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panoramic radiographs and coronary calcium score on chest
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Objectives: Coronary artery calcium measured by CT predicts future coronary events.
Similarly, carotid artery calcium on dental panoramic radiographs has been associated with
increased cardiovascular events. Pre-procedural assessment of candidates for valve replace-
ment in our institution includes panoramic radiographs and chest tomography. We aimed
to assess the association of carotid calcium on panoramic radiographs with coronary artery
calcium on chest tomography.

Methods: Paired pre-procedural panoramic radiographs and chest tomography scans were
done in 177 consecutive patients between October 2016 and October 2017. Carotid calcium
was quantified using NIH’s Imagel. Coronary artery calcium was quantified by the Agatston
score using Philips Intellispace portal, v. 8.0.1.20640.

Results: Carotid calcium maximal intensity, area and perimeter were higher among patients
with high coronary artery calcium. Non-zero carotid calcium was found in half of patients
with high coronary artery calcium, doubling prevalence of low coronary artery calcium.
Conclusion: Carotid calcium identified in panoramic radiographs was associated with high
coronary artery calcium. Awareness of carotid calcium recognized by dental practitioners in
low-cost, low radiation and commonly done panoramic radiographs may be useful to identify
patients at risk of coronary disease with potential future cardiovascular events.
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Introduction

Coronary heart disease (CHD) and stroke are the
leading causes of death and disability associated with
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cardiovascular disease (CVD).! Currently, coronary
artery calcium (CAC) scoring, carotid intima-media
thickness, carotid plaque presence, carotid plaque score,
and total plaque area and endothelial function tests are
used to assess risk for CVD and CVD events (coronary
and cerebrovascular).>® Carotid calcium can be recog-
nized in dental panoramic radiographs and has been
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associated with CVD risk.*® Panoramic radiography
provides images of the middle and mainly lower thirds
of the face are obtained using an extra oral technique
in which the X-ray machine rotates around the patient,
acquiring a virtual image. This technique enables exam-
ination of both upper and lower jaws as well as the
neighboring structures in a single X-ray Image. Along
with intraoral radiographs, it is considered the dental
diagnostic imaging of choice.?

Our institutional pre-procedural preparation
protocol for valve replacement, either transcutaneous
aortic valve replacement (TAVR) or surgical valve (any
valve) replacement (SVR) include dental panoramic
radiographs as part of the assessment of oral health and
pre/post-procedural treatment if necessary. All candi-
dates had also a non-gated non-contrast enhanced chest
CT scan. In TAVR candidates, CT was done for CAC
scoring, aortic valve calcium scoring and angiography
as part of the TAVR valve sizing,'° and in SVR candi-
dates, it was done to assess ascending aortic calcium as a
means to evaluate feasibility and location for placement
of the aortic clamp, that could be scored for CAC!! as
well. This provided us with a unique situation where we
had paired dental panoramic radiographs with carotid
calcium and cardiac CT scans with CAC measurements.

The reliability of panoramic radiographs” as a
screening tool for detecting carotid calcium was previ-
ously assessed by many studies, but no consensus was
achieved. A meta-analysis published in 2019 aimed to
determine the diagnostic accuracy of panoramic radi-
ography in detecting calcified carotid artery atheroma,
summarized the data from 12 studies (out of 773),
and concluded that most studies reported excellent
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sensitivity and good specificity. The diagnostic accuracy
of panoramic radiographs was good or excellent in 50%
of the studies.”* Nonetheless, other studies found that
these radiographs do not seem to be a good screening
tool for detection of carotid stenosis and are not cost
effective for this purpose.'*1¢

To assess the use of panoramic radiographs as a
screening tool for coronary artery disease, our aim
was to determine the association of carotid calcium on
dental panoramic radiographs with clinically important
level coronary artery calcification in chest CT.

Methods and materials

Study population

Between October 2016 and October 2017, all candidates
for aortic valve replacement were prospectively referred
to our Oral medicine unit for evaluation and treatment
if needed. The oral medicine team was blinded to the
type of planned interventional treatment (TAVR vs
SVR).

Coronary calcium scoring (Figure 1). All scans were
performed using a 256-row scanner (Brilliance iCT,
Philips Healthcare, Cleveland, OH). Non-gated chest
LDCT scan ranged from the apical to the top of the
diaphragm. Scanning parameters were as follows: tube
voltage, 120 kV; tube current, 50 mA; collimation, 128
*(0.625mm; pitch, 0.758 [Rongrong Fan, MS]. IMR, an
optimized protocol to reduce image noise and improve
image resolution for CACS on non-gated chest LDCT,
was adopted in our study. Parameter setting of soft
tissue Level 1 was chosen. The reconstruction slice

120 kV, 80 mAs
FOV 427.0 mm

é: RN Scan Time: 0.22 Sec

Length: 393.8 mm
Thickness 2.50 mm
Zoom 1.00

ECG: 79
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Figure 1 Coronary artery calcium scoring. Screenshot of the calcium-scoring application. Thresholds for calcium are automatically highlighted.
Separate coronary region of interest are manually selected (with automatic 3D extension) to calculate separate and cumulative CAC score. 3D,

three-dimensional; CAC, coronary artery calcium; FOV, filed of view.
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Figure 2 Carotid calcium in dental panoramic radiograph. A - Dental panoramic radiograph. Arrows mark carotid calcium. B- NIH ImageJ

calculations of carotid calcium region of interest.

thickness and interval were both 2.5mm. Agatston
calcium score was measured using a commercial CAD
workstation (Philips Intellispace portal, v. V8.0.1.20640
(2016); Philips Healthcare Nederland B.V.) with Heart-
Beat CS Agatston analysis software. Traditional coro-
nary artery calcium scoring (CAC) on a non-enhanced
scan involves' reconstruction of images with 3mm slice
thickness,® calcium segmentation, performed semi-
automatically by selecting all pixels >130 HU in the coro-
nary arteries, and® Scoring (by the software), measured
slice by slice by summing the two-dimensional area of
each lesion in the slice multiplied by a factor determined
by the maximal intensity of the calcium lesion in that
slice. Patients with previous PCI were automatically
scored at 400 Agatston.

Quantitative assessment of carotid calcium (Figure 2).
Panoramic radiographs analyses were performed using
NIH’s Imagel.'” The region of interest (ROI) was set at
the carotid bifurcation (area posterior to the angle of
the mandible adjacent to of C3-C4 vertebrae). Using
the free-hand selection tool, a ROI was drawn around
the calcification. The intensity of the ROI was assessed
using the measurement tools on the Analyze menu
(Analyze/Measure)of Imagel to characterize the ROI
by calculating the minimum, maximum, mean, and

median of the ROI’s pixel intensity as well as its perim-
eter. Panoramic radiographs were analyzed by a single
reviewer (DPBA) blinded to the CAC measurements.

Statistical analysis

Patients were divided into two group based on their
coronary calcium score according to the outcomes of
the CONFIRM study® for values suggested as cut-off
values requiring positive interventions® : Group 1 — CAC
<100, included patients with CAC = 0 (no coronary
artery disease) and patients with CAC = 1-99 (statin
treatment was not associated with improved outcomes)
Group 2 — CAC 2100, included patients with CAC =
100-299 (statin treatment was shown to be associated
with improved outcomes) and patients CAC >300 (coro-
nary angiography suggested).

Continuous variables are presented as medians and
confidence intervals (CI). Comparison between groups
was performed using the Mann—Whitney test (indepen-
dent samples) for continuous variables as normal distri-
butions could not be assured, and the Fisher's exact
test for categorical variables. Statistical significance
was set at p < 0.05. Statistical analyses were done using
MedCalc Statistical Software version 18.11.6 (MedCalc
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Software bvba, Ostend, Belgium; https://www.medcalc.
org; 2019).

The following predetermined variables were tested
as univariable associates of CAC > 100: age, sex and
body mass index; cardiovascular risk factors: smoking,
hypertension, hypercholesterolemia, history of diabetes
mellitus and renal failure; cardiovascular disease
history: previous percutaneous coronary interventions
(PCI), and presence of carotid calcium on panoramic
radiographs. A process of a stepwise multiple logistic
regression analysis was used to identified the indepen-
dent prognostic variables for the risk score for CAC >
100 in randomly selected 75% of cases (training cohort).
Previous PCI was excluded from the model as it already
indicated presence of coronary calcium. A simple
score system was developed from all (except previous
PCI) significant indicators of risk (p < 0.01, B coeffi-
cients > 0.5) developed:each risk factor was weighted
proportionally to the value of the B-coefficients of the
logistic regression rounded to the nearest integer. The
risk assessment score of each patient was obtained by
summing all individual points. A receiver operating
characteristic curve was used to evaluate the discrimina-
tive power of the model. This curve represented corre-
sponding values of sensitivity and specificity with all
values of the score as a criterion to predict CAC 2 100
on cardiac CT scans. The criterion value was set at the
optimal combination of sensitivity/specificity combi-
nation. The predictive performance of the model was
assessed through internal cross-validation on the rest
25% of cases (validation cohort).

Results

Patients

During the study period, 177 consecutive patients (age
69 t+ 12years, 53% male gender, CI 45-61) had paired
pre-procedural dental panoramic radiographs and
chest CT/Cardiac CTs. The median time between pre-
procedural examination and TAVR or SVR was 5 days
(95% CI for the median: 4-7 days). Coronary disease risk
factors were common — 131 (74%, CI 67-80) had hyper-
tension, 72 (41%, CI 34-49) had diabetes mellitus, 114
(64%, CI 56-71) had dyslipidemia, 46 (26%, CI 20-33)
were current or past smokers, and 38 (21%, CI 15-28) —
had renal failure (serum creatinine >1.3mgdl™"). Patients
undergoing TAVR were a decade older compared
patients undergoing SVR (rn = 60, age 79 + 6, 429%CI
29-55 male gender vs n = 117, age = 64£11, 59%CI
50-68 male gender, p < 0.01 respectively).

Carotid calcium

Carotid calcification defined as non-zero maximal inten-
sity of carotid ROIs was demonstrated in 33% (n = 58) of
patients. In these patients, the average maximal intensity
was 883 + 439 Hounsfield units (HU), the ROI perim-
eter was 24 £ 18 mm, its area was 30 £ 40 mm? with an

Dentomaxillofac Radiol, 50, 20200174

birpublications.org/dmfr

Table 1 Clinical characteristics of patient with carotid calcium iden-
tified by NIH ImageJ

No carotid cal- Carotid calcium

ciumn =119 n=>58 p-value
Age (years) (median,CI for 69 (63-72) 72 (67-77) 0.435
median)
Sex male n, (%, CI) 66 (55,46-64) 28 (48,35-62) 0.262

Body mass index (median, 25,
75 percentiles)

Dyspnea n, (%, CI)
Chest pain n, (%, CI)
Previous PCI n, (%, CI)

29(28-31)  29(27.31)  0.571

82 (69, 60-77) 35(60,46-73) 0.644
56 (47, 38-56) 25(43,30-57) 0.300
41 (34,26-43) 24 (41,28-55) 0.501

Diabetes mellitus n, (%, CI) 48 (40, 31-49) 24 (41, 29-55) 0.869
Dyslipidemia n, (%, CI) 75 (63, 54-72) 39 (67,53-79) 0.614
Hypertension n, (%, CI) 86 (72, 63-80) 45(78,65-88) 0.583
Smoking n, (%, CI) 66 (55,46-74) 25(43,30-57) 0.058
Renal failure n, (%, CI) 26 (22, 15-31) 12(21,11-34) 0.697

CI, confidence interval;PCI, Percutaneous coronary intervention.

average raw integrated density of 2.79 x 10° £ 0.49 x
10°. There were no clinical differences between patients
without compared to patients with carotid calcium on
panoramic radiographs (Table 1).

Coronary artery calcium

Only 20 patients (5%) had a CAC of 0. Their age was 53
+ 14 years, and 40% of them were males. Concomitant
CABG was done in one patient of this group. Table 2
compares the clinical characteristics of patients with
CAC < 100to patients with CAC > 100. Higher age was
the parameter that demonstrated the strongest associ-
ation with CAC in the suggested intervention range
(statin + aspirin/coronary angiography),patients with
CAC > 100 were a decade older; more of them were
males, they were more likely to have had a previous

Table 2 Clinical characteristics of patients groups divided by clini-
cally important coronary artery calcium

CAC <100 CAC =100

n=257 n=120 p-value
Age (years) (median, CI for 64 (56-67) 73 (70-76) <0.0001
median)
Sex male n, (%, CI) 22 (39,26-53) 72 (60,51-69) 0.008
Body mass index (median, 31 (28-32) 28 (27-39) 0.200
CI for median)
Dyspnea n, (%, CI) 38 (81, 68-90( 79 (84,76-90) 0.644
Chest pain n, (%, CI) 23 (68, 57-80) 58 (71, 62-79)  0.669

Previous PCIn, (%, CI)  7(13,6-25) 58 (51, 42-60) <0.0001

Diabetes mellitus n, (%, 20 (35,23-49) 52 (46, 37-55)  0.250
(o))
Dyslipidemia n, (%, CI) 28 (50, 36-64) 86 (72, 63-80)  0.004

29 (51, 37-65) 102 (85, 77-91) <0.0001
16 (36,24-50)  32(26, 18-35)  1.000
6(10,4-21)  32(26,18-35) 0.019

Hypertension n, (%, CI)
Smoking n, (%, CI)
Renal failure n, (%, CI)

CAC, coronary artery calcium; CI, confidence interval;PCI,
Percutaneous coronary intervention.
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Table 3 Region of interest pixel parameters measured by NIH's
Image]J of carotid calcium lesions on panoramic radiographs
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CAC<100 CAC =100
n=>57 n=120 p-value

Intensity

Minimal (median, CI) 0 (0-0) 0(0-191) 0.209

Maximal (median, CI) 0 (0-65) 0(0-977) 0.105

Mean (median, CI) 0 (0, 23) 0(0-578) 0.140

Median (median, CI) 0(0-20) 0(0-572) 0.135
Area (median, CI) 0 (0-1) 0(0-8) 0.077
Perimeter 0(0-2) 0(0-11) 0.091
Maximal >0 (n, %, CI) 13 (3,6-25) 59 (46,37-55) 0.009

CAC, coronary artery calcium; CI, confidence interval.

coronary intervention, hypertension and renal failure
compared to patients in the no-intervention CAC range
(CAC < 100). While the left ventricular systolic function
was similar in both groups, the CAC > 100 had signifi-
cantly more left ventricular hypertrophy.

Carotid and coronary calcium associations

Table 3 compares the carotid calcium seen in panoramic
radiographs according to the CAC classification. There
was large variability in all measured parameters, yet the
average maximal intensity, ROI area and perimeter were
significantly higher among patients in the high compared
to the low CAC score group. Any level of carotid calcium
(Non-zero maximal intensity in panoramic radiographs,
Max >0) was found in nearly half of the patients with
the high CAC score, and twice the prevalence of Max >0
in the low CAC score group. In a stepwise multivariable
logistic regression model including coronary risk factors
(Age > 65, male sex, hypertension, hyperlipidemia,
diabetes mellitus and smoking) and Max >0, Age >=
65, Male sex, hypertension, hyperlipidemia and Max >0
remained as significant associates of intervention level
CAC score (Table 4).

Using multiple regression analysis, a prediction score
for CAC = 100 was devised using the relative ratios of
the B coefficients on randomly selected 75% of cases
(training cohort). Age > 65years and hypertension
received 2 points each, male sex and Max >0 received 1
point each (maximum score = 6) for association with an
intervention level CAC. Figure 3 demonstrates the score

Table 4 Predictors of CAC 2 100 in a stepwise logistic regression
analysis

HR
95% confidence

B —Coefficient intervals p-value
Age 265 1.35 3.9 (1.7-8.5)  0.0008
Male sex 1.01 2.8(1.3-1.9  0.0091
Hypertension 1.27 3.6(1.6-8.1) 0.0023
Dyslipidemia 0.36 1.43(0.6-3.2) 0.386
Non-zero carotid calcium 0.79 2.2(1.01-4.8) 0.043

CAC, coronary artery calcium; HR, hazard ratio.

average for the two CAC groups in the training cohort.
A score >3 was found to be 80% sensitive (95%CI
71-88) and 66% specific (95% CI 49-80) for CAC > 100
(AUC = 0.804, p < 0.001, 95%CI 0.73-0.87).In the vali-
dation cohort score performance was similar (AUC =
0.78, p < 0.001, 95%CI 0.63-0.89) with sensitivity of
71% (95% CI 51-86) and specificity of 75% (95% CI
47-93)(Figure 4). A score of >2 demonstrated better
performance as a screening tool in both cohorts being
86% sensitive (95% CI 67-96) and 50% specific (95% CI
24-75) for CAC > 100. The positive and negative predic-
tive values were 75 and 67%, respectively.

Discussion

We have shown here that in patients evaluated for either
percutaneous or surgical valve intervention, presence of
carotid calcium in dental panoramic radiographs was
associated with clinically significant coronary artery
calcium score measured on chest CTs done a few days
apart.

The association between coronary and carotid artery
atherosclerosis

Atherosclerosis is a systemic disease that may result in
most cerebrovascular and cardiac events'® has a long
asymptomatic period before clinical signs and/or symp-
toms actually occur. Early diagnosis may provide an
opportunity to prevent subsequent events by specific
interventions as life-style modifications, drug therapy
(aspirin + statin) or therapeutic coronary catheteriza-
tion.> A simple, commonly used sensitive non-invasive
screening tool would be ideal for that purpose.

The coronary-carotid diseases relationship has been
described in several studies.!”? Clinical findings indicate
that arteries may be affected by atherosclerosis simulta-
neously in several sites. Finding disease at any site may
suggest presence of arterial disease elsewhere.!3!° In fact,
coronary and carotid arteries atherosclerosis were found
to significantly correlate in three autopsy studies.'>?3

Increased carotid artery intima-media thickness
as well as non-invasive endothelial function tests are
considered to be a marker of early stage atherosclerosis
that may be a precursor of future carotid calcifications.
Increased carotid wall thickness has been suggested as
a general measure of atherosclerosis load.* Morpho-
logically coronary and carotid atherosclerosis formation
has been shown to be similar in both cases.”’

Therefore, detection of subclinical atherosclerotic
lesions, such as in the carotid arteries, is of great impor-
tance in reducing future risk of cardiovascular events.?

Dental panoramic radiography

The anatomic intricacy of the dental-maxillofacial field
makes diagnostic imaging difficult. Panoramic radiog-
raphy provides a view of jaws and dentition, as well as
adjacent structures. [t has been used since the early 1950's
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Figure3 Prediction model score in patients divided according to presence of intervention-level coronary calcium. Comparison of Score according
to intervention-level coronary artery calcium (CAC =100 Agatson units) in traing group. CAC, coronary artery calcium.

CAC prediction score performance

Training cohort Validation cohort

£ 2
s 2
3 £
[ AUC = 0.804 - AUC =0.777
P <0.001 P <0.001
O T 0O L T
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity
Predicted group Percent Predicted group Percent
Actual group Actual group
0 1 correct 0 1 correct
Y=0 13 27 32.50% Y=0 6 10 37.50%
Y=1 5 84 94.38% Y=1 2 26 92.86%
Percent of cases correctly classified 75.19% Percent of cases correctly classified 72.73%

Figure4 Performance of model for association with intervention-level CAC Comparison of ROC for model in the training and validation groups
for association with CAC 2100. AUC, area under curve; CAC, coronary artery calcium; ROC, receiver operating curves.
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in attempt to image the jaws, but it was also applied to
other juxtaposed anatomic regions.'?> Panoramic radio-
graphs are routinely and widely performed in dental
practice and carotid artery calcifications can be detected
at early stage by routine dental panoramic radiograph.?
We have shown here that identification of carotid calci-
fication in panoramic radiographs triples the risk of
presence of high-enough CAC to warrant clinical inter-
vention that may prevent future cardiovascular events.’
Regarding the CAC > 100 prediction model, it needs
to be acknowledged that there is a trade-off between
sensitivities specificities according to the selected score
criterion. As a screening tool in a rather high prevalence
of disease (68% of cases had CAC = 100 in our cohort)
a score with higher sensitivity is probably preferred. A
score >2 was found to be sensitive with high positive-
and negative predictive values. However, the prevalence
of CAC > 100 in the general population was previously
found to be actually lower, in the range of 20%.%° Recal-
culating these values for the infinite-data case scenario
yielded a positive predictive value of 36.4% (CI 27.003
to 46.873%) and a negative predictive value of 92.3%
(CI 89.0 to 94.7%). This would suggest further testing in
patients with a high score, while reassuring patients with
a low score are at low risk of coronary artery disease.

The role of the dental practitioners in prevention of
coronary artery disease manifestations

Dentists and other dental care providers do not routinely
check for the presence carotid calcifications, and if noted
they usually overlooked and not reported. As shown,
they can easily be detected on panoramic radiographs
below the angle of the mandible, next to the third and
fourth cervical vertebrae as irregular radio-opacities
in variable sizes.»! Panoramic radiographs are abun-
dantly done as the initial diagnostic tool for planning
dental treatment in patients of all age groups, and may
be repeated over time. Thus, dental practitioners are
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