Clinical Oral Investigations (2023) 27:5095-5101
https://doi.org/10.1007/500784-023-05130-y

RESEARCH q

Check for
updates

Does low bone mineral density have an association with head
and neck soft tissue calcifications?
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Abstract

Objectives To evaluate whether low bone mineral density (BMD) has an association with the presence of head and neck
soft tissue calcifications (STC), aging, and impaired mandibular canal cortices visibility.

Materials and methods Panoramic radiographs of 1000 women aged between 50 and 75 years old were evaluated by two
examiners to classify BMD using mandibular cortical index (C1- normal, C2-moderately eroded and C3-severely eroded),
the presence of STC, and also the mandibular canal cortices visibility at the ramus region. Chi-square test evaluated the
association between the variables (a =5%).

Results There was no association between bone loss and the presence of head and neck soft tissue calcifications, except for
calcified thyroid cartilage, which was less visualized at C3 group than others (p <0.05). Women aged 61 to 70 years old
presented higher bone loss than those between 50 and 60 (p <0.05). The mandibular canal was more poorly visualized at
C3 group than C1 and C2 (p <0.05).

Conclusions In general, no association between BMD and the presence of STC was found. However, greater bone loss had
a positive correlation with aging and impaired mandibular canal cortices visibility.

Clinical relevance No relationship between bone mineral density and the existence of soft tissue calcifications was found.
Nevertheless, increased bone loss was positively associated with aging and a reduced mandibular canal cortices visibility.
This finding highlights the clinical importance of considering bone density factors when planning treatment strategies for
patients with related disorders.

Keywords Bone density - Mandibular canal - Panoramic radiography - Physiologic calcification

Introduction density (BMD) [2]. However, studies suggest that bone min-

eral density can be evaluated in panoramic radiography [3].

Osteoporosis is a disease characterized especially by low
bone mineral density (BMD) and bone tissue microarchitec-
ture deterioration, leading to bone fragility and susceptibility
to fractures [1]. Usually, women in advanced age are more
affected than men, due to the estrogen deficiency-related
bone loss. The diagnosis of osteopenia and osteoporosis
is through the Dual-energy X-ray absorptiometry (DXA)
exam, which is a validate technique to measure bone mineral
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Klemetti and collaborators suggested in 1994 that osteoporo-
sis may erode the mandibular cortex, and created an index that
is known as mandibular cortical index (MCI) [4]. Since then,
several researchers found a positive correlation between MCI
and bone loss caused by osteoporosis, concluding that this index
can be used for screening osteoporotic patients, using panoramic
radiography and cone-beam computed tomography [5].

The fast bone loss caused by osteoporosis along with
calcium and vitamin D intake, which is generally used as
treatment, probably increases the calcium blood level. That
can induce ectopic calcifications by the deposition of this ion
throughout vascular walls, fatty plaques, and fibers. A corre-
lation between the presence of sialolith and elongated styloid
process and osteoporosis, and also an increase in vascular
calcifications among osteoporotic patients was found [6-8].
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It is very common to find soft tissue calcifications as
incidental finding in panoramic radiographs, as elongated
styloid process, sialoliths, calcified triticeous cartilage, and
atheroma [9]. When dentists visualize an image that sug-
gest atheroma in panoramic radiographs, they must refer the
patient to confirm with other exams and then to medical
care for further evaluation due to the possibility of inducing
cardiovascular events and stroke [10, 11]. In that matter,
considering that osteoporosis can have a correlation with
soft tissue calcification, the aim of this study was to evaluate
if there was an association between the stage of bone loss
with the presence of head and neck soft tissue calcification,
aging and also with the mandibular canal cortices visibility.
The null hypothesis was that no correlation would be found
between them.

Materials and methods

This study was approved by the local institutional
review board by the following protocol number
46110821.4.0000.5418. When it comes to the informed con-
sent, all patients undergoing dental treatment in all depart-
ments of the university necessarily agreed with the use of
their medical records to be used for scientific research.

Sample selection and preparation

In this observational retrospective study, the sample con-
sisted in 1000 panoramic radiographs collected randomly
from the image database of a university. All images were
acquired with OP300 Maxio unit (Instrumentarium Den-
tal, Tuusula, Finland) with exposure parameters accord-
ing to each patient, and ranged from 66 to 70 kVp, from
8 to 12.5 mA. Those images were obtained between 2018
and 2020 for reasons unrelated to this study. We selected
only images of women above 50 years old to restrict the
sample between patients that probably were going through
menopause, being the age average of 58.53, and standard
deviation of 5.71 years. Radiographies of women who had
undergone orthognathic surgeries, those with fractures or
bone lesions and those acquired with an inappropriate tech-
nic, were excluded.

Image assessment

All images were exported in TIFF (Tag Image File Format)
format and assessed in consensus by two evaluators with
3 years of experience in evaluation of panoramic radiographs
using an LCD display of 15.6 inches and spatial resolution
of 1920 x 1080 pixels (NP300E5SK; Samsung). Before that, a
calibration session was done based on the evaluation of 100
images with a clear explanation regarding all the evaluation
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process, and those images were not included in the study.
The images were assessed in a quiet and dimmed light room,
using the Image J software (NIH Image, Bethesda, MD).
The evaluators were allowed to adjust brightness and con-
trast, and also could use the zoom tool. They were blinded
regarding patient’s age, and they had to search for soft tissue
calcifications, analyze the integrity of the mandibular cortex
using the mandibular cortical index and also to evaluate the
mandibular canal cortices visibility as follows.

Presence of soft tissue calcification

The evaluators should state if soft tissue calcification was
absent or present in each image, and also clarify which
soft tissue was calcified. They were asked to look for the
presence of: atheroma; calcified triticeous cartilage; calci-
fied thyroid cartilage; tonsilolith; elongated styloid process
(Fig. 1). If more than one type of calcification was present,
all should be registered.

Mandibular cortical index

The mandibular cortical index was used to subjectively
quantify the bone loss, according to that proposed by Klem-
etti and collaborators in 1994 [4]. In which C1 was charac-
terized as a sharp and even cortex; C2 as a cortex with some
endosteal cortical residues and some semilunar defects; C3
as a clearly porous cortex, with heavy endosteal cortical resi-
dues (Fig. 2). That evaluation happened in both sides, right
and left, of the mandible, and the worst index between the
sides was considered for each patient.

Mandibular canal cortices visibility

The evaluation of the mandibular canal cortices visibility
was performed at the ramus in both sides (right and left); the
mandibular body was not used to avoid the interference of a
possible bone trabeculae alteration around the dentate area
due to inflammatory processes. That assessment was per-
formed in a 3-point scale: 1, when both superior and inferior
mandibular canal cortices showed good visibility; 2, when
only one mandibular canal cortex (superior or inferior) was
visualized; and 3, when no mandibular canal cortices (supe-
rior and inferior) was visualized (Fig. 3). Again, the worst
score between the sides was considered for each patient.

Thirty days after the evaluation, 20% of the sample was
randomly selected and re-evaluated under the same condi-
tions to verify intra-examiner agreement.

Statistical analysis

The statistical analyses were performed using the SPSS
software 23.0 (IMG, Armonk, USA) with a significance
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Fig. 1 Representation of the soft tissue calcifications evaluated in the study. a atheroma; b atheroma or calcified triticeous cartilage; ¢ atheroma
and calcified thyroid cartilage; d tonsilolith; and e elongated styloid process

Fig.2 Figure representing

the mandibular cortical index
evaluation. a C1 — mandibular
cortex even and sharp; b C2

— cortex with some semilunar
defects and some endosteal cor-
tical residues; ¢ C3 — clearly
porous cortex with heavy
endosteal cortical residues

Fig.3 Representation of the
evaluation of the mandibular
canal cortices visibility. a 1 —
good visibility of both mandibu-
lar canal cortices; b 2 — only
superior or inferior mandibular
canal cortex was visualized;

and ¢ 3 — superior and inferior
mandibular canal cortices were
not visualized

level of 5%. The association between the presence of soft
tissue calcification, age, and mandibular canal cortices
visibility with MCI was analyzed using chi-square test.
In the analysis, the atheroma and the calcified triticeous
cartilage were grouped because of the difficulty
in differentiating them on panoramic radiography.
Considering chi-square value, freedom of liberty, and the
number of radiographs evaluated, the power of analysis

was 95%, except for elongated styloid process, which
was 80%. The intra-examiner agreement was calculated
using weighted Kappa analysis for MCI and mandibular
canal cortices visibility and with Kappa analysis for soft
tissue calcifications and interpreted as previews Landis
and Koch [12], classification: < 0.20 poor; 0.21-0.40
fair; 0.41-0.60 moderate; 0.61-0.80 substantial; and
0.81-1.00 almost perfect.
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Results

The Kappa values for intra-examiner agreement ranged
from substantial to almost perfect (0.73 for mandibular
canal cortices visibility; 0.75 for MCI, atheroma and ton-
silolith; 0.79 for calcified triticeous cartilage, 0.85 for cal-
cified thyroid cartilage, and 1 for elongated styloid liga-
ment) [12].

Table 1 shows the distribution of soft tissue calcifica-
tions according to MCI. In general, no association was
found between stage of bone loss and presence of soft
tissue calcification (p > 0.05), except for the calcified thy-
roid cartilage (p <0.05). In this case, only 40.78% of the
patients classified as C3 for MCI had this calcification,
which was unexpected according to the distribution of
cases for MCI scores C1 and C2.

When it comes to the mandibular canal cortices vis-
ibility, there was a significant association between the
more eroded cortex with an impaired mandibular canal
cortices visibility. For patients classified as C3 for MCI,
more patients were rated as 3 for mandibular canal corti-
ces visibility (no visibility) (67.00%), and fewer patients
were rated as 1 (good visibility) (20.70%) than expected
(p <0.05). In contrast, for patients classified as C1 for
MCI, more were rated as 1 for mandibular canal cortices
visibility (37.00%) and fewer as 3 (7.30%) than expected
(p» <0.05) (Table 2).

Regarding age range, there was a significant associa-
tion between the greatest stage of bone loss and advanced
age (p <0.05). Patients between 66 and 70 years old
presented MCI classified as C3 more than expected and
scores C1 and C2 less than expected (69.23%, 6.92%, and
23.85%, respectively). A similar condition was observed
in patients between 61 and 65 years old, who presented
more score C3 and less score C1 than expected (58.45%
and 9.59%, respectively). In contrast, patients aged from
50 to 55 years old presented more score C1 and C2 and

Table 2 Absolute number and relative frequency (%) of the mandibu-
lar canal cortices visibility according to mandibular cortical index

MCI Mandibular canal cortices visibility

1 2 3
Cl (n=204) 91 (37.00%) 97 (18.10%) 16 (7.30%)
C2(n=384) 104 (42.30%) 224 (41.80%) 56 (25.70%)
C3 (n=412)  51(20.70%) 215 (40.10%) 146 (67.00%)
Total 246 (100.00%) 536 (100.00%) 218 (100.00%)

“Values in bold represent those that showed distribution different
from that expected (p <0.0001)

MCI: mandibular cortical index; 1, good mandibular canal cortices
visibility (superior and inferior); 2, one mandibular canal cortex visu-
alized (superior or inferior); 3, no mandibular canal cortices (superior
and inferior) visualized

Percentage in the columns

less score C3 than expected (34.99%, 44.90%, and 20.11%,
respectively) (Table 3).

Discussion

Osteoporosis treatment usually involves high calcium and
vitamin D intake, and drugs that increases the calcium blood
levels, which may lead to ectopic calcifications throughout
the body [7, 13, 14]. Therefore, the authors questioned if
there was a correlation between the stage of bone loss and
the presence of head and neck soft tissue calcifications, con-
sidering that increased calcium blood level could favor its
deposition in soft tissue. If a positive association had been
found, the results could alert professionals to pay more atten-
tion in the search for soft tissue calcifications in head and
neck region if bone loss was noticed in mandibular cortices,
and vice versa. However, in general, no association between
stage of bone loss and soft tissue calcifications was found.
The authors also hypothesized that the changes caused by
bone loss in the mandibular cortices could also be seen in

Table 1 Absolute number and relative frequency (%) of the presence of soft tissue calcifications according to mandibular cortical index

MCI Atheroma/calcified triticeous  Calcified thyroid cartilage Elongated styloid ligament Tonsillolith

cartilage

Absent Present Absent Present Absent Present Absent Present
Cl (n=204) 131 (64.22%) 173 (35.78%) 100 (49.02%) 104 (50.98%) 160 (78.43%) 44 (21.57%) 194 (95.10%) 10 (4.90%)
C2 (n=384) 232(60.42%) 152 (39.58%) 191(49.74%) 193 (50.26%) 310 (80.73%) 74 (19.27%) 345 (89.84%) 39 (10.16%)
C3 (n=412) 248(60.19%) 164 (39.81%) 244 (59.22%) 168 (40.78%) 327 (79.37%) 85(20.63%) 368 (89.32%) 44 (10.68%)
Total 611 (61.10%) 389 (38.90%) 535 (53.50%) 465 (46.50%) 797 (79.70%) 203 (20.30%) 907 (90.70%) 93 (9.30%)
p value 0.591 0.010 0.786 0.051

“Values in bold represent those that showed distribution different from that expected (p <0.05)

Percentage in the rows within each soft tissue calcification

MCI: mandibular cortical index
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Table 3 Absolute number

: MCI Age range

and relative frequency of

mandibular cortical index 50-55 56-60 61-65 66-70 71-75

according to age range
Cl (n=204) 127 (34.99%) 46 (16.37%) 21 (9.59%) 9 (6.92%) 1(14.29%)
C2 (n=384) 163 (44.90%) 119 (42.35%) 70 (31.96%) 31 (23.85%) 1 (14.29%)
C3 (n=412) 73 (20.11%) 116 (41.28%) 128 (58.45%) 90 (69.23%) 5 (71.42%)
Total 363 (100.00%) 281 (100.00%) 219 (100.00%) 130 (100.00%) 7 (100.00%)

"Values in bold represent those that showed distribution different from that expected (p <0.0001)

Percentage in the columns
MCI Mandibular cortical index

the mandibular canal cortices, compromising their visibility.
The significant association between the greater stage of bone
loss and the impaired mandibular canal cortices visibility
shows that probably the cortices can also be affected by
osteoporosis, interfering in the bone microarchitecture and
decreasing its density, and for that reason its visibility got
prejudiced in the panoramic radiograph. Until the present
moment, there is no study evaluating the correlation between
the mandibular canal cortices visibility and osteoporosis.
Further studies should be conducted in that regard.

To test the hypotheses, panoramic radiographs were used
because studies suggest it may be able to determine the bone
mineral density and also is an image modality that provides
the visibility of head and neck soft tissue calcifications [3,
5,9].

Regarding soft tissue calcifications, some studies found a
positive correlation between the presence of elongated sty-
loid process and sialoliths with osteoporosis, which is the
opposite of the current results [6, 8]. This distinction with
the previews studies is probably due to different methodol-
ogy used, such as a reduced number of patients in the sample
in the previous studies, and different calcifications evalu-
ated, for example. It is relevant to highlight that elongated
styloid process and sialoliths are not as harmful as vascular
calcifications, since the last has a potential to cause a stroke.

A preview study used computed tomography angio-
graphic (CTA) and panoramic radiographs to observe the
association between calcified carotid artery and stroke.
They found that 100% of patients at the stroke group pre-
sented calcified carotid artery at the CTA [11]. Depending
on how much an atherosclerotic plaque is calcified, it is
possible to observe it in a panoramic radiograph image
close to the vertebrae C2 and C5, around the bifurcation
region of the carotid artery [11]. However, occasionally a
calcified triticeous cartilage can be misinterpreted as ath-
eroma, due to the fact that they can be positioned around
the same region and look very alike, therefore their dif-
ferentiation can be complicated. For that reason, as we had
no confirmation regarding the identification of atheroma
(CT, computed tomography angiographic or Doppler
ultrasonography), this calcification and calcified triticeous

cartilage were grouped for statistical analysis. And as a
result, no association was found between the presence
of atheroma/calcified triticeous cartilage with any stage
of bone loss. That result is in accordance with a preview
study that assessed the relationship between the presence
of atheroma with osteopenia/osteoporosis in 50 female
patients using panoramic radiographs; although they did
not evaluate triticeous cartilage, no significant association
was found between this metabolic disease with this type of
vascular calcification [15].

A soft tissue calcifications prevalence study found that
carotid artery calcification was the second most prevalent
type in the sample, and it was more identified in individuals
over 80 years old [16], which was not included in the pre-
sent study. It is believed that the prevalence of comorbidities
among older patients may predispose them to show soft tis-
sue calcifications. For example, in a postmenopausal sample
with patients of 50 years or older, women with hyperten-
sion and hypercholesterolemia showed significant associa-
tion with the presence of carotid artery calcification [17].
Although in present study we had no information regarding
patients’ health conditions, older patients were more classi-
fied as C3 for MCI and no significant association was found
between C3 patients (older women) and the presence of
coronary artery calcification. That difference with the first
cited study is probably due to the different methodology
used, as the present study had no intention to approach soft
tissue calcifications prevalence: additionally, their sample
was composed of men and women with no age limit.

Controversially, in the present study, the calcified thy-
roid cartilage was significantly absent in patients classified
as C3 for MCI. That was unexpected, due to the fact that
those patients that presented greater bone loss had 61 to
70 years old, and studies suggests that soft tissue calcifi-
cations increase with aging [18]. Besides, in a soft tissue
calcifications prevalence study in older adults, using pano-
ramic radiographs, the calcified thyroid cartilage was the
most prevalent among all others [16]. We believe that this
may have happened due to different patient positioning in
the panoramic unit; since the thyroid cartilage is located
inferiorly on the radiograph, some of them may not have
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been included in the image, which made it difficult to see
its calcification.

The radiographic image of the mandibular canal is char-
acterized as a dark ribbon between two radiopaque lines,
which represent the cortical walls (borders) [19]. The man-
dibular canal cortices visibility in panoramic radiographs
is very important to conduct treatments as teeth extraction
and rehabilitation with implants, avoiding nerve injuries,
and also because each patients has its own mandibular canal
course [20]. In this study, the mandibular canal cortices vis-
ibility was evaluated at the ramus, to avoid the interference
of a possible bone trabeculae alteration around the dentate
area due to inflammatory processes, as that could cause bias.
We found that the mandibular canal visibility impairment
showed a significant association with advanced bone loss. In
that matter, as the majority of patients classified as C3 were
older than 60 years old, we can suggest that the mandibu-
lar canal cortices visibility can be impaired with aging, and
that is very important to conduct a safe treatment for those
patients that usually requires a more invasive and surgical
rehabilitation.

For this study, we chose to select panoramic radiographs
of women above 50 years old to restrict the sample with
patients that are probably in menopause. In the present
research, women older than 60 years old were more fre-
quently classified as C3 for MCI (advanced stage of bone
loss), than women aged from 50 to 60 years old. That is in
agreement with preview study that monitored the mandibu-
lar cortex and the trabeculation patterns using panoramic
radiographs of 1000 patients for 24 years [21]. They noticed
that the mandibular cortex can get very porous with aging,
and they also observed an association between a sparse tra-
becular pattern and eroded cortex in older women.

The limitation of this study is the lack of clinical informa-
tion about the patients’ overall health status, including meta-
bolic diseases and the use of medication. The age and the
sex of the patients were the unique confirmed information.
Although we did not have the clinical information or con-
firmation of osteoporosis through a DXA examination, our
results regarding MCI classification showed that the sample
was characterized by gradual bone loss caused by age, and
that the methods used in this study were trustworthy. Future
studies should be conducted to correlate the presence of soft
tissue calcifications and the mandibular canal cortices vis-
ibility in postmenopausal embracing their health condition.

Conclusions

No association between bone loss and the presence of head
and neck soft tissue calcifications was found overall. How-
ever, greater bone loss had a positive correlation with aging
and impaired mandibular canal cortices visibility. Based on
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the findings of this study, the mandibular canal cortices vis-
ibility may be an aid to monitoring bone loss, particularly
in older individuals. Professionals should also be aware that
the mandibular canal cortices visibility may be compromised
in these individuals when a surgical planning is required.

Acknowledgements This study was financed in part by the Coorde-
nacdo de Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES) — Finance Code 001.

Author contribution M.F.S.A.B., D.Q.F., conceived the ideas;
M.F.S.A.B., M.B.C., and D.Q.F. collected and analyzed the data;
M.FE.S.A.B. and M.B.C. imaging analysis; D.Q.F. the statistical analy-
sis; M.E.S.A.B and D.Q.F. led the writing — original draft; M.F.S.A.B.,
M.B.C.,1.C.D., and D.Q.F writing — review and editing.

Funding This study was financed in part by the Coordenagéo de Aper-
feicoamento de Pessoal de Nivel Superior — Brasil (CAPES) — Finance
Code 001.

Declarations

Ethics approval All procedures performed in this study were conducted
in accordance with the ethical standards of the Human Research Ethics
Committee of Piracicaba Dental School, University of Campinas, Bra-
zil (protocol number #46110821.4.0000.5418) and with the Helsinki
Declaration.

Informed consent An informed consent was obtained from all patients
receiving dental treatment across various departments of the university,
ensuring their medical records could be utilized for scientific research
purposes.

Conflict of interest The authors declare no competing interests.

References

1. World Health Organization (2003) Prevention and management
of osteoporosis. World Health Organ Tech Rep Ser 921:1-164

2. Bazzocchi A, Ponti F, Albisinni U, Battista G, Guglielmi G (2016)
DXA: technical aspects and application. Eur J Radiol 85(8):1481—
1492. https://doi.org/10.1016/j.ejrad.2016.04.004

3. Koth VS, Salum FG, de Figueiredo MAZ, Cherubini K (2021)
Repercussions of osteoporosis on the maxillofacial complex: a
critical overview. J] Bone Miner Metab 39(2):117-125. https://
doi.org/10.1007/s00774-020-01156-4

4. Klemetti E, Kolmakov S, Kroger H (1994) Pantomography in
assessment of the osteoporosis risk group. Scand J Dent Res
102(1):68-72. https://doi.org/10.1111/j.1600-0722.1994.tb011
56.x

5. Taguchi A, Tanaka R, Kakimoto N, Morimoto Y, Arai Y, Hayashi
T, Kurabayashi T, Katsumata A, Asaumi J, Japanese Society for
Oral and Macxillofacial Radiology (2021) Clinical guidelines for
the application of panoramic radiographs in screening for osteo-
porosis. Oral Radiol 37(2):189-208. https://doi.org/10.1007/
$11282-021-00518-6

6. Hamedani S, Dabbaghmanesh MH, Zare Z, Hasani M, Ardakani
MT, Hasani M, Shahidi S (2015) Relationship of elongated sty-
loid process in digital panoramic radiography with carotid intima
thickness and carotid atheroma in Doppler ultrasonography in
osteoporotic females. J Dent (Shiraz) 16(2):93-99


https://doi.org/10.1016/j.ejrad.2016.04.004
https://doi.org/10.1007/s00774-020-01156-4
https://doi.org/10.1007/s00774-020-01156-4
https://doi.org/10.1111/j.1600-0722.1994.tb01156.x
https://doi.org/10.1111/j.1600-0722.1994.tb01156.x
https://doi.org/10.1007/s11282-021-00518-6
https://doi.org/10.1007/s11282-021-00518-6

Clinical Oral Investigations (2023) 27:5095-5101

5101

10.

11.

12.

13.

14.

15.

Anderson JJ, Kruszka B, Delaney JA, He K, Burke GL, Alonso
A, Michos ED (2016) Calcium intake from diet and supplements
and the risk of coronary artery calcification and its progression
among older adults: 10-year follow-up of the Multi-Ethnic Study
of Atherosclerosis (MESA). J Am Heart Assoc 5(10):e003815.
https://doi.org/10.1161/JAHA.116.003815

Hung SH, Xirasagar S, Cheng YF, Lin HC (2019) A case-control
study of the association between sialolithiasis and osteoporosis.
Clin Otolaryngol 44(3):343-348. https://doi.org/10.1111/coa.
13310

Moreira-Souza L, Michels M, Lagos de Melo LP, Oliveira ML,
Asprino L, Freitas DQ (2019) Brightness and contrast adjustments
influence the radiographic detection of soft tissue calcification.
Oral Dis 25(7):1809-1814. https://doi.org/10.1111/0di.13148
Bos D, Arshi B, van den Bouwhuijsen QJA, Ikram MK, Selwaness
M, Vernooij MW, Kavousi M, van der Lugt A (2021) Atheroscle-
rotic carotid plaque composition and incident stroke and coronary
events. J] Am Coll Cardiol 77(11):1426—-1435. https://doi.org/10.
1016/j.jacc.2021.01.038

Kwon YE, An CH, Choi KS, An SY (2022) Comparison of carotid
artery calcification between stroke and nonstroke patients using
CT angiographic and panoramic images. Dentomaxillofac Radiol
51(8):20210500. https://doi.org/10.1259/dmfr.20210500

Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33(1):159-174

Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS,
Farooki A, Watts NB (2020) American Association of Clinical
Endocrinologists/American College of Endocrinology clinical
practice guidelines for the diagnosis and treatment of postmeno-
pausal osteoporosis—2020 update. Endocr Pract 26:1-46. https://
doi.org/10.4158/GL-2020-0524SUPPL

Kanis JA, Cooper C, Rizzoli R, Reginster JY, Scientific Advisory
Board of the European Society for Clinical and Economic Aspects
of Osteoporosis (ESCEO) and the Committees of Scientific Advi-
sors and National Societies of the International Osteoporosis
Foundation (IOF) (2019) European guidance for the diagnosis and
management of osteoporosis in postmenopausal women. Osteo-
poros Int 30(1):3—44. https://doi.org/10.1007/s00198-018-4704-5
Watanabe PC, Dias FC, Issa JP, Monteiro SA, de Paula FJ, Tiossi
R (2010) Elongated styloid process and atheroma in panoramic

16.

17.

18.

19.

20.

21.

radiography and its relationship with systemic osteoporosis and
osteopenia. Osteoporos Int 21(5):831-836. https://doi.org/10.
1007/300198-009-1022-y

Maia PRL, Tomaz AFG, Maia EFT, Lima KC, Oliveira PT (2022)
Prevalence of soft tissue calcifications in panoramic radiographs
of the maxillofacial region of older adults. Gerodontology
39(3):266-272. https://doi.org/10.1111/ger.12578

Taheri JB, Moshfeghi M (2009) Prevalence of calcified carotid
artery on panoramic radiographs in postmenopausal women. J
Dent Res Dent Clin Dent Prospects 3(2):46-51. https://doi.org/
10.5681/joddd.2009.011

Proudfoot D (2019) Calcium signaling and tissue calcification.
Cold Spring Harb Perspect Biol 11(10):a035303. https://doi.org/
10.1101/cshperspect.a035303

Oliveira-Santos C, Capelozza AL, Dezzoti MS, Fischer CM, Poleti
ML, Rubira-Bullen IR (2011) Visibility of the mandibular canal
on CBCT cross-sectional images. J Appl Oral Sci 19(3):240-243.
https://doi.org/10.1590/s1678-77572011000300011

Vranckx M, Geerinckx H, Gaéta-Araujo H, Leite AF, Politis C,
Jacobs R (2022) Do anatomical variations of the mandibular canal
pose an increased risk of inferior alveolar nerve injury after third
molar removal? Clin Oral Investig 26(1):931-937. https://doi.org/
10.1007/s00784-021-04076-3

Jonasson G, Sundh V, Hakeberg M, Hassani-Nejad A, Lissner
L, Ahlgwist M (2013) Mandibular bone changes in 24 years and
skeletal fracture prediction. Clin Oral Invest 17(2):565-572.
https://doi.org/10.1007/s00784-012-0745-x

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1161/JAHA.116.003815
https://doi.org/10.1111/coa.13310
https://doi.org/10.1111/coa.13310
https://doi.org/10.1111/odi.13148
https://doi.org/10.1016/j.jacc.2021.01.038
https://doi.org/10.1016/j.jacc.2021.01.038
https://doi.org/10.1259/dmfr.20210500
https://doi.org/10.4158/GL-2020-0524SUPPL
https://doi.org/10.4158/GL-2020-0524SUPPL
https://doi.org/10.1007/s00198-018-4704-5
https://doi.org/10.1007/s00198-009-1022-y
https://doi.org/10.1007/s00198-009-1022-y
https://doi.org/10.1111/ger.12578
https://doi.org/10.5681/joddd.2009.011
https://doi.org/10.5681/joddd.2009.011
https://doi.org/10.1101/cshperspect.a035303
https://doi.org/10.1101/cshperspect.a035303
https://doi.org/10.1590/s1678-77572011000300011
https://doi.org/10.1007/s00784-021-04076-3
https://doi.org/10.1007/s00784-021-04076-3
https://doi.org/10.1007/s00784-012-0745-x

	Does low bone mineral density have an association with head and neck soft tissue calcifications?
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Sample selection and preparation
	Image assessment
	Presence of soft tissue calcification
	Mandibular cortical index
	Mandibular canal cortices visibility
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


