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Abstract: Annually, approximately 9 million osteoporotic fractures are diagnosed worldwide.
As osteoporosis is a condition classified as a public health issue—often asymptomatic and, to
some extent, neglected—early diagnosis of reduced bone mineral density remains a significant
challenge. In this study, the Pearson correlation coefficient was employed to compare the
results of radiographic bone densitometry (RBD) using a densitometric reference based on
a penetrometer manufactured from aluminum alloy 6063 ABNT and a mobile application
specifically developed to perform RBD measurements, with results obtained through dual-
energy X-ray absorptiometry (DXA). The analysis was conducted on dry bones (ultradistal
portions of radii and femoral necks) from healthy dogs. The results for the ultradistal portion of
the radius obtained via the mobile application demonstrated good correlation with DXA (R=0.7),
while the femoral neck showed very good correlation (R=0.8). It was concluded that the mobile
application analyzed in this study may, in the near future, become an important tool for the
effective assessment of bone mineral density.
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Resumo: Sabe-se que, anualmente, sdo diagnosticadas cerca de 9 milhdes de fraturas
osteoporéticas no mundo e, por se tratar de uma doenga considerada um problema de saude
publica, assintomatica e, até certo ponto negligenciada, o diagndéstico precoce da diminui¢ao da
densidade mineral éssea ainda constitui um desafio. Neste trabalho, utilizando o coeficiente de
correlacao de Pearson, comparou-se os resultados da densitometria 6ssea radiografica (DORX)
obtidas utilizando como referencial densitométrico um penetdmetro confeccionado em liga de
aluminio 6063 ABNT e um aplicativo movel especialmente desenvolvido para realizar a aferi¢ao,
com resultados obtidos pela absortometria de raios-X de dupla energia (DXA). Foram analisados
0ss0s secos (por¢des ultradistais de radios e colos femorais) de caes sadios. Os resultados da
analise da porcao ultradistal do radio obtidos por meio do aplicativo mostraram correlacao boa
quando comparados com a DXA (R=0,7) e, para o colo femoral, correlacdo muito boa (R=0,8).
Concluiu-se que a aplicacdo mével analisada neste estudo pode, em um futuro préximo, se
tornar uma ferramenta importante para analise densidade mineral 6ssea de maneira eficaz.
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1. Introduction

With approximately 8.9 million osteoporotic fractures occurring annually, osteoporosis
ahas become a significant global public health concern ™. Often referred to as a “silent
epidemic” due to its asymptomatic nature until fractures occur @, osteoporosis has historically
received less attention from governments and public health advocates compared to other
chronic non-communicable diseases ¢ 4. Since 1987, dual-energy X-ray absorptiometry (DXA)
has been widely regarded as the gold standard for assessing bone mineral density (BMD) “-7.
This technique can be applied to peripheral bones, such as the calcaneus, distal radius,
metacarpals, and phalanges, as well as to the vertebrae and femoral neck, enabling the
prediction of fracture risk @9, Although DXA is the gold standard for diagnosing osteoporosis,
a study by the International Osteoporosis Foundation revealed significant disparities in its
availability. Countries such as Australia, Hong Kong, Japan, New Zealand, and Singapore
have up to 24 DXA machines per million inhabitants, whereas nations such as China, India,
Indonesia, Pakistan, Philippines, Sri Lanka, and Vietnam have fewer than one per million @9,
In Latin America, Brazil and Chile lead with 10 DXA machines per million inhabitants, while
other countries range from 0.9 to 6.7 per million @,

Only one in four patients diagnosed with fragility fractures has received prophylactic
treatment "2, underscoring the ongoing challenge of osteoporosis as a public health issue.
Less than 20% of patients with fragility fractures are treated to reduce the risk of subsequent
fractures (319, A study across four Latin American countries (Argentina, Brazil, Colombia, and
Mexico), representing a combined population of approximately 500 million, reported 850,000
fracture cases in 2018, resulting in a financial impact exceeding one billion USD @2,

These findings are particularly significant in Central and South America where access
to densitometric data is limited or prohibitively expensive. A substantial proportion of the
population lives belowthe povertyline, and preventive health measurestargeting osteoporosis
and musculoskeletal disorders are not a priority ('), To address these challenges, this
study evaluated the precision of a mobile application developed at the Federal University
of Jatai (UFJ) to determine BMD using simple radiographic examinations and an aluminum
densitometric reference.

2. Material and methods

Dry bones (anatomical specimens) were obtained from the Veterinary Anatomy
Collection of the Federal University of Jatai (UFJ). The sample comprised five femurs and
six radii of adult male and female dogs without a history of metabolic or musculoskeletal
disorders. Two techniques were employed to determine the BMD of each specimen: Dual-
energy X-ray absorptiometry (DXA) and Optical densitometry in radiographic images (DORX)
using a reference phantom made from a specific aluminum alloy (6063 ABNT) comprising
Al-Mg-Si 819, The composition included 98.75% aluminum, 0.54% magnesium, 0.47% silicon,
and 0.24% other elements, as per international standards. The phantom measured 10 x 55
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mm, with 11 steps varying in height from 0.5 to 9.0 mm, and was positioned adjacent to, but
not in contact with, the bones (Figure 1).

Figure 1. Example of the radiographic image of the femur (A), the 6063 ABNT aluminum phantom with 11 steps
(B), and the radius (C) obtained using the Lunar DPX-NT Series 76KV X-Ray Tube House Assembly from GE Medical
Systems.

For DXA, a Lunar DPX-NT Series 76KV X-Ray Tube House Assembly (GE Medical Systems)
was used to target the femoral neck and ultradistal radius (UD) as regions of interest (ROI).
The methodology proposed by Vulcano et al. (2008) @9 was followed to examine the same
anatomical regions as in DXA. Radiographs were acquired using a Poskom® Vet 20BT X-ray
device and a Kylumax® KLX-1417 digital X-ray scanner (46 x 34.8 cm, 16-bit resolution, 3.6
line pairs/mm). Exposure techniques were 70 kV/1.2 mAs for the femoral neck and 65 kV/1.2
mAs for the UD radius. The 11-step aluminum phantom was placed beside the bones for
densitometric reference measurements.

Radiographic data were exported as JPEG files were analyzed using a custom-built
mobile application (APP) developed in Android Studio with Java support and the OpenCV
library. The analysis involved the following three steps: 1. Opening the radiographic image
in the APP, 2. Manual selection of the ROI by the user, followed by automatic detection of
the phantom, and 3. Calculating the BMD of the ROI using the average grayscale values
for each phantom step, which were correlated with the aluminum thickness in millimeters
(mmaAl).

The APP processes grayscale values ranging from 0 (absolute black) to 255 (absolute
white), correlating the radiographic density to the pixel intensity. The algorithm calculates
the BMD values for the ROI based on linear regression between the grayscale values of the
phantom and the aluminum thickness. Pearson’s correlation coefficient (r) was calculated
to evaluate the correlation between APP and DXA results. Correlation was classified as
follows: no correlation (r = 0), very poor (0 <r <0.2), poor (0.2 <r <0.4), moderate (0.4 <r <
0.6), good (0.6 <r <0.8), very good (0.8 <r < 1), and perfect (r = 1) @22, Statistical analyses
and regression equations were generated using Microsoft Excel® 2019.

Ciéncia Animal Brasileira | Brazilian Animal Science, v.26, 80154E, 2025.


https://creativecommons.org/licenses/by/4.0/

CostaT.A.C. etal, 2025.

3. Results

Both DXA and DORX successfully determined the BMD of all analyzed bones, despite the
examinations being performed on anatomical specimens. The results obtained through the
DXA and DORX examinations are presented in Table 1 (absolute values and mean values +

standard deviation [SD]).

Table 1. BMD values of the femoral neck and ultradistal radius (UD) of dogs obtained using dual-
energy X-ray absorptiometry (DXA) in g/cm?, along with the values from three repetitions and mean +
standard deviation (in mmAl) from simple radiographic examinations using an aluminum densitometric

reference.
APP Result APP Result APP Result Mean £ SD DXA Result
1 (mmAl) 2 (mmaAl) 3 (mmaAl) (mmAl) (g/cm?)
Femoral Neck (1) 4.01 4.00 4.00 4.00 + 0.006 0.715
Femoral Neck (2) 3.92 3.91 3.91 3.91 + 0.006 0.680
Femoral Neck (3) 4.51 4.49 4.49 4.50+0.012 0.718
Femoral Neck (4) 4.71 4.71 4.72 4.71 £ 0.006 0.866
Femoral Neck (5) 4.16 4.15 417 4.16+0.010 0.648
Ultradistal Radius (1) 3.06 3.06 3.05 3.06 + 0.006 0.567
Ultradistal Radius (2) 3.49 3.52 3.50 3.50 £ 0.015 0.647
Ultradistal Radius (3) 3.34 3.32 3.33 3.33+0.010 0.552
Ultradistal Radius (4) 3.31 3.30 3.30 3.30 £ 0.006 0.586
Ultradistal Radius (5) 2.94 2.95 2.95 2.95 + 0.006 0.513
Ultradistal Radius (6) 2.85 2.85 2.87 2.86 £0.012 0.576

Correlation equations were established between the two methods based on the
densitometric values obtained from the bones. For the femoral neck, the equation y =
7.2756x% - 7.9832x + 6.1792 was generated, with a coefficient of determination of R2=0.618.
For the ultradistal radius (UD), the equation y = 20.135x? - 19.722x + 7.8214 was obtained,
with a coefficient of determination of Rz = 0.458 (Figure 2). The correlation coefficients were
subsequently calculated, yielding R = 0.8 for the femoral neck and R = 0.7 for the ultradistal

radius.
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Figure 2. Bone densitometry values (expressed in mmAl) obtained through a mobile application using optical
densitometry in radiographic images with a reference phantom made of 6063 ABNT aluminum alloy and through
dual-energy X-ray absorptiometry (expressed in g/cm?) from dry canine bones sourced from the veterinary
anatomy department of UFJ-GO. A, femoral neck; B, ultradistal radius (UD).

4, Discussion

Osteoporosis and fragility fractures are well known to be associated with increased
mortality rates @®. This study analyzed two different ROIs: the femoral neck, recommended
by the World Health Organization as the primary site for osteoporosis diagnosis @4, and
the radius, which can also be evaluated when the hip and/or lumbar spine cannot be
assessed because peripheral bones are valid alternatives for diagnosing osteoporosis via
densitometry @25,

This experiment can be considered relevant because with technological advancements,
diagnostic equipment and tools with embedded software have gained significant attention.
Many techniques have been developed to predict various pathological disorders, including
image-processing algorithms for medical diagnosis. Similar to the APP developed in this
study, these systems demonstrated improved precision, greater efficiency, and lower costs
for osteoporosis diagnosis. Therefore, simple radiographic examinations are performed to
detect osteoporosis @& 27,

Both methods for bone mineral density (BMD) determination in this study utilized X-ray
radiation to produce two-dimensional images of three-dimensional structures. The image
formation is based on the differential absorption of radiation by the analyzed tissue. Greater
tissue density and thickness correspond to increased radiation absorption, resulting in pixel
intensities on the sensor that form grayscale tones equivalent to the attenuation that occurs
@1, Although DORX does not account for soft tissue attenuation like DXA does, potentially
giving DXA an advantage @8, this experiment used dry bones, eliminating the possibility of
DXA gaining an advantage over DORX.

In all 11 radiographs, the same aluminum phantom with 11 steps of varying heights
(different thicknesses) was used, which was made of a 6063 ABNT aluminum alloy. It was
observed that the thickness was directly proportional to the grayscale tone @9, Consistent
with previous studies, the coefficient of variation was employed as a commonly used method
for assessing the repeatability of bone measurements, ensuring robust statistical analysis of
the results ¢03,
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In the optical densitometry of radiographic images, using an aluminum phantom as a
reference, the method demonstrated that, while it is less precise in determining BMD than
DXA, it can serve as a viable alternative, especially as a screening tool. This is due to its lower
cost and reduced infrastructure requirements, which make it a more accessible option for
patients @®, DXA was used as the reference on the x-axis because it is the gold standard.
Positive and progressive correlations were observed in both bones. The femoral neck samples
showed less dispersion, as indicated by a higher correlation coefficient than the ultradistal
radius (femoral neck, R=0.8; radius, UD, R=0.7).

In this experiment, consistent with other studies 3234, the correlation coefficient was
considered good for the femoral neck and moderate for the UD radius, indicating satisfactory
precision in analyzing anatomical specimens % and supporting the relative reliability of this
method ©%37, Finally, it should be noted that the method presented in this article will undergo
further testing to enable routine clinical application, limiting its current evidence for fracture
prediction ¢, Moreover, the correlation coefficient may have been higher if not due to user
difficulties in precisely delineating the same ROI in examinations performed using different
techniques ©9.

5. Conclusion

The very good correlation coefficient for the femoral neck assessment (R=0.8) and
the good correlation for the ultradistal radius (R=0.7) indicate that the use of the mobile
application developed for bone mineral density quantification may serve as a viable option
to promote the popularization and increased accessibility of bone densitometry in the clinical
evaluation of osteoporosis. Further studies are required, involving both a larger sample
size and examinations performed on live animals, to enable a more robust analysis of the
application's accuracy, sensitivity, and specificity.
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