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The field of bioprinting has emerged as a revolutionary approach in tissue 
engineering, particularly in the development of skin equivalents. 
  
Bioprinted skin models aim to replicate the complex architecture and functionality of 
native skin, which consists of multiple layers, including the epidermis, dermis, and 
hypodermis.  
This literature review synthesizes current research on bioprinted skin equivalents, 
focusing on the complexity of each model and the cellular composition involved.  
 
Overview of Bioprinted Skin Equivalents 
 
Bioprinted skin equivalents are designed to mimic the structural and functional 
characteristics of human skin. These constructs are crucial for applications in 
regenerative medicine, particularly for treating severe wounds, burns, and chronic 
skin conditions. The complexity of these models varies significantly, depending on 
the types of cells used, the layering of tissues, and the incorporation of vascular 
structures. Recent advancements have highlighted the importance of including 
multiple cell types to achieve a more physiologically relevant model, which can 
enhance the healing process and improve the integration of the graft with host 
tissues (Cavallo, 2023; Mateo et al., 2016; Kang, 2024). 
 
Cellular Composition of Bioprinted Skin Models 
 
The cellular composition of bioprinted skin equivalents typically includes fibroblasts, 
keratinocytes, and, in more advanced models, endothelial cells and pericytes. 
Fibroblasts play a critical role in the dermal layer, providing structural support and 
producing extracellular matrix components, while keratinocytes are essential for 
forming the epidermis and contributing to barrier function. The inclusion of 
endothelial cells and pericytes is vital for creating vascularized skin models that can 
support nutrient and oxygen transport, which is crucial for the survival of the 
avascular epidermis (Mateo et al., 2016; Kang, 2024; Ansaf et al., 2023; Albanna et 
al., 2019).  
 
Complexity of Bioprinted Skin Models  
The complexity of bioprinted skin models can be categorized into several levels 
based on the number of cell types and the structural organization of the tissues.  
 
Simple Models: These typically consist of a single layer of keratinocytes or 
fibroblasts embedded in a hydrogel matrix. While they can provide basic insights 
into cellular behavior, they lack the structural complexity of native skin (Cavallo, 
2023; Cavallo et al., 2023).  
 



Bilayered Models: These models incorporate both fibroblasts and keratinocytes, 
allowing for the development of a more realistic dermal-epidermal interface. Studies 
have shown that bilayered constructs can exhibit improved cell proliferation and 
differentiation compared to simpler models (Ansaf et al., 2023; Albanna et al., 2019; 
Derr et al., 2019).  
 
Vascularized Models: Advanced bioprinted skin equivalents include vascular 
structures formed by endothelial cells and pericytes. These models are crucial for 
studying wound healing and skin diseases, as they closely mimic the physiological 
conditions of native skin (Kang, 2024; Kang et al., 2022; Augustine, 2018). - 
Multicellular Models: The most complex models integrate multiple cell types, 
including fibroblasts, keratinocytes, endothelial cells, and immune cells. These 
constructs can replicate the intricate interactions within the skin, providing a 
platform for drug testing and disease modeling (Jorgensen, 2023; Li et al., 2020; 
Kim et al., 2018). 
Bioprinted Skin Models  
Model Type | Cell Types Included 
Complexity Level  
Key Features  
 
Simple Models | Keratinocytes or Fibroblasts | Low | Basic cellular behavior; lacks 
structural complexity 
  
Bilayered Models | Fibroblasts, Keratinocytes | Medium | Improved dermal-
epidermal interface; enhanced cell proliferation  
  
Vascularized Models | Fibroblasts, Keratinocytes, Endothelial Cells | High 
Incorporates vascular structures; supports nutrient transport  
 
Multicellular Models | Fibroblasts, Keratinocytes, Endothelial Cells, melanocytes | 
Very High | Mimics native skin interactions; suitable for drug testing and disease 
modeling  
  
Advances in Bioprinting Technologies Recent advancements in bioprinting 
technologies have enabled the development of more sophisticated skin equivalents. 
Techniques such as inkjet printing, extrusion-based printing, and laser-assisted 
bioprinting allow for precise control over cell placement and tissue architecture. 
These technologies facilitate the creation of complex structures that can better 
replicate the native skin environment (Augustine, 2018; Millás et al., 2019; Yang et 
al., 2022).  
 
Challenges and Future Directions Despite the progress made in bioprinting skin 
equivalents, several challenges remain. Achieving the appropriate mechanical 
properties, ensuring long-term cell viability, and replicating the dynamic nature of 
skin are ongoing areas of research. Future studies should focus on optimizing bioink 
formulations, enhancing vascularization strategies, and integrating additional skin 
appendages such as hair follicles and sweat glands to create fully functional skin 
models (Sörgel, 2023; Thépot et al., 2019; Bebiano, 2024; Fakhruddin, 2023). 
 
 



Conclusion  
 
The development of bioprinted skin equivalents represents a significant 
advancement in tissue engineering, with the potential to transform the treatment of 
skin injuries and diseases. The complexity of these models is crucial for their 
functionality, and ongoing research is essential to overcome existing challenges and 
enhance the applicability of bioprinted skin in clinical settings. As the field continues 
to evolve, the integration of innovative materials and technologies will likely lead to 
even more sophisticated and effective skin constructs.  
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