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Abstract

Throughout our existence, technology has served to enhance the average quality of life for us humans. Each year, decade, and 
century always seems to outshine the previous in terms of technological breakthroughs. Such can be said within the world of medi-
cine. A century ago, major wounds were solved by amputation - the removal of damaged parts of the body to prevent blood loss or 
infection. And only some hundred years later, major wounds can be effectively treated via advanced surgeries and even the recent 
advent of transplantation. Transplantation is an arduous and complex process that involves exchanging an organ from one body to 
another. Transplantation has many elements too. Evidently, the most essential being the healthy organ that would be transplanted. 
Finding an organ as a transplant is a daunting process characterized by lengthy wait times, rigorous formalities, and priceless fees. 
Not only is it incredibly challenging to find a healthy organ but even more tough to obtain an organ that is compatible with your body. 
Not to mention, transplants can cost hundreds of thousands of dollars - most spent on acquiring these organs. Even all this assumes 
the ability to find quick and easy access to a donor, which in reality, is far from the case, which explains the urgency and the seeming 
irresolvability of the problem at hand. People are forced to wait for years in the seemingly endless search for a donor whilst their 
conditions continue to worsen and their life is constantly threatened. According to the Health Resources and Services Administration, 
there are upwards of 107,000 individuals on the national transplant waiting list, and this list is only expanding as one more man, 
woman, or child sees their name added to the list every nine minutes. What’s worse? Unfortunately, 17 people die each day awaiting 
the rare opportunity of organ transplants, which despite being a tough pill to swallow, serves to expose the horrendously outra-
geous magnitude of this searing dilemma. Not only is this “list-system”, which stakes its functionality on donations and bureaucracy, 
antiquated and inefficient, the medical procedure itself is prone to tragic failures. Basically, as miraculous as it is for someone on the 
waitlist to even see their number called, it is even more improbable that they survive the medical operation. All that paired with the 
vast cost which comes with any medical procedure of this magnitude means a solution is necessary. Ultimately, just like hundreds of 
years ago, when humans thought of and invented new technologies to combat biological problems, humans are doing the same now, 
in hopes of finding a cheaper, efficient, and most importantly healthier artificial solution with the aid of their most critical and unique 
ally: technology. 
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Introduction and Methodology 

In recent years, there has been a drastic increase in the need 
for organ transplantation, surgeries, and prosthesis. However, a 

sudden rise in the need for organ transplants and donations has 
caused several complications for not only the medical professionals 
responsible for carrying out these crucial transplants but also the 
potential recipients of these organs. As organ transplants and sur-
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geries become more readily available and accessible, recipient lists 
have rapidly broadened, causing organ shortages as the number 
of needed organs dramatically begins to outweigh the list of organ 
donors. Problems such as increased organ transplantation costs as 
well as increased waiting time for transplants have both negatively 
impacted the medical workplace and have led to long-term social/
economic detriments. Due to these numerous issues, many people 
who require a transplant to survive can not receive one due to fi-
nancial instability or being waitlisted on the organ donor registry. 
Essentially, obtaining the organ does not always solve the problem 
at hand in several cases. In fact, some organs may be “rejected” 
from the body or deemed unfit for the host/user. Depending on the 
body the organs are being transplanted in, the constraint of organ 
size is prevalent time and time again. The situation presented is 
analogous to the Goldilocks principle, where Goldilocks tries to 
find the perfect “bowl of porridge”. Likewise, the donated organs 
are procured and maintained in order to counter the conditions 
presented by the individual in need of a transplant, and there ex-
ists more than one criterion to gauge the success of the transplant.

Medical professionals and physicians have addressed the more 
critical change - being able to transplant an organ from one per-
son to another. Conversely, there still exists the challenge of finding 
ideal organs for near-perfect transplants. A side effect of increasing 
worldwide populations is that this concurrent problem grows as 
society progresses in regards to social reorientation. The healthier 
society is, the more likely individuals are to reproduce; in most 
cases this is beneficial, but in the context of organ transplantation, 
it is unfeasible. With the exponential increase in population, an ex-
ponential increase in organ transplantation follows suit. 

More and more people require organ transplants but there isn’t 
enough supply from donors due to persistent health risks. As re-
cent studies have shown: the percent of people within a popula-
tion who are organ donors remains constant regardless of the size 
of the population. Despite the population size, the ratio between 
organ donors and organ receivers will remain unchanged. A lack of 
organ donation is prevalent throughout all areas of the world and 
is not limited to the United States. Hence, the shortage and neces-
sity of organ transplantation is an issue that demands an urgent 
solution. 

Findings and Analysis 
The burning issue regarding the lack of organ availability ur-

gently demands a viable and effective solution. Although simple 

transplantation has become one of the mainstays in our health-
care systems and was a revolutionary technique at the time of its 
advent, it is now an antiquated and inefficient solution that fails 
to serve the increasing demand compared to other emerging so-
lutions. Today, however, patients are in a dire need of a solution 
to the waiting list for organ transplants. Alternative approaches 
have been attempted and researched, either to expedite the wait-
ing process and minimize the risks of the typical transplant or to 
replace the traditional methods of organ donation altogether. With 
these aims in mind, several practices have been proposed such as 
xenotransplantation, IPS (Induced Pluripotent Stem Cells), and 
even cloning. In combination with typical organ transplants, these 
methods have remained the other potential ways in which patients 
can receive the organs they require.

First and foremost, allotransplantation, the conventional form 
of organ transplants, which is essentially the distribution of an or-
gan or organs from one donor to a recipient of the same species, 
has constituted the majority of current procedures regarding or-
gan/tissue failure. 

Although the standard organ donation and transplant procedure 
has been somewhat viable in recent years with moderate costs and 
current feasibility, the supply is limited. As previously mentioned, 
the supply of viable organs for transplantation has been unable 
to keep pace with the swiftly growing list of needy recipients; pa-
tients are forced to wait unbearably long times in dire situations 
where time is critical to their conditions. Additionally, organs that 
have been donated by organ donors may cause complications dur-
ing transplantation, since there is a possibility that organs are not 
fully compatible. This also translates to the wait times, once again 
extending them due to the difficulty in finding compatible donors. 

Ultimately, the growing concerns with typical organ transplants 
have led to the developments of other methods or distributing suf-
ficient organs for patients. 

Xenotransplantation, a bold yet efficient method to gather 
suitable organs, has emerged as a possible solution to the ongo-
ing complications of organ transplants. The process is simply the 
grafting or transplanting of organs from a donor of another spe-
cies. Xenografting’s essence lies in its servitude as a cost efficient, 
high supply alternative to our current methods of transplantation 
prone to a variety of complications. However, the idea is still some-
what improbable, as it has only been attempted and conducted a 
few times, and even then, never successfully with humans. Most 
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importantly however, the process prompts a serious ethical debate, 
questioning whether or not it is morally correct to force animals to 
undergo such dramatic changes. Despite the ethical questions and 
the unlikelihood that xenotransplantation will be of assistance to 
humans, it still stands as a potential solution that may be viable in 
the future.

Similarly, one of the most prospective and recently hypothesized 
solutions is that of induced pluripotent stem cells (IPSC), which 
fuses the already well-understood and entrenched concept of DNA 
cloning with the unique promise of stem cells. Essentially, ISPCs are 
taken from blood or skin cells which can be “reconfigured back into 
an embryonic-like pluripotent,” which allows for them to grow and 
develop into any other type of human cell. The value of such cells 
in modern medicine is paramount. In fact, the primary argument in 
favor of these stem cells is their ability to become any type of cell. 
Ideally, ISPCs can be used to cure life-threatening genetically pro-
cured diseases such as Parkinson’s disease and Alzheimer’s disease 
along with diabetes and cancer, which reinforces their place among 
the pantheon of the most prominent innovations in regenerative 
medicine. The potential and scope of IPSC research and develop-
ment transcends that of any other feasible solution, however, this 
seemingly flawless ingenuity is not without its drawbacks. Specifi-
cally, the hubris of ISPCs, as was the case with the aforementioned 
xenotransplantation method, is the question of ethics. Inherently, 
the attainment of stem cells poses harm to embryos, which are the 
most fundamental unit of life. The idea of eliminating life before 
it is even given the chance to fully prosper is intolerable to many 
as evidenced by the words of professionals. “Nobody in their right 
mind would want to do that”, said John Gearhart, the director of 
the Institute for Regenerative Medicine at the University of Penn-
sylvania, regarding the ethical dilemma that such an issue is met 
with. Beyond this, projects of this nature also require an immense 
amount of development, time, and effort and costly investments 
from private firms or the government. Given that ISPCs will likely 
be unable to meet financial expectations, this not only means they 
will be unable to be established as common practice, but also that, 
if used, they only increase the already large bill patients receive.

Despite the numerous potentially serviceable alternatives to 
standard transplantation, none provide a totally whole and effec-
tive alternative, except for, however-Bioprinting. Bioprinting is 
simply defined as the 3D printing of artificial tissue, whether it be 
in the form of organs, tissue, or skin. They work similarly to nor-

mal 3D printers, varying mainly in the materials they use. Instead 
of ceramics and plastics, materials typically used in standard 3D 
printers consist of living human cells to construct complex and 
intricate anatomical structures like blood vessels. Bioprinting es-
sentially provides all the benefits the aforementioned alternative 
methods garner, without the financial, ethical, and practical detri-
ments. Even in its early stages, bioprinting has proven that it can 
be a substitute for traditional transplantational practices. However, 
using exclusively human cells in order to produce tissue will not 
suffice, as in order to build complex body structures, there needs to 
be some sort of support. As a solution, bioprinters take advantage 
of synthetic and organic collagen in order to provide support for 
the structures they print. Research has also allowed for the cells 
to print and grow similar to how cells in the embryo develop, as 
well as control and manipulate the shapes in which they do so. In 
fact, different methods can be used by bioprinters, all allowing for 
the creation of functioning organic tissue in a plethora of ways, the 
most popular and efficient of which are extrusion, laser, and ink-
jet. Each individual approach is unique in that they all have their 
respective advantages and drawbacks, for example, methods like 
inkjet sacrifice total accuracy for speed, as they serve as a way to 
quickly print cells, tissue, and organs, but lack the ability to print 
evenly distributed cells over long periods of printing. Essentially, 
“cell output significantly decreases or fails when printing over long 
time periods.” Other methods of more accurate and coherent meth-
ods of printing, that not only provide a quicker pace, but also high-
er precision, have been and are currently undergoing further de-
velopment. Researchers are only beginning to uncover the benefits 
of bioprinting, and many envision a future where organs and other 
body tissues “can be printed and transplanted in just a few hours.” 
Most importantly, the emergence of bioprinting can provide com-
fort to those who are in need of these crucial organ transplants. 
If bioprinting methods only continue to improve as they grow in 
prominence as common practice, patients will no longer have to 
wait as long as they do, and maybe avoid the waiting list entirely.

One holistic approach stems off the idea of implementing 3D 
bioprinting in medical facilities to gradually combat the COVID-19 
virus. This worldwide pandemic has generated unique advance-
ments in the pharmaceutical, medical device, and manufacturing 
industries. The decade old invention of 3D bioprinting has risen 
once again in order to function as a low-scale treatment technique 
in the height of the current pandemic. From modeling human tissue 
and organs to developing replacements for immunocompromised 
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individuals, 3D bioprinting has enabled physicians and researchers 
to analyze the SARS-CoV-2 virus and its implications on the human 
body. The overarching goal of many bioprinting corporations is to 
replicate and improve internal organs and body parts, and these 
inventions have patent eligibility which can prove to be crucial for 
long-term medical developments. Replicating major human organs 
can serve as a path to model the effects of the virus and categorize 
the most ideal treatments, while simply researching general top-
ics of interest pertaining to the SARS-CoV-2 yields tissue structures 
that are genetically and naturally superior to medical alternatives 
for repairing an individual’s body. Viscient Biosciences, one of the 
major head companies in the movement for 3D biotechnology, cre-
ated lung tissue models that test feasible drug therapy options to 
fight COVID-19 and detect any trace of antibodies in the circulatory 
system. Specifically, 3D bioprinting has been narrowed down to 
aerosol jet 3D printing which can be issued as a gateway for effi-
cient and accurate COVID testing. Furthermore, electrodes and na-
noscale aerosol droplets are thermally diluted, and the increased 
surface area of a single antigen on the electrode allows for more 
proteins to be analyzed by these hardly noticeable metal chips 
which are typically inserted into the nose or mouth. This game 
changing technology has a low error rate and almost rarely results 
in failed synthesis between the antibody and antigen on the small 
micro-chip. Paired with genome editing, Viscient Biosciences has 
worked on small lung tissue models to assist other biotechnology 
corporations and pharma companies to test and develop drugs and 
therapies for the betterment of the global public. 

Contemporary applications 

Bioprinting nuances have an immense appeal for increased ap-
plications within the medical world. The ability in bioprinting to 
create tissues/organs on demand is one of the perks that set this 
innovation “apart from the crowd”. Apart from its speed, bioprint-
ing is also almost 1/10th the price of traditional transplantation. 
Another appealing factor that gives bioprinting its attractiveness 
is its ability to cater to specific conditions. In current traditional 
methods, whether that be the transplantation of organs used for 
research, the organs given cannot be customized nor manipulated 
easily. Therefore, clinically procuring the right size organ is vital 
but unfavorable as there may not be much of that size available. 
Bioprinting addresses and solves these issues by being able to be 
easily manipulated by the target organ for specific conditions. Its 
ability to be printed in various sizes, densities, or even colors allows 
the modified organ to be transplanted or studied easier. Bioprint-
ing has officially existed since 2003 and has been in development 
since 1999. Many top tier companies’ sole USP (Unique Selling 

Point) is being able to offer revolutionary technologies that help in 
bioprinting. For example, companies such as 3Dbio sell bioprint-
ing technologies commercially. The vast number of companies that 
exist to provide bioprinting solutions also offer a vast amount of 
applications within the medical realm. Bioprinting is particularly 
known for its ability to copy specific parts that imitate bones, blood 
vessels, and natural tissues. This ability alone can save on average 
thousands of lives every year and can take over the multibillion-
dollar industry of transplantation as a viable method for organ re-
covery. Currently, there are a few cases of bioprinting being used 
instead of transplantation. Certain cities within Russia possess 
equipment and materials sufficient for bioprinting; the process 
of transplantation is widely practiced in some hospitals. Bioprint-
ing can also serve as a sort of cell scaffold that can help recuperate 
joints and damaged ligaments. This solution is more cost-effective 
than previous alternatives for ligament and joint replacements. 
Bioprinting is not exclusive to applications within the commercial 
medical world, but it can also be utilized as a revolutionary tool 
for aspiring medical practitioners. Throughout the world, bioprint-
ing is used to recreate replicas of human organs for toxicological, 
pharmacological, and radiological studies. Another growing field 
which bioprinting is applied in is vitro and vivo simulation for hu-
man diseases. In addition to medical applications, there are numer-
ous other applications for bioprinting in hospitals. One of the most 
prominent and newest non-medical applications of bioprinting is 
the use of bioprinting in printing artificial meats. Bioprinters lay 
meat cells and gradually build up the meat layer by layer and cell 
by cell. In short, the production of artificial meats such as chicken, 
beef, and pork can be produced without slaughtering the animals 
the meat originates from. Companies like Modern Meadow aim to 
deliver these innovative solutions by as early as 2030. Bioprinting 
is particularly known for its ability to replicate parts that imitate 
natural tissues, bones, and blood vessels. This ability alone can 
save on average thousands of lives every year and can take over the 
multibillion-dollar industry of transplantation as a viable method 
for organ recovery. Currently, there are a few cases of bioprinting 
being used instead of transplantation. Certain cities within Russia 
possess equipment and materials sufficient for bioprinting; the 
process of transplantation is widely practiced in some hospitals. 
Bioprinting can also serve as cell scaffolds that help repair dam-
aged ligaments and joints. This solution is more cost-effective 
than previous alternatives for ligament and joint replacements. 
Bioprinting is not exclusive to applications within the commercial 
medical world, but it can also be utilized as a revolutionary tool for 
aspiring medical practitioners. 
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Supplementary information 

Figure 1: The graph above formulated by the Annual Report of 
the Organ Procurement and Transplantation Network and the 
Scientific Registry of Transplant Recipients illustrates the demand 
for organ transplants and the supply of organs for transplanta-
tion.

Figure 2: The list above offers a subset of the various technolo-
gies used for organ replacement. 

Figure 3: This chart shows the number of individuals waiting for 
organ transplants in the USA over a 10-year time span. 

Figure 4: The illustration shows the intricate and detailed pro-
cess of tissue engineering from as miniscule as the atomic level. 

Figure 5: This image shows the steps for re-engineering the com-
mon organ or tissue into a bioprinted heart scaffold.  
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Figure 6: This is an image of a bioprinter named “FABION” manu-
factured from 3Dbio. 

Figure 7: This is an image of Viscoll the “ink” for the 3Dbio bio-
printers which is purely based on collagen. 

Figure 8: A bioprinting technique that clumps cells and places 
them in a self-healing hydrogel. 

Figure 9: An artistic simplified rendering of what bioprinting may 
look like. Like the images show you see the 3 different “inks” used 

in bioprinting.

Figure 10: A 3D bioprinted heart properly scaled. The ventricles 
and other small tubes are also made but you can not see it from 

this angle. 

Figure 11: Artificial meat made from bioprinting. The meat is 
made from all the cells seen in real meat except no animals were 

harmed to derive it. 
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Discussion and Conclusion

When considering the promising prospects of technological 
advancement, innovation, and development, most envision the in-
creasingly popular iPhone or the newly emerging onset of ingenu-
ities in the automobile industry such as Tesla. Yet, an exceedingly 
valuable yet overlooked component of modern technology and its 
potential to yield profound implications on contemporary society 
lies in biotechnology, specifically medicinal and clinical technology. 
As the coronavirus and similar instances have revealed, medicine 
holds the gate to societal progress, and technology possesses the 
potential to mobilize and bolster medicine to a heightened level. 
When contemplating what attribute of medicine is in the most 
dire need to be fortified, the answer remains obvious: our ability 
to counteract and cure noncommunicable diseases such as cancer 
and genetic diseases, specifically organ failures [1-18].

Although many will applaud our recent triumphs in organ im-
plantations, not enough times is it recognized that there is a fun-
damental issue in the problematic ways in which organ transplants 
are managed and conducted. With the current systems in place, 
there seems to be an issue with cost, bureaucracy, waiting times, 
lack of donors, and flaws in medical procedures. The fact of the 
matter is as simple as this: organ transplantations are not a viable 
solution. 

Alternative approaches have been attempted in order to ex-
pedite the waiting process and minimize the risks of the typical 
transplant and to replace the traditional methods of organ dona-
tion altogether. Numerous practices have been proposed such as 
xenotransplantation, IPS (Induced Pluripotent Stem Cells), and 
even cloning. In culmination with typical organ transplants, these 
methods have remained the other potential ways in which patients 
can receive the organs they require. Despite the numerous poten-
tially serviceable alternatives to standard transplantation, none 
provide a totally whole and effective alternative, except for, how-
ever Bioprinting. 3D bioprinting is a revolutionary technology that 
will eventually make medical care faster, more effective, and more 
personalized. This simple technique enables researchers to fabri-
cate geometrically well-defined 3D scaffolds seeded with cells in 
a rapid, inexpensive, and high-throughput manner. Bioprinting is 
an emerging technology that highlights a growing trend in the fu-
sion of biology and engineering. The ability to design and fabricate 
complex structures by printing living cells, biomaterials and other 
biological molecules is crucial to the success of tissue engineering.

When put into implementation, bioprinting alone can save thou-
sands of lives every year and can take over the multibillion-dollar 
industry of transplantation as a viable method for organ recovery. 
Certain Russian firms possess equipment and materials sufficient 
for bioprinting and have been successful thus far. Bioprinting can 
also serve as cell scaffolds that help repair damaged ligaments and 
joints. This solution is more cost-effective than previous alterna-
tives for ligament and joint replacements. Bioprinting is not ex-
clusive to applications within the commercial medical world, but 
it can also be utilized as a revolutionary tool for aspiring medical 
practitioners.
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