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Key Handbooks 
 

The main contributions to science and technology in this research are the development and validation of an 

electroacoustic device for the non-invasive detection of osteoporosis, based on the transmission and reception 

of acoustic waves. It is a Mexican technological innovation originating at the University of Guanajuato, which 

represents a clinical alternative to the DXA standard, reducing costs, avoiding radiation, and allowing its use in 

rural communities. It is a proposal for an accessible and portable method that could revolutionize the early 

diagnosis of bone diseases in contexts with limited resources. The key aspects to understand in order to apply 

this to the generation of universal knowledge are: understanding the physical principles of sound in porous 

materials and their relationship to bone density, which broadens the interdisciplinary understanding between 

physics, medicine, and bioengineering. Validation through rigorous statistical analysis (ANOVA, ROC, Bland-

Altman) that ensures international comparability with diagnostic standards (DXA). Contribution to universal 

science through the use of low-cost technologies that promote health equity and technology transfer to 

developing countries. In conclusion, the electroacoustic device is non-invasive, safe, portable, and has no side 

effects. Although it slightly underestimates bone density, it has a specificity of >70%, which makes it useful as 

a screening tool (initial detection). Prospective studies with more patients and at different stages of the disease 

are needed. The prototype is functional and viable for determining between healthy and osteoporotic bone, 

validating its use in clinical settings. The software-hardware system facilitates the automatic calculation of 

diagnostic results in real time. 
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Abstract 
 

Osteoporosis, a major global morbidity affecting individuals over 50, reduces bone mass and commonly 

impacts the hip, spine, and wrist. Dual energy X-ray absorptiometry (DXA) is the diagnostic gold 

standard, but this study evaluated an electroacoustic device as an alternative. Forty-nine women were 

assessed, comparing DEXA T-score values with measurements from the electroacoustic device. 

Statistical analysis using ANOVA and Chi-square test revealed no significant differences, and the ROC 

curve area was 0.551. Bland-Altman analysis indicated excellent agreement between both methods. 

These results suggest that the electroacoustic device provides reliable, non-invasive measurements 

consistent with DXA, supporting this potential as a clinical alternative for osteoporosis diagnosis.   

 

 
 

Electroacoustic device, new diagnosis test, densitometry 

 

Resumen   
 

La osteoporosis, una de las principales morbilidades a nivel mundial, afecta a personas mayores de 50 

años y reduce la masa ósea, impactando principalmente la cadera, la columna y la muñeca. La 

densitometría ósea (DXA) es el estándar de oro para su diagnóstico, pero este estudio evalúo un 

dispositivo electroacústico como alternativa. Se analizaron 49 mujeres, comparando los valores de 

puntaje T de DXA con las mediciones del dispositivo electroacústico. Los análisis estadísticos mediante 

ANOVA y Chi-cuadrada no mostraron diferencias significativas, y el área bajo la curva ROC fue de 

0.551. El análisis Bland-Altman indicó una excelente concordancia entre ambos métodos. Estos 

resultados sugieren que el dispositivo electroacústico ofrece mediciones no invasivas y confiables, por 

lo que podría implementarse como una alternativa clínica para el diagnóstico de osteoporosis. 

 

 
 

Dispositivo electroacústico, nueva prueba diagnóstica, densitometría  
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Introduction 

 

Mexico is in an epidemiological transition characterized by a rapid increase in chronic-degenerative 

diseases. Among them, osteoporosis stands out, which has a significant impact on disease and quality of 

life. The disease affects several areas of the skeleton, including the hips, spine, and wrists, with fractures 

in these areas being the most common and debilitating. According to the World Health Organization 

(WHO), a population-based survey of people over 50 years of age, bone loss and osteoporosis affect 39% 

of the spine and 44% of the hips in men. Among women, the prevalence is 59% in both regions, 

highlighting the disproportionate burden on women (Kanis, 1994). 

 

Osteoporosis is defined as a common disease characterized by decreased bone density and 

degeneration of bone tissue, which increases the risk of fractures and vulnerability. This condition has 

become a serious global public health problem, leading to a 30% increase in morbidity and mortality. 

The economic burden is significant, with annual costs estimated at $25 trillion worldwide, including 

direct medical costs, rehabilitation, and lost productivity (International Osteoporosis Foundation | IOF, 

n.d.). In Mexico, limited public awareness, late diagnosis, and gaps in access to health care. 

 

The current gold standard for diagnosing osteoporosis is the dual-energy X-ray absorptiometer 

(DXA), also known as bone densitometry. This method measures bone mineral density (BMD) and 

provides a T-score, which measures the risk of fracture. Although effective, DXA exposes patients to 

ionizing radiation, albeit at relatively low doses. In resource-poor settings, such as rural Mexico, the cost 

and availability of DXA further limit its widespread use (Blake & Fogelman, 2007, 2013; Jergas & 

Genant, 1997). Another diagnostic method, digital X-ray radiography (DXR), offers a non-invasive 

approach (Artioli, 2017; Jørgensen et al., 2000). Provide. However, its low sensitivity, limited predictive 

value, and high cost make it impractical for large-scale screening of underserved populations. These 

limitations highlight the urgent need for innovative, cost-effective, and non-invasive diagnostic options. 

Recent advances in medical technology have paved the way for alternative diagnostic methods, including 

electrosonography. These devices use acoustic transmission properties to detect changes in bone structure 

and provide a promising solution for the evaluation of osteoporosis. Unlike traditional methods, electro 

sonography is non-invasive, does not require radiation, and is potentially cost-effective. Early research 

suggests that the propagation of sound waves through bone is associated with bone density and structural 

integrity. It provides actionable metrics to assess osteoporosis risk (Deng et al., 2006; Landulpho et al., 

2004; Leibowitz et al., 2023). 

 

The physical principles of sound propagation indicate that sound insulation through porous solids 

differs from that produced in less porous solids of the same material. This phenomenon is explained by 

differences in the density and structure of materials, which affect the speed, attenuation, and frequency 

of sound waves(Ghorai & Tiwary, 2013). Therefore, as the generated acoustic signal passes through the 

bone under study, changes in amplitude and other characteristics of the signal are used as indicators to 

detect the severity of osteoporosis(Njeh et al., 1997). The acoustic signal collected can be described as 

dependent on the density and porosity of the material passing through it.  

 

Physically, these changes are caused by the mechanical properties of the material, such as density 

and modulus of elasticity, which determine the speed of propagation of sound waves. In dense materials, 

sound waves tend to propagate faster, but in porous materials, irregular internal structures scatter and 

attenuate the waves, reducing their speed (Iqbal & Kamiński, 2024; Oliva & Hongisto, 2013). The 

acoustic signal collected can be described as dependent on the density and porosity of the material passing 

through it.  

 

The detection and reflection of sound waves also affect the properties of the material. In low-

density porous media, a higher proportion of the sound energy is reflected rather than transmitted, 

reducing the intensity of the signal passing through the material. On the other hand, in bulky materials 

the transmission is more efficient, and the energy loss is lower (Blackstock, 2000).  

 

Physical principles allow the interpretation of acoustic signals in terms of the intrinsic properties 

of the material. By analyzing changes in parameters such as velocity, amplitude, attenuation and 

dispersion of sound waves, it is possible to identify fundamental properties such as effective density, 

degree of porosity and homogeneity of the material (Lyu et al., 2025) 

 

https://doi.org/10.1007/BF01622200
https://www.osteoporosis.foundation/
https://www.osteoporosis.foundation/
https://doi.org/10.12968/HOSP.2003.64.9.2243
https://doi.org/10.1007/S002239900347/METRICS
https://doi.org/10.1007/S002239900347/METRICS
https://doi.org/10.1007/978-1-4020-4409-0_29
https://doi.org/10.1046/J.1365-2281.2000.00268.X
https://doi.org/10.1016/J.IJOM.2005.09.007
https://doi.org/10.20396/bjos.v3i11.8641780
https://doi.org/10.20396/bjos.v3i11.8641780
https://doi.org/10.1007/978-3-031-38469-1_8
https://doi.org/10.4236/AM.2013.43070
https://doi.org/10.1007/BF01623454
https://doi.org/10.3390/MA17112682
https://doi.org/10.1016/J.APACOUST.2013.06.004
https://www.wiley.com/en-us/Fundamentals+of+Physical+Acoustics-p-9780471319795
https://doi.org/10.1016/J.INDCROP.2024.120145
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Previous studies have established the calibration and validation stages of the electroacoustic 

device, developed at the Medical Physics Laboratory of the University of Guanajuato. In the first stage, 

García t. al. (2021) performed finite element simulations to analyze the propagation of ultrasonic waves 

through cortical bone, providing insight into the acoustic behavior of bone tissue and defining the 

operating parameters of the transducer (Garcia-Perez et al., 2021). Subsequently, (Córdova-Fraga et al., 

2024) investigated the acoustic response of bone samples exposed to solar and infrared radiation, 

revealing significant variations in sound intensity associated with structural changes in the tissue, thus 

confirming the device’s sensitivity to physical variations of the material (Córdova-Fraga et al., 2024). 

Finally, Gutierrez et. al. (2024) conducted the calibration of the system using cylindrical samples of 

different densities and lengths, demonstrating a direct relationship between the recorded acoustic 

intensity and bone density, thereby consolidating the experimental foundation for its future clinical 

implementation in the early diagnosis of osteoporosis (Gutiérrez-Correa, 2024).  

 

The goal of the device is to improve accessibility, reduce healthcare costs, eliminate the use of 

radiation, and promote the prevention of osteoporosis through a portable and inexpensive device. 

Implementation in community health centers could revolutionize screening in Mexico, especially in 

populations with limited access to routine bone mineral density measurements. In addition, 

electroacoustic devices have already demonstrated their usefulness in diagnosing congenital hip 

dislocations in newborns. 

 

Methodology 

 

The device was configured to operate at a central frequency of 256 Hz, chosen for its high sensitivity to 

detect changes in bone density. To accurately measure sound levels, the output values are expressed in 

decibels (dB). This method allows the evaluation of the biomechanical properties of the bone, such as 

sound absorption and dispersion, which are key indicators for the evaluation of fracture risk.  

 

Electroacoustic device 

 

The designed prototype is based on the principle of sound wave intensity to detect the density of various 

solid materials, especially bones. This device, called "bone radar," emits sound waves in the frequency 

range of 100 Hz to 2 kHz. These waves are transmitted through the material to be analyzed, and the 

resulting signal is picked up by a very sensitive microphone. The variability of the acquired signal 

depends directly on the density and porosity of the material. In the case of very porous bones, as occurs 

in patients with osteoporosis, a greater attenuation of the signal and significant changes in properties such 

as reduction in amplitude and changes in resonance frequency are observed. 

 

The configuration of the direct radar system is shown in Figure 1 and consists of the following 

stages: 

 

1. Graphical user interface (Figure 1.a), which consists of an initial step, includes a 3.5" Nextion 

LCD touchscreen (model NX4832T035). This display serves as a graphical interface, as shown 

on the first screen (a.1), the user can select the frequency and measurement time, and on the 

second screen. (a.2), the results are displayed in real time, including graphs of the signals received 

and averages of the data acquired. 

 

2. Control phase (Figure 1.b) consisting of two subparts, the (b. 1) Control by two Arduino Nano 

modules connected in parallel, in which the first module acts as a slave and generates high or low 

digital signals depending on the frequency (range) selected by the user, 100Hz. ~2kHz) and the 

second module acts as a master and connects the data detected by the audio receiver. Control 

interface and data transmission device. The second subpart (b.2) L298 power amplifier increases 

the power of the signal generated by the slave device for transmission to the electromechanical 

transducer. 

 

3. Electromagnetic transducer (Figure 1.c), functions as a transmitter that has a metallic core that 

emits specially directed sound waves.  

 

4. This instrument is placed on the proximal end of the femoral head of the bone (Figure 1.d) to 

ensure efficient transmission of sound waves. 

https://doi.org/10.1109/EMBC46164.2021.9630365
https://doi.org/10.1007/S11517-023-02929-5/METRICS
https://doi.org/10.1007/S11517-023-02929-5/METRICS
http://rcs.cic.ipn.mx/2024_153_1/Development%20of%20an%20Electroacoustic%20Device%20for%20the%20Early%20Diagnosis%20of%20Osteoporosis.pdf
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5. Location of the pubis (Figure 1.e) for subsequent measurement. 

 

6. The Receiver Tip (Figure 1.f) is placed and includes a microphone amplifier MAX4466. This 

component receives audio signals and converts them into corresponding analog signals. 

 

7. The signal is then sent to the data processing system (Figure 1.g), where the captured signal is 

processed by a 16-bit ADC converter built into the NIDAQ-6009 data acquisition board, which 

is a converter that converts analog data to digital data in units of decibels. 

 

The results are displayed in real time using software developed in NI LabVIEW so that they can 

be viewed on mobile devices (Figure 1a.2). The system also allows measurements to be compared with 

existing techniques for the evaluation of bone mineral density. 

 

Box 1 

 

 
 

Figure 1 

Diagram of the system: (a) graphic interface, (b) control stage, (c) emitting 

transducer for signal generation, (d) femoral head, (e) pubis, (f) receiving tip for 

signal acquisition, and (g) data processing. 

Source: Author’s own elaboration 

 

 

In addition, the control software and user interface were implemented to directly display the graph 

of the acquired signal and a number that is the average of the data obtained. A certain time is established 

for the measurement.  Control software was implemented to extract the received signals and calculate 

the average value of the data obtained. The system allows you to define specific measurement times for 

standardized and reliable results. In addition, the graphical interface facilitates real-time data 

interpretation and maximizes use in clinical and research environments. 

 

Experimental Analysis 

 

In the experimental part to characterize the team, nylamide was chosen as the study material due to its 

mechanical and acoustic properties suitable for replicating the structural behavior of rigid tissues such as 

bone. This material has a uniform density, high mechanical resistance and the ability to change porosity 

in a controlled manner, allowing the transmission of sound signals to be evaluated under different 

construction conditions. In addition, it is easy to handle and waterproof, allowing you to prepare test 

samples and obtain accurate measurements in a controlled environment. 
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A series of measurements were made on three 10 cm cylinders of nylamide: 1) the control sample, 

2) changing its porosity with random spaces of approximately 1 mm, and 3) 2 mm. The signal was 

acquired using a microphone (M1) placed 1 cm from the transmitter and a second microphone (M2) 

placed at the end of the cylindrical body.  

 

The acoustic signals were collected by the M1 microphone located 1 cm from the transmitter and 

the M2 microphone located at the opposite end of the cylinder. This experimental design was 

implemented to analyze how sound waves propagate and attenuate when passing through materials with 

different densities and mechanical properties. This arrangement allows us to accurately characterize the 

interaction between sound waves and the internal properties of the material, such as elasticity, uniformity, 

irregularities, or the presence of defects. The results obtained are necessary to understand the relationship 

between the structural properties of materials and their sound-transmitting capacity, which could be 

useful for applications such as non-destructive evaluation, design of acoustic efficient materials and 

development of medical diagnostic devices. 

 

Box 2 

 

 
 

Figure 2 

Experiment setup for acoustic signal measurements where (M1, M2) microphones 

are placed at the ends of the porous material of length (N) through which the signal 

(T) is transmitted. 

Source: Author’s own elaboration  

 

The density of each cylinder was determined using the water displacement method, which 

measures the volume of water displaced when the sample is fully submerged. This procedure provides 

accurate density values by comparing the mass of the cylinder with the displaced volume, establishing a 

baseline for comparison with the radar-acquired signals. To relate the signal response to material 

properties such as density, additional measurements were performed on five volunteers who signed 

informed consent forms. The transmitter and receiver were placed on the left hip bone, separated by a 

fixed distance of 10 cm. The transmitter emitted signals from 100 Hz to 2 kHz in 100 Hz increments, and 

data were acquired using LabVIEW routines. Approximately 46,000 readings were obtained per group, 

averaged into 20 series to calculate standard deviations and evaluate data accuracy. Fourier transform 

analysis was applied to identify frequencies and signal intensities, comparing raw and transformed data 

deviations. 

 

Participants’ Inclusion Criteria 

 

For the additional validation stage, the electroacoustic device is currently being used by resident 

physicians at UMAE Clinical T1 IMSS León (Institutional registration number: R-2023-1001-103, 

Bioethics Registry: CONBIOETICA 11 CEI 003 2018080). It was agreed in the protocol of measures to 

establish it in patients with suspected osteoporosis. The acquisitions at the hospital have been carried out 

by placing the transmitter and receiver in the lower back of the patients. The analysis of the data acquired 

in the first tests of healthy volunteers is presented in the results section. 
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It is a cross-sectional, analytical diagnostic test for patients with clinical suspicion and an X-ray 

indicative of osteoporosis. All subjects included in the study signed an informed consent letter. The study 

group included 45 female patients aged 40 to 92 years, all with suspected osteoporosis diagnoses. All of 

them were patients of the endocrinology clinic of the High Specialty medical unit of the Bajío N. 1 

hospital of the Mexican Institute of Social Security (IMSS), in the city of León, Guanajuato (GTO). The 

inclusion criteria excluded those patients with morbid obesity, incomplete densitometry studies, 

pregnancy, and those who had undergone a study with contrast medium and/or nuclear medicine 48 h 

prior to this measurement study. Subjects with hip replacements were also excluded.  

 

The sample size was calculated according to the report of Amiri L, et al., (2017) where a 

correlation coefficient r = 0.69 was found for densitometry and the presence of osteoporosis in a female 

population. A sample size of 45 patients was obtained, based on the premise that the correlation 

coefficient for an adequate diagnostic test should be equal to or greater than 0.70, a test power of 80%, a 

significance level of 0.05% and a 20% potential non-responder.  

 

Statistical Analysis 

 

The measurements of the subject were arranged in three groups for the statistical analysis: (a) Healthy, 

(b) osteopenia, and (c) osteoporosis. The results obtained were compared for qualitative variables by Chi-

Square and for quantitative by the students’ t-test for independent samples.  

 

The severity of the osteoporosis records was classified according to the method of Amiri L et al., 

(2017), using T-score thresholds as follows: osteoporotic (T-score≤-2.5), osteopenic (-2.5<T-score<-1), 

and normal (T-score≥-1).  

 

A comparison of the severity of the osteoporosis records among the electroacoustic device 

measurements and the T-score values on the Densitometry technique evaluations were done. It was used 

the correlation coefficient of Pearson through the area under the ROC curve with their respective 

confidence intervals by the method of Hanley/McNeil and the cut point. Finally, the Bland-Altman 

analysis was performed for the magnitude of concordance between both methods.   

 

In all statistical tests: ANOVA, Chi-Square and multiple correlations were done. A significance 

value of α = 0.05 was considered.  

 

Ethical aspects 

 

This study was approved by the Research and Ethics Committee of the High Specialty Medical Unit 

Bajío No. 1. of the IMSS, under registration number R-2017-1001-37. The research complies with the 

principles of non-maleficence, justice, and equity established in the General Health Law regulations and 

in international ethical codes, including the Declaration of Helsinki of the World Medical Association. 

The study was classified as minimal risk, since the use of the electroacoustic device is a non-invasive 

procedure at the employed frequency and power levels. Furthermore, no adverse events have been 

reported to date.  

 

Results 

 

The experimental results showed that there were significant differences in signal intensity and acoustic 

behavior between healthy and osteoporotic bones. These differences are directly related to structural 

changes in bone density and tissue elasticity typical of osteoporotic bone, which alter the propagation 

and attenuation of sound waves through bone material. 

 

Experimental analysis 

 

The measured densities in the cylinders by water displacement were approximate: 1) 1.020889 g/ml, 2) 

0.962955 g/ml, and 3) 0.957209 g/ml, respectively. The Fourier spectrum of signals emitted by the radar 

and acquired by two microphones are shown in Figure 3. 
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Box 3 

 

 
 

Figure 3 

Fourier spectrum of 3 nylamide cylinders with different porosity 

Source: Author’s own elaboration  

 

A measurable and comparable difference is observed between the acquired signals, which vary 

in intensity depending on the distance to the receiving microphone and the porosity of the object. For the 

control (homogeneous) sample, the spectrum amplitude is lower than in the other two samples that have 

porosity and a change in density. It is shown that the lower the density of the material, the greater the 

acoustic intensity in the receiver of the device. Therefore, the density of the object is inverse to the 

intensity of the sound that arrives. 

 

Statistical Analysis 

 

Table 1 shows a summary of the participating group. There is no significant statistical difference among 

the main demographic variables and groups. The ANOVA test and the Chi-Square test showed no 

significant difference between the two samples, except for the severe osteoporosis group that was treated 

as osteoporosis. The correlation coefficient of Pearson (r) was performed for the absolute values of the 

femoral densitometry, column, and radius of the electroacoustic device, using a value of r less than 0.50 

in all cases.   

 

The concordance of different means and standard deviations are observed in the Bland Altman 

analysis. The frequency in Hertz of electroacoustics was compared to T-score the proximal femoral level: 

95% of patients were within these values (see Figure 4). Only two cases in the sample fell out of this 

confidence interval −4.4 and −9.2. According to this, the electroacoustic device underestimates the value 

of the femur at 6.8 (see Figure 4).  

 

Finally, the analysis under the ROC curve of the electroacoustic device measurements shows an 

area of 0.551, where the cutoff point value for the frequency in Hertz to define osteoporosis is less equal 

than 4.4 (≤4, 4) with a sensitivity of 58% and specificity of 72% (see Figure 5).   

 

The ANOVA was performed for the comparison of averages, and the post hoc analysis of 

Bonferroni showed a clear difference between the groups with respect to the value of T-score and Z-

score of the femur (see Table 2). This was not the case with the column. Although there is no statistical 

difference with the values of Hertz obtained by the device, there is a clear trend toward greater 

transmission of sound with more osteoporosis.  
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Box 4  
 

Table 1 

Demographic characteristics of the participants 

 
Group Normal level 

N=3 

Osteopenia 

N=30 

Osteoporosis 

N=10 

Osteoporosis 

severe 

N=2 

Age in years (median and 

range) 

61 (50-70) 64.1 (40-83) 73.4 (53-92) 66.5 (64-69) 

Occupation (n%) 

Housewife 3 (100) 23 (76.6) 9 (90) 1 (50) 

Employee 0 7 (23.4) 1 (10) 1(50) 

Residence place (n%) 

León 2 (66.6) 28 (93.3) 7 (70) 2 (100) 

Guanajuato 0 0 1 (10) 0 

Salamanca 0 1 (3.3) 0 0 

Moroleón 0 0 1(10) 0 

Silao 0 1 (3.3) 0 0 

San Fco. Del Rincón 1 (33.3) 0 0 0 

Associated diseases (n%) 

Diabetes 0 6 (20) 1 (10) 1(50) 

Hypertension 0 14 (46.6) 5(50) 1(50) 

Rheumatoid arthritis 0 3(10) 0 0 

Hypothyroidism 3 (100) 2(6.6) 1(10) 1(50) 

Other 0 12(40) 4(40) 0 

Any 0 6(20) 3(30) 0 

Diagnosis Time in years 

(median and range) 

2.6 (1-5) 4.41 (1 month-14 

years) 

6.5 (1-20) 3 (1-5) 

Treatment (n%) 

Raloxifene 0 5(16.6) 2(20) 0 

Zoledronic acid 0 0 2(20) 1(50) 

Denosumab 0 2(6.6) 0 0 

Risedronate 3(100) 17(56.6) 6(60) 1(50) 

Only calcium without 0 4(13.3) 0 0 

TTO 0 2(6.66) 0 0 

 

Box 5 

 

Table 2 

Result comparison for bone densitometry vs. electroacoustic device among groups 

 
 Normal level 

N=3 

Osteopenia 

N=30 

Osteoporosis 

N=12 

p-value 

Femur densitometry 

T-score -0.70±0.10 -1.88±0.54 -2.517±1.13 0.001 

Z-score 0.40±0.55 -0.44±0.69 -0.95±0.92 0.036 

Column densitometry 

T-score -1.70±0.51 -2.30±1.19 -2.80±1.29 0.481 

Z-score -0.16±1.00 -0.63±1.40 -0.84±1.25 0.678 

Frequency of 

electroacoustic 

4.36±1.34 4.60±1.11 4.96±0.94  
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Box 6 

 

 
 

Figure 4 

Bland-Altman analysis between the Electroacoustic device values and the T-score 

of the bone densitometry femur 

Source: Author’s own elaboration  

 

Box 7 

 

 
 

Figure 5 

Area under the ROC curve of the electroacoustic device for the determination of 

osteoporosis 

Source: Author’s own elaboration  

 

Discussion 

 

An analysis of the Albrecht W Popp et al., (2013) and Senn C et al., (2014)  have made it clear that the 

dual-energy X-ray Absorption is an excellent diagnostic technique for diagnosing osteoporosis, 

furthermore, the United States Preventive Services Working Group currently recommends the detection 

of osteoporosis with DXA in women aged 65 years or older, as well as in younger women at risk of 

Fracture. It is not yet clear how and in whom the screening study should be carried out for the timely 

monitoring and detection of at-risk patients.  

https://doi.org/10.1002/jbmr.1775
https://doi.org/10.1007/s00198-014-2703-8
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On the other hand, the electroacoustic device is an innovation from the University of Guanajuato, 

which emits sound at a certain frequency in, for example, one end of the femur and captures the signal 

in the pubis bone. The acoustic signal travels through the femur and hip to the pubis bone: power changes 

and/or frequency behavior in the measurements can be used to diagnose the possibility of hip dysplasia 

and/or osteoporosis.  The evaluation of this non-invasive method shows promise for discriminating 

between healthy and osteoporotic bone: specificity above 70%. While it does not show a statistical 

correlation, the method has a proper match with the gold standard. 

  

Conclusion 

 

The electroacoustic device is non-invasive, safe, without side effects, and portable. Although it tends to 

underestimate the degree of osteoporosis, it promises to be useful as a screening procedure to discriminate 

between healthy and sick bone with specificity above 70%. However, it is that we suggest the need to do 

prospective research studies with a greater number of patients and at different stages of the disease.  

 

The bone radar device was adapted with commercial components and suitable features in terms 

of maintenance, size, shape, and operation of the prototype, corroborating the transmission of the acoustic 

signal. Priority was given to the portability of the device for medical personnel to diagnose patients. 

Based on the results described, it is concluded that the “Bone Radar” is functional, up to the current stage, 

to detect measurable differences between subjects with bone density within the standards typified as 

healthy and subjects with osteoporosis in the hip and lumbar vertebrae.  

 

The device is currently in the validation phase, and small adaptations are being made related to 

the tests carried out on volunteers. These settings include modifying the control software and user 

interface so that received signals can be displayed directly on the touchscreen. 

 

The data reported from the junction, the software has an average calculation during collection, 

processing the signal converted into bone density levels using mathematical formulas to facilitate the 

obtaining of diagnostic results for diseases such as osteoporosis. The conversion is made on a scale of 

special outcomes in three zones: normal T-score ≥-1, osteopenia -1 ≤ T-score ≤ -2.5, and osteoporosis T-

score ≤ -2.5 for easy-to-obtain diagnostic information for diseases such as osteoporosis. 
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