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ABSTRACT: Three Dimensional bioprinting is a kind of digital and additive manufacturing which involves 
incorporation of techniques from various fields. The main prerequisites for printing with living cells are the 
tissue growing capacity,biological working of the implants and also the cells viability .There is an increasing 
demand for assemblage of biologically pertinent materials with an optimum goal of reproducing multicellular 
tissues and organs .Further development of bio organ fabrication will be useful for organ printing technology 
.For accurate printing of mimic organ structure, hydrogels are used. Bio-printing system based on stereo 
lithography is a low cost beneficial technology for microscale cell pattern. It is an overview of recent 
technology advances in 3D printing and also concepts related with bioprinting activity. Tomographic and 
architectural information of tissues are collected by Computer Aided Designing (CAD). It is an alternative 
method, instead of replacing organs and tissues from donor. It is a technology where engineering meets 
biology. 
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INTRODUCTION 
Recent inventions facilitate the cells and biomaterial components into a multiplex functional living cells 
which is a three dimensional one [1] .Scaffolds self-assemble during fabrication. This tissue engineering 
technique is expeditious and has an ability of being scaled [2] .During cellular construction, the greatest 
challenge is to produce the appropriate shape, size and also the suitable structural integrity. Hydrogels 
helps in achieving the mechanical stability [3] .In three dimensions - Bio ink is known as creating 
heterogeneous structures by exactly co-printing several materials [4]. Sorting of cells and fusion of tissues 
are the morphogenetic principles for self -assemblage of multicellular unit. It is necessary to equip micro 
environmental cues for successful attempt [5]. The living materials are tissue spheroids and micro tissues 
that are enclosed with definite properties, biological materials and limited composition. Under the tissue 
engineering field, robotic bio-fabrication is enhanced by organ printing [6] The bio-printing technology meet 
the current challenges like vascularization, cell distribution ,high resolution ,innervation, cell deposition 
.Patterning the cell at micrometer scale is used in biomedical engineering [7]. Thermoplastic polymer 
provides mechanical stiffness that can be tailored for extensive range of hydrogels. For improved clinical 
output, well organized implants having characteristics almost identical to native tissues are chosen [8]. 3D 
micromoulding involves photocross linkable hydrogel construction with many features related to 
architecture which is fabricated with microchannel networks. GelMA hydrogels are used for demonstration 
to check the functionality based on cell-laden tissue, vascular networks [9]. For excellent bioprinting, 
pluronic F127 is used [10] . Different jet based technology also used for printing live cells [11]. For the past few 
years the field which is based on regenerative medicine has been progressed to a very great extend. In 
contrast, 3Dbioprinting separates native tissues and engineered tissues which are made artificially [12]. 
Recently for drug discovery organ-on-chip has been introduced which shows only limited fabrication 
method .It mimic the exact working conditions of the organs [13]. Comparing with traditional tissue 
engineering this 3D technique is flexible and they often sophisticate .3D scaffolds which are porous are 
implanted after printing .It is useful in vitro regenerative research [14]. Prototyping technology helps in 
forming the 3D structures undisturbed with gelatin hydrogel and hepatocytes .The mixture of about 30 
layers like gelatin, hepatocytes were overayed into a spacial structure. This helps in performing biological 
functions [15] .Bio-ink based on nano-cellulose is used for printing cartilage structures like chondrocytes, 
sheep meniscus and human ear. These were 3D printed using CT and MRI images as an engineering design 
[16]. Fabrication of solid freeform technology involves alginate scaffolds which are encapsulated with 
endothelial cells. The resolution for deposition is 10 μm and minimum velocity is 100 μm [17]. Though there 
are many natural polymers available to develop gelatin and hyaluronic acid yet photocrosslinkable bio inks 
are used. Hydrogels and biological tissues interaction helps in promoting the regeneration of tissue 
complexity [18].Collagen type I plays a major role in promoting the tissue formation, maturation and cell-cell 
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adherence [19].This 3D bioprinting creates a demand on medical devices and also in tissue scaffolding . There 
is a lot of demand focused on the production of the reality 3D living tissue of humans [20]. 
 

TYPES OF 3D-BIOPRINTING TECHNOLOGY- 3D-printing technology is an emerging one which helps in 
testing, fundamental areas, clinical practice and also in drug delivery [21].  
 

INKJET BASED BIOPRINTING- By ejecting tiny ink drops, inkjet printers produces high resolution. When a 
heat is produced living cells easily gets damaged. In order to avoid the damage, electrostatically operated 
inkjet system is used. Technology based on microseeding where living cells are seeded has many potential 
uses [22]. Bio-fabrication of 3D inkjet has been used for intricated functional tissues [23].For the gel 
construction, ejection of sodium alginate from inkjet nozzle occurs. Living cells are used as a material for 3D 
gel formation [24]. 

 
3D GEL STRUCTURE [24] 

 

LASER-ASSISTED BIOPRINTING- It acts as a promising technology. Laser cell bioprinting should be 
elucidated carefully since it causes cell death [25]. The main aim of this bioprinting is assemblage of human 
osteoprogenitors [HOPs] and nanohydroxapatite [nHA]. It can be adapted for the bio-fabrication of 3D 
materials. Quartz ribbon is focused by infrared laser allowing the consecutive of 3D printing [26]. This is 
similar to computer aided designing (CAD) blue printing which helps in understanding the features of cells 
[27]. In Laser-assisted forward process, cells attain its original phenotype [28]. 
 

EXTRUSION BASED BIOPRINTING- In this type, structure of biomaterial can be made. Structure of cell-
laden can be printed [29]. For 3D production, co-axial extrusion needle is incorporated using cell-laden 
having low viscosity. For controlling the bio-ink deposition; extrusion structure is connected to a 
microfluidic appliance [30]. Using rheology, the ink solution of extrusion printability is found. There is a need 
for extrusion printing for the construction of Alginate-Gel [31]. Extruded filament helps in creating the 3D 
structure due to its increase in the rigidity [32].  
 

3D BIOPRINTED FUNCTIONAL TISSUES AND ORGANS (REGENERATION) 
Stem cells should be isolated and differentiated into specific cells. Bio ink with blood vessels, specific organ 
cells is transferred into the printer [33]. Complex shape ear can be printed using cell –laden hydrogel and 
poly-caprolactone. This process regenerate fat tissue and auricular cartilage [34]. The muscle tendon unit 
fabrication involves IOP system for deposition of various components .This system helps to form integrated 
tissue with mechanical and biological characteristics [35]. Pluripotent stem cells are bioprinted which is 
based on valves. It’s secretion of albumin and the morphology characters are similar to hepatocytes. This 
development may be used for personalized medicine and drug development which is animal free [36]. Bone 
can be printed by FDM method. It was 3D printed into a scaffold which is encapsulated by MSC hydrogel [37]. 
NT2 cells are 3D printed and cells start adhering. After culturing it extends neuritis [38]. Vascular tissues are 
3D printed by bio plotting. It shows an excellent viability of cells [39]. Diagrammatic representation of 
functional tissue is given below. 
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FUNCTIONAL BIOMATERIAL FOR TISSUE ENGINEERING [40]. 
 

APPLICATIONS – Extrusion based printing deposit cells and materials easily [31].It can be used for 
discovering the drugs, research and also in toxicology [1]. In a single step process soft actuators can be 
manufactured [41]. F127 helps to template microscopic and macroscopic structure which can be enhanced 
with many rheological characteristics providing a stage for tissue engineering [42]. Hydrogels have high 
permeability of metabolism [43]. Among many polymers; modification of polymers like polyvinylalcohol, poly 
carbonates and poly ethylene glycol is enough to convert biomimetics to fabricate the hydrogel [44]. The 
agreeable side –effect of 3D bio printing is bio printed mammalian cells can be used for gene delivery as well 
as for drug delivery [45].  
 

LIMITATIONS- 3D printable biomaterial availability is in demand [46]. In extrusion printing shear stress may 
lead to cell death. In laser based bio printing use of ultraviolet rays causes negative impact on cells. Slow 
printing may not be suitable in case of rapid fabrication. Material selection for bio-ink should be in liquid 
state with accurate viscosity which is a drawback for inkjet based bio printing [47]. Manual deposition of 3D 
printed skin may lead to shrinking and unable to retain its shape [48]. The cost of 3D printer for higher 
resolution is high [49]. Complicated structure of organs in the human body requires development to fabricate 
merchantable bio printed organs and remarkable research is needed [50]. 
 

CONCLUSION AND FUTURE PERSPECTIVES – This reviews about the standpoint to develop 3D organ and 
tissue. 3D bio printing is a future challenge for building solid organs and complex tissues. Instead of 
restoring the organs from the giver, patient own particular living cells that is which part is going to get 
replaced can be taken and grown in laboratory and replaced again to that particular patient. In case of bio 
printing of structures, organs or tissues it is digitally scanned and printed layer by layer three 
dimensionally. The major advantage is the body accepts the replaced thing because its resemblance will be 
the same and there is no chance of rejection since it is made up of patient’s own cells. It acts as a next 
frontier in medicine where some complicated tissues and organs devices should be developed. 
Enhancement over the limitations will definitely result in gain for better fabrication. 
 

REFERENCES: 
1. Murphy, Sean V., and Anthony Atala. 2014. 3D bioprinting of tissues and organs. Nature biotechnology, 32(8): 

773. 
2. Norotte, Cyrille, Francois S. Marga, Laura E. Niklason, and Gabor Forgacs. 2009. Scaffold-free vascular tissue 

engineering using bioprinting. Biomaterials, 30(30): 5910-5917. 
3. Kang, Hyun-Wook, Sang Jin Lee, In Kap Ko, Carlos Kengla, James J. Yoo, and Anthony Atala. 2016. A 3D 

bioprinting system to produce human-scale tissue constructs with structural integrity. Nature biotechnology, 
34(3): 312. 

4. Kolesky, David B., Ryan L. Truby, A. Sydney Gladman, Travis A. Busbee, Kimberly A. Homan, and Jennifer A. 
Lewis. 2014. 3D bioprinting of vascularized, heterogeneous cell‐laden tissue constructs. Advanced materials, 
26(19): 3124-3130. 

5. Jakab, Karoly, Cyrille Norotte, Francoise Marga, Keith Murphy, Gordana Vunjak-Novakovic, and Gabor Forgacs. 
2010. Tissue engineering by self-assembly and bio-printing of living cells. Biofabrication,  2(2): 022001. 

6. Mironov, Vladimir, Richard P. Visconti, Vladimir Kasyanov, Gabor Forgacs, Christopher J. Drake, and Roger R. 
Markwald. 2009. Organ printing: tissue spheroids as building blocks. Biomaterials, 30(12): 2164-2174. 



[VOLUME 6  I  ISSUE 1  I  JAN. – MARCH 2019]                                                        e ISSN 2348 –1269, Print ISSN 2349-5138 

http://ijrar.com/                                                                                                                                          Cosmos Impact Factor 4.236 

Research Paper                                              IJRAR- International Journal of Research and Analytical Reviews   235 

7. Mandrycky, Christian, Zongjie Wang, Keekyoung Kim, and Deok-Ho Kim. 2016. 3D bioprinting for engineering 
complex tissues. Biotechnology advances, 34(4): 422-434. 

8. Schuurman, Wouter, V. Khristov, Michiel W. Pot, P. René van Weeren, Wouter JA Dhert, and Jos Malda. 2011. 
Bioprinting of hybrid tissue constructs with tailorable mechanical properties. Biofabrication,  3(2): 021001. 

9. Bertassoni, Luiz E., Martina Cecconi, Vijayan Manoharan, Mehdi Nikkhah, Jesper Hjortnaes, Ana Luiza Cristino, 
Giada Barabaschi et al. 2014. Hydrogel bioprinted microchannel networks for vascularization of tissue 
engineering constructs. Lab on a Chip, 14:132202-2211. 

10. Müller, Michael, Jana Becher, Matthias Schnabelrauch, and Marcy Zenobi-Wong. 2015.  Nanostructured 
Pluronic hydrogels as bioinks for 3D bioprinting.  Biofabrication. 7(3): 035006. 

11. Ringeisen, Bradley R., Christina M. Othon, Jason A. Barron, Daniel Young, and Barry J. Spargo. 2006.  Jet‐based 
methods to print living cells. Biotechnology Journal: Healthcare Nutrition Technology, 1(9): 930-9. 

12. 12.Zhang, Yu Shrike, Kan Yue, Julio Aleman, Kamyar Mollazadeh-Moghaddam, Syeda Mahwish Bakht, Jingzhou 
Yang, Weitao Jia et al. (2017)  3D bioprinting for tissue and organ fabrication. Annals of biomedical 
engineering, 45 (1): 148-163. 

13. Lee, Hyungseok, and Dong-Woo Cho. 2016 "One-step fabrication of an organ-on-a-chip with spatial 
heterogeneity using a 3D bioprinting technology. Lab on a Chip, 16 (14): 2618-2625. 

14. Wang, Xiaohong, Qiang Ao, Xiaohong Tian, Jun Fan, Yujun Wei, Weijian Hou, Hao Tong, and Shuling Bai. 2016. 
3D bioprinting technologies for hard tissue and organ engineering. Materials, 9(10): 802. 

15. Wang, Xiaohong, Yongnian Yan, Yuqiong Pan, Zhuo Xiong, Haixia Liu, Jie Cheng, Feng Liu et al. 2006. Generation 
of three-dimensional hepatocyte/gelatin structures with rapid prototyping system. Tissue engineering, 12 (1): 
83-90. 

16. Markstedt, Kajsa, Athanasios Mantas, Ivan Tournier, Héctor Martínez Ávila, Daniel Hägg , and Paul Gatenholm. 
2015. 3D bioprinting human chondrocytes with nanocellulose–alginate bioink for cartilage tissue engineering 
applications. Biomacromolecules. 16(5): 1489-1496. 

17. Khalil, Saif, and Wei Sun. 2009. Bioprinting endothelial cells with alginate for 3D tissue constructs. Journal of 
biomechanical engineering, 131(11): 111002. 

18. Pereira, Rúben F., and Paulo J. Bártolo.  2015. 3D bioprinting of photocrosslinkable hydrogel constructs.  
Journal of Applied Polymer Science, 132 (48). 

19. Tan, Yu, Dylan J. Richards, Thomas C. Trusk, Richard P. Visconti, Michael J. Yost, Mark S. Kindy, Christopher J. 
Drake, William Scott Argraves, Roger R. Markwald, and Ying Mei. 2014. 3D printing facilitated scaffold-free 
tissue unit fabrication.  Biofabrication, 6(2): 024111. 

20. Jose, Rod R., Maria J. Rodriguez, Thomas A. Dixon, Fiorenzo Omenetto, and David L. Kaplan. 2016.  Evolution of 
bioinks and additive manufacturing technologies for 3D bioprinting. ACS Biomaterials Science & Engineering, 
2(10): 1662-1678. 

21. Shafiee, Ashkan, and Anthony Atala. 2016. Printing technologies for medical applications. Trends in molecular 
medicine, 22 (3): 254-265. 

22. Nakamura, Makoto, Akiko Kobayashi, Fumio Takagi, Akihiko Watanabe, Yuko Hiruma, Katsuhiro Ohuchi, 
Yasuhiko Iwasaki, Mikio Horie, Ikuo Morita, and Setsuo Takatani. 2005. Biocompatible inkjet printing 
technique for designed seeding of individual living cells. Tissue engineering, 11(11-12): 1658-1666. 

23. Arai, Kenichi, Shintaroh Iwanaga, Hideki Toda, Capi Genci, Yuichi Nishiyama, and Makoto Nakamura. 2011. 
Three-dimensional inkjet biofabrication based on designed images. Biofabrication, 3(3): 034113. 

24. Nishiyama, Yuichi, Makoto Nakamura, Chizuka Henmi, Kumiko Yamaguchi, Shuichi Mochizuki, Hidemoto 
Nakagawa, and Koki Takiura. 2009. Development of a three-dimensional bioprinter: construction of cell 
supporting structures using hydrogel and state-of-the-art inkjet technology. Journal of biomechanical 
engineering, 131(3): 035001. 

25. Gudapati, Hemanth, Jingyuan Yan, Yong Huang, and Douglas B. Chrisey. 2014. Alginate gelation-induced cell 
death during laser-assisted cell printing. Biofabrication,  6(3): 035022. 

26. Catros, Sylvain, Jean-Christophe Fricain, Bertrand Guillotin, Benjamin Pippenger, Reine Bareille, Murielle 
Remy, Eric Lebraud, Bernard Desbat, Joëlle Amédée, and Fabien Guillemot. 2011. Laser-assisted bioprinting for 
creating on-demand patterns of human osteoprogenitor cells and nano-hydroxyapatite. Biofabrication,  3(2): 
025001. 

27. Gruene, Martin, Claudia Unger, Lothar Koch, Andrea Deiwick, and Boris Chichkov. 2011. Dispensing pico to 
nanolitre of a natural hydrogel by laser-assisted bioprinting. Biomedical engineering online, 10(1): 19. 

28. Hopp, Béla, Tomi Smausz, Norbert Kresz, Norbert Barna, Zsolt Bor, Lajos Kolozsvári, Douglas B. Chrisey, 
András Szabó, and Antal Nógrádi. 2005. Survival and proliferative ability of various living cell types after laser-
induced forward transfer. Tissue engineering, 11(11-12): 1817-1823. 

29. Panwar, Amit, and Lay Poh Tan. 2016. Current status of bioinks for micro-extrusion-based 3D bioprinting. 
Molecules, 21(6): 685. 

30. Colosi, Cristina, Su Ryon Shin, Vijayan Manoharan, Solange Massa, Marco Costantini, Andrea Barbetta, Mehmet 
Remzi Dokmeci, Mariella Dentini, and Ali Khademhosseini. 2016. Microfluidic bioprinting of heterogeneous 3D 
tissue constructs using low‐viscosity bioink. Advanced Materials, 28(4): 677-684. 

31. Chung, Johnson HY, Sina Naficy, Zhilian Yue, Robert Kapsa, Anita Quigley, Simon E. Moulton, and Gordon G. 



[ VOLUME 6  I  ISSUE 1  I  JAN.– MARCH 2019]                                                     E ISSN 2348 –1269, PRINT ISSN 2349-5138 

   236        IJRAR- International Journal of Research and Analytical Reviews                                          Research Paper 

Wallace. 2013. Bio-ink properties and printability for extrusion printing living cells. Biomaterials Science. 1(7): 
763-773. 

32. Guo, Shuang‐Zhuang, Frédérick Gosselin, Nicolas Guerin, Anne‐Marie Lanouette, Marie‐Claude Heuzey, and 
Daniel Therriault. 2013. Solvent‐cast three‐dimensional printing of multifunctional microsystems. Small 9(24): 
4118-4122. 

33. Ventola, C. Lee. 2014. Medical applications for 3D printing: current and projected uses. Pharmacy and 
Therapeutics, 39(10): 704. 

34. Lee, Jung-Seob, Jung Min Hong, Jin Woo Jung, Jin-Hyung Shim, Jeong-Hoon Oh, and Dong-Woo Cho. 2014. 3D 
printing of composite tissue with complex shape applied to ear regeneration. Biofabrication,  6(2): 024103. 

35. Merceron, Tyler K., Morgan Burt, Young-Joon Seol, Hyun-Wook Kang, Sang Jin Lee, James J. Yoo, and Anthony 
Atala. 2015. A 3D bioprinted complex structure for engineering the muscle–tendon unit. Biofabrication, 7(3): 
035003. 

36. Faulkner-Jones, Alan, Catherine Fyfe, Dirk-Jan Cornelissen, John Gardner, Jason King, Aidan Courtney, and 
Wenmiao Shu. 2015. Bioprinting of human pluripotent stem cells and their directed differentiation into 
hepatocyte-like cells for the generation of mini-livers in 3D.  Biofabrication,  7(4): 044102. 

37. O'Brien, Christopher M., Benjamin Holmes, Scott Faucett, and Lijie Grace Zhang. 2014. Three-dimensional 
printing of nanomaterial scaffolds for complex tissue regeneration. Tissue Engineering Part B: Reviews, 21(1): 
103-114. 

38. Xu, Tao, Cassie A. Gregory, Peter Molnar, Xiaofeng Cui, Sahil Jalota, Sarit B. Bhaduri, and Thomas Boland. 2006. 
Viability and electrophysiology of neural cell structures generated by the inkjet printing method. Biomaterials, 
27(19): 3580-3588. 

39. Duan, Bin, Edi Kapetanovic, Laura A. Hockaday, and Jonathan T. Butcher. 2014. Three-dimensional printed 
trileaflet valve conduits using biological hydrogels and human valve interstitial cells. Acta biomaterialia, 10(5): 
1836-1846. 

40. Zhu, Wei, Xuanyi Ma, Maling Gou, Deqing Mei, Kang Zhang, and Shaochen Chen. 2016. 3D printing of functional 
biomaterials for tissue engineering. Current opinion in biotechnology, 40:103-112. 

41. Zolfagharian, Ali, Abbas Z. Kouzani, Sui Yang Khoo, Amir Ali Amiri Moghadam, Ian Gibson, and Akif Kaynak. 
2016. Evolution of 3D printed soft actuators. Sensors and Actuators A: Physical, 250: 258-272. 

42. Armstrong, James PK, Madeline Burke, Benjamin M. Carter, Sean A. Davis, and Adam W. Perriman. 2016. 3D 
bioprinting using a templated  porous  bioink. Advanced  healthcare materials, 5(14): 1724-1730. 

43. Dai, Xingliang, Cheng Ma, Qing Lan, and Tao Xu. 2016. 3D bioprinted glioma stem cells for brain tumor model 
and  applications of drug susceptibility. Biofabrication, 8(4): 045005. 

44. Chen, Cen, Sumi Bang, Younghak Cho, Sahnghoon Lee, Inseop Lee, ShengMin Zhang, and Insup Noh. 2016. 
Research trends in biomimetic medical materials for tissue engineering: 3D bioprinting, surface modification, 
nano/micro-technology and clinical aspects in tissue engineering of cartilage and bone. Biomaterials research 
20 (1): 10. 

45. Gao, Guifang, and Xiaofeng Cui. 2016. Three-dimensional bioprinting in tissue engineering and regenerative 
medicine. Biotechnology letters, 38(2): 203-211. 

46. Choonara, Yahya E., Lisa C. du Toit, Pradeep Kumar, Pierre PD Kondiah, and Viness Pillay. 2016. 3D-printing 
and the effect on medical costs: a new era.  Expert review of pharmacoeconomics & outcomes research , 16(1): 
23-32. 

47. Hong, Nhayoung, Gi‐Hoon Yang, JaeHwan Lee, and GeunHyung Kim. 2018. 3D bioprinting and its in vivo 
applications.  Journal of Biomedical Materials Research Part B: Applied Biomaterials, 106(1): 444-459. 

48. Lee, Vivian, Gurtej Singh, John P. Trasatti, Chris Bjornsson, Xiawei Xu, Thanh Nga Tran, Seung-Schik Yoo, 
Guohao Dai, and Pankaj Karande. 2013. Design and fabrication of human skin by three-dimensional 
bioprinting. Tissue Engineering Part C: Methods,  20(6): 473-484. 

49. Chen, Chengpeng, Benjamin T. Mehl, Akash S. Munshi, Alexandra D. Townsend, Dana M. Spence, and R. Scott 
Martin. 2016. 3D-printed microfluidic devices: fabrication, advantages and limitations—a mini review. 
Analytical Methods, 8(31): 6005-6012. 

50. Yoo, Seung-Schik. 2015. 3D-printed biological organs: medical potential and patenting opportunity.,507-511. 

 


