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Indices in dental image exams for 

bone mineral density evaluation of 

aromatase inhibitor users

Abstract: We evaluated the accuracy of radiomorphometric indices (RI) 

and fractal dimension (FD) for screening bone mineral density (BMD) 

in postmenopausal patients who had breast cancer and were using 

aromatase inhibitors (AI). The sample consisted of 40 participants. 

Digital panoramic radiography (DPR) and cone beam computed 

tomography (CBCT) were evaluated along with dual-energy X-ray 

absorptiometry (DXA), which is the gold standard for detecting low 

BMD. According to the T-scores of DXA, the subjects were assigned 

into two groups: with normal BMD and with low BMD (osteopenia and 

osteoporosis). The area under the curve (AUC), sensitivity, and specificity 
with their respective confidence intervals were determined for DPR and 
CBCT. For DPR indices, AUC ranged from 52.6 to 75.8%. The mandibular 

cortical width (MCW) had the highest AUC. For FD, the total trabecular 

index had the highest sensitivity, while the index anterior to the mental 

foramen (MF) had the highest specificity. In CBCT, the AUC ranged 
from 51.8 to 62.0%. The indices with the highest AUC were the molar 

(M) and anterior (A). The symphysis (S) index had the highest sensitivity 

and the posterior (P) index had the highest specificity. Sensitivity and 
specificity were adequate for the computed tomography index (Inferior; 
CTI [I]). Therefore, MCW, FD of the mandible angle, and total trabecular 

ROI in DPR and the CTI (I), M, P, and A indices in CBCT proved to be 

promising tools in distinguishing individuals with low BMD. Cutoff 

point for these indices could be a useful tool to investigate low BMD in 

postmenopausal women taking AI.

Keywords: Bone Density; Cone-Beam Computed Tomography; 
Aromatase Inhibitors.

Introduction

Breast cancer remains an important public health issue. It is estimated 

that this malignancy has surpassed lung cancer as the first in incidence 
among all types of cancer in women, with 2,261,419 new cases worldwide 

in 2020.1 About one-third of all breast cancer cases are estrogen-

dependent,2 with deprivation therapy of this hormone being established 

for management of the disease.3 In the postmenopausal stage, the ovaries 

have limited or no function, and circulating estrogen levels are reduced. 

The synthesis of estrogen depends on the aromatization of androgens 
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(androstenedione and testosterone) into estrogens 

(estrone and estradiol), which are produced in the 

adrenal glands, skin, muscle, adipose tissue, liver, 

and in the breast tumor itself.3

Aromatase inhibitors are the drugs of first choice 
for the treatment of breast cancer. They act as selective 

and potent inhibitors of the aromatase enzyme 

and are classified according to their mechanism of 
action and the assigned generation (first, second, 
or third). They are responsible for stopping the 

conversion of steroidal hormones, thus decreasing 

circulating estrogen levels.4 Residual estrogen levels 

are important for maintaining bone strength, even 

after menopause. However, estrogen suppression 

is detrimental to bone, causing increased bone 

resorption, decreased bone mineral density (BMD), 

risk of osteopenia/osteoporosis, bone fragility, 

and increased risk of fractures, leading to severe 

complications in affected women.5

The best-known exam for analyzing and 

diagnosing BMD is dual-energy X-ray absorptiometry 

(DXA), and its results are reported using scores. 

Nevertheless, the routine use of this tool is 

unfeasible due to its high cost and lack of access 

by the general population.6 In this context, digital 

panoramic radiography (DPR) is a dental imaging 

exam regularly used in clinical practice by oral 

health providers. Radiomorphometric indices of 

the lower jaw can be used to detect changes in 

bone mass, and this can be a useful tool for BMD 

screening and determining the need for referral of 

affected individuals for more specific exams and 
therapy for osteopenia/osteoporosis.7-10 With DPR, 

it is also possible to analyze bone characteristics 

through mathematical methods, called fractal 

dimension analysis, which measures the complexity 

of irregular structures, providing further information 

that can help in the diagnosis of low BMD due to 

trabecular bone changes caused by osteoporosis.6 

In recent years, access to cone beam computed 

tomography (CBCT) has increased, particularly in 

dentistry, due to its low cost and reduced radiation 

dose compared to other imaging exams such as 

computed tomography.11 CBCT also has critical 

properties that can be used to measure and visualize  

radiomorphometric indices.11,12

Previous studies have investigated the usefulness 

of DPR and CBCT indices in BMD evaluation by 

comparing their accuracy with that of DXA.13,14 

In panoramic radiography, there are quantitative 
indices such as mandibular cortical width (MCW) 

in the region of the mental foramen.15 In this exam, 

the fractal dimension may be used to quantify 
trabecular bone based on the region of interest 

(ROI).6,16,17 Moreover, qualitative data such as the 
mandibular cortex index (MCI), which assesses 

erosions in the mandibular cortex in the region 

between the mental foramen and the region near 

the third molar, can also be analyzed.7 Regarding 

CBCT, quantitative index assessments in the 
mental foramen region have been reported.18-20 

Since CBCT images can be taken in several ROI, 

validation of other areas is important. It is also 

worth to evaluate the applicability of the exams 

and indices for the investigation of BMD in specific 
populations. However, as far as we know, only 

one study evaluated areas other than the mental 

foramen region and found that some of these 

indices can identify postmenopausal women with  

low BMD.21

The properties of mandibular indices and 

fractal dimension on panoramic radiographs of 

individuals using aromatase inhibitors have been 

recently reported in the literature.22 However, data 

concerning CBCT and its parameters, including its 

accuracy in diagnosing low BMD, have been poorly 

documented. Therefore, the purpose of the present 

accuracy study was to investigate the usefulness of 

fractal dimension and radiomorphometric indices 

in DPR and radiomorphometric indices in CBCT for 

the assessment of BMD in postmenopausal women 

who had breast cancer and were taking aromatase 

inhibitors. DXA was the reference standard for 

accuracy calculation. Considering that both dental 

images are ancillary tools in the detection of 

systemic disorders, our alternative hypothesis was 

that fractal dimension and radiomorphometric 

indices in DPR and radiomorphometric indices 

in CBCT would have sufficient accuracy and 

therefore be useful for detect ing low BMD 

in individuals who undergo therapy with  

aromatase inhibitors.
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Methodology

Study design, period of recruitment and 

ethical issues

This diagnostic accuracy study included 

postmenopausal women who had breast cancer, were 

using aromatase inhibitors (anastrozole, letrozole, 

or exemestane), and had an indication for DXA in 

an Outpatient Clinic at Mater Dei Hospital (Belo 

Horizonte, Brazil) and had been referred to the Oral 

and Maxillofacial Radiology Service of the School of 

Dentistry (Federal University of Minas Gerais, Belo 

Horizonte, Brazil) with a request for imaging exams 
and dental treatment. The subjects were recruited 

between 2018 and 2020 and gave written informed 

consent to participate in the study. Clinicodemographic 

data were collected from all participants. Exclusion 

criteria were individuals with a history of other types 

of cancer, use of other drugs (e.g., tamoxifen), missing 

data, and image exams with an undefined area of 
evaluation. At the time, 125 postmenopausal women 

were undergoing treatment with aromatase inhibitor 

at the service, but 40 were included and evaluated 

in this study. The reasons for non-participation in 

this study were: personal reasons (n = 47), limited 

physical mobility (n = 16), no response to the invitation 

(n = 15), resident of a distant city (n = 6), or having 

had bariatric surgery recently (n = 1). The study was 

approved by the Ethics Committee of the two services 

(#84967518.0000.5149; #84967518.0.3001.5128).

BMD assessment

BMD was assessed by DXA (Hologic Discovery 

DXA System, Hologic Inc.; Bedford, USA) in all 
patients recruited for this study according to the 

recommendations of The International Society 

for Clinical Densitometry (https://iscd.org/). The 

lumbar spine regions (L1-L4) and the proximal 

femur (neck and total) were examined. The lowest 

ROI T-score between the neck of the femur and the 

total femur was considered for assessment of the 

proximal femur. The lowest T-score between the 

lumbar spine and the proximal femur was used for 

the diagnosis of BMD. The absolute BMD values 

(g/cm2) were compared to determine the BMD-

monitored differences between the examinations of 

each patient. BMD was calculated using the enCORE 

software (version 14.1; GE Healthcare, Madison, WI, 
USA). Based on the DXA scores and World Health 

Organization criteria,23 the participants were allocated 

into two groups according to the score obtained: (I) 

individuals with normal BMD (T-score ≥ -1) and (II) 
individuals with low BMD, i.e., those with osteopenia 

(-1 ≤ T-score > -2.5) and those with osteoporosis 
(T-score ≤ - 2.5).

Image acquisition

The interval between DXA and DPR/CBCT did 

not exceed two weeks. DPR and CBCT images were 

obtained using the same equipment (KODAK 9000C 
3D® system; Kodak Dental Systems, Carestream Dental 
LLC, Atlanta, USA), with a tube voltage of 70 kVp, 

a tube current of 10 mA, and a scan time of 20 s. A 

trained operator conducted the examinations (S.G.B.). 

Images were saved in JPG format with a resolution 

of 264 dpi and evaluated using Adobe Photoshop 7.0 

(Adobe Systems; San Jose, USA) with a standardized 
image increase of 66.6%. CBCT images were obtained 

using a 200 µm voxel size, 50 mm diameter × 37 mm 

height field of view, 72 kVp tube voltage, 10 mA tube 
current, and 32.40 s scan time. 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). All images were analyzed on a single LG 15’ 

monitor (LG Electronics; Taubaté, Brazil) at night in 
a room with dim light.

Radiomorphometric indices

The radiomorphometric indices used to evaluate 

the individuals in the DPR exams were mandibular 

cortical index (MCI; Figure 1), with the inferior 
cortical bone visualized in the region from the mental 

foramen to the region of the third molar and used 

for the classification of the MCI as C1, C2, or C3.7 The 

MCW (Figure 2) was measured along a vertical line 

drawn from the mental foramen on both sides of the 

cortical bone and the mean value was calculated.15 

Fractal dimension (Figure 3) was determined in three 

mandible areas in order to assess the trabecular and 

cortical bone according to previously published 

methods.22,24 A square area of 50 × 50 pixels was 
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defined for the trabecular bone, i.e., in the anterior 
region of the mental foramen and in the angle of the 

mandible. The anatomical ROI was defined in the 
area of cortical bone from the mental foramen to the 

third molar region. Considering that some individuals 

may have overlap with the hyoid bone image, two 

anatomical ROI measurements were performed; 
the first area of the hyoid bone was included and 
the second was used to remove the overlapping 

area. The total trabecular fractal dimension was 

calculated for each patient based on the angle of 

the mandible and the anterior region of the mental 

foramen fractal dimension. The list of ImageJ 1.4.3.67 

commands (https://rsbweb.nih.gov/ij) was used to 

predetermine ROI selection automatically. The list of 

commands in the sequential form included set tool 
(“polygon”), with which a rectangle of each area was 

drawn with a manual choice of coordinates (x, y) and 

was evaluated in the DPR and ROI standardization 

(width = 50, height = 50 in pixels scale). The anatomical 

ROI of the right and left mandibular cortical bone 

was selected with the polygonal tool of ImageJ and 

the images were processed with ImageJ according 

to a method published elsewhere.16

The radiomorphometric indices used to evaluate 

subjects based on CBCT exams (Figure 4) were the 

posterior (P), molar (M), anterior (A), and symphysis 

(S), which were measured in cross-sectional images 

of the mandible using slice thicknesses of 1 mm with 

interslice intervals of 1 mm based on a previous study 

by our group.21 Also, the computed tomography 

mandibular index (CTMI), computed tomography 

index (inferior) [CTI (I)], and computed tomography 

index (superior) [CTI (S)] were measured bilaterally 

in the cross-sectional image, where the mental 

foramen was better visualized.20 A trained oral 

and maxillofacial radiologist (S.G.B.) performed the 

measurements as previously described.21

Statistical analysis

Receiver operator characteristic (ROC) analyses 

were conducted using the MedCalc software (BVBA; 
Ostend, Flanders, Belgium). The area under the curve 

(AUC) and the sensitivity and specificity with their 
confidence intervals were determined for each index. 
The Youden index was used to determine the value 

of the index test measuring the indices which, when 

employed as the cutoff discriminator between the two 

groups, resulted in the most appropriate combination 

of sensitivity and specificity.

Results

The mean age of the 40 participants was 61.6 ± 10.5 

years (range: 36 to 86 years). The mean time of use of 

aromatase inhibitors was 27.0 ± 18.8 months (range: 

Figure 1. The mandibular cortical index (MCI) is visualized from the region of the mental foramen to the third molar region.  
(A) Mandibular cortical bone without erosion, when the cortical endosteal margin was normal on both sides, is classified as C1.  
(B) Mandibular cortical bone with erosions in the superficial portion, when semilunar defects occur in the endosteal margin on one 
or both sides, is classified as C2. (C) A porous mandibular cortical bone, when more than two-thirds of the height of the mandibular 
cortex have been affected, is classified as C3.

A B C
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1 to 72 months), while the mean postmenopausal 

time was 14.1 ± 9.5 years (range: 1 to 36 years). 

Regarding tobacco and alcohol habits, 29 (72.5%) 

individuals never smoked, 1 (2.5%) was a smoker, 

and 10 (25.0%) gave up smoking, while 21 (52.5%) 

individuals never drank alcohol, 18 (45.0%) still had 

the habit of drinking alcohol, and 1 (2.5%) stopped 

alcohol consumption.

For MCI in DPR, the AUC was 55.3% (38.7–71.0%).  

S en sit iv it y  was 10 0.0% (83.9–10 0.0%) a nd 

specificity was 10.5% (1.3–33.1%). Among the other 
radiomorphometric indices in DPR, the AUC 

values ranged from 52.6 to 75.8%. The MCW had 

the highest AUC. Sensitivity ranged from 38.1 to 

100.0% and specificity from 36.8 to 84.2%. In the fractal 
dimension, the total trabecular index had the highest 

sensitivity and the anterior to the mental foramen 

index had the highest specificity. The cutoff points 
to discriminate between individuals with normal 

BMD and individuals with low BMD ranged from 

1.12 to 3.25 (Table 1; Figure 5).
Regarding the radiomorphometric indices in the 

CBCT, the AUC values ranged from 51.8 to 62.0%. 

The index with the highest AUC was the M index. 

Sensitivity ranged from 9.5 to 85.7%, while specificity 
ranged from 36.8 to 89.5%. The S index had the 

highest sensitivity, and the P index had the highest 

specificity. The cutoff points to discriminate between 
individuals with normal BMD and individuals with 

low BMD ranged from 0.24 to 3.80 (Table 2; Figure 6).

Discussion

T h i s  s t u d y  d e m o n s t r a t e d  t h a t  t h e 

radiomorphometric indices and fractal dimension 

proposals of DPR and CBCT might be additional tools 

for the detection of low BMD in individuals using 

Figure 2. Vertical line measuring the mandibular cortical width 
(MCW) in the region of the mental foramen.

MCW

Figure 3. Regions of interest (ROI) used in the fractal dimension. ROI of 50 × 50 pixels were selected on the trabecular bone of 
the mandibular angle (A) and anterior regions of the premolars (B). An anatomical ROI was drawn on the mandibular cortical 
bone with an image overlap of the hyoid bone (C) and without an image overlap of the hyoid bone (D).

a

c
b b

d

a
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aromatase inhibitors. Traditionally, monitoring of 

BMD in breast cancer patients starting aromatase 

inhibitors has been done with DXA because there is 

evidence that baseline DXA screening is associated 

with a reduced risk of fractures.25 Meanwhile, DPR 

and CBCT are often ordered in daily dental practice 

and the indices applied to these imaging exams 

have shown to be cost-effective and reliable tools to 

identify low BMD in postmenopausal women.13,20,21,26-

29 In particular, patients using aromatase inhibitors 

need dental treatment, and non-invasive, easy-to-

use methods may provide helpful information about 

bone changes and serve as an aid for clinicians 

in the treatment plan. Although a systematic 

review revealed that data such as MCI based on 

panoramic radiography can be used to screen early 

loss of BMD in women over 30 years, MCI did not 

appear to be a viable tool for detecting osteopenia/

osteoporosis.28 Moreover, former studies have 

investigated the capability of CBCT images to identify 

individuals with BMD.21,30 Barra et al.21 evaluated the 

radiomorphometric indices of the CBCT to assess 

Figure 4. Radiometric indices in cone bean computed tomography. (A) Posterior index (P): thickness in millimeters of the inferior 
cortex of the mandible 25 mm posterior to the cross-sectional image through the mental foramen. (B) Molar index (M): thickness 
in millimeters of the inferior cortex of the mandible 10 mm posterior to the cross-sectional image through the mental foramen. (C) 
Computed tomography mandibular index (CTMI): inferior cortical width of the mandible. (C I). Computed tomography index (inferior) 
[CTI (I)]: ratio of the inferior cortical width to the distance from the inferior margin of the mental foramen to the inferior border of 
the mandible. (C S). Computed tomography index (superior) [CTI (S)]: ratio of the inferior cortical width to the distance from the 
superior margin of the mental foramen to the inferior border of the mandible. (D). Anterior index (A): thickness in millimeters of 
the inferior cortex of the mandible 10 mm anterior to the cross-sectional image through the mental foramen. (E). Symphysis index 
(S): thickness in millimeters of the inferior cortex of the mandible equidistant from the centers of the right and left mental foramen.

a a

a c c(i) c(s)

c cb bd d

d

e

eb

Table 1. Evaluation of area under the curve (AUC), sensitivity, specificity, Youden index, and cutoff point of the radiomorphometric 
indices in digital panoramic radiography (DPR).

Mandibular cortical width
Region of 
interest

AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) 
Youden 
index

Cutoff  
point

Fractal dimension  75.8 (59.7–87.9) 81.0 (58.1–94.6) 63.2 (38.4–83.7) 0.441 3.25

Mandible angle 50 × 50 67.5 (50.9–81.5) 95.2 (76.2–99.9) 42.1 (20.3–66.5) 0.373 1.26

Region anterior to the 
mental foramen

50 × 50 59.6 (43.0–74.8) 38.1 (18.1–61.6) 84.2 (60.4–96.6) 0.223 1.12

Total trabecular 50 × 50 70.2 (53.7–83.6) 100.0 (83.9–100.0 36.8 (16.3–61.6) 0.368 1.21

Cortical bone with 
hyoid bone

Anatomic 54.4 (37.9–70.2) 76.2 (52.8–91.8) 52.6 (28.9–75.6) 0.288 1.30

Cortical bone without 
hyoid bone

Anatomic 52.6 (36.3–68.6) 71.4 (47.8–88.7) 52.6 (28.9–75.6) 0.240 1.28

CI: confidence interval.
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BMD in postmenopausal women and found that the 

new M and P indices proved useful in identifying low 

BMD. These studies, however, reported that linear 

measurements of the inferior mandibular cortex were 

lower in individuals with osteoporosis, indicating 

that radiomorphometric indices through CBCT 

should be a promising tool to identify individuals 

with low BMD.21,30 Leite et al.31 tested the correlations 

of seven panoramic radiomorphometric indices with 

the mineral densities of the lumbar spine and hip 

bone to investigate the accuracy of these recordings 

in predicting osteoporosis. The most accurate indices 

for predicting low BMD in women were the mental 

index and qualitative measures of the MCI and 

Figure 5. Graphs representing the receiver operator characteristic (ROC) of the mandibular cortical index (A), mandibular cortical 
width (B), fractal dimension of the mandible angle (C), region anterior to the mental foramen (D), total trabecular bone (E), cortical 
bone with hyoid bone (F), and cortical bone without hyoid bone (G).
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the visual estimate of cortical width.31 Conversely, 

diagnostic thresholds for MCW and clinical risk 

index can be chosen to provide the combination of 

sensitivity and specificity that is more suitable for 
detecting osteoporosis in women.32

Considering the records evaluated in the DPR of 

the current study, MCW demonstrated the ability to 

indicate individuals with low BMD. However, MCW 

higher than 4 mm has been reported in healthy 

individuals, while women with low BMD had mean 

values of less than 3 mm.8,17,33 Diagnostic accuracy 

studies investigating radiomorphometric indices show 

that MCW is one of the indices that better predict 

women with low BMD.31,32 It has been reported that 

women with MCW <3.15 should be referred for 

osteoporosis assessment.31 In addition, the lowest 

cutoff of 3 mm permitted an easier identification of 
the lowest BMD, while the 4.5 mm cutoff permitted 

the identification of healthy patients.28 Herein, MCW 

analysis revealed good sensitivity (81.0%), specificity 
(63.2%), and AUC (75.8%) values, showing that this 

measure provided better identification of individuals 
with low BMD. Accordingly, the MCW cutoff point 

between groups was 3.25 mm.8,17,24,28,31 In individuals 

using aromatase inhibitors, a recent study was a 

pioneer in the investigation of radiomorphometric 

indices in this group, but no significant difference 
was found between control patients and those 

using medication. It is noteworthy that the mean 

values found were above 4 mm for both groups, but 

individuals undergoing treatment had a lower mean 

value than healthy individuals.22

Over the last decades, fractal dimension analysis 

has been widely used in dental images, mainly for 

bone evaluations.29,34,35 Panoramic and periapical 

radiographs are the most used exams in investigations 

with fractal dimension purposes. Furthermore, 

some studies on fractal dimension analysis were 

also performed with CBCT data, but results can be 

compromised due to the resolution of CBCT images 

and data compression.18,36,37 In the present study 

with the evaluation of the fractal dimension in the 

DPR, we noticed that the mandible angle and the 

total trabecular ROI showed good sensitivity values 

(95.2 and 100%, respectively), but low specificity 
(42.1 and 36.8%, respectively). However, both ROI 

had acceptable values regarding AUC, i.e., 67.5 and 

70.2%, respectively. The cutoff values of the two 

ROI were very similar (1.26 and 1.21, respectively), 

showing that both can identify individuals with 

low BMD. In the study by Göller Bulut et al.22, the 

angle region showed a significant difference, with 
the lowest fractal dimension value concerning the 

other ROI. In contrast, the region anterior to the 

mental foramen, which had a significant value, 

did not show the exceptional values needed to 

identify low BMD. In fact, the ROI relationship 

can be explained by the different samples and 

study designs used in the studies. While the study 

mentioned above22 evaluated healthy patients and 

patients using aromatase inhibitors, our study 

evaluated only patients who were taking aromatase 

inhibitors, separating them into groups according to 

DXA results. Overall, individuals have normal BMD, 

Table 2. Evaluation of area under the curve (AUC), sensitivity, specificity, Youden index, and cutoff point of the radiomorphometric 
indices in cone beam computed tomography (CBCT).

Radiomorphometric indices in CBCT AUC (95%CI) Sensitivity (95%CI) Specificity (95%CI)
Youden 
index

Cutoff  
point

Posterior (P) 60.4 (43.7–75.5) 33.3 (14.6–57.0) 89.5 (66.9–98.7) 0.228 2.74

Molar (M) 62.0 (45.3–76.9) 38.1 (18.1–61.6) 89.5 (66.9–98.7) 0.275 2.90

Anterior (A) 61.0 (44.3–76.0) 47.6 (25.7–70.2) 73.7 (48.8–90.9) 0.213 3.80

Symphysis (S) 52.8 (36.4–68.7) 85.7 (63.7–97.0) 36.8 (16.3–61.6) 0.225 3.13

CTMI 51.8 (35.4–67.8) 9.5 (1.2–30.4) 68.4 (43.4–87.4) 0.220 4.43

CTI (I) 55.5 (39.0–71.2) 71.4 (47.8–88.7) 47.4 (24.4–71.1) 0.188 0.32

CTI (S) 52.0 (35.7–68.0) 57.1 (34.0–78.2) 57.9 (33.5–79.7) 0.150 0.24

CI: confidence interval; CTI (I): computed tomography index (inferior); CTI (S): computed tomography index (superior); CTMI: computed 
tomography mandibular index.
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even when using AI, and may exhibit changes in 

trabecular bone. This finding can also be compared 
to the mean values detected in our study.22

Previous studies have shown that individuals 

with changes in BMD have thinner and less dense 

trabecular bone and, consequently, lower fractal 
dimension values.34,38 In addition, we performed a 

diagnostic accuracy test to present the results, which 

was not done by Göller Bulut et al.22 It is known that 

in some DPR, the image of the hyoid bone overlaps 

the mandibular cortical region. Thus, the area of the 

cortical region was measured with and without hyoid 

bone image overlap. To investigate the region without 

the hyoid bone, we analyzed a posterior region of 

Figure 6. Graphs representing the receiver operator characteristic (ROC) of the posterior (A), molar (B), anterior (C), symphysis 
(D), computed tomography mandibular index (E), computed tomography index (inferior) (F), and computed tomography index 
(superior) (G).
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cortical bone beyond the mental foramen region. Image 

overlay was evaluated from the mental foramen region 

to the region near the third molars, as described in 

the literature24 and the two assessments were found 

to have very similar specificity and sensitivity. When 
evaluating the cortical region, however, the results 

showed that the use of the hyoid bone overlapping 

area did not seem to interfere with the screening of 

individuals with low BMD.

In diagnostic accuracy studies investigating 

radiomorphometric indices, MCI was recommended 

for screening for low BMD6,28 and was shown to 

have 80% sensitivity and about 60% specificity to 
identify women with osteopenia.28 Nevertheless, 

specificity was higher than sensitivity in patients with 
osteoporosis, and therefore the recommendation of 

MCI as a screening method for this condition should 

be made with caution. In our study, MCI was found 

to have an AUC of 55.3% (38.7–71.0%), similar to other 

studies that found a higher sensitivity of 100.0% (83.9–

100.0%) and a lower specificity of 10.5% (1.3–33.1%).28 

In clinical practice, MCI is not indicated for screening 

patients with low BMD. Possible factors that may have 

contributed to this outcome include the subjective 

characteristic of the MCI index, anatomical variability, 

and limited sample size. In the present study, the 

small sample size makes generalization of the results 

unfeasible. Other factors should also be pointed out, 

including intra- and inter-examiner comparisons to 

increase the reliability of the method, experience or 

training of oral and maxillofacial radiologists, and 

the presence of individuals with low anatomical 

variability, who did not exhibit alterations in the 

mandibular cortex.13 Conversely, visual analysis 

of MCI, especially concerning C2 classification, 

results in lower reproducibility of the findings and 
may increase observational disagreements.19,40 Some 

studies13,40 have shown sufficient consensus, but one 
report has not.39 In cases of cortical bone classified 
as C3 in DPR, we believe patients should be referred 

for medical evaluation due to low BMD.

Accumulating scientific evidence suggests that 
radiomorphometric indices on CBCT are a promising 

tool to detect individuals with low BMD.30 Herein, CTI 

(I) showed the best sensitivity and specificity (71.4 
and 47.4%, respectively) and had the best AUC (55.5%), 

with a cutoff point of 0.32. Linear measurements of 

the inferior mandibular cortex showed lower values 

in individuals with osteoporosis. Nonetheless, a few 

studies have analyzed radiomorphometric indices 

through CBCT.18-20 For instance, Koh and Kim18 were 

the first to assess CBCT as a predictor of low BMD. 
They evaluated a group of normal women and a 

group of osteoporotic women and found a significant 
difference in CTI (I) and CTI (S) between them, but 

no significant difference in CTMI, although they 
detected the lowest mean value in the osteoporosis 

group. Mostafa et al.19 also evaluated women with 

a normal densitometric diagnosis and women with 

osteoporosis and found significant differences in 
CTMI and CTI. Likewise, Güngör et al.41 assessed 

subjects with osteopenia and demonstrated that 

measurements in the osteoporosis group were 

lower than those in the osteopenia and normal 

groups, although there was no difference between 

the osteopenia and normal groups. Brasileiro et al.20 

also evaluated normal women with osteopenia and 

women with osteoporosis and found no significant 
difference only in CTI (I) between the normal 

and osteopenia groups. However, the different 

classification could explain the discrepancy in 

the results.

Regarding the additional records of CBCT, only 

Barra et al.21 evaluated CBCT parameters such as 

P, M, A, and S. The M and P indices proved to be 

the best to identify individuals with low BMD. The 

M and P indices showed 75.9% sensitivity and 68.7 

and 62.5% specificity, respectively, and the best AUC 
values (0.740 and 0.693, respectively) with a cutoff 

point of 2.64 mm for the M index and 2.84 mm for the 

P index.21 In the present study, the M and P indices 

had greater specificity (89.5% for both) and lower 
sensitivity (38.1 and 33.3%, respectively) compared 

to the study mentioned above.21 Accordingly, the 

AUC values were 62.0 and 60.4%, with cutoff points 

of 2.90 mm for the M index and of 2.74 mm for 

the P index21 but with no contradiction for the A 

index. In the Barra et al.21 study, the A index did 

not show good values, whereas in our study it had 

a sensitivity of 47.7% and specificity of 73.7% with 
an AUC of 61.0% and a cutoff point of 3.80. This 

discrepancy may be expected due to the difference 
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in the samples investigated in the two studies, but 

the eventual application of the A index for BMD 

assessment is important.

Although the doses used in dental imaging exams 

are generally low, including in CBCT, compared 

with multislice CT, radiation dose exposure should 

be taken into account.42 In other words, there are 

different indications for DPR and CBCT, and 

affected individuals do not necessarily need both 

exams concomitantly, but the choice of one of 

the radiographic exams certainly depends on the 

dental treatment needs of the patient. Of note, 

panoramic images have limitations such as overlap, 

distortion, and magnification of structures. These 
shortcomings affect the identification of anatomical 
structures, making it difficult to determine the 

accuracy of measurements of radiomorphometric 

indices.43 In contrast, CBCT provides images of 

anatomic structures without overlap, magnification, 
or distortion and allows 3-dimensional examination 

of the craniofacial architecture. CBCT also has the 

advantage of exposure protocols with a smaller field 
of view, which can result in a lower radiation dose to 

patients.43 Nonetheless, the intention here is not to 

list dental imaging as the first choice for diagnosing 
BMD in this specific population, but rather to 

validate these methods as tools for evaluation of 

BMD. Because both exams in our study revealed 

similarities in terms of accuracy, decision-making 

in clinical practice could be focused on the more 

cost-effective exam.

Taken together, our findings indicate a new 

perspective concerning BMD parameters based on 

DPR and CBCT as candidates to screen BMD changes 

in postmenopausal women using aromatase inhibitors. 

Although we recognize that the sample of this study 

was not large, the authors were careful to investigate 

a group of individuals with a very specific condition. 
This group of patients may also use polypharmacy, 

so other variables associated with the diagnosis of 

breast cancer may have influenced bone parameters 
(e.g., bone turnover markers, vitamins, calcium) and 

should not be ruled out.

Conclusion

Within the limitations of this study, the MCW, 

fractal dimension of mandible angle and total 

trabecular ROI in DPR and the CTI (I), M, P, and 

A indices in CBCT proved to be promising tools in 

distinguishing individuals with low BMD. Cutoff 

points for these indices could be a useful tool for 

clinicians to investigate low BMD in postmenopausal 

women using aromatase inhibitors, but prospective 

studies with robust samples should be performed to 

generalize these results.
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