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Abstract. With the continuous innovation and development of 3D printing technology, 3D-

printed biomimetic coral bone scaffolds have demonstrated significant potential in the field of 

bone defect repair. This paper aims to explore in-depth the mechanistic study of 3D-printed 

biomimetic coral bone scaffolds in bone defect repair, by systematically reviewing relevant 

literature and analyzing their potential mechanisms in promoting bone growth and improving the 

success rate of bone defect repair. Firstly, this paper introduces the fabrication process and 

material characteristics of 3D-printed biomimetic coral bone scaffolds. Secondly, the paper 

discusses the mechanisms of 3D-printed biomimetic coral bone scaffolds in terms of 

biocompatibility, biomechanical performance, as well as their roles in vascularization and bone 

formation. Finally, the paper outlines future research directions for 3D-printed biomimetic coral 

bone scaffolds, including further optimization of material properties, improvement of printing 

precision, and expansion of clinical applications. 
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1.  Introduction 

In recent years, with the rapid development of medical technology, the field of bone defect repair is 

undergoing a revolutionary transformation. As one of the pioneers in this revolution, 3D printing 

technology has attracted widespread attention. In this transformative landscape, biomimetic coral bone 

scaffolds, as innovative repair materials, have become a focal point due to their unique structure and 

biocompatibility. This review aims to delve into the mechanistic study of 3D-printed biomimetic coral 

bone scaffolds in bone defect repair, with the anticipation of providing a scientific theoretical basis for 

future treatments of bone defects. 

Bone defects, whether caused by trauma, infection, tumor resection, or other diseases, are common 

clinical issues that significantly impact patients' quality of life and physical functions. Traditional 

treatment methods, such as bone grafts and allografts, can alleviate bone defects to some extent but are 

still constrained by limitations such as donor scarcity and rejection reactions [1]. Therefore, finding a 

customizable, biocompatible, and well bone-integrating repair material is urgently needed. The rise of 

3D printing technology offers a novel approach to address this challenge. Through this technique, we 
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can precisely customize the shape and structure of bone scaffolds to better accommodate individual 

patient differences. Biomimetic coral bone scaffolds, characterized by a porous structure and excellent 

biocompatibility, are widely applied in bone defect repair. Their biomimetic microstructure not only 

provides an ideal environment for cell implantation but also promotes angiogenesis and the growth of 

bone cells [2]. 

In this paper, we will explore the key mechanistic roles of 3D-printed biomimetic coral bone 

scaffolds in bone defect repair, providing a scientific foundation for future research and clinical 

applications. In-depth research in this field will drive bone defect repair technology towards a more 

personalized and efficient direction, ultimately delivering better treatment outcomes and quality of life 

for patients. 

2.  Literature Review 

The treatment of bone defects using 3D-printed artificial coral bone scaffolds is a promising research 

area. Studies indicate that 3D-printed bone scaffolds, such as those made from tricalcium phosphate 

bioglass and hydroxyapatite/tricalcium phosphate, can effectively induce bone growth and integration, 

thereby enhancing bone regeneration [3-4]. These scaffolds can be customized based on the specific 

clinical conditions of patients, offering personalized treatment approaches [4-5]. Additionally, 3D-

printed bone cement implants have been successfully used to treat bone defects in the distal humerus, 

showcasing the potential of this technology in complex bone defect reconstruction. Recent 

advancements in bone tissue engineering have witnessed positive outcomes in the repair of bone defects 

using 3D-printed artificial coral bone scaffolds [5]. The effectiveness of 3D-printed scaffolds in 

enhancing bone ingrowth, integration, and promoting efficient bone repair has been demonstrated. These 

scaffolds, composed of tricalcium phosphate bioglass and biomimetic oxygen-enriched structures, have 

been proven to sustainably release oxygen, thereby enhancing the survival, growth, and osteogenic 

differentiation of bone marrow mesenchymal stem cells [6]. Relevant literature further discusses the 

processes of 3D-printing porous ceramic scaffolds and the selection of bone repair materials, 

emphasizing the importance of optimizing scaffold design and highlighting the potential prospects of 

3D printing technology in this field [7]. 

2.1.  Preparation Process, Material Characteristics, and Innovations of 3D-Printed Biomimetic Coral 

Bone Scaffolds 

The preparation process and material characteristics of 3D-printed biomimetic coral bone scaffolds are 

crucial factors for the successful application of this technology in bone defect repair. The successful 

preparation of 3D-printed biomimetic coral bone scaffolds begins with the selection of materials. 

Commonly used materials include biodegradable polymers, bioceramics, and bioactive substances. 

These materials need to exhibit excellent biocompatibility, compatibility with human tissues, and 

gradual degradation over a specific period. The preparation process starts with Computer-Aided Design 

(CAD), where a digital model defines the scaffold's geometric shape and internal structure. This step 

forms the basis for personalized fabrication, allowing customized design based on the specific bone 

defect conditions of patients to enhance repair effectiveness [8]. Utilizing layer-by-layer manufacturing 

technology, the digital model is segmented into layers and printed layer by layer. 3D printing technology 

precisely overlays materials according to the predefined CAD model, achieving accurate three-

dimensional structural preparation. This step determines the final form and internal structure of the 

scaffold. After preparation, the scaffold may undergo post-processing steps, such as removing residual 

scaffold materials and surface polishing, ensuring a smooth, non-toxic surface with appropriate 

mechanical properties. The uniqueness of biomimetic coral bone scaffolds lies in their porous structure, 

simulating the microstructure of natural coral bones. This porous structure provides an ideal 

environment for cell growth, aiding in the attachment, growth, and differentiation of bone cells. The 

biocompatibility of the printing material is crucial to ensure that the scaffold does not induce noticeable 

immune reactions or rejection when implanted in the body. The selection of biodegradable materials 

promotes gradual scaffold degradation and integration with surrounding tissues. Materials must possess 
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sufficient biomechanical properties to withstand bone loads and provide necessary mechanical support. 

Biomaterials like bioceramics often exhibit good biomechanical properties, adapting to the mechanical 

requirements of bone tissue. Some scaffolds may contain bioactive substances, such as growth factors 

or drugs, to promote cell proliferation, differentiation, or inhibit inflammatory reactions, thereby 

accelerating the healing process of bone defects [9]. These scaffolds, designed with high precision of 

microstructures through 3D printing technology, mimic the porosity and complex structure of natural 

coral. This design provides an ideal growth environment for cells, promoting cell adhesion and 

proliferation while creating favorable conditions for vascularization and bone formation [9]. The use of 

biocompatible materials in 3D-printed biomimetic coral bone scaffolds reduces the risk of immune 

rejection, facilitating strong integration with surrounding tissues. Moreover, the biodegradable nature of 

the scaffold means it gradually degrades into biologically acceptable byproducts, evolving alongside 

new bone tissue and reducing the need for secondary surgeries. The scaffold surface can be coated with 

bioactive substances such as growth factors and extracellular matrix components. These substances play 

a crucial role in the repair process, guiding cell differentiation, proliferation, and tissue regeneration, 

thereby promoting vascularization and bone tissue formation. Scaffold design not only considers 

microstructure but also focuses on its biomechanical properties [10]. The scaffold provides appropriate 

mechanical support, simulating the mechanical environment of natural bones, activating the biological 

response of surrounding bone cells and aiding in the bone formation process. 3D printing technology 

allows the customization of scaffolds based on a patient's specific anatomical structure and the shape of 

the bone defect. This personalized customization capability enhances the precision of treatment, 

enabling the scaffold to better adapt to the specific needs of the patient [10]. Overall, 3D-printed 

biomimetic coral bone scaffolds, through meticulous preparation processes and excellent material 

characteristics, provide a viable solution for personalized and efficient bone defect repair. These features 

enable the scaffold to better adapt to the physiological and anatomical structures of patients, thereby 

improving the success rate of treatment. 

2.2.  Mechanisms of Action in terms of Biocompatibility and Biomechanical Performance of 3D-

Printed Biomimetic Coral Bone Scaffolds 

3D-printed biomimetic coral bone scaffolds typically employ materials such as biodegradable polymers 

and bioceramics, known for their excellent biocompatibility. The compatibility between scaffold 

materials and surrounding tissues prevents noticeable immune rejection reactions, contributing to the 

long-term stability of the scaffold within the body. The microstructure and surface treatment of the 

scaffold's surface are crucial for cell adhesion and biocompatibility. The porous structure provides a 

larger surface area, facilitating cell attachment and proliferation. Surface treatments, such as coating 

with bioactive substances or nano-scale surface modifications, can further enhance the biocompatibility 

of the scaffold. The gradual degradation of biodegradable scaffold materials implanted in the body 

allows them to be gradually replaced by newly formed bone tissue. This degradation property reduces 

the stimulus to surrounding tissues from the implant while promoting bone tissue regeneration. Well-

compatible scaffolds promote interactions with surrounding tissues and the vascular system. The 

bioactive portion on the scaffold's surface attracts and promotes cell adhesion, proliferation, and 

differentiation, thereby accelerating the healing process of bone defects [11]. 3D printing technology 

allows for the design of the scaffold's internal structure, better simulating the microstructure of natural 

bones. Well-designed porous structures not only improve the biomechanical performance of the scaffold 

but also provide sufficient pore space to promote cell invasion and the formation of new blood vessels. 

The selection of materials with good strength and toughness ensures that the scaffold can withstand bone 

loads and provide necessary mechanical support. High-strength materials, such as bioceramics, are often 

used to guarantee the stability of the scaffold under load conditions. The biomechanical performance of 

the scaffold needs to adapt to the mechanical environment of bone tissue, including parameters like 

elastic modulus and compressive strength. This helps the scaffold to work in harmony with surrounding 

bone tissues, preventing issues caused by mechanical mismatch. The biomechanical performance of the 

scaffold not only depends on its static characteristics but also includes biomechanical stimuli to cells 
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and tissues. Moderate biomechanical stimuli help regulate cell activities and promote bone regeneration. 

By optimizing biocompatibility and biomechanical performance, 3D-printed biomimetic coral bone 

scaffolds can effectively play a significant role in bone defect repair, promoting the regeneration and 

healing of bone tissues. This comprehensive mechanism positions the scaffold as an innovative 

treatment method that holds promise to replace traditional bone transplantation methods [12]. 

2.3.  Mechanisms of 3D-Printed Biomimetic Coral Bone Scaffolds in Angiogenesis and Osteogenesis 

Promotion 

The 3D-printed biomimetic coral bone scaffold plays a crucial role in promoting angiogenesis and the 

osteogenic process. The detailed mechanisms of action in these two aspects are elaborated as follows: 

The porous structure of the biomimetic coral bone scaffold simulates the microstructure of natural coral, 

providing an ideal three-dimensional environment that facilitates the invasion of endothelial cells and 

the occurrence of angiogenesis. The rational design of the porous structure enables the scaffold to offer 

sufficient surface area, promoting the growth of new blood vessels. The scaffold's surface may be coated 

with bioactive substances such as growth factors or extracellular matrix components, guiding and 

stimulating the migration and proliferation of endothelial cells in surrounding tissues. The release of 

bioactive substances continuously promotes the process of angiogenesis after the implantation of the 

scaffold within a specified period [13].  

The porous structure not only provides channels for the invasion of endothelial cells but also, through 

the interaction between cells and scaffold materials, activates a series of cellular signaling pathways. 

Angiogenesis typically involves complex interactions between cells, including endothelial cells, 

fibroblasts, and immune cells. The structure and chemical properties of the scaffold may guide the 

directional growth of newly formed blood vessels inside the scaffold, contributing to the formation of a 

vascular system connected to the vascular network in the surrounding tissues. The biodegradable nature 

of the biomimetic coral bone scaffold allows it to be gradually replaced by surrounding bone tissue 

without triggering significant inflammatory reactions. The biomechanical performance of the scaffold 

needs to adapt to the mechanical environment of bone tissue, aiding in stimulating bone cell activity. 

Moderate biomechanical stimuli promote the proliferation and differentiation of bone cells, contributing 

to bone formation. The ceramic components in the biomimetic coral bone scaffold may contain minerals 

such as calcium and phosphorus, catalyzing the mineralization process in surrounding tissues and 

promoting osteogenesis. The release of bioactive substances and the interaction between the scaffold 

and surrounding cells can activate various cellular signaling pathways, including Wnt, BMP, and FGF, 

which play a regulatory role in bone formation. The porosity of the scaffold is one of its key features, 

facilitating the settlement of endothelial cells and osteoblasts. The porous structure of the scaffold 

simulates the structure of natural bone tissue, providing an excellent attachment point and growth space 

for cells. This microenvironment activates cell signaling pathways, initiating the biological processes of 

angiogenesis and bone tissue regeneration. The selection of scaffold materials also plays a critical role. 

Biocompatible materials can harmoniously coexist with surrounding tissues, reduce immune reactions, 

and promote cell adhesion and proliferation. Additionally, scaffold materials may include bioactive 

substances such as growth factors and extracellular matrix components, guiding cell differentiation into 

osteoblasts and endothelial cells. By simulating the structure of coral, the scaffold provides appropriate 

biomechanical properties, offering mechanical support to surrounding bone tissue and stimulating bone 

cells. This mechanical stimulation helps regulate the expression of genes related to bone formation, 

driving the osteogenic process [14-16]. In summary, the 3D-printed biomimetic coral bone scaffold, 

through its unique structure and chemical properties, regulates cell behavior, guides angiogenesis, and 

activates signaling pathways related to bone formation. It plays a synergistic role in bone defect repair, 

promoting the regeneration and healing of bone tissue. 

3.  Conclusion 

The 3D-printed biomimetic coral bone scaffold demonstrates tremendous potential in repairing bone 

defects. Through an investigation of its mechanisms, we have revealed its crucial role in promoting 
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osteogenesis and angiogenesis. Firstly, the scaffold's microstructure serves as the foundation for its 

success. The porous structure, mimicking that of natural coral, provides an ideal growth environment 

for cells. These minute pores and channels simulate the structure of natural bone tissue, offering a 

favorable platform for cell adhesion, proliferation, and differentiation. This structural feature activates 

key signaling pathways, guiding the proliferation of osteoblasts and the growth of endothelial cells. 

Secondly, the selection of scaffold materials is of paramount importance. The use of biocompatible 

materials reduces immune rejection reactions, facilitating the integration of the scaffold with 

surrounding tissues. Additionally, the incorporation of bioactive substances, such as growth factors and 

extracellular matrix components, promotes cell differentiation and tissue regeneration. These substances, 

when combined with the scaffold, further accelerate the healing of the bone defect area by regulating 

the biological behavior of cells [17].  

The scaffold also influences the regeneration of bone tissue by providing mechanical support. Its 

design incorporates appropriate biomechanical properties to offer the necessary support and stability for 

surrounding bone tissues. This mechanical stimulation aids in activating bone cells and regulating the 

expression of relevant genes, expediting the osteogenic process [18]. In summary, the 3D-printed 

biomimetic coral bone scaffold, with its ingeniously designed microstructure, excellent biocompatibility, 

introduction of bioactive substances, and provision of mechanical support, synergistically contributes to 

bone defect repair. The development of this technology brings new hope to clinical orthopedics, offering 

an innovative and feasible method for the treatment of bone defects. However, despite significant 

progress, further research and practical application are still needed in clinical settings to refine its 

effectiveness and ensure safety and reliability, ultimately benefiting patients. 
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