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Abstract

A number of panoramic radiographic measurements have been associated with osteoporotic 
alterations. However, little is known about the differences in sensitivity and specificity among these 
measurements for screening low bone mineral density (BMD). Aim: To correlate and compare 
precision, sensitivity and specificity of panoramic radiomorphometric indices and fractal dimension 
(FD) for screening low BMD (i.e. osteopenia and osteoporosis). Methods: Sixty-eight female patients 
(42.78±15.59 years) were included in this study. Body mass index (BMI), mandibular cortical index 
(MCI), mandibular cortical width (MCW), FD and connectivity (C) were assessed. Low BMD was 
diagnosed by peripheral dual-energy X-ray absorptiometry (p-DXA). Non-parametric correlations 
were assessed among all variables. In addition, sensitivity and specificity of MCI, MCW and FD 
were estimated for screening low BMD. Results: Significant correlation was found between FD and 
BMI (p=0.013; r=0.269). In addition, FD was the most sensitive method for screening low BMD 
(70.8%, p=0.001). FD and MCI presented a significant and relatively high sensitivity, whereas MCW 
presented a high specificity for screening low systemic BMD Conclusions: Among the analyzed 
methods, FD and MCI offer a significant and relatively high sensitivity, whereas MCW offers a high 
specificity for screening low BMD.
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Introduction
 
Osteoporosis is a major health problem and affects a significant number of people. This 

skeletal disorder is characterized by bone fragility due to deterioration of the bone micro-
architecture, which is related to bone strength and quality1,2. Screening for osteoporosis is 
currently recommended for all women over 65 years old, since the complications of this 
disease may be prevented by early detection1. Diagnosis is currently based mainly on bone 
mineral density (BMD) measurements using dual-energy X-ray absorptiometry (DXA), 
considered the “gold standard” method. However, bone densitometry is expensive and 
has limited availability for use in population screening3,4. Furthermore, BMD assessment 
alone does not allow for predicting osteoporotic fractures, since BMD values may overlap 
between cases with and without fractures. Accordingly, cases with osteopenia also present 
high rates of bone fractures5. Other clinical parameters such as body mass index (BMI)6 
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and trabecular micro-architecture7 have also been associated with 
BMD. Such parameters may also provide useful information for 
the diagnosis of osteoporotic alterations and prediction of bone 
fractures6,7.

Several studies have demonstrated that individuals with 
osteoporotic alterations present altered mandibular morphology. 
Furthermore, there is evidence that intraoral and panoramic 
radiographic findings may be indicators of both osteopenia and 
osteoporosis1,6-12. The BMD of the mandible was correlated with 
the BMD of the lumbar spine and femoral neck, in osteopenia and 
osteoporosis cases8. 

Panoramic radiography (PR) stands out in this context because 
it is commonly used as the initial dental examination. Furthermore, 
it is fast, low-cost and uses low-dose X-radiation. PR is useful to 
diagnose systemic13 and alveolar14 bone quality by assessing the 
shape (i.e. mandibular cortical index – MCI) and width of the inferior 
mandibular cortex at the mental foramen (i.e. mandibular cortical 
width – MCW). These measurements have been used as indices to 
predict osteopenia and osteoporosis since they are correlated with 
systemic bone mineral density (BMD) values measured with DXA15. 

It is also possible to assess bone morphometric parameters such 
as trabecular area, connectivity and fractal dimension (FD) on PR 
images. Moreover, FD of trabecular bone has been associated with 
bone strength16,17. However, little is known about the difference in 
diagnostic performance among the above-mentioned methods. Thus, 
the aim of this study was to assess the diagnostic performance of 
panoramic radiomorphometric indices and parameters in detecting 
low bone density.

Material and methods

Sixty-eight PR images of female patients referred to dental 
treatment (42.78±15.59 years) were included in this study. 
Patients had a minimum age of 30 years and were indicated to 
BMD assessment. Other metabolic disorders were considered as 
exclusion criteria. Demographic data including age and body mass 
index (BMI) were recorded for all patients. All digital PR images 
(Veraviewepocs 2D, Morita, Tokyo, Japan) were performed with 
the same exposure conditions (60 kV, 4 mA, 0.5-mm copper filter). 
All patients willing to participate in this study signed an informed 
consent form. Approval for conducting retrospective analyses was 
obtained from the Ethics Committee of the University of São Paulo. 
The Standards for the Reporting of Diagnostic accuracy studies 
(STARD) and the guidelines of the Helsinki Declaration were 
followed in this investigation.

 
Trabecular Pattern Analysis

Morphometric analyses of the trabecular bone pattern was 
performed using the methodology proposed by a previous study18, 
using an imaging processing software (ImageJ, National Institutes 
of Health, Bethesda, MD). The morphological factors assessed were 
FD, using a box-counting method and connectivity. 

First it was selected the region of interest (ROI). The choice 
was a rectangular selection tool, in a fixed manner, measuring 230 
X 130 pixels located in the region of the mandibular body below 
the right mandibular canine tooth apex. This selection avoids 

overlapping anatomical structures such as the mental foramen, 
genis apophyses and regions of masticatory stress (premolars and 
molars)19. Thus, the same size rectangular pictures were cut in all 
PR20. The chosen ROI in the images of digital PR included the 
region of the mandibular body, anterior to the mental foramen and 
posterior to the mandibular symphysis. The trabecular pattern was 
analyzed in the ROI using the ImageJ software. The following 
steps were followed18: 1) ROI image duplication; 2) Image blurring 
(from Gaussian image) with 33 radius (pixels) - this step removes 
all the fine and medium scale structures and retains only large 
variations in density (low-pass filter); 3) Image subtraction - The 
blurred image was subtracted from the original of the same patient; 
4) Adding - This step adds a constant to each pixel of the resulting 
subtracted 8-bit image (256 pixel values), according to the image 
histogram. This generates an image by thresholding on a mean 
pixel value of 128, thus segmenting the image into components 
that radiographically approximate the trabeculae and marrow (Fig. 
1A), according to a previous methodology18; 5) The image is then 
converted to binary image (Fig. 1B). 6) The resulting image is 
then eroded and 7) dilated to reduce noise. 8) Next, the image of 
the trabeculae is inverted to make the trabecular pixels visible and 
9) skeletonized, that is, automatically eroded by using a specific 
software tool so that only the central line of pixels remains visible 
(Fig. 1C). Superimposition of the skeletonized trabecular image 
on the original image of the bone demonstrates that the studied 
skeletal structure corresponds to the trabeculae of the original 
image (Fig. 1D).

The skeletonized images from each patient were saved in 
TIFF format. Using the resulting images, the ImageJ software did 
the following analyses: measurement of the average particular 
size (APS), and trabecular number (Tb.N). The values of the 
aforementioned analyses are associated with the connectivity of 
the trabecular meshwork. Therefore, a ratio of those parameters 
was proposed to facilitate the analysis, according to the following 
equation:

Mandibular Cortical Width (MCW) 
The MCW was measured at both mental foramen regions 

according to a previous methodology15. Briefly, images were 
corrected using a magnification factor of 1.3. Spatial calibration was 
set at a scale of 1 pixel per 96 mm. Then, a line tangential to the 
inferior border of the mandible was drawn. A line perpendicular to 
this tangent intersecting the inferior border of the mental foramen 
was drawn, along which the MCW was measured.

Mandibular Cortical Index (MCI) 
MCI was assessed by evaluating the appearance of the cortical 

bone below the mandibular foramen, using a previously described 
classification21. Briefly, the inferior mandibular cortex was classified 
as follows: C1 = normal, when it presented an even and distinct 
endosteal margin; C2 = moderately eroded, presenting evidence of 
lacunar resorption or endosteal cortical residues; and C3 = severely 
eroded, when unequivocal porosity was observed12.
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Fig.1. Methodology used to assess FD on panoramic radiographic images.
A) Optimized panoramic radiographic image
B) Conversion to binary image
C) Skeletonized image
D) Skeletonized image projected over the regular optimized panoramic radiographic
image.
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Bone Mineral Density (BMD)
Bone densitometry measurements were carried out in 

peripheral dual energy X-ray absorptiometry (pDEXA, Norland; 
Norland Medical Systems, Inc., White Plains, NY, USA). The 
scanning resolution was 1.00 X 1.00 mm, prior to scanning. The 
radiation dose was less than 0.03 mSv for each examination. The 
region of choice for scanning was the distal forearm22,23. The 
chosen region of interest was defined as a rectangle with a fixed 

longitudinal size of 20 mm and a lateral extension large enough 
to cover both radius and ulna. Its distal margin was defined to be 
coincidental with the location where the ulna and the radius start 
to superimpose. Patients were diagnosed based on BMD values of 
the forearm, measured according to World Health Organization 
(WHO) criteria, as normal (T score > -1.0), osteopenic (T score, 
-1.0 to -2.5) and osteoporotic (T-score ≤ -2.5 SD)24.

Statistical Analysis
Sample size was determined using the uncorrected chi-

square test, to detect a minimum diagnostic odds ratio of 5 and 
to give the study a power of 80%, at a 5%significance level. 

All panoramic radiomorphometric measurements were 
performed in random order by two trained observers (i.e. dentists 
with expertise in oral radiology). Intra-observer reliability was 
assessed by measurements performed 2 weeks apart to eliminate 
memory bias. Intra and inter-observer agreement was assessed 
using the intraclass correlations coefficient (ICC) and the kappa 
test for MCW and MCI, respectively. 

Normality for continuous variables was assessed using 
the Shapiro-Wilk test. Correlation analyses were performed 
among all demographic (age and BMI) and clinical variables 
(DXA, MCI, MCW, FD and C) analyzed in the study, using 
the Spearman’s test. A diagnostic performance analysis was 
conducted to address the sensitivity and specificity of each 
imaging examination for screening low BMD (i.e. cases with 
either osteopenia or osteoporosis that have been included in the 
same category, following a previously described methodology)21. 
Fisher’s exact test was calculated to address the significance 
of each diagnostic test. All variables were stratified using cut-
off points. For continuous variables, mean cut-off points were 
chosen. For MCI, “C1” category was chosen as the cut-off point, 
since this is the only category representing the lack of alterations 
in the inferior mandibular cortex21.

All statistical analyses were performed at a 5% significance 
level , using IBM SPSS Statistics 17 (SPSS®, Inc, Chicago, 
IL, USA).

Results

Sixty-eight PR images were analyzed. Mean BMI for 
participants was 25.04±4.61 kg/m2. Ten patients were diagnosed 
with osteoporosis (T-score≤-2.5 SD), while 41 patients were 
diagnosed with osteopenia (T score, -1.0 to -2.5). As a result, 51 
patients were included in the category of low BMD, considered 
in the diagnostic performance analyses (i.e. sensitivity and 
specificity). The remaining 17 patients presented normal BMD 
(T score>-1.0). All cases were considered in the correlation 
analyses.

Normality was rejected for all variables, according to the 
Shapiro-Wilk test (p<0.05). Intra-observer reproducibility 
and inter-observer reliability were confirmed for the MCW 
(ICC=0.87, p=0.001), as well as for MCI categorical 
measurements (kappa=0.83, p=0.01).

T-score from DXA was significantly correlated with MCW 
(r=0.215; p=0.039) and MCI (r=0.238; p=0.026). In addition, 
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BMI was significantly correlated with trabecular connectivity 
(r=0.269; p=0.013). No other correlations were significant 
(p>0.05).

Diagnostic performance analysis (Table 1 and Fig. 2) 
revealed a higher sensitivity and a lower specificity of FD (70.8% 
and 37.1%, respectively) as compared with MCI (68.9% and 
42.9%, respectively) and MCW (51.3% and 75%, respectively) 
for screening low BMD. Fisher’s exact test analysis revealed 
a significant association between the aforementioned three 
variables and the T-score outcome (p=0.001).

parameters from the panoramic radiographic device. Variations 
in parameters such as kVp, exposure time, mA and different 
image receptors, as well as the presence of soft tissue may affect 
the radiographic assessment of the trabecular pattern18. On the 
other hand, radiomorphometric methods such as MCI and MCW 
are less susceptible to methodological variations25 and are well 
described by studies on bone mineral density10,18,26-34. This finding 
is supported by the present study, according to the significant 
correlations and satisfactory diagnostic performance results using 
the above-mentioned radiomorphometric indices. 

A previous study found sufficient evidence that the trabecular 
pattern affects individuals with either medium or high risk of 
osteoporosis35, using periapical radiographs. Accordingly, it was 
found a significant correlation between BMI and connectivity 
using PR images, which are useful as initial examination at 
patient’s first attendance36. This result suggests that, in addition 
to weight-bearing bones, low BMI could also affect the trabecular 
structure of the mandible. Despite these results, no significant 
non-parametric correlation between FD and DXA results could 
be found. A previous study11 concluded that T-scores below or 
equal to -1 classify the patient with low bone mineral density and 
at risk for osteoporosis.

WHO defines osteoporosis as "a disease characterized by 
low bone mass and deterioration of bone microarchitecture, 
leading to increased bone fragility and a consequent increase in 
fracture risk”24. Thus, evaluating the conditions of trabecular bone 
may have an effect on the analysis of maxillofacial bone quality. 
According to the present diagnostic performance results, FD and 
MCI presented a high sensitivity and average specificity, whereas 
MCW presented an average sensitivity and high specificity for 
screening osteoporotic alterations. Therefore, none of these methods 
may be considered accurate and reliable enough to be used solely 
in the final diagnosis of osteoporosis, which agrees with a previous 
study37. However, our significant results (p<0.001) also suggest 
that a combination of the analyzed methods could yield better and 
more accurate results. Further diagnostic studies with larger sample 
sizes could be recommended to test the diagnostic performance of 
a combination of the above-mentioned tests, in comparison with 
laboratorial morphometric measurements and DXA.

A limitation of this study is that the present diagnostic 
performance analyses were conducted to screen low BMD, 
which includes diagnoses of both osteopenia and osteoporosis. 
This is in accordance with a previous methodology for relatively 
small sample sizes21. Another limitation of this study is that only 
posterior mandibular ROIs were included in the analyses, which 
could influence the results since BMD may vary from site to site38. 
Further studies would also be recommended to test and compare 
different ROIs from different regions, in association with systemic 
bone density.

The morphological filter used in this study was similar 
to the one used by Kumasaka (1997) for extracting skeletal 
pattern of trabecular bone on images from non-digital panoramic 
radiographic devices, which were transformed into binary images 
with enhanced geometric components10,18,26. Accordingly, our 
results support that digital panoramic radiographs, which use 
lower radiation doses, are also useful for bone density assessments. 
Variations of the present methodology have been described by 

Table 1 - Diagnostic performance of FD, MCI and MCW for 
screening low BMD.
Test FD MCI MCW
Sensitivity 70.8% 68.9% 51.3%
(95% CI) (53.3-93.5) (43.8-84.5) (26.2-75.6)
Specificity 37.1% 42.9% 75%
(95% CI) (18.4-56.7) (23-61.2) (49.8-90.2)
p* 0.001 0.001 0.001

Abbreviations: CI, confidence interval; FD, fractal dimension; MCI, mandibular cortical 
index; MCW, mandibular cortical width.
* Significance according to the Fisher’s exact test (p<0.05 indicates statistical 
significance).

Fig.2. Diagnostic performance of the analyzed methods for screening low BMD.
Abbreviations: FD, Fractal Dimension; MCI, mandibular cortical index; MCW,
mandibular cortical width.

Discussion

Despite the lack of contrast and image resolution, as 
compared with morphometric laboratorial methods, the literature 
has suggested that panoramic radiographic images could be 
useful to assess trabecular bone characteristics12,14,18,21. This is 
the first study proposing a formula to address trabecular bone 
connectivity from digital panoramic radiographic images, using 
specific software tools. However, trabecular bone density may 
be underestimated on panoramic radiographs due to a modified 
window level from the imaging software, as well as a number of 
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studies on periapical radiographs, commonly used during dental 
treatments18,39-45. In addition, the chosen ROI is free of artifacts 
resulting in images with higher details to assess trabecular skeletal 
pattern. On the other hand, further studies are required to compare 
and define the most accurate binary processing threshold in order to 
enhance the technique and obtain adequate results. This technique 
has also been described as useful for the computer-assisted analysis 
of bone structure, which assesses, for instance, the prognosis 
following surgery, or even to follow-up certain medical treatment 
outcomes26,39.

In conclusion, among the analyzed tests, FD and MCI 
have a significant and relatively high sensitivity, whereas MCW 
has a high specificity for screening low systemic bone density. 
Furthermore, the diagnostic performance outcomes and significant 
correlations found in this study suggest that it is possible to obtain 
evidences of the trabecular bone pattern by assessing panoramic 
radiographic images. 
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