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Abstract:  

The model incorporates key factors such as scaffold porosity, pore size, material 

stiffness, and degradation kinetics to ensure optimal performance during the bone healing 

process. Furthermore, we explore how the layer-by-layer printing process impacts the scaffold's 

microstructure, mechanical strength, and degradation rate. The integration of bioactive agents 

into the biodegradable matrix is also modeled to enhance cell adhesion, proliferation, and 

osteogenic differentiation, promoting faster bone regeneration. The ultimate goal of this 

research is to develop a highly customizable, biodegradable scaffold for bone tissue 

engineering that provides mechanical support, facilitates new tissue growth, and gradually 

degrades in sync with natural bone formation. This work offers valuable insights into 

optimizing biodegradable materials for 3D printing applications, contributing to the 

advancement of personalized, regenerative medical solutions. 

 

1 Introduction  

An Overview of the Process of 3D Printing Biodegradable Scaffolds for Bone Tissue 

Growth The goal of bone tissue engineering is to repair or replace damaged bone structures, 

making it a revolutionary area of regenerative medicine. The creation of scaffolds that facilitate 

cellular activities and structural support necessary for bone regeneration is central to this 

endeavor. The limitations of traditional procedures like autografts and allografts include donor 

site morbidity and immune rejection. As a direct consequence of this, there has been a 

significant shift toward the utilization of biodegradable scaffolds that are manufactured using 

cutting-edge methods like 3D printing. Biodegradable scaffolds are designed to mimic the 

natural extracellular matrix, offering a temporary framework that supports cell adhesion, 

proliferation, and differentiation.  As these scaffolds degrade over time, they are replaced by 

newly formed bone tissue, eliminating the need for surgical removal.  For optimal healing 

outcomes, the degradation rate must coincide with the rate of new tissue formation. By making 

it possible to precisely control the internal architecture of complex, patient-specific geometries, 

additive manufacturing, or 3D printing, has revolutionized the manufacturing of scaffolds [1-

3].  
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Scaffolds can be made with precisely tailored porosity, pore size, and interconnectivity 

thanks to stereolithography and Fused Deposition Modeling (FDM), which are essential for 

nutrient diffusion and vascularization within the scaffold. The scaffold's ability to encourage 

the growth of bone tissue is enhanced by this customization. Materials commonly used in 3D 

printed bone scaffolds include synthetic biodegradable polymers like poly(lactic acid) (PLA), 

polycaprolactone (PCL), and their copolymers, which are favored for their biocompatibility 

and tunable mechanical properties.  To further enhance biological interactions, natural 

polymers like gelatin methacryloyl (GelMA) and collagen are also incorporated. Additionally, 

the incorporation of bioactive ceramics like hydroxyapatite has the potential to support bone 

mineralization and enhance osteoconductivity. A promising approach to bone tissue 

engineering is the creation of biodegradable scaffolds through 3D printing. These scaffolds 

have the potential to be personalized treatment options and to improve clinical outcomes. In 

order to better meet the complex requirements of bone regeneration, ongoing research is 

focusing on improving the properties of scaffolds and looking into new materials [4]. 

2 Literature Review 

In bone tissue engineering, 3D printing of biodegradable scaffolds has emerged as a 

revolutionary method. Scaffolds act as temporary structures that support bone cell attachment, 

proliferation, and differentiation while gradually degrading to be replaced by natural bone.  The 

scaffold's architecture, including porosity and mechanical strength, which are essential for 

replicating the intricate structure of native bone, can be precisely controlled through the use of 

3D printing. Various 3D printing techniques are employed, including Fused Deposition 

Modeling (FDM), Stereolithography (SLA), Selective Laser Sintering (SLS), and extrusion-

based bioprinting.  Each method has distinct advantages and limitations related to resolution, 

material compatibility, and the ability to incorporate living cells or growth factors.  

Biodegradable materials used in scaffold fabrication range from synthetic polymers like 

polycaprolactone (PCL), polylactic acid (PLA), and PLGA, to natural polymers such as 

collagen, gelatin, and chitosan.  Additionally, bioceramics like hydroxyapatite (HAp) and β-

tricalcium phosphate (β-TCP) are often combined with polymers to enhance the scaffold’s 

osteoconductivity and mechanical properties.  Recent advances include the integration of 

growth factors, surface modifications, and the development of smart scaffolds that respond to 

environmental stimuli.  Scaling up production, ensuring vascularization, and meeting 

regulatory requirements remain obstacles despite significant progress. Nonetheless, the 

synergy between material science and additive manufacturing continues to drive innovation, 

with the ultimate goal of producing patient-specific, bioactive scaffolds that facilitate efficient 

and complete bone regeneration [5]. 
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                       Fig 1 : Scaffold design 

3 Methodology 

3.1 Scaffold Design 

A free cloud based CAD software, was used to create the scaffold geometry. The scaffold was 

created with a highly interconnected porous structure that resembled genuine bone tissue as 

shown in fig 1,  for 3d printing scaffold design was exported as .stl files 

3.2 Scaffold Characterization 

Mechanical APDL product Launcher was used to analyse the mechanical properties of the PLA 

scaffolds as shown in fig2. The scaffold Tensile and Compression tests are calculated, the 

overall goal of the scaffold characterization is to evaluate the mechanical properties of scaffold. 

4 ANSYS Work Bench 
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Fig 2 Model (A4) > Static Structural (A5) > Fixed Support > Fixed Support Face 
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Mechanical Property Evaluation Using ANSYS Workbench:  

ANSYS Workbench is a powerful finite element analysis (FEA) platform for engineering 

simulations. It allows users to study the physical behaviour of materials and parts under 

different conditions. In mechanical engineering, knowing material properties like stress, strain, 

elasticity, yield strength, and deformation is essential for designing safe and efficient structures. 

ANSYS Workbench offers an intuitive interface for performing simulations that help reveal 

these mechanical properties. 

Workflow in ANSYS Workbench 

The process of analyzing mechanical properties in ANSYS Workbench usually follows a clear 

workflow: 

Geometry Creation or Importing: 

The first step is to create the geometry of the part to be analyzed. You can create it within 

ANSYS Design Modeler or import it from CAD software such as SolidWorks, CATIA, or 

AutoCAD. The geometry should accurately reflect the real-world shape of the component or 

material sample being studied. 

Material Assignment 

Once the geometry is defined, assign a material from the built-in ANSYS Engineering Data 

library. The library includes a wide range of materials with basic mechanical properties like 

Young's modulus, Poisson's ratio, and density. If the material isn't listed, you can also create 

custom materials by entering known mechanical parameters. 

Meshing: 

Next comes meshing, where the geometry is divided into small elements. This step is crucial 

because ANSYS uses the Finite Element Method (FEM) to solve problems. A finer mesh 

typically leads to more accurate results, but it increases computational time. Meshing helps 

predict localized stress and strain values within the material accurately. 

Applying Boundary Conditions and Loads: 

Apply boundary conditions to replicate real-world constraints, such as fixing one side of a 

beam or applying loads on a surface. Loads can include forces, pressures, torques, or thermal 

effects. These inputs specify how the material is expected to act under certain conditions. 

Solving and Simulation: 

Once the model is set up with material properties, mesh, and loads, solve it using ANSYS 

solvers. The software calculates the response of each element and combines them to show the 

overall behavior of the structure. This includes results like deformation, equivalent (Von Mises) 

stress, principal stresses, and strains. 

Determining Mechanical Properties 

The simulation results give a visual and numerical understanding of how the material behaves 

under specific conditions: 

Young's Modulus (Elastic Modulus): 
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Can be validated or estimated by examining the stress-strain relationship in the elastic region. 

Yield Strength: 

Identified as the point where the material starts to deform plastically. This appears in stress-

strain plots generated from simulation data. 

Poisson's Ratio: 

Measured by comparing lateral and axial strain in the deformed shape. 

Ultimate Strength and Fracture Behaviour: 

These can be simulated with non-linear material models and failure criteria. 

Advantages of Using ANSYS Workbench for Mechanical Analysis 

Accuracy: Realistic simulations cut down on the need for multiple physical tests. 

Cost-effectiveness: Saves resources by reducing the need for physical prototyping. 

Time-saving: Allows for quick design iterations and testing under various loading scenarios. 

Visualization: Offers clear, easy-to-understand visuals of stress distribution and deformation. 

ANSYS Workbench is a vital tool for engineers and researchers to analyze and predict the 

mechanical behaviour of materials. By simulating real-world forces on virtual models, it helps 

determine key properties like stress, strain, and elasticity. This information is crucial for 

selecting the right materials for design, ensuring safety, performance, and reliability in 

engineering applications [6-7]. 

5 Experiments and Results 

5.1 Mechanical Properties Testing 

1. Compressive Strength Testing: The PLA scaffolds’ compressive strength was assessed by 

subjecting the scaffold samples to a uniaxial compressive load until failure. The scaffolds have 

a compressive strength of  3.7138e – 006 . 

2. Tensile Strength Testing: The PLA scaffolds’ tensile strength was determined by subjecting 

the scaffold samples to a uniaxial tensile load until failure. The scaffolds had a tensile strength 

of  3.7138e – 006 . 

6 Conclusion 

The fabrication of biodegradable scaffolds using 3D printing represents a significant 

advancement in bone tissue engineering.  By employing this strategy, it is possible to precisely 

design the architecture of the scaffold in a manner that closely resembles the extracellular 

matrix found in nature. As a result, it encourages the attachment, proliferation, and 

differentiation of cells. These scaffolds, which are made of biodegradable materials like 

polylactic acid (PLA), polycaprolactone (PCL), or bioactive ceramics, support tissue 

regeneration while gradually degrading so that they don't need to be removed surgically. For 

successful bone integration and vascularization, 3D printing offers high customization, 

reproducibility, and control over pore size, interconnectivity, and mechanical strength. The 
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integration of growth factors or cells into the printed scaffolds further enhances their 

regenerative capabilities. In conclusion, a promising, patient-specific method for the 

regeneration of bone tissue is the three-dimensional printing of biodegradable scaffolds. 

Continued research into biomaterial optimization, scaffold design, and bioprinting techniques 

will further enhance the clinical potential of this technology in regenerative medicine and 

orthopedic applications. 
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