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Abstract:- Bio-printing is a biomedical application of 

additive manufacturing processes to artificially produce 

biological tissues. Bio-printing can be defined as the 

spatial structuring of living cells and other biological 

products by stacking and assembling them using a 

computer-assisted layer-by-layer deposition method to 

develop living tissues and organs for tissue engineering, 

regenerative medicine, pharmacokinetics, and more 

general biological research1. It is a recent innovation 

that simultaneously positions living cells and 

biomaterials layer by layer to make living tissues2. The 

main use of printed organs is transplantation3. 

Research is currently being conducted on artificial 

structures of the heart4, kidneys, liver and other vital 

organs. For more complex organs such as the heart, 

smaller structures such as heart valves have also been 

researched. Some of the printed organs have already 

reached clinical implementation but mainly concern 

hollow structures such as the bladder as well as vascular 

structures. 
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I. 3D PRINTING 

 
Reconstructing human tissue in the manner of the 

salamander regenerating an amputated limb is an ancient 

myth already evoked in Greek mythology about Heracles 

and the Hydra of Lerna. This snake regenerated its heads as 

Hercules cut them off. In the absence of being able to 

regenerate human tissue, the most commonly accepted 

solution is the replacement of damaged structures with a 

prosthesis, graft or transplant. The first prosthetic fingers 

were found in Egyptian mummies dating from 900 to 700 

BC [1]. Classically, antique or modern prostheses are made 

by machining or moulding. However, for a little over 20 
years a new manufacturing process by stacking successive 

layers has been developed: additive manufacturing, which 

today is assimilated to three-dimensional (3D) printing. 

Formerly confined to high-tech industries such as 

aeronautics, 3D printing is developing and gaining ground 

in the medical world. It has several advantages: low 

production costs for limited series or prototypes, 

optimization of the raw material which is deposited only 

where it is needed, manufacture of complex objects, 

personalization, etc... One of the applications of 3D 

printing is the production of custom-made bone substitutes 
[36] (→) that adapt better to defects than substitutes or 

grafts sculpted by the surgeon. 3D printing technologies are 

penetrating the world of medical prosthetics. Recently, a 

network of passionate volunteers created an open source e-

NABLE'S (http://enablingthefuture.org/) website to create 
custom finger and hand prosthesis kits. The principle is the 

free provision of digital files to "print" the different parts of 

the prosthesis. Assembly tutorials are associated with it. 

The cost of the prostheses produced by this type of printing 

is approximately $100 to $150 compared to $4,000 to 

$6,000 for a commercial prosthesis. Approximately 1,500 

of these prostheses have been created [2]. American 

physicians have made custom-made tracheal implants 

(splints) using 3D printing of bioresorbable polyester for 

the treatment of children with severe 

bronchotracheomalacia1. The first child who was implanted 
is now 3 years old and the splint is being resorbed without 

any adverse effects [3]. 3D printers are becoming more and 

more common in the operating room. They allow the 

surgeon to prepare complex operations by replicating the 

tissues to be operated on [4] and the inexperienced surgeon 

to prepare an operation but also to modify the indication for 

treatment thanks to a reality that is increased compared to 

traditional imaging examinations. Recently, a fetus with a 

mass that could compress its airways was not treated by 

emergency surgery, which presented a high iatrogenic risk 

for mother and child, but received a facial implant made 

using 3D printing [5].Today there are many commercially 
available rapid prototyping methods for tissue engineering 

applications: printing, extrusion, laser polymerization. 

 

 Printing methods use the printing of a "glue" that joins 

together powder particles placed in a receiving tray. 

Each layer is progressively assembled to form a 3D 

structure. Powder residue often remains in the finished 

materials, which is a major limitation to the use of this 

technique in tissue engineering [6]. 

 Methods based on the interaction of lasers with matter 

operate on the principle of photopolymerization of 
photosensitive materials. Materials in liquid or solid 

form (powders) are available for these applications. 

Selective laser sintering uses a CO2 laser to bind the 

powder layer by layer. The resulting materials have a 

controlled internal and external architecture [7]. 

Stereolithography is one of the first rapid prototyping 

methods using this method. It involves liquid resins that 

are polymerized by a UV laser, layer by layer. At the 

end of the manufacturing process, the object is baked in 

an oven to finalize the polymerization. The resolution 

obtained is relatively low but this method is already 
widely used to make planning models or surgical guides 

[8]. 

http://www.ijisrt.com/


Volume 5, Issue 4, April – 2020                                           International Journal of  Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

 

IJISRT20APR598                                                   www.ijisrt.com                     885 

 Extrusion methods of polymer materials use print heads 

mounted on axes that are movable in all three spatial 

planes. Depending on the material, the material is 

deposited at room temperature or melted. After 

deposition, it solidifies by evaporation of a solvent or by 

reducing the temperature. By modifying the diameter of 

the extrusion nozzle and the path of the print head, a 

wide variety of morphologies can be obtained. The 
materials used are mainly synthetic polymers [7]. 

 

Apart from prostheses, few cases of implantation of 

biomaterials produced by rapid prototyping have been 

described in humans. In a preclinical model of an alveolar 

bone defect in pigs, Yeo et al. used a PCL-TCP 

(polycaprolactone/tricalcium phosphate) bone graft 

manufactured by a hot extrusion process and compared it to 

an autograft. They were able to show that the biomaterial 

was very well adapted [9] illustrating that rapid prototyping 

can provide a benefit in terms of material adaptation in a 
bone defect. On the other hand, this biomaterial is not very 

effective for bone regeneration in the absence of growth 

factors or cells. Rapid prototyping methods, used to 

manufacture macroporous biomaterials, have a resolution 

suitable for macroscopic clinical applications. However, 

this resolution is not suitable for controlling the 

microenvironment at the cellular level. It is probably 

necessary to combine several technologies to satisfy these 

two contradictory objectives: a porous macrostructure with 

a controlled microstructure [10]. 

 

II. BIOMANUFACTURING 
 

Returning to the grail of tissue regeneration 

mentioned at the beginning of this review, prosthesis 

manufacture is only palliative and never restores the 

functionality of the tissue ad integrum. It is in this context 

that tissue engineering was developed, defined in 1993 by 

Langer and Vacanti as "the set of techniques and methods 

inspired by the principles of engineering and life sciences, 

used to develop biological substitutes that can restore, 

maintain or improve tissue functions" [11]. 11] In 

conventional tissue engineering, a biological or artificial 
matrix that is inoculated with cells and/or growth factors is 

usually used. This tissue engineered product can then be 

implanted or, prior to implantation, matured in a bioreactor. 

The purpose of this product is to be integrated into the 

tissue to restore or enhance function. Today, the concept of 

tissue engineering goes beyond regenerative medicine. It 

tends to cover the field of biological models of 

physiological or pathological tissues in order to reduce the 

need for animal experimentation and thus develop 

personalised pathological models allowing different 

molecules to be tested before being used in a patient. One 

of the major obstacles to the use of these products remains 

the lack of control and reproducibility: of the matrix 
(geometry, porosity, etc.), of the distribution of biological 

elements in this matrix (cells or growth factors), of the in 

vitro vascularisation of tissues or organoids, and of the 

complexity of the tissues to be reproduced. 

 

One of the answers to these technological locks could 

be biomanufacturing. This technology has taken a major 

place in recent years. The term biomanufacturing was 

introduced in 1994, in connection with the manufacture of 

flat beads [12]. Beyond the natural phenomena of 

biomineralization, the term biomanufacturing is used in 
many technological disciplines such as biotechnology or 

synthetic biology. The broadest definition of 

biomanufacturing is the use of a process to produce a 

product with a biological function. In the field of tissue 

engineering, biomanufacturing includes bio-printing and 

bio-assembly [13]. Both techniques are based on a "bottom-

up" approach, in contrast to conventional tissue 

engineering, which is "top-down". The bottom-up approach 

consists in producing three-dimensional elements layer by 

layer, whereas the top-down approach uses 3D matrices 

that are secondarily colonized by cells or growth factors. 

Bio-printing and bio-assembly are nevertheless 
differentiated by the units assembled and the manufacturing 

technologies used. 

 

Bio-assembly consists in generating multicellular 

units in the form of fibres, aggregates or sheets, or with 

complex structures (organoids, microtissues) using 

extracellular matrix (ECM). Bio-assembly therefore 

consists of manufacturing hierarchical structures that are 

modular and have a 2D or 3D organization through 

automated assembly of cellularized elements. These 

elements can be fabricated by cellular self-assembly or by 
using building blocks that are composed of cells associated 

with biomaterials (Figure 1). These units are generated 

mainly from micro-fluidic or casting techniques that can be 

coupled with 3D printing of materials [13]. 
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Fig 1:- Biomanufacturing process using the "sandwich technique". 3D printing of PLA (plastic material) grids (A) of increasing 

porosities (a1, a2, a3) . These grids can be superimposed and held by clips (B) which allows cellularisation of the different layers 

(b1, b2, b3) before assembly to promote cellular colonisation of the printed matrix in a bottom-up approach [35]. 

 

III. BIO-PRINTING 

 

In 2010, Guillemot et al. defined bio-imprinting as 
"the use of computer-aided printing technologies that allow 

the arrangement and assembly of living and non-living 

structures, with two- or three-dimensional organization, to 

produce composite structures that can be used for 

applications in regenerative medicine, pharmacokinetic 

studies or fundamental work in cell biology" [14]. 

 

A. General Principle 

Bio-printing is the two-dimensional (2D) or three-

dimensional (3D) printing of living biological tissue. This 

is what distinguishes it from what is commonly known as 
3D printing where materials are printed. Bio-printing is the 

layer-by-layer or point-by-point deposition of cells, 

extracellular matrix components (ECM), growth factors and 

biomaterials using computer-controlled printing technology 

from a digital file. It is therefore a computer-aided design 

(CAD) and manufacturing (CAM) process, using an 

additive manufacturing method by coupling the computer 

and a printer. 

 

A notable difference between 3D printing, which 

prints "inert" matter, and bio-printing, which prints living 

matter, is the evolution of the biological pattern. It will 
undergo processes of fusion and maturation that will evolve 

with time, the environment and the printed pattern. This 

evolution of the bio-printed biological product has 

introduced the notion of 4D bio-printing where time 

represents the fourth dimension [15]. More recently, the 

notion of fourth dimension has also been applied to 

deformable materials that evolve over time [16]. While this 

notion of evolution is essential, it should be noted that it is 

not specific to bio-printing. It also applies to tissue-

engineered products, regardless of the manufacturing 

process. Irrespective of the technique used, the bio-

imprinting of a tissue is carried out in three stages: (1) 
computer-aided design of the printing pattern, (2) printing, 

and (3) characterization. 

 

B. The printers 

Several bio-printers have been developed: inkjet 

printers, extrusion printers (the print heads are made of 

micro-syringes) and laser-assisted printers (Figure 2A). 

Printing technologies will be more or less efficient 

depending on the volume to be printed and the desired 

resolution (Figure 2B). 

 
Fig 2:- A. Main technologies used in bio-printers. B. The 

choice of technology depends on the resolution 

requirements and the volume to be printed depending on 

the application [35]. 
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The first micro-printing of biological elements (based 

on fibronectin) was carried out by Klebe in 1988 by inkjet 

printing [16]. In 2006, Boland et al. used modified desktop 

printers to perform cell microprinting [17]. Today, thermal 

(or piezoelectric) printers are used. Thermal inkjet printing 

relies on a thermal cell that produces a vapour bubble 

whose pressure generates a droplet through a 30 to 200 μm 

diameter hole. Piezoelectric inkjet printers use a voltage 
pulse that generates a change in the shape of a crystal that 

contracts the ink reservoir. When the piezoelectric crystal 

expands, the drop is ejected. These printers can print living 

cells in predefined patterns. The main disadvantage of these 

printers is the low usable cell density (less than 5 million 

cells/mL), which is necessary to prevent blockage of the 

printheads. In tissue engineering, inkjet printers have been 

used in situ to regenerate skin and cartilage, or in vitro to 

produce bone tissue engineering products. 

 

Microsyringes have been developed to print biological 
elements by extrusion. Biomaterials (alginate, agarose, 

matrigel) are continuously extruded through nozzles a few 

hundred micrometers in diameter. The advantage of these 

techniques is to print scaffolds and cells at the same time. 

Micro-syringes have been used to make aortic valves, 

vessels, tumour or pharmacological models. 

 

Laser-assisted bioprinting (LAB) techniques are based 

on a pulsed laser source, a donor (target) blade covered 

with a thin layer of bio-ink to be printed, and a receiver 

blade placed a few micrometers or millimeters away from 

the first one that receives the printed elements. Nano or 
femto-second2 pulsed lasers with wavelengths in the 

infrared (1 064 nm) or ultraviolet (193, 248, 266 and 355 

nm) were used. The laser energy can be directly absorbed 

by the ink (MAPLE-DW [matrix assisted pulsed laser 

evaporation direct write] technique), resulting in the 

formation of a jet that vaporizes the first molecular layers 

of the bioink at the point of focus. When the laser energy is 

not absorbed by the bioink, a transducing/absorbing layer, 

which converts the light energy into thermal energy (in the 

case of BioLPs, biological laser printers) and/or mechanical 

energy (BA [blister-actuated]- and AFA [absorbing film 
assisted]-LIFT [laser induced forward transfer]), must be 

used. The absorbing layer is made of metal (gold, titanium, 

silver) of a few tens of nm for the BioLP, while it is made 

of polyimide for the BA-LIFT. The principle of drop 

ejection by LAB depends on the formation of a gas pocket 

secondary to the interaction of laser energy with the 

absorbing layer. In 2002, Ringeisen et al. demonstrated the 

possibility of printing proteins by MAPLE-DW without 

damaging the epitopes they contain, a double strand of 

DNA, or a functional alkaline phosphatase [18]. The 

process has been improved by printing complex bio-inks 

composed of hydroxyapatite, cells and extracellular matrix 
[19-28]. Compared to plating the same number of sheets by 

simple deposition (top-down approach), printing cell 

patterns layer by layer on polycaprolactone sheets (bottom-

up approach) increases cell proliferation in vitro and in vivo 

[21]. Current research is focusing on laser-assisted in situ 

bio-imprinting, which consists of printing cell and matrix 

components directly on the patient according to a defined 

organization to promote tissue regeneration. 

 

C. Applications of 3D bio-imprinting 

Tissue bio-imprinting has two types of applications: 

the creation of cell and tissue models, and the manufacture 

of tissue engineering products for regenerative and 

restorative medicine. 
 

IV. ORGAN OR TISSUE MODELS 

 

Organ or tissue models are tools for reproducible and 

repeated testing of the pharmacological action of drugs. 

They represent an important issue in the selection of 

molecules according to their efficacy and toxicity. The 

development of complex three-dimensional models is an 

important issue for pharmacological research in the 21st 

century. Today, most of the available models only very 

partially reproduce the in vivo situation because their 
architecture does not take into account the complexity of 

tissue interfaces and vascular perfusion. Microfluidics chips 

partially resolve tissue exposure to mechanical fluid 

stimulation and perfusion, but they do not reproduce, in 

three dimensions, the complexity of tissues. In this context, 

research is being developed to reproducibly bio-print 

complex organoids in 3D that are perfusable. Another hope 

lies in the printing of organoids from different tissues to 

study their interactions. Few results are currently available. 

In 2008, R. Chang [29] published a model combining 

microfluidics and 3D printing. Organovo in the United 

States will release its first liver model in 2014, which 
integrates hepatocytes, stellar cells and endothelial cells 

printed in a matrix. This model is said to be more 

discriminating than 2D cultures. The main limitation is the 

small volume of the liver structures, which does not exceed 

a few hundred microns. They are therefore far from the real 

model. Three-dimensional tumour models are currently 

most often carried out using spheroid techniques suspended 

in gels (collagen, alginate, matrigel), reproducing the 

extracellular environment, in support structures (chitosan, 

polycaprolactone). Their limitations include the absence of 

interaction with immunity and angiogenesis and 
insufficient nutrient supply, which has been partially 

resolved by microfluidic systems. Xu et al. printed 

cancerous ovary cells and fibroblasts in matrigel but could 

not show the superiority of their model [30]. A breast 

cancer model was made by 3D printing of cancer cells and 

fibroblasts. This model was validated in terms of response 

to treatment [31]. More recently, HeLa (cancer line) cells 

were printed with gelatin, fibrinogen, and alginate, 

mimicking the 3D environment. After assembly, 90% of 

the cells were alive and tended to form spheroids, whereas 

cells grown in 2D remained as monolayers. Compared to 

2D cultured cells, these cells expressed more metallo-
proteases and showed greater resistance to chemotherapy, 

bringing them closer to the clinical situation [32]. Current 

research is attempting to model the behaviour of tumour 

cells in their environment. The development of these 3D 

tumour models by bio-imprinting therefore represents a 

great hope for pharmaceutical research and the 

development of personalised treatments. 
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V. REGENERATIVE AND RESTORATIVE 

MEDICINE 

 

The second area of application concerns regenerative 

and restorative medicine. In this field, a distinction is made 

between ex vivo bio-imprinting and in situ bio-imprinting. 

 

Ex vivo bio-imprinting is the creation of tissue 
engineered products using bio-printers. Several tissues of 

varying complexity have been reconstructed using this 

technology. It requires the use of complex multi-head 

bioprinters to print different biological inks to 

accommodate the complexity of the tissues. The production 

of complex organs such as the kidney is still a distant 

reality, but several groups are currently capable of 

producing skin. In the medium term, vessels will be able to 

be partially bio-printed. One of the current challenges of 

tissue engineering is the production of a venous, arterial 

and capillary network associated with printed organs. 
Vessels could be created by 3D printing by printing 

endothelial cells, fibroblasts and fibrin in a tunneled 

collagen gel using a heat-labile ink. A capillary network 

developed between the endothelialized vessels. The second 

approach is to directly imprint a tubular vascular network 

around a tube or on a support material (agarose) [33]. 

Vessels are formed by the maturation and fusion of cell 

aggregates within a few days. Recently, Atala et al. have 

demonstrated that it is possible to print human tissues of a 

size compatible with clinical use. This was made possible 

by a combination of several techniques: imaging of the 

anatomical defect and computer-aided design of the tissue 
to be reconstructed, creation of a degradable acellular 

mould to shape the tissue, printing of cross-linked 

cellularized hydrogels after printing, and creation of a 

network of microtunnels to promote the passage of 

nutrients [34]. They were thus able to demonstrate, through 

combined techniques integrated in a single bio-printer, that 

it was possible to reconstruct : (1) a portion of mandible 

with a morphology adapted to substance loss (3.6 × 3.2 × 

1.6 cm), and the manufacture of a calvaria3 bone that 

allows bone regeneration in rats; (2) a skeletal striated 

muscle (15 × 1 × 5 mm) innervated and responding to 
electrical stimulation after implantation in vivo in rats ; (3) 

ear cartilage (3.2 × 0.9 × 1.6 cm), which has a complex 

shape, which was maintained for two months after 

implantation for maturation at the subcutaneous site in 

athymic rats [34]. 

 

In situ bio-imprinting involves bio-imprinting cells, 

matrix, growth factors directly at the site of tissue loss to 

promote regeneration of damaged tissue. The arrival of bio-

printers to print the missing tissue or organ in situ in the 

operating theatre is obviously a long-term prospect that will 

require coupling printers to imaging systems in order to 
visualise the tissue defect. The advantage of this approach, 

however, is to dispense with the in vitro maturation steps 

which are long, costly and promote the risk of 

contamination. The current limitation of in situ bio-

imprinting is that it can only be used for localized surface 

tissue losses such as skin or calvaria. This approach has 

been used with inkjet printers to print stem cells from 

amniotic fluid for the treatment of burns [35]. Our group 

has used a laser printer to print hydroxyapatite in calvarial 

defects [25]. More recently, we were able to print collagen, 

hydroxyapatite and mesenchymal stem cells and observed 

that the printed cell pattern could guide healing. 

 

VI. CONCLUSION 

 
Additive manufacturing encompasses a number of 

popular technologies that are attracting the interest of 

biomaterials and tissue engineering researchers. Additive 

manufacturing as applied to regenerative medicine covers 

two main fields: 3D printing of inert or bioactive material 

and biomanufacturing. While 3D printing has penetrated 

the world of regenerative medicine, bio-assembly and bio-

printing techniques are still in their infancy. The aim of this 

article is to provide a non-exhaustive review of these 

various complementary aspects of additive manufacturing 

in the service of restorative, regenerative medicine and 
tissue engineering. 
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