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Abstract. Bone damage in the oral cavity is commonly caused by trauma, such as accidents, tooth extractions, or tumors. While bone tissue possesses a limited capacity for self-repair, extensive damage often necessitates the use of substitute materials. Bone grafts or scaffolds serve as alternatives to support bone regeneration by promoting the formation of new bone tissue. An ideal scaffold should possess key characteristics, including biocompatibility and biodegradability, enabling it to provide a suitable microenvironment for cellular differentiation and bone formation. The scaffold's degradation rate and profile must align with the tissue regeneration timeline, which is largely influenced by its structural integrity. This can be modulated through cross-linking techniques that enhance mechanical strength and control degradation behavior. Therefore, the development of a scaffold requires careful consideration of degradation dynamics, appropriate cross-linking strategies, and optimal porosity to facilitate cellular activity and bone growth. In conclusion, scaffold design must be tailored specifically to the objectives of tissue engineering, particularly in the context of bone regeneration, to effectively replace and restore damaged bone structures.
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introduction
Loss of bone tissue in dentistry is usually caused by the removal of relatively large amounts of tissue, which can be due to tumors, trauma, accidents, fractures, or tooth extraction. The human body, in this case, bones, has the ability to repair bones again. However, if the damage is extensive enough, intervention is needed for the bone repair and regeneration process. Bone graft is a method that is widely used and developed in the field of dentistry. Graft functions as a replacement material that is implanted into the body for tissue regeneration, formation of blood clots, and tissue remodeling [1].
There are various types of graft materials; autogenous is the gold standard, but it has several disadvantages. Taking a graft from another part of the body itself will cause wounds, and infection can occur if the sterilization treatment does not comply with standards. The use of other materials, for example using bones from the bodies of other individuals or other species, also causes several problems. Another alternative is allograft, which uses synthetic material [2].
In developing allograft materials, proper design is required to achieve the goal of bone tissue regeneration.  The form of material that is easy to apply, which is flexible with the shape of bone damage, biocompatible, and biodegradable, facilitates a microenvironment suitable for bone cells and others [3]. Bone graft can also be called a scaffold in general. Scaffold development must consider the essential materials for biocompatible design and structural strength. Apart from that, the structural strength design must also be adjusted to the degradation profile of the scaffold, which must be designed according to the time spent by bone cells to form bone. This will be closely related to the cross-linking process of materials in accordance with the aim of bone regeneration. Proper research is needed to find the appropriate crosslink method and timing. The degradation of a scaffold must be completely used up and nothing left, so that it does not cause other problems such as being considered a foreign object by the body [4,5]. Hopefully, this review will provide information on the development of bone grafts, especially for bone regeneration. 
LITERATURE REVIEW
Type of Scaffold
Bone graft, also called scaffold, is a bone substitute material for bone regeneration. Tissue engineering technology is a multidisciplinary field involving three-dimensional networks combining scaffolds, cells, and bioactive molecules that apply biological principles [6].
Based on its class, bone graft is divided into autograft, allograft, xenograft, and alloplastic graft (from synthetic materials) [7]:
Autograft
Autogenous is bone taken from another part of the body but from the same individual, but this method can cause injury to other parts, hypersensitivity, and can be at risk of infection. This complication can occur in 10-30% of patients [8]. Autograft is a bone graft involving the utilization obtained by the same individual. Autograft can also be done without a solid bone structure, for example, using the spine. Autograft has osteoinductive, osteogenic and osteoconductive properties [9]. Osteoinductive, cytokine-containing autografts. In osteogenesis, autografts contain osteoblast cells that can produce bone matrix. Osteoconductive, the matrix in autografts functions as a scaffold for new bone deposition [10]. Of the various types of bone grafts, Autograft is the "gold standard" as a bone graft.
Allograft
Another alternative is allografts (bone taken from the same species) or synthetic material transplantation; the disadvantages are poor re-vascularization, causing significant resorption, immunogenic reactions, and the risk of spreading the virus to the patient [8]. Allograft that comes from another individual. Allografts are taken from the bones of corpses who have donated their bones so that they can be used on people who need them. They also risk rejection from the immune system and the possibility of contracting infectious diseases because they come from outside the body, namely from other individuals. The advantage that can be taken from allografts is the availability of sources from corpses that are ready in various shapes and sizes [9,10].



Xenograft
Xenografts are replacement bones originating from species other than humans, such as cattle, usually distributed as a calcified matrix. xenografts have good osteoconductive and osteoinductive abilities but do not have good osteogenic abilities. It also carries the risk of rejection from the immune system and the possibility of contracting infectious diseases because they originate from animals [7,9]. 
Alloplastic graft
Alloplast is a synthetic material developed to overcome problems related to the use of autografts. The main advantages of alloplast are that it is suitable for natural materials, there is no risk of disease transmission, & very low antigenicity. The most common alloplast materials are hydroxyapatite, bioactive glass, tricalcium phosphate, & dicalcium phosphate. Alloplast can be produced in various shapes and with various physiochemical properties, success in using alloplast is a relatively rough structure [11].
Scaffold Materials
Biomaterials used in tissue engineering include metals, ceramics, and polymers. Metal and ceramic are no longer used because they are not biodegradable, and the availability of materials is limited. Biomaterials that are currently widely used in the field of tissue engineering are polymers [12]. Scaffolds can be made from biomaterials such as synthetic polymers, natural polymers, and ceramics. Natural polymers commonly used in tissue engineering are gelatin, chitosan, fibrin, collagen, hyaluronic acid, and alginate [13]. Based on cell carrier capability, polymer-based scaffolds can be divided into 2 types: poly (α-hydroxy ester) and hydrogel. Hydrogel has a hydrophilic polymer network system, so it has several advantages, including; a) the material is flexible and similar to the extracellular matrix; b) the pores between the tissue provide space for cells to proliferate to form new bone tissue and provide a supply of nutrients and oxygen for these cells; and can control the volume of water absorbed in empty and porous space [14]. 
The polymer itself consists of 2, namely natural and synthetic polymers. Natural polymers are more often used in tissue engineering because their components are similar to extracellular matrix. These natural polymers include gelatin, collagen, alginate, fibrin, and hyaluronic acid [13]. Gelatin is a hydrogel-shaped polymer derived from collagen through hydrolysis; collagen is the main organic component in bones [14]. The gelatin used as the base material is made in such a way through a gelation and lyophilization process to produce a porous scaffold [15]. Natural polymers used as tissue engineering materials are fibrin, collagen, gelatin, chitosan, alginate, agarose, and hyaluronic acid [16]. Natural polymer materials can biologically increase cell activity for adhesion and good growth. In addition, natural polymers are also biodegradable, allowing cells to produce an extracellular matrix that will replace the degraded scaffold [17]. Hydrogel is a three-dimensional network structure obtained from synthetic or natural polymers that can absorb and retain a certain amount of fluid [18]. Collagen is the extracellular matrix's main protein component and supports connective tissue such as tendons, skin, bones, cartilage, blood vessels and ligaments. Collagen can come from isolated animal tissue and can be produced by recombinant technology. It is defined by high mechanical strength, good biocompatibility, low antigenicity and cross-linking ability, and being adapted for mechanical processing, degradation, and water absorption properties. Basically, the properties of the scaffold can be varied by using different concentrations of collagen [19]. Collagen-based biomaterials are among the most important for tissue engineering techniques and regenerative processes due to their superior biocompatibility and low immunogenicity [20].
Gelatin is a natural polymer derived from collagen. It is included in the natural polymer hydrogel material, which is extracted from the bones and skin of various types of animals. Hydrogel is almost the same as gel, but the difference lies in how the polymer reacts with water. The hydrogel will experience swelling when absorbing water, while the gel will simply dissolve in water [21].
Hydrogels have the ability to retain water in the spaces available between polymer chains. Hydrogels have been widely used in various biomedical applications for wound management and tissue engineering. Gelatin hydrogel is an ideal scaffold because it has good material properties and a good degradation process. Hydrogels can be classified into two groups, namely permanent hydrogels and temporary hydrogels, depending on their cross-reaction properties. Cross-reaction involves the formation of covalent bonds, so hydrogels are referred to as permanent hydrogels [22], while temporary hydrogels are when a network of molecules is involved, and a collection of secondary molecules can also be involved. Secondary molecules include ionic, hydrogen bonds or hydrophobic interactions [18].
Coral is used as a bone substitute material because it is easily shaped to the required shape and size. Coral has biocompatible, osteoconductive properties and can function as a system for bone growth factors. This is interconnected because coral has a three-dimensional porous structure, which provides a large internal surface for cells to migrate and allows the growth of new bone [23].
Calcium carbonate (CaCO3) has begun to be used in various fields, such as health, food, and industry. When potassium carbonate is synthesized using water, three types of crystals will form: calcite, vaterite, and aragonite. The formation of various crystal forms is influenced by temperature, solution pH, degree of saturation, CO2 flow speed when using the carbonation method, and the presence of additives. Each phase requires different environmental conditions and structuring energy [24]. 
Application of Scaffold
The structure of Hydrogel scaffold mimics bone extracellular matrix. Acting as a nutrient site, structural support of cells with surrounding tissues, and low inflammatory response after transplantation.  Hydrogels scaffold have been shown potential in bone repair, especially when combined with stem cells [25,26]. TCP β-based scaffolds combined with stem cells show faster bone maturation and neurovascular formation [27]. Bio glass scaffolds containing boron that regulate micronutrients, are 3-dimensional in shape with uniform pores, presenting faster bone formation [28].
Electrospining emulsion gelatin nanofibrous scaffold combined with Platelet Rich Plasma can improve scaffold structure, help control released growth factor and show the ability to regenerate cranial bone [29].  Xenogenic scaffolds supplemented with platelet rich fibrin are also used for bone tissue regeneration. The results showed an increase in angiogenesis and bone regeneration [30].
Degradation Process
Degradation is a process where the scaffold begins to experience various declines in function and mechanical properties, which the body must then absorb. Scaffold degradation is influenced by several factors such as polymer structure, molecular weight, copolymer composition, temperature, and environmental pH. During the degradation process, changes in the properties of the scaffold occur, namely changes in mechanical properties, changes in molecular weight, changes in dimensions, and changes in porous morphology. Scaffold degradation is an important parameter in forming new tissue because good scaffold degradation occurs simultaneously with forming new tissue [31].
Based on these various changes in properties, the degradation process is divided into three stages. The first stage is quasi-stable. This first stage is then divided into two sub-stages: stage I-1 and stage I-2. Stage I-1 The mechanical properties of the scaffold increase, and the porous dimensions decrease while the molecular weight remains constant. Changes in scaffold dimensions can affect the increase in the mechanical properties of the scaffold. Shrinking of scaffold dimensions causes changes in porosity and damage to the scaffold structure. Stage I-2 saw changes in all scaffold properties except molecular weight; there were no significant changes. In the second stage, the mechanical properties experienced a drastic decrease, and the molecular weight dimension (MWD) area expanded, but the weight and dimensions remained constant. In the third stage, weight loss occurs, dimensions decrease, and finally disruption of the scaffold occurs. Weight loss coincides with the release of acid products into the PBS solution. Therefore, weight loss will occur quickly when the pH decreases due to the release of acid products. Apart from weight loss, the scaffold will also become brittle, its mechanical strength is very small and even difficult to measure, and there will be a large change in porous morphology until finally, the scaffold starts to disappear [32].
Scaffold Crosslinked
The degradation process will proceed quickly if the scaffolds are still original and have not been crosslinked. To regulate the duration of degradation, a crosslinking process is needed. Crosslinking is a process to stabilize the bonds between polymers so that they are not easily degraded [33]. There are 2 types of crosslinking, namely physical and chemical. Physical crosslinking is usually stabilized by ionic bonds, hydrogen bonds and hydrophobic interactions. The main advantage of physical cross-linking methods is biomedical safety due to the absence of chemical cross-linking agents, thereby avoiding potential cytotoxicity. Physically cross-linked hydrogels are usually stabilized by ionic/electrostatic interactions, hydrogen bonds, or hydrophobic interactions [34].
Chemical crosslinking techniques include photopolymerization, enzyme-induced cross-linking, and Schiff base formation. Compared with physically cross-linked hydrogels, chemically cross-linked hydrogels generally exhibit better stability under physiological conditions, excellent mechanical properties, and tunable degradation behavior due to forming permanent covalent bonds. Apart from that, the bonds created are larger and more permanent, for example, permanent covalent bonds [35]. Chemical crosslinking agents can be synthetic and natural cross-linking agents. Synthetic can be Glutaraldehyde or 1-Ethyl-3-(3-dimethyl aminopropyl)-carbodiimide. Natural Cross-Linking Agents are genipin and citric acid [36]. Meanwhile, physical crosslinking agents are temperature-triggered hydrogels and ionic crosslinking agents [37].
Scaffold as a Microenvironment 
Scaffolds function to support cell growth and growth factors in the process of tissue or organ reconstruction. To successfully carry out this function, a scaffold must meet the requirements to function properly, such as having good porosity to support the vascularization process, having sufficient mechanical strength, biodegradability, and biocompatibility. The scaffold must also be able to provide a suitable environment for the processes of cell adhesion, proliferation, and differentiation [11].
Scaffolds can facilitate cell microenvironments, homes for cells to settle and live. The scaffold must have biocompatible characteristics, where cells can attach and grow. Scaffold porosity has an important role, where the size of the pores can facilitate large cells' attachment, growth, proliferation, and differentiation. Apart from that, there must be interconnectivity between pores so that they can facilitate the entry of nutrients to cells and the removal of waste metabolites [3].
DISCUSSION
Bone regeneration is a process in which bones can repair themselves, bone damage caused by trauma, such as fractures. Bone regeneration occurs when bones experience trauma and can be repaired if the damage is minimal. If a critical defect has been reached, a substitute material is needed to repair the bone damage. After a bone fracture, there is bleeding from the torn blood vessels, and blood clots occur. Fibroblasts enter the blood clot area and form granulation tissue called prokatus. The granulation tissue that forms then becomes dense fibrous tissue, which then turns into a mass of cartilage called a temporary callus, which unites the broken bones [10,13].
Degradation is a process where the scaffold begins to experience various declines in function and mechanical properties which the body must then absorb. Several factors, such as polymer structure, molecular weight, copolymer composition, temperature, and environmental pH influence scaffold degradation. During the degradation process, changes in the properties of the scaffold occur, namely changes in mechanical properties, changes in molecular weight, changes in dimensions, and changes in porous morphology [32]. Biodegradation means that the scaffold must be able to degrade when the regeneration process of damaged parts is complete. The scaffold's degradation speed must be adjusted so that it corresponds to the speed of new tissue growth so that by the time the regeneration process is complete, the scaffold has been completely degraded. The mechanism for degradation involves physical and chemical processes mediated by biological agents such as enzymes [31].
Degradation, porosity, and swelling are characteristics of scaffolds [38]. Degradation of porous scaffolds plays an important role in engineering new tissues. The degree of degradation of porous scaffolds can affect cell vitality and growth. Once the scaffold is implanted in the body, the porous scaffold must maintain its mechanical properties and structural integrity until the cells are loaded, can adapt to the environment, and secrete sufficient amounts of extracellular matrix. Therefore, the body must completely degrade and absorb the scaffold [39].
The average degradation of polymer scaffolds with a porous structure tends to be slower than polymer scaffolds with a solid structure because in solid polymer scaffolds, acid degradation products will be trapped; this causes an autocatalytic effect. In contrast to scaffolds with high porosity where the degradation process is slower, acid degradation products will quickly be released and come out of the scaffold [32]. The release of body factors from new gelatin can occur when the hydrogel is degraded, so the rate of degradation of the scaffold must be balanced with the rate of new tissue formation [40].
The degradation process can be manipulated by controlling the crystallinity, molecular weight, and copolymer ratio [12]. This process will decrease rapidly if degradation occurs simultaneously on the surface and inside of the scaffold. therefore, the rate of degradation of porous scaffolds will be slower, and degradation will occur after the scaffold undergoes a maximum swelling process [39]. Apart from that, the process and duration of degradation can also be manipulated by cross-linking. Research is needed to design crosslinking that suits the purpose of tissue regeneration. Physical crosslinking is the formation of bonds between polymer chains through weak interactions. Often, these interactions tend to take the form of ionic bonds. For example. Sodium alginate gel forms ionic bonds when exposed to calcium ions. This cross-linking involves the formation of bridges between alginate chains. Another typical example includes the addition of borax to polyvinyl alcohol, which forms hydrogen bonds (weak interaction forces) between the boric acid and the alcohol groups on the polymer. Some substances that can undergo physical cross-linking include gelatin, collagen, agarose, and agar-agar [34, 37].
Generally, physical cross-links are mechanically and thermally unstable. A class of polymers known as thermoplastic elastomers tend to rely on physical cross-linking in their microstructure. These cross-links provide material stability, making them useful in non-tire applications like tires. snowmobile tracks, and catheters for medical purposes. This is because physical cross-links are often reversible, and we can repair them by applying heat. Physically cross-linked hydrogels are formed due to physical cross-link interactions, ionic interactions, and temperature. There is increasing interest in designing physically cross-linked hydrogels for bone tissue engineering because gelation often occurs under mild conditions and without chemical cross-linking agents [33,34,36].
Chemical crosslinking occurs when unpolymerized or partially polymerized resin is mixed with certain chemicals called crosslinking reagents. This results in a chemical reaction that forms cross-links. In addition, we can cause this cross-linking in materials that are usually thermoplastic. Namely through exposure to radiation sources such as electron beams, gamma radiation, or Ultraviolet radiation. For example. we can use electron beam processing to cross-link C-type cross-linked polyethylene [35,37].
The duration and profile of degradation must be appropriate and in line with the release process of signal molecules loaded into the scaffold. The degradation time must also correspond to the time required for cells to proliferate and differentiate until they can produce a bone matrix to regenerate the damaged bone. Several crosslinking methods and materials are adapted to the scaffold material used. Can use physical or chemical crosslinking and appropriate types of crosslinking materials. Chemical crosslinking forms bonds between polymer chains through covalent chemical bonds. These cross-links are formed through chemical reactions initiated through heat, pressure, pH changes, or irradiation [41]. The degradation process must not leave residual scaffold material that could cause it to be recognized as a foreign object. Degradation must be cleaned, and the scaffold space must be replaced by new bone produced from cells that live in the scaffold as a microenvironment [42].
CONCLUSION
The proper design of the degradation profile and degradation time was required; it was combined with a crosslinking method appropriate to the scaffold material and scaffold porosity that suits the cell microenvironment to form new bone for replacing the damaged part. 
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