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Abstract 
 
The biopolymers are the class of the engineering polymers which can be used 

for the applications such as food industry, additive manufacturing and 

biomedical applications. In the biomedical applications, polymeric 

composites cover the dental, tissue engineering and regenerative medicine 

preparations. The previous studies have been focused on the development of 

dental, tissues, and regenerative medicines by the help of the different 

manufacturing techniques. 3D printing is one of the most important 

manufacturing techniques by which the design configuration is easy and can 

manufacture the complex parts.  It has been proposed the use of the different 

metal, fibers and oxides can helps to provide the functionalities in the 

polymeric matrix so that it can be better applied for the tissues, regenerative 

medicines and dental applications. This study is a state of the art review for 

the 3D printing of polymeric based composites materials for the dental, 

tissues engineering and regenerative medicine applications.  
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1 Introduction 

 The polymers have been used in the biomedical applications due to the 

excellent biocompatibility and bioactivity with the human tissues. The 

addition of the different metallic, nonmetallic and oxides in the 

biocompatible and bioactive polymers can increase their functionalities 

especially for the cell growth tendency, toughness, flexibilities and thermal 

performances [1-3]. The previous studies have been reposted for the use of 

the polymers for the shape memory polymers in the preparation of the 

implant materials [4]. The study reported the use of the poly (2-oxazolines) 

in the biomedical applications such as drug delivery and gene delivery [5]. In 

tissues engineering applications, the use of thermo responsive polymers are 

highly adoptable for the functionalities in the physiological conditions [6-7].  

The previous studies have suggested the innovative biomedical applications 

of the polymers and their functionalities   [8-9]. Some of the polymers are 

having the range of functionalities such as they can responsive to the external 

factors such as; pH, humidity, heat, electric and magnetic fields etc. These 

type of the polymers are called stimulus responsive polymers which can 

change their shape and size when the external stimulus applies. In biomedical 

applications, the stimulus responsive polymers have been reported for the 

biomedical applications [8, 11]. Figure 1 shows the application of the 

polymer in different fields [12].  

 
Figure 1 Application of the Polymers [12] 
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2   3D printing in Biomedical Applications 

 In the area of the biomedical engineering applications, the polymers can 

be used for manufacturing of the partial denture, dental utilities, medical 

devices, scaffolds, implants, organs and regenerative drugs and medicines 

[13, 14]. The additive manufacturing is one of the emerging tools for 

preparations of biomedical utilities such as dental crowns, drug delivery 

essential, medical devices, biomedical scaffolds, and biomedical implants 

and in some cases biomedical organs too. The study suggested that 3D 

printing, 3D bio-printing, 4D printing, 4D bio-printing and 5D printing is 

some of the available techniques which can be used for the preparations of 

the biomedical essentials [15] (see Fig. 2). 

 

Figure 2 3D Printing Techniques for Biomedical Applications [15] 

3  Dental Applications 

 The reinforced polymeric composites play a vital role in preparations of 

the dental and orthopedic implants. It has been reported that the essential 

prepared by carbon fiber reinforcement in the poly ether-ether ketone 

(PEEK) shows the potential utility for orthopedic and dental applications 

[16]. At the same time, the additive manufacturing techniques has 

capabilities for processing of the polymers; especially in case of the 

prosthetic dentistry [17-19]. The study has been conducted for the 

comparison between the 3D printing process and conventionally cured dental 

crowns and bridge components. It has been observed that 3D printed crown 

and bridge have exhibited adequate mechanical properties [20]. The jetting 

3D printing is one of the advance 3D printing techniques which can be used 

for preparations of dental essential of photopolymers. Polymer such as 

polylactic acid (PLA) is one of the biocompatible polymers that can be used 

for the 3D printing of biomedical utilities such as clinical dentistry 

applications [21-22]. The regeneration of the cells is necessary for the 

healing of the dental based structures.  
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It has been developed an advance tool for regenerative healing in the 

dentistry of PLA-minerals based composites [23].  The study has been 

conducted for investigations of the customized moulds using dental fillers for 

dental applications [24]. Also, mechanical properties of the dental materials 

are important aspect for 3D printing process [25]. The cell growth is an 

important aspect for the bone tissue regeneration. The study conducted for 

development of the 3D printed bone for tissue applications [26].  

4  Tissue Engineering Applications 

 The 3D printing process is a promising tool for the fabrications and 

preparations of the organs as well as implants with the improved 

functionalities and properties [27]. The two photon vat polymerization is one 

of the 3D printing techniques which can be used for the micro-fabrication 

process of the hydrogels applied for the drug delivery applications [28]. The 

stereo-lithographic process which comes under the vat polymerization 

processes can be used for 3D printing of the soft tissues of polymeric 

materials [29]. The study has been reported for the 3D printing of the 

resorbable polymer for the preparation of scaffolds in tissue engineering 

applications [30]. The production of the active cell based tissue is the need of 

the hour. The bio-based 3D printing process enables the manufacturing of the 

tissue based materials for using the bioinks [31]. The extrusion based 3D 

printing is another most imporstant aspects for the tissue engineering 

components of using the hydrogels [32]. The study has been reported the 3D 

printing process of the functional biomaterials in tissue related applications 

[33]. The use of the bioactive polymeric materials is excellent materials for 

the 3D printing of the scaffolds based materials [34]. The previous study has 

been suggested the PLA based scaffolds can be helpful for the 3D printing of 

the bone for regenerations purposes [35]. The 3D printing process has been 

enabled the functionalities for the production of the stem cells based 

materials. It has been reported the coating of the polydopamine and type I 

collagen on the surface of the 3D printed PLA based structures in the tissue 

engineering applications [36]. Also, the studies have been reported the 3D 

printing of polymeric materials in the surface functionalities. The 3D printing 

process is also helpful in case of tissue regeneration in which the PLA based 

scaffolds have been reported for 3D printing [37]. The resolution is another 

important factor when an engineer deals with the 3D printing of the 

polymeric scaffolds. The study suggested the preparation of high resolution 

3D printed scaffolds in the tissue engineering field [38]. 

 

5  Application in Drug Delivery 

 The pharmaceutical industries, the researchers and scientist are working 

constantly for development of the tools and techniques for delivery of the 

customized drugs [39]. The 3D printing process is one of the advance tools 

which can be used for the preparations of either drug delivery systems or  



 
 

 
 
 
 

3D Printing of Polymeric Materials in Biomedical Applications:  

A State of Art Review and Applications 8621 

 
customized drugs. It has been reported the combination of 3D scanning and 

3D printing process for personalized drug delivery [10]. The drug delivery 

system requires low volume dispensing system with précised and accurate 

design. The 3D printing process with polymeric materials has the capabilities 

to prepare the system which can dispense such low volume [41]. The micro-

needle is one of the most essential tools for drug delivery facilities. The 

biodegradable polymer with 3D printing process has been reported for 

preparations of micro-needle [42]. Also, the customized tablet has been 

prepared with the polymeric materials for drug delivery systems [43]. The 

fused deposition modeling (FDM) is an extrusion based 3D printing systems 

which can print the functional drug delivery system or components [44]. In 

the advance era of biomedical research, the utilities of the 3D printing 

process becomes a game changer process by which photocurable polymers 

can be treated as the drug delivery media and can be functionally prepared by 

3D printing process [45]. Also, some of the previous studies have been 

suggested the potential use of 3D printing processes and its applications for 

the preparations of the customized drug and drug delivery systems [46-48].  

 

6  Conclusion  

 The additive manufacturing is one of the emerging tools for 

preparations of biomedical utilities such as dental crowns, drug delivery 

essential, medical devices, biomedical scaffolds, and biomedical implants 

and in some cases biomedical organs too. 

Polymer such as polylactic acid (PLA) is one of the biocompatible polymers 

that can be used for the 3D printing of biomedical utilities such as clinical 

dentistry applications. 

The production of the active cell based tissue is the need of the hour. The 

bio-based 3D printing process enables the manufacturing of the tissue based 

materials for using the bioinks. 

The drug delivery system requires low volume dispensing system with 

précised and accurate design. The 3D printing process with polymeric 

materials has the capabilities to prepare the system which can dispense such 

low volume. 
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