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Abstract
BACKGROUND: Various mechanisms suggest that periodontal pathogens and inflammatory processes 
contribute to systemic pathogenic processes such as atherosclerosis. This study investigated the possibility 
of a correlation between the presence of incidentally found calcifications along the course of the internal 
carotid artery (ICA) and tooth loss and periodontal status.
METHOD: A retrospective CBCT analysis was performed on 110 patients. CBCT scans obtained as a part 
of the dental examinations were analyzed for missing teeth and evidence of any calcification along the ICA 
course. The mean age, gender, and the total number of missing teeth for all scans revealing calcifications 
were evaluated. 
RESULTS: The study sample consisted of 110 scans, with the cohort’s mean age (SD) of 50.01 (±11.6) and 
gender distribution of 53.4% females and 43.6% males. A total of 17% of the scans exhibited the presence of 
calcification. A comparison of missing teeth between the two groups revealed that the group with calcification 
exhibited more missing teeth, which was statistically significant with a P-value of 0.01. Comparison of the 
apical lesions between the two groups revealed that apical lesion was higher in the group with calcification 
and was statistically significant with a P-value of 0.011.
CONCLUSIONS: The greater the number of missing teeth, the higher the chances of calcifications being 
detected along the course of the ICA.

Keywords: Cone-Beam CT, Tomography, CBCT, Carotid Atherosclerosis, Internal Carotid, Periapical 
Diseases, Periodontitis
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Introduction
After remaining fairly constant for most 

of  human history, life expectancy has nearly 
doubled in the last 100 years.1 As people live 
longer, the leading cause of  death in the world 
has shifted from infections to chronic diseases, 
with atherosclerosis being among the most 
prevalent.2 Atherosclerosis is a progressive 
disease process that is relatively asymptomatic 
until a dangerous condition such as a stroke 
occurs; consequently, early detection is critical 
to cease further progression..2-5

Mural calcifications of  major arteries 
that serve as atherosclerosis markers can 
be detected using appropriate imaging 
techniques.6,7
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Calcified carotid plaques, which can be 
visualized through head and neck images, 
were found to be an independent predictor of  
ischaemic cerebrovascular and cardiac events 
8. Computed Tomography (CT) scans do not 
significantly differ from Cone Beam Computed 
Tomography (CBCT) scans for visualizing 
atherosclerosis of  the carotids, although the 
overall subjective image quality of  the former is 
considered to be higher.9,10

Dental literature has extensively studied the 
ability of  widely used dental radiographs, i.e., 
Panoramic and Cephalometric imaging, to depict 
calcified carotid artery atherosclerosis, which is 
most often incidental. Calcifications of  plaque in 
the carotid artery, also known as calcified carotid 
atherosclerotic plaque (CCAP), can be easily 
identified in a CBCT scan.11 Moreover, CBCT 
can indicate the presence of  these calcifications 
in both the extra- and intracranial course of  
the internal carotid artery (ICA). The presence 
of  calcifications and its association with age, 
gender, and various confounding factors could 
serve as a vital marker in predicting any future 
risk in asymptomatic dental patients.12 Screening 
of  CBCT images increases the probability 
of  early detection of  CCAP and can help the 
patient prevent possible future life-threatening 
events.

Chronic oral infections are implicated in 
the pathogenesis of  atherosclerosis. Symbiotic 
oral microflora and pathogenic microbes 
from periodontal and periapical infections 
like Porphyromonas gingivalis, Campylobacter 
rectus, Porphyromonas endodontalis, Prevotella 
intermedia, Prevotella nigrescens, and 
Streptococcus mutans have been identified 
in atherosclerotic plaques.13 Periodontal 
disease leads to soft tissue attachment loss and 
resorption of  alveolar bone, eventually leading 
to teeth loss. Periodontitis affects 14% of  adults 
aged 45 to 54 and 23% of  adults aged 65 to 74 
and is one of  the leading causes of  edentulism 
in 30% of  adults.14 Current literature reveals 
a significant association between alveolar bone 
loss and carotid calcification, suggesting that 
periodontitis-associated inflammation resulting 
in teeth loss might play a potentially important 
role in the progression of  cardiac disease.15-17

Few studies support systemic inflammation 
as both the cause and predictor of  the 
progression of  endothelial dysfunction.18,19 
Studies have demonstrated that periodontitis is a 
chronic multifactorial infectious disease that can 
affect the tooth’s supporting structures (root, 
periodontal ligament, and alveolar bone) and is 
a leading cause of  tooth loss.20 Loss of  occlusal 
support due to missing teeth has also been 
shown to increase the risk of  atherosclerosis in 
these individuals due to poor nutritional intake.21 

Teeth loss, periapical lesions, and 
manifestations of  periodontal disease are 
generally related to previous inflammatory 
events,22 and a linear relationship exists between 
teeth loss and degree of  arterial stiffness.23 
Consequently, it is reasonable to investigate 
the possibility of  a relationship between the 
presence of  incidentally found calcifications 
along the ICA course and tooth loss and 
periodontal status.

A retrospective study was conducted in the 
Department of  Oral Medicine and Radiology. 
Ethical approval for the study was obtained 
from the Institutional ethical committee 
(protocol ref. no 18080). A total of  110 patients 
were included in the study. From September 
2017 to September 2019, full FOV CBCT scans 
with dimensions of  20 × 17cm of  patients aged 
30 to 70 were extracted from Oral Medicine and 
Radiology archives and evaluated. A full FOV 
scan enabled the visualization of  the craniofacial 
region superiorly from an area approximating 
the frontal sinus to inferiorly coinciding with 
C3 and C4 vertebra regions. The scans were 
captured using a Planmeca Pro-max 3D mid- 
CBCT machine with parameters of  90kV and 
8mA and a slice thickness of  0.4 mm. Romexis 
software (v. 4.6.2) was used to analyze the scans. 
CBCT scans obtained as part of  a dental 
exam were retrieved from the archives and 
analyzed for soft tissue calcification along the 
course of  the ICA, utilizing a method previously 
described in the literature.24 In addition, the 
status of  missing teeth and periapical lesions 
associated with teeth present were also noted.

Materials and Methods
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The inclusion criteria were as follows:
•	 Patients between the age of  30 – 70 years
•	 CBCT scans with Full/Large Field-Of-View
(FOV)
•	 Scans without any artifacts

Medium and small FOV scans, patients 
with no missing teeth or missing teeth due to 
causes other than periodontitis, patients below 
30 years of  age, patients with significant medical 
history (diabetes, hypertension), and scans 
with inadequate resolution and artifacts were 
excluded from the study. The images were 
evaluated by a maxillofacial radiologist. The 
observer was blinded to the patient’s medical 
and dental records.

In the full FOV CBCT scans, the radiologist 
noted the presence of  any calcifications along the 
ICA anteromedial to the Sternocleidomastoid 
muscle and Postero-lateral to the oropharynx, 
approximately at the level of  C3 and C4 
vertebral region. Axially, the calcifications are 
most commonly located in the cervical soft 
tissue, approximately 0–10 mm anterolateral 
to the anterior tubercle of  the transverse 

process, lateral or more often posterior-lateral 
to the greater cornu of  the hyoid bone,25 and 
present as single or multiple “rice grains” with a 
homogeneous opacity and a linear or curvilinear 
shape.

The images were standardized and evaluated 
in all three planes (axial, coronal, and sagittal) 
for each patient and were scrolled from one 
end to the other in each of  the three planes 
(window-windowing). Radiopacities seen within 
the cervical part of  the internal carotid artery, 
from the area of  bifurcation until its entrance 
into the carotid canal, were considered to be 
extracranial calcifications of  the ICA (Figure 
1). A similar radio-opacity depicted along the 
artery’s intracranial course –from the ascending 
part of  the petrous part up to the cavernous 
part was considered as intracranial calcification 
(Figure 2).

The number of  missing teeth (MT) was 
considered as a parameter strongly related to the 
presence of  atherosclerosis in order to quantify 
the dental status.26

 
Figure 1. CBCT sections A. Coronal, B. Sagittal C. Axial CBCT sections showing calcification at the region of bifur-
cation of carotid artery

 
Figure 2. CBCT sections A. Coronal, B. Sagittal C. Axial CBCT sections showing intracranial calcification of Internal 
carotid artery
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Missing teeth due to causes other than 
periodontitis were excluded based on the 
patient’s dental records. We also documented 
several teeth with an apical lesion (TAL), 
endodontically treated teeth with an apical 
lesion (ETTAL), and endodontically treated 
teeth without any periapical changes (ETT). 
After two weeks, the maxillofacial radiologist 
performed a second evaluation of  20 CBCT 
scans to determine the interobserver reliability. 
The intraobserver reliability assessed through 
the kappa statistics was 0.90.
Statistical Analysis: Collected data were analyzed 
using the Statistical Package for the Social 
Sciences (SPSS) software 20.0 for Windows 
(SPSS, IBM Corp., Chicago, USA). Demographic 
details of  age, gender, and prevalence of  ICC 
calcifications were reported using descriptive 
statistics. An independent t-test was used to 
determine the difference in the number of  
missing teeth and the calcification seen along the 
ICA between males and females and different 
age groups. Pearson’s correlation test was utilized 
to correlate age and various parameters. One- 
way analysis of  variance (ANOVA), followed 

by a post-hoc Tukey test, was employed to note 
the difference in the various parameters among 
different age groups. A P-value of  < 0.05 was 
considered statistically significant.

A total of  110 scans were analyzed, consisting 
of  48 males (43.6%) and 62 females (56.4%). The 
intracranial or extracranial course of  the ICA 
was calcified in 19 scans (17.3%). Out of  the 48 
male patients, 9 (18.75%) showed evidence of  
calcification. Of  62 females, 10 (16.1%) indicated 
calcification along the ICA course.

Comparison of  age, presence of  missing 
teeth, apical lesions, ETT, and ETTAL between 
patients with and without calcifications revealed 
a statistically significant difference concerning 
missing teeth, apical lesions, and ETT with 
P-values of  0.001, 0.011, and 0.001, respectively. 
The group with calcifications revealed higher 
values for mean age and apical lesions, whereas 
the group without calcifications showed higher 
values among ETT (Table 1).

Results

Table 1. Difference between various parameters and the presence of calcification

Abbreviations: MT: Missing teeth, TAL: Teeth with periapical lesions, ETT: Endodontically Treated Tooth, ETTAL: 
Endodontically Treated Tooth with Apical Lesion.
*Statistically significant value.
Statistical Test: Independent t-test.

Table 2. Correlation between age and various parameters in groups with and without Internal carotid artery calcifica-
tions

Abbreviations: MT: Missing teeth TAL: Teeth with periapical lesions, ETT: Endodontically Treated Tooth, ETTAL: 
Endodontically Treated Tooth with Apical Lesion
Statistical Test: Pearson’s correlation test
*Statistically significant value
I Statistically significant value

Calcification Status  Correlation (r) P- value 
Absent (n=91) MT 0.433 <0.001* 

 TAL 0.286 0.006 
 ETTALI 0.258 0.014 
 ETTI 0.304 0.003 

Present MT 0.787 <0.001* 
(n=19) TAL 0.184 0.45 

 ETTALI -0.468 0.043 
 ETTI -0.358 0.133 

 

Absent 
(N=91) 

Present 
(N=19) P-value 

Age 49.1±10.612 54.42±14.938 0.154 
MT 3.76±2.267 10.05±7.083 0.001* 
TAL 1.45±1.128 2.21±1.357 0.011* 

ETTAL 0.8±0.872 0.63±0.684 0.424 
ETT 2.43±0.944 1.32±1.108 <0.001* 
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The correlation between mean age and other 
parameters within the groups with and without 
calcification revealed a significant correlation 

between mean age and missing teeth in both 
groups with a P-value of  <0.001 (Table 2).

Figure 3. Distribution of various parameters according to age groups
Statistical test: One-way ANOVA
*Statistically significant results
Abbreviations: MT: Missing teeth, TAL: Teeth with periapical lesions, ETT: Endodontically Treated Tooth, ETTAL: 
Endodontically Treated Tooth with Apical Lesion

 Figure 4. Bar Chart showing the age-wise distribution of internal carotid artery calcification
Statistical Test: Chi-square Test
There was no significant difference observed between the parameters
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Figure 3 shows the distribution of  various 
parameters across the age groups, i.e., ≤ 40 
years, 41-50 years, 51-60 years, 61-70 years, and 
≥ 71 years. Among the previously mentioned 
age groups, calcification was present in 10.7%, 
10.5%, 27.3%, 23.5%, and 40.0%, respectively 
(Figure 4). There was no statistically significant 
difference (P = 0.209) within the age groups 
concerning the presence of  ICC.

The present study investigated the 
association of  MT and periapical inflammatory 
pathologies with calcifications along the 
course of  ICA in full FOV CBCT scans. 
Several studies have suggested that the 
development of  coronary heart disease (CHD) 
is related to various types of  oral infections.27-30 
Periodontitis is a chronic multifactorial 
infectious disease that affects supporting 
structures of  the teeth, including the root, 
periodontal ligament, and alveolar bone, and is 
considered one of  the major causes of  teeth 
loss. Studies have demonstrated that positive 
findings of  MT can be considered as a sign of  
previous inflammatory conditions, whereas any 
calcification along the course of  the ICA can 
be considered as “signs” of  atherosclerosis.31

We found a significant positive correlation 
between MT and the presence of  calcifications 
within the course of  the ICA. This agreed 
with the results of  other studies providing 
strong evidence of  the relationship between 
MT and atherosclerosis presence. In a study, 
Weiner et al.32 reported a strong association 
between the number of  MT and the severity of  
atherosclerosis in elderly patients and a strong 
association between the number of  missing 
teeth and cardiovascular diseases. Joshipura et 
al.33 evidenced an increased risk of  stroke in 
patients with a substantial number of  missing 
teeth. The study concluded that periodontal 
disease and the presence of  fewer teeth might 
be associated with an increased risk of  ischemic 
stroke. Most studies examining the association 
between missing teeth and cardiovascular 
diseases have treated teeth loss as a nominal 
variable and primarily focused on the presence 

or absence of  cardiovascular disease.34 In our 
study, we treated teeth loss as numeric variables. 
Our results revealed that the presence of  
calcification in the course of  ICA directly 
correlates with teeth loss, which is often a 
result of  the breakdown of  periodontal tissue 
caused by periodontal diseases. Considering 
teeth loss as a marker of  current and long-term 
cumulative effects of  periodontal disease,35 
our findings suggest that periodontal disease 
may play an important role in atherosclerosis 
progression. Our results corroborate the results 
of  Liljestrand et al.25 and Oluwagbemigun et 
al., who stated that the number of  MT might 
indicate an increased risk for cardiovascular 
disease, and it could be added to existing 
cardiovascular risk profiles as an additional 
risk factor”.36 Literature has shown multiple 
links between MT and atherosclerosis. The 
incidence of  missing teeth is a strong indicator 
of  the presence of  oral chronic inflammation/ 
infection, which has been implicated in the 
pathogenesis of  atherosclerosis. MT can also 
result in compromised occlusion, causing 
significantly reduced nutritional intake.21

In the present study, we observed that 
the number of  missing teeth increased with 
progressing age and was significant in the 
group with calcification. The group without 
calcification also showed an increase in MT 
with progressive age and was statistically 
significant. This agreed with the results of  a 
study by Desvarieux et al.31, who reported an 
increase in teeth loss with progressive age in 
both males and females. The study concluded 
that the increase in the number of  missing teeth 
with age could be predominantly attributed to 
periodontal disease, owing to its inflammatory 
background.

Our study found a significant association 
between teeth with TAL and ETT with the 
presence of  ICA calcifications. The number of  
teeth with periapical lesions was significantly 
higher in the calcifications group. The long- 
term cumulative inflammatory effect was 
associated with atherosclerosis, in line with 
Liljestrand et al.26, who found similar results 
in their study. Beck et al., who reported that 
periodontal pocket depth and alveolar bone 

Discussion
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loss were significantly associated with coronary 
heart disease and stroke among US veterans, 
observed similar results.37 Notably, the imaging 
modality used in our study, CBCT, can depict 
all the parameters examined in our study with 
an extremely high degree of  accuracy.38

In our study, we found that as age increases, 
the chances of  finding calcification along the 
course of  ICA increase in both males and 
females. The average age of  patients with 
calcification was 54.42 versus 49.1 for those 
without calcification. This was consistent 
with the findings of  Alisson et al.39, who 
found similar results and concluded that the 
prevalence of  calcium deposits in the arterial 
walls increases significantly with age in both 
genders and peaks in the seventh and eighth 
decade of  life. In addition, older adults are 
more likely to develop periodontal disease and 
subsequent tooth loss and have a higher arterial 
stiffness.39

In our study, ETT was significantly lower 
in a group with ICA calcifications, whereas 
ETTAL was higher, but the difference was 
not statistically significant. These findings are 
similar to the results of  a study conducted 
by Petersen et al.,40 who found that neither 
ETT nor ETTAL were important factors 
for the atherosclerotic burden. In our study, 
men had a higher prevalence of  calcification 
(18.75%) than women (16.1%), although the 
difference was not statistically significant. The 
number of  missing teeth in females was more 
in comparison to males. This was in line with 
Demmer et al.41, who reported an increased 
number of  missing teeth in women. The 
study concluded that the gender difference 
found in the predisposition of  MT could be 
attributed to several reasons, such as treatment 
bias, dental practice differences, sociocultural 
determinants, and increasing age.41

The presence of  calcifications along the 
course of  ICA is an indicator of  an increased 
risk of  stroke and myocardial infarction.42 Poor 
oral hygiene, dental status, and teeth loss are 
associated with a varying degree of  carotid 
stenosis and can be a potential predictor 
for any future disease progression.43 These 
findings could help identify patients at risk 

of  atherosclerosis by using MT as a surrogate 
marker. The large FOV is ideal for screening 
for calcification of  ICA as the image includes 
the cervical vertebral region of  C3-C4 (region 
of  bifurcation of  common carotid artery) to 
the upper third of  the frontal bone. However, 
due to the significant radiation exposure, CBCT 
is not recommended for routine screening of  
ICA calcifications.

The findings of  our study reinforce 
the suggestion that the progression of  
atherosclerosis is linearly associated with 
increased teeth loss.44 Future prospective 
clinical follow-up of  patients at risk for 
cerebrovascular disease and their correlation 
with the patient’s dental status and presence of  
calcifications may provide additional evidence 
of  the utility of  MT and the number of  teeth 
with periapical inflammatory pathology as an 
early predictive “sign” of  atherosclerosis.

Our analysis, using CBCT data sets, revealed 
that the larger the number of  MT, the greater 
the possibility of  calcification that can be 
detected along the course of  the internal carotid 
artery. A significant correlation exists between 
mean age (MA) and the number of  missing 
teeth (MT) in patients with calcifications 
present along the ICA course. Hence, the 
number of  MT and the patient’s age can be 
predictive of  atherosclerosis “signs.” With the 
advancement of  technology, dentists need to 
have a thorough understanding of  the anatomy 
of  the head and neck region and the location 
of  important structures, as this information 
can aid in the detection of  incidental findings 
in asymptomatic patients undergoing dental 
procedures. The presence of  calcifications and 
their relationship to tooth loss and other dental 
parameters can help the clinician warn the 
patient of  impending danger to their overall 
health.

The data used to support the findings of  this 
study are available from the corresponding 
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