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Objectives  To evaluate the usefulness of the mandibular cortical index (MCI) obtained by 
digital panoramic radiography (DPR) and by panoramic reconstruction (PR) of cone-beam 
CT (CBCT) with three different slice thicknesses for the screening of low bone mineral density 
(BMD) in post-menopausal women.
Methods  Two trained oral and maxillofacial radiologists assessed the MCI based on the 
morphology of the mandibular bone cortex (classified as C1, C2 or C3). The DPR and PR 
of CBCT with slice thicknesses of 5, 15 or 25 mm were compared to the BMD obtained by 
dual-energy X-ray absorptiometry (DXA) in post-menopausal women. Measures related to 
accuracy were calculated with MedCalc software. The confidence interval was set at 95%.
Results  54 women (mean age 58.70 ± 7.35 years) participated in the study. The sensitivity and 
specificity values obtained for DPR were 52.6% and 56.2%, respectively, and values for PR of 
CBCT with 5, 15, and 25 mm slice thicknesses were 63.1% and 43.7%, 50.0% and 50.0%, and 
52.6% and 62.5%, respectively. For the tools evaluated, the positive likelihood ratio ranged 
from 1.00 to 1.40 and negative likelihood ratio from 0.76 to 1.00. The positive predictive value 
(PPV) ranged from 70.4 to 76.9% and the negative predictive value (NPV) from 29.6 to 35.7%. 
Among the examinations, the highest value for area under the curve (AUC) was obtained for 
CBCT with 25 mm slice thickness (57.6%).
Conclusions  The MCI calculated by DPR and CBCT differed with regard to accuracy. 
Within the limitations of this study, the PR of CBCT with 25 mm slice thicknesses seems to 
be the most accurate among the examinations evaluated. Should the dentist be attentive, DPR 
and CBCT may be useful tools for the screening of low BMD in post-menopausal women, 
facilitating their timely referral for further assessment.
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Introduction

Osteoporosis is a chronic, multifactorial condition 
characterized by low bone mineral density (BMD) 

caused by deterioration of  the bone tissue structure. 
It is often progressive and asymptomatic, and its diag-
nosis is challenging.1,2 Osteoporosis mostly affects older 
people, and is usually detected at an advanced stage Correspondence to: Mrs Camila Nao Kato, E-mail: ​cnao20@​yahoo.​com.​br
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when the patient may present bone fractures. Fractures 
are clinically relevant implications of  the disease due to 
their association with morbidity and mortality.3,4 The 
risk for osteoporosis is also higher among post-meno-
pausal females, as age and estrogen deficiency are both 
recognized as factors associated with a reduction in 
bone mass.1,5

Dual-energy X-ray absorptiometry (DXA) is the 
gold standard method for measuring bone mass.6–8 This 
examination uses the BMD deviation values of healthy 
young adults (T-score) as a reference, and patients are 
classified according to the criteria defined by the World 
Health Organization.9 Values for BMD are measured in 
the proximal femur, lumbar spine, and hip. Although 
reliable, the high cost of DXA represents a disadvantage 
of this method.2,10

Panoramic radiography has been indicated as a 
predictive tool for osteoporosis in several studies.4,11–14 
A change in the cortical morphology of maxillofa-
cial bones makes it possible to screen patients by this 
method. This type of examination is often used in 
clinical practice, and is widely accessible due to its low 
cost. More recently developed tools, such as digital 
panoramic radiography (DPR) and cone-beam CT 
(CBCT), may also be used. The former has improved 
image quality; however, distortions, overlaps, and exten-
sions still limit the analysis of anatomical features. In 
contrast, the latter is more detailed as it provides a 
three-dimensional perspective, and is widely used to 
evaluate patients’ bone structure in dentistry and associ-
ated subspecialties.2,5,8,12,15

Qualitative and quantitative indices have been 
created to standardize the assessment of BMD in dental 
imaging.2,6–8,11,16,17 The most frequently used qualita-
tive index is the mandibular cortical index (MCI), also 
known as the Klemetti index. The MCI evaluates the 
morphology of the mandibular cortical bone based on 
the presence of lacuna or porosities.18 It has been recog-
nized that DPR and CBCT provide accurate images 
with improved resolution, which can be reliably used 
to measure the thickness of anatomical structures.2,5,16 
However, it is still unclear whether the MCI classifica-
tion obtained by DPR and panoramic reconstruction 
(PR) of CBCT is a reliable and helpful measure for 
predicting low BMD. Therefore, it is important to assess 
the usefulness of both dental examinations compared 
with DXA, which is the gold standard for the detection 
of low BMD.

In order to assess the relevance of oral and maxil-
lofacial imaging in the appraisal of patients with low 
BMD, the aim of this study was to evaluate the useful-
ness of the MCI obtained by DPR and by PR of CBCT 
with three different slice thicknesses (5, 15 or 25 mm) 
as ancillary tools to detect low BMD in post-meno-
pausal females. We hypothesized that PR of CBCT 
would be more accurate than DPR when analyzing the 
morphology of mandibular cortical bone.

Methods and Materials

Patient selection
The participants were post-menopausal females between 
the ages of 49 and 80 years, who were referred for treat-
ment at the Department of Oral Surgery and Pathology 
of the School of Dentistry, Universidade Federal Minas 
Gerais (UFMG; Belo Horizonte, Minas Gerais, Brazil). 
DPR and CBCT examinations, performed with an indi-
cation for dental implants between 2014 and 2016, were 
randomly selected for inclusion in the study. The analyses 
for the present study were conducted in 2017. Individuals 
were excluded if  they met any of the following criteria: 
(1) metabolic bone disease (hyperparathyroidism, hypo-
parathyroidism, Paget’s disease, osteomalacia or osteo-
genesis imperfect), (2) diabetes, (3) malignant neoplasm 
with bone metastasis, (4) kidney disease, (5) ovariec-
tomy, or (6) use of medications that might affect bone 
metabolism. Individuals undergoing hormone replace-
ment therapy, those submitted to calcium and vitamin 
D supplementation for at least 6 months, or individuals 
with missing data were also excluded.

This study was approved by the Institutional Ethics 
Committee of the UFMG (protocol n°. 903530). 
Following a clear explanation of the study objectives, all 
individuals who chose to participate signed a statement 
of informed consent.

Imaging acquisition
The time elapsed between the DXA and the DPR and 
CBCT was no longer than 2 weeks.

The DPR images were taken using the KODAK 
9000C 3D® system (Kodak Dental Systems, Carestream 
Dental LLC, Atlanta, GA), with a tube voltage of 70 
kVp, tube current of 10 mA, and a scan time of 20 s. A 
trained operator conducted the examinations. All DPR 
images were saved in JPG format with 264-dpi reso-
lution. The DPR images were evaluated using Adobe 
Photoshop 7.0 (Adobe Systems, San Jose, CA) with a 
standardized image increase of 66.6%.

The PR of CBCT images were obtained using the 
same equipment with a voxel size of 200 µm, field of 
view of 50 mm diameter ×37 mm height, tube voltage of 
72 kVp, tube current of 10 mA, and scan time of 32.40 s. 
The Digital Imaging and Communications in Medicine 
files were processed using the panoramic cutting curve 
function in Imaging Studio 3.2® (Anne Solutions, São 
Paulo, SP, Brazil). The panoramic cutting curve was 
drawn on the axial image in which the two mental fora-
mens were most visible.2 The PR of CBCT templates 
were observed in full-screen using Implant Viewer soft-
ware (Anne Solutions, São Paulo, SP, Brazil) for three 
different slice thicknesses, 5, 15, and 25 mm.

The analyses of all images were carried out on a single 
15’ LG monitor (LG Electronics, Taubaté, SP, Brazil) at 
night in a room with dimmed light. The evaluation was 
static, i.e. contrast and brightness were enhanced and 
standardized before the evaluation of all examinations, 
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with no alteration in these parameters during the entire 
assessment.

The DXA was obtained with the Hologic Discovery 
DXA System® (Hologic Inc., Bedford, MA) by the 
same operator. The BMD was evaluated at the femoral 
neck and lumbar spine (L1–L4). The WHO9 criteria 
consider the following scores: normal BMD (T-score ≥ 
−1), osteopenia (−1 > T-score>−2.5), and osteoporosis 
(T-score ≤−2.5). In this study, two groups were catego-
rized according to DXA: normal BMD (T-score ≥ −1) 
and low BMD (−1 > T-score>−2.5 and T-score ≤−2.5).

MCI classification
According to Klemetti et al,18 the MCI has three catego-
ries: C1, C2, and C3. Patients classified as C1 presented 
a homogeneous mandibular cortical bone, with no 
erosion; patients classified as C2 showed at least one 
mandibular cortex with erosions in the more superficial 
portion; whereas patients in category C3 had numerous 
erosions that compromised more than two-thirds of the 

height of the mandibular cortex, as shown in Figure 1 
(DPR) and Figure  2 (PR of CBCT). The mandibular 
cortical bone region was evaluated bilaterally from the 
mental foramen to the third molar region. Each side of 
the mandible was assessed, and in cases with divergence 
in classification between the right and left side, the one 
with greater alteration was used for the classification.

Two oral and maxillofacial radiologists with more 
than 5 years of experience separately evaluated the 
dental examinations. A training set was performed with 
30 images, 15 DPR and 15 PR of CBCTs with five of 
each of the three slice thicknesses, to test the inter- and 
intra-examiner agreement. The 30 images were re-eval-
uated 15 days later to calculate the intra-examiner 
agreement. The kappa values were above 0.81 for both 
inter- and intra-examiner agreement. The images used 
for training were not included in the main study.

In the main study, all images obtained from DPR 
and CBCT were evaluated by the same two previously 
trained assessors. The assessors were unaware of any 

Figure 1  MCI on the DPR. (a) Left mandibular segment of a patient classified as C1, showing no changes in cortical mandibular morphology; 
(b) a patient classified as C2, presenting few porosities in the most superficial layer of the mandibular cortical bone; and (c) a patient classified as 
C3, with larger and more numerous porosities. DPR, digital panoramic radiography; MCI, mandibular cortical index.

Figure 2  MCI observed on the panoramic reconstruction of the CBCT image with 5 mm (a-c), 15 mm (d-f), and 25 mm (g-i) thicknesses. The 
columns correspond to the MCI classification: C1 (column 1), C2 (column 2), and C3 (column 3). CBCT, cone-beam CT; MCI, mandibular 
cortical index.
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participant or examination information. Each assessor 
carried out the analyses separately. For the final MCI 
classification for each examination, if  both assessors 
agreed with the diagnosis, that diagnosis persisted. In 
cases of disagreement, the image was re-evaluated by 
both assessors and a final consensus was made.

Statistical analysis
The Statistical Package for the Social Sciences 17.0 
(SPSS for Windows; SPSS Inc., Chicago, IL) was used 
for descriptive analysis and to evaluate the intra- and 
inter-examiner agreement during training of the asses-
sors. Kappa values > 0.61 were considered to represent 
substantial agreement.19

To analyze the usefulness of the evaluated methods 
for the detection of low BMD, participants were catego-
rized into two groups according to MCI: “non-eroded” 
group, consisting of examinations classified as C1; and 
“eroded” group, with examinations classified as C2 or 
C3. Participants were also stratified into two groups 
according to DXA values: normal BMD group (T-score 
≥ −1), and low BMD group [−1 > T-score>−2.5 (osteo-
penia) or T-score ≤−2.5 (osteoporosis)]. The sensitivity, 
specificity, positive likelihood ratio, negative likelihood 
ratio, positive predictive value (PPV), negative predic-
tive value (NPV), and area under the curve (AUC) were 
calculated using MedCalc software (MedCalc software 
bvba, Ostend, Flanders, Belgium). The confidence 
interval was set at 95%. The results are presented in 

dichotomous 2 × 2 tables and as AUC (receiver operator 
characteristic curve).

Results

A total of 58 post-menopausal females underwent the 
imaging tests. Four were excluded due to missing data, 
thus, 54 individuals participated in the study. The mean 
age of participants was 58.70 ± 7.35 years of age. The 
distribution of post-menopausal females according to 
the T-scores obtained from DXA values is shown in 
Table 1.

The results of the comparison of MCI groups deter-
mined by DXA with those determined by DPR and PR 
of CTCB with three slice thicknesses are displayed in 
Table  2. The sensitivity, specificity, positive likelihood 
ratio, negative likelihood ratio, PPV, NPV, and AUC 
measures of all examinations are shown in Table 3. The 
sensitivity of the PR of CBCT with 5 mm thick slices 
was 63.1%, which was higher than the other imaging 
tests. The highest specificity was observed for the PR 
of CBCT with 25 mm thick slices (62.5%). The PR of 
CBCT with 25 mm thick slices also presented the highest 
positive likelihood ratio (1.40), the lowest negative like-
lihood ratio (0.76), the highest PPV (76.9%), and the 
highest AUC among examinations analyzed (Figure 3).

Discussion

Similar to previous investigations,2,4,8,11,12,16,20 this study 
evaluated oral and maxillofacial imaging examinations 
used routinely in dental practice. While the analogic PR 
has been already evaluated,11,18,21 the DPR and the PR of 
CBCT have been little explored.4,7 Likewise Klemetti et 
al18 this study compared two groups of females according 
to DXA: females with normal BMD and females with 

Table 1  Distribution of dual-energy X-ray absorptiometry (DXA) in 
post-menopausal females (N = 54)

Group DXA N

Normal BMD T-score ≥ −1 16

Low BMD −1 > T-score>−2.5 and T-score ≤−2.5 38

BMD, bone mineral density; DXA, dual-energy X-ray absorptiometry 
according to World Health Organization criteria, 20049;

Table 2  Classification of the mandibular cortical index in comparison to dual-energy X-ray absorptiometry test for diagnostic prediction in 
digital panoramic radiography and in the three thicknesses of the panoramic reconstruction of the CT cone beam (N = 54)

Test examinations 
Gold standard DXA

Groups Low BMD Normal BMD Total

Digital panoramic radiography

Eroded (C2 or C3) 20 7 27

No eroded (C1) 18 9 27

Total 38 16 54

Panoramic reconstruction of the CBCT 5 mm

Eroded (C2 or C3) 24 9 33

No eroded (C1) 14 7 21

Total 38 16 54

Panoramic reconstruction of the CBCT 15 mm

Eroded (C2 or C3) 19 8 27

No eroded (C1) 19 8 27

Total 38 16 54

Panoramic reconstruction of the CBCT 25 mm

Eroded (C2 or C3) 20 6 26

No eroded (C1) 18 10 28

Total 38 16 54

BMD, bone mineral density; CBCT, cone-beam CT; DXA, dual energy radiographic absorptiometry;
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low BMD. The result of sensitivity was lower than that 
observed by Klemetti et al18 (71%), Taguchi et al,22 
(72.6%) and Gaur et al23 (100%) for analogical PR, and 
Valerio et al7 (82%) for DPR. In contrast, for specificity, 
our result was higher than that obtained by Klemetti 
et al18 (40%), but lower than the results of Taguchi et 
al22 (65.6%) and Gaur et al23 (88%). Due to the higher 
sharpness of the digital image, it was expected that the 
DPR examination would be more accurate than analog-
ical images. However, the value for AUC observed in our 
study was lower than those reported in studies assessing 
analogical (60%)17 and digital (62 and 71%)4,7 images.

A systematic review of studies on the detection of 
osteoporosis by analogical PR and DPR found signif-
icant variability among the results of the included 
articles. The values for sensitivity ranged from 48.7 to 
100%, and specificity from 31 to 88.8%.14 Although our 
results support data presented elsewhere, the values of 
sensitivity and specificity presented here were lower than 
expected. Possible factors that may have contributed to 

this outcome include the subjective characteristic of the 
MCI index, anatomical variability, and sample size. It is 
important to perform intra- and inter-evaluator compar-
isons to increase the method's reliability. Experience or 
training of the assessors as oral radiologists appears to 
be associated with higher values of sensitivity and speci-
ficity.21 In this study, radiologists with more than 5 years 
of experience conducted the evaluation. Another factor 
may be the limited sample size and the presence of indi-
viduals with low anatomical variability, who showed 
no alteration in mandibular cortex, although they were 
classified as low BMD with DXA. As regards sample 
size, the sample of the present study makes generaliza-
tion of the results unfeasible.

Positive and negative likelihood ratios represent how 
much more likely individuals affected by the disease are 
to have a positive or a negative test outcome than their 
peers without the disease. The former is usually a value 
higher than 1, and the latter is mostly a value between 
0 and 1. The further the value is from a score of 1, the 
higher the indication to rule in or rule out the disease.24 
Therefore, for the DPR, an individual with low BMD is 
1.20-times more likely to have a positive test result than 
his/her peers with normal BMD, and is 0.84-times as 
likely to present a negative test result.

On the other hand, the PPV of the DPR image 
demonstrated a high probability (74.1%) of patients 
with a positive test result to genuinely have the disease. 
In contrast, the NPV for the same test was low (33.33%). 
In other words, this means that a low percentage of 
patients with a negative test result did not actually have 
the disease. The PPV and NPV depend on the preva-
lence of the disease. The higher the disease prevalence, 
the higher the PPV. The NPV, however, is lower. In clin-
ical practice, this means that the usefulness of a test only 
makes sense if  the prevalence of the disease is taken into 
account. Therefore, the PPV may be high for a given 
test, regardless of the sensitivity and specificity.25

Recent studies have evaluated the MCI deter-
mined by PR of CBCT; however, they did not provide 
measures of accuracy.2,16 Therefore, the slice thicknesses 

Table 3  Diagnostic accuracy found for each type of examination evaluated

Accuracy diagnostic 

Test examination

Digital panoramic 
radiography

Panoramic reconstruction of the CBCT

5 mm 15 mm 25 mm

Value 95 CI Value 95 CI Value 95 CI Value 95 CI

Sensitivity 52.6% 35.8–69.0% 63.1% 46.0–78.2% 50.0% 33.4–66.6% 52.6% 35.8–69.0%

Specificity 56.2% 29.9–80.2% 43.7% 19.8–70.1% 50.0% 24.7–75.3% 62.5% 35.4–84.8%

Positive likelihood ratio 1.20 0.60–2.30 1.12 0.70–1.80 1.00 0.60–1.80 1.40 0.70–2.80

Negative likelihood ratio 0.84 0.50–1.50 0.84 0.40–1.70 1.00 0.60–1.80 0.76 0.50–1.30

PPV 74.1% 60.3–84.3% 72.7% 61.9–81.4% 70.4% 57.0–81.0% 76.9% 62.3–87.0%

NPV 33.3% 22.4–46.3% 33.3% 20.0–50.0% 29.6% 19.0–43.0% 35.7% 25.1–48.0%

AUC 54.4% 40.3–68.1% 53.5% 39.4–67.1% 50.0% 36.1–63.9% 57.6% 43.4–70.9%

; AUC, area under the curve; CBCT, cone-beam CT; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value;

Figure 3  Receiver operator characteristic curves of the examination 
techniques analyzed and DXA. The largest AUC is represented by 
a dotted line, corresponding to PR of the CBCT with 25 mm slice 
thickness. AUC, area under the curve; CBCT, cone-beam CT; DXA, 
dual-energy X-ray absorptiometry; PR, panoramic reconstruction.
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evaluated in the current study were chosen according 
to the sharpness and tercile of the CBCT. Among the 
three slice thicknesses of PR of CBCT, the 5 mm thick-
ness presented the highest sensitivity (63.1%) but the 
lowest specificity (43.7%), showing a larger number of 
false negatives compared to the DPR examination and 
the PR of CBCT with 25 mm thick slices. The greatest 
slice thickness of CBCT (25 mm) showed values of 
specificity and PPV very close to those obtained in the 
DPR examination. This may be explained by the fact 
that the 25 mm thickness includes a higher number of 
image slices, similar to those of the DPR. In regard to 
AUC, the values were better for DPR and for the PR of 
CBCT with 25 mm slice thickness. Likelihood ratios of 
the PR of CBCT with 25 mm slice thickness were the 
most favorable of all examinations evaluated. Similar 
results were observed for the PPV and NPV of DPR and 
all three thicknesses of PR of CBCT. It is believed that 
the thickness of the PR of CBCT influences the MCI 
classification.

According to MCI classification, the tests varied in 
terms of accuracy for detecting low BMD in post-meno-
pausal females. This study has some shortcomings that 
should be recognized. The first regards the sample size. 
The sample of the present study does not allow us to 
generalize statements regarding clinical and demo-
graphic features to the entire population of post-meno-
pausal females. In addition, in accordance with Alonso 
et al2 and Gomes et al5 dynamic evaluation of the 
volume by CBCT may lead to more reliable interpreta-
tion of the MCI. On the other hand, this analysis would 
be more time-consuming to identify areas of erosion in 
the cortical bone and, consequently, the loss of anatom-
ical references required for classification. It should not 
be forgotten that the MCI classification was originally 
created to analyze a static image such as DPR, while in 
CBCT we analyzed only slices or parts of a whole as a 
volumetric parameter.

Imprecision in the diagnosis of low BMD when alter-
ations on the mandibular cortical bone are observed by 
means of dental examinations (DPR or CBCT) might 
take place. However, screenings are low cost examina-
tions that may help the clinician to perform early diag-
noses, and may facilitate timely referrals for treatment, 
thereby improving disease prognosis.26,27 As a diagnostic 
test, the examinations evaluated in this study showed 

poorer performance than DXA (0.50–0.60 score).27 
However, as a screening test, they may be useful for the 
early identification of individuals with non-symptomatic 
low BMD undergoing dental treatment. As expected, 
our hypothesis was confirmed, as PR of CBCT images 
obtained better results than DPR. The PR of CBCT 
with 25 mm slice thickness also showed a better AUC.

Oral health care practitioners routinely use DPR and 
PR of CBCT in their daily practice in patients under-
going dental check-ups, as well as in those undergoing 
more specific dental procedures. Therefore, these exam-
inations can act as ancillary tools allowing oral health 
care providers to assess craniofacial bones for diagnostic 
purposes.28 During these examinations, non-dental 
features may also be noticed. The intention here is not 
to list dental imaging as the first choice for the diagnosis 
of BMD, but rather to employ these methods as instru-
ments to alert practitioners of any signs of disease. Our 
results show that the PR of CBCT with 25 mm slice 
thickness provided the most accurate measurement of 
the imaging methods evaluated. Awareness could lead 
to an important role of dental practitioners in primary 
care, as they could raise the issue of low BMD and refer 
females who may be at risk for further assessment.29

Conclusion

The MCI obtained by DPR, and by PR of CBCT with 
three slice thicknesses, varied with regard to accuracy. 
Within the limitations of this study, the PR of CBCT 
with 25 mm slice thickness seems to be the most accu-
rate among the examinations evaluated. Should the 
dentist be attentive, DPR and PR of CBCT may be 
useful tools for the identification of low BMD among 
post-menopausal females, and subsequent referral of 
those individuals for further assessment.
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