form designed for 
this study. To test the reliability of examinations, a ran-
dom sample of 80 radiographs was re-examined by the 
same examiner at a later time, and consistency with the 
previous results was found as 100%. The data were ana-
lyzed statistically by means of the computer program 
SPSS for Windows, and the frequency distribution was 
calculated for each variable. To compare the prevalence 
of enamel pearl between male and female subjects, the 
Pearson chi-squared test was also applied. P<0.05 was 
considered statistically significant.

Results
Of the 870 patients, 102 patients were excluded from 
the study as they were younger than 15 years and CBCT 
images of 768 subjects was included in the study, which 
comprised 430 (56%) female and 338 (44%) male sub-
jects. 
Enamel pearls were detected in 36 subjects (4.69%), 
each individual had a single pearl. Enamel pearls were 
detected in 19 (47.2%) female and 17 (52.8%) male, and 
there was no statistically significant association be-
tween prevalence of enamel pearls and sex (x2=0.158, 
p=0.691) (Table 1).
A total of 15185 teeth was performed cross-sectional 
examination, of which 6870 were incisors and canines, 
3981 premolars, 4334 molars and all of  enamel pearls 
(number of enamel pearls=36) was detected in molar 
teeth, with a prevalence of 0.83% (36 of 4334 molar 
teeth). Also, the prevalence in total of examined teeth 
was 0.24% (36 of 15185 teeth). 
The distribution of enamel pearls according to molar 
teeth and jaws is presented in (Table 2). As seen in the 
table, while enamel pearls was not detected in incisors, 
canines and premolars, they observed most frequently 
in maxillary second and third molars, respectively (Fig. 
1,2 and 3). 
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Discussion
The enamel pearls appear as a small globule of enamel, 
firmly adherent to the tooth’s root, which arises from 
a small group of misplaced ameloblasts (1-3). Pearls 
also may exhibit hypomineralized areas (4), but gener-
ally show a degree and pattern of mineralization, hard-
ness, and chemical context similar to coronal enamel 
(11-13). Radiographically, the enamel pearls appear as 

well-defined radiopaque nodules, along the root’s sur-
face, comparable in radiodensity to the enamel of the 
crown (1,3,10). Internal enamel pearls present as well-
defined circular areas of radiodensity extending from 
the enamel-dentin junction into the underlying coronal 
dentin (7,8). The differential diagnosis should include 
an isolated piece of calculus, a pulp stone or a composite 
resin-based cervical restoration (1,10). The differentia-ration (1,10). The differentia-10). The differentia-

Number of 
Cases 

Enamel
Pearls

x2* P value** 

      Female 430 19 (4.34%) 0.158 0.691 

Male 338 17 (5.03%)   

Maxillary teeth Mandibular teeth Total 
number    of 
teeth    (%) 

enamel 
pearls (%) 

number    of 
teeth    (%) 

enamel 
pearls (%) 

number    of 
teeth    (%) 

enamel 
pearls  (%) 

First molar  611 (14.1) 4 (0.66) 727 (16.77) 0 1338(30.87) 4 (0.30) 

Second molar  912 (21.04)  17 (1.86) 1126(25.98) 1 2038(47.02) 18 (0.88) 

Third molar 545 (12.58) 9 (1.65) 413 (9.53) 5 (1.21) 958(22.11) 14 (1.46) 

Total     2068(47.72)   30 (1.45)    2266(52.28) 6 (0.26) 4334(100) 36 (0.83) 

Table 1. The distribution of enamel pearls according to sex and statistical com-
parison.

* Pearson chi-squared test. 
**The level of significance (P<0.05 was considered statistically significant).

Table 2. The distribution of enamel pearls according to molar teeth and jaws.

Fig. 1. Axial image of enamel pearl localized at the 
cemento-enamel junction on the vestibule side of a 
right maxillary second molar.
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tion between a pulp stone and an enamel pearl can be 
made by increasing the vertical angle of projection to 
move the image of the enamel pearl away from the pulp 
chamber. If the opacity is calculus, it is usually clini-
cally detectable.
Previous researches have been mostly on the external 
enamel pearls (2,5,14). In our study, thanks to the su-14). In our study, thanks to the su-
periority of CBCT, the presence of both external and 
internal enamel pearls was investigated. But no tooth 
with internal enamel pearl was detected in the result of 
this review.
The enamel pearl is not common. In the researches so 
far, the prevalence of enamel pearls have been reported 

to vary between 1.1-9.7% according to the study popu-ing to the study popu-
lation (2,3,14). The variation in the reported prevalence 
may attribute to ethnic, racial, or national differen-al, or national differen-
ces (3,14). In the present study, the total prevalence of 
enamel pearls in examined population was 4.69%, con-
sistent with the studies mentioned above.
Enamel pearls are not common in teeth with a single 
root. Although there are rare reports of them occurring 
on roots of maxillary premolars, canines and incisors 
(2,14), it is generally accepted that enamel pearls are 
usually found on the root surface of molar teeth (2,3,5). 
In our study, all of the enamel pearls were also found 
in molars.

Fig. 2. Sequential cross-sectional view of enamel pearl. 

Fig. 3. 3D view of enamel pearl. (a) volume, (b) maximum intensity 
projection (MIP).
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Also, the prevalence of enamel pearls in molar teeth 
varies according to the study population, tooth groups 
and upper and lower jaw. Chrcanovich et al. (2) and 
Risnes (5) studied extracted teeth and reported that the 
prevalence of enamel pearls in molars are 1.71% and 
2.28%, respectively. Darwazeh and Hamasha (3), in the 
survey conducted with conventional radiographs, re-
ported that enamel pearls occurred in 2.32% of molar 
teeth. Whereas in our study, the prevalence of enamel 
pearls was 0.83% in molar teeth. This rate is quite low 
compared to the results of previous studies (3,5).  This 
may have been due to methodological differences in ad-
dition to population variations. While enamel pearls in 
the former studies were detected on extracted teeth or 
with conventional radiographs, our research has been 
done with CBCT, is a tomographic scanning technol-
ogy that can scan and acquire a specified volume of the 
patient head and generate a 3D data set. We think that 
prevalence was very high in studies performed with 
conventional radiography, depending on the perception 
as the enamel pearls of suspicious cases. 
As in our study, enamel pearls are usually found most 
frequently on the roots of the maxillary molars, followed 
by the roots of the mandibular molars (1,2,5,14,15). How-r molars (1,2,5,14,15). How-15). How-
ever, Darwazeh and Hamasha (3) have radiographically 
shown that enamel pearls were more common on roots 
of mandibular molars rather than maxillary molars, in 
contrast to our finding. Also, in our study, enamel pearls 
were especially detected most frequently on the maxil-
lary second and third molars, similar to Chrcanovich et 
al. (2), Risnes (5) and Moskow and Canut (14). 
In conclusion, there was no association between the in-
cidence of enamel pearls and gender. Also, all of enamel 
pearls are found upper and lower molar teeth, especially 
most commonly in maxillary molars. Maxillary second 
and third molar teeth are the most common sites, re-
spectively. 
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