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Osteoporosis is a common metabolic disease that affects individuals' health. In many cases, however, osteoporosis leads to bone fractures, increasing mortality and disability in the elderly. Therefore, the methodology has increased the attention of researchers. This review-based paper examines the research performed on osteoporosis and its diagnostic methods.

Introduction

Osteoporosis is one of the metabolic diseases of the last century that millions of individuals worldwide suffer from [START_REF] Miedany | Current Imaging Techniques[END_REF][START_REF] Kang | Status of DEXA Instrumentation Using Direct and Indirect Detectors[END_REF]. The World Health Organization (WHO) defined osteoporosis as a metabolic disorder of the bone in which mineral density and subsequent mechanical strength of bone are significantly reduced [START_REF] Kanis | Guidelines for diagnosis and management of osteoporosis[END_REF][START_REF] Akkawi | Osteoporosis: current concepts[END_REF][START_REF] Rachner | Osteoporosis: now and the future[END_REF] and lead to bone fracture [START_REF] Rachner | Osteoporosis: now and the future[END_REF][START_REF] Kanis | Interpretation and use of FRAX in clinical practice[END_REF][START_REF] Kanis | European guidance for the diagnosis and management of osteoporosis in postmenopausal women[END_REF][START_REF] Nih | Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy. Osteoporosis: prevention, diagnosis, and therapy[END_REF] by losing the quality of bone microstructure. In osteoporosis, during the permanent process of bone remodeling, the activity of osteoclasts increases in comparison with the activity of osteoblasts and as a result, the amount of minerals that make up bone decreases. Consequently, gradual destruction of bone microstructure, reduction of bone mass (Figure 1), and gradual loss of bone tissue occur and as a result, bone fragility increases [START_REF] Miedany | Current Imaging Techniques[END_REF][START_REF] Lane | Osteoporosis and the osteoporosis of rheumatic diseases[END_REF][START_REF] Sözen | An overview and management of osteoporosis[END_REF]. Generally, spongy bone benefits from a faster remodeling process than dense bone, and as a result, it is affected more rapidly by osteoporosis [START_REF] Majumdar | Application of fractal geometry techniques to the study of trabecular bone[END_REF]. [START_REF] Jamadade | Double blind randomized control study on the efficacy of aesculus hippocastanum in ankylosing spondylitis[END_REF] Furthermore, osteoporosis is a silent epidemic of the present age that usually has no symptoms and it comes up with a bone fracture case not prevented and treated. Approximately 20 to 25 percent of women with osteoporosis are diagnosed after a fracture. The main risk factors of osteoporosis are gender, menopause, race, skeletal size, smoking, caffeine, alcohol, estrogen depletion, premature menopause, reduced calcium intake, and physical inactivity. Additional reasons for osteoporosis are a family background of bone fractures and hyperthyroidism as well [START_REF] Akkawi | Osteoporosis: current concepts[END_REF][START_REF] Bayat | Frequency of osteoporosis and osteopenia in post-menopausal military family's women[END_REF][START_REF] Bischoff | Effects of vitamin D and calcium supplementation on falls: a randomized controlled trial[END_REF][START_REF] Ensrud | Osteoporosis [published correction appears in[END_REF][START_REF] Qaseem | Treatment of low bone density or osteoporosis to prevent fractures in men and women: a clinical practice guideline update from the American College of Physicians[END_REF][START_REF] Ramírez | Prevalence and risk factors for osteoporosis and fractures in axial spondyloarthritis: a systematic review and meta-analysis[END_REF][START_REF] Tawaratsumida | Risk factors for bone loss in patients with rheumatoid arthritis treated with biologic disease-modifying anti-rheumatic drugs[END_REF]. Next to heart attack, stroke, and cancer, the World Health Organization has identified osteoporosis as the fourth major human cause of death. Moreover, it is reported that the most important cause of bone fracture in the world is osteoporosis [START_REF] Naemi | Study of knowledge and practice of physiotherapists toward osteoporosis in Tehran in1999-2000[END_REF][START_REF] Nabavizadeh | Exploring the Correlation between TNC Gene and Osteoporosis[END_REF][START_REF] Dunnewind | Economic consequences and potentially preventable costs related to osteoporosis in the Netherlands[END_REF] and accident with vehicles [START_REF] Mobasseri | Impact of driving style on fuel consumption[END_REF][START_REF] Mobasseri | Traffic noise and it's measurement methods[END_REF][START_REF] Mobasseri | Intelligent Circuit Application for Detecting the amount of Air in Automobile Tires[END_REF]. Statistics show that women are four times more likely to develop osteoporosis than men [START_REF] Bayat | Frequency of osteoporosis and osteopenia in post-menopausal military family's women[END_REF]. Studies on osteoporosis show that approximately 200 million individuals are affected by this disease worldwide [START_REF] Akkawi | Osteoporosis: current concepts[END_REF][START_REF] Forouzi | Study of knowledge and attitude of Rafsanjanian female teachers toward prevention of osteoporosis[END_REF][START_REF] Johnell | An estimate of the worldwide prevalence and disability associated with osteoporotic fractures[END_REF][START_REF] Cummings | Risk factors for hip fracture in white women[END_REF]. However, the researchers concluded that osteoporosis is mainly associated with a decrease in bone mineral density (BMD) and an increased risk of fragility and worsening bone condition, and this epidemic usually leads to bone failure [START_REF] Bischoff | Effects of vitamin D and calcium supplementation on falls: a randomized controlled trial[END_REF][START_REF] Kanis | Diagnosis of osteoporosis and assessment of fracture risk[END_REF][START_REF] Cranney | Low bone mineral density and fracture burden in postmenopausal women[END_REF][START_REF] Mcclung | The relationship between bone mineral density and fracture risk[END_REF][START_REF] Bell | Alendronate increases bone mass and reduces bone markers in postmenopausal African-American women[END_REF][START_REF] Greenspan | Alendronate improves bone mineral density in elderly women with osteoporosis residing in long-term care facilities: a randomized, double-blind, placebo-controlled trial[END_REF]. Bone properties at the cellular, microstructural and macrostructural levels affect its mechanical properties. In general, the following factors affect bone fracture resistance: bone morphology (size, shape, or distribution of bone mass and microstructure such as trabecular tissue structure, porosity, and thickness of cortical tissue), properties of bone tissue materials (density, degree of bone mineralization, extent of microinjuries and properties of collagen) and bone remodeling [START_REF] Felsenberg | The bone quality framework: determinants of bone strength and their interrelationships, and implications for osteoporosis management[END_REF][START_REF] Bouxsein | Quantifying the material and structural determinants of bone strength[END_REF]. Due to the direct relationship between aging and osteoporosis, ongoing research is performed on the mechanisms of bone loss associated with aging. In the process of aging, however, a series of changes take place in cells and tissues that ultimately lead to harmful risks [START_REF] Rodríguez-Rodero | Aging genetics and aging[END_REF][START_REF] Kuo | Bone biomarker for the clinical assessment of osteoporosis: recent developments and future perspectives[END_REF]. Loss of balance in bone regeneration is another factor that leads to osteoporosis [START_REF] Raisz | Pathogenesis of osteoporosis: concepts, conflicts, and prospects[END_REF]. The researchers found that bone strength, in addition to bone density and quality, depended on its geometry and size; therefore, the density of bone minerals cannot fully indicate an accurate and complete measure of bone strength [START_REF] Cefalu | Is bone mineral density predictive of fracture risk reduction?[END_REF]. In this regard, to accurately and reliably predict the risk and force of failure, researchers have used the computational method of Finite Element Analysis (FEA) [START_REF] Mobasseri | Approximated 3D non-homogeneous model for the buckling and vibration analysis of femur bone with femoral defects[END_REF][START_REF] Mobasseri | Bending and Torsional Rigidities of Defected Femur Bone using Finite Element Method[END_REF][START_REF] Mobasseri | A Comparative Study Between ABS and Disc Brake System Using Finite Element Method[END_REF][START_REF] Habibi | Drug delivery with therapeutic lens for the glaucoma treatment in the anterior eye chamber: a numerical simulation[END_REF][START_REF] Mobasseri | Dynamic Behaviour of Dragonfly Wing Veins including the Role of Hemolymph[END_REF], in which a set of variables including the exact geometry of the bone mineral density distribution and other mechanical properties of the element are used to simulate a more accurate behavior of the bone [START_REF] Cody | Femoral strength is better predicted by finite element models than QCT and DXA[END_REF]. Recent studies also show that using finite element models made from images of a Quantitative Computed Tomography (QCT) system assesses bone strength with great accuracy and determines the risk of failure [START_REF] Mohammadi | Prediction of femoral fracture pattern using finite element analysis of dual-energy X-ray absorptiometry-based model[END_REF][START_REF] Mirzaei | Analysis of strength and failure pattern of human proximal femur using quantitative computed tomography (QCT)-based finite element method[END_REF][START_REF] Mirzaei | QCT-based failure analysis of proximal femurs under various loading orientations[END_REF].
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Literature review

Researchers have been studying bone strength and its effect on health due to its direct effect on the quality of life. In late 2001, Keyak conducted the first nonlinear study on the femur, to achieve more favorable results and more consistent with experimental tests [START_REF] Keyak | Improved prediction of proximal femoral fracture load using nonlinear finite element models[END_REF]. In 2003, Keyak et al. [START_REF] Keyak | Comparison of in situ and in vitro CT scan-based finite element model predictions of proximal femoral fracture load[END_REF] compared the results of Computed Tomography (CT) of bone, both in-vitro and in-vivo condition. In 2004, Bessho et al. [START_REF] Bessho | Prediction of the strength and fracture location of the femoral neck by CT-based finite-element method: a preliminary study on patients with hip fracture[END_REF] applied the finite element method to predict the force and position of femur fractures. However, they could predict the position of failure and the force required for failure. In 2009, Yang et al. [START_REF] Yang | Use of DXA-based structural engineering models of the proximal femur to discriminate hip fracture[END_REF] examined a finite element model based on two-dimensional images obtained from a bone density measurement report. However, applying an advanced version of the Holographic Analysis Software, they obtained a map of the mineral density of the femur. Later, in 2011, to analyze the two-dimensional finite element of the femur, Luo et al. [START_REF] Luo | A preliminary dual-energy X-ray absorptiometry-based finite element model for assessing osteoporotic hip fracture risk[END_REF] utilized surface bone density data from dual X-ray absorption images. For this purpose, the two-dimensional geometry of the model was first obtained from a two-dimensional contour of the bone density measurement image (Figure 2). Fig. 2. Two-dimensional finite element analysis steps in l slide-falling loading mode [START_REF] Luo | A preliminary dual-energy X-ray absorptiometry-based finite element model for assessing osteoporotic hip fracture risk[END_REF] In 2013, Naylor et al. [START_REF] Naylor | Use of DXA-based finite element analysis of the proximal femur in a longitudinal study of hip fracture[END_REF] used the Finite Element Method based the dual X-ray absorption method [START_REF] Mobasseri | Intelligent Circuit Application for Monitoring the Employees Attendance[END_REF] to determine the strength of the femur under the impact load of falling and slide-falling. In this study, the mineral density map obtained from the dual X-ray absorption method was used to construct a plate model with a fixed thickness of the femur. In 2019, Lou [START_REF] Luo | Empirical functions for conversion of femur areal and volumetric bone mineral density[END_REF] achieved an experimental relationship between surface density and femoral volume density. Then, the effect of thigh width on these relationships was investigated and the final relationship between thigh bone volume surface density concerning thigh neck width was presented. Studying rare diseases such as osteoporosis helps study the process of osteoporosis in the elderly. However, methods of diagnosing osteoporosis are divided into two general methods of measuring bone density [START_REF] Lane | Osteoporosis and the osteoporosis of rheumatic diseases[END_REF] and methods of geometric examination of bone structure.

Methodology 3.1. Methods of measuring bone density [9]

3.1.1. Radiographic methods: Conventional radiographs estimated bone mineral density before bone density measuring apparatuses developed. In a standard radiograph, the bone is denser and relatively whiter, while the demineralized bone appears as soft tissue. However, the method is qualitative and does not determine the exact amount of osteoporosis.

Single-Energy Densitometry:

The first bone density scanning apparatus was built in 1960. The apparatus determined the density by passing a beam through the arm and measuring the amount of beam attenuation between entering and leaving the body. To eliminate the effect of soft tissue covering the bone in beam attenuation, it was necessary to place the measured site in water. Since immersing the whole body in the water seemed impractical, the apparatus was used only for the superficial bones of the body, such as the arm or heel. Because of these limitations, single-energy densitometry apparatuses were replaced by dual-energy densitometry ones.

Dual-Energy Densitometry:

Due to the limitations of Single-Energy Densitometry systems, a dual absorptiometry x-ray (DEXA) apparatus was developed, the most common method of measuring bone density and osteoporosis today (Figure 3). In DEXA systems, a narrow, invisible X-ray is submitted to the bone at a low dose at two different energy levels, in which one peak is absorbed mainly by soft tissue and the other by bone. The amount of energy absorbed by the soft tissue is eventually subtracted, and what remains is the density of the bone tissue. The radiation used in this method is one-tenth of the standard chest x-ray. In this method, conventional CT scanners are used to measure bone density. Quantitative Computed Tomography (QCT) is the only non-invasive method for the three-dimensional measurement of bone density. This means that, unlike other methods where bone surface density (in grams per square centimeter) is reported, QCT reports bone volume density (in grams per cubic centimeter). Although the dose of radiation used in this method is much lower than the usual CT scan dose, it is still much higher than the other methods (i.e. DEXA). Furthermore, the time required for measurement, calibration, and the cost is more than other previous methods and therefore limits its clinical application.

Quantitative Ultrasonography:

Ultrasound is a relatively new diagnostic method for assessing BMD. In this method, bone density is calculated by passing sound waves from the desired position and measuring the speed and attenuation of the waves. However, the approach is not as accurate as other BMD measurement methods. The method is worth considering since ultrasonography is possible in the clinic, and no radiation is passed through the body.

Methods for quantifying the structure of spongy bones:

Although bone density is directly related to its strength and can therefore predict fracture risk, many studies have shown that bone density alone is not sufficient to describe the properties of spongy bone [START_REF] Majumdar | Application of fractal geometry techniques to the study of trabecular bone[END_REF]. In the case of osteoporosis, many biomechanical properties in skeletal structure affect bone quality and, at the same time, depending on factors other than bone density. Among these factors, the followings are the most important: distributing minerals in three dimensions, connectivity of the trabeculae, trabecular spacing, microstructural characteristics, and loading skeletal structure. For this reason, methods by which other factors affect the properties of spongy bone -including a quantitative description of bone structure -have been highly regarded by scientists [START_REF] Majumdar | Application of fractal geometry techniques to the study of trabecular bone[END_REF].

Conclusion

Osteoporosis is a common bone disease [START_REF] Miedany | Current Imaging Techniques[END_REF][START_REF] Kang | Status of DEXA Instrumentation Using Direct and Indirect Detectors[END_REF] that causes abnormal thinning of bones, weakness, and facilitation of fractures by progressively reducing bone density. However, osteoporosis is a major global epidemic that leads to fractures and significant treatment costs in many cases. One of the most important causes of osteoporosis is aging. The paper studies different methods of assessing bone fractures.
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