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Assessment of carotid calcifications on panoramic radiographs in
relation to other used methods and relationship to periodontitis and
stroke: a literature review
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Abstract

Objectives. To assess the literature on carotid calcifications defined from panoramic radiographs (PMX) and concurrent
diagnosis of stroke and periodontitis. Materials and methods. A literature search screening for publications using search
terms such as PMX and carotid calcification, stroke and periodontitis was performed in November 2012. Results. A total of
189 articles were retrieved, among which 30 were included in the review. The sensitivity for PMX findings of carotid
calcifications (CC) compared to a diagnosis by Doppler sonography varied between 31.1-100%. The specificity for PMX
findings of carotid calcifications compared to a diagnosis by Doppler sonography varied between 21.4-87.5%. Individuals with
CC findings from PMX have more periodontitis and risk for stroke. Conclusions. There is a shortage of well-designed studies
in older dentate individuals assessing the associations between periodontitis and radiographic evidence of CC and in relation to
stroke or other cardiovascular diseases. Statement of Clinical Relevance. Carotid calcifications are prevalent in patients with
periodontitis and such individuals may have an increased risk for stroke. The absence of signs of carotid calcification on

panoramic radiographs is indicative of no calcification of carotid arteries.
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Introduction

Atherosclerosis is a chronic inflammatory disease with
a multifactorial nature, characterized by thickening and
the loss of elasticity of the arterial walls. Arterial cal-
cification in major vessel beds outside the brain have
been associated with vascular brain disease and linked
to future risk of dementia and stroke [1]. Atheroscle-
rosis is a systemic vascular process and a major cause of
cardiovascular and cerebrovascular disease. In the US,
stroke is the third leading cause of death [2].
Approximately 85% of all of stroke events are
ischemic in nature and are caused by atheroma in
the internal carotid artery [3]. Carotid artery sclerosis
accounts for 20-30% of ischemic stroke events. Data
have shown that neurologically asymptomatic indivi-
duals with more than 50% stenosis of the internal
carotid artery have an elevated risk of developing
stroke [4]. An accumulation of low-density lipopro-
teins (LDL) occurs in the intimate layer of the

endothelium, culminating in the formation of ather-
omatous plaque, with superimposition of calcium
deposits. Atheromas are composed of lipids and
fibrous tissue, deposited on blood vessel cell walls
[5]. Many factors pre-dispose to carotid atheroscle-
rosis including: advancing age [6,7], male gender,
hypertension [7], serum levels of low-density lipopro-
tein (LDL) [8], smoking habits [9], diabetes mellitus
[7,10] and heavy alcohol intake [11].

Data also suggest that chronic infections attribute
to the pathogenesis of atherosclerosis [12]. Periodon-
titis is a destructive inflammatory process of periodon-
tal tissues initiated by primarily gram-negative
bacteria [13]. Periodontitis has been associated with
coronary heart disease and stroke [14—22]. Periodon-
titis has also been associated with endothelial dys-
function and sub-clinical carotid atherosclerosis
intima media thickness [18,19,21,23,24]. Thickening
of the intima media has been strongly associated with
risk factors for stroke and with prevalent stroke [25].
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Data also suggest that evidence of carotid calcification
may be related to periodontitis [20,26—28]. There is
currently no scientific evidence explaining the asso-
ciation between periodontitis and vascular diseases, i.
e. stroke and acute coronary syndrome [29].

Several methods are used to assess arterial calcifi-
cation. Plain radiographs, ultrasound-based carotid
intimal-media-thickness assessment, brain magnetic
resonance imaging (MRI) and computer tomography
(CT) are methods that are being used to assess
vascular pathology including calcifications of blood
vessels associated with pathophysiology of vascular
brain disease. Studies have shown that, compared
with ultrasound plaque imaging, quantification of
CT calcification provides additional information in
regard to the ability to detect complex brain vascular
conditions [1]. Angiography is considered the most
accurate method to diagnose atherosclerotic diseases.
While this procedure is invasive, complications may
occur [30-32]. In other medical diagnostics, Doppler
sonography (ultrasonography) methods have been
used as a surrogate gold standard while the results
obtained with this non-invasive imagining method are
similar to those obtained with angiography [33].

Panoramic radiography is a frequently performed
diagnostic tool used in the dental practice. Athero-
matous plaques, even in the case of partial calcifica-
tions, resulting from the deposition of calcium salts,
can be observed on panoramic radiographs. Calcifi-
cations in the area of the carotid artery bifurcation can
be detected on panoramic radiographs in the range of
2-5% of the population [34-41]. Such uni- or bilat-
eral calcifications can present as one or more irregular
radio-opacities eventually punctuated by vertical-lin-
ear radiolucent areas. The calcification is usually
localized ~25 mm posterior and inferior to the man-
dibular angle and adjacent to the space between
vertebrae C3 and C4. Panoramic radiographs may,
therefore, be suitable for the detection of such ather-
omatous calcifications [20,34-36,41].

The aim of the present review was to evaluate the
use and value of panoramic radiographs in assessing
carotid calcifications in relation to other used meth-
ods (gold standards). A second aim was to assess the
literature on carotid calcifications defined from pan-
oramic radiographs and concurrent diagnosis of
stroke and periodontitis.

To identify studies included in the present review, a
literature search was conducted in November 2012.
The following phrases were used for screening and
selection of studies: (I) (panoramic radiography and
carotid calcification) OR (panoramic radiography and
carotid calcifications) OR (panoramic radiography
and carotid artery atheroma); (II) (carotid calcifica-
tions and stroke and panoramic radiography) OR
(carotid calcification and dental) OR (carotid calcifi-
cation and stroke and panoramic radiography) OR
(carotid calcifications and dental); and (III) (carotid

calcifications and periodontitis and panoramic radi-
ography) OR (carotid calcification and periodontitis
and panoramic radiography) OR (carotid calcifica-
tions and periodontal disease and panoramic radiog-
raphy) OR (carotid calcification and periodontal
disease and panoramic radiography) OR (periodon-
titis and carotid calcification) OR (periodontitis and
carotid calcifications). Additional references were
found in the literature lists of selected papers.

Papers not written in the English language, case
reports and animal research were excluded. The
abstracts of the publications obtained from the
searches were screened. Searching for articles com-
paring panoramic radiography to other diagnostic
methods resulted in 116 potential publications,
among which 16 reported on the relationship between
carotid calcifications identified from panoramic
radiographs and other methods of assessments.
When searching for publications on the association
between carotid calcification and stroke, 65 potential
publications were retrieved. From these publications
10 studies reported on the associations between
carotid calcifications and stroke. When searching
for publications on the association between carotid
calcification and periodontitis, eight potential publi-
cations were retrieved. After reading the full text of
these publications, four were included in this review.

A summery of findings on the ability to assess
carotid calcifications on panoramic radiographs in
comparison to other standard procedures to diagnose
carotid calcifications is reported in Table I. Doppler
sonography is often used as the ‘gold standard’ for
diagnosing carotid calcifications and was compared to
diagnosis made on panoramic radiographs in 12 out
of the 16 selected studies.

Two studies compared carotid calcifications diag-
nosed on panoramic radiography to anterior posterior
projection radiography [36,42]. According to these two
studies [36,42], carotid calcifications and anterior pos-
terior radiography were in concordance in all cases.

Yoon et al. [43] reported that 15% of carotid
arteries were interpreted as calcified on panoramic
radiography vs 41% on computer tomography. This
indicates that the sensitivity to assess carotid calcifi-
cation on panoramic radiographs is rather low when
compared to computer tomography. Damaskos et al.
[44] compared digital subtraction angiography to
PMX on carotid level and showed a sensitivity of
60% and a specificity of 48%.

Sensitivity and specificity calculations, on a patient
level, were reported in nine of the 17 studies. Thus,
the sensitivity for panoramic radiography findings of
carotid calcifications compared to a diagnosis by
Doppler sonography varied, on a patient level from
31.1-100% [28,45-51,44]. A limitation for the iden-
tification of calcifications on panoramic radiographs is
that the area of interest may not be included on the
radiographic image or not detectable due to a low
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Table 1. (Continued).

Comments

Methods Results

Patient selection and gender

Reference, year

calcifications of the carotid

arteries

Large number of patients

15/960 patients had CC on PMX
12/15 patients had CC identified

by DS

Case series

960 patients > 40 years at a
University Clinic in Iran
Men = 436 (45.4%)

Imanimoghaddam
et al. [51], 2012

were screened but few cases
studies due to exclusion

criteria

PMX were evaluated by an oral radiologist for the presence

or absence of CC

Sensitivity: 80%

CC was defined as: one or more heterogeneous radio

opacities in a

Women = 524 (54.6%)

CC on PMX confirmed in
80% of the cases

Mean age = 55.5 + 10.6 years

vertico-linear orientation adjacent to the cervical vertebrae

at or below the intervertebral space C3-C4

CC, Carotid calcification; DS, Doppler sonography; PMX, Panoramic Radiograph; TIA, Transient Ischemic Attack.

degree of calcification [52]. Thus, it is critical that the
area of interest is properly projected.

The specificity for panoramic radiography findings
of carotid calcifications compared to a diagnosis by
Doppler sonography varied from 21.4-87.5%
[28,47,50]. Thus, the specificity is higher than the
sensitivity, indicating that a negative diagnostic find-
ing on a routine panoramic radiograph should be
considered as an indication of no carotid stenosis,
assuming the area of interest is available for analysis.
A positive finding should be viewed with scrutiny to
prevent false interpretations. If warranted, further
medical attention is needed. It should also be pointed
out that not all calcifications imply significant stenosis
and not all atherosclerotic lesions are calcified [53].

The associations between carotid calcifications as
defined from panoramic radiographs and stroke are
reported from 10 studies (Table II). In a majority of
the studies, carotid calcifications were detected in a few
cases, limiting the power of the studies. For example, in
the study by Kumagai et al. [54] with 2374 individuals,
only 95 of these individuals had evidence of carotid
calcification on PMX. Among these individuals, only
eight of them had a history of stroke. Similarly, in the
publication by Lewis and Brooks [55] only 9/1156 indi-
viduals had evidence of carotid calcification on PMX.
None of these individuals had a history of stroke. In
contrast, in the publication by Persson et al. [20], 198/
1064 patients had evidence of carotid calcification on
PMX. The study population included study individuals
>60 years and the authors reported a high level of
association between carotid calcification on PMX
and a history of stroke [20]. In contrast, only 15%
were =55 years in the previously reported study [55]. In
seven of the studies selected fewer than 10 individuals
with stroke were identified. In two studies [38,55] the
mean age of the patients was lower than age 50, limiting
the possibilities of detecting carotid calcification on
PMX and that the patients should have a history of
stroke at that age. In the study by Christou et al. [27]
based on a limited number of individuals with a history
of stroke (7 = 14) all of them demonstrated evidence of
carotid calcification on PMX. Based on a limited
number of studies with sufficient number of study
individuals at potential risk for stroke, radiographic
evidence of carotid calcification may indicate indivi-
duals at risk for stroke. Thus, studies to assess the
presence of carotid calcification on panoramic radio-
graphs and how such findings are related to cerebro-
vascular events should primarily be performed,
including individuals at risk for such events. If studies
are performed in populations with a low likelihood of
carotid calcification the diagnostic specificity of pan-
oramic radiography to detect such calcifications would
approach 100% and with the reverse for test sensitivity.

Studies on the association between carotid calcifi-
cations defined from panoramic radiographs and a
diagnosis of periodontitis are presented in Table III.
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Four studies were retrieved. When periodontitis was
defined as alveolar bone loss > 4 mm between the
cement—enamel junction and bone level at >30% of
sites, a dose—response relationship between the size of
the carotid calcification and the severity of periodon-
titis on panoramic radiographs was reported [28].
Using the same definition of periodontitis,
Persson et al. [20] also reported an association
between carotid calcification on panoramic radio-
graphs and periodontitis. In individuals with peri-
odontitis, defined as > 1 mm bone loss on a
panoramic radiograph, 25.7% of individuals with
bilateral carotid calcifications had periodontitis com-
pared to 10.4% among those without carotid calcifi-
cations [26]. In contrast, Tiller et al. [56] failed to
show a significant periodontitis risk and radiographic
evidence of carotid calcification on PMX when mul-
tivariate regression analysis was performed. It should
also be recognized that the study by Tiller et al. [56]
studied the risk of periodontitis and not a diagnosis of
periodontitis.

Although it requires training to detect calcifications
on panoramic radiographs, analysis of panoramic
radiographs for carotid calcification made under opti-
mal conditions with the help of view boxes and
magnifying lenses could be a useful tool in assessing
individuals at risk for stroke. The use of digital images
could also enhance the ability to detect carotid calci-
fications. A shortcoming with digital panoramic
images is the reduced dimensions resulting in that
such images often do not include the area of interest
for detection of carotid calcifications. On the other
hand, digital radiographs can be adjusted for contrast.
Color enhancement through computer programs may
also facilitate the detection of radio-opacities, suggest-
ing calcified carotid arteries.

Conclusions

The study designs, selection and number of study
individuals and the age of the included individuals
differed among the studies, making it difficult to draw
any definite conclusions. The results of the present
literature review indicate, though, that carotid calci-
fications are more frequently found in panoramic
radiographs from older individuals and that periodon-
titis as evidence of alveolar bone loss was more often
identified among individuals with radiographic evi-
dence of carotid calcifications. The sensitivity of pan-
oramic radiographs to identify carotid calcifications
against Doppler sonography is in most studies low.
The absence of radiographic evidence of carotid cal-
cification on PMX is consistent with negative findings
using Doppler sonography and, thus, the specificity is
high. A positive diagnostic finding on a routine pan-
oramic radiograph suggests further medical attention.

There is a shortage of well-designed studies in older
dentate individuals assessing the associations between

periodontitis and radiographic evidence of carotid
calcification on panoramic radiographs and with a
further relationship to a history of stroke or other
cardiovascular diseases. The majority of the studies
available for review can be considered as case series
and there are few, if any, published longitudinal data
or clinical follow-up studies beyond assessments with
Doppler sonography and angiography.
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