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Abstract

Background: Pulp stones are calcified masses with unknown etiology in the dental pulp complicating access to the pulp and root
canals during root canal therapy. Aim of this study is to determine the prevalence of pulp stones in patients referring to Kerman
University School of Dentistry.

Methods: This cross-sectional study was undertaken on 4413 teeth in 852 patients and 1052 bitewing and periapical radiographs.
The patients were 3-60 years old and had been referred to the Kerman School of Dentistry for various reasons. Data were
collected by radiographic evaluations and the use of a checklist and were then analyzed using SPSS version 19 and the chi-
square test with the significance level set at 0.05.

Results: The prevalence of pulp stones was estimated at 13.4% in the patients, significantly increasing with age (P=0.001). Most
pulp stones were 12.2% in the maxilla and 10.4% in the mandible, indicating a significant difference between the two jaws
(P=0.001). The highest prevalence of pulp stones was related to the permanent first molars. Most pulp stones were significantly
higher in female subjects than in males (P=0.004), with no major difference between the left and right sides (P=0.07). No
significant relationship was found between the prevalence of pulp stones with tooth restoration and dental caries (P=0.130).
Conclusion: The prevalence of pulp stones increased significantly with age. In this study, the youngest participant was a 4-year-

old male, and the oldest was a 60-year-old female.
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Introduction

Pulp stones are acquired tooth anomalies.! A pulp stone
is a calcified mass in the pulp of a healthy, diseased, or
erupted tooth, which might be free or attached to the
dentin.? Calcifications might occur due to ectopic and
unorganized precipitation of calcium salts in body tissues,
including blood vessels, liver, lungs, brain, and even tooth
pulp.’ A pulp stone is a clear manifestation of physiologic
or pathologic calcification in the dental pulp*® and
might be seen in both deciduous and permanent teeth.’
The etiology of pulp stones is not clearly understood;
however, several factors, including dental -caries,
deep restorations, chronic inflammation, interaction
between the epithelium and the dental pulp, circulatory
disturbances in the pulp, aging, genetic disorders,
orthodontic movements, and calcified nanoparticles,
might have a role in the formation of pulp stones.®
Furthermore, hypercalcemia is a predisposing factor for
the formation of pulp stones.” Pulp stones might form

when the pulp is irritated and attempts to repair itself.
The carious teeth of children and adolescents exhibit a
5-fold incidence of pulp calcification compared to non-
carious teeth.® Although pulp stones are seen in all tooth
types, they are more prevalent in molar teeth.” The first
and second molars are more frequently involved.* The
pulp stones form more frequently in the coronal areas
compared to the radicular areas® and are more frequent
in the maxillary posterior teeth."” Depending on their
position, pulp stones might be buried, adherent, or free.
Buried pulp stones form in the pulp; however, during the
formation of the physiologic dentin, they are buried in
the dentinal walls and are more frequently found on the
apical third of the root. Adhering pulp stones have a less
tenacious adhesion to the dentin compared to the buried
type and are never completely covered by dentin. Free
pulp stones are found within the tooth pulp and are the
most commonly found type on radiographs.' Pulp stones
are frequently detected on bite-wing and periapical
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radiographs.® Stone pulps > 200 um in size can be detected
on radiographs® and have different radiographic
manifestations. They might be seen as radiopaque
structures in the pulp chamber or the root, with a higher
frequency in the former; furthermore, they do not have
a uniform shape and number. These calcifications might
be localized or diffuse in the pulp.” Pulp stone sizes differ
from tiny particles to large masses’ however, they mostly
measure 2-3 mm in diameter. One of the most common
symptoms of pulp stones is pulpal pain, which might
range from mild to severe.’ The prevalence of pulp stones
varies from 8% to 90%, depending on the study type and
design and the radiographic technique used." Although
the exact etiology of pulpal calcification is unknown, it
has clearly been shown that the incidence of pulp stone
increases with age.»'*"* The majority of researchers
believe that the incidence of pulp stones increases up
to 8-fold with aging.’* Some studies have reported no
significant differences in the incidence of pulp stones
between males and females,>'"'>"* but some studies
report a higher incidence rate in female subjects.'>!*!¢ The
present study was undertaken due to the availability of
very limited data on the initiation of pulpal calcifications
on radiographs in the Iranian population. Furthermore,
in the limited number of studies carried out in Iran, the
evaluations have only been confined to the posterior
teeth.® In addition, another important aspect of this issue
is the age at which pulp stones are formed, which has not
been evaluated in any study. As a result, the present study
was designed to determine the prevalence of pulp stones
in subjects 3-60 years old so that it would be possible
to guess the age at which these pulp stones are formed
in this population. The results would help report the
prevalence of pulp stones in different types of deciduous
and permanent teeth (anterior, premolar, and molar)
with different crown conditions (sound, carious, or
restored). Moreover, the findings of this study emphasize
the proper radiographic diagnosis of pulp stones leading
to modifications in common root canal therapy in order
to achieve proper access to the root canals in the teeth
with pulp stones.

Methods

The present study was based on research proposal
#95000334 between December 2017 and January 2019.
The sample size was calculated as 852 patients based on
previous studies'>'”'® considering a minimum prevalence
rate of 10% and an error coefficient of 2% in the
population. The samples were randomly selected from the
pool of patients referring to Kerman Faculty of Dentistry
for various reasons who underwent bitewing or periapical
imaging with Kodak E-speed #2 film (Eastman-Kodak
Co., Rochester, NY, USA) using an x-ray unit, Planmeca
Intra (Helsinki, Finland). Since the subjects needed their
radiographs, they were photographed with a Panasonic

DMC-LX5 digital camera (LX5; Panasonic Corporation,
Osaka, Japan (with a conventional lens in macro mode.
The inclusion criteria consisted of the following:

1. Bitewing or periapical radiographs of patients 3-60
years old were considered,

2. Each examined tooth had to have a wholly formed
apex,

3. Apulpstone was reported when a definite radiopaque
mass was observed in the pulp chamber or root,

4. Both primary and permanent dentitions were
considered.

The excluded samples consisted of:

1. The radiographs of subjects <3 and > 60 years old,

2. Low-quality radiographs (insufficient exposure,
processing errors, and incorrect angulation),

3. Radiographs in which a crown, a bridge, an extensive
restoration, or a class V restoration interfered with
the clear visualization of the pulp chamber,

4. Third molars.

The present study evaluated bitewing or periapical
radiographs of patients 3-60 years old (Figures 1 and 2).
Two experienced observers examined all the radiographs
using magnifying lenses and an X-ray viewer in a dimmed
room on a lightbox with a diffuse light source that filtered
the ambient light. After calibration, the first observer
completed the checklist of each radiograph and assigned
a number to each checklist. The second observer viewed
the radiographs again and decided whether they agreed
with the check list or not. If there was an inconsistency
between the two observers, a consensus was reached after
discussion and re-evaluation of the case. A pulp stone was
diagnosed when a visible radiopaque mass was seen in the
pulp chamber or root. The calcifications were localized

Figure 2. Pulp stone in permanent first molar
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or diffuse within the pulp, and the sizes of these pulp
stones varied from microscopic particles to vast masses.
In addition, a checklist that contained demographic data
(age and gender) and data on the type of radiograph
used, the tooth type (permanent anterior, premolar, and
molar teeth, and deciduous anterior and molar teeth),
the condition of the teeth (sound, carious, or restored),
the dental arch (maxilla or mandible) and the left or
right side, was completed for each patient.'®" To test the
reliability of the radiographic evaluation, the observers
re-evaluated 10% of the radiographs two months after
the first evaluation. A 95% confidence interval was
calculated to estimate the prevalence of pulp stones in
different population groups (age groups). The chi-square
test evaluated the prevalence of pulp stones regarding
nominal and ordinal variables. Data were analyzed with
SPSS version 19.00 (SPSS Inc., Chicago, IL, USA), and
statistical significance was set at P<0.05.

Results

A total of 1055 radiographs (three cases were excluded
due to lack of age report) (n=1052) and 4413 teeth were
evaluated in this study (Table 1). The prevalence of pulp
stones increased significantly with age (Table 1). In this
study, the youngest person was a 4-year-old male who
exhibited two pulp stones in his mandibular right first and
second primary molar teeth, and the oldest was a 60-year-
old female with two pulp stones in her mandibular right
first permanent molar and premolars. The number
of teeth with pulp stones was higher in the bitewing
radiographs, which was statistically significant (P<0.001)

Table 1. The prevalence of pulp stones in terms of gender and age (%)

(Table 2). In addition, the most pulp stones on the left
side, which was not statistically significant (Table 2).
The prevalence of pulp stones was significantly higher
in the maxilla than in the mandible (P=0.007) (Table 2).
Furthermore, analysis of tooth types showed that the first
permanent molar teeth exhibited the highest prevalence
of pulp stones; of all the deciduous teeth, the second
molar teeth demonstrated the highest prevalence of pulp
stones (Table 3). Based on the results, the prevalence of
pulp stones was higher in restored teeth compared to the
sound and carious teeth (Table 4).

Discussion

In this study, after the evaluation of 852 patients, 1052
radiographs, and 4413 teeth, the prevalence of pulp stones
was calculated as 13.4% among patients (114 out of 852).
In a study by Kazemizadeh et al” in Rafsanjan Faculty of
Dentistry on 800 patients and 2681 teeth, the prevalence
of pulp stones was estimated as 20% in terms of the
number of patients and 7-9% in terms of the number of
teeth. Ranjitkar et al'” evaluated 217 dental students and
3296 teeth in Australia and reported a prevalence rate
of 46.1% for pulp stones in terms of subjects and 10% in
terms of the number of teeth. According to a study by
Al-Hadi Hamasha and Darwazeh, from 814 patients
referring to a dental school in Jordan, 22% of the evaluated
teeth exhibited pulp stones. A prevalence rate of 20.7%
for pulp stones in 1380 teeth mentioned by Tamse et
al.'® The differences in the prevalence rate of pulp stones
between different studies might, to a greater extent, be
attributed to differences between the study populations

Gender Age groups
Prevalence P value P value
Male Female 3-15 15.1-30 30.1-45 45.1-60 3-60
Patients with pulp ~ Yes 34002 8054 7 4.9) 450136 460168 16054 114034
stones (n=852) No 298 (89.8) 440 (84.6) 137 (95.1) 285 (86.4) 227 (83.2) 88 (84.6) 737 (86.6)
Radiographs with pulp Yes 4000 105063 106D 58045 5069 23077 146039
stones (n=1052) * No 367 (90) 539 (83.7) 186 (94.9) 343 (85.5)  270(83.1) 106 (82.2) 905 (13.9)
* Three cases were excluded due to lack of age report (n1=1052).
Table 2. The prevalence of pulp stones in terms of the type of radiograph and the jaw and side involved

Radiographic technique Jaw The side involved
Prevalence P value Maxilla & P value P I

Periapical ~ Bite-wing Maxilla Mandible " e Right Left Right & left Value
Patients Yes 36)9.2%) 77 (17.0%) 26 (11.3%) 11 (6.9%) 77 (17.0%) 54 (12.4%) 60 (15.1%) 0 (0%)
with pulp
f;o)"es/ NO- o 355(90.8%) 377 (83.0%) 0001 204 (88.7%) 149 (93.1%) 375 (83.0%) 0007 380 (87.6%) 338 (84.9%) 12 (100%) 0.21

()

Total* n=_845 n=_842 n=_3844
Radiographs Yes 42 (8.8%) 102 (18.1%) 29 (10.3%) 14 (7.3%) 103 (18.2%) 62 (12.1%) 84 (16.4%) 0 (0%)
with pulp
(5;);‘85' NO- No 434(91.2%) 462 (81.9%) 0-0001 253 (89.7%) 178 (92.7%) 463 (81.8%) 0-0001 451 (87.9%) 427 (83.6%) 14 (100%) 0.042
Total* n=1040 n=1040 n=1038

*The difference in the total number of samples is due to missing data.
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Table 3. The prevalence of pulp stones in terms of the tooth

The number The number of each type

Tooth (%) of pulp of tooth (No.) and its
stones percentage of the total (%)

Permanent anterior 3(0.93) 322(7.2)
Permanent premolar 13 (0.80) 1614 (36.57)
Permanent first molar 133 (11.58) 1148 (26.01)
Permanent second molar 76 (7.03) 1080 (24.47)
Primary anterior 0 (0) 81 (1.83)
Primary first molar 1(1.26) 79 (1.79)
Primary second molar 2(2.24) 89 (2.01)
Total 228 (5.16) 4413

Table 4. The prevalence of pulp stones in terms of the condition of teeth

Tooth condition The number of teeth with pulp stones P value
Sound 54 (23.68%)
Carious 76 (33.33%) 0.130
Restored 98 (42.98%)

and the radiographic techniques used for evaluations.
Furthermore, the real prevalence of pulp stones is higher
due to the inability of radiographic techniques to show
pulp stones with small sizes or a low calcification rate.
In the present study, similar to the two studies reported
above'>" the prevalence of pulp stones in female
subjects was higher than that in male participants. These
researchers attributed this higher prevalence in female
subjects to a higher prevalence of bruxism in females as
a chronig, irritating factor of the dental pulp. However,
in studies by Al-Hadi Hamasha and Darwazeh* and
Gulsahi et al,** the prevalence of pulp stones was higher in
male subjects; such a discrepancy might be related to the
different geographic locations of the subjects. This study
used periapical and bitewing radiographs to identify pulp
stones. Intraoral radiographs provide more standard
images compared to extraoral radiographic techniques
because x-ray beams are directed at a right angle to
the long axis of each tooth; however, no significant
difference has been reported in the evaluation of pulp
stones between the periapical and bitewing radiographic
techniques.’® Different radiographic techniques have
been selected in different studies. In the studies by
Baghdady et al,” Ranjikar et al,’” and Malhotra et al,**
only bitewing radiographs were used to identify pulp
stones; however, Ezoddini-Ardakani et al” and Horsley et
al” used panoramic radiographs, and Gulsahi et al** and
Edds et al* used periapical radiographs. In some studies,
too, periapical radiographs have been used in association
with bitewing radiographs.'®'®?! In the present study,
both periapical and bitewing radiography were used. It
must be noted that detecting pulp stones on radiographs
is possible when pulp stones are larger than 200 pm in
diameter; consequently, tiny pulp stones cannot be seen

in radiographs.” The present study showed a direct
relationship between pulp stones and age. In this study, the
youngest participant was a 4-year-old male who exhibited
two pulp stones in his mandibular right first and second
primary molar teeth, and the oldest was a 60-year-old
female with two pulp stones in her mandibular right first
permanent molar and premolars. A review of the relevant
studies reveals a study that mentions the youngest subject
as a 12-year-old female who showed a single pulp stone in
her maxillary left first molar tooth.” However, previously
published studies did not examine when the pulp stone
was formed. Furthermore, none evaluated the pulp stone
formation at an early age or in primary dentition.>®!>!7!
The normal structure of the tooth pulp changes with
aging, with a progressive decrease in the pulp cell count
and a gradual increase in the connective tissue of the pulp.
Furthermore, aging results in a decrease in fibroblast,
odontoblast, and mesenchymal cell counts. In addition,
atrophied fibers or fatty deposits might also be found in
the pulp.'> Gulsahi et al,”> Horsley et al,”® and Kazemizadeh
et al* showed an increase in the incidence of pulp stones
with aging. However, Al-Hadi Hamasha and Darwazeh
did not report such a relationship.! These researchers
believed that the possible reason for such a finding might
be that most of their subjects were < 50 years old. Also, in
a study by Sener et al,"* there was no relationship between
age and the pulp stones. They recommended longitudinal
studies in this respect because the main etiologic agent
for pulpal calcification is chronic irritation due to
caries, restorations, and parafunctional habits and their
severity and duration, rather than only the subjects’ age.
Therefore, the only reliable way to evaluate the effect of
age on the initiation and formation of calcifications in the
dental pulp is to place the patients on annual recall visit
schedules in association with periodic radiographs in a
long-term program. In the present study, there were more
pulp stones on the left than on the right side; however, the
difference was insignificant. Also, there was a significant
correlation between the pulp stones and the jaw involved,
with a higher prevalence of pulp stones in the maxilla.
Similarly, in studies by Ranjitkar et al'”and Nayak et al,”
the maxilla pulp stones were more prevalent. However,
Ezoddini-Ardakani et al” reported an equal prevalence
rate of pulp stones between the two jaws. In the present
study, permanent first molars exhibited the highest
prevalence of pulp stones, followed by permanent second
molars, which agrees with results from other research
studies.>'”!8213 Their earlier eruption might explain a
higher prevalence of pulp stones in the permanent molars
compared to the other teeth and the larger size of their
coronal pulp, and the larger pulpal tissue as a result of
that, which provides more favorable conditions for pulp
calcification compared to other teeth.”? Some researchers
reported that the possible reason for a higher prevalence
of pulp stones in the permanent first and second molars
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might be the high prevalence of caries and restorations in
these teeth.” Among deciduous teeth, the second molars
exhibited the highest prevalence. On the other hand,
because of the small quantity of radiographs with primary
teeth, this may be one of the drawbacks of the present
study. In the present study, there was no significant
correlation between pulp stones and the tooth condition,
which is consistent with the results of the study by
Gulsahi et al’; however, in studies by Ranjitkar et al'” and
Sener et al,”* the prevalence of pulp stones was higher in
teeth with caries and restorations. Ranjitkar et al reported
that chronic pulp irritation might lead to the formation of
pulp stones. The pathologic effect exerted on dental caries
by microorganisms might damage the vessel walls, giving
rise to the ectopic deposition of calcium salts in the pulp
tissue.”

Strengths and Limitations

The present study used periapical and bitewing
radiographs to identify pulp stones; bitewing radiographs
showed significantly more pulp stones than periapical
radiographs. However, it cannot be claimed that since
the teeth on bitewing radiographs exhibited more pulp
stones, this radiographic technique is more accurate for
identifying them. In this context, if the periapical and
bitewing radiographs had been taken from the same teeth
and compared, it might have been possible to determine
which one was preferable to the other. However, since
the radiographs were independent, comparing them was
impossible. Conducting this research was accompanied
by some limitations. Since pulp pathology is not the only
cause of pulp stone development, itis necessary to consider
other factors that are involved in pulp stone formation.
It is recommended that other etiological factors, such
as tooth wear, bruxism, periodontal conditions, genetic
predisposition, fluoride supplementation, and idiopathic
factors, also be assessed. Further research must clarify the
etiological factors involved in pulp stone development.

Conclusion

The prevalence of pulp stones in the present study was
estimated at 13.4% in patients, and the youngest subject
with a pulp stone was four years old. Pulp stones were
more prevalent in females than males, with a significant
increase in their prevalence with age. The permanent first
and second molars exhibited the highest prevalence of
pulp stones. The maxilla had a higher prevalence of pulp
stones compared to the mandible.
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