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Abstract

Summary Association between the presence of an elongated
styloid process, vascular calcification (atheroma) and the
potential risk factor for osteoporosis was studied. Presence of
an elongated styloid process was found to be correlated with
systemic osteoporosis and also between elongated styloid
process and atheroma.

Introduction The association between the presences of an
elongated styloid process and vascular calcification (atheroma)
with the potential risk factor assessment for osteoporosis was
studied.

Methods Bone mineral density obtained by dual energy
X-ray absorptiometry diagnosed osteopenia/osteoporosis on
at least two of three sites (column, hips, and forearm) of 50
female patients. Panoramic maxillomandibular radiographs
were taken and analyzed. Elongation of the styloid processes
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was measured and the presence of atheromas in the carotid
was investigated.

Results Eighty percent of the patients presented at least one
side with elongated styloid process and the highest
prevalence (87.5%) occurred in individuals between 60
and 69 years. Atheroma was found in four patients, three of
which presented elongated styloid on at least one side and
had diagnosed osteoporosis on at least two of the evaluated
sites.

Conclusions Correlation was found between the elongation
of the styloid process and systemic osteoporosis, and
between elongated styloid process and atheroma. The
method in this study might be used as part of a method
for osteopenia/osteoporosis and atheroma risk assessment.

Keywords Atheroma - Osteoporosis -
Panoramic radiography - Styloid process

Introduction

Osteoporosis is a systemic disease characterized by a
progressive reduction in the amount of bone mass and by
modifications in the trabecular architecture, afflicting both
genders and any bone. Despite osteoporosis and atheroscle-
rosis being considered independent diseases, having in
common only the fact that are more frequent in elderly
individuals (65 years or more) [1], some recent studies report
an association between low bone mineral density (BMD)
and vascular calcification processes (atheroma) [1-3].
Regarding soft tissue calcification, literature showed that
the calcification of the hyoid—styloid process includes the
stylohyoid ligament, which connects the styloid process to
the minor horn of the hyoid bone [4]. In a young female
rats study, significant correlation between calcification of
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the stylohyoid ligament and high serum concentration of
calcium was found [5]. This plasma calcium concentration
is associated to a fast loss of bone mass, leading to the
possible association of this process with osteoporosis [5].

The calcification mechanism of soft structures is
reported by some studies [1] to be similar to the
osteogenesis process, involving several cells, proteins, and
cytokines, preceding tissue mineralization. These authors
also report that ectopic bone tissue has been identified in
calcified plaques and that specific bone cells were found on
the arterial wall evidencing a transdifferentiation of endo-
thelial cells into osteoblasts and also finding osteoclast-like
cells on calcified arteries.

Fig. 1 a Detecting the presence a
of calcifications in the carotid.
b Higher magnification of
atheroma presence
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Some epidemiological studies found correlation between
vascular calcification and osteoporosis [2, 3]. This associa-
tion has been denied on several occasions and interpreted as
secondary to the aging process; however, data show that this
relation is significant even in advanced age. In addition, risk
of cardio- and cerebral-vascular diseases has been described
on post-menopausal and osteoporotic women by literature
and the presence of atheromas might be one risk factor.

Considering that panoramic radiograph is a routine exam
in the medicine and oral medicine practices, its great
advantage is to allow practitioners to analyze components
of the stomatognathic system in addition to other near
structures [6]. Through this technique, it is possible to
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identify and measure the styloid process of the temporal
bone having the external acoustic meatus as reference point
and also to identify calcified fat plaques (atheromas) on the
walls of carotid arteries in the bifurcation region, near the
hyoid bone image.

This study aimed to investigate the correlation between
the presences of elongated styloid processes (ESP) and
vascular calcification (atheromas) in patients with diag-
nosed osteopenia/osteoporosis. The analysis was conducted
using digital panoramic radiographs of these patients.

Methods

This study used 50 patients from the Radiology service of the
Dental School of Ribeirdo Preto, University of Sdo Paulo,
Brazil. All patients were female between 35 and 84 years old
who had osteopenia/osteoporosis diagnosed on at least two of
the following three different sites analyzed (radium, column,
and femoral head). Osteopenia/osteoporosis diagnosis was
based on bone densitometry exam (DEXA-—dual energy
X-ray absorptiometry).

Each patient’s radiographic results were expressed as
standard deviations of the result obtained and in relation to
young female adults’ bone mass average (T-score). This
criterion is used to define the osteoporosis diagnosis
according to the World Health Organization. Values are:
Normal=scores until —1 standard deviations (SD) from
young female adult mean; Osteopenia=score between —1.1
and —2.5 SD below the mean; and Osteoporosis=score of
—2.6 SD or more below the mean [7].

Digital panoramic radiographs were obtained using the
same X-ray machine (Ortophos—Sirona Dental) with the

Fig. 2 Determining the image
size of the styloid process using
Radioimp software
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following mean values of exposure: 62 kVp and 16 mA,
and rotation time of 14.1 s. All radiographs went through a
screening method to check image quality and definition of
the region of interest used in this study.

Length of styloid processes from both sides was assessed
through linear measurements using Radiocef Studio—
Radioimp computer software (Radiomemory, Brazil) and
values higher than 30 mm were considered elongated [8—10].
The presence of vascular calcifications was evaluated to
establish the possibility of diagnosing atheromas using the
same radiographs and analyzing the region below the hyoid
bone, near C3 and C4 vertebrae of both sides, referring to
the location of the carotid artery bifurcation (Fig. 1a and b).

To determine image size of the styloid process, “circle”
tool of Radioimp computer software was used to identify
and select the external acoustic meatus. Length (mm) of the
styloid process was measured by tracing a horizontal line
below the inferior edge of the external acoustic meatus and
another one starting from the apex of the styloid process
(distal part). Connection of both straight lines determined
the proximal part (tympanohyal) of the styloid process and
length from distal to proximal parts was assessed (Fig. 2).

Method error

The method error of measuring the length of the styloid
process was performed in 15 radiographs. Measurements
were obtained in two different sessions with a 7-day
interval. In each session, an average of three measurements
was considered for each side and used later to assess the
results. Method error (Se) was calculated using Dahlberg’s
formula: Se = /d*/2n, where “Se” is the standard devia-
tions of the differences of each of the replicates from its
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Table 1 Age groups and variables prevalence

Age group (years) Number of Osteopenia/osteoporosis Osteoporosis One ESP Both ESP Atheroma
patients (3 sites) (2 or 3 sites)

30-39 2 (4%) 0 2 (100%) 2 (100%) 1 (50%) 0

40-49 10 (20%) 5 (50%) 1 (10%) 7 (70%) 5 (50%) 0

50-59 14 (28%) 8 (57%) 4 (29%) 10 (71%) 6 (43%) 2 (14%)

60-69 16 (32%) 12 (75%) 9 (56%) 14 (87%) 9 (56%) 0

70-79 7 (14%) 5 (71%) 4 (57%) 6 (86%) 2 (29%) 2 (29%)

80-89 1 2%) 0 1 (100%) 1 (100%) 1 (100%) 0

Total 50 (100%)

ESP elongated styloid process

. 99

mean, “n” is the number of radiographs recorded, and “d” is
the difference between two length measurements in a
radiograph [11, 12]. Percentage errors were calculated
using the formula: % = (Se/mean) 100%, where “Se” is
the result from Dahlberg’s formula and mean corresponds
to the mean value of the total of the initial and second
measurements. The difference between the first and second
(1 week later) series of measurements was 0.7 mm,
corresponding to 2.11% of the total variance.

The presence of vascular calcifications (atheromas) was
also obtained in two different sessions with a 7-day
interval. Each session verified the presence or absence of
vascular calcifications. Since no size was measured, no
error was encountered in this method, and the results in
both sessions were the same.

Data analysis and statistics

All measurements were transferred to an Excel (Microsoft,
USA) table containing patient’s data with age, gender,
length of the styloid process, results of DEXA, and
presence of an image suggesting atheroma. Statistical
power analysis was determined as 0.6205 for length
measurement and atheroma detection in this study. Since
qualitative variables were used, data were submitted to
Pearson chi-square test, using SPSS 17.0 (SPSS Inc., USA)
computer software and using Monte Carlo simulation due
the fact that some data fields in the contingency table had
very low frequency. Therefore, from 10,000 re-samples and
95% confidence level, an empiric Pearson chi-square

Table 2 Variables comparison and correlation

distribution was generated and significance of the test
obtained. Variable results were considered dependent and
correlated when p<0.05 [13].

Results

This study found that 30 (60%) of the 50 patients had
osteopenia/osteoporosis on all three analyzed sites. Forty
patients (80%) had at least one of the styloid processes
elongated. Four patients (8%) presented calcification in the
carotid artery bifurcation region, indicating an atheroma site
(Table 1).

In the correlation study, association was found between
osteopenia/osteoporosis diagnosed on the three analyzed
sites and the elongation of one or both styloid processes (p<
0.05). Also, when comparing osteopenia/osteoporosis on the
three sites and both elongated styloid processes, correlation
was found (p<0.05). Comparing osteopenia/osteoporosis on
the three sites and atheroma, no significance was found (p>
0.05) (Table 2).

When diagnosis for osteoporosis was found on two or
three of the analyzed sites, no correlation occurred with an
elongated styloid process on one or both sides (p>0.05).
No correlation existed between osteoporosis on two or three
sites and atheroma (p>0.05) (Table 2).

Variables elongated styloid process on one or both sides
and atheroma were not correlated (p>0.05). When consid-
ering the elongation of both styloid processes and athero-
ma, correlation was found (p<0.05) (Table 2).

Osteopenia/osteoporosis (3 sites) Osteoporosis (2 or 3 sites) One ESP Both ESP
One ESP Both ESP Atheroma One ESP Both ESP Atheroma Atheroma Atheroma
p values 0.03 0.02 0.08 0.88 0.06 0.11 0.79 0.04

Variables are correlated when p<0.05

ESP elongated styloid process
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Discussion

This study investigated the correlation between an elongated
styloid process and vascular calcification (atheromas) in
patients with osteopenia/osteoporosis, based on the analysis
of digital panoramic radiographs.

The age group in this study was from 34 to 84 years and
50 patients were analyzed. Forty (80%) individuals, with
diagnosed osteopenia/osteoporosis on at least two sites, had
elongated styloid processes (Table 1), indicating an associ-
ation between low bone mineral density and ectopic
calcification process. Mineralization or ossification of the
styloid process is common; incidence of 18% of elongated
styloid processes was found in an analysis of 1,771 oral
panoramic radiographs in general population, studying both
men and women [14]. Also, calcified styloid processes
were more common in patients between 50 and 59 years
[14]. This study found that 24 (80%) of the 30 patients in
the age group between 50 and 69 years had at least one
elongated styloid process (Table 1) and is in accordance
with the results found by another study [10].

The presence of more than one site (two or three)
diagnosed with osteopenia/osteoporosis was considered as a
systemic condition for this disease. Evaluated sites were the
radium, column, and femur. According to the WHO, bone
density should be evaluated on two or more bone sites and
one of them must be the column or hip (femur) [8].

An incidence of 8% (four patients) of patients with
vascular calcification was found in this study. A prevalence
of 2% to 11% of patients with calcifications in the carotid
artery was found in a study that analyzed panoramic
radiographs of dental patients [15]. Atheromas were also
reported [16] as varying from 2% to 5%, with a higher
frequency rate in menopausal women and in individuals
aged 65 years and older (up to 20%). Menopausal women
present physiological alterations favorable to atherosclero-
sis [17]. This process is explained by the reduction of
estrogen level leading to a low LDL molecule breakdown
and to the reduction of HDL levels, increasing the
probability of atheroma occurrence.

This study showed no significant correlation between
osteopenia/osteoporosis and atheromas (p=0.089). Detec-
tion of calcifications in the carotid artery using panoramic
radiographs was considered as limited and of low sensitiv-
ity by another study [14] and agrees to the results found in
this research study. Some general medicine studies relate
osteoporosis with vascular calcification [1-3] and with
calcification of the stylohyoid complex [4].

The present study used panoramic radiograph technique
to evaluate the correlation between variables osteoporosis,
atheroma, and elongated styloid process. Nowadays, pan-
oramic radiography technique is an excellent method for
diagnosis of clinical conditions that affect the structures of

the stomatognathic system, thanks to the technical devel-
opment of X-ray equipment, making it more accurate,
mainly when we use digital image systems. This radio-
graphic exam can produce important information on the
general health condition of the patient, since detection of
ectopic calcification is possible and able to relate with
systemic condition. In this context, medical-dental profes-
sionals that routinely work with panoramic radiographs can
contribute to identify and early detect diseases such as
atherosclerosis and osteoporosis.

According to the results found in this research and
within the limitations of the methodology used, association
was found between elongated styloid process and atheroma,
and between elongated styloid process and osteoporosis/
osteopenia. The method in this study might be used as part
of a method for osteoporosis and atheroma risk assessment.
Further studies, measuring length of styloid process, using a
larger sample and a group of patients with suspected
osteoporosis are indicated. Also, limitation in the detection
of calcifications in the carotid artery using panoramic
radiographs should be considered and evaluated in future
studies.

Conflicts of interest None.
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