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ABSTRACT: The rapid development of manufacturing sector has created a platform for implementing novel technologies such as 

additive manufacturing (AM). AM or 3D printing, has generated a lot of interests in biomedical applications during the last decade 

with a variety of novel printed polymeric materials. 3D printing fabricates 3D object with layer-by-layer processing through computer-

controlled programming software. It has innumerable applications including electronics, aerospace engineering, automobile industry, 

architecture and medical sectors. One of the most demanding sectors of 3D printing is biomedical engineering applications such as 

medicines, drug delivery system, surgical instruments, orthopedics, scaffolds, implants etc. The clinical ramifications of AM-made 

healthcare goods are being catalyzed by recent developments in biomaterials. This review paper aims to explain the concept of 3D 

printing and its significance in developing polymeric materials for biomedical applications. An inclusive survey has been conducted 

on the various techniques involved in printing the biomedical devices. The proper selection of polymeric materials is important for 

biomedical applications, especially from 3D printing point of view and this vital parameter has been considered in this review paper. 

According to our findings, more breakthroughs in biomaterials, are required for the success and expansion of AM technology in the 

biomedical applications. 
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1. Introduction 

3D printing has advanced significantly in recent years. Its rapid emergence has led to the development of many new 

products in various industries [1]. These include forming, subtractive, and additive manufacturing. Forming is a process 

where a work piece is molded without adding or reducing material [2]. Subtractive manufacturing is a process that involves 

using tools to remove unwanted material [3]. In additive manufacturing, the process involves adding material to a finished 

product [4]. This eliminates the need for removing the material to create a finished item. Originally, the term 3D printing 

was associated with additive processing. But it is now commonly used as the term additive manufacturing. Conceived by 

computer-aided design, rapid prototyping was the first method that allowed engineers to quickly prototype physical models. 

The rapid emergence and evolution of physical models has driven the 3D printing market. Its continuous improvement is 

expected to propel the demand for end-use parts that are more customized. A major component of the printed structures 

market is the creation of mold forms. 3D printing is a process that allows manufacturers to produce specialized products 

with complex structures. In dentistry, it is becoming a promising career option due to its ability to provide patient-

personalized models [5]. 

Kantaros et al. [6] share a review on 3D printing-assisted design of scaffold structures. This review compare the 

mechanical properties of various scaffold designs. The compressive testing results shows good properties and also be 

in good agreement with the computational analysis. Hajje et al. [7] studied the 3DP titanium mechanical and physical 

properties and compared to properties of bone. The mechanical and physical properties were tailored by changing the 

binder (polyvinyl alcohol) content. The developed titanium had a porosity of 32.2–53.4% and compressive modulus of 

0.86–2.48 GPa. Kantaros et al. [8] discussed the porous Bio-Engineered scaffold for tissue regeneration. Kantaros et al. 

[9] studied the fabrication process with embedded sensor in Additive manufacturing, controlling and monitoring 

fabricated product during its functional life. 
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Due to the wide variety of properties and processing approaches involved in polymer printing, it is widely used in 

medical applications. 3D printing is a highly desirable process because it allows the design to be built with complex 

structures and geometries that are not possible with traditional manufacturing processes. Stereolithography (SLA) and 

polyjet printing can also produce tissue scaffolds that are designed to mimic the natural structures of bone [10]. The 

advantages of 3D printing over metal printing are numerous. For instance, it can avoid metal implants that can break down 

in the body. In addition, the rapid fabrication of polymers allows for energy absorption in equipment that require special 

care. 3D printing can be done using various processes such as extrusion, resin, or powder. These can provide flexibility in 

terms of material selection and support designs. Due to the large design space that 3D printing offers, we conducted a 

review to identify the most critical factors that affect the success of an application. A variety of strategies can be utilized 

to reduce the development of residuals has increase the speed at which photopolymers can be converted [11]. 

The photopolymerization process is a process that involves the cross-linking of a polymer chain to a substrate. Various 

processes such as stereolithography, polyjet, and two-photon lithography are also utilized for photopolymerization [12]. 

These processes can achieve high-quality images at low cost. Aside from being durable, photopolymers can also be made 

more resilient by developing new types of plastic or elastomers with high ductility. Although most of the AM parts exhibit 

anisotropic properties, the continuous liquid interphase printing (CLIP) technique can still produce parts that are almost 

isotropic. The increasing popularity of photopolymerization techniques has greatly affected the development of AM 

polymers in recent years. Various studies related to shape memory effect have also been presented in an effort to improve 

the understanding of anisotropic properties. Experimental and modeling studies are also conducted to study the mechanical 

properties of the finished products produced by photopolymerization. This type of study is still in its early stages and needs 

more follow-up studies to fully understand the properties of photopolymers. 

Stender et al. [13] discussed the reduction of the processing time of the product by additive manufacturing. The 

additive manufacturing technique saves more than 90% of the fabrication time compared to standard fabrication, and 1 

cm2 lens arrays with high filling factors can be fabricated within only a few hours—a big step towards high throughput 

and industrial scalability. Kantaros et al. [14] describes the emerging trends of makerspaces and outsourced 3D printing 

services, and examines the natural progression between them. It also investigates the reasons why individual users and 

enterprises have started to choose such services and the benefits acquired from this choice, that lead to the promotion of 

creativity, innovation, and competition. Fundamental working principles both for makerspaces and outsourced 3D printing 

services are being analysed. Tsaramirsis et al. [15] reviewed modern approach towards an industry 4.0 model: starting 

from the driving technologies to management. It illustrate the confluence of all these technologies in a single model factory. 

This new factory model succinctly demonstrates the advancements in manufacturing introduced by these modern 

technologies, which qualifies this as a seminal industrial revolutionary event in human history. 

Stender et al. [16] defines manufacturing strategies for scalable high-precision 3d printing of structure from micro 

to the macro range. Kantaros et al [17] describe the current trends and limitations in Digital Twins (DTs) for additive 

manufacturing, in order to provide more insights for further research on DT systems. Kantaros et al. [18] illustrates 

utilization of 3D and 4D printing in sectors like aerospace, regenerative medicine and dental, and automotive to create 

complex geometries and parts that would be challenging or impossible to create using conventional production 

techniques. Furthermore, 4D printing opens up new opportunities in emerging, novel, sectors where the ability to create 

materials that adapt and change over time can be highly beneficial. 

In order to create high-quality parts, the monomers used in photopolymerization-based printing should be relatively 

low to mid-viscosities. Although acrylates and epoxy monomers are commonly used in photopolymerization-based 

printing, other monomer types are also used as well. Due to the properties of these monomers, they can be used to 

achieve fast and limited depth of cure. With the use of fast curing monomers, residual remain can be utilized to promote 

the completion of the UV process. The use of relatively resin systems could eliminate the need for sacrificial support 

structures for certain parts. A similar approach is used to create support structures that can be used for a variety of 

materials. This method allows a permanent structure to be developed and released from the supporting material. The 

mechanical strength of SLA-based parts is limited by the resin’s viscosity restrictions and the preference for faster 

curing acrylate monomers. Since the new layer is connected with the pre-existing layer, this allows for better strength 

and anisotropy. Ideally, initiators should have high molar absorptivity and good irradiation efficiency. 

UV-cured multi Jet printing allows for the production of complex geometries without requiring surface finishing. 

The UV-curable polymer materials are only applied where desired. They can also be co-deposited with a wax or other 

gel-like material. Due to the simultaneous availability of multiple printing heads, different colored building materials 

can be easily identified with respect to their spatial properties. Non-Newtonian fluids are commonly used for inks due 

to their viscosity. However, they can also be compensated for with various additives. Instead of using wax, objects can 
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be formed from jetted wax and then deposited directly into investment casting applications. Numerous studies have 

been successfully carried out on UV-curable inks for 2D printing. They are usually composed of various additives such 

as photo initiators and monomers [19]. An oil-in-water emulsion ink has been used to create well-controlled porosity in 

parts following the UV-curable printing process. An interconnected phase structure in the ink can allow for the 

formation of porous components that can be used for conductive applications. Inks can also contain various nano-fillers, 

such as silica, clay, and other suitable materials. These additives can provide better viscosity control and reinforced 

mechanical properties. A levelling blade can be used to prevent the formation of unstable layers during the UV curing 

stage. The printed parts can be robustly built with good mechanical properties. However, they can also be prone to wear 

and tear due to the build orientation. Due to the properties of the 3D printing process, the degree of mechanical properties 

can vary depending on the material used. 

Kiselevskiy et al. [20] focus on the recent findings achieved in the field of model-driven development of additively 

manufactured porous materials for the development of a new generation of bioactive implants for orthopedic 

applications. This review critically analyze the recent advances in the field featuring model design approaches, virtual 

testing of the designed structures, capabilities of additive printing of porous structures, biomedical issues of the 

engineered scaffolds, and so on. Special attention is paid to highlighting the actual problems in the field and the ways 

of their solutions. Mirkhalaf et al. [21] reviewed the outline of the recent progress and challenges of engineering an 

ideal synthetic bone scaffold and to provide suggestions for overcoming these challenges through bioinspiration, high-

resolution 3D printing, and advanced modeling techniques. It also provides a short overview of the progress in 

developing the 3D printed scaffolds for the repair and regeneration of critical size bone defects. Kantaros [22] discussed 

utilization of various resources and technologies of 3D Printing in regenerative medicine. Kantaros [23] reviewed on 

Bio-Inspired Materials. This aims not only to list the most important biomaterials used in these techniques but also to 

bring up their pros and cons in meeting the aforementioned characteristics that are vital in their use. Kantaros [24] 

discussed on 4d printing. 4D printing is an exciting and rapidly advancing technology that has the potential to 

revolutionize the way we design and create structures. The ability to create structures that can change shape or behavior 

over time opens up new possibilities for a wide range of applications. As the technology continues to evolve, we can 

expect to see more innovative uses of 4D printing in a wide range of scientific fields such as architecture, aerospace, 

and biomedical engineering demanding the creation of highly complex and dynamic structures that can adapt to 

changing environments. Kantaros [25] work (3D scanning, 3D printing, and CAD design software) aims to depict the 

added value of their combined use in a proposed workflow where a customized product needs to be developed. The 

geometry of an existing physical item’s geometry needs to be defined in order to fabricate and seamlessly integrate an 

additional component. In this instance, a 3D scanning technique was used to digitize an e-bike’s frame geometry. This 

was essential for creating a peripheral component (in this case, a rear rack) that would be integrated into the frame of 

the bicycle. In lieu of just developing a tail rack from scratch, a CAD generative design process was chosen in order to 

produce a design that favored both light weight and optimal mechanical behaviors. FDM 3D printing was utilized to 

build the final design using ABS-CF10 materials, which, although being a thermoplastic ABS-based material, was 

introduced as a metal replacement for lighter and more ergonomic component production. Consequently, the component 

was manufactured in this manner and successfully mounted onto the frame of the e-bike. The proposed process is not 

limited to the manufacturing of this component, but may be used in the future for the fabrication of additional peripheral 

components and tooling. Arif et al. [26] discussed highlights recent advancements in different types of biopolymers, 

such as proteins and polysaccharides, which are employed to develop different biomedical products by using extrusion, 

vat polymerization, laser and inkjet 3D printing techniques in addition to normal bioprinting and four-dimensional (4D) 

bioprinting techniques. Kantaros et al. [27] study explores the integration of various reinforcements, including carbon 

fibers, glass fibers, and nanoparticles, into the polymer matrix of FDM/FFF filaments. The utilization of advanced 

materials for reinforcing the filaments has led to the enhancement in mechanical strength, stiffness, and toughness of 

the 3D-printed parts in comparison to their pure polymer counterparts. Furthermore, the incorporation of fillers 

facilitates improved thermal conductivity, electrical conductivity, and flame retardancy, thereby broadening the scope 

of potential applications for FDM/FFF 3D-printed components. Kantaros and Ganetsos [28] describes the pivotal role 

of smart materials in this transformative journey, where materials are endowed with dynamic responsiveness to 

biological cues and environmental changes. By delving into the innovative integration of smart materials, such as shape 

memory polymers and stimulus-responsive hydrogels, into additive manufacturing processes, this research illuminates 

the potential to engineer tissue constructs with unparalleled biomimicry. From dynamically adapting scaffolds that 

mimic the mechanical behavior of native tissues to drug delivery systems that respond to physiological cues, the 

convergence of smart materials and additive manufacturing heralds a new era in regenerative medicine. 



Advanced Materials & Sustainable Manufacturing 2024, 1, 10002 4 of 23 

 

Selective laser sintering (SLS) is a process that uses a high-pressure laser to produce semi-finished polymers [29]. 

The process utilizes two energy sources. The first is used for the formation of the particles, which are then cooled to a 

temperature that’s above the melting point. The heated powder bed limits the energy needed to trigger the process, 

which avoids the large thermal distortions that usually occur during sintering. The laser produces a melt zone within a 

particle-bed that has a comparable radius to the vertical and horizontal dimensions. The melt zone can be loosely bound 

and subjected to low temperatures. It is composed of a dense core and a less dense boundary layer. When the processing 

conditions are right, the mechanical strength and good toughness of a given material can be achieved. One technique 

that can improve the mechanical properties of a material is by applying pressure in the build chamber. Most of the 

commercial materials used in the SLS market are polyamides, such as nylon 12, PA6, and PA10 [30]. Other polyamides 

such as polystyrenes, are also being developed for use in powder form. Due to their high performance, high-heat 

temperatures are required to be used for the production of PEEK [31]. This process consumes a large amount of energy 

and increases the production cost. 

Semi-crystalline polymers are commonly used for the production of high-purity, heat-resistant, and/or transparent 

conductive films. They can be selected depending on their intrinsic properties. The surface of the particle is also required 

to be sufficiently thick to avoid inter-particle fusion. The polymers can be used to produce parts that are glassy or 

elastomeric. They can also be subjected to different melting temperatures to achieve the desired result. Amorphous 

polymers such as polystyrene tend to have weaker, more porous structures than semi-crystalline ones. However, they 

can be strengthened by substituting other materials. Despite their porous structure, amorphous polymers do not undergo 

the significant thermal contraction typically associated with crystallization. In certain cases, a more porous structure is 

required to provide a secondary infiltration for enhanced mechanical properties. While poly (methyl methacrylate) is 

commonly used in dentistry [32], PMMA has been developed for 3D printing. Like all the polymers in the market, 

stocks are required to be high-grade. Due to the increasing popularity of polymers, the prices are still significantly lower 

than those of comparable materials. Aside from polymers, a wide range of materials such as glass, aluminum, and silica 

can also be used to modify the appearance of the printed parts. A study conducted by researchers at the University of 

California, Berkley, showed that the addition of silica to PA parts can improve their flow properties. The challenges of 

mixing various components in a mixed powder system are complex. For instance, the density and particle size 

differences involved in the production of polymers are known to affect the system’s final product. Today, the latest 

state-of-the-art SLS technology allows materials to have varying mechanical properties depending on their orientation 

and processing conditions. Although some materials are more forgiving than others, the transition from printed 

structures to 3D printed parts is still a bit challenging. A process known as Selective Heat Sintering (SHS) uses a thermal 

printhead to fuse a layer of a powdered thermo-plastic into a printed part [33]. 

Despite being investigated for decades, laser-assisted melting (LAS) is not as common as extrusion or 

photopolymerization due to the high cost. Currently, both thermoplastics and their related composite materials can be 

fabricated. One of the most popular is polyamide due to their high strength and low density. Usually, these particles 

have spherical shapes. Through laser melting, they can be molded into various products. Laser-sintered polyamides 

exhibit a spherulite-like structure, which is dependent on the processing speed and power. Also, these materials have 

anisotropic mechanical properties due to their printing orientation and the existence of micropores. Due to the properties 

of these materials, their thermomechanical modeling is very useful in predicting the residual stress and distortion during 

the laser sintering process. Despite their properties, the modeling of AM polymers is similar to that of traditional plastics 

and elastomers. Due to their layered processing characteristics, AM polymers have anisotropy. This characteristic can 

cause the model to model the polymers’ response. The phase transitions during the processing of AM polymers are also 

known to cause the model to model their responses. 

Due to the anisotropic properties of AM polymers, their brittle behavior is different from that of their conventional 

counterparts. The inter-bead bonding condition and the low interlayer strength are some of the factors that influence the 

strength of AM components. The degree of melting of the particles and the strength of the interlayer are also affected 

by the degree of porosity and interlayer strength. The properties of AM components are also studied using various 

techniques such as micro-CT, ultrasonic, and digital. Due to the nature of AM components, their modeling research has 

been very rare compared to that of metals and polymers [34]. It is expected that the use of AM components will increase 

significantly in the next couple of years due to their improved mechanical properties compared to metals and polymers. 

In addition, AM components can be designed to have various functionalities such as heat control and actuation. This 

area has huge research opportunities in the near future. Although modeling for AM components is challenging, we 

believe that their development is already in the pipeline. A new type of active polymer is being studied for its ability to 

alter the shape of structures. This new material can be used for the development of robots and structures. Aside from 
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polymers, researchers also experimented with other techniques such as printing composite materials using hydrogel. This 

material can be used to create structures that can change their shape due to its anisotropic expansion behavior. The 

modeling of the material properties of AM components is an exciting area that can help design and control the structures 

that they will be made from. The mechanics of AM polymers can also be utilized to design and develop parts that can meet 

the needs of the biomedical industry. Currently, the design-optimization of AM implants hinges on high-fidelity models. 

These models are used to study the degradation of the AM polymers’ mechanical properties. Aside from the implants, AM 

polymers are also used as scaffolds for tissue engineering. Their properties can be studied to determine how they can affect 

the growth and development of tissues. The mechanical properties of AM scaffolds and their cell-scaffold interactions are 

also studied to determine their effects on the development of tissues [35]. This field is still in its early stages, so it will take 

a long time to fully understand how scaffolds can help the development of organs and tissues. 

Bio-printing, which involves the printing of structures made from cells and other components, is becoming more 

prevalent in the field of bioengineering. Labs where bio-printing is being conducted are usually focused on creating 

prototype organs such as heart valves, cartilage, and joints. Through additive processing, tissue engineering could be 

conducted with the possibility of creating vascularized tissue constructs that are capable of sustaining and improving 

upon their physical properties. Aside from being printed, various physical features such as the structure of a scaffold 

can also be manipulated using a 3D printing process. This process is commonly used for the production of poly(lactic 

acid). Due to the various properties of polycaprolactone, it has been considered as a bio-compatible scaffold material. 

This material can be used for the creation of scaffolds for various bio-based applications. 

Bio-materials are also being used in dentistry to create custom-made constructs for patients. This technology is 

expected to help repair soft and hard tissue injuries. Although it’s already been used for cosmetic purposes, it’s still in 

its early stages. Currently, 3D printing is being widely used in the cosmetic dentistry industry, such as cosmetic wax-

ups and bridge mold. In the US, some dental labs are already using 3D printing to produce fixed prosthodontics and 

surgical guides. Based on the data collected by the patient, the guides and patterns are created using 3D printing. In 

addition, these products are being used in dental offices to promote the profession. Various digital scanners, such as 

MRI, CT, and laser scanning, can be used to create 3D models of tissues and structures, allowing them to be quickly 

realized. Due to the advancements in 3D printing technology, materials are being designed to produce textures and 

colors for teeth that are life-like. One example of this technology is the ability to produce printed structures that contain 

bioactive components. For instance, a 3D printing technique was used to develop a device that can prevent the growth 

of Staphylococcus aureus. The development of 3D printed drug delivery devices is also expected to expand the 

technology’s applications in the field of dentistry. A study revealed that the printed die spacers produced by 3D printing 

exhibited inconsistencies and inaccuracies in their dimension. Due to the increasing popularity of 3D printing in 

dentistry, further applications of this technology are expected to be established in the coming years. 

A tissue scaffold composed of beam-based unit cells can be used for designing biological and mechanical systems. 

In this case, the strategy involved designing a printing process that mimics the structure of bone. The material choice 

was made to ensure that the scaffold’s structural integrity was maintained while maintaining its biocompatibility [36]. 

Through SLA printing, the layers were created to form the complex hierarchical truss structure. The structure’s design 

should also take into account the uncertainties associated with the 3D printing process and its component variations. 

Studies for tissue scaffolds can reveal various design strategies that can be utilized based on different material and 

printing process decisions. For instance, tissue scaffolds made from polycaprolactone (PCL) can have more 

biodegradability than those made from titanium. Also, choosing the right material can affect the structure’s topological 

design. For instance, printing polycaprolactone on a scaffold can be challenging since it requires the use of a truss-based 

structure. In most cases, the decisions related to the design, material selection, and printing process are made in a 

nonlinear fashion. This course aims to analyze the various factors involved in the design, material selection, and printing 

process of polymers for medical applications. Through reviews, the materials are compared to various materials 

available for different mechanical applications. This paper will cover different approaches for printing polymers. It will 

also discuss the various considerations involved in the printing process. This paper will gear the students who are 

interested in studying the various aspects of polymers for medical applications, which aims to provide a framework for 

researchers to improve the quality of their work in the field of medicine. 

In manufacturing sectors, the product can be produced by two major methods: subtracting manufacturing and additive 

manufacturing. The subtracting manufacturing includes production of the product by removing or cutting or subtracting 

the workpiece with various cutting tools to get the desired final product. Due to this removing of the material from the 

workpiece, there is huge loss of materials. However, in the additive manufacturing technology the final product is obtained 

by layer-by-layer addition of the material instead of removing materials from the workpiece. Hence, material loss is 
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minimized. However, the additive manufacturing technology is creating substantial change to the product manufacturing, 

particularly in prototyping new advanced products, with different aesthetics in visualizing abstract concepts. 

During earlier manufacturing process, the system initiates with the collection of raw materials, then transformed 

into bulk forms and then manipulated, machined and reduced to create final perceived object form. These processes 

have been followed by the past few years in the production sector, as based on the application level, it has been changed. 

But now, the entire process has been changed from top to bottom, with the invasion of computer aided manufacturing. 

This technique has effectively involved the manufacturing division, to a great extent. The production process reduces 

the work load and lead time of the manufacturing products. Within a single limited space, a single device has completed 

the manufacturing process of a product. This technology is termed as additive manufacturing or 3D Printing. 

History of 3D Printing 

The creation of 3D printing through the additive manufacturing process was initiated with a Japanese inventor 

named Hideo Kodama in the year of 1981. He invented a product that harden polymeric material with the help of 

ultraviolet light. This channels to the invention of stereolithography (SLA). He wrote a research article on 1980, under 

the proposed scheme for the conception of “Three-dimensional system” (rapid prototyping), named as ‘Automatic 

method for fabricating a three-dimensional plastic model with photo hardening polymer’ [37]. The research article was 

followed as based on a patent work had done on 1977. But Kodama has failed to submit the full patent application to 

the officials, so as the published paper is considered as the historical contribution and beginning of the new era in the 

field of manufacturing [38]. 

After few years, as based on the Kodama’s work, Charles invented SLA (stereolithographic apparatus), 

subsequently held the patent on 1986 [39]. The development of SLA is known to be the beginning of commercial 3D 

printing technology. After that a multinational company named 3D System introduced the first commercial type SLA–

3D printer to the world. After a decade, several pioneers came into this field and developed their new alternative additive 

manufacturing processes and commercialized through international patentship. As a continuation of the spark, Scott 

crump invented an alternative 3D printing modelling technology and patented the invention with his wife, and named 

the technological product as fusion deposition modelling (FDM) in 1989 [40] and became the co-founder of Stratasys, 

Ltd. Now he is the chairman of Stratasys, and the company is producing global level additive manufacturing machines. 

During the starting of 1990’s, three young inventors named Deckard, Beaman, and Darrah, introduced the technology 

for selective laser sintering (SLS) in 1992 (US Pat., 5155324, 1992). Then very next year 4 inventors Sachs, Haggerty, 

Cima, and Williams, patented ‘three-dimensional printing’, now it is commonly referred to as ‘3D inkjet printing’ in 

1993 (US Pat., 5204055, 1993). Finally, Feygin, Shkolnik, Diamond, and Dvorskiy, combinedly patented another rapid 

prototyping system named laminated object manufacturing (LOM) in 1998 (US Pat., 5730817, 1998). 

The early days of 2000’s made historical changes to the manufacturing, through addictive manufacturing system. 

The striking alternative technology to traditional manufacturing process, hit the wide spectrum of industrial sector to 

great extent. Not only with the industries, but also with the scientific, educational and social activities. After the invasion 

of additive manufacturing (AM), it improves the productivity, and reduces the work load mostly in the automobile 

industries. With regard to this technology, various new terms have born—like rapid manufacturing, rapid casting and 

so on. The history of 3D printing is shown in Figure 1. 

 

Figure 1. History of 3D printing. 
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2. Three Dimensional (3D) Printing 

Generally, 3D printing or additive manufacturing is a process of making 3 dimensional solid objects, based on a 

digital file. The whole process initiates with a proper 3D Model. For that, the industrials begin work with the designing 

process, then convert the files into 3D format using printer software. Then insert the file into the printer. Thus, the 

product will print out. 

3DP is accomplished by adding materials layer by layer form to produce the final shape of product. The printing 

mainly involves the use of 3D software to create the model, the created model is then imported to a slicing software 

(Ultimaker cura—the software may changes as based on the printer) [47]. The model is constructed through a computer 

controlled, layer by layer process. The 3DP technology overcomes the limitations of conventional fabrication techniques. 

Among the main advantages was no pre-processing, print the product within a less time (it may changes based on the 

size and application), and once after the primary printing process, if needed to change the shape or size (alter the design) 

[48]. It can be also possible with the help of 3D software. Here the printing follows bottom-up approach, which is 

guided by a computer model—obtained by slicing magnet resonance (MR) or digital data format of the defected area 

[49]. Thus, the production initiates with the layer-by-layer structural form, with high structural complexity, exclusively 

in the case of a patient specific implants [50]. The 3DP technique that use a layer-by-layer approach to print a product 

as based on a digital file, usually the products, which having small size, less weight, less number of quantities with 

better precision [51]. Among the products are more functional and cost-efficient product systems, with polymer-based 

composites have become an important aspect throughout the manufacturing process in design and development for 3DP 

applications [52]. These features have been immensely beneficial in the biomedical sector, in different applications. 

Not only with in vivo applications, but also with the in vitro applications [53]. 

3DP market is rising all over the world, especially in the field of medical with different applications, from in vivo to 

in vitro. As per the review note of specialized orthopaedic surgeons, the 3DP technology is playing an important role in 

placing an ideal product development within quick and economical way of creating patient-precise medical products [54]. 

Most importantly, the easiness to create complex structures within the product, also allows porous structured internal 

channels and internal structures with supporting filaments. As now, in the field of medical science, 3DP technology 

implemented a secured place in validating surgical tools to human implants, though this has open new opportunities in the 

creation of patient specific products and services especially in during the pandemic situation. The challenges occurred with 

the transportation and logistics owing to the distribution of biomedical devices and essential healthcare supplies within a 

short period of time, has been overcome with the rapid manufacturing process like 3DP processes. Though the health care 

and associated sectors handle the crisis on beds, and ventilators has redeployed the needs. 

Medical field utilized the advantage of rapid manufacturing in immediate patient bone injury fixation with the help 

of materialize mimics software. Some of the factors such as flexibility, series of movements by changes in course, and 

practicability of 3DP process are limited [55]. For the immediate requirement of medical applications and industrial 

equipment, 3DP is essential. To derive the specified, unique materials—traditional way of manufacturing may not to 

be possible. In such situations, the requirement of 3DP is important. Most importantly, the inconvenience occurred due 

to the communicating delay in between two hospitals and manufacturing companies during the production, fabrication 

and transportation of immediate requirement of in vitro implants (dental prosthesis) or equipment can be avoided with 

the implantation of 3DP technology. This may boost the production costs and generates a high-level technical demand 

for skilled operators [56]. To avoid the complications during the manufacturing of medical 3DP products, Food and 

Drug Administration (FDA) issued a draft guidance on 2017, which helps the 3DP in medical field improves the product 

quality and to advance the more specified applications in health care sector [57].  

3. Different Techniques in 3D Printing 

There are different types of additive manufacturing technologies that are being used in bio-medical applications 

(Figure 2): Stereolithography (SLA), Selective Laser Sintering (SLS), Fused Deposition Melting (FDM), Multi jet 

fusion (MJF), Digital light processing process (DLP) [58]. 
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Figure 2. Classification of Additive manufacturing. 

3.1. Selective Laser Sintering (SLS) 

In mid of 1980, Deckward and Beaman filed a patent on SLS, which became world-wide commercialized in 1987 

through DTM corporation and later on captured by 3D system during 2011. It is an additive manufacturing (AM) method 

that printed 3D object from CAD files [59]. The CAD files includes geometry and dimensions of part model is first 

converted to STL file and send to the SLS printing machine (Figure 3). The machine uses powder material and a laser 

source to build the 3D print part. During the SLS printing, the powder particles layer is exposed to the laser source and 

selectively fused together sintered powder [60]. The printing is carried out by solidifying a thin layer-by- layer of 

sintered powder particles to create 3D part model. Before sintering process, the entire bed is spread with powder material 

and the heating of the bed is carried out by the laser source. The bed is then heated to a temperature which is less than 

the melting temperature of the part material or very close to glass transition temperature in order to reduce the thermal 

distortion and helps in proper fusion of the sintered powder layer. The laser source heat the powder material and leads 

to fused together to form a solid layer. When one layer of part model is finished then suddenly the bed is lowered and 

immediately the powder tank which is filled with powder materials is raised. With the help of roller, a new layer of 

powder materials is spread over the bed and the process is repeated. The powder which are not scanned or fused by the 

laser source are used as support material by the next layer of powder, after completion of the fabrication process these 

powder are removed and recycled for the next sintering process. 

SLS machine can processed a lot of materials from polymer to ceramics for industrial engineering and biomedical 

applications. Various types of raw materials include polycarbonate, nylon and acrylic [61]. CO2 laser with a wavelength 

of 1.06 μm are commonly used laser for sintering low melting temperature materials or polymeric materials. However, 

for the high melting temperature materials, ND: YAG laser with a wavelength of 1.06 μm are used [62]. In SLS machine, 

the powdered material should possess an appropriate particle size with spherical shape of 10–150 μm and should have 

excellent flow ability [63]. The quality of the sintered 3D part model in SLS machine has been affected by various 

parameters like laser power, layer thickness, bed temperature, scan speed and roller speed. 

SLS has lot of applications in biomedical engineering including tissue engineering scaffolds. Biodegradable 

Polymers like poly (vinyl alcohol) (PVA), polylactic acid (PLLA) were successfully processed as scaffolds through 

SLS [64]. PCL/HA composites were fabricated for scaffolds with SLS [65]. HA/PVA and HA/PLGA composites 

scaffolds were successfully fabricated with SLS method [66].  

 

Figure 3. Selective laser sintering (SLS). 
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3.2. Stereo Lithography (SLA) 

Stereolithography (SLA) is one of several methods used to create 3D-printed objects. It’s the process by which a 

uniquely designed 3D printing machine, called a stereolithography apparatus (SLA) converts liquid plastic into solid 

objects [67]. It was first patented in 1986 by Charles Hull [68]. It uses liquid resin, which is cured, or hardened, to form 

a solid object. In the SLA (Figure 4) process a liquid material called a photo-polymer is exposed to light from a laser, 

from a digital projector, or from another focused optical source. The radiation causes the material to solidify (or cure) 

where the light hits it. When the full object has been “drawn”, it is removed from the tank holding the liquid polymer. 

The process can be used to make whatever object we like as long as it will fit in the tank and the cured plastic is strong 

enough. There are other properties to take into account such as temperature, chemical resistance, toxicity, and longevity. 

Some cured polymers degrade when exposed to sunlight or fluorescent lights. SLAs have four main parts: a tank that 

can be filled with liquid plastic (photopolymer), a perforated platform that is lowered into the tank, an ultraviolet (UV) 

laser and a computer controlling the platform and the laser. In SLA, the object is fabricated by computer-aided design 

(CAD) file. The required 3D part model is designed by the 3D part modelling software, or obtained from scanning data 

like magnetic resonance imaging (MRI) or computed tomography (CT) and converted into Stl. file and send to the SLA 

machine for printing [69]. 

 

Figure 4. Stereo lithography (SLA). 

3.3. Fused Deposition Modelling (FDM) 

FDM (Fused Deposition Modelling) is a 3D printing technique, also called Fused Filament Fabrication (FFF) 

comes under the additive manufacturing process, which is used for modelling, prototyping, and production applications 

in various sectors. The process in FDM is built to construct 3D objects directly from 3D CAD data digital file [70]. This 

technology was introduced in 1988 by Scott and Lisa. Later in 1989, Crump patented FDM technology and founded the 

company named Stratasys [71]. Now, FDM has become one of the most common methods, and the most widely using 

3D printing technique [72]. Now, there are wide variation of objects printed using FDM, ranging from children’s toys 

to industrial parts. 

The FDM (Figure 5) technique is based on the extrusion and layer-by-layer deposition of thermoplastics and 

polymer materials. Through the rollers the thermoplastics filaments are fed in the printer heads through the fine nozzles. 

The deposition takes place from the printer head to the printing bed. Every layer is composed with support material and 

build material. There are multiple extruders also been using to deposit the materials. Every layer is completed by 

lowering the printing bed and this process is followed to complete the printing process. The printed object is 

mechanically detached from the platform, and any support structure is either broken off, dissolved, or washed off with 

a suitable solvent [73].  

FDM printers and its material with support material are the cheapest among all the 3D printing techniques. This 

makes the FDM 3D printing technique is unique for the users [74]. Several materials were available for different 

applications, but FDM is having some limitations like any other 3D printers. The filaments must have to follow some 

requirements like diameter, strength, temperature capacity. As well as acrylonitrile butadiene styrene (ABS), polymer, 
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polycarbonates, polycaprolactone, polyphenyl sulfones and waxes. In Stratasys 3D printer, there are 2 main filaments 

and 2 supporting filaments can fix at a time. A “water-soluble” material can be used for making temporary supports 

while manufacturing is in progress. Among, the users itself change the filaments with different properties, in order to 

develop a huge variety of models and products in different applications [75]. With the assistance of multiple nozzles, 

FDM can print multiple material and multiple colour 3D printing. The support structure of the FDM printers can be 

easily breakable, so here no require of post processing to remove the support materials [76].  

Few limitations are there in the FDM printers. The X and Y- resolution depend on the diameter of the nozzle. The 

diameter of the nozzle is usually 200 µm to 800 µm. For this low-resolution different defect arise like high surface 

roughness and staircase and chordal surface defects. Due to the absence of support dense materials and low resolution 

the printing very complex structures is not possible [77]. FDM-printed objects usually have material heterogeneities, 

bulk defects, and low-pressure resistant seals because of poor bonding between adjacent layers and they also have low 

optical transparency because of the high surface roughness and heterogeneities in the layers [78].  

 

Figure 5. Fused deposition modelling (FDM). 

3.4. Multi Jet Fusion (MJF) 

Multi Jet Fusion is another additive manufacturing process, uses fine grained particles that helps to print a 3D 

object with 80 microns thickness. This process is patented by Hewlett –Packard [79]. The heating source to melt the 

powder material is lamps rather than lasers in other 3D printers. The product obtained from the MJF machine (Figure 

6) has high density and low porosity. The post processing process of MJF is very less. The final product possesses 

smooth surface [80]. 

Multi jet fusion 3D-printer is a powder-based technology and there is no use of laser source. It is developed by HP. 

It is an industrial 3D printing process that produces functional nylon prototypes and end-use production parts in as fast 

as 24 hours [81]. 

The powder bed is uniformly heated from outside. The fusing agent is jetted over the contours, the powder particles 

of raw materials are molten selectively, and to improve the part resolution a detailing agent also jetted around the 

contours. The jetted materials capture the heat and distribute it evenly when the light passes over the powder bed surface. 

The layer thickness is 0.08 mm and the minimum wall thickness is 1 mm. In MJF, an array of inkjet selectively applies 

fusing and detailing agents across the bed of raw powder material then the powder material is fused by heating to solid 

layer. After each layer, the powder is spread across the bed and the process is repeated until the part is complete [82]. 
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Figure 6. Multi jet Fusion (MJF). 

3.5. Digital Light Processing Process (DLP) 

DLP technology is developed by Charles, Texas Instruments in the year 1980s [83]. There are two common types 

of 3D printing technology include nozzle–based and light-based 3D printing. Extrusion printing and inkjet printing are 

comes under the nozzle –based 3D printing. In these methods, the printed material are extruded or jetted and 

accumulated on the part table [84]. However, in the light-based 3D printing method, laser light is used for printing, 

includes DLP printing, Selective laser sintering (SLS), selective laser melting (SLM) [85].  

The main part in the DLP (Figure 7) is digital micro mirror device (DMD) which includes a group of micro sized 

controllable mirrors. The mirrors are continuously rotated during working to control the path of the light and help in 

projecting into photosensitive resin. The resolution of the DLP is based on the projection plane that is adjusted by DMD 

and lens. This method shows fast printing. The most important part of the 3D printing with DLP is materials that are 

basically photosensitive polymers, when they are exposed to light, they polymerize from liquid to solid [86]. 

The 3D printing methods are widely used in biomedical engineering sector for the fabrication of specific medical 

instruments depends on patient’s disease. DLP printing techniques is used for printing both soft muscle and hard bone. 

This technique also used for fabricating spine-shaped phantom and oral cavity model for orthodontics [87].  

 

Figure 7. Digital light processing (DLP). 

4. Various Steps in 3D Printing 

Printing a product in 3D printer includes few steps, initiates with creation of 3D Modelling to final processing of 

product. The 3D printer builds products in the form of layer by layer from bottom to top engagement. 3D printing 

process consists of 3 important processes such as pre-processing, production and post processing process [88]. In pre-

processing, the manufacturer creates 3D models with the help of 3D software, then with the assistance of build 

preparation software, the model slice into different layers, and position the number of parts into printed bed. This helps 

to calculate the path to extrude the material, show the associated parameters necessary for the printing process including 

printing cost and time. Moving into second section named Production, which includes the printing process. And finally, 

after printing the product. It will be subjected to post processing, where, the operator breaks away the supporting 

material assisted in the product with the help of detergent water or with diluted chemicals. Thus, the final product is 

ready to use. 
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4.1. 3D Modelling/Pre-Processing 

3-Dimensional modelling technologies and associated methods are the prime factors that influencing the growing 

field of 3D printers. The previous methods of 3D modelling mainly depend on the graphical representation through the 

construction of spatial perception. Based on the technological establishment, the current training challenges to combine 

the Conceive, Design, Implement, Operate (CDIO) the creation in an improved manner [89]. Initial step in 3D modelling 

is to create an outline drawing of 3D digital file of an object to be print. Most of the manufacturers creating the digital 

model with the aid of Computer Aided Design software’s. Based on the application level and product complexity, the 

designing software will change. 3D modelling software like AutoCAD, Solidworks, Unigraphics NX, Thinker CAD and so 

on. These software helps to create novel product design as per the customer review within a minimum period of time [90]. 

Some products are so difficult to design within a minimal period time, by following all the standards. In such 

occasions, the manufacturers or designers will suggest for scanning process. 3D scanning is a technology, which helps 

to convert a real product into 3D digital file within a minimal period of time. This technology is closely related to 3DP 

process, and widely used for reverse engineering tasks directing to industry professionals [91]. Once the image file has 

displayed on the screen with the help of scanner software. Then the designer can be able to modify the 3D digital file 

into concerned customer’s choice. To accomplish this process, a 3D scanner is needed, for that most of the industrials 

using blue light scanner, manufactured by 3D Systems.  

In the final step of pre-processing, the 3D digital file needs to follow some design requirements before sending to 

the printer. The designing for additive manufacturing (3DP) must be in proper scale, minimum wall thickness and file 

format. 3DP is always pointing on a single law–creation of real products from designer’s creation to make a change in 

the world. HEOs called heterogeneous objects, which are made of multi-materials, it consists of a variety of digital 

models. It will be used, when 3DP technology to build entities, including geometric models, material models, slicing 

models, and printing models [92].The 3D model files designed by different CAD software has different formats. So, 

once after the completion of 3D design, the file format should in the form of following formats named—(.stl), (.obj), 

(.3mf), (.ply) [93]. The most common 3D printing file format is STL that stands for “Standard Triangle Language” and 

“Standard Tessellation Language”. The reason why, the printing technology needs stl format is because of the triangular 

mesh (polygons), it describes the layout of a 3D object precisely. Also, while transferring files from modelling software 

to any other 3D viewing software or printer in the format of (.ply) or (.stl), the probability of losing data, size and 

accuracy is less, or maybe not.  

It is not possible to forward the 3D digital file directly into the 3D printers, because most of the printers print bed 

size available in markets is limited. The 3D printers are creating products in layer-by-layer form. It has to be done with 

the slicing software available with 3D printers. Slicing means dividing the 3D model into hundreds or thousands of 

horizontal layers. Also, it helps to create supports to the objects which having extension and separate the file into 3 or 

4 pieces—while the size of the product is more than the print bed. Once after the completion of this process, the sliced 

file itself generate a G-Code, copy the file or send the file through LAN connection to the printer. The printer module 

will recognise the language and passes the message to printing knob. G-Codes are generally use in the computer aided 

manufacturing systems to control computer automated machine tools like (CNC). This code is the language of machine 

and what we practice to interconnect with it.  

4.2. 3D Printing/Processing 

The very next stage to 3D modelling after slicing process is to print the product with the available entered G-Codes. 

The 3D printing machines consists of many moving parts, which are placed in a vacuum condition, to avoid the direct 

contact with oxygen. Most of the 3D printers were focused on the printing of biomedical implant, they need accurate 

and precise calibration and accuracy. It should be maintained within every printing period or once after the completion 

of processes. After the completion of inspection process, directly the printing will begin. Most of the 3D printers do not 

need monitoring, once the printing has begun. The printing machine will always follow the G-Code that entered through 

slicing software. In order to avoid complications, while printing, the printer itself show the printing time, usage of 

material and associated things within the printing panel. So, without sufficient main materials and supporting material, 

the printer should not start working. Once after the completion of printing the product (Finished product), it will be 

directed to post processing, which includes removal of waste parts and supporting filaments, then directly forward to 

post processing. 
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4.3. 3D Finishing/Post Processing 

Starting from the removal process of supporting materials from the finished products. In some cases, as based on 

the build platform and types of printers using, the finishing may change. The products were printing are always based 

on the application. Sometimes for low precision product development period, some support extension may occur. The 

removal of extension part or a supporting material from a product is a technical process, which requires professional 

skill and specialized exposure on the field. And especially, the product must be in a controlled environment to avoid 

external effects like contact with foreign bodies, may the contacts will affect the surface finish. Post processing is 

considered as an important part of fabrication process, because the aesthetic and function of parts are always depending 

on the final session. Most of the printing products do not have finished surface, but it can be improved with the help of 

right techniques and skilled of the operator. Various techniques are available for the post processing, includes—sand 

blasting, painting, polishing, and other post-processing methods. The printed products always represent the print quality, 

this quality is not only with the mechanical property but also with the aesthetic exposures. This can be achieved by final 

finishing session. Post-processing is very important and time-consuming operation, while the evolution starts with the 

development of technologies, while it may also change the time-consuming techniques into time saving procedures.  

Every product derived from 3DP processes require post printing processes to make it functional. The four foremost 

post-processing methods are: (1) removal of the support structure and secondary curing steps [94]; (2) coating of 

surfaces for protection [95]; (3) polishing and surface roughness improvements [96]; and (4) treatments for changing 

material properties and structure shapes [97].  

5. Different Polymers Used in 3D Printing 

The most common types of materials that are used in 3D printing techniques for biomedical applications are 

polymers. Polymer materials has great advantages over metal in respect of biodegradability and biocompatibility. Metal 

implants do not degrade in the body and leads to mechanical stress that cause stress shielding effect [98]. Now a day’s 

polymers have wide range of application in biomedical field due to their light weight, less toxicity and remarkable 

properties for 3D printing [99]. Natural polymers possess excellent cell adhesion and proliferation properties.  

Medical imaging and 3D design combined with Additive manufacturing have opened up the scope for customized 

implants, tissue regeneration by scaffolds made from biocompatible materials, organ fabrication; creation of customized 

prosthetics. There are certain capabilities through which polymer material are used in 3D printing includes material 

processing, molecular structure and mechanical properties, bio compatibility, bio degradability, non-toxic non-hazardous, 

desirable mechanical properties, printability [100]. The classification of polymer materials is presented in Figure 8. 

Selection of material for biomedical engineering depends on the application of final product. For orthopaedic and 

dental implants, the product should have high mechanical strength, high stiffness, high fatigue strength, high wear and 

tear resistance and prolonged biodegradation rates. For visceral organ application, tissue engineering scaffolds, drug 

delivery systems: the biomaterials should be biocompatible and faster biodegradation rates [101]. Here we are going to 

discuss some polymer-based 3D printable biomaterials in detail by analysing their advantages and current limitations. 

Biocompatible polymers used for 3D printing are categorized into (1) natural polymers (2) synthetic polymers [102]. 

 

Figure 8. Classification of Polymer materials. 
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5.1. Natural Polymers 

Natural polymers derived from sources like plants, animals, and microorganisms. Due to their high 

biodegradability and high water holding capacity, scaffolds made of natural polymers are used for skin repair and 

regeneration purposes [103]. Natural polymer materials are alginate, gelatin, and fibrinogen. These are water soluble in 

nature. These polymers can be dissolved in inorganic solvents like cell culture medium and phosphate-buffered saline 

to form hydro gels. The hydrogel solutions have certain viscosity which is used for 3D imprinting process .The layer-

by-layer deposition of this hydrogel solution in 3D printing machine under the instruction of CAD models, facilitate 

cellular activities in a mild bromidic environment [104]. 

5.1.1. Silk Fibroin 

Fibroin is a protein, which is insoluble in nature, present in silk which are produced by various insects such as the 

larvae of bombay mori and many more [105]. It is a natural biopolymer, widely implemented in the field of tissue 

engineering due to its biocompatibility, degradability and very low adverse reaction to the immune system of the body 

[106]. There are different way to produced scaffolds from silk fibroin including 3D bio printing, electro spinning, freeze-

drying [107]. It has been used to build tissue such as skin, retina, blood vessel, cardiac tissue, bone, and cartilage [108]. 

5.1.2. Chitosan 

Chitosan is a linear polysaccharide, composed of deacetylate and acetylate chitin. It is made by processing the 

shells of shrimp and crab [109]. However, due to its biocompatibility, nontoxicity and biodegradability properties, it 

has a great potential for wound dressing, tissue engineering and drug delivery. It has various advantages like 

hypoallergenic activity, antibacterial property, and ability to quick blood clotting, it has been used for bandages, gauge 

dressings, and hemostatic agents. It has hydrophilic in nature, hence applicable for cryogel and hydrogel [110]. 

Scaffolds made from chitosan are fabricated with various techniques like freeze-drying, electrons pining, and 3D 

bioprinting. Chitosan made scaffolds has huge applications in bone tissue engineering, cardiovascular tissues, cartilage, 

skin and neural tissue [111]. 

5.2. Synthetic Polymers 

Synthetic polymers are human made polymer, mainly obtained from petroleum oil. It shows a very good 

printability property. The complex architecture can be easily 3D printed by using synthetic polymers. These polymers 

degrade by hydrolysis. The synthetic polymers used for biomedical application can be classified as bio-based, bio-

derived or modified synthetic polymers [112].  

5.2.1. Polylactic Acid (PLA) 

PLA is a thermoplastic polyester. It commonly obtained from corn, sugar beet, wheat, etc. It is commonly used 

polymers due to its biocompatibility, biodegradability, ability to dissolve in organic solvents and ease in processing 

[113]. PLA has wide application in biomedical engineering such as wound healing, drug delivery, and scaffolds 

preparation [114]. Scaffold preparation can be carried out by electrospinning and 3D bioprinting. Scaffolds have 

excellent cell proliferation [115]. It is leading polymer used in 3D printing by FDM. It can be extruded between 190 °C 

to 230 °C [116]. It also used in biomedical implants such as pins and screws. It has good compressive strength which 

is similar to the trabecular bone (230 MPa) [117]. 

Mechanical properties of PLA may depends on the molecular weight of polymers and degree of crystallinity [118]. 

Improved mechanical properties of PLA can be achieved with semi-crystalline PLA over an amorphous assembly of 

the polymer. Semi-crystalline PLA exhibits the following properties: approximate tensile modulus of 3 GPa, 

approximate tensile strength 50–70 MPa, flexural modulus of 5 GPa, and flexural strength of 100 MPa. PLA is an 

advantageous biopolymer with relatively high strength and high modulus [119]. In order to attain the desired 

morphology of PLA, it may be heated or reheated and cooled with thermoplastic polymer. To improve the properties 

like thermal stability and degradation rate PLA is blended with others polymers including polyethylene, polypropylene, 

chitosan, polystyrene, polyethylene terephthalate, and polycarbonates. PLA release lactic acid by products during 

degradation which could lead to tissue inflammation and cell death, to neutralize acidity PLA can be combined with 

carbonated calcium phosphate [120]. 
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5.2.2. Acrylonitrile Butadiene Styrene (ABS) 

ABS consists of three monomers commonly Acrylonitrile, Butadine and Styrene. ABS was one of the first polymer 

materials to widely use in 3D printing application. It possesses a good strength and flexibility because of its petrochemical 

triblock copolymers based on polybutadiene [121]. ABS can easily withstand temperature range of −20 °C to 80 °C with 

melting point temperature of 105 °C, which makes ABS a very attractive polymers for use in 3D printers like FDM and 

SLS [122]. It has wide variety of possibilities in biomedical application like respiratory devices, infusion systems (slide 

clamps, caps, and spikes), Auto-injection devices, housing for medical devices and closed system transfer devices [123]. 

The miniature implants, such as middle ear prostheses can also be manufactured from ABS. [124]. 

5.2.3. Poly Caprolactone (PCL) 

PCL is used for fabrication of biodegradable 3D printed scaffolds suitable for fabrication of long term implant systems 

and drug delivery applications. It has low glass transition temperature Tg (−60 °C). PCL widely used in FDM 3D printers 

as filament. It possess excellent rheological and viscoelastic properties upon heating, has good tensile strength of 37 MPa, 

Young’s modulus 216 MPa, Elongation at break is 746% [125]. It has a very slow degradation rate even slower than that 

of PCL which makes it perfect for long term implantable materials. It has an ability to stable in body for over 6 months 

and it takes around 3 years to fully degrades, which helps in tissue regeneration and healing [126]. Unlike PLA, PCL 

doesn’t release any harmful by-products during degradation inside body. Biocompatible Polycaprolactone–

Hydroxyapatite composite filaments for the FDM 3D Printing of Bone Scaffolds has widen the research area related to 

human implant system [127]. PCL is used as dental splint and root canal filling material in dentistry. PCL scaffolds are 

fabricated from electrospinning and bio cell printing for use in tissue engineering, bone cell regeneration [126]. 

5.2.4. Polycarbonate (PC) 

PC is high strength bio compatible and biodegradable material, which can resist deformation up to a temperature 

of 150 °C. But it absorbs moisture from the air and this affect its printing quality [127]. It is most widely used polymers 

in medical application due to its optical clarity, high impact strength, heat resistance and dimensional accuracy over 

wide thermal range [128]. Scaffolds made from PC has porosity range from 1% to 30%, and Yield Stress, Elastic 

Modulus, and Elongation at break, of 50 MPa, 2250 MPa, and 8.3%, respectively. The mechanical properties of PCL 

scaffolds decreases with increase in porosity [129]. 

5.2.5. Polypropylene (PP) 

PP is a thermoplastic polymer, produced by the polymerization from propylene monomer; having a melting point 

of 165 °C. Among all the polymer, PP is the lightest one with a density of 0.908 g/cm3. It has good abrasion resistance, 

good shock absorbing capability, high stiffness ability (1.2–1.6 GPa) and ultimate tensile strength (20–40 MPa) [130]. 

In spite of all these advantages, it has some drawbacks like low operating temperature (becomes brittle below −20 °C), 

high reactive to UV rays, solvents and aromatics. PP is widely used in orthopaedics mainly with the bone fracture, 

because of its stiffness ability and light weight feature [131]. 

5.2.6. PEEK 

PEEK is high performance polymer having mechanical properties very close to metals [132] widely applicable not 

only in the biomedical engineering but also in automobile and aerospace industries. The melting point of PEEK is about 

350 °C, due to this high melting point not all FDM 3D printers are able to use these material. However now a days lot 

of printers are able to reach its heating plate to a temperature of 230 °C, and extrusion temperature of about 350 °C 

[133]. PEEK has biocompatibility, osseointegrative properties, radiolucency and low moisture absorption ability leads 

to its widely application in bone tissue engineering [134]. 

5.2.7. Polyamides 

A polyamide is a polymer containing repeated amide groups. The most widely used amide polymers are nylons. In 

SLS 3D printing, most commonly used polyamides are nylons [135]. FDM machine also widely used nylons in 3D printing. 

It has good chemical and mechanical properties such as high stability, rigidity, flexibility and shock absorbing capacity, 

biocompatibity; make them to use in biomedical applications [136]. Polyamides are blends with hydroxyapatite to produce 

porous scaffolds for applications in bone cell regeneration [137]. 
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6. Biomedical Application of Polymer Materials in 3D Printing 

Recent developments in the field of 3DP have led researchers to research the usability and easiness of the 

technology within the biomedical sector. Various sectors within the biomedical field enhanced the next generation of 

medical systems, includes–drug delivery systems, tissue engineering, tissue and organ models, prosthetics and replica 

fabrication, implants, and so on [138]. Each biomedical application has great benefits, with the 3DP process, by 

accessing rapid product manufacturing (Figure 9). 

 

Figure 9. Applications of polymeric materials in biomedical engineering. 

There are new types of materials, which are becoming more important for biomedical applications. They are known 

as printable polymers; recently biomedical and biological materials have had a huge increase in usage. The reason for this 

is that healthcare sector is becoming more prominent part of the engineering area using the standard engineering 

approaches. The materials that are dealing with biological materials and these materials were developing as per the 

applicational perspective [139]. The two major types of materials that were practicing for biomedical applications like 

ceramics, metals, and polymers. The most important thing is every material is different in environmental conditions and 

loading conditions. This is also, related to the physiological conditions inside our body or related to implants for 

prostheses. Another thing is the biological materials in tissues from the level of cells to the tissues and organs and this 

is very important to understand the behaviour of this material under physiological conditions as well as in the interactions. 

The medical devices, especially stents, implants, most preferably in vivo equipment have almost similar properties. 

The polymers which are used for biomedical applications have wide range of varieties. Starting from poly methyl 

methacrylate, it was started to be produced in 1930’s in the United Kingdom and now it has a just broad area of 

application in orthopaedics and dentistry, and one of the major properties is its biologically inert and it has very good 

optical properties [140]. Plexiglas is close like real glass in terms of its transparency. But it cannot be use widely, 

because of its brittleness property. It may damage some tissues and will be affected to the associated ones. This can be 

treated by the coolant, when being deformed due to the heat generation in this process. So, it can be used for different 

application. But generally, it can be used in implants, like bone cement and as Plexiglas it is being used for lenses [141]. 

Another material is polyurethane which started in 1930’s. It was first produced by a guy in Germany it is one of 

the analogues of nylon 6-6 and if compared to this known material [143]. It has somewhat lower melting point, low 

water absorption and has significantly better mechanical stability. The beneficial features are extending to its good 

fatigue resistance in mechanical performance, stable biocompatible. With regard to this feature, it can be used for many 

different applications, significantly for surgeons and for the potential biomedical applications [144]. 

Then Poly dimethyl siloxane or simply known as PDMS. Its formula was developed on 1940s by Corning and 

general electrics at United States of America [145]. It is one of the most popular silicones that are being used in 

biomedical application. It has thermoset soap, which suggest it cannot be easily shifted before and formed after. With 

temperature loading and its high flexibility makes it quite durable and stable [146]. In 1980s the poly ether ketone or 

PEEK or peak. It was developed in the United Kingdom and this is a material which found quite a broad range of 

applications [147]. The properties like high strength-to-weight ratio more than that many metals and LS have high 

temperature performance. So, it is very fine chemical stability and high resistance to deformation. So, as a result—it is 

being used for load-bearing orthopaedic application—spinal cages fixation, maxillofacial implants, and screws anchors 

and so on. It is a heavy loaded material—very important for multiple application inside our body as implants [148].  

The polyethylene was developed in 1930’s in the United Kingdom and this material is using from our everyday 

life [149]. It clearly suggests that, it can be used in different variants for biomedical applications. Generally, its different 

forms are being and seeded based on their molecular weight we can prefer low density polyethylene and high-density 
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polyethylene. The molecular weight of polyethylene, where the molecules can have the weight of tens thousands of the 

units. So, because of its versatility, it has different biomedical application—it has a very good toughness. Also, it has 

low coefficient of friction so can be used for instance in implants-where there is a contact for instance feeding the hip 

or knee replacement [150]. This act as a line between the parts, and it have high endurance. These major applications 

pointing that, for instance 90 percent of survival after 80 years in total hip arthroplasty. 

Another new material called Teflon. It is other type of variants, it is chemically inert and because of its good 

properties like stability, inertness with good mechanical integrity recommending this material for the medical 

application [151,152]. The conditions of the constant load it shows some deformations and creep can become a matter. 

Among to that, it absorbs protein cells. The growth of the biofilms on its surface is very good positive. Next material is 

polyamide or nylon. This was developed in 1930’s, suggesting biological form or can be synthetically produced [153]. 

Compared to the remaining materials, these having plenty of positive properties like; flexibility, toughness, chemical 

resistance, low friction and additionally low cost so as a result it is also being used competitively with other materials. 

Also, it is to be used in many biomedical applications [154].  

Now pointing to polylactic acid or PLA, it was developed in 1920’s and it can be produced from the natural 

materials like corn, starch, sugar cane, and the lags [155]. Mostly with the better advantage side of the material leads to 

the possibility to made for biomedical application [156]. The possibility to biodegrade made the reason for this is 

important for some applications—like to put implants for any parts inside our body and to perform its function as long 

as possible [157]. While placing a foreign body into the body, automatically it will resist. But here, there is something 

alien to the body so the surgeons to put something on it for some time and then to allow the tissues to grow and to take 

back their function. Instance with metallic beads here after around two years to put a stand inside the artery made of 

PLA, that within two years it can fully degrade and can be removed in a natural way from our body with the artery for 

nearly fully restored to its initial function. But, brittle property of the materials makes some problems. Though, it can 

be used for meshes in orthopaedics [158]. PLA with hydroxy appetite are used as biopolymer material for the better 

biodegradability and biocompartibilty in biomedical applications [159].These are the major classes of polymeric 

materials with its wide applications in biomedical sector. 

Additive manufacturing, which is known by the 3D printer. This helps to makes all different our parts inside our 

body, with different dimensions as per patient concern, so generally the current development of the healthcare 

engineering is related with the personalized medicine. So, in the ideal world, it would be rather to put not one of the 

few types of the implants or like a glove on your hand. It specially designed and prepared by the designer with 3D 

modelling technology. 

7. Conclusions and Future Aspects 

The amalgamation of biopolymers and 3d printing opened a wide range of applications in the field of medical 

sector. The future of additive manufacturing in various disciplines in biomedical engineering is comparatively brighter 

with the help of 3D printing techniques. 3D printing is quickly becoming a vital technique for creating devices and 

systems in the fields of biomaterials and tissue engineering. It transformed the face of the biomaterial’s world with the 

development of patient-specific medical devices that possess necessary shape and structure. Each 3D printing process 

has its own set of benefits and drawbacks, and its application in biomedical engineering is dependent on a variety of 

aspects, including the precision, efficiency/productivity, and need for 3D printing materials; product quality/surface 

finish; and costs. Surgical planning, medical implant and prosthesis, pharmaceutical use, tissue engineering, and the 

battle against COVID-19 are all examples of applications of 3D printing in biomedical engineering. Dental implants, 

cranial implants, spinal implants, vascular stents, and prosthetic limbs are among the implants and prostheses that may 

be constructed via 3D printing. Although there are many high obstacles along the way, improvements in 3D printing 

technologies, materials science and engineering, biological science, and clinical research may confidently be claimed 

that many issues may be solved along the route, and newer and better 3D printing biomedical models can be created. 

3D printed biomedical items will be accessible for clinical application, possibly in the near future. However, concerns 

such as poor mechanical properties in 3D printing, scaling up of the AM products for mass manufacturing, generating 

smart printable biomaterials, and vascularization in 3D bio printing necessitate new approaches. It is fair to predict new 

paradigms in AM technology in the healthcare industry in the future. 

The future studies will foresee the implementation of additive manufacturing in biological fields such as biosensors, 

scaffold designing, drug delivery and biotechnology. The fabrication of biosensors attempts to involve additive 

manufacturing for enhanced output performance by cost-effective and less complicated structure designing. The ease 
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in fabrication strategies involved in 3D printing enables the improvement in output performance of biosensors. The 

designing software related to 3D printing provides thrust in developing versatile scaffold designs for tissue engineering. 

There exists an extravagant scope of research in scaffold designing using 3D printing. The application of 3D printing 

in developing drug delivery systems has provided a ray of hope in rapid advancement of medical technologies. The 

complicated drug delivery techniques can be assimilated with additive manufacturing to develop complex structures 

related to drug delivery within the body and this has advanced in leaps and bounds in the field of biotechnology. 
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