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ABSTRACT
Objective: The aim of this study was to assess the correlation of carotid artery calcifications (CACs) and pulp stones with idiopathic osteosclerosis 
(IO) using digital panoramic radiographs (DPRs) to determine whether pulp stones or IO might be possible indicators of the presence of CACs.

Methods: In total, DPRs of 1207 patients (645 females and 562 males) taken within 2018 were retrospectively evaluated to determine the 
prevalence of CACs, pulp stones and IO according to age and sex. Statistical analysis was performed using chi-square test and Fisher’s exact chi-
square test.

Results: In total, 287 (23.8%) patients had at least one pulp stone, and 64 (5.3%) patients had CACs. The negative/negative (-/-) status of CACs/
pulp stones was significantly higher in the 18–29 years age group than in the 30–39, 40–49, 50–59 and ≥60 years age groups (p<0.05). It was also 
significantly higher in males than females (p<0.05). Sixteen (1.3%) patients had IO, which was related to right mandibular molars in all cases. 
Patients with CACs had a significantly higher prevalence of IO (6.3%) than those without CACs (1%) (p<0.05). There was no statistically significant 
association between pulp stones and the presence of IO and CACs (p>0.05).

Conclusion: Within the limitations of this study, pulp stones were not found to be diagnostic indicators of CACs. However, the presence of IO 
might be a risk factor for CACs.
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1. INTRODUCTION

Calcium mineral deposition in ectopic areas and dystrophic 
lesions can result in pathological conditions, such as arterial 
atherosclerosis. This mineral deposition occurs in the 
presence of lesions or plaques, which can be evaluated 
radiographically. The structure underlying the atherosclerotic 
calcification shows a connection between bone biology and 
chronic plaque inflammation, passive mineral deposition and 
bone formation or remodelling (1).

Although calcification of atherosclerotic lesions is common 
(1), some previous reports found that the existence and 
severity of calcification, in addition to long-term vascular 
events, were correlated with a patient’s entire burden of 
atherosclerotic lesions (2,3). Digital panoramic radiography is 
one of the most widely used diagnostic imaging methods in 
dentistry. Due to their wide coverage of the head and neck 
region, digital panoramic radiographs (DPRs) can capture a 
large amount of data in a single image. The low radiation 
dose of DPRs also makes them highly suitable for use in 
dental clinics (4).

Any calcifications within the lumen of the carotid artery 
appear as radiopacities on high-quality DPRs. Detection 
of carotid artery calcifications (CACs) in DPRs is vital due 
to the significant morbidity and mortality attributable to 
atherosclerotic lesions (5).

Several studies have examined the effectiveness of 
radiographic evaluations of CACs using DPRs in various 
populations (6,7). One study reported that the advantages 
of digital panoramic radiography for assessing CAC lesions 
included its non-invasiveness and cost effectiveness (8). 

Another study concluded that dentists who detect CACs 
in patient’s DPRs should consider a prophylactic specialist 
examination (9). Following a radiographic diagnosis of 
CACs, various other diagnostic imaging modalities, such as 
ultrasonography, magnetic resonance imaging, computed 
tomography and angiography, with higher resolution 
capacities are often needed to validate the diagnosis. 
Following the detection of CACs, a previous study indicated 
that prompt interventions were needed to combat associated 
adverse vascular events (10).
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Pulp stones are dystrophic calcifications. Such calcifications 
may be found in both the coronal and radicular parts of the 
dental pulp cavity (11). Previous studies demonstrated the 
ability of both dental radiographs and cone beam computed 
tomography to detect pulp stones (12-14). Although the 
etiology of pulp stones is considered idiopathic, some 
risk factors have been proposed: pulp degeneration, 
aging, genetics, chronic irritants, trauma, atherosclerosis, 
cardiovascular diseases, kidney diseases, gallstones and 
salivary gland stones (15). A previous study suggested that a 
high level of blood calcium or metabolic dysfunction could be 
considered etiologies for pulp stones, in the same way that 
calcifications play a role in the etiology of atherosclerosis 
(16). Based on a strong correlation between pulp stones and 
CACs, Yeluri et al. (17) suggested that further evaluations of 
CACs were required in patients with multiple pulp stones.

Idiopathic osteosclerosis (IO) refers to localized areas of 
compact bone that evolves within cancellous bone with 
an unidentified origin. IO is asymptomatic, observed with 
different shapes and sizes found in both the mandible and 
maxilla, with a higher frequency in mandibular premolar 
and molar areas (18). The radiopacity in IO can resemble 
condensing osteitis, cementoblastomas, hypercementosis, 
complex odontomas or focal cemento-osseous dysplasia, 
which are other pathologies of the jaws (19). The diagnosis 
is established based on an examination of the lesion 
morphology, along with clinical symptoms and radiographs.

It is unclear whether CACs are associated with an elevated 
risk of cardiovascular diseases (CVDs). Balbay et al. (20) 

concluded that the current burden of CVDs in Turkey was 
significant and that it was projected to increase due to the 
aging of a large part of the population. They also noted 
that CVDs were important causes of morbidity, premature 
mortality and disability in Turkey. Many patients may visit a 
dentist more frequently than they visit a physician. Dentists 
can play a role in the early diagnosis of CVDs by detecting the 
presence of pulp stones and IO on radiographic examinations.

To our knowledge, no study has examined the correlation 
between CACs, pulp stones and IO in the adult Turkish 
population. The objective of this study was to assess the 
potential correlation between the presence of CACs, pulp 
stones and IO in males and females of different age groups to 
determine whether pulp stones or IO might be a significant 
indicator of the presence of CACs.

2. MATERIALS AND METHODS

2.1. Sample Selection

This cross-sectional study used DPRs from patients who 
visited Biruni University Faculty of Dentistry for dental 
treatment between January 2018 and December 2018. 
In total, 2108 DPRs were examined. Of these, the DPRs of 
1207 patients (645 females and 562 males aged 18 years or 
older) fulfilled the following inclusion criteria: for diagnostic 
purposes, each DPR had to clearly show maxillary and 

mandibular teeth, in addition to the complete area posterior 
to the angle of the mandible at the level of the C3-C4 cervical 
vertebrae, with optimum contrast and density and with 
no distortion or superimposition of anatomic structures. 
Low-quality radiographs with incorrect exposure times 
or angulations were excluded. Regarding the pulp stone 
evaluation, teeth with fractures, caries and root canal fillings 
were excluded. The exclusion criteria for the IO evaluations 
were as follows: condensing osteitis associated with chronic 
inflammation (teeth with caries, deep restorations or root 
canal obturations, etc.), mixed radiopaque and radiolucent 
lesions, benign fibro-osseous lesions, and tori or exostosis. 
The DPR of each patient that fulfilled the study requirements 
was evaluated and demographic data in terms of age and sex 
were documented.

This study complied with the tenets of the World Medical 
Association Declaration of Helsinki and was approved by the 
ethics committee of Biruni University (2020/37-16).

2.2. Radiographic Evaluation

A dental radiology assistant took all the panoramic 
radiographs using a Sirona Galileos panoramic X-ray unit 
(Sirona, Bensheim, Germany). Each radiograph was analyzed 
using Picture Archiving and Communication Systems (PACS) 
software, Version 1.1.1.6 for Windows 10 (Microsoft 
Corporation, Redmont, WA, USA), on a 28-in Samsung 
LU28H750UQMXUF monitor (Samsung Electronics, Seoul, 
South Korea) with 3,840 × 2,160 pixel resolution. Each 
radiograph was assessed as follows: All original digital images 
were magnified using the magnification function of the PACS 
software. The examiner manipulated the images to improve 
their contrast and brightness to give subjectively the clearest 
images in the analyzed areas.

One endodontist and one dental radiologist, each of whom 
had at least 5 years of experience, assessed each image. Before 
the evaluation of the radiographs, each examiner assessed a 
series of 30 radiographs that were not associated with the 
present study for calibration between the examiners. Any 
disagreement between the examiners in the evaluation was 
resolved through discussion until agreement was reached. 
Cohen’s kappa was used for inter-observer consensus, which 
corresponded to very good agreement (value of 0.86).

The diagnosis of CACs was based on heterogeneous unilateral 
or bilateral nodular, punctate and vertico-linear radiopacities 
detected posterio-inferior to the angle of the mandible 
at the level of the C3-C4 cervical vertebrae (Figure 1). The 
presence of idiopathic pulp stones was characterized as clear 
radiopaque masses positioned in the coronal pulp chamber, 
as seen in Figure 1 and Figure 2. Based on these radiological 
criteria, IO was characterized as well-defined, ovoid, round 
or irregularly shaped and radiopaque lesions associated with 
normal bone, with no radiolucent surroundings (Figure 1).
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Figure 1. Panoramic radiograph showing a detectable carotid artery 
calcification on the left and idiopathic pulp stones within the coronal 
pulp chambers of the maxillary and mandibular left first molars, 
with idiopathic osteosclerosis of the left mandibular premolar area 
(white arrows).

Figure 2. A close-up view of a panoramic radiograph showing 
idiopathic pulp stones within the coronal pulp chambers of the 
maxillary right first and second molars and mandibular right first 
molar (white arrows).

2.3. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 
22 (IBM SPSS, Turkey). A chi-square test and Fisher’s exact 
chi-square test were used to compare differences between 
the age and gender groups in respect of the presence of 
CACs, pulp stones and IO. The statistical significance level 
was set at p<0.05.

3. RESULTS

In total, DPRs of 1207 patients were examined. The mean 
± standard deviation (SD) age of the patients was 38.15 ± 
12.96 years. In the study group, 645 (53.4%) patients were 
females, and 562 (46.6%) were males. In total, 64 (5.3%) 
patients had CACs: 53.1% on the right, 21.9% on the left and 

25% bilaterally. 287 (23.8%) patients had at least one pulp 
stone and 16 (1.3%) patients had IO, which was related to 
right mandibular molars in all cases. The presence of CACs 
according to age was statistically significant (p=0.002). The 
percentage of patients with CACs in the ≥60 years age group 
was significantly higher (12.2%) than that in the 18–29 (3%), 
40–49 (3.5%) and 50–59 (4.9%) years age groups (p=0.001, 
p=0.003 and p=0.047, respectively). The frequency of CACs 
was significantly higher in the 30–39 years (7.1%) age group 
than in the 18–29 (3%) and 40–49 years (3.5%) age groups 
(p=0.021 and p=0.045). Furthermore, the frequency of CACs 
was significantly higher in females (7.4%) than in males 
(2.8%) (p=0.001) (Table 1).

Table 1. Descriptive analysis of age and sex and the relation to 
carotid artery calcifications

CACs

pAbsent  Present

n (%) n (%)

18-29 325 (97) 10 (3) 0.0021

30-39 339 (92.9) 26 (7.1)

Age 40-49 276 (96.5) 10 (3.5)

50-59 117 (95.1) 6 (4.9)

60+ 86 (87.8) 12 (12.2)

Sex Female 597 (92.6) 48 (7.4) 0.0012

Male 546 (97.2) 16 (2.8)

1Chi-Square test; 2continuity (yates) test; p<0.05 is statistically significant; 
CACs: carotid artery calcifications

The frequency of pulp stones according to age was statistically 
significant (p<0.001). The frequency of pulp stones in the 18–
29 years age group was significantly lower (15.8%) than that 
in the 30–39 (31.2%), 40–49 (25.2%) and 50–59 (25.2%) years 
age groups (p<0.001, p=0.004 and p=0.021, respectively). In 
addition, the frequency of pulp stones was significantly lower 
in the ≥60 years age group (17.3%) than in the 30–39 years 
(31.2%) age group (p=0.010). The frequency of pulp stones 
was significantly higher in females (28.5%) than in males 
(18.3%) (p<0.001) (Table 2).

Negative/negative (-/-) status for CACs/pulp stones in the 
18–29 years age group was significantly higher than that in 
the 30–39, 40–49, 50–59 and ≥60 years age groups (p<0.001, 
p=0.027, p=0.028 and p=0.001, respectively). The negative/
positive (-/+) status for CACs/pulp stones in the 30–39 years 
age group was significantly higher than that in the 40–49 and 
≥60 years age groups (p=0.002 and p=0.010). The positive/
negative (+/-) status for CACs/pulp stones in the 40–49 years 
age group was significantly lower than that in the ≥60 years 
age group (p=0.001). The – /+ status for CACs/pulp stones 
was significantly higher in females than in males, and the 
– / – status for CACs/pulp stones in males was significantly 
higher than that in females (p<0.001) (Table 3).
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The presence of pulp stones was not significantly associated 
with the presence of CACs (p>0.05) (Table 4).

The presence of IO was significantly more common among 
patients with CACs than without CASs (6.3% vs. 1%) (p=0.008). 
On the other hand, there was no significant association 
between the presence of pulp stones and the presence of IO 
(p>0.05) (Table 5).

Table 2. Descriptive analysis of age and sex, and the relation to pulp 
stones

 Pulp Stones

p1Absent Present

n (%) n (%)

18-29 282 (84.2) 53 (15.8) <0.001

30-39 251 (68.8) 114 (31.2)

Age 40-49 214 (74.8) 72 (25.2)

50-59 92 (74.8) 31 (25.2)

60+ 81 (82.7) 17 (17.3)

Sex Female 461 (71.5) 184 (28.5) <0.001

Male 459 (81.7) 103 (18.3)
1Chi-Square test; p<0.05 is statistically significant

Table 3. Descriptive analysis of age and sex, and the association 
between pulp stones and carotid artery calcifications

CAC/Pulp Stone
-/- +/- -/+ +/+ p1

n (%) n (%) n (%) n (%)
18-29 278 (83) 4 (1.2) 47 (14) 6 (1.8) <0.001
30-39 229 (62.7) 22 (6) 110 (30.1) 4 (1.1)

Age 40-49 210 (73.4) 4 (1.4) 66 (23.1) 6 (2.1)
50-59 88 (71.5) 4 (3.3) 29 (23.6) 2 (1.6)
60+ 71 (72.4) 10 (10.2) 15 (15.3) 2 (2)

Sex Female 429 (66.5) 32 (5) 168 (26) 16 (2.5) <0.001
Male 447 (79.5) 12 (2.1) 99 (17.6) 4 (0.7)

1Chi-Square test; p<0.05 is statistically significant; CACs: carotid artery 
calcifications

Table 4. Associations between the presence or absence of carotid 
artery calcifications and pulp stones

CACs
Absent (-) Present (+) Total

n (%) n (%) n (%)
Pulp Stones Absent (-) 876 (72.6) 44 (3.6) 920 (76.2)

Present (+) 267 (22.1) 20 (1.7) 287 (23.8)
Total 1143 (94.7) 64 (5.3) 1207 (100)
p1 0.149

1Chi-Square test; p<0.05 is statistically significant; CACs: carotid artery 
calcifications

Table 5. Associations between the presence or absence of idiopathic 
osteosclerosis (IO) and pulp stones and carotid artery calcifications 
(CACS)

IO

p1Absent Present

n (%) n (%)

CACs Absent 1131 (99) 12 (1)  0.008

Present 60 (93.8) 4 (6.3)

Pulp Stones Absent 906 (98.5) 14 (1.5)  0.385

Present 285 (99.3) 2 (0.7)
1Fisher’s Exact test; p<0.05 is statistically significant; IO: idiopathic 
osteosclerosis; CACs: carotid artery calcifications

4. DISCUSSION

The present study examined the frequency of CACs observed 
on DPRs in a Turkish population. Many reports have cited the 
use of DPRs as a valid approach to detect the presence of 
CACs (2,6). Previous research noted a very high and positive 
correlation between ultrasonography, Doppler sonography 
and panoramic radiography in the identification of CACs 
(2,6,21). Other DPR studies confirmed that CACs could serve 
as useful indicators of major cardiovascular and arterial 
diseases (21,22). In the present study, we examined the 
association of CACs with pulp stones and IO using DPRs. 
The prevalence of CACs in the DPRs was 5.3% in the present 
study. Alzoman et al. (23) found a similar prevalence of CACs 
(5%) in the Saudi population. The frequency of CACs in other 
studies varied from 2% to 6%, with the frequency altering, 
depending on the study population’s sex, age, ethnic 
background and life style (24-26). In the present study, the 
frequency of CACs was higher in females than in males. This 
finding was similar to that of Santos et al. (24) and Nasseh 
and Aoun (27). In our study, the highest frequency of CACs 
was in the oldest age group. This result was consistent with 
that of previous studies, which found that generally, CACs 
appeared to be more common in older age groups (both 
females and males) and that atherosclerosis was common in 
older people (24,28). In the present study, we detected pulp 
stones in 23.8% of the patients. This result was higher, lower 
or close to that of the literature (29-31). The frequency of 
pulp stones was between 9.9 and 85% some previous studies 
(30,32). This variation in the results might be due to a number 
of factors, such as the design of the studies and selection of 
the cases. In the present study, the frequency of pulp stones 
in females was significantly higher as compared with that in 
males. Consistent with our study results, Turkal et al. (33) 
and Sener et al. (34) found a significantly higher prevalence 
of pulp stone in females. An increase in the frequency of 
bruxism in females, as well as sex-related differences in 
oral care, with females more likely to have restorations 
and therefore long-term pulpal irritation, can explain these 
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findings. In contrast to our results, Tassoker et al. (12) found 
no statistically significant difference in the frequency of 
pulp stones according to sex. Furthermore, previous studies 
reported no correlation between age and pulp stones 
(34,35), whereas we detected the lowest frequency of pulp 
stones in the youngest age group (i.e. 18–29 years). Factors 
related to pulp stone formation, such as restorations, caries 
and parafunctional habits, all of which increase with age 
according to previous research (34), can explain the low pulp 
stone prevalence in the youngest age group in this study.

One of the primary aims of the present study was to evaluate 
the co-occurrence of pulp stones and CACs and to determine 
whether these anomalies could aid the early diagnosis of 
other medical conditions, such as CVDs. The results of our 
study revealed no positive correlation between pulp stones 
and CACs, in accordance with the finding of similar previous 
studies (8,36,37). In contrast, a previous study reported a 
positive correlation between pulp stones, CACs and renal 
calcifications (17). The differences among these study results 
may be explained by mechanisms of pathogenesis. The fact 
that we did not record the presence of CVDs or other medical 
conditions may also explain the differences.

In the present study, the – / – status for pulp stones/CACs 
was higher in 18–29 y age group than in the other age 
groups. Horsley et al. (8) reported that the positive/positive 
(+/+) status for pulp stones/CACs was higher in those aged 60 
y and older than in younger age groups. This finding was in 
accordance with our result.

Various studies have employed different imaging methods 
to investigate the IO distribution in different populations 
(38,39). These studies reported an IO prevalence of between 
1.8% and 7.6%, which was higher than that found in our study 
(1.3%). Variation in the population number, study designs 
and evaluation criteria might account for the reported 
differences in IO prevalence. The etiology and pathways of 
IO are thought to be different than those of pulp stones and 
CACs (40). Nevertheless, according to our findings, there 
was a positive correlation between the presence of IO and 
CACs. This result might contribute to further studies, as, to 
our knowledge, no published studies have investigated the 
correlation between these parameters.

A major limitation of this study was the use of DPRs for CAC 
examinations rather than carotid artery ultrasound, which 
superior to DPRs in terms of its sensitivity and specificity. An 
additional limitation is the debate about whether the CACs 
are associated with an elevated risk of CVDs.

5. CONCLUSION

The results of our study showed that CACs were more 
common in females, with an increased prevalence among 
males and females those aged >60 years. Pulp stones were 
more common in females. In terms of age, they were more 
common among individuals aged 30–39 years. According 
to our findings, pulp stones do not serve as a diagnostic 
component for CACs. However, the presence of IO might 

be considered a risk factor for CACs. Further studies are 
needed to evaluate potential correlations among these 
parameters using different imaging techniques. As DPRs 
are a fundamental diagnostic component of routine dental 
examinations, where CACs are detected on DPRs, dentists 
may refer patients to a specialist for further investigations of 
possible atherosclerotic diseases.
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