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Abstract 

Many complicated medical problems are now solved by the latest additive manufacturing (AM) 

technology, often known as 3D printing. 3D printing is employed in the realm of healthcare for everything from 

rapid prototyping to full-scale production. Printing of bone models, organs, and other body components ahead of 

surgeries using 3D printing would allow doctors to see operations ahead of time and propose alternatives for 

bone implants. Many encouraging outcomes were seen in implants, regenerative medicine, diagnosis, organs, 

and artificial tissues. This article covers the principles and understanding of 3D printing for the bioprinting 

process. In the approaching years, AM will become a critical component in patient-specific medical technology. 
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Introduction 

3D printing is also known as additive manufacturing, and it plays an important role in medical and 

pharmaceutical research, as well as attracting interest in a wide range of fields. Due to a surge in demand for 

customised devices in personalised therapy and diagnostics, as well as medical devices that are bio-inspired, it 

has become a tangible and adaptable technology for inventive discoveries. A 3D printer is required for this 

technology, which prints one or more materials layer by layer, altering the shape of each layer independently. A 

complicated solid object can be generated from a digital model.  

3D printing is well known for its increased repeatability and control, rapid manufacturing, 

individualised series of products, product alterations at the design level with no constraints on spatial 

arrangement, and cost-effective manufacturing in a convenient manner [1].  

"There are many different types of 3D printers available, each with differing resolutions and speeds, 

but the main concepts are based on powder, liquid solidification, or extrusion [2]." Despite the differences in 

material deposition mechanisms, first a computer-aided design(CAD) file for the desired model is created, then 

a 3D printer follows the CAD file instructions and builds on the object in specific predefined patterns by moving 

the print head along the x, y, and z directions(Figure 1)[3], even though the techniques may have some specific 

strengths, disadvantages, and limitations." 

 
Figure 1 Flow process of AM  

 

AM technology, often known as 3D bioprinting, is a type of traditional 3D printing that creates items 

layer by layer. "First, production of cellular functional scaffolds that are seeded with cells further, and second, 

cell-laden constructions produced to imitate their native analogues [4]," says the study. 

Polymers are used as common components in 3D printing technologies to provide a wide range of 

compositions with the flexibility to adjust their surface and structure to meet the needs of individual 

applications. This includes additive addition to improve fundamental plastic material qualities. "Surface 

chemistry, mechanical properties, and topography of functional polymers that match the standards necessary for 

items that need to apply for 3D printing," according to AM Technology. 

Required Key Properties for AM Technology 
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Polymeric materials are commonly utilised as inks due to their low weight, low cost, adaptability, 

mechanical qualities, and physicochemical and processing flexibility. In the printing process, a critical step is to 

select the appropriate material, which can lead to improved functionality, adequate mechanical qualities, and 

well-customized 3D geometries. Various biomolecules are combined from a variety of thermosets, polymer-

based composites, and thermoplastics [6]. 

3D inks are often used to formulate features such as structural toughness, elasticity, recyclability, 

biocompatibility, and printability in order to satisfy bio applications. Extrusion-based procedures often require 

qualities such as high viscosity and shear-thinning. The 3D created structure and shape should be similar to real 

tissues in terms of structure and shape, and should not cause any unfavourable immunological or toxicological 

responses. 

The construct and to support mechanical qualities in upper layers for deposition and to have shape in 

suitable to be maintained throughout the printing process during and after which has to meet cell differentiation 

and proliferation Meanwhile, high-concentration polymers in gels can retain shape fidelity at an ideal level, 

limiting cell differentiation and proliferation in the process. 

When it comes to softer gels, they are typically used in cell-based applications where the form is not 

maintained properly. In order to improve the materials design, we must choose a technique that is suited for it. 

When choosing a material, we must examine if it is biodegradable and will perform well in the environment 

(e.g. pH, chemical exposure, UV light, radiation, and temperature) [4,5].When topography and chemistry 

interact in the biological environment, 3D surface structures play a key role and are heavily impacted [7]. 

Composite-hydrogel scaffolds are used to improve the mechanical properties of 3D printing for high-

level printing.. 

 
Figure 2 Core concepts of AM 

 

3D (bio)Printing for Polymers and Polymer Composites preparation 

Composites of polymers that are developed recently and are remarkable in most in 3D printing and in 

its improved properties for materials for resulting are mentioned in the below  

In terms of composites of Reinforced particles for regeneration of bones are achieved  

o By improving their capacity using model of fused manufacture method in a matrix of PLA for material 

including particles of carbohydrates [8]. 

o By modulus compression and mineralization of cells using extrusion model for PCL for material of 

Hydroxy apatite [9,10]. 

o By improving properties of tensile making, it for ability using printing in melt of 3D for PCL for 

particles of silica [11]. 

o By promotion of repair in osteogenesis using printing blend of 3D for PCL for Hydroxy apatite which 

contains strontium [12]. 

In terms of composites of reinforcing fibre engineering of Tissue are achieved  

o By improving properties in mechanical using deposition modelling for “polyether-ether-ketone” for 

materials of fibre carbon [13]. 
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o By improving formation and stimulate and compressed using extrusion for “Gliadin and PCL” for 

calcium silicate of magnesium [14]. 

In terms of composites of nano reinforce engineering of Tissues are achieved 

o By fidelity in shape by improvement for printability using extrusion of “sodium alginate hydrogel” for 

“montmorillonite” [15]. 

o By properties enhancement in terms of mechanical using micro-extrusion using “hydrogel gelatine in 

alginate” for “β tricalcium phosphate in nanoparticle titanium dioxide” [16]. 

o By increasing toughness using extrusion using PCL for “nano particles in magnesium fluoride and 

nano-powder in apatite hydroxy” [17]. 

o By improving properties for good healing towards sensitivity and temperature using extrusion using 

“NIPAM-N-isopropyl” in “carbon nanotubes” [18]. 

o By enhancing attachment in cellular using writing ink in direct for HEMA “2-Hydroxy ethyl 

methacrylate hydrogels” for “Laponite XLG” [19]. 

o By release of targeting hippo drugs using processing for “digital light for gelatine-methacryloyl” in 

“PEG/PCL nanoparticles” [20]. 

o By compatibility improving cytocompatibility using extrusion for “gelatine methacrylate hydrogel” for 

“gold nanoparticles” [21]. 

o By improving calibration of signaling using direct light projection for E-shell600 in “nanoparticles in 

magnetic” [22]. 

o By tensile increased strengths using stereo-lithography for “poly (ethylene glycol diacrylate(PEGDA))” 

[23]. 

o By crystallinity increase in “solvent-cast printing” using PLA in “ZnO nanofibers” [24]. 

o By improving properties of viscosity using deposition modelling fused in “Waterborne 

polyurethane(PU) in nanofibers cellulose” [25]. 

 

Overview of Current Biomedical Applications 

In the field of medical a significant transformation is contributed by AM technology that has a wide 

medical applications in terms of tissue regeneration, chemotherapy, drug delivery and medical diagnosis for 

developing 3D material for its fabricating and architectures that are self-assembling to emulate structures in 

biological terms.AM technology has widely satisfying the pharmaceutical dosage forms for customizing with 

drugs in multiple, complex internal geometries, controlled chemistry and profiles for drug release [2]. 

Future Directions and Challenges 

It is very much neededfor in-depth development for further and vitro for complex and efficacy in 

assessing studies for vivo and in terms of safety for bioprinting. The only obstacle that can be is lack of 

regulation and its standards to control for medical devices while using additive manufacturing. However, 

requirements for its regulatory can be hard for its implementation, mainly as we have many variability of AM 

methods. 

As we have many promising features and disciplines that are mostly benefited from the 3D printing 

innovations like “robotics from medicine formed by spanning”, technologies in energy, food production and 

biotechnology.3D printing is in high interest as it has the ability for several directions, parts are stronger which 

are produced in terms of building the object. 

In future development of printers in multi-material will also be in existence and can lead to investments 

in biocompatible materials as it has high performance for its innovations. Individualization and Personalized of 

products have a strong emphasis which will also purse a lot. 

Availability of readily to public in general may also be very soon while accessing through online 

platforms for its development, so that the 3D printers’ cost may be reduced assuming to believe these things 

come into existence in printing technology. These can affect profoundly in the business of manufacturing as we 

have many policies and innovations and strategies of new in the society now. 

 

Conclusions 

To improve in terms of medical performance quality and decrease the cost and risk at its production 

level while creating products innovatively and to generate efficiency, so all these terms are achievable by 3D 

printing in the health sector. This technology plays a key role as it is developing new material progressively 

showing its ability and demonstrated in terms of organs and human tissues bioprinting, feedback devices on 

biosensor, diagnostics in advanced way, prostheses in personalized, implants and manufacturing formulations 

for new drug which has enormously grown a lot. Furthermore, AM technology seems to turn into 
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multidisciplinary field making scientists to become more knowledgeable in terms of the study of fields 

belonging to understand the tissues. Finally, the success of all these can have a hope to future productivity in 

medical treatments such as treatments of patient-specific by personalizing them as these are further required for 

developing initially to achieve the evaluation in fullness of AM technology. 
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