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Reliability of digital panoramic radiography in the diagnosis
of carotid artery calcifications*

Confiabilidade da radiografia panorâmica digital no diagnóstico de calcificações na artéria carótida
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Abstract

Resumo

Objective: The present study evaluated the reliability of digital panoramic radiography in the diagnosis of carotid artery calcifications.

Materials and Methods: Thirty-five patients under high-risk for development of carotid artery calcifications who had digital panoramic

radiography were referred to undergo ultrasonography. Thus, 70 arteries were assessed by both methods. The main parameters utilized

to evaluate the panoramic radiography reliability in the diagnosis of carotid artery calcifications were accuracy, sensitivity, specificity and

positive predictive value of this method as compared with ultrasonography. Additionally, the McNemar’s test was utilized to verify whether

there was a statistically significant difference between digital panoramic radiography and ultrasonography.

Results: Ultrasonography demonstrated carotid artery calcifications in 17 (48.57%) patients. Such individuals presented with a total of

29 (41.43%) carotid arteries affected by calcification. Radiography was accurate in 71.43% (n = 50) of cases evaluated. The degree

of sensitivity of this method was 37.93%, specificity of 95.12% and positive predictive value of 84.61%. A statistically significant differ-

ence (p < 0.001) was observed between the methods evaluated in their capacity to diagnose carotid artery calcifications.

Conclusion: Digital panoramic radiography should not be indicated as a method of choice in the investigation of carotid artery calcifica-

tions.
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Objetivo: O presente estudo avaliou a confiabilidade da radiografia panorâmica digital no diagnóstico de calcificações na artéria

carótida.

Materiais e Métodos: Trinta e cinco pacientes de alto risco para o desenvolvimento de calcificações na artéria carótida que tinham a

radiografia panorâmica digital foram encaminhados para realização do exame de ultrassonografia. Assim, 70 artérias foram avaliadas

pelos dois exames. Os principais parâmetros utilizados para avaliar a confiabilidade da radiografia panorâmica no diagnóstico de calcifi-

cações na artéria carótida foram a precisão, a sensibilidade, a especificidade e o valor preditivo positivo desse método quando compa-

rado à ultrassonografia. Além disso, o teste de McNemar foi utilizado para verificar se existia diferença estatisticamente significante entre

a radiografia panorâmica digital e ultrassonografia.

Resultados: De acordo com a ultrassonografia, 17 (48,57%) pacientes apresentavam calcificações na artéria carótida. Esses indiví-

duos apresentavam um total de 29 (41,43%) artérias carótidas atingidas por calcificações. O exame radiográfico foi preciso em acertar

71,43% (n = 50) dos casos avaliados. O grau de sensibilidade desse método foi 37,93%, especificidade de 95,12% e valor preditivo

positivo de 84,61%. Além disso, foi verificada diferença estatisticamente significante (p < 0,001) entre os exames avaliados na capa-

cidade de diagnosticar calcificações na artéria carótida.

Conclusão: A radiografia panorâmica digital não deve ser indicada como exame de excelência para investigação da presença de calci-

ficações na artéria carótida.

Unitermos: Calcificação na artéria carótida; Estágio final da doença renal; Radiografia panorâmica; Ultrassonografia.

* Study developed at Universidade Federal da Paraíba (UFPB), João Pessoa,

PB, Brazil.

1. Master, Fellow PhD degree in Oral Pathology, Universidade Federal do Rio

Grande do Norte (UFRN), Natal, RN, Associate Professor, Centro Universitário de

João Pessoa (Unipê), João Pessoa, PB, Brazil.

2. PhDs, Associate Professors, Department of Clinical Practice and Social Odon-

tology, Universidade Federal da Paraíba (UFPB), João Pessoa, PB, Brazil.

3. PhD, Associate Professor, Department of Clinical Practice and Social Odontol-

ogy, Universidade Federal da Paraíba (UFPB), João Pessoa, PB, Brazil.

4. Master, Physician Assistant at Division of Vascular Doppler Ultrasonography,

Centro de Treinamento em Imagenologia (Cetrim), João Pessoa, PB, Brazil.

5. PhD, Associate Professor, Department of Medicine, Universidade Federal da

Paraíba (UFPB), João Pessoa, PB, Brazil.

INTRODUCTION

Atherosclerosis is a chronic inflammatory disease of mul-

tifactorial origin, characterized by artery walls thickening or

elasticity loss, many times associated with presence of athero-

mas. Atheromas are plaques that may calcify, caused by ac-
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cumulation of lipids or fibrous tissue in blood vessels(1–3).

As carotid arteries are affected by atheromas, stenosis of the

vessel´s lumen occurs, which considerably increases the risk

for development of stroke(4).

It is estimated that strokes represent the third cause of

deaths in most countries worldwide(5). Additionally, it is one

of the main causes of long term physical disability. Thus,

such condition may considered a significant public health

problem, not only because of its incidence, but also because

of the high costs involved in physical and psychological re-

habilitation of the patients(6).

With a view on this problem, all measures aimed at pre-

venting atherosclerosis and methods to allow an early diag-

nosis in patients at high risk for stroke constitute the main

resources for decreasing the prevalence of such a disease.

Currently, carotid ultrasonography (US) is the

noninvasive imaging method utilized as the gold standard

in the diagnosis of carotid artery calcification (CAC)(7,8),

but it is not routinely performed in patients at risk for devel-

oping vascular calcifications. Thus, exams performed with

a higher frequency in such patients, contributing for the ini-

tial diagnosis of CAC represent relevant life-saving sources

of information.

In such a context, several studies report that CACs may

be detected at panoramic radiography(4,9–14). In dental prac-

tice, panoramic radiography is a routine imaging technique

which provides wide anatomical coverage on a single image.

Radiographically, images suggestive of carotid artery

atheromas are seen as radiopaque nodular masses or as dif-

fuse, multiple nodules with vertical, linear distribution, fre-

quently located close to the cervical vertebrae, at the level of

the C3-C4 intervertebral junction(15–18). Despite the clinical

relevance of such radiographic finding, most scientific papers

have sought to evaluate the prevalence of CACs in the gen-

eral population, while only few investigations focused on the

reliability of such method for the diagnosis of such lesions.

Thus the present study was aimed at evaluating the reli-

ability of digital panoramic radiography (DPR) in the diag-

nosis of CACs.

MATERIALS AND METHODS

The present study was approved by the Committee for

Ethics in Research of Hospital Universitário Lauro

Wanderley, João Pessoa, PB, Brazil, under number 467/10.

The study population included individuals presenting with

chronic kidney disease, submitted to hemodialysis at refer-

ence nephrology centers in the city of João Pessoa, Paraíba,

Brazil, who sought the Dental Service of Universidade Fed-

eral da Paraíba in the period between January and Novem-

ber/2011. Those patients who, on the course of their first

visit, required DPR for the planning of oral rehabilitation,

were included in the present study after signing a term of

free and informed consent.

The authors have opted for studying individuals with

chronic kidney disease based on the fact that CACs are one

of the most severe and frequent complications in this group

of patients(19). Such complications occur because metabolic

changes in chronic kidney disease produce an increase in the

amount of promoters of calcification, resulting in the devel-

opment of a higher number of vascular calcifications(20).

At the end of the data collection period, 50 DPRs were

obtained from nephropathic patients with ages between 18

and 60 years and undergoing hemodialysis for at least one

year. All DPRs included in the present study were obtained

by means of a Kodak 9000C 3D apparatus (Carestream

Health; Rochester, USA), operating in the range of 64–74

kV, 8–10 mA with exposure times ranging between 13 and

15.1 seconds, according to patients’ size. After acquisition,

the images were stored in the TIFF format (without com-

pression), with a mean resolution of 2700 × 1530 pixels, on

a workstation connected with the radiographic apparatus.

Later, the images were analyzed by a radiologist in the “full

screen” mode on a widescreen LCD AOC 22” display with a

maximum resolution of 1680 × 1050 pixels. The evaluation

of the images was performed in a room with appropriate

lighting, allowing adjustments in contrast, brightness and mag-

nification by the investigator in order to provide the best

possible visualization.

The presence of radiopaque nodules in the soft tissue

region adjacent to the cervical vertebrae C3 and C4, was con-

sidered as being a suggestive of CAC (Figure 1). Addition-

ally, differential diagnosis was performed with anatomical

structures or diseases which might be present in the evalu-

ated area. During the analysis of the images, the unilaterality

or bilaterality of the CAC images were recorded.

Figure 1. DPR image suggesting the presence of carotid artery calcifications.

After the DPR images acquisition, the 50 patients were

invited to undergo carotid US scan, but 15 patients did not

return and were excluded from the study. Such a scan was

bilaterally performed in order to confirm the presence of

CAC, seeking to visualize the common carotid, internal and

external carotid arteries (Figure 2). The US scans were per-

formed by an experienced radiologist, utilizing a Medison

SonoAce X8 (Medison; Seoul, South Korea) apparatus

equipped with a 7–10 MHz linear transducer. Sonographic

grayscale images acquisition was followed by color Doppler

scans. The structures presenting hyperechoic signal, with
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distal acoustic shadows in the examined vessels were con-

sidered as being atheroma images. The radiologist was

blinded to the conclusions obtained from panoramic radi-

ography.

The degree of stenosis caused by CACs was subsequently

analyzed. The stenoses were classified according to the cri-

teria from the North American Symptomatic Carotid Endar-

terectomy Trial(21), as follows: non-hemodynamically signifi-

cant (obstruction < 50%) and hemodynamically significant

(obstruction > 50%). Patients with vessels’ lumen obstruc-

tion > 70% were considered as critical stenosis cases.

The data obtained from the exams were organized and

submitted to statistical analysis. The main parameters uti-

lized in the evaluation of DPR reliability in the diagnosis of

CAC were accuracy, sensitivity, specificity and positive pre-

dictive value (PPV) of the method, as compared with US.

That is because the sensitivity of a method is related to the

capacity of identifying the individuals who present with the

disease (CAC diagnosed at US) and have positive results in

the evaluated method (DPR). The above mentioned param-

eters are expressed in percentages ranging from 0 to 100,

depending on the results observed.

Additionally, it was also verified whether there was any

statistically significant difference between DPR and US in

the diagnosis of CAC. For such an evaluation, the McNemar’s

test was utilized, with a significance level of 5% (p < 0.05).

RESULTS

The present study included 35 chronic renal patients who

underwent both DPR and US scans. Among such patients,

18 (51.43%) were men and 17 (48.57%) were women. Their

mean age was 41.17 (± 10.99) years and the mean time under

hemodialysis treatment was 6.06 (± 4.02) years. Each pa-

tient was bilaterally examined, resulting in a final sample of

70 evaluated arteries.

US revealed that 17 patients (48.57%) presented with

CAC, with ten of those patients being men (58.82%) and

seven being women (41.18%). Among such individuals, 12

(70.59%) presented with bilateral lesions, while 5 (29.41%)

patients presented with unilateral calcifications (four located

at the right side and one on the left side). Thus, a total of 29

(41.43%) carotid arteries presented with calcifications. Such

calcifications caused hemodynamically significant stenosis

in only one (3.45%) of the evaluated arteries.

The radiographic findings demonstrated that nine pa-

tients (25.71%) had images suggestive of the presence of

CACs, and five of such patients had only right-sized lesions

and four, bilateral lesions. Thus, 13 arteries (18.57%) were

radiographically diagnosed as being affected by CAC.

As DPR and US results were compared, it was observed

that only 11 (37.93%) out the 29 CACs detected at US were

correctly diagnosed at radiography, resulting in a low sensi-

tivity level of the evaluated method. On the other hand, 11

(84.61%) out 13 arteries whose calcification was detected at

radiography were confirmed at US, which demonstrates a

good PPV. Also, at US, it was observed that 41 arteries did

not present calcifications, 39 (95.12%) of them considered

to be free from CACs at radiography, a fact that demonstrates

a high specificity of the evaluated method. Finally, a statis-

tically significant (p < 0.001) difference was observed be-

tween the evaluated methods as regards their capability to

diagnose CACs.

Therefore, one can assert that radiography was accurate

in 71.43% (n = 50) of the cases. The level of sensitivity of

the method was 37.93%; the specificity, 95.12%; and PPV

was 84.61%.

DISCUSSION

The presence of atheromas in the carotid arteries of neu-

rologically asymptomatic individuals is frequently associated

with future development of cerebrovascular diseases(22).

Unfortunately, late diagnosis of such lesions is observed in

many cases and stroke is the first clinical manifestation oc-

curring in patients affected by CAC(23). The routine perfor-

mance of exams in the head and neck region which might

help in the diagnosis of CACs in the early stages of develop-

ment would be a form of preventing such a severe manifes-

tation. According to Mupparapu et al.(24), panoramic radi-

ography is very frequently utilized in the dental practice,

involves the carotid artery region and has frequently been

reported as a method capable of detecting CAC.

However, for a correct diagnosis, the professional re-

sponsible for the analysis of the radiographic image must be

able to identify anatomic structures and pathological soft

tissue calcifications present in the head and neck region

which make up the differential diagnosis with CACs. The

main radiopacities which may be confused with CACs dur-

ing image observation correspond to calcified lymph nodes,

sialoliths, phleboliths, hyoid bone, calcification of the sty-

loid and stylomandibular ligaments, as well as those of the

triticeal, cricoid and thyroid cartilages(11,25,26).

The clinical importance of such a radiographic finding

is so high that the dental literature recommends that patients

whose images suggest the presence of CACs be referred for

Figure 2. Carotid artery calcification detected at ultrasonography.
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cardiovascular evaluation(13,27,28). However, before referring

the patient for medical evaluation, the dental surgeon should

consider the accuracy, sensitivity, specificity and PPV of the

radiographic image for the diagnosis of CACs. Such param-

eters define the level of reliability of such method for the

diagnosis of calcifications.

In recent years, studies published in the literature have

demonstrated a wide variation in the panoramic radiogra-

phy reliability for the diagnosis of CAC. Ertas et al.(9), evalu-

ating such a reliability, have compared DPR findings with

those from US, and reported that radiography was accurate

in the detection of the lesions in 82% of cases, with a high

level of sensitivity (71%) and specificity (87%) for the diag-

nosis of CAC. However, different results were reported by

Madden et al.(7) who compared panoramic radiography data

with US data and observed that radiography, in spite of its

high specificity (87.5%) and good PPV (78.7%), presented

low sensitivity (31.1%) in the diagnosis of CACs.

With a different study method, Yoon et al.(29) have com-

pared the results obtained by panoramic radiography and

those obtained by computed tomography. Those authors

assert that radiography was accurate in the diagnosis of CACs

in 62.3% of cases, with a sensitivity of 22.2%, specificity of

90% and PPV of 60.6%. Such authors have concluded that

radiography presented a moderate capability of detecting

CACs.

The present study found results that are close to those

described by Yoon et al.(29), observing that DPR was accu-

rate in the diagnosis of 71.43% of the evaluated CAC cases,

with low sensitivity (37.93%), high specificity (95.12%) and

good PPV (84.61%). According to Almog et al.(30), such a

low sensibility of the radiographic method is probably more

related to the level of calcification of some atherosclerotic

plaques than to the fact that the exam may not have been

properly performed.

In spite of the low sensitivity of DPR observed in the

present study, the method presented a good PPV (84.61%)

in the diagnosis of CACs, which demonstrates its potential

in detecting such lesions. Additionally, it is important to

highlight that 96.55% of the evaluated arteries did not present

with hemodynamically significant stenosis. In other words,

radiography detected not only lesions in advanced stages of

vessel obstruction.

The present study results also revealed a statistically sig-

nificant difference (p < 0.001) between DPR and US with

respect to the capability of diagnosing CAC. Thus, one can

assert that there was not a high index of agreement between

the two methods in the diagnosis of CACs. Such result was

different from that reported by Romano-Sousa et al.(4) who

found a high agreement level between the two methods in

this type of evaluation.

Therefore, one can conclude that DPR presents a mod-

erate accuracy, high specificity and low sensitivity in the di-

agnosis of CACs. Additionally, its results were significantly

different from those observed at US in the diagnosis of such

lesions. Thus, DPR should not be indicated as a method of

excellence to investigate the presence of this type of calcifi-

cation.

However, the good PPV demonstrated by DPR in the

diagnosis of CAC allows the authors to assert that such

method may contribute for the detection of such lesions in

asymptomatic patients. Thus, patients whose DPR images

are suggestive of CAC should be referred for specialized

medical evaluation.
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