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Abstract: Background: Atherosclerosis is the primary cause of cardiovascular death, wherein plaque
accumulates in the carotid artery, resulting in the formation of carotid artery calcification (CAC).
Chronic infections emulate atherosclerosis development. Periodontitis is a chronic disease com-
menced by biofilm aggregation on the surface of teeth, which then progresses via deregulated local
and inflammatory immune responses. Aim: The aim of this study was to determine the prevalence
of calcification in periodontitis patients and to determine if there is a relationship between carotid
calcification and periodontitis with risk factors such as age, gender, hypertension, diabetes, smoking.
Methods: The data and panoramic radiographs (PR) of 3000 patients from January 2017 to February
2022 were examined. On the basis of the inclusion and exclusion criteria, 500 patients were selected
for determining carotid calcification. Non-periodontitis patients, patients <40 years of age, patients
without any medical data or incomplete medical records and cases where the OPG was not clear
were not included in this study. The data were analyzed using R and GraphPad Prism software
version 4.1.2 and Microsoft Excel Worksheet Office 2019. Chi-square tests were used to check the
dependency among the categorical variables. Mann–Whitney U-tests were used to compare the
distribution of the variables across the groups, and p-values < 0.05 were interpreted as statistically
significant. Result: Twenty-five (5%) patients showed carotid calcification. Carotid calcification
was seen more in females than in males, which was statistically significant. Gender, percentage of
alveolar bone loss and periodontal risk were found to be statistically significantly related to carotid
artery calcification. Factors such as age, diabetes and hypertension were found to be statistically
nonsignificant. Conclusions: More periodontal destruction was present in the CAC patients. Within
the limitations of this study, it can be concluded that CAC is associated with periodontitis. Early
recognition of carotid calcification is important, and patients in whom carotid artery calcification
is observed via their PR should be referred to medical practitioners for further investigation and
treatment care.

Keywords: carotid artery plaque; carotid artery calcification; periodontitis; tooth loss; periodontal risk

1. Introduction

Arthrosclerosis is a chronic inflammatory disease of fatty material deposition in the
walls of the coronary artery. This fatty deposition leads to the formation of atheroma
plaque [1]. Over a period of time, the atheroma plaque thickens with decreasing fibrous
and lipid composition and increasing calcification, resulting in carotid artery calcification
(CAC) [2]. Calcification can appear in the medial and intimal layers of the intracranial and
cervical carotid arteries [3].

Vos et al. in 2018 in a study of 1132 patients observed that predominant intimal calcifi-
cation was found in 30.9% of intimal calcification, and predominant medial calcification in
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46.9% of medial calcification [4]. In a systemic review by Song et al. in 2020, it was found
that 75% of males above 75 years and 62% of females above 75 years had carotid artery
calcification [5].

Calcification partially or completely reduces the lumen diameter of the coronary
artery [6]. With a reduction in the vessel lumen diameter, there is a decrease in the blood
and oxygen supply to the designated organs, thus endangering the life of the patient [7,8].
There are no peculiar clinical manifestations of carotid artery calcification. CAC is associated
with ischemic symptoms. The manifestations such as bumps, contralateral weakness or
numbness in an extremity or face, with significant sparing of the forehead, dysarthria,
aphasia or ischemic stroke, appear when the artery is partially or completely occluded. [9].
Atherosclerosis is associated with coronary artery disease (CAD) and cerebrovascular
diseases [10]. CAD is one of the primary causes of death globally. According to the WHO
Global Health Submit, the leading cause of death is ischemic heart disease accounting
for 16% of the world’s total deaths [11]. The number of deaths rose from 2 million in
2000 to 8.9 million in 2019. Stroke is the second leading cause of death, responsible for
approximately 11% of the total deaths. According to the WHO, the proportional mortality
rate for CVD in Saudi Arabia was 37% in 2018 [12].

In many patients, CAD can progress undetected until the late stages, resulting in
morbidity and mortality [7,8]. Therefore, it should be diagnosed as soon as possible.
Various invasive and noninvasive procedures have been used to detect the presence and
distribution of carotid artery calcification [13]. To date, sonography has been used as “gold
standard” noninvasive techniques to determine the arteriosclerotic changes in the carotid
artery [14]. Nevertheless, ultrasound examinations are not routinely used as safeguard
measure in all patients. Other more time-consuming methods used for diagnosis of carotid
artery calcification, such as computer tomography (CT), magnet resonance tomography
(MRT) and electronic thermography (ET), as well as the invasive method of angiography,
are available, but they are used for special indications and are not commonly used for
the assessment of all patients [15]. Furthermore, more advanced methods such as optical
coherence tomography (OCT), photoacoustic tomography and infrared thermography are
also used to characterize plaques [16].

PET-CT imaging with (18)F-Sodium Fluoride is used for the detection and quantifica-
tion of microcalcification in atherosclerotic plaques. Due to its association with cardiovas-
cular risk factors, it determines the amount and severity of CAC [17–19].

Invasive and advanced methods are more expensive and time-consuming than nonin-
vasive methods. Consequently, different diagnostic methods which are quick and economi-
cal are required.

The relationship between cardiovascular disease and periodontitis is well estab-
lished [20]. Periodontitis is a complex disease marked by clinical attachment loss and
alveolar bone loss resulting in tooth loss if not treated at an early stage or treated unsuc-
cessfully [21].

In 2014, the Global Burden of Disease Activity reported periodontitis as the sixth
disease worldwide, affecting 743 million people, with the overall prevalence of 11.2% [22].
Inflammatory events in periodontitis occur as a result of increased concentrations of various
proinflammatory cytokines as evident by increased levels found in infected periodontal
tissues or in the crevicular fluid of periodontitis patients. Similarly, continuous increases in
cytokines are found in atherosclerosis. [23]. Patients with periodontitis have a 1.14-time
higher relative risk of developing coronary artery disease and a 25% higher risk compared
to non-periodontitis patients [24,25].

Furthermore, studies also suggest that atherosclerosis can also be amplified by pe-
riodontitis [26,27]. Periodontal disease may stimulate endothelial dysfunction through
bacterial products from Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans
and soluble bacterial components and also via systemic inflammation [27,28]. Endothelia
dysfunction results in the release of inflammatory cytokines interleukin 1, interleukin
6 and tumor necrosis factor alpha [9]. These inflammatory cytokines promote cell adhesion,
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permeability and endothelial permeability. The decomposing endothelial layer results in
the production of thrombin and formation of fibrinogen, which can result in thrombosis
and, consequently, in cerebrovascular or cardiovascular accidents [29,30].

When samples from carotid endarterectomies were studied in a polymerase chain
reaction study, a minimum of one periodontal bacterium was found in 44% of atheroma,
and Porphyromona gingivalis and Tannerella forsythia were found in 26% and 30% of the
specimens, respectively [28]. Porphyromona gingivalis and Tannerella forsythia are the main
periodontal pathogens which are associated with bleeding on probing and deep periodontal
pockets [31,32].

Panoramic radiographs (PRs) are routinely used for diagnosing periodontitis. A
panoramic radiograph is an economical and most commonly used tool in dentistry for
diagnostic investigation. In a panoramic radiograph, carotid artery calcification appears as
an irregular, circular, linear or heterogeneous radiopaque mass located posterosuperiorly
to the angle of the mandible, at approximately the inferior margin of the third cervical
vertebra between C3 and C4 [33–36].

Various studies have shown the importance of panoramic radiographs in the identifi-
cation of CAC [37,38]. Studies demonstrate that the identification of the calcified plaque
of the carotid artery using panoramic radiography is attainable with a high degree of
accuracy [11–13,37–39]. The probability interval of finding carotid calcification in a PR lies
between 2.5% and 4.1% [36,40,41].

Ravon et al., 2003, also reported high accuracy in the detection of CAC using panoramic
radiographs [39]. In 1981, Friedlander and Lande for the first time detected carotid artery
calcification in panoramic radiographs [33]. Friedlander and Baker (1994) also detected
CAC in asymptomatic stroke patients [34].

Studies have also shown the prevalence of CAC in the general Saudi population [42–44].
But to the best of our knowledge, there are no studies conducted in Jazan region of Saudi
Arabia determining the relationship of CAC to periodontitis and periodontal risk. There-
fore, the aim of the present study was to determine the prevalence of CAC in panoramic
radiographs and to determine the association of CAC with periodontitis by determining
the correlation of CAC with the number of missing teeth, percentage of alveolar bone loss
(ABL) and periodontal risk and the association of CAC with other risk components such as
age, gender, systemic diseases (diabetes, hypertension) and smoking.

2. Material and Methods
2.1. Study Design

This retrospective cross-sectional study was conducted at the College of Dentistry,
Jazan University, Saudi Arabia. Patients who visited the College of Dentistry from January
2017 to February 2022 were included in this study. No written informed consents were
obtained from the patients as this study was a retrospective study. This study was started
after receiving the approval from the Standing Committee for Scientific Research—Jazan
University (Reference no: REC-43/06/131).

A total of 3000 patients were evaluated for this study based on the inclusion and
exclusion criteria. Patients with the following criteria were included in this study: patients
aged ≥40 years, patients diagnosed as periodontitis cases, patients having complete medical
history, panoramic radiographs showing clearly the C3 and C4 vertebra. Patients with
the following criteria were excluded from this study: non-periodontitis patients (patients
diagnosed as gingivitis), patients <40 years old, patients without any medical history
record or incomplete medical data. Panoramic radiographs where C3 and C4 were not
visible or where the quality of the PR was not good were excluded from this study. A
total of 500 patients met the above inclusion criteria and were included in this study. A
total of 2500 patients were excluded from this study due to following reasons: patients
with incomplete medical history (n = 98), patient age < 40 years (n = 1200), patients with
poor quality of OPG or OPG where vertebrae C3–C4 were not visible (n = 160) and non-
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periodontitis patients (gingivitis cases, n = 1042) (Figure 1). The selected periodontitis
patients were divided into two age groups: ≤60 (40–60 years) and ≥61 years (61–90 years).
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Figure 1. Study population.

2.2. Assessment of Carotid Artery Calcification in Panoramic Radiographs

All panoramic radiographs were acquired using machine ORTHOPHOS XG 5, (Sirona,
Charlotte, NC, USA). All PRs were taken by the same personnel. In the panoramic ra-
diograph, carotid artery calcification was recognized as asymmetrical single or multi-
ple radiopaque masses appearing unilaterally or bilaterally, positioned subjacent to the
mandibular angle adjoining the space between the third or fourth cervical vertebrae (C3
and C4) (Figure 2). These calcifications can appear as a single nodule (single radiopaque
mass) or multiple nodules (multiple radiopaque masses). Patients with the presence of CAC
were categorized as CAC (+), and those without the presence of CAC were categorized as
CAC (−). The CAC identification in the PRs were crosschecked by an experienced oral and
maxillofacial radiologist with more than 10 years of experience.
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2.3. Data Collection

Patient information such as age, gender, medical history (diabetes and hypertension)
and smoking status (smoker or nonsmoker) were obtained from the R4 software (CSR4
Clinical+ Practice Management Software 6.1.1, Carestream Dental LLC., Atlanta, GA,
USA). Panoramic radiographs were assessed using the digital radiograph imaging software
SIDEXIS XG 2.61 (Sirona, Charlotte, NC, USA).

2.4. Assessment of Percentage of Alveolar Bone Loss

Alveolar bone loss (ABL) assessment was performed by calculating the distance from
the cementoenamel junction (CEJ) to the alveolar crest (AC) divided by the distance from
the cementoenamel junction (CEJ) to the apex [45]. The percentage (ABL%) was obtained
by multiplying the result by 100.

2.5. Number of Missing Teeth

The number of missing teeth was recorded for each patient. The means were obtained
for CAC (+) and CAC (−). The reason for tooth loss was not recorded for any patient.

2.6. Assessment of Periodontal Risk [46]

Using the number of missing teeth and the bone reduction index (calculated by bone
loss percentage divided by age of patient), the periodontal risk was evaluated. According
to Lang and Tonnetti, periodontal risk was categorized into low, medium and high risk
as follows: low risk, ≤4 missing teeth and/or bone reduction index ≤0.5; moderate risk,
5–8 missing teeth and/or bone reduction index of 0.51–1.0; high risk, ≥9 missing teeth
and/or bone reduction index ≥ 1.1. The most adverse factor determined the overall grade
of risk.

2.7. Statistical Analysis

The data were analyzed using R and GraphPad Prism software version 4.1.2. Chi-
square tests were used to check the dependency among the categorical variables, and
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Mann–Whitney U-tests were used to compare the distributions of the variables across the
groups; p-values of < 0.05 were interpreted as statistically significant.

3. Result

A total of 3000 patients were studied using the inclusion and exclusion criteria.
A total of 500 patients met the inclusion criteria and were included in this study, of

which 276 patients were male (54.2%) and 224 were female (44.8%) patients. The patients’
mean age was 54.64 ± 9.91 years. Distribution of the study population according to different
variables is given in Table 1.

Table 1. Distribution of the study population according to different variables.

Variables Subcategory Number of Subjects (%)

Periodontitis (n = 500)

Gender
Male 276 (54.2%)

Female 224 (44.8%)

Age (years)

≤60 (40–60) 362 (72.4%)

≥61 (61–90) 138 (27.6%)

Mean ± SD 54.64 ± 9.91

Carotid artery calcification
Present 25 (5%)

Absent 475 (95%)

Systemic diseases

Diabetes 52 (10.4%)

Hypertension 36 (7.2%)

Both diabetes and
hypertension 29 (5.8%)

Smoker
Yes 72 (14.4%)

No 428 (85.6%)

Percentage of alveolar
bone loss Mean ± SD 40.9 ± 15.49

Number of missing teeth Mean ± SD 6.45 ± 5.64

Periodontal risk

Low 65 (13%)

Medium 270 (54%)

High 165 (33%)

3.1. Prevalence and Distribution of Carotid Artery Calcification

Out of 500 panoramic radiographs, 475 (95%) showed no CAC upon radiographic
evaluation, whereas 25 (5%) panoramic radiographs showed the presence of CAC (Table 1).

Among these 25 CAC instances, 80% were present as single nodule and 20% were
present as multiple nodules; 52% of CAC appeared bilaterally (present on both the right and
left sides of the PR), and 48% unilaterally (on the right or left side of the PR). In unilateral
distribution, more CAC instances were found to be on the left side than on the right side
(Table 2).

3.2. Gender and Carotid Artery Calcification

Within the 5% prevalence, 4.6% was represented by female and 0.4% was represented
by male patients. Females had twenty-three CAC instances (4.6%, i.e., 92% of the detected
CAC instances), and males had two CAC instances (0.4%, i.e., 8% of the detected CAC
instances). The chi-square tests showed a significant correlation between CAC and gender
(p < 0.0001) (Table 3).
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Table 2. Distribution of carotid artery calcification.

Variables Subcategory Number of Subjects (%)
(n = 25)

Appearance of carotid artery
calcification

Single 20 (80%)

Multiple 5 (20%)

Distribution of carotid artery
calcification

Bilateral 13 (52%)

Unilateral
12 (48%)

Left side—7 (28%)
Right side—5 (20%)

Table 3. Comparison of different variables between CAC (+) and CAC (−).

Variables Subcategory
Calcification

p-ValueCAC (−)
(n = 475)

CAC (+)
Present (n = 25)

Gender
Male 274 (57.6%) 2 (8%) <0.0001 C

(s)Female 201 (42.3%) 23 (92%)

Age (years)

≤60 344 (72.4%) 18 (72%)
0.94 C

≥61 131 (27.5%) 7 (28%)

Mean ± SD 54.54 ± 9.97 55.58 ± 9.49 0.3475 MW

Diabetics
Yes 50 (10.5%) 2 (8%)

0.6 C
No 425 (89.4%) 23 (92)

Hypertension
Yes 32 (6.7%) 4 (16%)

0.08 C
No 443 (93.2%) 21 (84%)

Combination of diabetes and
hypertension

Yes 29 (6.1%) 0
0.2 C

No 446 (93.9%) 25 (100%)

Smoker
Yes 71 (14.9%) 1 (4%)

0.12 C
No 404 (85.0%) 24 (96%)

Percentage of alveolar
bone loss Mean ± SD 39.99 ± 15.47 41.06 ± 15.49 0.005 MW

(s)

Number of missing teeth Mean ± SD 5.3 ± 5.6 6.1 ± 6.4 0.4 MW

Periodontal risk

Low 58 (12.2%) 7 (28%)
0.001 C

(s)
Medium 259 (54.5%) 11 (44%)

High 158 (33.2%) 7 (28%)

Abbreviations: C, chi-square test; MW, Mann–Whitney U-test; s, statistically significant.

3.3. Age and Carotid Artery Calcification

The mean age of the CAC (−) patients was found to be 54.54 ± 9.97 years, while that of
the CAC (+) patients was 55.58 ± 9.49 years. However, the Mann–Whitney U-tests showed
no significant differences between age and CAC (p = 0.347) (Table 3).

An increased number of CAC instances was seen with increasing age; 5.08% percent
of CAC was seen in the age group of ≥61 years as compared to 4.9% in patients ≤60 years
(Table 4).

3.4. Smoking and Carotid Artery Calcification

Out of 500 patients, 72 (14.4%) were smokers (Table 1) with 51 smokers in the age
group of ≤60 years and 21 smokers in the age group of ≥61 years (Table 4). Only one
smoker had CAC in the PR; 71 smoker patients did not show any CAC in the PR. The
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chi-square tests showed no significant relationship between smoking and CAC (p = 0.12)
(Table 3).

Table 4. Comparison of variables according to age group.

Variables Subcategory
Age (Years)

≤60
(n = 362)

≥61
(n = 138)

Gender
Male 191 (52.76%) 85 (61.5%)

Female 171 (47.23%) 53 (38.4%)

Calcification
Present 18 (4.97%) 7 (5.08%)

Absent 344 (95.03%) 131 (94.92%)

Systemic diseases

Diabetes 32 (8.83%) 20 (14.4%)

Hypertension 21 (5.80%) 15 (10.86%)

Combination of
hypertension and

diabetes
13 (3.59%) 16 (11.59%)

Smoker
Yes 51 (14.08%) 21 (15.21%)

No 311 (85.91%) 117 (84.78%)

Percentage of alveolar
bone loss Mean ± SD 39.6 ± 15.4 44.1 ± 15.4

Number of missing teeth Mean ± SD 4.6 ± 5.0 7.2 ± 6.7

Periodontal risk

Low 43 (11.87%) 22 (15.94%)

Medium 204 (56.35%) 66 (47.82%)

High 115 (31.76%) 50 (36.23%)

3.5. Percentage of Alveolar Bone Loss and Carotid Artery Calcification

The mean alveolar bone loss percentage in CAC (+) patients was 41.06 ± 15.49, whereas
it was 39.99 ± 15.47 in the CAC (−) patients. A greater bone reduction was also seen in
the CAC (+) patients compared to the CAC (−) patients (Table 3). A higher percentage of
alveolar bone loss was seen with the increase in age. Patients in the age group of ≥61 years
had a mean alveolar bone loss percentage of 44.1 ± 15.4, whereas patients in the age group
of ≤60 years had a mean alveolar bone loss percentage of 39.6 ± 15.3 (Table 4).

3.6. Number of Missing Teeth

The number of missing teeth was found to be higher in the CAC (+) patients than in
the CAC (−) patients. The mean number of missing teeth was 6.1 ± 6.4 in the CAC (+)
group and 5.3 ± 5.6 in the CAC (−) group (Table 3).

When the number of missing teeth was assessed according to the age, it was found
that the number of missing teeth was higher in the group of ≥61 years compared to the
group of ≤60 years (Tables 2 and 4).

3.7. Periodontal Risk

Periodontal risk was calculated according to Lang and Tonetti’s procedure [46] using
the bone reduction index and the number of missing teeth. A statistically significant
correlation was found with periodontal risk in the CAC (+) patients (Table 3). High
periodontal risk was also found to be more with increasing age (Table 4).

3.8. Systemic Diseases and Carotid Artery Calcification

In the CAC (+) group, 16% were hypertensive, and 8% were diabetic. In the CAC (−)
group, 6.7% were hypertensive, 10.5% were diabetic, and 6.1% patients were having both
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diabetes and hypertension. There was no significant association found between systemic
diseases and calcification (Table 3). However, when these systemic diseases were compared
according to the age group, they were statistically significant with increasing age (Table 4).

4. Discussion

The aim of the present study was to determine the prevalence of carotid artery calci-
fication and its relationship with other risk factors of cardiovascular disease such as age,
gender, systemic diseases (diabetes, hypertension), smoking along with the determination
of alveolar bone loss and periodontal risk.

To the best of our knowledge, this is perhaps the first study in Saudi Arabia to de-
termine the relationship between CAC and periodontitis. Prior studies in Saudi Arabia
focused on the prevalence of carotid artery calcification and risk factors in the general popu-
lation [42–44]. However, we did not find studies in Saudi Arabia depicting the relationship
between CAC and periodontitis in terms of the alveolar bone loss and periodontal risk.

In 1981, Friedlander and Lande first detected carotid artery calcification in panoramic
radiographs [33]. They highlighted the importance of assessing the carotid artery calcifica-
tion in a panoramic radiograph in routine dental practice. Thereafter, many researchers
began to study the relationship between CAC-associated risks and cardiovascular lesions
using panoramic radiography thereby enhancing its use in detecting CAC [47–50].

In this study, the prevalence of CAC was found to be 5%. This is in agreement with
the findings of Alzoman [42] who also reported similar prevalence of CAC in the general
dental population in 2012 with the sample size (n = 555) similar to that in the present study
(n = 500). Some studies have also reported lower prevalence of 2.9% [51], 3.1% [3] and
2.43% [52], while others have reported higher prevalence of 9% [53], 6.8% [54] and 9.4% [55].
This variation in prevalence could be due to the differences in the sample size, sample
population, age, dietary habits and lifestyle.

In our study, most of the detected cases of CAC were presented bilaterally (52%). A
higher bilateral distribution was also reported by Kamak et al., 2015 [56], Naseeha Ibrahim,
2018 [54], and Ariyai et al., 2009 [15]. In terms of unilateral distribution (right side or
left side), more cases were observed on the left side compared to the right side (20%).
Similar greater left-side distribution was also reported by Alzoman, 2012, Kamak, 2015,
and Tamura et al., 2005 [42,56,57]. However, some studies also reported more CAC on the
right side [53,58,59].

CAC appears to be more often in female patients. In our study, higher prevalence
of CAC (4.92%) was found in female patients as well. High female prevalence was also
reported by other studies [44,53,54,56,57]. In our study, the difference between gender
and CAC was statistically significant, which is similar to that in the study of Santosh
et al. conducted on a Brazilian population [60]. This could be due to the changes in the
estrogen level after menopause. Estrogen results in the formation of atheromatous plaque
by acting on the lipoprotein metabolism. A reduction in the estrogen level after menopause
precipitates this reduction in plaque [34].

Friedlander et al. [59] studied the PRs of female patients with a history of amenor-
rhea and found that 31% of the radiographs showed CAC. Similar findings were also
reported by Patil et al., 2015, with 22.9% prevalence of CAC in women in 1214 panoramic
radiographs [61]. However, CAC predominance in males was also reported in some stud-
ies [42,62,63]. In their study, Ohba et al. [58] also had twenty-five female and eight male
patients with CAC. This is similar to the present study’s findings of twenty-three females
and two males having CAC.

The mean age of the patients in which CAC was absent (n = 475) was 54 years, whereas,
for the 25 patients in which CAC was found, their mean age was 56 years. This supports
the findings of other studies in which the prevalence of CAC increased with age [3,60,64].
Santosh et al. also reported that CAC (+) is associated with increasing age, showing more
CAC instances in the 50–70-year age group, with a mean age of 54 years [60]. Similar
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findings were also reported by Patil in 2015, who found greater prevalence of CAC in the
age groups older than 50 years [61].

Diabetes and hypertension are acknowledged factors for arteriosclerosis. When the
correlation with systemic diseases was studied, this study did not show any correlation
with diabetes and hypertension. Almog et al. and Brito did not find any correlation with
systemic diseases either [65,66]. However, studies by Ertas et al. found that CAC was
correlated with hypertension but not with diabetes, whereas Ramesh et al. reported a
correlation between diabetes and CAC as well [67,68]. Christou et al. (n = 15) also showed
positive correlation of hypertension with CAC [69]. The difference in results could be due
to the difference in the sample size. A significant difference was found in age with respect
to diabetes and hypertension. More patients with systemic diseases were reported with
increasing age.

Smoking is one of the factors which affects the cardiovascular disease morbidity and
mortality. Smoking results in a two- to fourfold increase in the risk of coronary heart disease.
This risk increases in the presence of hypertension and diabetes, due to the symbiotic effect
with smoking [70]. In this study we investigated the association of smoking with CAC. The
results of this study showed no significant relationship between CAC and smoking. This is
in agreement with the findings of Cetin et al. [3], Monterio et al. [71] and Atalay et al. [72]
who did not find any association between smoking and CAC either. However, Brito et al.
showed that CAC was two times worse in smokers than in nonsmokers [66]. This difference
could be due to the sample size. Ertas et al. also showed a positive correlation between
smoking duration and CAC. The difference between their results and the results of our
study could be due to the lack of information about the duration of smoking and the study
sample population [67].

Alveolar bone loss is an import factor that determines the periodontal support. Greater
periodontal destruction is seen with increased periodontal disease or the severity of pe-
riodontitis resulting in tooth loss if not controlled. In the present study, increased bone
loss was seen more in the CAC (+) than in the CAC (−) group. This is an accordance
with other studies which showed greater bone loss associated with carotid artery calcifica-
tion [39,40,73]. However, such findings were not significant in a study by Thanakun [74]
who reported no correlation between the alveolar bone loss and CAC. This could be at-
tributed to the differences in the sample size and the method of assessment. However,
Engerberston showed a significant association between bone loss and CAC [73].

Tooth loss is a quick and reliable feature to determine the periodontal disease compa-
rable to the clinical periodontal parameters of periodontitis such as pocket dept, clinical
attachment loss and alveolar bone loss [75]. A higher number of missing teeth was seen
in the CAC (+) group compared to the CAC (−) group. Andrianka et al., 2006, and
Kamak, 2015, also showed increased tooth loss in the presence of carotid artery calcifica-
tion. Increased tooth loss was also seen associated with the increase in age [56,75]. Using
the number of missing teeth and the bone loss, periodontal risk was assessed as per Lang
and Tonetti’s procedure [46]. A significant correlation was found between CAC (+) and
periodontal risk. A similar positive association between periodontal risk and CAC was
reported by another study [53].

This study showed that panoramic radiography is an effective tool in determining the
CAC. However, it is important to make careful differential diagnosis while assessing CAC
in the panoramic radiographs. Various cervical radiopacities such as calcified triticeous
cartilage, superior corner of calcified thyroid cartilage, greater corner of hyoid bone, styloid
process, stylohyoid ligament, stylomandibular ligament, epiglottis, calcified lymph node,
phleboliths, submandibular salivary gland sialoliths, tonsilloliths could be simply jumbled
with CAC instances. Proper knowledge and experience are crucial, and, therefore, emphasis
should be put on the assessment of carotid artery calcification in panoramic radiographs
during undergraduate studies.

The present study had certain limitations. The limitations include a smaller sample
size and the fact that this study was based mainly on panoramic findings and did not
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evaluate the periodontal parameters such as attachment loss and pocket depth which are
crucial in assessing the periodontitis. Moreover, the CAC findings based on the PRs were
not assessed using further advanced diagnostics such as CT and ultrasonography.

5. Conclusions

In our study, greater periodontal destruction was found in the CAC patients showing
a greater number of missing teeth, significant alveolar bone loss and a higher periodontal
risk. Based on these findings and within the limitations of this study, it can be concluded
that CAC is associated with periodontitis. However, further studies with a larger sample
size and the assessment of clinical attachment loss and pocket depth in relation to CAC and
the use of advanced diagnostic aids to confirm the CAC findings in the PRs are required.

Moreover, patients with CAC detected in the PRs could be at risk of stroke or cardio-
vascular disease and should be promptly referred to the physician for further confirmation
of CAC through required investigations and provided necessary treatment and care.
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