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An Introduction to Bone Scaffolds and their Features

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]; So, its multifunctional soft tissues are attached to it, and with its help, it provides the possibility of movement for human beings [START_REF] Park | Introduction to biomaterials[END_REF][START_REF] Olszta | Bone structure and formation: A new perspective[END_REF]. With age, trauma, crashes 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], illness, and surgery, many changes occur in the body that leads to tissue damage or disruption of their normal function [START_REF] Laurencin | The ABJS Nicolas Andry Award: Tissue engineering of bone and ligament: a 15-year perspective[END_REF]; one of the most important of these tissues is bone [START_REF] Imani | Investigation of the mechanical properties of the porous scaffolds used in bone tissue engineering by means of micromechanical modeling[END_REF][START_REF] Sepehri | Analysis of Fracture Modes in Cortical bone Using Optimized Arcan's Device[END_REF]. Although one of the unique features of bone is its ability to heal itself, adjuvant therapy is needed [START_REF] Park | Bone regeneration in critical size defects by cell-mediated BMP-2 gene transfer: a comparison of adenoviral vectors and liposomes[END_REF][START_REF] Drosse | Tissue engineering for bone defect healing: an update on a multi-component approach[END_REF][START_REF] Schmidmaier | Bone morphogenetic proteins in critical-size bone defects: what are the options?[END_REF][START_REF] Mobini | Fabrication and characterization of regenerated silk/bioglass composites for bone tissue engineering[END_REF]. The bone matrix is mainly made of mineral compounds, so it can bear weight and can serve as a strong skeleton for the body. Bone provides joints for muscles and limbs and is a protective covering for many soft organs. However, the bone function is not limited to the aforementioned issues but also participates in hematopoiesis, which is the responsibility of hematopoietic cells in the bone marrow. Furthermore, bones act as a storage source of calcium, phosphorus, and other vital ions needed by the body. Almost all the body's calcium (about 99%) is accumulated in the bones [START_REF] Park | Introduction to biomaterials[END_REF][START_REF] Mazhuga | Mechanisms of cartilage precursor replacement by bone in the mammalian skeleton[END_REF]. Statistics show that more than 6.2 million bone fractures are seen each year in the United States alone, and approximately 2.2 million bone grafts are performed to repair the damaged tissues. Bone tissue benefits from a high potential for self-healing, which is due to the continuous process of bone renewal. Therefore, bone fractures are repaired spontaneously if they are properly fixed [START_REF] Uffinger | Experimental and numerical investigations of the flow around three different wallmounted cylinder geometries of finite length[END_REF][START_REF] Nik | The Effect of Bone Tissue Engineering Scaffold Architecture on Mechanical Modulation of Cell Layer Behavior[END_REF]. For this reason, in recent years, many researchers have focused their studies on the use of biocompatible materials, cultured with cells and related growth factors, to repair damaged bones; these biocompatible materials are called "bone scaffolds". The bone scaffold [START_REF] Polo-Corrales | Scaffold design for bone regeneration[END_REF][START_REF] Dorati | Biodegradable scaffolds for bone regeneration combined with drug-delivery systems in osteomyelitis therapy[END_REF][START_REF] Mondal | 3D hydroxyapatite scaffold for bone regeneration and local drug delivery applications[END_REF] is a porous structure with suitable biological and mechanical properties that is responsible for providing a suitable substrate for bone growth. However, scaffold, in bone tissue engineering, creates a suitable physical space to accommodate cells and, by exchanging biological molecules, encourages the formation of new tissue. Moreover, scaffolds are then gradually removed and have a temporary role in the bone repair process and are usually made of degradable materials that are gradually destroyed over time so that new bone grows and replace [START_REF] Naghieh | Finite element analysis for predicting the mechanical properties of bone scaffolds fabricated by fused deposition modeling (FDM)[END_REF][START_REF] Adachi | Framework for optimal design of porous scaffold microstructure by computational simulation of bone regeneration[END_REF][START_REF] Ma | Scaffolding in tissue engineering[END_REF][START_REF] Meyer | Bone and cartilage[END_REF]. The important point is that although scaffold plays a temporary role in bone repair, it is of vital and undeniable importance in this process. Various factors affect the performance of a scaffold, the most important of which are good porosity and good mechanical properties. A bone scaffold, however, must have the appropriate mechanical strength to withstand the forces applied. Therefore, the study of the mechanical properties of scaffolds is extremely important in understanding their accurate behavior of them in damaged parts of the body [START_REF] Imani | Investigation of the mechanical properties of the porous scaffolds used in bone tissue engineering by means of micromechanical modeling[END_REF][START_REF] Karageorgiou | Porosity of 3D biomaterial scaffolds and osteogenesis[END_REF]. Likewise, another advantage of the scaffolds is the ease of modeling, production, and the possibility of predicting their geometric properties [START_REF] Nik | The Effect of Bone Tissue Engineering Scaffold Architecture on Mechanical Modulation of Cell Layer Behavior[END_REF]. Other parameters such as porosity size distribution, porosity interconnection rate, scaffold complexity and curvature, porosity surface area, and permeability are other important design factors [START_REF] Sumner | Tip vortex structure for a circular cylinder with a free end[END_REF][START_REF] Roh | Vortical flow over the free end surface of a finite circular cylinder mounted on a flat plate[END_REF][START_REF] Adaramola | Turbulent wake of a finite circular cylinder of small aspect ratio[END_REF].

Scaffold Features

Given the history of the scaffold, today, the primary purpose of using scaffold is to regenerate body tissues. However, each tissue has its own biological as well as physical properties, such as its size and shape (Figure 2); Therefore, each scaffold must, in practice, could introduce specific biological and mechanical effects to improve and modify cellular behavior. For this purpose, each scaffold is designed based on the properties of its target texture. One of the most important points in selecting the type and material of the scaffold. Scaffold allows cells to attach and similarly causes cells to migrate, transport biochemical factors, release nutrients and waste products, and produce cells. The scaffold must have a series of structural features [START_REF] Shirzad | Design, evaluation, and optimization of 3D printed truss scaffolds for bone tissue engineering[END_REF]. The properties of scaffolds are like Extracellular Cellular Matrix (ECM), which plays an important role in physical and chemical amplification signals. However, ECM is an important component in tissues such as cartilage and blood sweat, which provides the necessary mechanical support to tissues and regulates the movement of water, food, and other dissolved substances. It additionally holds cells and tissues together in a network and provides an organizational matrix in which cells can migrate and interact with each other [START_REF] Kim | Development of biocompatible synthetic extracellular matrices for tissue engineering[END_REF][START_REF] Hashemi | Tissue engineering scaffolds: History, types and construction methods[END_REF]. Four of the most important features that should be considered in the design and construction of a scaffold are the following:

Biocompatibility

All scaffolds' primary and important feature is their biocompatibility [START_REF] Polo-Corrales | Scaffold design for bone regeneration[END_REF][START_REF] Dorati | Biodegradable scaffolds for bone regeneration combined with drug-delivery systems in osteomyelitis therapy[END_REF][START_REF] Damien | Bone graft and bone graft substitutes: a review of current technology and applications[END_REF]. Due to this property, cells adhere to the scaffold wall and can migrate there; more importantly, it gives the ability to proliferate [START_REF] Hashemi | Tissue engineering scaffolds: History, types and construction methods[END_REF].

Biodegradability

Scalable biodegradability [START_REF] Polo-Corrales | Scaffold design for bone regeneration[END_REF] is considered another necessary factor so that the scaffold is absorbed by the surrounding tissues and surgery is no longer needed to remove the scaffold. Here is another component called scalability rates for the scaffold. In these cases, the severity of scaffold loss is adjusted by the time required for tissue formation. When the cells on the scaffold acquire the ability to maintain themselves without the need for a scaffold and build a natural matrix structure around them, at this time the scaffold degradability begins [START_REF] Hashemi | Tissue engineering scaffolds: History, types and construction methods[END_REF][START_REF] Bose | Recent advances in bone tissue engineering scaffolds[END_REF]. Scaffold demolition behavior varies according to their application; e.g., the lifespan of scaffolds used in the spine is nine months. However, the scaffolds used in the jawbone should be 3 -6 months old [START_REF] Bose | Recent advances in bone tissue engineering scaffolds[END_REF][START_REF] O'brien Fj | Biomaterials & scaffolds for tissue engineering[END_REF].

Mechanical properties

The mechanical properties of the scaffold must be follow the place of planting and must be able to withstand external loads applied to the area. In the research, carbon nanotubes are utilized to improve the mechanical properties of the scaffold [START_REF] Abarrategi | Multiwall carbon nanotube scaffolds for tissue engineering purposes[END_REF][START_REF] Kharaziha | Tough and flexible CNTpolymeric hybrid scaffolds for engineering cardiac constructs[END_REF].

Scaffold architecture

The scaffold should be designed so that the cavities form an interconnected mesh with high porosity; this is because the penetration of cells and nutrients is accomplished properly and the extracellular matrix is well made. Furthermore, the porous structure of the scaffold must construct in such a way as to allow waste to be eliminated from the scaffold (Figure 1). Generally, the cavities should be large enough to allow cells to migrate inside the scaffold structure; on the other hand, they should be small enough to allow cells to adhesion to the scaffold. As a result, the cells have different cavities for different scaffolds according to their application and construction [START_REF] Greiner | Multifunctional polymer scaffolds with adjustable pore size and chemoattractant gradients for studying cell matrix invasion[END_REF]. Fig. 1. Schematic of process using biodegradable porous scaffold [START_REF] Adachi | Framework for optimal design of porous scaffold microstructure by computational simulation of bone regeneration[END_REF] Fig. 2. Various shapes of scaffolding [START_REF] Greiner | Multifunctional polymer scaffolds with adjustable pore size and chemoattractant gradients for studying cell matrix invasion[END_REF] As a result of the importance of this issue, abundant studies have been conducted in recent years. Tavakol et al. [START_REF] Tavakol | Bone regeneration based on nanohydroxyapatite and hydroxyapatite/chitosan nanocomposites: an in vitro and in vivo comparative study[END_REF], Offeddu et al. [START_REF] Offeddu | Multi-scale mechanical response of freeze-dried collagen scaffolds for tissue engineering applications[END_REF], and Liu et al. [START_REF] Liu | Mechanical properties of bioactive glass (13-93) scaffolds fabricated by robotic deposition for structural bone repair[END_REF] investigated the mechanical properties of bone scaffolds in the laboratory. However, such laboratory studies are very time consuming and costly; For this reason, in recent years, with the development of numerical methods [START_REF] Mobasseri | Intelligent Circuit Application for Detecting the amount of Air in Automobile Tires[END_REF][START_REF] Mobasseri | Intelligent Circuit Application for Monitoring the Employees Attendance[END_REF], several researchers are attempted to apply the methods to evaluate the performance of scaffolds. Naghie et al. [START_REF] Naghieh | Finite element analysis for predicting the mechanical properties of bone scaffolds fabricated by fused deposition modeling (FDM)[END_REF] also used the Finite Element Method (FEM) [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] to predict the mechanical behavior of bone scaffolds produced by the polymer fiber extrusion Fused Deposition Modeling (FDM). Tagliabue, et al. [START_REF] Tagliabue | Micro-CT based finite element models for elastic properties of glass-ceramic scaffolds[END_REF] obtained the mechanical properties of porous glass-ceramic scaffolds using the Finite Element Method based on Micro-Computed Tomography (Micro-CT). The use of micro-CT scan data to accurately simulate the internal structure of scaffolds has been used by numerous academics; including Young [START_REF] Yang | Image-based procedure for biostructure modeling[END_REF], Perez Ramirez et al. [START_REF] Pérez-Ramírez | Micro-computed tomography image-based evaluation of 3d anisotropy degree of polymer scaffolds[END_REF], Madi et al. [START_REF] Madi | Computation of full-field displacements in a scaffold implant using digital volume correlation and finite element analysis[END_REF], Sandino and Lacroix [START_REF] Sandino | A dynamical study of the mechanical stimuli and tissue differentiation within a CaP scaffold based on micro-CT finite element models[END_REF], and Solang et al. [START_REF] Sulong | A model of the mechanical degradation of foam replicated scaffolds[END_REF]. On the other hand, hydroxyapatite has been widely used in the construction of bone scaffolds [START_REF] Mondal | 3D hydroxyapatite scaffold for bone regeneration and local drug delivery applications[END_REF]. The substance provides the greatest potential for use as a bone substitute due to having a composition similar to real bone and not having any adverse effects on the body. In addition, the components are based on hydroxyapatite and could bond strongly to bone. The components provide osteoconductivity, osteoinductivity, and high degradability, among the desirable properties of bone scaffolds [START_REF] Torabinejad | Synthesis and characterization of nanocomposite scaffolds based on triblock copolymer of L-lactide, ε-caprolactone and nano-hydroxyapatite for bone tissue engineering[END_REF]. Consequently, many researchers have used hydroxyapatite to make bone scaffolds [START_REF] Beladi | Cellular compatibility of nanocomposite scaffolds based on hydroxyapatite entrapped in cellulose network for bone repair[END_REF][START_REF] Mondal | Fish scale derived hydroxyapatite scaffold for bone tissue engineering[END_REF][START_REF] Tripathi | A porous hydroxyapatite scaffold for bone tissue engineering: Physico-mechanical and biological evaluations[END_REF][START_REF] Zheng | Fabrication of novel biodegradable porous bone scaffolds based on amphiphilic hydroxyapatite nanorods[END_REF]. Moreover, silk is another natural polymer that is widely used in bone scaffolds; silk is highly regarded as a natural polymer in recovery therapies [START_REF] Vepari | Silk as a biomaterial[END_REF][START_REF] Hardy | Composite materials based on silk proteins[END_REF]. The mechanical strength, biocompatibility as well as long-term degradability of silk have led to much research in bone tissue engineering [START_REF] Hofmann | Control of in vitro tissue-engineered bone-like structures using human mesenchymal stem cells and porous silk scaffolds[END_REF][START_REF] Kim | Bone tissue engineering with premineralized silk scaffolds[END_REF][START_REF] Collins | Bone-like resorbable silk-based scaffolds for load-bearing osteoregenerative applications[END_REF]. The silk application may be the beginning of a new phase in the bone tissue engineering scaffold.

DISCUSSION AND CONCLUSION

Following bone fractures caused by aging, trauma, accidents, and illness accidents, many affected individuals suffer from psychological difficulties because of the non-repair of bone lesions. However, one of the best treatments is the bone scaffold. Mechanical properties are one of the factors affecting the performance of bone scaffolds, and for this reason, in recent years, many studies have been conducted to investigate these properties. Furthermore, making scaffolds used to replace bone tissue can only be achieved if the scaffold is made in various ways, such as chemical, physical, biological, and mechanical properties similar to bone tissue. Combining all these properties in an out-of-body set is only possible if there is a significant resemblance between that external environment and the biological environment of the body due to the complexity of bone tissue and the characteristics of bone tissue and its unique characteristics.
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