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KEYWORDS Abstract Background/purpose: Presence of pulp stones increase the difficulty of locating ca-

cone-beam computed nal orifice during endodontic treatment. This study aims to determine the prevalence of pulp
tomography; stones in a northern Taiwanese population through analysis of cone beam computed tomogra-

pulp calcification; phy (CBCT).

pulp stones Materials and methods: A total of 144 patients and 2554 teeth were used in the present study

which were collected from a CBCT image archive. To determine the presence of pulp stones,
images of pulp chamber and root canals were analyzed in the sagittal, axial and coronal planes
and from the occlusal to apical direction. Correlations between pulp stones and gender, age,
tooth type, dental arch or side were also examined.

Results: Of the 144 patients, 120 patients (83.3%) and 800 (31.3%) teeth were found to have
one or more pulp stones through CBCT examination. Prevalence of pulp stones between dental
arches and tooth types were significantly different (P < 0.001). Pulp stones were found to be
the most prevalent in first molars (50.0%) and most scarce in first premolars (18.8%). There was
no significant correlation between pulp stones and gender, increasing age, or dental sides.
Conclusion: Pulp stones are more frequent in maxillary teeth compared to mandibular teeth.
Pulp stones in molar teeth were significantly more common than premolars and incisors. CBCT
could be a sensitive tool to detect pulp stones, especially simplifying identification of pulp
stones in radicular pulp. Knowledge of pulp stones distribution can aid dentists in clinical end-
odontic treatment.
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Introduction

Successful endodontic treatment hinges on the ability to
accurately locate, clean, shape, and obturate the three-
dimensional root canal system.' Pulp calcification presents
difficulties in endodontic treatment: canal orifices may be
obscured which increases the difficulty of pulp chamber
access and the risk of instrument breakage.

Calcified structures are fairly common in human dental
pulps. The two main morphological forms of pulp calcifi-
cations are discrete pulp stones (denticles or pulp nodules)
and diffuse calcifications.? Pulp stones tend to present
themselves more coronally as discrete and concentric cal-
cifications, while radicular calcifications are more rare and
exist more diffusely.’ Pulp stones may be embedded,
attached to dentin walls, or occur freely within the pulp
tissue.*> They are found in both deciduous and permanent
teeth.® The exact etiology of pulp stone formation remains
unclear,” However, several factors that have been impli-
cated in stone formation, including: pulp calcification,
aging, orthodontic tooth movement, periodontal disease,
various systemic diseases, genetic predisposition, bacterial
infection, deep caries, and restorations.®™'*

Previous studies have reached no consensus regarding
prevalence of pulp stones and reported results range from
8% to 90%."* Sizes of pulp stones vary from minute particles
to masses large enough to obliterate the pulp chamber.” In
clinical practice, pulp stones can be identified in periapical
and bite-wing radiographs. However, pulp stones smaller
than 200 pm in diameter are undetectable in these radio-
graphs, therefore actual incidences may be higher."”

Conventional radiographs produce only 2-dimensional im-
ages of 3-dimensional objects, resulting in the distortion and
superposition of anatomic structures such as the zygomatic
arch, the floor of maxillary sinus, and obscure root canal
anatomy.'® Cone beam computed tomography (CBCT) scans
are becoming more commoniin clinical practice and have been
found to be useful in providing accurate three dimensional
anatomic details suitable for diagnosis and treatment plan-
ning before endodontic therapy.'” Furthermore, CBCT was
reported to be a sensitive diagnostic method to identify
stones compared to digital radiography.’® Previous studies
showed a wide discrepancy in the prevalence of pulp stonesin
different populations. These variations in prevalence be-
tween different populations may be due to ethnic and
geographical differences.”?° Two recent studies in Brazil
used CBCTs for this and revealed the prevalence of pulp stones
in people were 55% and 31.9%, respectively.?"?> However, no
study has investigated the prevalence of pulp stones in the
Taiwanese population. Therefore, the aims of this study was
to determine the prevalence of pulp stones in the Taiwanese
population through CBCT analysis and find any connections
between pulp stones with gender, age, tooth type, dentalside
and dental arch.

Materials and methods
Image acquisition and confidentiality

All qualified participants in this study were Taiwanese pa-
tients from the Department of Dentistry, Tri-Service Gen-
eral Hospital, Taipei, Taiwan. The project and protocol
were approved by the Institutional Review Board of Tri-
Service General Hospital, National Defense Medical Center
(TSGHIRB No. 2-105-05-07). All images were acquired with a
CBCT machine (NewTom 5G; QR, Verona, ltaly) between
January 2012 and December 2013, and were not taken with
specific intent to be used in this study. Board-certified ra-
diologists operated the X-ray tube at an accelerated po-
tential of 110 kV peak, with a beam current of 11.94 mA,
and automatically adjusted the exposure time according to
the area of scanning (about 7 s for a full arch). The field of
view was fixed at 30.5 cm? x 20.3 cm? and the resolution
and separation of each slice was 0.15 mm. The CBCT scans
were saved in the Digital Imaging and Communications in
Medicine (DICOM) format and encrypted. CBCT images of
199 patients were initially examined but only 144 patients’
images qualified for further analysis based on the following
inclusion criteria:

The inclusion and exclusion criteria was adapted from
previous studies with some modification.®?'~23

1. Each subject has at least one fully erupted permanent
tooth.

2. Each investigated tooth has the apex fully formed.

3. Radiopaque masses in the pulp chamber or root were
diagnosed as pulp stones.

Exclusion criteria of images

1. Teeth have either: mid root canal treatment, have un-
dergone root canal treatment or have crowns or posts
inserted.

2. Unclear or incomplete image due to scattering, or beam-
hardening artifact.

3. Deep carious lesion or restorations that invaded pulp
chambers which interfere with the reading of images.

4. Third molars

Morphologic analysis

Qualified images of patients were analyzed in detail using
ImplantMax software (HiAim Biomedical Technology, Tai-
pei, Taiwan). The images were re-oriented so that the
maxilla was bilaterally symmetric, and the occlusal plane,
either in frontal or sagittal view, was parallel to the ground
(Fig. 1). A series of images of teeth were analyzed in
sagittal, axial, and coronal views of both pulp chambers
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Figure 1  Schematic description of the image orientation procedure. Skull orientation and regions of interest from frontal and
lateral views.

and root canals, in a coronal to apical direction, to detect pixel resolution. To assess data reliability, all images were

presence of pulp stones (Fig. 2). re-positioned and examined in a dimly lit environment by
two calibrated examiners (C.-C. Hsieh, and Y.-C. Wu). An
Data acquisition and validation intra-examiner and inter-examiner calibration was per-
formed for nominal variables to assess data reliability based
All images were displayed on a 19-inch LCD monitor (ChiMei,  on the anatomic diagnosis of CBCT images by evaluation of 50

Innolux Corporation, Tainan, Taiwan) with a 1920 x 1080  randomly selected images. The kappa analysis was

Figure 2  Pulp stones detected by CBCT scan in different views. (A) A free pulp stone in right maxillary incisor, sagittal view. (B) A
free pulp stone in the palatal root of left maxillary first molar, axial view. (C) A free pulp stone in the pulp chamber of left second
mandibular molar, sagittal view. (D) A pulp stone in the distal root of first mandibular molar, sagittal view.
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performed before the disagreements among examiners were
discussed and resolved. The kappa statistic values for nom-
inal variables were 0.932 and 0.926 for intra-, and inter-
observer agreement, respectively. After calibration, the two
examiners separately evaluated the images, and any
disagreement in the interpretation of images was discussed
until a consensus was reached.

Statistical analysis

Descriptive statistics were expressed as frequencies and
percentages at patient and tooth levels. Proportion of pulp
stones among subgroups (i.e., dental arch, side, tooth type)
was compared using Fisher’s exact test. To investigate the
independent effect on the risk of pulp stones, we per-
formed a multivariable logistic model with generalized
estimating equation (GEE) in which we introduced the ef-
fects of dental arch, side, and tooth type simultaneously. In
contrast to the traditional statistical method (such as
conventional logistic regression analysis) which treats teeth
from a subject as if they were teeth from different sub-
jects, the GEE can account for the outcome dependency of
multiple teeth of an individual patient. We performed the
data analyses by SPSS 22 (IBM SPSS, Armonk, NY: IBM Corp).
The level of statistical significance was set at P < 0.05.

Results

Of the 144 patients, 120 patients (83.3%) were found to have
one or more pulp stones in our CBCT examination. In general,
pulp stones were significantly higher in males than females
(90.6% vs. 72.9%, P = 0.006). Although not statistically
different, patient age was divided into four groups and the
results showed the prevalence of pulp stones to be highest
among 20—39 years (86.8%), followed by > 60 years (85.3%),
<20 years (83.3%), and 40—59 years (80.3%) (Table 1).

In the examined 2554 teeth using CBCT, there were 800
(31.3%) teeth with pulp stones. Prevalence of pulp stones
between dental arches was significantly different
(P < 0.001) in which the maxilla reported 36.4% and the
mandible 26.6%. The prevalence of pulp stones were similar
between right- and left-sided teeth (32.2% vs. 30.4%,

Table 1 Distribution of examined teeth with pulp stones
by patient’s characteristics.

Variable No. of patient Patient with pulp P
examined stones, n (%)

Sex 0.006
Male 85 77 (90.6)
Female 59 43 (72.9)

Age, years 0.824
<20 6 5 (83.3)
20—-39 38 33 (86.8)
40-59 66 53 (80.3)
>60 34 29 (85.3)

Total number 144 120 (83.3) —

of patient

P = 0.327). The prevalence of pulp stones among tooth
types were also substantially different (P < 0.001): pulp
stones occurred most frequently in the first molar (50.0%),
followed by the second molar (46.2%), and lastly the second
premolar (19.1%) and first premolar (18.8%) (Table 2).

The comparison of pulp stones prevalence between
right- and left-sided teeth was not significantly different in
the maxilla nor mandible (P = 0.097, 0.083, shown as
Fig. 3). Distribution of pulp stones among tooth type was
significantly different in both the maxilla and mandible
(P < 0.001, both) in which the prevalence was highest in the
first molar (Table 3).

Outcome dependency of individuals with multiple teeth
and the effects of introducing dental arch, side and tooth
type into the multivariable GEE logistic model were
accounted for simultaneously using generalized estimating
equation (GEE). The presence of pulp stones was signifi-
cantly lower in mandibular teeth than in the maxilla
(adjusted odds ratio [aOR], 0.66; 95% confidence interval
[CI], 0.54—0.81). Compared to incisors, the presence of
pulp stones was significantly lower in the first premolars
(aOR, 0.53; 95% Cl, 0.37—0.75) and second premolars (aOR,
0.55; 95% Cl, 0.41—0.74) but significantly higher in the first
molars (aOR, 2.29; 95% Cl, 1.66—3.16) and second molars
(@OR, 1.94; 95% Cl, 1.39—2.71) (Table 4).

Presence of pulp stones was further analyzed separately
in maxillary and mandibular teeth. In maxillary teeth, the
result demonstrated the prevalence of pulp stones to be
significantly lower in first premolar (aOR, 0.25; 95% ClI,
0.15—0.43) than second premolars (aOR, 0.26; 95% ClI,
0.16—0.41) and was significantly higher in the first molars
(aOR, 1.96; 95% CI, 1.28—3.00) compared to incisors.
Notably, we found that the risk of pulp stones to be
significantly higher in canines (aOR, 2.03; 95% ClI,
1.41—2.93) than incisors in mandibular teeth (Table 5).

Table 2 Distribution of examined teeth with pulp stones
by teeth characteristics.

Variable No. of teeth Teeth with P
examined pulp stones,
n (%)
Dental arch <0.001
Maxilla 1224 446 (36.4)
Mandible 1330 354 (26.6)
Side 0.327
Right 1272 410 (32.2)
Left 1282 390 (30.4)
Tooth type <0.001
Incisor 409 119 (29.1)
Lateral incisor 432 127 (29.4)
Canine 464 161 (34.7)
First premolar 384 72 (18.8)
Second premolar 325 62 (19.1)
First molar 252 126 (50.0)
Second molar 288 133 (46.2)
Total number of 2554 800 (31.3) —
teeth
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age, tooth type, dental arch, and dental side. Previously,
most pulp stones studies used conventional radiography or
histological examination. In conventional radiographs, the
diameter of a calcified structure must exceed 200 um to be
detected, therefore, true prevalence of pulp stones could
have been higher.”> Additionally, on periapical and bite-
wing radiographs, pulp stones identification may be hin-
dered due to overlapping with alveolar bone. A previous
study of pulp calcification in 132 human teeth showed
prevalence to be higher in histological surveys than con-
ventional radiographic examination.* However, this exper-
imental design required teeth extraction, and each tooth
underwent limited numbers of sectioning. In the present
study, we utilized CBCT examination to detect pulp stones
in multiple aspects, thus overcoming the limitation of
conventional radiographs and histology examination. The
number of clinical practices utilizing CBCT as a diagnostic
tool has been growing. CBCT helps dentists to better un-
derstand the relationships among teeth, dental arches, and
facial skeleton structures in a three dimensional space.?* In
root canal treatment, CBCT helps dentists to correctly di-
agnose and identify the complexity of root canal systems,
thus increasing the success rate of non-surgical and surgical

GEE, generalized estimating equation; aOR, adjusted odds
ratio; Cl, confidence interval; Number of teeth = 2554 and
number of patient = 144.

root canal retreatments. As CBCT provides high-resolution
images in multiple planes of space and eliminates super-
imposition of surrounding structures, it is a superior method
to detect pulp stones compared to conventional
radiography.

Using CBCT scans for examination, our study detected
the prevalence of pulp stones to be 83.3% in people, and
31.3% in teeth. The prevalence of pulp stones has also been
examined in other studies, with varying results ranging from
8% to 90%."* Possible explanations for the lack of consensus
include: First, the prevalence of pulp stones may differ in
ethnic and geographical backgrounds.’®?° For example,
Hamasha and Darwazeh reported pulp stones prevalence in
radiographs to be 51% in 814 Jordanian adults and 22% in
teeth.?” Utilizing bitewing radiographs, Ranjitkar et al.
reported pulp stones prevalence of 217 Australian dental
students, aged from 17 to 35 years old, to be 46% in people
and 10% in teeth.? Looking at periapical radiographs,

Table 3  Distribution of teeth with pulp stones by examined teeth characteristics in the maxillary and mandibular teeth.
Variable Maxilla Mandible
No. of teeth Teeth with pulp P No. of teeth Teeth with pulp P
examined stones, n (%) examined stones, n (%)
Side 0.097 0.853
Right 601 233 (38.8) 671 177 (26.4)
Left 623 213 (34.2) 659 177 (26.9)
Tooth type <0.001 <0.001
Incisor 169 73 (43.2) 240 46 (19.2)
Lateral incisor 189 70 (37.0) 243 57 (23.5)
Canine 216 79 (36.6) 248 82 (33.1)
First premolar 176 28 (15.9) 208 44 (21.2)
Second premolar 167 26 (15.6) 158 36 (22.8)
First molar 142 82 (57.7) 110 44 (40.0)
Second molar 165 88 (53.3) 123 45 (36.6)
Total number of teeth 1224 446 (36.4) = 1330 354 (26.6) =
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Table 5 Multivariable GEE type logistic regression analysis of associated factors with pulp stones in examined maxillary and
mandibular teeth.
Variable Maxilla Mandible
aOR 95% Cl of aOR P aOR 95% Cl of aOR P
Side
Right Ref. = = Ref. = =
Left 0.84 0.68—1.03 0.085 1.06 0.85—1.31 0.624
Tooth type
Incisor Ref. = = Ref. = =
Lateral Incisor 0.83 0.59—1.17 0.286 1.31 0.92—-1.87 0.134
Canine 0.78 0.55—1.11 0.162 2.03 1.41-2.93 <0.001
First premolar 0.25 0.15—-0.43 <0.001 1.06 0.70—1.61 0.785
Second premolar 0.26 0.16—0.41 <0.001 1.22 0.80—1.87 0.351
First molar 1.96 1.28—3.00 0.002 2.75 1.79—-4.22 <0.001
Second molar 1.47 0.96—2.28 0.080 2.41 1.53-3.81 <0.001

GEE, generalized estimating equation; aOR, adjusted odds ratio; Cl, confidence interval.
Number of teeth = 1224 and number of patient = 140 in maxillary teeth.
Number of teeth = 1330 and number of patient = 144 in mandibular teeth.

Sathya Kannan et al. reported pulp stones prevalence in 361
patients from three races in Malaysia, aged from 10 to 70
years old, to be 44.9% in people and 15.7% in teeth.?
Second, the difference in the methods of examination,
such as conventional radiographs, CBCTs, and histological
examinations (Table 6). In addition, most studies were
detecting pulp stones only in the pulp chamber.?%2® |n the
present study, we extended the area of investigation to the
root canal space. As a result, the present study has higher
prevalence of pulp stones than other studies.

The incidence of pulp stones was found to be greater in
males than females, this result is in accordance with pre-
vious studies.?® Possible explanations for different of pulp
stones prevalence in genders include: the theory that pulp
calcifications are related to pulpal inflammation resulting
from chronic, local irritants such as attrition and the effect
of tooth wear, which are found more commonly in men.?®
Another possibility may be related to the fact that more
than 90% of people aged 35—44 years have periodontal
disease in Taiwan, more of which were male,?” and previous
studies revealed a correlation between periodontal disease

and pulp calcification.?®?° Interestingly, pulp stones are
reported to increase in frequency with age.*° However, in
our study, the prevalence of pulp stones is not associated
with age (Table 1). These contradictory findings may be
explained by marked differences in sample size and the
methods used. We also noted the occurrence of pulp stones
to be significantly higher in the maxillary than mandibular
teeth (Table 2). Other studies have demonstrated the
prevalence of pulp stones in maxillary and mandibular
teeth to be the same.?>3! There are also studies showing a
higher occurrence of pulp stones in mandibular teeth.” 3
Therefore, further investigation with a larger sample size
is required.

In the present study, a higher occurrence of pulp stones
was observed in the first molar tooth of both arches, which
is in agreement with findings from other studies’-2%:2533
(Table 3). A possible explanation is the size of molars;
larger teeth possess superior blood supply, therefore pulp
tissue calcifies easier than in smaller teeth. Likewise, the
earlier eruption time of molars compared to premolars
translates to longer exposure to degeneration or irritants.>°

Table 6 Methods for detecting pulp stones/pulp calcifications in some surveys.
Investigator Methodology Race Sample Age of subjects Prevalence (%)
(years)
Sayegh et al.(1968) Histology — 591 teeth 8—63 8-90% of teeth
Ary et al.(1993) Microradiography — 42 teeth 5—-13 95%
and light
microscopy
Ranjitkar et al.(2002) Bitewings Australian 3296 teeth 17-35 46% of people, 10.1% of teeth
Colak (2012) Bitewings Turkish 2391 teeth 15—65 63.6% of people, 27.8% of teeth
Kannan et al.(2015) Periapical film Malaysians 1779 teeth 10—70 44.9% of people, 15.7% of teeth
Hillmann & Geurtsen  Histology — 332 teeth 10-72 11—30 years:14.9% of teeth
(1997) 31-51 years: 44.4% of teeth
52—72 years: 65.1% of teeth
Rodrigues et al.(2014) CBCT Brazilian 181 patients 10-76 55% of people (31—40 years: 89.7%)
da Silva et al.(2016) CBCT Brazilian 2833 teeth 19—-75 31.9% of people, 9.5% of teeth
Hsieh et al.(2017) CBCT Taiwanese 2554 teeth 13—86 83.3% of people, 31.3% of teeth
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This finding is similar to previous studies.”® On the other
hand, pulp stone occurred significantly more often in ca-
nines compared to mandible central incisors. (OR = 2.03,
P < 0.001) (Table 5). This result is also in accordance to
previous studies.”> However, these findings require further
investigation, to which we suggest a larger sample size of
molars in order to further evaluate pulp stones formation in
compromised teeth, such as carious and restored teeth and
in teeth of patients with periodontal disease or cardiovas-
cular disease.

In conclusion, maxillary teeth have higher prevalence of
pulp stones than mandibular teeth. Pulp stones in molar
teeth were significantly more common than premolars and
incisors. CBCT could be a sensitive tool to detect pulp
stones, especially simplifying identification of pulp stones
in radicular pulp. In clinical scenarios, dentists can be more
aware of the prevalence of pulp stones which can aid in
endodontic treatment.
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