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Abstract—Bioprinting is an emerging technology by way of which 
artificial organs, tissues or implants can be made for human welfare. 
This technology uses biocompatible polymers or biomaterials to 
recreate a lost function. Combined with tissue engineering techniques 
scientists have been able to mix biomaterials like hydrogels and stem 
cells to create new tissues and organs in several parts of the world. 3 
D printed implants are also being tested as controlled delivery 
systems of drugs for treatment of epilepsy or wound healing. An 
artificial organ is no more a figment of imagination. Since the 
technology is still in its infancy therefore, the ethical issues 
pertaining to the same must also be established. As 3D bioprinting 
technology has flourished over time, this article investigates all the 
possible applications of this technique. This article also tries to 
compare the advancement made by Indian scientists in the field of 3 
D bioprinting. Our country boasts of one of the best engineers and 
medical doctors of the world, therefore if the field of 3D printing has 
to be elaborated in our country then the experts of material science 
and experts of human science must act in conjunction. 

1. INTRODUCTION 

The process of 3D Bioprinting begins with taking the MRI/CT 
scan of the organ that needs to be created. On the basis of this 
scan a 3D model is created on computer software, this model 
is called as ‘Computer Aided Design’. This design guides the 
usage of a ‘bioink’ to print a 3D structure using a biomaterial 
impregnated with stem cells [1]. Several types of printing 
technologies can be utilized for 3D Bioprinting. Inkjet 
technology uses piezoelectric or thermal actuator method to 
deposit bioink onto hydrogel substrate or culture dish. 
Thermal actuator method of 3D printing uses an inflated 
bubble to force out ink from narrow nozzle onto the substrate 
[2]. The drawback of thermal actuator method is heat 
generation. In piezoelectric actuator method, piezoelectric 
ceramic actuator is present in each nozzle of the printer to 
eject bioink onto substrate. As this technique has a tendency to 
hurt the cell membrane and burst cells, thus thermal printing is 
thought to be more biocompatible. Laser Assisted Bioprinting 
or LAB utilizes laser as the source of energy for depositing 
biomaterials onto a substrate [3]. 

There are only four reports from India on 3 D Bioprinting. Out 
of these four, three are review articles and only one is an 
original research article [4, 5, 6, 7]. This original research 

article reports the usage of silk fibroin hydrogel that has 
prospects of allowing several stem cells so as to develop an 
organ. This work was carried out at Indian Institute of 
Technology in New Delhi, India. While we are still optimizing 
the hydrogels the rest of the world has already started creating 
organs and organoids. Prof. Anthony Atala of Wake Forest 
Institute already has created a 3 D printed kidney. Few of his 
creations have been implanted in human beings who have now 
been able to lead better lives [8]. 

2. BIOMATERIALS AND THEIR EVOLUTION 

Biomaterials are identified as any material that can be 
introduced in a living body without causing any reaction in the 
body but still restoring a lost function. Long back it was 
established that a biological problem may have a non-
biological solution leading to development of biomaterials. 
These included sutures and stitches made from animal 
intestine fiber dating back to the Neolithic times in Europe 
(9500-1000 B.C.), Gold used in dentistry by Aztec, Chinese 
and Roman civilisations (500 B.C.) [9], blue nacre shell to 
replace lost teeth by Mayans (600 A.D.) [10]. In 1829, Henry 
Levert tested the compatibility of metals in dogs to find that 
platinum was better tolerated than gold, silver or lead by living 
tissues[11]. In 1926, the invention of stainless steel offered a 
cost-effective metal for implants [12]. In 1930s, 
Polydimethylsiloxane (PDMS) synthesised was recognised to 
be useful for making silicone’ implants[13]. In late 1940s, 
plastics became readily available with advantages of being 
easy to shape, light and inert. In 1949, poly (methyl 
methacrylate) (PMMA) plastic was used to create intraocular 
lenses to treat cataracts. In 1952, blood vessel replacement 
was achieved using parachute material. In 1960s a hip 
arthroplasty was carried out. In 1975 Society for Biomaterials 
was formed which marked the formal beginning of the era of 
Bionics and tissue engineering. In 1960s-1980s, a flurry of 
bioimplants like knee replacements, breast implants, stents, 
heart valve replacements were carried out by using teflon, 
hydrogels and bioglass[14]. Amongst metal implants, those 
made of titanium are most popular because of their low 
density, high strength and like iron or steel it does not corrode 
too quickly. Metal implants can be treated with 
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hydroxyapatite, a natural component of human bones, to allow 
for the inward growth of bone cells. This helps in fixing of the 
implant within the bone, phenomenon called as 
‘osteoinduction’[15]. Metal implants include artificial knees, 
artificial hip implants as metals provide a cost-effective and 
strong options for load bearing. Biomaterials have evolved 
immensely since then. Currently, such stents have been 
developed which not only provide structural support to blood 
vessels but also act as depots of drug and later dissolve on 
their own without any need for a surgery to remove them. 
Invention of highly bio-functional materials and the advent of 
3D printing tools have revolutionized the field of regenerative 
medicine. 3 D printing and regenerative medicine can give 
option to a person to get a replacement of his/ her osteoporotic 
bone with a freshly 3D printed’ osteoporosis free bone 
implant. Such a technology will truly metamorphose the 
orthopaedic care. 

3. BIOMATERIALS IN REGENERATIVE MEDICINE 

The power of regenerative medicine has multiplied with the 
advent of 3-D Bioprinting. In many cases like heel cancers 
where the solution was amputation of lower leg has now been 
changed. In these cases the cancer patient gets a new titanium 
heel. The orthopedic applications of 3D Bioprinting are 
immense. This is because the bones can be replaced by 
titanium implants which are inert and easily juxtapose with 
adjacent bones. To do so first the configuration of the bone to 
be printed is assessed by Magnetic Resonance Imaging/ MRI 
to find out the anchoring points, tissues and bones it 
articulates. The heel of the second leg is taken as a model to 
print the heel. Then minute details are noted like weight, 
surface polish, chemical nature of the biomaterial, whether the 
biomaterial allows the growth of soft tissue around the heel 
and grow into it or not. The idea is to develop an exact 
bioprinted replica of the bone that has to be replaced. The 
weight of the bioprinted devise can be reduced by making the 
structure hollow or by opening the pores of the structure. Here 
the objective could be simply to fulfil the mechanical function 
of the damaged bone like the use of stainless steel hip joints 
[16]. The aim could also be to develop a scaffold that could 
allow growth of living bone cells imprinted on the scaffold 
[17]. The Histological studies are being made exact to match 
the MRI scan of brain so as to help in brain surgeries [18]. 
Brain is a very challenging organ to recreate because it needs 
proper layering and much better 3D printers with finer 
resolutions.  

The current era of 3D printing with metals is that of 
standardization as the field is relatively new therefore most of 
the effort goes in setting up the structure, playing with 
thermodynamics in order to reduce deformation during 
production. The CT/ MRI scans are first stored in software 
from which the scientists then focus on the structure of the 
bone/ area of interest that needs to be printed. Now the area to 
be printed is analyzed more closely for geometry, weight and 
strength parameters. Then a 3D model of the same is formed. 

This model is further analyzed by software by making digital 
slices of the same, followed by adding of a support structure 
and sent to the 3 D printer. Once the desirable structure is 
printed, the support structure is removed from it and the 
implant is then polished manually to remove any debris. First 
time after production the model may need further optimization 
of weight so the structure may need to be remodelled and 
undergo 3D printing again followed by processing to prepare 
the final implant. Implants are given all points/ structures for 
attachment to muscles or tendons. Once the implant is 
introduced into the body of a patient, the implant takes some 
time to settle into the body, this period is called as the healing 
period [16]. 

Selective Laser Melting or SLM is a process by which a 
controlled fabrication is done using a programmable laser. In 
this first a thin layer of metal powder which is melted only for 
a fraction of second so as to let them bind to the existing 
structure below [19]. This process is called as lasing. The 
other method called as sintering is a slower process which 
works on the principle of atomic diffusion. This technique is 
expensive involving huge infrastructure and space. Thus, it is 
improbable that this could have a wider usage [20]. 

Glaucoma is a disease which is caused due to pressure and 
fluid flow imbalances in the eye, requiring a surgery to fix 
[21]. But surgeries to fix glaucoma are imperfect, thus 
scientists have been exploring 3D implants for the same. But 
these implants are complex and difficult to make. The biggest 
challenge of these implants is to make them safe enough so as 
not to harm cornea. Other challenge is to devise these implants 
for delivering pharmaceutical agents into the eye. For such an 
implant high resolution products are needed thus one needs 
Inkjet Technology/ PolyJet technology which prints UV 
curable resins. 

Bioengineering is a term given to the science of generating 
new tissues from patients own tissue to grow a new tissue so 
as to replace the faulty one. 3 D printing of these tissues and 
organs have been explored by scientists. This technique is 
fairly complex and includes 3 D printing of stem cells in a 
scaffold material. For this, scientists have utilized 2 D printers 
‘bio ink’ for 3 D printers which contain biofunctional 
polymers along with stem cells [22]. This bio ink is utilized in 
a 3 D printer to create complex organs like urinary bladder and 
liver wherein multiple cell forms are put together to mimic the 
natural environment or anatomy for the stem cells to grow in. 
Here an organ is 3 D printed with appropriate stem cells, the 
organ is then treated appropriately for stem cells to develop 
into expected lineages [23]. This process leads to the 
development of a functional organ outside the body of a 
human being and later on after functional tests such a 3 D 
printed organ is implanted into the body of a patient [24]. The 
printers using bioinks cannot heat up as heat destroys stem 
cells, thus these printers use piezoelectric crystals in cartridge 
[25]. The cartridges are loaded with specific bioinks to print a 
specific tissue. Several nozzles are utilized for inkjet printing 
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wherein each nozzle is controlled independently by the 
software to form 2 D and then 3 D structures. These structures 
are later conditioned for specific tissue growth. 

Challenge to 3 D print with cells is that the cells are extremely 
delicate and loose viability very quickly. So there are a 
number of variables that need to be controlled to obtain a 
completely viable tissue. Therefore the biomaterial used for 
printing must provide sufficient support or protection to cells 
while printing and also after printing. During the process of 
printing enough nutrition needs to be supplied in order to 
maintain cells in viable state. Maintenance of viability is not 
enough because some cells lose their true nature and 
subsequently function if not maintained in proper conditions. 
Thus coaxial extrusion technique is utilized wherein two 
materials are utilized [26]. In this process one nozzle puts the 
material containing the living cells into the core of a shell 
made of another material which provides support to the cells. 
In this structure, the living cells are accessible thus the 
nutrients can be supplied to them. The same system provides 
feasibility of supplying biologically active molecules to the 
living cells and also a temporal control of this accessibility. A 
control on accessibility to the biologically active components 
like pharmacoactive agents is important for medical implants. 
In the beginning the biomaterials or biopolymer acts as a 
cement but later they self-degrade once the cells within them 
mature and secrete connective tissue i.e. the natural cement of 
the cells that hold them together in a tissue. These support 
biopolymers include hydrogels mixed with gelatin as they 
allow cells to grow within them [5, 27].  

A biopen is a handheld printing tool that can be used by 
surgeons at the time of surgery to deposit a layer of implant at 
the time of surgery that may later develop into the tissue of 
choice. This pen has two nozzles, from one comes out the 
biopolymer and from second comes out the stem cells. The 
Biopen allows the surgeon to make a tailor-made implant for 
the patient during operation. Biopen works on the principle of 
coaxial extrusion [28]. 

Cartilage regeneration is another application of 3 D 
bioprinting wherein ‘biopen’ is utilized to create the cartilage 
[29]. This application can be utilized to create articular 
cartilage that allow for articulation between adjacent bones at 
joints. This cartilage is usually degraded in arthritis or by 
trauma or in cancer. Mode of action is to first surgically 
removed the defective or damaged portion and then introduce 
a cartilage patch between the bones. A cartilage patch is a 3D 
printed structure formed by using a biopolymer that contains 
osteochondral cells and chondrocytes which secrete collagen 
and rebuild cartilage naturally. The surface of this patch which 
stays in contact with the adjacent bones contains osteoblasts 
that develop into bone that was lost due to accident or disease. 
As the cells used in this patch are derived from the patient 
himself therefore chances of rejection by patient’s immune 
system are bleak. Nano-electrodes are also incorporated within 
this patch which can be stimulated to induce healing and 

growth post implantation. The biopolymers making the 
cartilage implants are [30] UV curable biopolymers which are 
strong enough to prevent crushing of implant post operation. 
These implants are in early stages of clinical trials and they 
may be one of the first 3 D printed tissues that would soon 
become popular implants. This is also because cartilage lacks 
vascularity as a result creating it is simple, while creating a 
highly vascular organ is an extremely difficult task [31]. 

4. ROLE OF 3 D PRINTED STRUCTURES IN 
CONTROLLED DRUG DELIVERY 

Controlled drug delivery could be another application of 3 D 
printed materials and they could be utilized for treating 
epilepsy. Epilepsy is another disease that affects millions of 
people across the world. Currently the 3 D printed materials 
are being explored as tools to allow for controlled delivery of 
immunosuppressants, anti-inflammatory agents etc. Here we 
are looking at an implant that may be stimulated by a seizure 
to release a drug in the brain so as to immediately control the 
situation [32]. Skin implants are also being experimented upon 
by 3 D printing. As skin is a highly compartmentalized organ 
therefore inkjet or polyjet printing is being explored to create 
skin [33]. Cells of the patient receiving the implants can be 
utilized to create the implant so that chance of rejection of skin 
implant is minimal. Such implants may be useful in skin 
cancers or in accidental skin damage to restore lost skin. These 
implants are also being explored as tools to release bioactive 
molecules in controlled fashion to promote wound healing.  

Developing a brain by 3 D printing may be in its infancy but 
doctors at Boston Children’s Hospital have been saving lives 
of babies with the help of 3 D printing. At Boston Children’s 
Hospital, the surgeons used a simulation tool to rehearse the 
surgery on the exact replica of the baby’s brain made by a 3 D 
printer. This way the surgeon had the chance to weigh its 
outcome before the surgery itself thus the chances of the 
surgery to be successful was higher ( 
http://simpeds.org/news/a-3d-printed-brain-saved-this-
toddlers-life/). The life of one toddler has been saved by using 
this technique. Thus 3 D Bioprinting has the potential to make 
human lives better.  

5. ETHICAL CHALLENGES 

As clinicians are well versed with the hip joint replacement 
and liver transplantations therefore the 3-D printed material do 
not offer any new ethical challenges [34]. But as the newly 
printed material may offer new safety issues thus trials have to 
be done so as to ascertain the safety and stability of the 
bioprinted devise. For this reason it is essential to compare the 
treatment offered by 3D printed materials or the currently 
available treatment. The 3 D printed materials are example of 
personalized medicine therefore it is very difficult to assess 
the average efficacy of each type of printed material for 
common use. But before human use, parameters like 
propensity of the material to cause inflammation or induce 
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abnormal cell development, or half-life of printed material 
within the body can be assessed. This can be achieved by 
traditional methods of testing in vitro by tissue culture 
techniques followed by testing on animals [34]. The 3 D 
imprinted organs will have advantage that they will be made 
up of patients own cells thus problems of biocompatibility will 
be minimal, the patient would need to wait for donated organs 
for which there is usually long bookings and organs of 
appropriate sizes can be generated for children. With 
advancement in 3 D imprinted organ development the 
possibility of creating myriads of organs like pancreas, liver, 
bladder, internal ear etc. may rise. At the same time the ethical 
questions like playing with nature, availability to common 
man and safety of implants would always exist. As the 3 D 
printing for regenerative medicine is still in its formative years 
therefore currently it is a good time to contemplate and make 
proper ethical regulations for future use [35].   

6. CONCLUSION 

This review article has explored all the possible cures and 
remedies promised by 3D printing. But currently India stands 
a long way off from the exciting field of 3D bioprinting. If at 
all, this branch has to be developed then collaboration between 
medical doctors and engineers of our country is a prerequisite. 
The medical doctors and engineers of our country are world 
renowned; therefore, the need of the hour is to develop this 
branch by providing maximum funding for inter-disciplinary 
research on 3D bioprinting.  
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