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ABSTRACT

Bioprinting has emerged as a revolutionary technology in tissue engineering and regenerative medicine, ena-
bling the creation of complex, functional tissue constructs. It’s an innovative technology that integrates the prin-
ciples of 3D printing with biological materials to fabricate tissue constructs. This review provides an overview 
of the current state of bioprinting in tissue engineering, highlighting recent advances in biomaterials, printing 
techniques, and applications. We discuss the potential of bioprinting to address current challenges in tissue 
engineering, such as scalability, vascularization, and immune compatibility. Additionally, we examine the future 
directions of bioprinting in regenerative medicine, including the development of personalized tissue constructs 
and the integration of bioprinting with other technologies, such as gene editing and stem cell therapy.
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Introduction 
Tissue engineering and regenerative medicine aim to restore, 

maintain, or improve damaged tissues and organs. Traditional meth-
ods for tissue repair often fall short due to the limitations in sourcing 
compatible tissues. Bio-printing has emerged as a promising solution, 
allowing for the precise deposition of living cells and biomaterials to 
create functional tissue constructs (Baker, et al. [1]). Tissue engineer-
ing and regenerative medicine have also emerged as promising fields 
for the development of novel therapies for tissue repair and replace-
ment. However, current approaches often face challenges such as 
scalability, vascularization, and immune compatibility. Bioprinting, a 
technology that involves the use of printing techniques to create com-
plex, functional tissue constructs, has emerged as a potential solution 
to these challenges. Bioprinting has revolutionized the field of tissue 

engineering and regenerative medicine by enabling the creation of 
complex, three-dimensional (3D) tissue constructs (Derakhshanfar, 
et al. [2]). This technology has shown great promise in repairing or 
replacing damaged tissues and organs, holding tremendous potential 
for the treatment of various diseases and injuries (Murphy, et al. [3]). 
One of the key advantages of bioprinting is its ability to precisely con-
trol the placement of cells, biomaterials, and growth factors within a 
3D structure (Ozbolat, et al. [4]). This allows for the creation of tissue 
constructs that mimic the complex architecture and function of native 
tissues (Derakhshanfar, et al. [2]). Bioprinting has been applied in var-
ious areas of tissue engineering and regenerative medicine, including 
skin (Yeo, et al. [5]), bone (Kang, et al. [6]), cartilage (Lee, et al.[7]), 
and cardiac tissue engineering (Jang, et al.[8]). Additionally, bioprint-
ing has been used to create functional tissue models for drug testing 

https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2025.60.009456


Copyright@ :  Awafung Emmanuel Adie | Biomed J Sci & Tech Res | BJSTR.MS.ID.009456. 52630

Volume 60- Issue 3 DOI: 10.26717/BJSTR.2025.60.009456

and disease modeling (Liu, et al. [9]). Despite the significant advance-
ments in bioprinting technology, there are still several challenges that 
need to be addressed. These include the need for improved bioprint-
ing resolution, speed, and cell viability, as well as the development of 
more advanced biomaterials and bioinks (Derakhshanfar, et al. [2]).

Recent Advances in Bioprinting
In recent years, significant advances have been made in bioprint-

ing technology, including the development of novel biomaterials, 
printing techniques, and applications. Biomaterials such as hydrogels, 
polymer scaffolds, and decellularized matrices have been developed 
for use in bioprinting. Printing techniques such as extrusion-based 
printing, inkjet printing, and laser-assisted printing have been devel-
oped to create complex tissue constructs. Applications of bioprinting 
include the creation of skin, bone, cartilage, and vascular tissue con-
structs.

Bio-printing Techniques

Bio-printing techniques can be categorized into three main ap-
proaches: inkjet printing, extrusion printing, and laser-assisted print-
ing.

Inkjet Printing: Inkjet printing utilizes thermal or piezoelectric 
nozzles to deposit bioinks in a layer-by-layer fashion. This technique 
allows for high spatial resolution and is suitable for printing intricate 
structures (Groll, et al. [10]). However, the cell viability can be affect-
ed by the high shear stress during the printing process.

Extrusion Printing: Extrusion printing involves the continuous 
deposition of bioinks through a nozzle under controlled pressure. 
This method is widely used due to its versatility and ability to print 
large structures (Guan, et al. [11]). The mechanical properties of the 
bioinks can be adjusted to optimize printability and tissue function-
ality.

Laser-Assisted Printing: Laser-assisted bio-printing uses fo-
cused laser beams to direct cells and biomaterials onto a substrate. 
This technique allows for precise placement of cells and is beneficial 
for creating complex tissue architectures (Krebs, et al. [12]). Howev-
er, the high cost and complexity of the equipment may limit its wide-
spread application.

Biomaterials for Bio-Printing
The choice of biomaterials is crucial for the success of bio-print-

ing. Commonly used materials include hydrogels, natural polymers, 
and synthetic polymers.

Hydrogels

Hydrogels, such as alginate and gelatin, are widely used in 
bio-printing due to their biocompatibility and ability to mimic the 
extracellular matrix (ECM) (Li, et al. [13]). They provide a conducive 
environment for cell growth and differentiation.

Natural Polymers

Natural polymers like collagen and chitosan offer excellent bio-
compatibility and bioactivity, promoting cell adhesion and prolifer-
ation (Zhang, et al. [14]). However, their mechanical properties may 
require modification for certain applications.

Synthetic Polymers

Synthetic polymers, such as polycaprolactone (PCL) and poly-
lactic acid (PLA), are increasingly used for their tunable mechanical 
properties and biodegradability. They can be combined with natural 
polymers to enhance the overall performance of bio-printed con-
structs (Yang, et al. [15]).

Applications in Tissue Engineering
Bio-printing has numerous applications in tissue engineering, in-

cluding skin, cartilage, bone, and vascular tissues.

Skin Tissue Engineering

Bio-printed skin constructs have shown promise for wound heal-
ing and burn treatment. Studies have demonstrated the successful in-
tegration of bio-printed skin with host tissue in animal models (Mao, 
et al. [16]).

Cartilage and Bone Regeneration

Bio-printing techniques have been employed to create scaffolds 
for cartilage and bone regeneration. The ability to control the archi-
tecture and mechanical properties of the constructs is crucial for suc-
cessful integration with existing tissues (O’Brien, [17]).

Vascular Tissue Engineering

The development of vascularized tissues is essential for the sur-
vival of larger tissue constructs. Bio-printing has been utilized to 
create perfusable vascular networks, enhancing nutrient and oxygen 
delivery (Gao, et al. [18]).

Potential of Bioprinting
Bioprinting has the potential to address current challenges in 

tissue engineering, such as scalability, vascularization, and immuno-
compatibility. Bioprinting enables the creation of complex, functional 
tissue constructs that can be tailored to individual patients’ needs. 
Furthermore, bioprinting can be used to create tissue constructs 
that are vascularized, which is essential for the survival of tissue con-
structs.

Challenges and Future Directions
Despite the advances in bio-printing, several challenges remain, 

including:

1)	 Cell Viability: Ensuring high cell viability post-printing is 
critical for functional tissue constructs.
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2)	 Vascularization: Developing vascular networks within 
larger constructs remains a significant hurdle.

3)	 Regulatory Issues: The translation of bio-printing tech-
nologies to clinical settings faces regulatory challenges that need to 
be addressed. The future directions of bioprinting in regenerative 
medicine are exciting and promising. One potential direction is the 
development of personalized tissue constructs that can be tailored to 
individual patients’ needs. Another potential direction is the integra-
tion of bioprinting with other technologies, such as gene editing and 
stem cell therapy. Furthermore, bioprinting can be used to create tis-
sue constructs that can be used for drug testing and screening. Future 
research should focus on improving bio-ink formulations, optimizing 
printing parameters, and developing innovative strategies for vascu-
larization and integration with host tissues (Huang, et al. [19-22]).

Conclusion
Bioprinting has emerged as a powerful tool for tissue engineer-

ing and regenerative medicine. Its ability to create complex, 3D tis-
sue constructs has shown great promise in repairing or replacing 
damaged tissues and organs. Further research and development 
are needed to overcome the current challenges and fully realize the 
potential of bioprinting in this field. Bioprinting is a revolutionary 
technology that has the potential to transform the field of tissue engi-
neering and regenerative medicine. Recent advances in biomaterials, 
printing techniques, and applications have enabled the creation of 
complex, functional tissue constructs. The potential of bioprinting to 
address current challenges in tissue engineering, such as scalability, 
vascularization, and immunocompatibility, is significant. As the field 
continues to evolve, we can expect to see significant advances in the 
development of personalized tissue constructs and the integration of 
bioprinting with other technologies.
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