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detected by digital panoramic radiographs in a
sample of yemeni dental patients.
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Abstract: Background: Carotid artery calcification (CAC) is one of risk

in

factors of cardiovascular disorders (CVDs). Digital panoramic radiographs can
detect it. Aim of the study: This study aimed to determine the prevalence of
CAC detected by digital panoramic radiographs in a sample of Yemeni dental
patients. Materials and Methods: An observational and analytical cross-sectional
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and their medical background regarding CVDs and associated risk factors. The
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study was used to investigate a convenience sample of 443 patients. These

of

patients were interviewed face-to-face for their socio-demographic information
researchers for detection of CAC assessed the digital panoramic radiographs.
Results: High income and middle-aged patients were risk factors of CVDs
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32 patients (7.2%), respectively). Patients with a previous medical consultation,
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significantly associated with increased incidence of CAC (42 patients (9.5%) and
previous medications and family history of CVDs revealed a significant higher
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prevalence of CAC (p=0.001). Conclusion: There was an increased prevalence of
CAC detected on digital panoramic radiographs, as a risk factor of CVDs. CAC
was more common in females than males.
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arteries; calcinosis; radiography, panoramic.
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Resumen: Antecedentes: La calcificación de la arteria carótida (CAC) es uno de
los factores de riesgo de enfermedades cardiovasculares (ECV). La CAC puede ser
detectada por radiografías panorámicas digitales. Objetivo del estudio: Este estudio
tuvo como objetivo determinar la prevalencia de CAC detectada por radiografías
panorámicas digitales en una muestra de pacientes dentales yemeníes. Materiales y
métodos: Se utilizó un estudio transversal observacional y analítico para investigar
una muestra de conveniencia de 443 pacientes. Estos pacientes fueron entrevistados
en persona para obtener su información sociodemográfica y sus antecedentes
médicos con respecto a las ECV y los factores de riesgo asociados. Los investigadores
evaluaron las radiografías panorámicas digitales para detectar CAC.Resultados: Los
pacientes de ingresos altos y de mediana edad fueron factores de riesgo de ECV
significativamente asociados con una mayor incidencia de CAC (42 pacientes (9,5%)
y 32 pacientes (7,2%), respectivamente). Los pacientes con una consulta médica
previa, medicamentos previos y antecedentes familiares de ECV revelaron una
prevalencia significativamente mayor de CAC (p=0.001). Conclusión: Hubo una
mayor prevalencia de CAC detectada en radiografías panorámicas digitales como
factor de riesgo de ECV, y CAC fue más común en mujeres que en hombres.
Palabras Clave: Prevalencia; enfermedades de las arterias carótidas; enfermedades
cardiovasculares; arterias carótidas; calcinosis; radiografía panorámica.
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INTRODUCTION.
Cardiovascular disorders (CVDs) are responsible for
substantial morbidity, mortality, and financial costs.
The most common risk factors for CVDs are obesity,
type II diabetes, arterial hypertension, smoking, and
lifestyle.1 Arterial stenosis as a result of an atheroma at
the carotid artery bifurcation is the most frequent risk
factor for cerebrovascular accidents. 2
On other hand, nowadays the use of digital panoramic
radiography (DPR) of the jaw has been indicated
as a noninvasive, reliable and low-cost diagnostic
technique to detect carotid artery calcification (CAC)
or plaque, through the appearance of a heterogeneous
and nodular radiopaque mass, situated above, below or
within the C 3-4 intervertebral disc space at an angle of
45º from the mandibular angle according to the hyoid
bone and the epiglottis.
In general, atherosclerosis affects the medium and
large arteries through the formation of calcification of
arteries walls, and there are several factors that increase
the incidence of this atherosclerosis, including blood
pressure, age, gender, diabetes, obesity, smoking and
family history. 4 In 2014, Moshfeghi et al. reported on
the association between CAC found through DPR and
two cerebrovascular accident risk factors: hypertension
and myocardial infarction. The association found was
significant.
Therefore, it seems that the CAC identified on
panoramic images of dental patients should be detected
by dentists. However,Atalay et al.,5 conducted a rigorous scientific research that aimed to evaluate the
incidence of CAC from DPR and concluded that some
patients had CAC and had to be referred to specialized
healthcare professionals. 6 Borba et al.,7 reported that
the importance of the DPR and its credibility in
detecting the existence of sclerosis, and found that DPR
is significantly accurate and effective and it expedites
the appropriate medical intervention for patients who
are doubtful, in order to reduce the cost for the patient
and morbidity within the community.
However, in 2017, Friedlander et al.,3 conducted a
descriptive retrospective study that concluded that CAC
often heralds an ischemic stroke and may be seen on
DPR of patients with gout, especially those of increased
ISSN Online 0719-2479 - www.joralres.com © 2019

age, with dyslipidemias or diabetes.
Thus, dentists must be uniquely vigilant in detecting
these lesions when evaluating the images of all patients
with gout, especially those with additional risk factors. 8 More recently, Nasseh et al.,9 concluded that
CAC can be found on routine DPR at dental clinics.
Dentists should automatically refer the patients in
question for specialized medical evaluation. DPR may
have some diagnostic importance for detecting CAC
closely connected to atherosclerosis, thus preventing
major life-threatening events such as cerebrovascular
accidents.
There are no studies in Yemen aimed to find the
relationship between diagnostic CAC from DPR and
CVDs risk factors. Therefore, the present study aimed
to determine the prevalence of CAC detected by DPR
with CVD risk factors among dental clinic patients in
Sana'a city, Yemen.

MATERIALS AND METHODS.
Study design
An observational and analytical cross-sectional study.
Study sample
The study was conducted on 443 patients referred
from several dental clinics in Sana'a city to the unit of
Digital Panoramic Radiography from November 2017
to February 2018 at the College of Dentistry, University
of Science and Technology, Yemen.
Exclusion Criteria
All patients referred for DPR were included except
patients under the age of 15 years old, referred for DPR
as an emergency case, patients with upper GI tract
infections or any type of cancers, patients who refused
to participate in the study, patients with psychological
disorders, and pregnant women.
Data Collection
The data were collected by using several tools
included Digital Panoramic X-Ray Machine (Vatech
PaX-I-2500, Korea), Weight Measuring Device (SECA,
Australia), Length Measuring Device accredited by
UNICEF and the Yemeni Ministry of Public Health
and Population (Stature, China), the body mass index
was calculated, and a structured questionnaire was used
to interview patients, and which included four parts:
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-Socio-demographic characteristics of the patients
(sex, age, body mass index, marital status, occupation,
level of education, place of residency, and income).
- Lifestyle (smoking, coffee and tea consumption, soda
consumption, khat chewing, fast food consumption,
and regular physical activity).
-Medical history of patients with CVD and associated risk factors which includes central chest pain,
history of medications and herbals for CVD, history of
heart attacks or strokes, hypertension, diabetes, high
cholesterol, obesity, family history of atherosclerosis
and/or strokes.
- Results from DPR.
Radiographic examinations of CACs
DPR of the patients were all taken by the same
radiologist. The DPRs were examined for the presence
of CAC. The CAC radiation tests were done by a digital
sensor system with two dimension examinations.
Moreo-ver, each patient with positive CAC was
informed and referred to cardiologists for consultation
and further management.
A pilot study
A pilot study was carried out on 45 participants
representing 10% of the estimated sample size and

its results were analyzed by Chronbach's Alfa to test
the reliability of the pilot study. The reliability scored
82.8%.
Ethics approval and informed consent from patients
Prior to the study, ethics approval to carry out this
study was granted from the ethics committee of the
Faculty of Medicine and Health Sciences, University
of Science & Technology (MECA No. 2017/15). The
study was explained to all patients and informed
consents were anonymously obtained from each patient
to confirm their enrollment in the study.
Sample size
The minimal sample size was 211 patients calculated
using the OpenEpi software (MIT, USA). The total
number of patients who attended to the Department
for DPRs were 517, 74 patients were excluded, so the
final sample size was 443 patients; sampling was done
by convenience.
Data Analysis
Data were collected, recorded, revised, arranged,
coded and entered into SPSS software (version 22) for
analysis. The results were tabulated and figures were
constructed. Chi-Square test was used with significance
set at p< 0.05.

Table 1. Distribution of the study sample according to the socio-demographic characteristics.

Variable
		
		
Age by years:
Mean (±SD) = 46.0(±17.6)
Gender
Obesity:
Mean (±SD) = 27.7 (±7.4)
Level of Education
Income

15 – 40
41 – 65
> 65
Male
Female
Yes
No
Primary Education or less
Secondary Education or more
Insufficient
Accepted
Sufficient

Normal
DPR*
n
%
155
169
50
175
199
104
270
67
307
117
215
42

Abnormal
DPR (CAC**)
n
%

34.9
38.2
11.3
39.5
44.9
23.5
60.9
15.1
69.3
26.4
48.5
9.5

18
32
19
20
49
20
49
12
57
15
42
12

4.1
7.2
4.3
4.5
11.1
4.5
11.1
2.7
12.9
3.4
9.5
2.7

p-value
0.001***

0.933
0.727
0.092
0.027***

*DPR: Digital Panoramic Radiography. **CAC: Carotid Artery Calcification.***: Statistically significance (p< 0.05).
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Table 2. Distribution of the study sample according to the lifestyle.

Variable
Normal
Abnormal
		
DPR*
DPR (CAC**)
		
n
%
n
%
		
Cigarette smoking:
Yes
68
15.4
16 3.6
Mean (±SD) = 21.4 (±12.2)
Khat chewing:
Coffee & tea drinking:
Regular exercise:
Fast food intake:

No
Former smoker
Yes
No
Yes
No
Yes
No
<5 times /month
2 - 4 /week
One time at least

286
20
159
215
335
39
92
282
301
52
21

64.5
4.5
35.9
48.5
75.6
8.8
20.7
63.7
68
11.7
4.7

50
3
30
39
64
5
11
58
56
11
2

11.3
0.7
6.8
8.8
14.4
1.2
2.5
13.1
12.6
2.5
0.5

Total
n

%

84
19
336 75.8
23 5.2
189 42.7
254 57.3
399 90
44
10
103 23.2
340 76.8
357 80.6
63 14.2
23 5.2

p-value
0.184

0.638
0.608
0.127
0.507

*DPR: Digital Panoramic Radiography. **CAC: Carotid Artery Calcification.***: Statistically significance (p< 0.05).

Table 3. Distribution of the study sample according to the medical history.

Variable
Normal
Abnormal
		
DPR*
DPR (CAC**)
		
n
%
n
%
		
Previous consultation:
Yes
237
53.5
50 11.3
Previous medication
Family history

No
Yes
No
Yes
No

137
269
105
217
157

30.9
60.7
23.7
49
35.4

19
55
14
47
22

4.3
12.4
3.2
10.6
5

Total
n

%

287 64.8
156 35.2
324 73.1
119 26.9
264 59.6
179 40.4

p-value
0.001***
0.001***
0.001***

*DPR: Digital Panoramic Radiography. **CAC: Carotid Artery Calcification.***: Statistically significance (p< 0.05).

RESULTS.
A total of 443 participants were interviewed face to
face to obtain their information, and their DPR was
assessed for CAC. Distribution of the study sample
according to the socio-demographic characteristics
is summarized in Table 1. There were more females
than males with DPR showing CAC, although this
difference was not statistically significance (p=0.933).
Most of the study participants had at least
secondary education (364 patients, 82.2%), and 79
patients (17.8%) had completed primary education
or less. More than the half of the study sample had
enough income (257 patients, 58.0%).The participants
ISSN Online 0719-2479 - www.joralres.com © 2019

age and income were the only socio-demographic
characteristics which showed statistically significant
differences associated with an increased risk of having
CAC (p=0.001 and p=0.027) respectively. However,
the other socio-demographic characteristics had nonstatistical significance.
Distribution of the study sample according to the
lifestyles is summarized in Table 2, which shows that
336 patients (75.8%) were non-smokers, 84 patients
(19%) were smokers and only 23 (5.2%) were former
smokers. Besides, 189 patients (42.7%) were khat
chewers and 254 patients (57.3%) were non khat
chewers.
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Additionally, 399 patients (90%) were coffee &
tea drinkers and 44 patients (10%) were not coffee
& tea drinkers. Moreover, 340 patients (76.7%) had
not regular physical activity and 103 patients (23.3%)
were regular physical activity exercisers. Furthermore,
357 patients (80.6%) regularly ate fast food, and 86
patients (19.4%) seldom ate fast food. The association
between formation of CAC and lifestyle variables had
non-statistical significance.
Distribution of the study sample according to the
medical history is summarized in Table 3, which
shows that previous medical consultation involved
287 patients (64.8%), use of medications involved
324 patients (73.1%) and a family history involved
264 patients (59.6%). The association between CAC
and the medical history variables were statistically
significant (p=0.001).

DISCUSSION.
This study was conducted on 443 Yemeni dental
patients to determine the prevalence of CAC detected
by DPR as a risk factor for CVDs.
The mean age of the participants of the present
study was 46 years old, which was higher than in
previous studies.10-12 Among the different age groups,
the present study showed that the age group 41 to 65
years was more likely to have CAC than the other age
groups. On contrary, Nasseh et al.,9 showed a lower
correlation between age and CAC at the same age
group, and the mean age of participants in their study
was 55.6 years old.
In the present study, younger patients with sufficient
income had a significantly increased risk of having CAC
as a risk factor of CVDs than those with other variables,
which is not consistent with other studies that reported
the elderly had a higher risk of CVDs.13,14
The current study showed that females were more
likely to have CAC visible on DPR than male patients.
This finding is inconsistent with that of Qureshi et al.,15
who reported that the male participants were more likely
to have CAC on DPR. However this is consistent to the
findings of Papakonstantinou et al.,16 and Dick et al.17
Weight had no statistically significant association with
the CAC.
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This finding in disagreement with a study by
Chowdhury et al.,18 who found that participants with
normal or slightly increased body weight were more
likely to develop CAC. Also this study is not in line
with Milner et al.,19 as the participant in this study had
mostly normal weight due to their lifestyle and type of
food consumed.
Several other studies have showed that an increase
in serum cholesterol and diabetes can contribute to
the development of calcification.20-23 The current study
focused on the prevalence of CAC as a clinical problem
for patients in Yemeni population. It illustrated that
more than half of the participants involved 264 patients
(59.6%) complained from cardiovascular-related symptoms. This finding is in agreement with studies by
Halwani et al.,14 in Saudi Arabia and Tiihonen et al.,24
in Finland.
In the current study, the prevalence rate of CAC
was 15.6%, the highest rate in comparison to previous
studies by Garoff et al.,20 Abreu et al.,4 Nasseh et al.,9
Moshfeghi et al.,5 Taheri et al.,25 and Halwani et al.,14
who reported that the prevalence rates of CAC were
5%, 7.9%, 10.2%, 11%, and 12.2% respectively. This
may be due to the differences in socio-demographic
characteristics, the healthcare awareness of participants,
variation in diseases, and differences in sampling
methods and techniques.
Although the educational level did not show a
statistically significant association with CAC, this study
illustrated a trend that the participants with a lower
education levels were more likely to developed CAC.
On the other hand, participants with higher educational
levels had better understanding of the necessity for
optimal diet and lifestyle important in preventing CAC
that lead to CVDs. This finding is consistent with the
study conducted by Poelman et al.,26
Similarly, the daily consumption of fast food showed an
insignificant association with CAC. However, this habit
may lead to obesity, which affects the blood vessels. This
finding agrees with Poelman et al.,26 and Maidahet al.27
Smoking was also not significantly associated with an
increased risk of CAC.
However, it was associated with the development of
CVD. This finding is similar to other studies such as
ISSN Online 0719-2479 - www.joralres.com © 2019

Helmi J, Zakria Alhariri Z, AL-Jawfi K & Shamala A.
Prevalence of carotid artery calcification detected by digital pano-ramic radiographs in a sample of yemeni dental patients.
J Oral Res 8(6):510-516. Doi:10.17126/joralres.2019.076

those conducted by Halwani et al.,14 and Hirooka et al.28
Ceasing smoking is important to prevent the formation
of CAC which lead to CVD, as recommended by Patel
et al.,29 and Seyedmirzaei et al.30
The present study showed a significant association
between CAC and medical history variables (p=0.001).
This result in agreement with previous studies conducted
by Halwani et al.,14 and Taheri et al.25
Therefore, DPR can be used for early CAC detection
which is an indication of asymptomatic CVD, and that
could help dentists to make patients avoid any further
CVD risk factors.

CONCLUSION.
The prevalence of CAC among Yemeni dental patients
was relatively high (15.6%). Patients with asymptomatic
CVD can be diagnosed earlier by the detection of CAC
by DPR. Female patients have a higher prevalence rate of
CAC compared to males.
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