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Detection of abdominal aortic calcification by densitometry*

Detecção de calcificação de aorta abdominal por densitometria

Osvaldo Sampaio Netto1, Caroline Louise Hasselmann2, Evandro Cesar Vidal Osterne3, Otoni

Moreira Gomes4

Objective: To evaluate the accuracy in the detection of abdominal aortic calcification by densitometry as compared

with lateral spine radiography. Materials and Methods: Study comprising 80 individuals, 50 of them with abdominal

aortic calcification and 30 without calcification. Densitometry was performed once for each participant, with the patient

in right lateral decubitus position. Results: Both groups were similar in terms of age range and body mass index –

mean age of 74.56 ± 10.55 years and 68.40 ± 10.80 years and mean body mass index of 28.94 ± 6.06 kg/m2, and

26.84 ± 4.11 kg/m2, respectively for the individuals with abdominal aortic calcification and for the individuals without

calcification. A statistical comparison between densitometry and radiography demonstrates similar performances of

the two methods in the detection of abdominal aortic calcification, with 100% specificity and positive predictive value,

94% sensitivity, 90.9% negative predictive value, and 96.3% accuracy. Qualitative equivalence in diagnosis was

demonstrated by kappa correlation index of 0.922. Conclusion: The results obtained by radiography and densitometry

were statistically equivalent, which endorses the indication of densitometry for investigating abdominal aortic calcification.
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Objetivo: Analisar a acurácia da detecção de calcificação da aorta abdominal por meio de densitometria em compa-

ração com a radiografia lateral de coluna. Materiais e Métodos: Casuística de 80 indivíduos, sendo 50 com diagnós-

tico de calcificação de aorta abdominal e 30 sem calcificação. Densitometria realizada uma única vez em cada parti-

cipante, com o paciente em decúbito lateral direito. Resultados: Em relação à idade e ao índice de massa corporal

tivemos grupos semelhantes, com idade média de 74,56 ± 10,55 anos e 68,40 ± 10,80 anos e índice de massa

corporal de 28,94 ± 6,06 kg/m2 e 26,84 ± 4,11 kg/m2 nos grupos com calcificação de aorta abdominal e sem cal-

cificação de aorta abdominal, respectivamente. A comparação estatística da densitometria com a radiografia mostra

que são semelhantes na detecção da calcificação de aorta abdominal, com valores de 100% na especificidade e valor

preditivo positivo; sensibilidade de 94%, valor preditivo negativo de 90,9% e acurácia de 96,3%. Equivalência quali-

tativa no diagnóstico foi demonstrada pelo índice de correlação de kappa de 0,922. Conclusão: Os resultados da

radiografia e da densitometria são estatisticamente equivalentes, o que permite sugerir a investigação de calcificação

de aorta abdominal pela densitometria para a detecção de calcificação da aorta abdominal.

Unitermos: Aterosclerose; Aorta abdominal; Densitometria.
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ORIGINAL ARTICLE

sitometers for detecting calcification in
non-osseous structures has been proposed.
The evaluation of abdominal aortic calci-
fication for investigation of atherosclero-
sis in asymptomatic patients is promising
and can be performed with the same tech-
nique utilized for evaluation of vertebral
fractures.

Currently, the evaluation of abdominal
aortic calcification may be performed with
lateral lumbar spine radiography or by
means of computed tomography. Radiog-
raphy is the simplest method available for
evaluation of the aorta, particularly in the
screening of asymptomatic patients with
risk factors for development of atheroscle-
rosis. Aortography, computed tomography

lution was low and the scan time was
long(1). Over the last decades densitometry
has undergone huge developments, with
increased resolution while maintaining low
dose of radiation exposure, becoming the
gold standard for bone density evalua-
tion(2,3). By the end of the 20th century,
such developments enabled the introduc-
tion of apparatuses capable of evaluating
the presence of vertebral fractures through
the measurement of height and diameter of
lumbar and thoracic vertebrae(4).

With such increased resolution with a
low radiation dose, the utilization of den-

INTRODUCTION

The densitometry apparatuses were in-
troduced in the 1960’s with the purpose of
evaluating bone density. Initially the reso-
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and magnetic resonance imaging can be
performed in symptomatic patients to
evaluate aortic aneurysms and acute aortic
obstruction(5,6).

Wilson et al.(7), in a study published in
2001, observed the presence of abdominal
aortic calcification by means of lateral
spine radiography as a predictor of cardio-
vascular disorders in approximately 2,500
individuals, between the years of 1967 and
1989, obtaining a relative risk of 1.33 for
men and 1.25 for women.

A study published by Schousboe et al.(8)

in 2006 suggests that during the perfor-
mance of vertebral fracture assessment
(VFA), it is possible to include the lumbar
spine and the soft tissue region anterior to
the lumbar spine on a single image, allow-
ing the detection of abdominal aortic cal-
cification, and thus, with the same diagnos-
tic study, detect the risk factors for the two
most prevalent disorders in public health –
osteoporosis and cardiovascular diseases.

The present study is aimed at analyzing
the accuracy of densitometry in the detec-
tion of abdominal aortic calcification as
compared with spine radiography.

MATERIALS AND METHODS

The research project on detection of ab-
dominal aortic calcification by means of
lateral spine densitometry was approved by
the Committee for Ethics in Research of
Universidade Católica de Brasília on May
15, 2008, official letter CEP/UCB No. 055/
2008.

This was a prospective study, whose
sample consisted of the first 80 individu-
als from both sexes, who met the inclusion
/exclusion criteria, 50 of them with diag-
nosis of abdominal aortic calcification, and
30 without such diagnosis, who agreed to
and signed a term of free and informed
consent.

Volunteers were selected according to
the following inclusion criteria: patients
with radiological diagnosis of abdominal
aortic calcification, or elderly individuals
with a history of heart disease or increased
triglycerides/cholesterol levels either with
or without confirmed radiological diagno-
sis of abdominal aortic calcification.

The exclusion criterion which hindered
the participation in the study was the pres-

ence of metal prosthesis in the thoracic or
lumbar spine.

Bone densitometry was performed a
single time for each participant, with a Dis-
covery W model Hologic® densitometer,
with fan beam technology, emitting 100
and 140 kV X-rays with 128 detectors and
2 mm resolution(9).

The densitometry scans were performed
in lateral view of the vertebral spine, with
the patients wearing metal-free clothing
and positioned in right lateral decubitus;
and lasted approximately 45 seconds. The
patients were requested to fast for four hours
before the scan. With this method, the pa-
tient absorbed radiation dose is 25 µSv(9).
The reports were issued by a physician ac-
credited by Colégio Brasileiro de Radiolo-
gia e Diagnóstico por Imagem (Brazilian
College of Radiology and Imaging Diagno-
sis) and by Sociedade Brasileira de Densi-
tometria Clínica (Brazilian Society of Clini-
cal Densitometry), with an experience of
more than 15 years in densitometry.

The statistical analysis of data regard-
ing sample categorization, contingency
table and qualitative test of kappa correla-
tion was performed with the softwares
Microsoft Office Excel 2007® and IBM
SPSS Statistics 19.0®.

RESULTS

In the period between May, 2008 and
June, 2010, 80 densitometry scans were
performed to evaluate abdominal aortic
calcification in 50 patients previously di-
agnosed with abdominal aortic calcifica-
tion and in 30 patients without the condi-
tion.

The sample comprised 21 male and 59
female patients and, among them 12 men
and 38 women had previously been diag-
nosed with abdominal aortic calcification.

The mean age of the patients with ab-
dominal aortic calcification was 74.56 ±
10.55 years, and in the case of the patients
without calcification the mean age was
68.40 ± 10.80 years.

Mean body mass index (BMI) was
28.94 ± 6.06 kg/m2 in the patients with cal-
cification and 26.84 ± 4.11 kg/m2 in the
patients without the condition.

In the group of 30 patients without ab-
dominal aortic calcification, the densitom-

etry confirmed the absence of the condi-
tion.

In the group of 50 patients previously
diagnosed with abdominal aortic calcifica-
tion, densitometry identified 47 patients
with the disorder.

In the examples on Figure 1, the pres-
ence of abdominal aortic calcification can
be observed at the densitometric image, an-
teriorly to three or more lumbar vertebrae.

By means of statistical analysis of a con-
tingency table for evaluation of diagnostic
studies, the authors observed that the inves-
tigation of abdominal aortic calcification
by means of densitometry presented 94.0%
sensitivity, 100% specificity, 100% posi-
tive predictive value, 90.9% negative pre-
dictive value and 96.3% accuracy, as com-
pared with the radiological diagnosis.

As the densitometric results were ana-
lyzed for the two groups, with positive and
negative radiological diagnosis of abdomi-
nal aortic calcification, the statistical kappa
test was applied in order to analyze the
qualitative correlation of the results, with
a kappa index of 0.922, corresponding to
a statistical significance level of p < 0.01.

DISCUSSION

The presence of atherosclerosis is one
of the main triggering factors for cardiovas-
cular diseases(10), thus the importance of
developing methods to allow an early detec-
tion of the development of atherosclerosis.

Atherosclerosis is a systemic disease
that may simultaneously involve several ar-
teries. As the development of atherosclero-
sis is investigated, one can find that gener-
ally such a disease begins in large elastic
arteries and then affects large and medium
caliper muscular arteries(11).

The Rotterdam Coronary Calcification
Study developed with 2,013 individuals
with ages ≥ 55 years, demonstrates a strong
association between the presence of coro-
nary calcifications and abdominal aortic
calcification(12).

It is important to highlight the natural
history of the development of atheroscle-
rosis. The major focus of investigation of
atherosclerosis has been the coronary and
carotid arteries, while abdominal aortic
calcification precedes the compromising of
those arteries(7,12).
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Hollander et al.(13), analyzing the cohort
of the Rotterdam Coronary Calcification
Study, have found that abdominal aortic
calcification and presence of atherosclero-
sis in the carotid arteries represent strong
predictors of incidence of stroke, with a
relative risk of 1.89 and 2.23, respectively.

In a study published in 2010, Bolland
et al.(14) analyzed abdominal aortic calcifi-
cation by means of lateral abdominal radi-
ography, and estimated that the presence of
such condition increases the risk for acute
myocardial infarction independently in
men (odds ratio of 5.32, with p = 0.04) and
in women (odds ratio of 2.30, with p =
0.007). The analysis in women demon-
strated that abdominal aortic calcification
is an independent factor for severe cardio-
vascular events (acute myocardial infarc-
tion, stroke or sudden death), with an odds
ratio of 1.74, with p = 0,007.

Rodondi et al.(15), in a study published
in 2007, followed-up 2,056 women aged
≥ 65, diagnosed with abdominal aortic cal-
cification by means of lateral spine radiog-
raphy, over a 13-year period, in order to
investigate the risk for cardiovascular
death. The authors concluded that abdomi-

nal aortic calcification posed a risk of 1.18
for cardiovascular mortality and mainly a
risk of 1.53 for coronary artery disease.

Thus, the investigation of abdominal
aortic calcification allows an earlier diag-
nosis of atherosclerosis and, consequently
the treatment of the condition before the
compromising of the coronary and carotid
arteries.

Besides being a predictive factor for
cardiovascular disease, abdominal aortic
calcification is also a predictive factor for
cerebral vascular disease and may cause
aortic aneurysm and acute aortic obstruc-
tion(7,16–18).

The diagnostic investigation in cases of
aneurysm and acute obstruction is per-
formed by means of computed tomography
and magnetic resonance imaging, which
provide better visualization and measure-
ment of the atherosclerotic plaque(5).

For screening in asymptomatic patients,
the technique utilized is lateral lumbar
spine radiography, like in the studies devel-
oped by Framingham(7) and in the Rotter-
dam Coronary Calcification Study(12).

The main limiting factor for routine per-
formance of lateral lumbar spine radiogra-

phy in asymptomatic patients is the radia-
tion dose to which the patient is exposed,
of approximately 700–800 µSv(3,19–21).

The proposal for utilization of densito-
metry equipment came after the develop-
ment of the method for morphometric
evaluation of the lumbar spine employed in
the investigation of vertebral fractures.

The investigation of abdominal aortic
calcification is performed with the same
technique utilized for VFA, with the main
advantage of being a technique with a low
radiation dose for the patients. In the cur-
rent apparatuses, such dose is approxi-
mately 25 µSv(9,22). Additionally, there are
other advantages such as the fact that the
scan takes only 45 seconds to be completed
and the minimum preparation required
from the patients: four-hour fasting before
the scan and wearing metal-free clothing.

In the characterization of the present
study sample, the authors observed that,
despite the predominance of female pa-
tients, a similar distribution of male and
female patients occurred in the two groups.
In the group of patients with abdominal
aortic calcification, 24% were men and
76% were women, while in the group of
patients without abdominal aortic calcifi-
cation, 30% were men and 70% were
women.

As regards age, the groups were also
similar, with mean ages of 74.56 ± 10.55
years and 68.40 ± 10.80 years in the groups
with and without calcification, respec-
tively. In both groups the lowest ages were
around 50 years and the highest ages were
above 90 years.

The BMI also presented similar distri-
bution in both groups, with mean values of
28.94 ± 6.06 kg/m2 in those patients with
abdominal aortic calcification and 26.84 ±
4.11 kg/m2 in those patients without the
condition.

Such considerations regarding age and
BMI are relevant as the physical capacity
of the patient to sustain the positioning
(right lateral decubitus) required for the
performance of the scan for the duration of
the procedure.

In the group of 50 patients with radio-
logical diagnosis of abdominal aortic cal-
cification, lateral lumbar spine densitom-
etry detected the presence of calcification
in 47 patients.

Figure 1. Densitometry results demonstrating the presence of abdominal aortic calcification in the fron-

tal region of three or more lumbar vertebrae.
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In three patients the authors did not
found the presence of abdominal aortic
calcification. However, multiple gas
bubbles could be observed, including
bubbles in the anterior region of the ver-
tebral spine, which could be possibly the
cause for non visualization of the calcifi-
cation, a fact that may suggest the need for
longer fasting before densitometry. In the
present study, four-hour fasting before the
scan was adopted.

In the evaluation of the patients whose
radiological diagnoses were negative for
abdominal aortic calcification, densitom-
etry was also negative in all patients.

The statistical comparison between den-
sitometry and radiography demonstrates
that both methods are similar in the identi-
fication of abdominal aortic calcification.
Values of 100% were obtained for specific-
ity and positive predictive value – high val-
ues as compared with sensitivity (94%),
negative predictive value (90.9%) and ac-
curacy (96.3%).

The equivalence between the two meth-
ods in the qualitative evaluation of pres-
ence or not of abdominal aortic calcifica-
tion is corroborated by the kappa correla-
tion index of 0.922.

Both radiological investigation and the
proposed utilization of densitometry are
aimed at investigating the asymptomatic
patient, increasing the possibility of pre-
venting the development of atherosclero-
sis before it affects the carotid or the coro-
nary arteries.

The utilization of investigation by bone
densitometry is faced the limiting factor of
not being capable of measuring the athero-
sclerotic plaque. It is important to instruct
the patient to fast for at least four hours
before the scan, in order to avoid the pres-
ence of intestinal gas bubbles which might
impair the correct analysis of the image.

The authors have observed that both
methods present a statistically similar ac-
curacy, and that the difference that should
be taken into consideration is radiation dose
to which the patient is exposed: 700–800
µSv for radiography and 20–40 µSv(3,9,19–22)

for densitometry.

CONCLUSION

Over the past decades, the investigation
of abdominal aortic calcification in asymp-
tomatic patients has been performed by
means of conventional radiograph. Analyz-
ing this investigation using densitometry
apparatuses, one observes that the results
obtained by densitometry are statistically
equivalent. Thus, the authors suggest that
densitometry equipment can be utilized to
investigate abdominal aortic calcification.
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