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ABSTRACT
Objective: Detection of abnormalities on a panoramic radiograph is essential to the practicing
dentist and dental hygienist. The objective of this study was to evaluate the accuracy of students
in detecting calcification of carotid artery atheromas (CCAA) on panoramic radiographs as a
component of a research study. Additionally, the objective was to use the results of the student’s
analysis to determine if there is a correlation between CCAA and certain health risks and demographic features in a Metro-Detroit area patient population as compared to other populations.
Methods: A correlation studies research design was used to conduct a retrospective cohort study
of panoramic radiographs of patients of record at Detroit Mercy Dental between 2012 and 2014.
In this study, 1,000 radiographs were examined by 4 dental hygiene students for the presence
of CCAA.
Results: Fifty-four of 1,000 (5.4%) radiographs revealed CCAA as identified by the dental
hygiene students acting as researchers, and subsequently confirmed by 2 radiologists. Forty
percent of the 54 patients with confirmed CCAA were smokers, 43% had hypertension, and
17% had heart disease as recorded on the available health history forms.
Conclusions: Two main conclusions were derived from this study. One, it is concluded from
this investigation that, as researchers, dental hygiene students are equipped to detect calcifications on panoramic radiographs as evidenced by the high levels of agreement of diagnoses
between students and board certified radiologists. Additionally it was concluded that the results
of the present study are similar to previously published studies by other investigators regarding
the incidence of CCAA identified by radiographic methods.
KEYWORDS: Atheroma; Carotid calcification; Panoramic radiograph; Radiology education;

Risk factors.
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Knowledge regarding detecting abnormalities on a panoramic radiograph is essential to the
practicing dental professional. At Detroit Mercy Dental, dental and dental hygiene students
are provided rigorous didactic and clinical training throughout their curriculum to detect such
abnormalities in order to provide their patients with an excellent overall health examination.
Upon graduation, as part of the scope of practice panoramic radiographs are exposed when indicated depending on the patient situation. While the main focus of a panoramic radiograph is
to detect oral hard and soft tissue abnormalities, other anatomical features may be observed by
the trained dental professional.1,2
 	
Atherosclerosis or hardening of the arteries is an inflammatory condition of immunological origin3 that may lead to coronary artery disease and stroke, and has been reported to
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be an underlying cause of nearly 50% of all deaths in Western
countries.4 The accumulation of fat, cholesterol and other materials in the walls of the arteries produce atherosclerotic lesions
known as atheromas or plaques.5,6 Disruption of the endothelial
lining over the atheromas can lead to calcification of the lesions.
When atheromas become significantly calcified within the carotid artery they may be visualized on a panoramic radiograph as a
calcified carotid artery atheroma (CCAA).7,8 Indeed, Friedlander
and Lande9 discussed the identification of calcified atheroma
plaques within the carotid artery on panoramic radiographs over
30 years ago. If present, CCAA at the carotid bifurcation is observed in a panoramic radiograph adjacent to the cervical spine
and hyoid bone. CCAA appear as nodular radiopaque masses or
radiopaque vertical lines inferior and/or posterior to the angle of
the mandible.10,11
Factors predisposing a patient to carotid artery atherosclerosis include, among many other factors, age, gender, systolic hypertension, hypercholesterolemia, cigarette smoking of
more than 20 packs/year, diabetes mellitus, physical inactivity,
obesity and coronary artery disease.12-14 Unfortunately a patient
may not experience any signs or symptoms alerting them to the
presence of CCAA, increasing their chances for life-threatening
cardiovascular events including stroke or heart attack. Many
studies have confirmed the identification of CCAA on panoramic radiographs in patients with varying health conditions and risk
factors.15-17 This provides evidence that a dental professional’s
knowledgeable and careful evaluation of the dental panoramic
radiograph might play a significant role in detecting CCAA and
providing the patient with information critical to their well-being.1,2,18,19
At Detroit Mercy Dental, dental hygiene students are
required to complete a research study as a component of the curriculum. One education-focused aim of this report therefore is
to evaluate the accuracy of dental hygiene students, in the role
of researchers undertaking a retrospective analysis of patient
records, in detecting CCAA on panoramic radiographs. A research-focused aim of this study is to determine potential correlations between CCAA and certain health risks and demographic
features in a Metro-Detroit area population, and to compare the
results to published reports in other populations.
MATERIALS AND METHODS

A correlation studies research design was used to conduct a retrospective cohort study using patients of record at Detroit Mercy
Dental. Institutional Review Board (IRB) approval was obtained
from the University of Detroit Mercy Institutional Review Board
by the principal investigator (Protocol#1415-04). The investigation consisted of an examination of 1,000 electronic panoramic
radiographs exposed between 2012 and 2014 on patients of record at the Detroit Mercy Dental Oral and Maxillofacial Radiology Imaging Center, Detroit, MI, USA.
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The radiographs were chosen randomly and analyzed,
together as a group, by 4 dental hygiene students mentored by
a Faculty member (KO-M) from the Department of Biomedical
and Diagnostic Sciences. The students were in the 2nd year of a
two-year dental hygiene program. Analysis was done in a dark
room setting with all extraneous light blocked and utilizing a
high quality monitor.
The dental hygiene students characterized each of the
radiographs as to the presence or absence of CCAA. Criteria
used for this determination was based on information that had
been provided in the classroom, and included the appearance of
radiopaque masses by C4/C5 vertebrae.10,11 Following student
analysis, 2 board-certified oral and maxillofacial radiologists at
Detroit Mercy Dental examined the same set of radiographs in
the same environment. The radiologists were blinded to the patients demographic and health data as well as to the decisions of
the students regarding the presence or absence of CCAA. The
presence or non-presence of CCAA on panoramic radiographs
was determined by the radiologists using a high quality monitor
viewed under the same conditions in a darkroom setting with all
extraneous light blocked (Weber’s law).
For radiographs with CCAA initially suggested by
the students and then confirmed by the radiologists, electronic
health records were examined and the following patient data was
collected: gender, age, race, smoking status, presence/absence of
hypertension, and presence/absence of heart disease. Once the
health data was matched to the panoramic radiograph data, all
links to personal identifiers were broken. Descriptive statistics
were used to analyze the results.
RESULTS

This study initially included 1000 radiographs of patients of record at Detroit Mercy Dental. CCAA was positively identified as
an irregular, heterogeneous, verticolinear, or circular radiopaque
mass inferior to the angle of mandible and adjacent to the cervical vertebrae at the levels of the C3-C4 intervertebral junction. Using these criteria, 54 of the radiographs (5.4%) revealed
CCAA as primarily identified by the student researchers and
subsequently confirmed by two radiologists. There was a nearly
100% level of agreement between the dental hygiene students
and the radiologists regarding the presence of CCAA.
Descriptive statistics of the subpopulation of the radiographs identified with CCAA are shown in Table 1. Of the 54
patients, 34 (63%) were males and 20 (37%) females. The mean
age of the male patients was 58 with a range of 50 to 90 years of
age. The mean age of the female patients was 59 with a range of
47 to 90 years of age. Nineteen (35%) of the patients identified
as white and 35 (65%) as African American. Of the 54 patients
demonstrating CCAA, 22 (40%) were smokers, 23 (43%) had
hypertension, and 9 (17%) had heart disease as indicated on the
health records (Table 2).
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Total sample=54
Gender:

Gender

Race

Comorbidity

Number Patients

Female

White

Smoking

2

Male (%)

34 (63%)

Female

White

Hypertension

3

Female (%)

20 (37%)

Female

White

Heart Disease

1

Male

White

Smoking

6

Mean Age:
Male

58

Male

White

Hypertension

6

Female

59

Male

White

Heart Disease

1

Female

African American

Smoking

8

Age Range:
Male

50-90

Female

African American

Hypertension

5

Female

47-90

Female

African American

Heart Disease

1

Male

African American

Smoking

6

Male

African American

Hypertension

9

Male

African American

Heart Disease

6

Race:
White (%)

19 (35%)

African American (%)

35 (65%)

Table 1: Characteristics of the study population.

Table 2: Comorbidity status in patients with CCAA.

DISCUSSION

CONCLUSION

Previous studies have demonstrated that panoramic radiographs
of middle-aged and older patients may reveal the presence of
CCAA. One objective of this investigation was to determine if
there is a correlation between the presence of CCAA on panoramic radiographs and certain health risks in a Metro-Detroit
area population. Additionally the goal was to compare the results
to that of other populations. In total, 5.4% of the radiographs
screened by students and radiologists revealed the presence of
CCAA. Results from this study of a Detroit population are in
general agreement with published reports of 2 to 11% incidence
of detectable CCAA on radiographs.20,21 As a few examples, a
study of middle aged adults in Korea showed that 6.2% revealed
the presence of CCAA on panoramic radiographs22 and Ohba et
al23 reported that the prevalence of CCAA in a Japanese population was 5%. Lastly, 2.5% of the radiographs studied in a Thai
population showed evidence of CCAA.21

The objective of this study was to evaluate the accuracy of students in detecting CCAA on panoramic radiographs as a component of a research study. It is concluded from this investigation that dental hygiene students are well equipped to detect
calcifications on panoramic radiographs due to the high levels
of agreement of diagnosis between students and board certified
radiologists.

Certain groups appear to have higher percentages of
detectable CCAA on radiographs, including males, aged individuals, smokers, and patients with hypertension, diabetes, and
hypercholesterolemia.21,22 The present study agreed with previous observations in that CCAA was detected in individuals with
hypertension and in those who smoked, and that males had a
greater prevalence of detectable CCAA compared to females.
In the present study, males were nearly twice as likely to show
CCAA. The results of this study also show that the majority of
patients with detected CCAA smoke and are hypertensive. Diagnosis of diabetes and hypercholesterolemia were not a focus of
the present study, however analysis of a larger number of radiographs may reveal such disease in the Detroit population. It can
be concluded from this study that the incidence of CCAA noted
on radiographs is in general agreement with reports of other
populations.
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