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Bone remodeling is subject to numerous research. The process of bone remodeling is the most straightforward process of tissue remodeling in the body, which helps to understand other cellular and metabolic cycles of the body. Bone remodeling theories explain the relationship between loads or stresses and strains on bone and its structure as fundamental principles and mathematical relationships. However, most research is based on histological examinations of dead bones. As a result, various associated phenomena still need to be discovered due to the lack of comprehensive experiments and research in the natural environment of living tissue. In this regard, this reviewbased paper examines research into bone remodeling.

Introduction

Bone is one of the body's vital organs and the main skeletal component of the human body, and due to its rigidity and strength, it functions like a framework and plays an essential role in body weight [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]. However, the soft tissues are attached to the bone and allow humans to move [START_REF] Park | Introduction to biomaterials[END_REF]. Bone marrow is mainly composed of minerals; therefore, it bears weight and serves the body as a rigid skeleton. Bone provides joints for muscles and limbs and is a protective covering for many soft organs. Bone is a rigid, dense tissue that, like other tissues in the body, is fabricated of cells enclosed in a matrix. This base material consists of two parts, namely solid and liquid. The base material is called a matrix because of its exceptional shape. The liquid part communicates with the cell, and the solid part causes the mechanical properties of the bone. The solid part consists of two parts, organic and inorganic. The central part of the organic part consists of a type of protein filament called collagen. The rest of the bone material is fabricated of minerals, most of which are hydroxyapatite crystals. Bone cells are composed of several types of abnormalities, of which three cells, osteoblasts, osteoclasts, and osteocytes, play an essential role in bone processes [START_REF] Rucci | Molecular biology of bone remodelling. Clinical cases in mineral and bone metabolism[END_REF][START_REF] Rowe | Physiology, bone remodeling[END_REF]. In general, osteoblasts play a significant role in bone formation. Additionally, osteoclasts play a major role in the dissolution and reabsorption of bone and osteocytes in the maintenance and stability of the bone. During life, bone undergoes microscopic shape in response to stimuli such as mechanical stress, damage [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], puberty, related hormones, diseases, and other external factors, called the "bone remodeling process". The reabsorption of old bone tissue performs bone remodeling [START_REF] Rucci | Molecular biology of bone remodelling. Clinical cases in mineral and bone metabolism[END_REF] by osteoclasts and deposition of new bone tissue by osteoblasts. However, all the responses result from these cells' functions. The cells affect other cells and the whole remodeling process by converting mechanical effects into chemical factors. Bone remodeling usually occurs in two ways: first, targeted remodeling that occurs in areas where the bone structure is damaged by microscopic defects and aims to keep bone strength from mechanical loads [START_REF] Parfitt | Targeted and nontargeted bone remodeling: relationship to basic multicellular unit origination and progression[END_REF]; second, random remodeling, which occurs repeatedly in different parts of the bone and aims to control the level of minerals in the blood, using mineral sources within the bone tissue, including calcium and phosphate. Furthermore, bone remodeling occurs in two ways; surface remodeling that changes bone geometry or internal remodeling that changes bone density. Moreover, bones act as a source of calcium, phosphorus, and other vital ions required by the body so that almost all the body's calcium (approx. 99%) is stored in the bones [START_REF] Park | Introduction to biomaterials[END_REF]. However, bone is a dynamic tissue [START_REF] Rucci | Molecular biology of bone remodelling. Clinical cases in mineral and bone metabolism[END_REF][START_REF] Raggatt | Cellular and molecular mechanisms of bone remodeling[END_REF] that is constantly changing, and accordingly, three main processes are defined: osteogenesis, bone modeling, and bone remodeling. Osteogenesis is the formation of new bone or cartilage. This is the same process that occurs during the embryonic or early phases of development and in the repair of broken bones. In the osteogenesis process, osteoblast and osteoclast bone cells act independently, producing large amounts of bone in a short time. Bone remodeling refers to the deformation of existing bones. In this process, osteoblasts and osteoclasts work spatially and spatially independently, this means that in some parts of the bone, osteoblasts produce new tissue, and in some places, the osteoclasts destroy existing tissue, which eventually leads to a general deformation of the bone. The third bone process is bone remodeling [START_REF] Raggatt | Cellular and molecular mechanisms of bone remodeling[END_REF][START_REF] Mirulla | Numerical simulations on periprosthetic bone remodeling: a systematic review[END_REF][START_REF] Wang | Mechanical regulation of bone remodeling[END_REF][START_REF] Bahari | Prediction of shape and internal structure of the proximal femur using a modified level set method for structural topology optimisation[END_REF], which is very important in the study of bone diseases [START_REF] Islam | Bone lining (endosteal) cells and hematopoiesis: A light microscopic study of normal and pathologic human bone marrow in plastic-embedded sections[END_REF]. Bone remodeling is described as the long-term process of replacing old and usually damaged bone tissue with new tissue, which changes the internal structure of the bone. In the process of bone remodeling, unlike bone formation and bone deformation, bone cells work in perfect harmony with each other. Spatially, the field of activity of osteoclasts and osteoblasts is at one point; on the other hand, bone remodeling is a slow and gradual process [START_REF] Andersen | A physical mechanism for coupling bone resorption and formation in adult human bone[END_REF]. Three main purposes are defined for bone remodeling; the first is to balance and maintain healthy bone tissue by replacing worn tissue with fresh tissue, and the second is to optimize bone mass. Bone mass is physiologically costly for the body, and the body tends to keep the mass at an optimal level to prevent fractures and other bone damage. The ultimate purpose of rejuvenation is to control blood calcium levels through the storage or use of bone calcium [START_REF] Jee | Histology: Cell and tissue biology[END_REF]. All three of these purposes are achieved by maintaining a balance, which requires the presence of many feedback signals that regulate and coordinate the activity of cells. Some of these feedback signals systematically and generally affect all bone surfaces, and others are local factors that affect specific points. However, many regulatory chemical factors in this system have a range of effects and unknown target cells, making it challenging to study and classify the information in the research.

Remodeling cycle

The process of bone remodeling [START_REF] Raggatt | Cellular and molecular mechanisms of bone remodeling[END_REF] is summarized in six phases: activation, reabsorption, reversal, formation, mineralization, and quiescence. Initially, the bone surface, which is covered with linear bone cells, is activated by changes in regenerative stimuli such as mechanical strain and microscopic cracks resulting from fatigue. Stem cell-derived cells become ready to work by becoming osteoclasts; active osteoclasts then reabsorb the bone, which lasts until the end of the reabsorption phase and the destruction of all osteoclasts. Next, the reversal phase occurs. However, the osteoclast activity of osteoclasts is reversed and becomes osteoblast ossification. After the reversal phase in the ossification phase, osteoblasts fill the cavity in the bone with osteoid. Then, in the mineralization stage, the produced osteoid is converted into complete bone tissue within several months by absorbing minerals. The remnants of osteoblasts either die or become osteocytes or linear bone cells. The last phase is quiescence, in which the bone forms its normal function, and no activity is seen at that point until the next cycles of remodeling begin. Figure 1 shows the phases of the bone remodeling cycle. 

Literature review on bone remodeling:

For the first time, Wolf proposed the assumption of the proportion of bone structure and the loads placed on it.

The assumption of structural and functional adaptation in living tissues, referred to as the functional adaptation principle or the Wolf principle, is now one of the accepted principles in tissue biomechanics. However, there is disagreement about the accurate meaning. Later, with the expansion of studies, the following two principals were expressed:

1-Principle of practical adaptation: states that the bone adapts to its work and function.

2-Max-Min design principle: states that in bone, the highest strength is achieved with the least building materials Weinans et al. [START_REF] Weinans | The behavior of adaptive bone-remodeling simulation models[END_REF] considered bone remodeling activity with changes in apparent density. Then, they predicted the strain energy density distribution in a two-dimensional model and encountered discontinuities in solving Finite Element (FE). In another study, Mullender et al. [START_REF] Mullender | Osteocytes and bone lining cells: which are the best candidates for mechanosensors in cancellous bone?[END_REF] first introduced biological constraints and bone surface conditions. In general, the simulation of bone remodeling provides numerous applications; including proposing optimal implants and fixtures and thus reducing their complications, simulation of osteoporosis phenomenon, determining the optimal load to accelerate the healing of fractures, checking the correctness of force estimates, and performing more precise designs in tissue engineering. Accordingly, accurate simulation of the bone remodeling process substantially contributes to the advancement of various fields of medical engineering [START_REF] Mobasseri | Intelligent Circuit Application for Monitoring the Employees Attendance[END_REF] and, consequently, the treatment of bone diseases. Thus far, numerous works have been performed to simulate the remodeling process [START_REF] Slotta | Structural Design Using Cellular Automata: Virginia Tech[END_REF][START_REF] Rouhi | Theoretical aspects of bone remodeling and resorption processes[END_REF]. However, bone remodeling is one of the most controversial topics in biomechanics due to the complexities of bone structure. Meanwhile, as an example of a spongy bone that plays an important role in daily movements and endurance of forces, simulation of femoral bone proximal remodeling consists of a large part of the studies [START_REF] Tovar | Evolutionary model for bone adaptation using cellular automata[END_REF][START_REF] Bitsakos | The effect of muscle loading on the simulation of bone remodelling in the proximal femur[END_REF][START_REF] Tsangari | Structural and remodeling indices in the cancellous bone of the proximal femur across adulthood[END_REF][START_REF] Waide | Experimental investigation of bone remodelling using composite femurs[END_REF]. The main forces applied as boundary conditions in these analyses are the joint and muscular reaction forces 21. However, various researchers have examined the importance of muscle forces in the studies [START_REF] Britton | Mechanical simulation of muscle loading on the proximal femur: analysis of cemented femoral component migration with and without muscle loading[END_REF]. The effects of nonlinear density changes are similarly investigated [START_REF] Xinghua | A study of the effect of non-linearities in the equation of bone remodeling[END_REF]. By solving the Finite Element Model [1, 2, 28-30] and applying the mentioned forces, the geometry of the proximal part of the femur is estimated with high accuracy [START_REF] Xinghua | The application of topology optimization on the quantitative description of the external shape of bone structure[END_REF]. In most studies, the remodeling process is studied in one of two modes of internal and external remodeling or as two separate processes. However, many researchers believe that although external remodeling is not as common as internal remodeling, external remodeling is always associated with internal one [START_REF] Martínez | External bone remodeling through boundary elements and damage mechanics[END_REF].

3.1-Experimental and clinical studies:

Over the past 40 years, experimental and clinical researchers have studied many physiological and pathological aspects. However, most of these studies are based on histological studies of dead bones. As a result, many related phenomena still need to be discovered because of the lack of comprehensive experiments and research in the natural environment of living tissue. The complexity and high cost of related experiments in the natural environment of living tissue create a powerful potential for mathematical modeling.

3.1.1-Mechanical adjustment of the bone:

This assumption is generally accepted that bone remodeling adapts the bone structure to mechanical factors. However, laboratory studies have shown that strain and microscopic damage play a significant role in regulating remodeling. Studies using alternating loads on dog bones to evaluate remodeling have shown that points with microscopic cracks are selected 4-6 times more often than randomly selected for remodeling [START_REF] Burr | Calculating the probability that microcracks initiate resorption spaces[END_REF]. One possible explanation is that microscopic cracks play a role in reducing and releasing local strains. In this case, the strain-based remodeling hypothesis explains further remodeling at the points of microscopic damage.

3.2-Osteocytes as mechanical sensors of bone:

In an attempt to explain the process of bone adaptation, many researchers have tried to describe how mechanical parameters are sensed in bone. Since osteocytes are embedded in the underlying bone tissue, and linear cells cover the bone surfaces, they have superlative conditions to play this role in the bone. Nevertheless, in vitro studies have shown that these two cell types are stimulated by mechanical factors [START_REF] Haj | Cellular responses to mechanical loading in vitro[END_REF]. However, whether osteocytes, linear cells, or both acts as mechanical sensors have yet to be investigated. One theory is that osteocytes continuously send signals to linear cells as transducers of these signals to the bone surface to prevent osteoclast activity usually. However, if the local strain is lost due to the loss of loads on the bone or due to microscopic damage, the osteoclast barrier is eliminated, and the cells begin to break down the bone tissue.

3.3-Remodeling by microscopic damage stimulus:

Fatigue due to intermittent loads on the bone causes microscopic damage and cracks in the bone tissue; Accumulation of these cracks shall eventually lead to the deterioration of bone mechanical properties. However, to compensate for these injuries, increasing the overall remodeling rate across the bones is by no means an effective method. Therefore, it is logical that there are mechanisms to identify the damaged points and local correction of these injuries. Understanding how local remodeling is stimulated by microscopic bone damage is important in understanding the whole remodeling process. A 2007 study showed that the elongation of osteocytes cultured in a gel leads to the apoptosis of the cells [START_REF] Kurata | Role of mechanically damaged osteocytes in the initial phase of bone remodeling[END_REF]. Nevertheless, this evidence does not necessarily indicate that stretched osteocytes release stimulatory factors for remodeling before apoptosis. Moreover, it is possible that osteocytes release osteoclast-blocking factors before apoptosis and that osteoclasts reabsorb bone post-apoptosis by interrupting the signals. In any case, the fact that bone resorption is associated with osteocyte apoptosis is agreed upon by all researchers [START_REF] Aguirre | Osteocyte apoptosis is induced by weightlessness in mice and precedes osteoclast recruitment and bone loss[END_REF].

On the other hand, it is important to note that microscopic damage is not the only cause of osteocyte apoptosis; e.g., Emerton et al. [START_REF] Emerton | Osteocyte apoptosis and control of bone resorption following ovariectomy in mice[END_REF] also associated osteocytes apoptosis due to estrogen with local bone remodeling.

3.4-Remodeling by strain stimulus:

Since bone, like other organs in the body, does not have a complete nervous system, mechanical factors must be processed by the cells themselves at the site [START_REF] Robling | Biomechanical and molecular regulation of bone remodeling[END_REF]. However, the way strain is converted to cellular signals is still unclear. For example, the strain on bone in the body environment is approximately 0.04 to 0.3% [START_REF] Rubin | Skeletal strain and the functional significance of bone architecture[END_REF], while in vitro, 1 -10 percent strains are required to stimulate the cellular response [START_REF] Murray | The effect of strain on bone cell prostaglandin E2 release: a new experimental method[END_REF]. To resolve the contradiction, Wang et al. [START_REF] Wang | A model for the role of integrins in flow induced mechanotransduction in osteocytes[END_REF] suggest that osteocytes in the body sense the strain of the environment through integrin receptors attached to bone tissue. Moreover, these connections increase cellular strain up to two times the overall strain. Another factor in increasing the amount of strain sensed is interstitial fluid movement in bone tissue due to mechanical loads. In vitro, on the other hand, it is shown that cell deformation due to the fluid flow is associated with the amount of nitric oxide (NO) and the PGE2 factor produced by osteocytes. However, both factors are biochemical mediators in the bone remodeling process [START_REF] Mcgarry | A comparison of strain and fluid shear stress in stimulating bone cell responses-a computational and experimental study[END_REF]. When bone is not under any weight, the loads are low, resulting in a slight reduction in interstitial fluid movement, shear stress, and osteocyte deformation. Alternatively, reduced fluid flow between tissues that are the source of nourishment for osteocytes causes osteocytes to lack admission to the nutrients they require, leading to reduced osteocyte longevity or even apoptosis. However, the osteocytes' apoptosis is not a prerequisite for depleting bone resorption signals. Deactivating osteocyte signals is also possible through other means, such as lack of oxygen in the cells due to lack of mechanical load and necessary interstitial flow. In these cases, as the above conditions are eliminated, and sufficient oxygen and nutrients reach the cells, the signals preventing reabsorption by the osteocytes are rereleased.

4-Discussion and Conclusion

The data from the available models are mainly applied for advances in the stability and strength of bone implants. One of the most important motivations for such research, in addition to reviewing the activities performed in the field of bone remodeling, is to increase the ability to predict the process of the bone remodeling process to understand better the early symptoms of bone diseases such as osteoporosis. From a mechanical point of view, remodeling models are usually phenomenological models that attempt to model bone as a material with certain adaptive properties by general and mechanical controls. In this regard, the models ignore the biological complexities of this process. Therefore, the trend toward cellular models of bone remodeling have increased in recent years. The trend aims to understand better the biological processes that cause bone remodeling and ultimately find more appropriate solutions for external medical intervention in this system.
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 1 Fig.1. Schematic representation of the bone remodeling process[START_REF] Rucci | Molecular biology of bone remodelling. Clinical cases in mineral and bone metabolism[END_REF]