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An innovative approach in osteoporosis opportunistic
screening by the dental practitioner: the use of cervical
vertebrae and cone beam computed tomography with its
viewer program
Imad Barngkgei, BDS, MSc,a,1 Easter Joury, BDS, DOrth, MSc (Lond), PhD (Lond), MFDS RCPS (Glasg),b,c,1 and
Ali Jawad, MB, ChB MSc (Lond), FRCPd,e
Objectives. To investigate the use of cone beam computed tomography (CBCT) for predicting osteoporosis based on the
cervical vertebrae CBCT-derived radiographic density (RD) using the CBCT-viewer program.
Study Design. CBCT scans (WhiteFox, de Gotzen S.r.l device, distributed by Satelec-Acteon Group, Italy) and dual-energy
X-ray absorptiometry examinations of 38 women who participated in an earlier investigation were examined. A coronal slice,
subjectively determined from the cervical vertebrae, was selected and the RD as gray values for the first and second vertebrae,
and the dens was calculated by using CBCT-viewer software (WhiteFox imaging).
Results. The CBCT-derived RD values of the dens and the left part of the first cervical vertebra showed the strongest correlation
coefficients (r ¼ 0.7, 0.6; P < .001) and the highest sensitivity (76.9%, 70%), specificity (92%, 92.9%), and accuracy (90.8%,
86.4%) in predicting osteoporosis in the lumbar vertebrae and the femoral neck, respectively.
Conclusions. CBCT-derived RD of cervical vertebrae can predict osteoporosis status using a CBCT-viewer program. This
finding should be confirmed on other CBCT devices. (Oral Surg Oral Med Oral Pathol Oral Radiol 2015;120:651-659)

Osteoporosis is a major public health problem. It is a
skeletal disease characterized by low bone mass, deterioration of the bone structure, and an increased risk of
fracture.1 Osteoporotic fractures may affect any area of
the skeleton except the face. The most common sites
are the hip, vertebrae, proximal humerus, and distal
forearm.2-4 Osteoporotic fractures are associated with
signiﬁcant morbidity and increased mortality, with 10%
to 20% of women with hip fractures dying within the ﬁrst
year.5 Two-thirds of vertebral fractures are painless.
Mortality increases by 15% in patients with painful
vertebral fractures.6 Those who survive suffer from
increasing disability with poor quality of life.5 The
ﬁnancial burden of osteoporosis is substantial. It has
been estimated that the annual medical costs of
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management of acute fractures and rehabilitation range
between US$ 17 to 20 billion.7 In addition, there are
indirect monetary and nonmonetary costs (e.g., care
time) that add to the ﬁnancial and societal burden of
this disease.7 Early diagnosis is essential. However, the
silent nature of osteoporosis delays diagnosis.8 Health
care professionals should collaborate to create an
opportunity for early detection, timely diagnosis, and
appropriate treatment. In dentistry, early detection is
important because patients with osteoporosis may
suffer from higher failure rates of dental implants.9
Dentists are commonly consulted by a large segment of
the population. Dental radiographs are used for diagnosis
of conditions affecting teeth and jaws. These radiographs
may offer an opportunity to detect osteoporosis and have
been suggested as a screening tool for the disease.10-12
Bone quality refers to the combination of all characteristics that inﬂuence its resistance to fracture.13 Bone
quality is best assessed if more of its characteristics
are quantiﬁed. The degree of mineralization and
trabecular microstructure are the strongest predictors of
bone strength.14

Statement of Clinical Relevance
When a cone beam computed tomography (CBCT)
scan is available, dentists can use it as a screening
tool for osteoporosis, which is a major public health
problem among menopausal and postmenopausal
women, without the need for expensive or complicated software or special training.
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Cone beam computed tomography (CBCT) has been
used widely since its introduction in dentistry in
1998.15,16 The CBCT technique has many advantages.
It offers 2- and 3-dimensional images for the radiographed area at a relatively low cost compared with
multidetector computed tomography (MDCT). However, the radiation dose of CBCT scans differs greatly,
depending on the exposure parameters (the ﬁeld of
views [FOV],17 in particular). The radiation dose of
large (maxillofacial) FOVs may be 8.4 to 19.4 and
1.4 to 13.1 times greater than that of small (partial
jaw) and medium (dentoalveolar or single jaw) FOVs,
respectively.18 However, even small FOV scans can
produce effective doses much greater than that in
conventional dental radiography, depending on the
parameters of the scanner. In addition, the radiation
dose of CBCT is higher than that of conventional
dental radiographs.19 CBCT provides information on
assessment of bone quality.17 One of the basic
prescription rules for radiation is that CBCT should
only be used when conventional radiography cannot
provide an answer to the clinical question.20
Manufacturers of CBCT devices offer a viewer
software to study the images. This software has the
necessary tools for basic and simple analyses, such as
multiplanar reconstruction, dimensional measurements,
and radiographic density (RD) measurements.
Few studies have used CBCT to evaluate the relationship between osteoporosis and jawbone CBCTderived RD.21 However, additional programs, special
phantoms, or both have been used to analyze CBCT
images. These complicated procedures would hinder
the use of such a method as an opportunistic
screening tool for osteoporosis. They also add to
the cost.
We decided to test whether CBCT images can predict
osteoporosis in menopausal and postmenopausal
women by using the associated CBCT viewer program.
This program is used by dentists because it is userfriendly and requires minimal training. We are unaware of any study that has evaluated the use of CBCT
in predicting osteoporosis from the cervical vertebrae
CBCT-derived RD. The aim of the present study was to
evaluate the ability of CBCT images to predict osteoporosis from the cervical vertebrae CBCT-derived RD
values in menopausal and postmenopausal women using the associated CBCT viewer program.

METHODS AND MATERIALS
Study design
The present study adopted an observational crosssectional design. The sample sizes of 38 menopausal
and postmenopausal women were estimated to detect a
correlation coefﬁcient of 0.4 and greater (medium and
strong) between the cervical vertebrae CBCT-derived
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RD values and lumbar vertebrae and femoral neck Tscores. This calculation set the power of the test at 80%
and the level of signiﬁcance at 5%.
Patients
The present study was part of a larger study22 that aimed
to investigate the changes in the jawbones by an
advanced imaging technique (CBCT) among women
with osteoporosis and those without, and the effect of
osteoporosis medications on periodontal health. A
secondary aim of this study was to investigate whether
other structures that appear with jawbone scanning
(e.g., cervical vertebrae) in dental CBCT images can
be a better predictor of osteoporosis compared with the
jawbones. The dental CBCT images taken by
Barngkgei et al.22 for the previous investigation of 38
Syrian women (age range 47-75 years [mean ¼ 57.9
(SD ¼ 7.2)]) referred for a dual-energy X-ray absorptiometry examination by their physicians in Alassad
HospitaleDamascus University in 2012, were analyzed
in the present study.
Patients with diabetes, thyroid disorders, and bone
diseases other than osteopenia or osteoporosis were
excluded. None of the included women consumed
alcohol; only 3 (7.9%) were smokers, and their smoking
durations were 12, 18, and 40 years. None of participants had suffered a previous fracture in either the
lumbar vertebrae or the femoral neck. Using the World
Health Organization (WHO) criteria,23 participants
were classiﬁed according to their lumbar T-scores and
femoral neck T-scores into 3 groups. Group A
included women with healthy bone mineral density
(BMD) values (T-score 1). Group B included
women with osteopenia (2.5 < T-score <1).
Group C included women with osteoporosis (T-score
2.5). Ethical approval was obtained from the
Damascus University Faculty of Dentistry Research
Ethics Committee (no. 178/2011). In addition,
informed consent was obtained from each participant.
Radiographic devices and analysis software
The dual-energy X-ray absorptiometry examination was
performed using a DXA scanner (Hologic Discovery
QDR, Hologic Inc., Bedford 01730, MA). This device
was calibrated daily in accordance with the manufacturer’s recommendations. The lumbar spine (L1-L4)
and the femoral neck were analyzed. T-scores were
calculated from the young adult, normal, white reference databases as reported by the equipment
manufacturer.
The CBCT images were taken using WhiteFox (de
Gotzen S.r.l device, distributed by Satelec-Acteon
Group Italy). The FOV and the voxel size were set at
13  15 cm and 0.25 mm, respectively. The tube
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Fig. 1. A, The selected coronal slice after angulation adjustment of the cone beam computed tomography (CBCT) image. The right
(R C1) and left (L C1) parts of the ﬁrst and the second vertebrae (C2) with its odontoid process (dens) appear in this slide. B,
Adjusting the window width and level to 0 and 400 gray values, respectively. C, Calculating the radiographic density (RD) of the
left and right parts of the ﬁrst and the second vertebrae. D, the dens.

current, tube voltage, and exposure time were preset at
9 mA, 105 kV, and 9 seconds; respectively. This device
uses a pulsed mode acquisition. The effective dose from
these parameters was about 100 mSV (manufacturer’s
information). The viewer software (WhiteFox Imaging,
V3; developed by the same CBCT manufacturer) was
used to analyze the CBCT images. This software is
used by dentists to open and study CBCT scans because
it contains basic tools (e.g., radiographic density
calculator) and is also considered user-friendly. A personal laptop (Fujitsu, Lifebook AH 530) running
Microsoft Windows 7 as an operating system was used
to study and analyze the CBCT scans.

Analysis of the CBCT scans
The angulations of selected slices were adjusted
manually to reduce the differences in head position
among participants. This was done by navigating
through the coronal slices at the mental foramen area to
make the axial slices parallel to the plane that passes
through the inferior border of both the right and left
mental foramina.
The coronal slice that passes through the middle of
the dens (the odontoid process of the second cervical
vertebra) was selected in each CBCT scan. Both the
ﬁrst and second vertebrae in the selected slice were
analyzed. In this slice, the ﬁrst vertebra appears divided
into 2 parts; right and left (Figure 1A).
To standardize the slice appearance among all studied cases and make the borders clearer, thereby
reducing measurement variability (due to lack of
sharpness of borders), the window width was adjusted

to zero. After changing the window width to zero, it
was necessary to modify the window level because of
the dominant trabecular bone composition of the
vertebrae, making them nearly invisible in the default
window level (1000 gray values). A window level of
400 gray values was subjectively chosen after attempts
were made to ﬁnd a suitable window level by using
different window level values and comparing them with
the default window width and level (4000 and 1000
gray values, respectively). This made the slices bicolor
(white and black), where white indicated the bone tissue
and black indicated all other tissues (Figure 1B).
To give an indication (although a limited one) of the
variation in the measurement of RD between scans, the
interscan RD homogeneity was tested by using distilled
water, which was included during the scan of all participants. The mean RD of the distilled water (which
was calculated in many areas of the resultant scans in
the axial, coronal, and sagittal planes for all patients)
was 225.7 (SD ¼ 55.1; range ¼ 325 to 123) gray
values. This standard deviation was comparable with
that of the CBCT devices with low-noise tested in the
study of Pauwels et al.24 Moreover, considering the
device’s bit depth (16 [i.e., 65,536 shades of gray]),
the variation in the RD measurement of water (using
the suggested calculation modality of Spin-Neto
et al.25: [(325  (123)/65536)  100]) was
0.31%. This indicated high homogeneity interscan
densities and ensured the reliability of gray values in
the present study. This ﬁnding was also demonstrated
in a previous study.26
The CBCT-derived RD values were calculated for
the ﬁrst and second vertebrae and the dens using the
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“measure polygon” tool with a magniﬁcation factor of
250%. The RD values of each side of the ﬁrst vertebra
were calculated separately (Figures 1C and 1D).
One examiner (IB), a PhD candidate in Oral Radiology with 5 years’ experience, carried out the aforementioned analysis of CBCT scans. The analysis was
repeated for a randomly selected subsample of 4 CBCT
images (10% of the overall study sample) to establish
intraexaminer agreement. A second examiner (LS; nonoral radiologist) repeated the measurements for the
same subsample for the purpose of establishing the
interexaminer agreement. Only the results of the main
examiner (IB) were used in the present study analyses.
Statistical analysis
Interclass correlation was carried out to assess intraexaminer and interexaminer agreement. Next, analysis
of variance (ANOVA) tests and post hoc comparisons
with Bonferroni correction were performed to investigate whether the differences in CBCT-derived RD
values of the cervical vertebrae were statistically signiﬁcant among the three study groups (healthy women,
women with osteopenia, and women with osteoporosis). Thereafter, the Pearson correlation test was
performed to estimate the strength of the correlation
between cervical vertebrae RD values and lumbar
vertebrae and femoral neck T-scores. The strength of
correlation was considered weak, medium, and strong
when correlation coefﬁcient values were (0.2 < r 0.4),
(0.4 < r <0.7) and (r 0.7), respectively.27 Correlation
coefﬁcient values ranging between (0 < r 0.2) were
regarded as showing no correlation. The diagnostic
accuracy test (receiver operating characteristic
analysis)28 was performed to determine the validity of
cervical vertebrae CBCT-derived RD gray values as a
screening tool for femoral neck and lumbar vertebrae
osteoporosis and decreased BMD. For this purpose,
patients were regrouped into “osteoporotic” and “not
osteoporotic” women as well as into “healthy” women
and women with “decreased BMD (i.e., osteopenia or
osteoporosis),” respectively. Based on receiver operating characteristic analyses, sensitivity, speciﬁcity,
positive predictive values, negative predictive values,
positive likelihood ratio, and negative liklihood ratio
were calculated. Cutoff (threshold) values were determined in a way that enabled the highest sum of sensitivity and speciﬁcity.
In all statistical tests, the level of signiﬁcance was set
at 5%.

RESULTS
The characteristics of the present study patients
including age and body mass index in each group are
summarized in Table I. Descriptive data of the cervical
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Table I. Age and body mass index (BMI) of the study
patients (n ¼ 38)
Groups

Age (y),
Mean (SD)

Groups according to the lumbar T-score
Healthy (n ¼ 10)
52.3 (3.5)
Osteopenia (n ¼ 15)
59.1 (7.2)
Osteoporosis (n ¼ 13)
60.9 (7.1)
Groups according to the femoral neck T-score
Healthy (n ¼ 17)
55.1 (4.6)
Osteopenia (n ¼ 11)
58.1 (8.8)
Osteoporosis (n ¼ 10)
62.6 (6.9)

BMI,
Mean (SD)
29.7 (5.3)
31.7 (8.2)
28.5 (3.1)
31 (7.5)
30.4 (5.4)
28.4 (4.2)

vertebrae CBCT-derived RD values in each group are
reported in Table II. Interclass correlation coefﬁcients
of the interexaminer and intraexaminer agreement for
measuring the dens RD were 0.94 and 0.98,
respectively,
indicating
excellent
agreements.
Coefﬁcient values of the interexaminer and
intraexaminer agreement were lower for the other
areas (range 0.71-0.90), indicating good to excellent
agreements.
There were statistically signiﬁcant differences in the
cervical vertebrae CBCT-derived RD values among the
three groups (healthy women, women with osteopenia,
and women with osteoporosis) whether classiﬁed according to lumbar vertebrae or femoral neck T-scores
(Table II).
The strength of the correlation between the cervical
vertebrae RD values and the T-scores of the lumbar
vertebrae and the femoral neck are summarized in
Table III. The dens CBCT-derived RD values showed
the strongest correlation with lumbar vertebrae T-scores
(r ¼ 0.747). Strong correlations were found between the
ﬁrst and second vertebrae RD values and the lumbar Tscores. Medium correlations were found between all
cervical vertebrae RD values and the femoral neck Tscores (r ¼ 0.5-0.6).
Table IV summarizes the validity of cervical
vertebrae CBCT-derived RD as a screening tool for
osteoporosis. The sensitivity, speciﬁcity, and accuracy
of all cervical vertebrae RD values, except those related
to the left part of the ﬁrst cervical vertebrae, were higher
in predicting lumbar T-scores than in predicting femoral
neck T-scores (see Table IV). Taking into account
sensitivity, speciﬁcity, accuracy, and positive and
negative likelihood ratios, the dens RD values were
the best cervical vertebrae RD values in predicting
lumbar vertebrae osteoporosis, whereas the CBCTderived RD values of the left part of the ﬁrst cervical
vertebrae were the best cervical vertebrae RD values in
predicting the femoral neck osteoporosis (Table IV).
The cutoff gray values of the dens and the left part of
the ﬁrst cervical vertebrae CBCT-derived RD to predict osteoporosis were 600 and 391 for the lumbar
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Table II. Description of the cervical vertebrae cone beam computed tomography (CBCT)-derived radiographic
density (RD) values as gray values for healthy, osteopenic, and osteoporotic groups (mean [SD]) and the result of
ANOVA test and post hoc comparisons with Bonferroni correction (n ¼ 38)
According to lumbar T-score
Variable
Right C1 vertebral GV
Left C1 vertebral GV
C2 vertebral GV
C2-Dens GV

Healthy
585
589
686
882

(90)
(127)
(69)
(165)

Osteopenia
427
456
557
701

According to femoral neck T-score

Osteoporosis

*

361
376
438
545

(58)
(59)*
(92)y
(87)*

(84)
(86)
(130)z
(109)x

Healthy
503
533
619
787

(106)
(117)
(104)
(150)

Osteopenia
445
446
532
692

*

(105)
(94)*
(139)y
(169)*

Osteoporosis
352
364
452
543

(87)
(74)
(135)
(115)

Numbers are rounded to whole numbers.
ANOVA test indicated statistical signiﬁcant differences in all cervical vertebrae CBCT-derived RD values among the present study three groups.
Only signiﬁcant differences according to post hoc comparisons with Bonferroni correction were reported.
C, cervical; GV, gray value.
*Signiﬁcantly different from the healthy group (P < .005).
y
Signiﬁcantly different from the healthy group (P < .05).
z
Signiﬁcantly different from the osteopenic group (P < .05).
x
Signiﬁcantly different from the osteopenic group (P < .005).

Table III. Pearson correlation coefﬁcients (r) of the
associations between the cervical vertebrae cone beam
computed tomography (CBCT)-derived radiographic
density (RD) values and the T-scores of the lumbar
vertebrae and femoral neck (n ¼ 38)
Variable
Right C1 vertebral GV
Left C1 vertebral GV
C2 vertebra GV
C2-Dens GV

Lumbar vertebrae
T-score
0.703
0.728
0.746
0.747

(P
(P
(P
(P

<
<
<
<

.001)
.001)
.001)
.001)

Femoral neck
T-score
0.516
0.590
0.504
0.522

(P
(P
(P
(P

¼
<
¼
¼

.001)
.001)
.001)
.001)

C, cervical; GV, gray value.

vertebrae and the femoral neck, respectively. The positive and negative likelihood ratios indicated that the
RD of the dens and the left part of the ﬁrst cervical
vertebrae ranged between being an “often useful” to a
“sometimes useful” diagnostic test, thereby supporting
their usefulness as a screening tool for osteoporosis.
The validity of cervical vertebrae CBCT-derived RD
as a screening tool for decreased BMD (i.e., the presence of osteopenia or osteoporosis) is summarized in
Table V. The sensitivity, speciﬁcity, and accuracy of all
cervical vertebrae RD values, except those related to the
left part of the ﬁrst cervical vertebrae, were higher in
predicting lumbar T-scores than in predicting femoral
neck T-scores (Table V). Taking into account
sensitivity, speciﬁcity, accuracy, and positive and
negative likelihood ratios, the right part of the ﬁrst
cervical vertebrae CBCT-derived RD values were the
best cervical vertebrae RD values in predicting lumbar
vertebrae decreased mineral density, whereas the RD
values of the left part of the ﬁrst cervical vertebrae were
the best cervical vertebrae RD values in predicting the
femoral neck decreased mineral density (Table V). The
cutoff gray values of the right and left parts of the ﬁrst

cervical vertebrae RD to predict decreased BMD were
512 and 424 for the lumbar vertebrae and the femoral
neck, respectively. The positive and negative
likelihood ratios indicated that the RD of the right
and left parts of the ﬁrst cervical vertebrae ranged
between being a “very useful” to a “sometimes
useful” diagnostic test, thereby supporting their
usefulness as a screening tool for decreased BMD.

DISCUSSION
The present study suggests that cervical vertebrae
CBCT-derived RD values can predict osteoporosis
status in menopausal and postmenopausal women with
use of the associated CBCT-viewer program. These
ﬁndings could be considered as an important step in the
collaboration between health care professionals to diagnose osteoporosis. Dentists can use CBCT images,
exposed for appropriate diagnostic reasons, as an
opportunistic screening tool for osteoporosis without
the need for additional expensive and complicated
programs or calibration phantoms. The CBCT viewer
software, as a simple and available software used by
dentists, offers the possibility of calculating the cervical
vertebrae RD values that can indicate osteoporosis
status. The present study ﬁndings suggest that the
developer of the CBCT viewer software could add a
new tool within its functions to automatically calculate
the cervical vertebrae RD values and alert the dentist
about referral when the possibility of osteoporosis is
indicated.
The present study also shows that the correlations
between the cervical vertebrae RD values and the
lumbar T-scores were stronger than those between the
cervical vertebrae RD values and the femoral neck Tscores. These ﬁndings are in keeping with the fact that
the cervical and lumbar vertebrae are both trabecular in
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Table IV. The validity of the cervical vertebrae cone beam computed tomography (CBCT)-derived radiographic
density (RD) as a screening tool for femoral neck and lumbar vertebrae osteoporosis
Area

Variable

Lumbar
vertebrae

Right C1 vertebral GV
Left C1 vertebral GV
C2 vertebral GV
C2-Dens GV
Right C1 vertebral GV
Left C1 vertebral GV
C2 vertebral GV
C2-Dens GV

Femoral
Neck

AUC (95% CI)
0.845
0.846
0.865
0.908
0.832
0.864
0.779
0.857

(0.709-0.980)
(0.712-0.980)
(0.712-0.999)
(0.805-0.999)
(0.679-0.985)
(0.737-0.991)
(0.592-0.965)
(0.732-0.982)

Cutoff
value*

Sen

Spec

PPV

NPV

þLR

LR

383
424
475
600
383
391
560
698

76.9%
76.9%
84.6%
76.9%
80%
70%
90%
100%

88%
84%
88%
92%
82.1%
92.9%
67.9%
57.1%

76.9%
71.4%
78.6%
83.3%
61.5%
77.8%
50%
45.5%

89.3%
87.5%
91.7%
88.5%
92%
89.7%
95%
100%

7.18
4.81
7.05
9.6
4.48
9.8
2.8
2.33

0.26
0.27
0.17
0.25
0.24
0.32
0.15
0

AUC, area under the curve (accuracy); Sen, sensitivity; Spec, speciﬁcity; PPV, positive predictive value; NPV, negative predictive value; þLR,
positive likelihood ratio; LR, negative likelihood ratio.
*In gray values. Rounded to whole numbers.

Table V. The validity of the cervical vertebrae cone beam computed tomography (CBCT)-derived radiographic
density (RD) as a screening tool for femoral neck and lumbar vertebrae decreased mineral density
Area

Variable

Lumbar
vertebrae

Right C1 vertebral GV
Left C1 vertebral GV
C2 vertebral GV
C2-Dens GV
Right C1 vertebral GV
Left C1 vertebral GV
C2 vertebral GV
C2-Dens GV

Femoral
Neck

AUC (95% CI)
0.968
0.893
0.911
0.889
0.773
0.812
0.765
0.787

(0.917-0.999)
(0.759-0.999)
(0.815-0.999)
(0.771-0.999)
(0.622-0.924)
(0.678-0.947)
(0.611-0.918)
(0.641-0.934)

Cutoff
value*

Sen

Spec

PPV

NPV

þLR

LR

512
534
635
697
445
424
560
687

92.9%
92.9%
89.3%
71.4%
81%
61.9%
71.4%
76.2%

90%
80%
90%
90%
70.6%
94.1%
82.4%
76.5%

96.3%
92.9%
96.2%
95.2%
77.3%
92.9%
83.3%
80%

81.8%
80%
75%
52.9%
75%
66.7%
70%
72.2%

9.29
4.64
8.93
7.14
2.75
10.52
4.05
3.24

0.08
0.09
0.12
0.32
0.27
0.4
0.35
0.31

AUC, area under the curve (accuracy); Sen, sensitivity; Spec, speciﬁcity; PPV, positive predictive value; NPV, negative predictive value; þLR,
positive likelihood ratio; LR, negative likelihood ratio.
*In gray values. Rounded to whole numbers.

nature and affected by menopause more than cortical
bone.29
The present study ﬁndings could also be considered a
ﬁrst step toward distinguishing healthy women, women
with osteopenia, and women with osteoporosis on the
basis of cervical vertebrae CBCT-derived RD values.
Thus, the present study demonstrated the possibility of
identifying patients with osteopenia, going a step
beyond previous research, which had aimed to develop
a primary threshold to distinguish only between healthy
women and those with osteoporosis.30 Koh and Kim30
used mandible CBCT-derived RD values in their
study. The mandibular bone is affected to a lesser extent
by osteoporosis compared with cervical vertebral bone.
Thus, the cervical vertebrae RD values are more
strongly correlated with the lumbar and femoral neck Tscores than are those of the mandible.22 This might
explain the possibility in the present study for
distinguishing between women with osteopenia and
those with osteoporosis when using the cervical
vertebrae RD values. Needless to say, cervical
vertebrae appear frequently in many dental
radiographs and could be used for this purpose.

Among all cervical vertebrae CBCT-derived RD
values, the RD values of the dens and the left part of the
ﬁrst cervical vertebrae were best in predicting the
lumbar and femoral neck osteoporosis, respectively. In
addition, based on the ﬁndings of the present study, the
RD values of the dens and the left part of the ﬁrst
cervical vertebrae that are less than 600 and 391 gray
values might suggest the presence of osteoporosis in the
lumbar vertebrae and the femoral neck, respectively.
With respect to predicting decreased BMD, the right
and left parts of the ﬁrst cervical vertebrae were best in
predicting the lumbar and femoral neck decreased
BMD (i.e., the presence of osteopenia or osteoporosis),
respectively. The RD values of the right and left parts of
the ﬁrst cervical vertebrae that are less than 512 and 424
gray values might suggest the presence of osteopenia or
osteoporosis in the lumbar vertebrae and the femoral
neck, respectively.
One potential drawback of the present study is
related to the limitation highlighted in the literature on
the use of CBCT-derived gray values for RD measurement. CBCT-derived RD gray values are generally
considered only to approximate bone density
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values.27,31,32 The inaccuracy of the RD calculation by
CBCT arises from the increased scattering and noise
levels, particularly at smaller voxel sizes; the conebeam divergence phenomenon; the inferior detector
efﬁciency; and the artifacts related to the scanner,
which operates at a lower peak kilovoltage and a tube
loading setting compared with MDCT. As a result, the
signal-to-noise ratio in CBCT scanners is reduced
compared with that in MDCT (the gold standard).33-38
Gray value inaccuracy was found to be worse in
small FOVs.39-41 In addition, variations exist between
gray values from different CBCT devices and also between different parameters of the same CBCT device.42-44 This is why the present study ﬁndings cannot
be generalized to other CBCT devices or the same
CBCT device with different exposure parameters. A
recent review on CBCT45 has recommended avoiding
the use of CBCT gray values for bone quality
assessment. However, the reliability of the CBCT
gray values varies between the studies that have used
them as an assessment tool for bone quality.46-48 This,
in turn, implies that the ﬁndings of each study should be
critically reviewed and interpreted individually with
regard to the acceptability of using CBCT gray values
as a tool for bone quality assessment. Furthermore, the
aforementioned systematic review45 suggested using
the bone structure analysis as an alternative tool to
assess bone quality. The latter also depends on CBCT
gray values because it is preceded by a threshold
adjustment, a process that requires consistent RD
measurements (reliable gray values) to obtain valid
results. In other words, assuring the reliability of gray
values is essential regardless of the analysis to be
performed.
In the present study, the variation of RD measurement (interscan homogeneity) was tested (using
distilled water), and the variation in gray values was
0.31%, which shows that the gray value calculation was
highly homogeneous for all patients. However, this
variation differs at different window levels. In other
words, variation in gray values is not consistent across
the Hounsﬁeld unit (HU) spectrum. The latter implies
that the interscan homogeneity score when scanning
distilled water would not be identical to the score when
scanning bone tissue. Thus, it is recommended that a
reference material that has RD close to the RD of the
region of interest be used.24,44 The latter was not
available in the present study. Yet, because vertebral
bone is comprised mainly of trabecular bone, which has
an RD of about 400 HU, using distilled water (HU ¼
0), although not being the best approach, might give
some limited indication of the interscan homogeneity of
the cervical vertebral RD.
A number of studies have found high correlations
between the gray values of different CBCT scanners
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both in vitro44,49 and in vivo,50 and between CBCT
gray values and MDCT HU values.48,51,52 Nevertheless, these correlations and regression equations (to
convert gray values to equivalent HU) are restricted to
the evaluated CBCT devices and the test conditions and
cannot be extrapolated or generalized to other
devices.45
Further, conﬁrmatory studies with larger sample
sizes are needed to conﬁrm the ﬁndings of the present
study regarding the validity of the cervical vertebrae
CBCT-derived RD values as a tool in predicting the
osteoporosis status in menopausal and postmenopausal
women.

CONCLUSIONS
When CBCT scans are obtained for appropriate dental
indications, dentists can play an important role in the
opportunistic screening of osteoporosis and referring
suspicious cases to specialists’ care. Cervical vertebrae
appear frequently in many dental radiographs. Their
CBCT-derived RD values can predict BMD status in
menopausal and postmenopausal women by using the
associated viewer program of the CBCT. The RD
values of the dens and the left part of the ﬁrst cervical
vertebrae showed the strongest correlation with Tscores and the highest sensitivity, speciﬁcity, and accuracy in predicting osteoporosis in lumbar vertebrae
and the femoral neck, respectively. The cutoff gray
values of the dens and the left part of the ﬁrst cervical
vertebrae CBCT-derived RD to predict osteoporosis
were 600 and 391 for the lumbar vertebrae and the
femoral neck, respectively. Also, the right and left parts
of the ﬁrst cervical vertebrae showed the highest
sensitivity, speciﬁcity, and accuracy in predicting
decreased BMD in the lumbar vertebrae and the
femoral neck, respectively. The cutoff values were 512
GV and 424 GV, respectively. The present study’s
ﬁndings should be conﬁrmed on other CBCT devices.
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