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Abstract

Additive manufacturing is a manufacturing process utilized to make prosthetics. It offers an affordable means to create custom-
made prostheses. Yet, the number of studies exploring the domain of 3D printing and bioprinting of prosthetics remains limited.
In this paper, we provide a comprehensive review of the current research in additive manufacturing to produce prosthetic limbs,
bionic eyes, temporomandibular joints (TMJ), cardiac valves, and skin. We concluded that the research gap lies in the long-term,
periodic assessment of 3D-printed prosthetic limbs for durability. 3D-printed prosthetic sockets’ reinforcement materials are a
particularly underexplored topic and the main shortcoming of 3D-printed prostheses is their failure under shear stresses. In
bioprinting, research must focus on developing tissue-specific bioinks and hydrogels to overcome their existing scarcity.
Bioprinting techniques like extrusion, inkjet, and laser-assisted bioprinting subject bioinks to conditions of high temperature and
pressure. Bioinks must withstand the printing process and simultaneously retain their rheological properties and cell viability.
Moreover, some bioprinting techniques are still quite expensive. However, 3D printing and bioprinting offer the prospect of
customization to the patient’s unique anatomy, increasing the wear time of prostheses and offering unique benefits like improved
tissue regeneration and adaptability to changing patient anatomy. 3D printing specifically reduces costs, and production time and
improves accessibility in war-stricken areas with more amputees.
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1. Introduction

Global violence significantly affected traumatic amputations, associated with depression, anxiety, deteriorating mental
reported at 13.23 million incidences and 552.45 million  health, and other psychological states [3]. All these conditions
prevalence in 2019 alone [1, 2]. Such amputations, in addition ~ combined lead to amputees facing unfair employment
to having a physical disbarment on individuals, have also been practices [4]. Prosthetics have played a key role in improving
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the quality of life of amputees, allowing them to perform
everyday tasks that would otherwise be difficult or
impossible. A study performed at Harborview Medical Center
and the Department of Veterans Affairs (VA) Puget Sound
Health Care System indicated that prosthetic rehabilitation
even increased the likelihood of amputees returning to work
by wearing prosthetics for 10-12 hours per day [5]. To further
cement the advantages of prosthetic use, researchers have also
studied the consequences of not using or abandoning these
devices. The effects include compensatory motions that result
in harmful secondary musculoskeletal conditions [6]. Despite
these benefits, prosthesis use remains low worldwide [7],
especially in developing countries [8], where the World
Health Organization estimates that only 5% of the 40 million
amputees have access to prosthetic care due to prohibitive
costs [9]. Retinal degeneration leading to blindness has shown
a similar outlook. The estimated global prevalence of age-
related macular degeneration was projected at 196 million in
2020, with an anticipated increase to 288 million by 2040 [10].
Conditions such as macular degeneration and retinitis
pigmentosa can benefit from the use of bionic eyes, which
restore spatial detail, a fundamental aspect of vision [11].
Even so, the accessibility challenge extends to bionic eyes,
where high costs have similarly restricted access to bionic
eyes for many individuals [12]. However, advances in 3D
printing are substantially lowering costs, making both

3D printing

Physical organ model

Main characteristics
« Replicating the shape and structure
« Mimicking the mechanical properties
» No biological activity

Real organ

Purpose

Doctor-patient communication
Intraoperative navigation
Performing experiments
Preoperative planning
Simulating operations
Medical education

Device testing

» Training skills

prosthetic limbs [13] and bionic devices, like compound eyes,
more affordable [14]. Figure 1 showcases the key differences
between 3D printing and 3D bioprinting.

3D-printed prosthetics also improved patient satisfaction [15].
This is in stark contrast to the reviews of conventional upper
limb prosthetics. Based on an analytical survey of studies
spanning 25 years [16], and a questionnaire of 70 Australian
upper limb amputees [17] it was concluded that 52.3% of
prosthetic owners used their prostheses for less than 6 hours a
day which suggests either dissatisfaction (poor design,
functionality, and fit with the prostheses or the perception that
their use does not bring considerable positive change in the
users’ daily lives. 3D printing technology offered a promising
solution. This method provided greater accuracy, reduced
production time, and ensured better fit and comfort. Notable
examples are the 3D printing of coloured silicone-based
prosthetic fingers [18], the use of Artificial Intelligence to
improve transtibial prosthetic sockets’ fit to the amputee's
residual limb [19] or 3D printed hemispherical photodetector
arrays used to make the first 3D printed prototype bionic eye
[20]. In this review we dive into some of the most commonly
and widely used prosthesis in various anatomical parts of the
human body. Moreover, we also look at how 3D printing has,
in recent years, played a vital role in helping achieve
personalization fits for individuals.
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Figure 1. 3D Printing vs. 3D Bioprinting in Healthcare, by BioRender.com (2024). Retrieved from https://app.biorender.com/biorender-
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2. Methodology

2.1. Bionic Eyes

Various non-congenital eye diseases like retinitis pigmentosa
and macular degeneration have been shown to cause visual
impairment and blindness [21]. This is where bionic eyes
played the role of fully or partially restoring vision [12].
Visual neuroprostheses replaced the working of neuronal
systems that constituted the anatomical pathway from the
retina to the brain [11]. A major component of bionic eyes
embedded inside the eye was a chip implanted behind the
retina during a microsurgery. This chip functioned as the
damaged part of the retina [22]. It contained an array of
microelectrodes that provide micro-electrical stimulation,
which was perceived as organized patterns of light by the
patient [11]. Other components of bionic eyes included
cameras (usually mounted inside glasses) that processed
visual information into digital signals received by a visual
processing unit, which in turn, converted these into
stimulation patterns for the microelectrodes to deliver [23].
While these were the common elements of bionic eyes, 3-D
printing has also been employed in bionic compound eye
lenses. This was done by 3-D printing a hemispherical surface
with a 100+ lens array. An optical relay system converted the
curved image formed by the compound eye into a flat, planar
image recognized by the CMOS image sensor. This helped
form a compound bionic eye camera [24]. In another study
carried out in China, spherical lenses were 3D-printed to make
the compound eye using photosensitive resin. Mask
photocuring was carried out after 3D printing [14]. Though
the paper discussed the application of such bionic compound
eyes in medical fields, it did not specifically shed light on
biocompatibility. However, it is important to note that
biocompatible photosensitive resins did exist and have been
widely tested for use in the medical arena [25].

2.2. Biocompatible Hydrogel Skin

Skin is the human body’s barrier, the first layer of defence
[26], and the largest organ [27]. The most common treatment
for skin defects was autologous skin transplantation [28].
However, this treatment was compromised by issues like
donor-site shortage, infections, secondary injuries, etc.
Adding to this, autologous skin transplants were not feasible
at times with large-scale skin injuries like third-degree burns
and extensive irradiation therapy which may exhaust supplies
of healthy autologous skin tissues [29].

Much attention was being shed on creating bioprinted cell-
laden constructs to serve as skin [30]. This was because
bioprinting allowed the production of heterogeneous cell
populations, soluble factors, and biomaterials in pre-
determined locations, increasing the potential for automation
and replication of such products [31]. 3D bioprinted skin also
provides accurate placement of relevant cells and tissues
which helps reconstruct the damaged skin [32]. Hydrogels
(networks of crosslinked hydrophilic polymers) [33] had the
ability to absorb water equalling 90% of their initial weight
[34]. This moisture-laden environment made hydrogels a great
carrier for cells and improved wound healing [35]. In doing
so, hydrogels also replicated the hydrated nature of the
extracellular matrix of native skin [36, 37]. This made
hydrogels a popular biomaterial in skin bioprinting [38]. The
cells most used in bioinks for skin were fibroblasts and
keratinocytes [39]. The use of such living skin cells in the
bioprinted constructs promoted the proliferation of such cells,
hence improving skin regeneration [40].

2.3. Artificial Cardiac Valves

Valvular heart disease is an increasing healthcare concern,
with projections showing it could take 23.6 million lives till
2030 [41]. For this growing dilemma, replacement with
prosthetics was the usual recommendation [42, 43]. However,
conventional prosthetics were not suited to functioning
optimally in adolescents and children in their growing years
and 3D-printed cardiac valves were thought to overcome this
issue. Both organic and synthetic polymers were used in 3D-
printed cardiac valves [44]. Natural polymers needed certain
structural features to promote tissue regeneration [45]. These
qualities were present in collagen, fibrin, and chitosan [46].
Encapsulated aortic root sinus smooth muscle cells (SMC) and
aortic valve leaflet interstitial cells (VIC) had been
successfully printed into aortic valves. They were viable
within alginate/gelatin hydrogels and underwent cell viability
assays over a 7-day period [47]. This particular aortic valve
was 3D printed using extrusion-based bioprinting technique
as shown in Table 1. Customization to the patient's anatomy
was a rising trend in the 3D printing of heart valves. CT scans
and MRIs were done to ensure the 3D-printed valves fit into
the unique anatomy of each patient [48, 49]. The results
showed that better compatibility is achieved when this process
of personalization is followed [50].

3D bioprinted heart valves have involved the 3D printing of
scaffolds out of biocompatible materials [51]. These scaffolds
were then seeded with stem cells [52, 53]. These functional
valve constructs have been expected to bypass the need for
artificial valves entirely. This was because they overcame the
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major issues faced with mechanical valves like calcification,
thrombogenicity, and non-adaptability to young, growing
patients [54].

2.3.1. Bioprinting Techniques

Extrusion, laser-assisted, and inkjet bioprinting are the three
most popular bioprinting technologies. Extrusion bioprinting
was the most important, second to inkjet printing [55]. Most
of the other examples of prosthetics studied in this paper are
also printed through these three 3D bioprinting techniques.
Extrusion bioprinting involves filling a syringe with bioink
and extruding it through a nozzle [56]. The dispensing force
is created by pneumatic, screw-based, or piston-based systems
[57]. The movement of the syringe (and sometimes the
printing stage) is automated. It controls the shape and 3D
location where bioink is placed on the printing stage [58] or,
in some cases, suspended in a support bath material that helps
print fidelity [59]. Inkjet bioprinting is based on the working
of desktop inkjet printers and was developed in 2003 [60, 61,

62]. In this type of bioprinting, dilute solution droplets are
jetted through a nozzle, in pre-determined patterns through
computer-aided design (CAD) software [63]. The
dispensation systems are driven by thermal, piezoelectric, or
microvalve processes [64, 65]. Laser-assisted bioprinting uses
pulses of a laser beam passed through a ribbon [66]. A ribbon
is a thin, flexible layer made of metal, usually gold or titanium.
The ribbon is coated with biomaterials such as alginate bioink,
collagen bioink, keratinocytes, fibroblasts, and human
mesenchymal stem cells [67, 68]. When laser pulses land on
the ribbon, the metal heats up, causing the liquid biomaterials
to evaporate and turn into droplets deposited on the receiving
substrate [69]. The receiving substrate also contains a
biopolymer or cell culture medium to promote cell viability,
cellular adhesion [70], and growth after droplet deposition
[64]. Table 1 compares these 3D bioprinting techniques in
detail, in terms of the key parameters, target applications,
advantages, and challenges with each of these three
techniques.

Reference | Bioprinting Key parameters Target Prosthetic | Advantages Challenges
technique Application
[71] Extrusion feed rate, pressure, | articular multiple print heads to allow | cells are subjected to
Bioprinting | path design, nozzle | cartilage, multi-printing in the same shear stress when passing
height, temperature | muscle, ears, bioprinted tissue; can allow through the nozzle; cells
skin printing with bioinks of experience pressure in
higher cell concentrations; the syringe before
can be used with more extrusion; most bioinks
biomaterials than other require one or more types
printing techniques of crosslinking
[55] Inkjet Size of droplets, Skin, cartilage | low cost, high cell viability, limited bioinks, low
Based ejection rate, high resolution, high strength, nozzle
Bioprinting | deposition rate throughput, non-contact blockages, risk of
printing mechanical and thermal
stress on cells, chances of
cell agglomeration
[72] Laser- UV wavelength, DNA, cells, high cell viability, low scalability, low flow
Assisted pulse energy tissue, and noncontact, nozzle-free, high | rate caused by fast
Bioprinting | deposition, pulse organ printing | precision, high resolution gelation, and time-
duration consuming

Table 1. Comparison between three popular 3D-bioprinting techniques.

2.4. Temporomandibular Joint
Replacement Prostheses

The mandible (lower jaw) and the mandibular fossa of the
temporal bone are joined by the ginglymoarthrodial
Temporomandibular Joint (TMJ) [73, 74]. This joint is an

integral part of the anatomy of the human skull, and it had
been noted that joint replacement implants yield reasonable
outcomes when personalized to the patient to ensure a result
that closely resembled native anatomy whilst preserving range
of motion and joint function [75]. Due to the patient-specific
nature of this prosthesis, testing was needed to analyze the
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prosthetic’s biomechanical behaviour and load distribution.
This was usually done using FEA/FEM (finite element
analyses/methods) [76, 77]. 3D printing of the TMJ prostheses
had been implemented for a patient with end-stage
osteoarthritis of the TMJ. The patient needed a total joint
replacement surgery of the TMJ [78]. A personalized 3D print
model was created after analysis of X-rays, MRI, and CT
scans [79]. Bionic joint discs have been developed using a
combination of Ultra High Molecular Weight Polyethylene
(UHMWPE) and High-Density Polyethylene (HDPE). This
material was printed using Fused Deposition Modeling
(FDM) [80]. Using this hybrid material improved the
elasticity of the prosthetic as proven by biomechanical tests.
This elasticity allowed the prosthetic to closely mimic the
functional behaviour of natural articular disks. Natural
articular disks use these elastic properties to distribute stress
evenly [81 82]. This elasticity was lacking in conventional
TMJ prostheses made of metal alloys.

2.5. Upper Limb Prosthesis

The human hands allow for dexterity and detailed sensory
input. These are some of the features that prostheses for this
part of the body should emulate. Intuitive control of hand
prostheses has been identified as an essential requirement to
fulfill the motor requirements of the human upper limbs [83].
Intuitive control of a neuroprosthesis required the application
of surface electrodes that responded to the innervation of
residual limb muscles [84]. Their effectiveness was contingent
upon sufficient signals being received through the skin barrier.
Higher-level amputations often lacked residual muscle, which
made it more challenging to provide the dexterity and control
required of hand prostheses with skin electrodes [85]. To
bypass this issue, Targeted Muscle Reinnervation (TMR) was
developed [86]. This surgical technique involved the
transplantation of nerves from the residual limb into nearby
muscles that had been deprived of nerve supply. This
amplified neural signals [87] and enhanced the myoelectric
control of the prostheses [88]. Regenerative Peripheral Nerve
Interface (RPNI) is another technique that was less affected
by the amputation level. For RPNI, a peripheral nerve was
implanted into a free muscle graft, causing reinnervation of
this muscle graft [89]. In doing so, RPNI made it possible for
muscles to record signals that actuated individual finger
movements. This peripheral nerve amplifier could be utilized
in neuroprostheses [90]. However, RPNI required harvesting
muscle and nerve tissue from healthy areas in patients who
had already lost a limb. This pushed researchers to look into
the area of tissue-engineered peripheral nerve or muscle grafts
[91]. Scientists have studied the novel idea of combining
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bioprinting hydrogels with neural progenitors to create living
electrodes [92]. Haptic sensors have also been 3D printed
[93]. Their soft sensor has been printed using TPU
(PALMIGA PI-ETPU 95-250 Carbon Black; Creative Tools,
Sweden) whereas the structural component-the soft case
printed using soft TPU type known as NinjaFlex (NinjaTek,
Lititz, PA, USA) [94]. These and other sensors have been
embedded in 3D-printed hand prostheses [95].

2.6. Lower Limb Prosthesis

Prosthetic leg sockets were an area where AM has shown
much potential to outshine conventional manufacturing
processes [96]. This was because 3D printed models allow the
creation of complex geometrical arrangements in the final
product [97]. It was especially useful for patients with varying
limb volumes who needed multiple socket re-fittings (e.g.
children in their growing age) [98, 99] because 3D printing
poses reduced fabrication times as compared to conventional
approaches [100]. 3D printed sockets strength assessment was
done as laid out by the International Organization for
Standardization (ISO) 10,328: Prosthetics—Structural testing
of lower-limb prostheses. Failures were mostly observed in
the distal end of the socket or the pyramid attachment [101].
To alleviate these issues, researchers proposed a composite
infill approach. The layer-by-layer filament deposition in 3D
printing was held responsible for the shear failure of the socket
[102]. To address this, printing parameters like infill density
and pattern were modified [103].

Additionally, material selection was identified as a major
contributor to socket strength. Historically, polylactic acid
(PLA), polypropylene (PP), and polycaprolactone (PCL) have
been recognized as reliable print materials for Fused Filament
Fabrication (FFF) [104]. However, to enhance strength,
scientists have also used carbon-reinforced and glass-
reinforced composite polymer filaments [103]. Specifically
for layer-on-layer adhesion, using carbon fiber composite
while 3D printing has been shown to help [105].

3. Discussion

We currently have limited options for biomaterials,
specifically hydrogels, used in bioprinting [106]. Most were
crosslinked hydrogels because they can absorb moisture and
remain insoluble, providing an environment similar to the
extracellular matrix (ECM) [107, 108]. The criteria for bioink
selection was a stringent process. High temperature and
pressure during printing led to decreased cell viability in
bioinks. The bioink had to retain a suitable environment for
cell viability whilst possessing rheological properties that
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allowed it to be printed [109]. These strict standards were only
met by a small number of bioinks. There should be an
emphasis on the production of bioinks and hydrogels for
various body tissues, that can offer both structural integrity
and cellular compatibility.

A cell's microenvironment is partly determined by the
extracellular matrix which varies in stiffness depending upon
cell phenotype [110]. A diverse variety of hydrogels would
have allowed a range of viscoelastic properties which would
in turn help us mimic the microenvironment of cells provided
by different extracellular matrices. This progress would also
help us explore the possibility of having dynamic hydrogels
that change depending on whether tissues would be in
development or healing stages, similar to the adaptable nature
of extracellular matrices [111, 112].

Another pressing issue was the control of degradation rates of
various hydrogels. Studies suggest that future research should
focus on producing a library of bioinks with various
degradation rates while controlling for factors like rigidity and
stress relaxation [113].

Vascularization and innervation were other important aspects
that needed attention in order to realize regenerative tissues
that can assimilate with the human body. Vascularization of
bioprinted tissues and the printing of tubular constructs is only
possible if we can have high-precision, micropatterned
bioprinting [114]. Laser-induced forward transfer (LIFT)
bioprinting technique is a kind of laser-assisted bioprinting; it
offers the ability to print at single-cell resolution [115]. LIFT
and other single-cell bioprinters like high-definition single-
cell printing (HD-SCP) [116] that integrate the field of
microfluidics and offer high spatiotemporal control over cells
in bioprinting should be explored to enable the production of
more well-integrated bioprinted tissues. In particular, progress
is needed to make LIFT more affordable [117].

Other than printing vessels to vascularize tissue, tissue-
regenerative scaffolds can induce innervation [118]. This is
done by incorporating electroactive materials in 3D
bioprinting scaffolds of tissues. It has been tested in bioprinted
skin tissues along with the implantation of a 3D coaxial-
printed self-adaptive delivery chip to release biochemical and
bioelectrical substances to restore skin nerves. Results have
shown recovery of excitation function within 23 days [119].
Further understanding of cell-cell and cell-material interfaces
is needed to understand their role in the innervation process.
Advances in the functionality of human and 3D-printed tissues
will also help progress their use in drug screening and disease
modelling [120].
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In addition to improving printing resolution, work is required
to enhance printing speed. Stereolithography (SLA) based
bioprinting is known for its high printing speed [121]. This is
important because printing time represents the duration for
which cells in bioink are exposed to conditions that can
decrease their viability [122]. Another motivation for
improving printing speed is to aid the industry-scale
translation of bioprinting [106].

While it is imperative to focus on improving individual factors
affecting the success of bioprinting, reviews should
collectively evaluate factors too. Cost and benefit analyses
should be conducted for various bioprinting techniques
evaluating all possible factors affecting the feasibility of
producing bioprinted tissues: printing speed, resolution, cell
viability, etc. This would help determine the best approach
towards industrializing  bioprinting and improving
accessibility.

Furthermore, there was a lack of clinical testing of 3D
bioprinted tissues in animals and humans. There were a few
examples like transplanting hydrogel scaffolds to damaged
penis corpus cavernosum in rabbits which helped them regain
erectile function and fertility [123]. However, the model has
yet to be used in human clinical transplants to treat erectile
dysfunction.

While 3D bioprinted tissues have been tested and implanted
in humans sporadically, 3D printed organs are yet to be
approved or standardized for clinical use because of the lack
of unified global directives guiding the human testing of these

organs [124].

Ethical and moral considerations were important in the 3D
bioprinting of tissues. Sources of cells for bioinks sometimes
included embryonic stem cells [125]. This involved the
destruction of human embryos which raised religious
concerns as well as questions regarding the sanctity of life and
whether to categorize this as murder [126]. The ethical issues
surrounding this field were variegated and multifaceted. The
moral status of 3D-printed tissues was under question too
[127]. This was because of the puzzle of whether they should
be treated as purely functional tools or whether their
significance increased as the level of biofabrication
progressed towards organs and tissues that interacted with
human neural and reproductive systems. Assigning moral
significance to bioprinted tissues also had implications on the
perceived value and price of these tissues, increasing the
inequities that already permeate the healthcare system. This
even endangered the very purpose of 3D printing in some
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cases, i.e. to alleviate issues of donor shortages and lack of
access.

In 2020, a Russian study shed light on the ethical and
regulatory concerns that impede the legalization of 3D-
bioprinting technologies for reproductive organs, particularly
the ovaries (for patients having undergone ovariectomy after
developing ovarian cancer) [128]. It discussed the issue of
informed consent. Firstly, ovary printing and the conception
of an offspring through that ovary directly affected the
offspring. Secondly, manipulation of ovarian follicles in the
process would lead to genetic and epigenetic changes that
would affect the offspring in ways not well-understood.
Moreover, the 3D bioprinting of an ovary took several years.
During this time the intended receiver of the ovary could
change their mind about whether they wanted to conceive a
child. However, the weight of the expense and effort already
spent in the process of making an artificial ovary would taint
their decision and could incline them toward motherhood they
did not freely consent to. Even if the intended receiver
decided not to undergo the ovary transplant, the question of
who then possessed ownership of the bioprinted ovaries still
stood.

These and other ethical dilemmas necessitate legal
preparations and regulatory bodies to set the standards for the
approval and use of printed tissues in humans. In the realm of
3D printing prosthetic limbs, research had focused on the pre-
printing aspects like printing techniques, design, and material.
There was a dearth of research on the post-printing
advancements that can be made to 3D-printed limbs and leg

prosthetic sockets in particular [103]. Complaints regarding
3D-printed limbs arose due to their inability to withstand
frictional forces that act on the body of the limb [129]. Even
so, there were very few papers studying the long-term
durability of 3D-printed prosthetics. Consequently, research
should focus on periodic assessments of the robustness of
limbs and how they can withstand wear and tear during
everyday use. Specifically, reinforcement using fiberglass,
carbon fiber, and cement is an under-studied topic that could
improve the mechanical stability of prosthetic sockets. Studies
should investigate materials best suited for layering on sockets
and bodies of 3D-printed bionic limbs to provide strength
whilst preserving functionality, movement, and user
compatibility.

Accessibility was a factor that set 3D-printed prosthetics apart
from conventional prostheses. It was not only cheaper [130]
but also required fewer visits for fittings [131] and had a
shorter production time [132]. A research study performed in
Qatar in 2022 inspected 3D-printed hands for war-wounded
children [133]. While ‘The American Orthotic & Prosthetic
Association’ reported that traditional upper extremity
prostheses costs lie between 1,500-5,000 USD [134], this
study in Qatar produced prosthetic hands for a minimum of 19
USD. The use of CAD files from open-source communities
like E-nable [135], helped cut down costs. The accompanying
Table 2 provides a comparative analysis of accessibility
parameters, including regional availability, costs of 3D-
printed versus non-3D-printed prosthetics, and the average
number of patient visits required for production and fitting.

Reference | Type of 3D Cost Cost of Non-3D Printed Counterpart Production Production Number of
printed prosthetic | (USD) (USD) Time of 3D- Time of visits to the
printed Conventiona | clinic
prosthesis | Prosthesis | required
[136, Leg prosthetics | 87.00 3,000.00 to 10,000.00 (simple 17 hours 4-8 weeks | 2
137, transfemoral prosthetic limb)
138
[139, Upper limb 509.66 | 1,2741.50 (functional prosthetic hand ) | 4-7 hours 4-5 days 2
140 130] | prosthetics
[141]
[142 Ocular 0.32 1,500.00 to 8,000.00 (handmade ocular | 85 minutes 4-6 weeks |1
Prosthetics prosthetics)

Table 2. 3D bio-printed prosthesis vs counterparts, a cost analysis.
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3. Conclusion

Al and machine learning holds a lot of promise for the field of
3D printing prosthetics. It should be used to analyze scans and
images of amputees' stumps to 3D print a prosthetic of the best
fit for them. This model can also be translated to non-
functional cosmetic prosthetics like ocular prosthetics. In the
area of 3D bioprinting, stem cells have been incorporated in
bioinks. Still, in the future, we see bioinks that can produce
biological cues that induce differentiation of the stem cells
into the required lineages for the specific tissue being printed
[143]. With the existence of technology like 3D
echocardiography, it can be taken to the next level through 3D
modeling which can help design personalised cardiac valves
and other cardiac prostheses. Moreover, it is expected that we
might see handheld bioprinting devices become part of
surgical tools. These will be operated by the surgeon and will
bioprint personalised structures that will reduce patients’
recovery times. One area that could be explored in bioprinting
is the development of and printing using smart materials that
can respond to various external stimuli by changing shape or
function to adapt to changing environments [144]. This field
also expands the customizability of 3D bioprinted constructs,
further catering to each patient’s unique physiology and
potentially accelerating patient recovery. Multimaterial and
multicellular bioprinting is another field with a positive
outlook. It can help enable anastomosing with patients'
existing blood vessels. This technigue can then also be applied
to the nervous and lymphatic systems.
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