Human & Veterinary Medicine OPEN ACCESS
International Journal of the Bioflux Society Research Article

Importance of early diagnosis of atherosclerosis at
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Abstract. Objective: The study’s objective was to assess the degree of awareness in the dental community of Cluj-Napoca regarding the presence
of atherosclerosis at the level of the common carotid artery that can appear on routine dental panoramic radiographs. Material and method: An
online questionnaire including orthopantomographic images was distributed among the dental students in the 5th and 6th year as well as to the
resident dental students and dentists, all studying either graduated from “Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca,
Romania. Results: 90.7% of dental students in Cluj-Napoca (5th and 6th year as well as graduated dentists), were unaware to the calcified le-
sions present at the level of the common carotid artery on a panoramic radiograph, from which 100% lack of awareness in 5th year students’
group, 4% of awareness in 6th year students and 20% in experienced dentists. Conclusion: Panoramic radiographs are an indispensable diag-
nostic tool routinely used in dental examinations, which can contribute effectively to the early diagnosis of atherosclerosis, with no additional
cost to either public or private health systems. It is important to increase the awareness of our dental community and remind us that we must
provide a medical act not only as a dental practitioner but also as a health care provider able to consider all clinical findings and communicate
them within the shortest time to the general medicine specialist.
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Introduction (Almog et al 2004). Toxic lifestyles including smoking, sed-
entarism, poor diet, stress, alcohol abuse, are all contributing
factors to the development of atherosclerosis, by increasing the
blood pressure and changing the hemodynamic forces through
the narrowed lumen, the endothelium lying plaque will eventu-
ally disrupt and create an ulcer where the thrombus formation
will occur (Arai 2014).

Atherosclerosis is a multifactorial disease involving the inter-
play of genetic and environmental factors. Common Carotid
Artery Plaque (CCAP) formation (Figure 1) is characterized
initially by the disruption of the endothelium of the carotid ar-
tery, at the level of its bifurcation, due to a high blood pressure
often combined with stress and cigarette smoking, and a low-
er shear rate caused by the flow separation (Arai 2014). From
the damaged, hyper-permeable endothelium, infiltrate serum
lipoproteins and platelets-derived growth factor (PDGF). The
lipoproteins will lodge in the intima of the artery and PDGF
will initiate the proliferation of smooth muscles cells (SMC).
The elevated and thickened intima lesion will calcify, mainly
at the intima-media level, and protrude into the vessel lumen.
Therefore, with the contribution of hemodynamic forces of the
blood flow through the narrowed lumen, the endothelium lying

Despite major advancements in prevention and treatment of
stroke, according to the World Stroke Organization (WSO) we
account 13,7 million of new stroke each year. Globally one over
four people over the age of 25 will have a stroke in their lifetime
(Wahlgren et al 2016). Most death in Romania are due to stroke,
the standardized death rate of acute myocardial infarction was
the highest in EU in 2014 and cerebrovascular diseases, the sec-
ond highest in the EU, also contribute significantly to mortality
(Country & Profile, 2017). Between 1994 and 2017, 6,281,873
persons died in Romania, stroke being registered as the un-
derlying cause of death in 959,319 cases (loacara et al 2019).
From the 13.7 million of annual stroke, 5.5 million are leading
to death. Last but not least over 116 millions years of healthy
life is lost each year due to stroke-related death and disability
(Lindsay et al 2019). The statistics and guidelines of the WSO
are significantly relevant and provide information that should
be used to inform communication with all internal and exter-
nal stakeholders in order to reduce the global burden of stroke.
Atherosclerosis of the carotid artery is the most common cause
of stroke and when such lesions are calcified, they may easily
be identified on a panoramic radiograph since the carotid bi-
furcation lies within the field of a properly performed X-ray
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plaque will eventually disrupt and create an ulcer where the
thrombus formation will occur (Arai 2014).

Figure 1 - Schematic drawing of CCAP and atherosclerosis
pathogenesis steps and severity.

The CCAP is considered a dystrophic calcification where there
are deposited calcium salts in chronically inflamed or necrotic
tissues and the presence of an atheromatous plaque in the ex-
tra-cranial vascular path is the main cause for vasculo-cerebral
embolism and obstructive disease (Kuriakose & Xiao 2020).
The calcification appears as radio-opaque nodular mass or as
two radio-opaque vertical lines adjacent to or right below the
intervertebral spaces between C3 and C4. CCAP must be dis-
tinguished from other anatomical radio-opacities, such as sty-
loid process, stylo-hyoid and stylo-mandibular ligaments, hy-
oid bone, greater horn of the hyoid bone, epiglottis, great horn
of the thyroid cartilage (Badshah et al 2017). These anatomical
landmarks should represent a help rather than a confusion in the
identification of CCAP on OPT. The next schematic (Figure 2)
represents different pathological calcified lesions, that can ap-
pear also as radio-opacities on panoramic radiographs and should

Figure 2: Schematic of physiological and pathological calci-
fications for the differential diagnosis of CCAP on panoramic
radiographs. 1= Triticeous & Thyroid cartilage, 2= Sialoliths,
3= Calcified lymph nodes, 4= Tonsiloliths, 5= Phleboliths,
6= Anthrolith, 7= Ossified stylo-hyoid ligament, 8= Calcified
Carotid Artery Plaque (CCAP).

be differentiated from CCAP. In dentistry, general health con-
ditions can sometimes be primarily detected just from an accu-
rate dental examination. In this study, we emphasize the utility
of routine panoramic radiograph, which enable us, as dentist,
to detect a general condition that might be critical. The inter-
ested region on the X-ray lies between the region of the ramus

Volume 16 Issue 1

Page 28

Babtan et al 2024

and the angle of the mandible and the base of the neck, within
the soft tissues, more precisely at or below the level of the in-
tervertebral space of C3 and C4. From panoramic radiographs
we identify these nodular or vertical radio-opacities as CCAP.
It is in 1998, in an Australian dental journal that Friedlander
Arthur and Friedlander Ida were published for the first time writ-
ing about atherosclerotic lesions occurring at the bifurcation of
the common carotid artery visible on a panoramic radiograph
(Friedlander & Friedlander, 1998). Cardiovascular disease can
be prevented when risk factors are identified early. The inci-
dence of CCAP on panoramic radiographs, and periodontitis
have both been associated with increased risk of cardiovascu-
lar disease. The examination and ability to identify a CCAP by
oral health care providers on panoramic films has therefore a
significant role in the early diagnosis of atherosclerosis in the
carotid artery (ACA) (Friedlander & Friedlander 1998). Hence
it would be a great contribution from the community of dentist
to be aware of CCAP lesion while the examination of panoramic
radiograph taken routinely in their dental clinics and help to re-
duce the global burden of stroke. Friedlander mentioned that a
particular attention should be given to patients over 55 years old
and with a medical history of hypertension, diabetes mellitus,
high blood cholesterol and coronary artery disease or patients
with sedentary behaviours, including smoking, high alcohol con-
sumption, or unhealthy diet coupled with overweight which are
all well known to be associated with atherosclerosis and stroke
(Friedlander & Friedlander 1998). The dental community ought
to play their part and contribute within their means to the early
diagnosis of patient at risk of having a cardiovascular attack,
which means firstly by identifying a suspected CCAP and sec-
ondly by transferring, within the shortest time, the patient to a
cardiovascular department that will proceed to the confirmation
of the suspected diagnosis and initiate afterwards an adapted
treatment preventing a potential stroke.

Image 1shows in an edentulous patient, the main radioopaque
structures of the two maxillas, the surrounding structures and
the radiological appearance of the common carotid artery calci-
fications. Adapting image 1 by placing 4 vertical lines in order

Image 1 - OPG of an edentate patient presenting calcified lesion
at the level of the bifurcation of the carotid artery. 1= Mandible
body, la=mandible condyle, |b=mandible angle, 1a=mandib-
ular condyle, 1b=Mandible angle, 2= Maxilla, 3= Hyoid bone,
3a= Greater horn of the hyoid, 4= Cervical Vertebra (4a=C2,
4b=C3, 4c=C4), 5= Orbit, 6= Nasal septum, 7= Inferior nasal
concha, 8= maxillary sinus, 9= Styloid process, 10= Triticeous
cartilage, 11=Epiglottis, 12= superior horn of thyroid cartilage,
13=Bifurcation of the common carotid artery presenting nodu-
lar calcification. Written and informed consent obtained from
(UFBA_UESC DENTAL IMAGES dataset).
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to divide the panoramic into four identical rectangles, the read-
er can see that the red line represents the midline and the blue
lines are separating each half (left and right) into lateral and
medial quarter (Image 2). Sequent, RM & RL are standing for
Right Medial and Right Lateral quarters, whereas LM & LL
for Left Medial and Left Lateral quarters. Image 3 represents a

Image 2 - OPT of an edentate patient presenting calcified lesion
at the level of the bifurcation of the carotid artery. Red line=
Midline, right and left blue lines dividing the OPT into 4 rec-
tangles, named: RL=right lateral, RM=right medial, LM= left
medial, LL= left lateral.

magnification of LL rectangle in Image 2, with the purpose of
visualizing the main area of this study: the bifurcation of the
carotid arteryThe image evidences the presence of three nodular
radio-opacities. The common carotid artery originates from the
aorta artery, it then branches into the internal and the external
artery. The bifurcation level presents some variations, howev-
er it is usually found at the level of C4 or inter vertebral space
level between C3 and C4 or at the upper margin of the thyroid
cartilage (Kurkcuoglu et al., 2017).

Image 3 - Calcification at the level of the common carotid ar-
tery (CCA).

Different articles mention the lack of awareness, among the
dental community, towards CCAP lesion on OPT or even that
dentists have historically limited their participation in the pre-
vention of stroke (Friedlander & Friedlander 1998; Kats et al
2018; Roldan-Chicano et al 2006a). To this date nonetheless,
no scientific studies have been conducted in order to evaluate
the degree of awareness of the dental community and support
this statement. The study will be conducted with the hypothesis
that there is a significant lack of awareness among our dental
community of Cluj-Napoca towards a potential life-threatening
lesion, the presence of atherosclerosis at the level of the com-
mon carotid artery that can appear on routine dental panoramic
radiographs.

Volume 16 Issue 1

Page 29

Babtan et al 2024

Material and method

The study will assess the degree of awareness of dental com-
munity of Cluj-Napoca, Romania regarding atherosclerosis
opacities on panoramic radiographs. We hypothesize that >50%
would not notify CCAP lesions on panoramic X-rays. In order
to achieve a relevant representation of our dental community
awareness, we chose to make a statistical analysis from answers
obtained through an online questionnaire distributed among the
dental students in the 5th and 6th year as well as to the resident
dental students and dentists that would represent a sample with
more experiences.

Inclusion criteria

The most important inclusion criteria relative to this study was to
represent the dental community of Cluj-Napoca, that are or will
work routinely on panoramic radiographs. In addition, we include
only the dental professional that are actually studying or have
already graduated from the same university - “Iuliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca, Romania.

Exclusion criteria

In the same manner the exclusion criteria are all dental practi-
tioners and dental students coming from another dental com-
munity and university. Any students in medicine and pharmacy
are also excluded from the study.

Questionnaire development

In the aim to facilitate the collection of answers and to repre-
sent as good as possible the dental community of Cluj-Napoca,
the study has been conducted by the mean of a google form
which was distributed online on different student and dentist
platforms. This method was able to reach a fair amount of the
targeted community and allowed a good distribution between
students and graduated dentists.

The online questionnaire was divided into two sections. In the
first section, the subject must mention if he or she is a dental
student or a graduated dentist. In the second section, the ques-
tionnaire is composed of 5 open questions with the possibility
to respond by short answers. The choice to address only 5 ques-
tions was to promote a high number of answers and maintain an
optimal level of awareness among the subjects. Each one of the
5 open question includes a panoramic radiograph all independ-
ent from each other. From these panoramic radiographs, we ask
the same following question: “From the following radiographs,
please observe carefully and describe the first pathological ra-
dio-opacity appearing to your eyes”. Within the 5 panoramic
radiographs, two panoramic x-rays were randomly placed in
the questionnaire, representing the studied lesion (CCAP).
The three other panoramic x-rays had a role to represent “non-
CCAP” OPT obtained during a usual day of practice in a dental
clinic. They were in this case representing respectively the fol-
lowing pathological calcification: pulp stones at the level of the
teeth 1.5 and 2.6, hypercementosis in lower arch and the third
x-ray an impacted wisdom tooth - 4.8 due to an odontoma. The
panoramic radiographs used in this study were obtained from
UFBA _UESC DENTAL IMAGES dataset, who allowed us,
after signing an agreement, to demonstrate these radiographs
in the context of academic publication and presentations. We
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obtained from UFBA UESC DENTAL IMAGES dataset an
informed and written consent.

Data collection

From the first multiple choice question of the questionnaire, re-
questing one single answer we can obtain, by the mean of excel
software, a statistical distribution between dental student, resi-
dents and dentist with and without specialty who have answered
the form. Concerning the collection of data from the open ques-
tions we have proceeded by a content analysis, meaning that
we have gathered all the answers and to sort them into 2 differ-
ent categories. The first category would gather all the answers
that were not describing the atherosclerosis lesion at the level
of the CCA. And the second category, would be all the answers
describing the pathological opacification in the CCA on at least
one of the 2 OPG that presented the lesion in the questionnaire.
Once we have proceeded to the content analysis, we obtain bi-
nary results, simply identifiable by “yes” and “No”, or “aware”
and “not aware”, the results have been placed then in an Excel
Table, which then have allowed us to illustrate our results un-
der the forms of graphics.

Results

In total, the dental community population who answered the
questionnaire was represented by 10 dentists with speciali-
zation, 8 dentists without specialization, 13 residents in den-
tal specialty and 68 students, which was respectively divided
into 10 students in the 5th year and 45 students in the 6th year
(Table 1, Figure 3).

Table 1: Socio-demographic distribution among the dental com-
munity of Cluj-Napoca answering the questionnaire

Figure 3: Distribution of the dental community answering the
questionnaire
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We can see from this graphical illustration and from the Table
1, that we obtained most answers from the students, especially
from the student in the 6th year with 45 answers, representing
52% of all answers. The second majority of the subjects are
represented by the dental resident with 13 answers, represent-
ing 15% of all our subjects. In third position come together in
the same proportion the subgroup of dentists with specialty as
well as the subgroup of dental student in the 5th year. Finally,
we have the dentists without specialty who encountered 9% of
the total sample collected.

After the analysis of the content of our open questions individu-
ally (Table 2), we have obtained the following results:

Table 2: Distribution of awareness among each subgroup of
the sample population of the dental community of Cluj-Napoca

The next graphic (Figure 4) will show us the repartition of the
individuals who have recognize the atherosclerosis sign at least
once out of the 2 OPG on the questionnaire that presented the
lesion. The repartition of the individuals who correctly identi-
fied the CCAP lesions, on at least one out of the 2 OPG which
presented the lesion, while answering our questionnaire are 50%
the subcategory representing the dentists with specialty, 25%
from the subcategory of the dentist without specialty and finally
25% from the group of the dental students in the 6th year. From

Figure 4: Histogram representing the percentage of awareness
among each subcategory of the sample population of the dental
community of Cluj-Napoca

the representation of the histogram (Figure 4), we can identify
that the subcategory who showed the best awareness regarding
CCAP lesion is by 44% the dentists with specialty, secondly,
we find another experimented subcategory, the one from the
dentist without specialty having 33% of awareness and the last
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subcategory who has described the lesion by two individuals is
the one represented by the 6th year students with 4% of aware-
ness. On the other hand, the 5th year students’ group and the
residents has shown 100% of unawareness towards the athero-
sclerosis lesion present on the 2 panoramic radiographs in the
questionnaire. In the first category of the population, the one
gathering the dentists, who have more experiences, we obtain
20% of awareness. In the second group, representing the stu-
dents, who have less experience, we obtain 4% of awareness
towards CCAP lesions. Over the whole sample population stud-
ied, we have obtained 91% of unawareness concerning calci-
fied carotid artery plaque, present on the 2nd and 4th OPG of
our questionnaire.

Discussion

In this study, we wanted to evaluate the awareness of the dental
community of Cluj-Napoca regarding CCAP lesions on OPT.
For this purpose, we used an online questionnaire distributed
among a sample of our target population, followed by the sta-
tistical analysis and the graphics’ illustration, using Microsoft
Excel 2020. We presently showed that from the results we
found, there is >50% of dental practitioner and dental students
shared between the 6th and 5th year, who have failed to identi-
fy, or describe in any way the atherosclerosis lesion at the level
of the CCA. This CCAP lesion were present on 2 panoramic
radiographs out of 5 used in the questionnaire. The percent-
age obtained after our calculation is even larger than expected,
reaching 91% of our sample population, which further confirms
our initial hypothesis. We have noticed of course better results
from the experimented groups, such as the dentists with spe-
cialty having 44% of awareness, but even though in this subcat-
egory was more aware, the remaining 56% are also not aware
of CCAP lesion on OPG and once again the result confirms
our hypothesis. However, the results obtained might also have
been subjected to various sources of errors, first we have created
a questionnaire that was asking for subjective answers in order
to increase the sincerity level of the subjects and to leave the
possibility to describe the CCAP lesion, but as a consequence
asking for the interpretation of the first pathological radioopac-
ity that would appear to the eye of the subject could become too
subjective and never incorrect. So, we did not indicate specifi-
cally what kind of lesion we were looking at.

For instance, it would have been possible to increase the de-
gree of awareness among each individual by adding at the end
of the questionnaire, an additional question asking to place the
same 5 previous X-rays in an order of severity. Hence, the ra-
diograph considered, by each of our subject, to

represent the most severe case would place in the 1st position
and the least severe case would be put in the last position. This
way we could have insisted on the severity aspect of our study’s
subject and incite each individual to give at least one second at-
tentive look at each one of the 5 panoramic radiographs of the
questionnaire. Moreover, the access to our database of study,
didn’t provide the expected quality radiographs that one should
obtain in dental clinics, that is to say with a balance intensity,
without intense dark areas, which was mentioned by some of
our subjects concerning the OPG from question n°1, or any
blurry images or ghost shadows. Some ghost shadows were
present, although they did not interfere with the appearance of
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atherosclerotic lesions. A new aspect also important to mention,
that would have eventually affected our results, is that a dentist
have usually always the possibility to analyze thoroughly his
panoramic radiographs taken in his office, by increasing or de-
creasing the intensities and voltages of his image, that allows
the examiner to increase the brightness and the visibility of the
image’s darker regions, where the regions of the cervical spine
and the bifurcation of the common carotid artery are often sub-
jected. We might have run into some more complex situations
with a doubt

concerning the differential diagnosis of other possible calcified
anatomical structures present in the same region where CCAP
occurs, which sometimes require the experimented eye of a max-
illa-facial surgeon or radiologist (Roldan-Chicano et al 2006b).
However, from the analyse of the short-written answers, we have
never encountered the description of any anatomical structures
included in the region where we could observe the CCAP le-
sions. We have reviewed previously in the general part of the
study, that the differential diagnosis concerns for most of situa-
tions the calcified triticeous cartilage and less likely the superior
horn of calcified thyroid cartilage (Carter 2000; Roldan-Chicano
et al 2006b). In case of lack of experiences or confusions with
a differential diagnosis, we can note that even with the general
knowledge of CCAP

lesions, some errors could be still done by the dental partitioner.
Moreover, it exists anatomical variations from one individual to
another in the cervical area (Roldan-Chicano et al., 2006b). It
is also important to precise that the panoramic image is a two-
dimensional projection of a three-dimensional object that can
only give a preliminary estimate and in case of a suspected pa-
thology, such as CCAP,

an additional study is required, usually a three-dimensional im-
aging examination, typically a Doppler Ultrasonography (Arthur
H Friedlander & Friedlander, 1998). Unfortunately, from our
statistical analysis and also according to the literature, we can
understand that the CCAP lesions are not in the specific area
which dental practitioners usually focus on (Kats et al 2018). An
additional study confirms this neglection and describe CCAP le-
sion as being clearly visible on OPT but unfortunately is prone
to be underexamined by dental practitioner (Kats et al 2018).
As aresult, the pathology remains undetected and some of these
asymptomatic patients miss to be diagnosed at an early stage and
act with adapted medical measures in order to prevent a cardio-
vascular event that is most likely to occur. However, knowledge
and skills to detect CCAP on OPG among our dental commu-
nity can be improved, if we act accordingly and take measures
(Khambete et al 2014). We could manage to inform and edu-
cate a large amount of dental practitioner and hopefully reach
soon enough a sufficient diagnostic level that would impact on
the burden of stroke in Cluj-Napoca.

A first suggestion would be to sensibilize our dental commu-
nity, especially through the education provided by the teachers
at Faculty of Dentistry of Cluj-Napoca, thus reaching already
the future generations of dentists. One should better understand
that we have to act and adapt to any kind of situations in which
we can fulfill our doctors’ responsibilities. Even if it is not our
main domain of work, it remains a detectable lesion that could
appear on routine panoramic radiograph and might represent
an important tool to prevent fatal cardio-vascular event. Beside
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we can also suggest to distribute information charts to a great
amount dental cabinets in Cluj-Napoca, illustrating the chain of
preventive actions against strokes and the short description of
the lesion with the possible differential diagnosis that could oc-
cur in this area. Recently a scientific study has tried to develop
another kind of

solution in order also to contribute to a higher number of di-
agnostic levels, by the mean of routine panoramic radiographs
(Kats et al 2018). The study concept was to create an algorithm
that would be joined to panoramic x-rays, and by automatic de-
tection analysis, the algorithm could diagnose atherosclerosis
lesion if the dental practitioner would not see it, thus become
a central help in the daily work of the dental practitioner as it
would contribute to increase the chances of timely detection of
atherosclerosis at the level of the bifurcation of the carotid ar-
tery and as a consequence increase the prevention against pos-
sible strokes.

Figure 5 - Flow-chart preventive chain for stroke based on early
detection of CCAP on OPG

Conclusion

Panoramic radiographs are an indispensable diagnostic tool
routinely used in dental examinations. We have reviewed from
the literature, that the same panoramic radiograph may present
a distinctive pathological radio-opacity at the level of the CCA
which indicate potentially an imminent stroke attack. In addition,
we have also reviewed that an early detection of atherosclerotic
lesion may have a key-role in the diminution of the burden of
stroke in the world. As a consequence, panoramic radiographs
within its limitations contribute effectively to the early diagno-
sis of atherosclerosis, with no additional cost to either public or
private health systems. We have demonstrated that from a sam-
ple population in Cluj-Napoca, 90.7% of dental students in the
Sth and 6th year as well as graduated dentists, were unaware to
the calcified lesions present at the level of the CCA on a pano-
ramic radiograph, therefore 90.7% would have been unable to
refer their patients to a medical specialist for further medical
tests and treatment, failing to their professional responsibility.
We come to the conclusion that it is of utmost importance to
increase the awareness of our dental community and remind us
that we must provide a medical act not only as a dental practi-
tioner but also as a health care provider able to take into account
all clinical findings and communicate them within the shortest
time to a specialist, thus fulfilling one’s ought in the precious
chain of our medical community.
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