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ABSTRACT

3D printing has emerged as a transformative technology in the field of
prosthetics, enabling the rapid production of patient-specific devices with
enhanced customization and reduced costs. Among various materials used in
additive manufacturing, polylactic acid (PLA), a biodegradable and
biocompatible thermoplastic derived from renewable resources, has gained
significant attention in prosthetic applications. PLA-based materials offer a
combination of lightweight structure, adequate mechanical strength, and
environmental sustainability, making them suitable for creating both
temporary and functional prosthetic components. This paper explores the role
of 3D-printed PLA in prosthetics, comparing it with traditional manufacturing
methods such as molding and machining, which are often time-consuming,
expensive, and less customizable. The study highlights key properties of PLA,
including ease of processing, dimensional stability, and potential for
modification through fillers or reinforcement to meet specific functional
requirements. Furthermore, it discusses critical parameters in 3D printing,
such as layer height, infill density, and post-processing, that influence the
performance of PLA prosthetics. Case studies demonstrate the successful
implementation of PLA-based 3D-printed prosthetic hands, orthotic devices,
and other medical applications, emphasizing their accessibility and
adaptability. Despite limitations such as brittleness and temperature
sensitivity, technological advancements in composite PLA and hybrid printing
methods promise to overcome these challenges. This review concludes by
examining future trends, including reinforced PLA composites, integration of
smart technologies, and positioning PLA as a sustainable, cost-effective, and
versatile material for next-generation prosthetic solutions.

Article info

Received: 09.09.2025
Accepted: 29.10.2025
Available Online: 07.11.2025
Checked for Plagiarism: Yes

Keywords:
3D Printing Technology, Poly-

lactic Acid (PLA), 3D-Printed PLA
Materials, Biodegradable
Polymers, Prosthetics
Applications

Introduction

3D printing, also known as additive manufacturing,
has revolutionized various industries, including
healthcare. In prosthetics, 3D printing allows for
rapid prototyping, customization, and production of
patient-specific devices with complex geometries
that were previously difficult to achieve using
traditional methods. Among various 3D printing
materials, PLA (Polylactic Acid) has emerged as a
leading candidate due to its biocompatibility, ease of
processing, and sustainable nature. PLA-based
materials have demonstrated significant potential in
prosthetic applications, providing lightweight,
durable, and cost-effective solutions for patients
worldwide [1].

3D printing technology, also known as additive
manufacturing,  represents a transformative
innovation that has redefined the ways in which
products are designed, developed, and produced. By
constructing three-dimensional objects layer by
layer from digital models, 3D printing offers
unprecedented flexibility, customization, and
efficiency across various sectors. From aerospace
and healthcare to architecture and consumer goods,
this technology enables rapid prototyping, reduces
material waste, and supports decentralized
production systems that challenge traditional
manufacturing paradigms [2].
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One of the most significant impacts of 3D printing
lies in its ability to democratize production.
Designers, engineers, and even individuals can now
transform digital ideas into physical objects without
the need for large-scale industrial infrastructure.
This shift not only empowers innovation but also
promotes sustainable practices by optimizing
resource utilization and minimizing energy
consumption. Moreover, as materials science
advances, new printable substances such as bio-inks,
ceramics, and metals are expanding the scope of
applications from artificial organs and dental
implants to complex aerospace components.
However, the growing adoption of 3D printing also
brings important challenges that need careful
consideration. Issues related to intellectual property
rights, product safety, and environmental
sustainability are increasingly significant. For
instance, the ease of reproducing patented designs
raises questions about copyright protection, while
the disposal and recyclability of 3D-printed
materials require responsible governance and
regulatory frameworks. Additionally, while 3D
printing can enhance sustainability in some contexts,
its energy requirements and material limitations
must be addressed to ensure it aligns with global
environmental goals [3].

Generally, 3D printing is not merely a new
production method; it represents a paradigm shift in
how society conceives creation, distribution, and
consumption. It merges innovation  with
sustainability, personalization with efficiency, and
creativity with technological precision. As this field
continues to evolve, fostering interdisciplinary
collaboration, ethical standards, and supportive
policies will be essential to unlocking its full
potential for economic growth, social benefit, and
environmental stewardship in the decades to come
[4].

Polylactic acid (PLA) has emerged as one of the
most promising materials for biomedical and
prosthetic applications due to its biocompatibility,
biodegradability, and adaptability to modern 3D
printing technologies. As a thermoplastic polymer
derived from renewable resources such as corn
starch or sugarcane, PLA aligns with sustainability
goals while offering mechanical and chemical
properties suitable for various medical uses. Its ease
of processing, low toxicity, and ability to form
complex geometries through additive manufacturing
make it an ideal candidate for next-generation
biomedical devices and custom prosthetics.

In the 3D printing technology, PLA-based materials
have demonstrated significant versatility in
producing personalized implants, prosthetic limbs,
and scaffolds for tissue engineering. The layer-by-
layer fabrication process allows for precise control
over shape, porosity, and internal structure—key
features in biomedical design. For prosthetic
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applications, 3D-printed PLA enables the creation of
lightweight yet durable structures tailored to
individual ~ anatomical  requirements.  This
customization enhances patient comfort, improves
functionality, and reduces production costs
compared to traditional manufacturing methods.
Furthermore, the mechanical strength and stiffness
of PLA can be fine-tuned through copolymerization
or blending with reinforcing agents such as carbon
fibers, hydroxyapatite, or graphene, enhancing its
performance for load-bearing applications [5].

The biodegradability of PLA is particularly
advantageous in temporary implants and tissue
scaffolds, where gradual degradation allows for the
natural regeneration of tissues while minimizing
surgical intervention for removal. Additionally, its
excellent compatibility with human tissues reduces
the risk of inflammatory or immune reactions.
Recent research has also focused on modifying
PLA’s crystallinity and thermal properties to
improve its long-term stability, flexibility, and
resistance to wear, attributes that are crucial for
prosthetic devices exposed to repetitive mechanical
stress.

Despite its numerous advantages, several challenges
remain in fully optimizing PLA for biomedical use.
Pure PLA tends to be brittle and may exhibit limited
thermal resistance, which can restrict its application
in areas demanding high flexibility or durability.
Moreover, its degradation rate can vary depending
on environmental and physiological conditions,
requiring precise control in clinical settings. To
address these limitations, scientists are developing
PLA composites and hybrid materials that combine
the polymer’s biocompatibility with the strength and
resilience of other bioactive fillers.

In conclusion, PLA-based materials have become a
cornerstone in the intersection of biomaterials and
additive manufacturing, offering a sustainable and
customizable solution for prosthetic and medical
applications. The integration of 3D printing with
advanced material engineering has expanded PLA’s
utility far beyond conventional uses, paving the way
for patient-specific, affordable, and environmentally
responsible  healthcare  solutions.  Continued
advancements in PLA modification, reinforcement,
and printing precision will further enhance its role in
prosthetics, making it a central material in the
development of next-generation biomedical devices
that merge functionality, comfort, and ecological
sustainability [6].

A Comparison of Traditional Prosthetics
Manufacturing and 3d Printing Technigue

The comparison between traditional prosthetic
manufacturing methods and 3D  printing
technologies highlights a significant transformation
in the field of prosthetics. Traditionally, prosthetic
devices were produced through labor-intensive
processes involving molding, casting, and
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machining, often using metals, silicone, and
conventional thermoplastics. These approaches,
while reliable in terms of structural integrity, present
notable limitations. The customization process was
time-consuming, requiring skilled technicians to
manually shape devices according to the patient’s
anatomy. Production costs were high due to the
labor-intensive nature of fabrication and the limited
ability to rapidly iterate designs. Furthermore,
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traditional methods often lacked the capacity for
intricate geometries, making it difficult to optimize
prosthetic devices for comfort, weight distribution,
or aesthetic considerations. These limitations
restricted accessibility, particularly in low-resource
settings, and often resulted in prosthetics that were
less comfortable or functionally suboptimal for
patients (Figure 1).
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3D-printed plates implant placement
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Figure 1. The Impact of 3D-Printed PLA-Based Materials on Prosthetic Applications: Transforming Prosthetic
Design through 3D Printing

In contrast, 3D printing represents a paradigm shift,
offering unprecedented flexibility in design and
production. Additive manufacturing enables layer-
by-layer fabrication directly from digital scans,
allowing for highly personalized devices that
precisely match the patient’s anatomical structure.
The technology significantly reduces production
time, allowing prosthetic devices to be designed,
printed, and fitted within days rather than weeks or
months. Cost efficiency is another major advantage,
as material usage can be optimized and expensive
molds are no longer required. Furthermore, 3D
printing allows for the integration of complex
geometries, lightweight lattice structures, and
modular components, improving both functionality
and patient comfort. Iterative design modifications
can be easily implemented without major increases
in cost or production time, enabling adaptive
prosthetics that evolve with the user’s needs.
Moreover, 3D printing facilitates the use of
innovative materials such as PLA, which are
biocompatible, environmentally sustainable, and
versatile. This material advantage, combined with
the precision of 3D printing, allows for prosthetic
devices that are not only functional but also
affordable and widely accessible. Case studies have
shown that 3D-printed prosthetics can provide
effective solutions for children, adults, and patients
in low-resource regions, democratizing access to
essential healthcare technology. The technology
also opens opportunities for future innovations,
including  multi-material  printing, embedded
sensors, and smart prosthetic designs, which would
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be difficult or impossible to achieve with traditional
manufacturing methods [7].

In  general, while traditional  prosthetic
manufacturing methods have laid the foundation for
reliable and functional devices, they are limited by
cost, customization, and complexity constraints. 3D
printing overcomes many of these challenges by
offering rapid, precise, and highly adaptable
fabrication.  The  shift towards additive
manufacturing, particularly using PLA-based
materials, represents a significant advancement in
patient-centered care, enabling prosthetic solutions
that are faster, more affordable, customizable, and
functionally superior. The integration of 3D printing
into prosthetics marks a transformative step towards
more accessible, efficient, and innovative healthcare
technologies, signaling a future where personalized
prosthetic devices are readily available for diverse
populations worldwide. Table (1) shows the
summarizing six key previous studies related to
PLA-based 3D-printed prosthetics.
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Table 1. The summarizing six key previous studies related to PLA-based 3D-printed prosthetics [8]

. . 3D Printing .
Objective Material Used Method Key Findings / Outcomes
Evaluate low-cost 3D- Demonstrated functional prosthetic hands for
rinted prosthetic hands PLA FDM children; reduced production time from weeks to
P P days; highlighted cost-effectiveness.
Review of 3D printind in PLA provided safer, biocompatible solutions;
: prining PLA & ABS FDM customization improved fit and comfort;
medical prosthetics o .
compared favorably to traditional materials.
Pediatric uper limb Lightweight, patient-specific devices increased
PP PLA FDM usability and adherence; rapid prototyping
prosthetics - . -
allowed iterative adjustments.
Custom lower limb PLA reinforced with fibers improved strength and
; PLA composites FDM durability; cost-effective production and faster
prosthetics
turnaround.
Affordable prosthetic Community-based 3D printing successfully
solutions for low-resource PLA FDM produced functional prosthetics, emphasized
regions accessibility, and reduced costs.
Comparison of traditional PLA & 3D-printed PLA sockets showed comparable fit
vs. 3D-printed prosthetic FDM and functionality, significantly reduced

sockets thermoplastics

This table provides a clear overview of previous
work, highlighting the materials, methods, and

outcomes related to PLA-based prosthetic
applications.
Comprehensive  Analysis of the Physical,

Mechanical, Thermal, and Processing Properties
of PLA-Based Materials for Biomedical and
Prosthetic Applications

Density: Polylactic acid (PLA) is a thermoplastic
aliphatic polyester known for its relatively low
density, typically ranging between 1.21 and 1.25
g/cm3, depending on its stereochemistry (e.g.,
PLLA, PDLA, or PDLLA) and crystallinity level.
This density is lower than that of traditional
petroleum-based plastics such as polyethylene
terephthalate (PET) or polycarbonate, making PLA
a lightweight option for biomedical devices and
prosthetic applications. In prosthetic design, reduced
density contributes to overall comfort and ease of
use for patients, particularly for limb prostheses
where minimizing mass reduces user fatigue.
Moreover, because of its organic origin and
structural composition, PLA exhibits a balance
between low density and sufficient rigidity, making
it suitable for applications that demand both strength
and lightness [9].

Biodegradability: One of the most significant
advantages of PLA lies in its biodegradability. PLA
undergoes hydrolytic degradation in aqueous
environments, where its ester bonds are cleaved,
ultimately converting the polymer into lactic acid, a
natural metabolite in human physiology. The
degradation rate depends on several factors,
including  molecular  weight,  crystallinity,
temperature, and environmental pH. In biomedical
applications, this property enables PLA to serve as a
temporary scaffold or prosthetic interface that
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manufacturing time, and material waste.

degrades harmlessly within the body or
environment. For example, biodegradable screws,
sutures, and fixation plates made from PLA
gradually lose mechanical integrity as the tissue
heals, eliminating the need for secondary surgeries.
The biodegradation process typically occurs over
several months to years, depending on the intended
use and environmental conditions.

Biocompatibility: PLA is highly biocompatible,
meaning it does not elicit significant toxic or
immunogenic responses when introduced into
biological systems. Its degradation by-product,
lactic acid, is metabolized naturally through the
Krebs cycle and eliminated as carbon dioxide and
water. PLA-based implants are well tolerated by
tissues and have been used in sutures, bone fixation
devices, and tissue-engineered scaffolds for
decades. Surface modifications, such as plasma
treatment or coating with bioactive molecules, can
further enhance cell adhesion and proliferation,
improving their performance in biomedical settings.
For prosthetic liners and interface materials,
biocompatibility =~ ensures  comfort,  reduces
inflammation, and minimizes allergic reactions
during long-term skin contact [10].

Moisture Absorption and Wicking: PLA exhibits
moderate moisture absorption due to its polar ester
groups, which can form hydrogen bonds with water
molecules. However, it is less hydrophilic compared
to natural polymers like polycaprolactone (PCL) or
collagen. The moisture content of PLA typically
ranges from 0.3% to 0.5% under ambient conditions.
Moisture absorption can influence the polymer’s
dimensional stability, tensile strength, and
degradation rate. In prosthetic applications,
controlling moisture wicking is essential because
prolonged exposure to humidity can lead to
hydrolysis, surface softening, and microbial growth.
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To address this issue, PLA composites are often
blended with hydrophobic materials or coated with
moisture-resistant layers to maintain stability in
humid environments. The wicking property can be
optimized for biomedical applications such as
wound dressings or skin-contact prosthetic
components where controlled moisture management
is crucial. Transparency and Optical Clarity:
Depending on its crystallinity, PLA can range from
transparent to opaque. Amorphous PLA exhibits
excellent optical clarity, making it useful in medical
visualization devices and transparent prosthetic
covers. However, higher crystallinity can reduce
transparency but enhance mechanical strength and
thermal resistance [11].

Mechanical Properties

Tensile Strength: PLA exhibits tensile strengths
ranging from 50 to 70 MPa, which is comparable to
that of polystyrene or PET. This strength makes
PLA suitable for load-bearing biomedical devices
and prosthetic sockets that require dimensional
integrity under stress. However, its brittle nature
limits its use in high-impact environments unless
reinforced. Reinforcements such as glass fibers,
carbon nanotubes, or natural fibers can significantly
enhance tensile properties while maintaining
lightweight characteristics [12].

Young’s Modulus: PLA has a relatively high
Young’s modulus, typically between 2.7 and 4.0
GPa, indicating its stiffness. This rigidity
contributes to its structural stability in prosthetic
components but can reduce flexibility and impact
resistance. The modulus can be tuned through
copolymerization with softer polymers such as
polycaprolactone (PCL) or by incorporating
plasticizers to achieve the desired flexibility without
compromising strength.

Brittleness: One of the main drawbacks of PLA is
its brittleness, which results in limited elongation at
break (usually less than 10%). This brittleness arises
from its semi-crystalline structure and high glass
transition temperature, which restricts chain
mobility. In prosthetic devices, this can lead to
cracking or fracture under repeated mechanical
stress. Strategies to reduce brittleness include
blending PLA with ductile polymers (e.g.,
polybutylene  succinate or  thermoplastic
polyurethane) or using toughening agents like
rubbery copolymers [13].

Impact Strength: PLA’s impact strength is
relatively low compared to engineering plastics such
as ABS. Typical values range from 3 to 10 kJ/m2.
Low impact resistance limits PLA’s use in dynamic
or high-stress prosthetic applications unless
modified. The addition of impact modifiers, rubber
nanoparticles, or fiber reinforcements can
substantially improve toughness while maintaining
biodegradability.
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Crystallinity: PLA crystallinity typically varies
between 10% and 40%, depending on processing
conditions and stereochemistry. Higher crystallinity
improves mechanical strength, modulus, and
thermal resistance, but reduces transparency and
flexibility. In biomedical applications, partially
crystalline PLA offers a balanced combination of
strength and controlled degradation. The stereo
complexation of PLLA and PDLA can further
enhance crystallinity, producing materials with
superior mechanical and thermal properties.
Fatigue Resistance: PLA exhibits limited fatigue
resistance, which may be a concern for repetitive
load-bearing prosthetic components.
Reinforcements with carbon fibers or bioactive
ceramics have been shown to improve fatigue
performance by distributing stress and preventing
crack propagation [14].

Thermal Properties

Glass Transition Temperature (Tg): PLA has a
glass transition temperature (Tg) between 55°¢ and
65°C, above which it transitions from a rigid glassy
state to a rubberier, deformable form. This Tg is
critical in determining PLA’s thermal and
dimensional stability during processing and use. In
biomedical devices exposed to body temperature
(=37°¢), PLA remains in a glassy state, ensuring
structural stability under physiological conditions.
However, near or above Tg, the material may soften,
limiting its application in high-temperature
environments.

Melting Temperature (Tm): The melting
temperature (Tm) of PLA ranges from 150°C to
180°C, depending on  crystallinity and
stereochemistry. For instance, pure PLLA melts
around 175°¢, while PDLA and amorphous PLA
variants exhibit lower melting points. The relatively
low Tm allows for energy-efficient processing
through extrusion, injection molding, or 3D printing.
In 3D printing, precise control of Tm ensures layer
adhesion, surface finish, and dimensional accuracy.
However, prolonged exposure to elevated
temperatures can lead to thermal degradation and
discoloration.

Heat Resistance: PLA has moderate heat
resistance, typically with a heat deflection
temperature (HDT) around 50°C to 60°C. This limits
its use in environments with sustained exposure to
heat. Post-processing techniques such as annealing
or the addition of nucleating agents can increase heat
resistance to around 100°C by promoting
crystallization. Enhanced heat resistance is
particularly important in prosthetic devices exposed
to sunlight or body heat for extended periods [15].
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Factors Influencing PLA Properties

Processing Methods: Processing techniques
significantly influence PLA’s microstructure,
crystallinity, and performance. Common methods
include extrusion, injection molding, compression
molding, and 3D printing (fused deposition
modeling, FDM).

v In 3D printing, parameters such as nozzle
temperature, layer thickness, and cooling
rate directly affect crystallinity, surface
roughness, and mechanical anisotropy.

v Slow cooling promotes higher crystallinity,
enhancing strength and heat resistance,
while rapid cooling yields amorphous
structures with greater transparency but
reduced toughness.

v"In injection molding, shear stress during
flow can align polymer chains, improving
tensile strength in the flow direction.
Therefore, optimizing processing
parameters is crucial for tailoring PLA’s
performance in prosthetic and biomedical
components [16].

Reinforcement: Reinforcing PLA with fibers or
nanoparticles improves its mechanical and thermal
performance while maintaining biodegradability.

v Natural fibers such as bamboo, flax, or jute
increase stiffness and reduce cost, though
they may affect moisture absorption.

v/ Carbon and glass fibers enhance tensile
strength  and modulus but reduce
biodegradability.

v' Bioactive ceramics like hydroxyapatite
(HA) and tricalcium phosphate (TCP)
improve  bioactivity, making PLA
composites ideal for bone tissue
engineering and prosthetic sockets [17].

v' Graphene and carbon nanotubes enhance
electrical conductivity and mechanical
toughness, expanding potential
applications in smart prosthetics. The
dispersion and interfacial bonding between
PLA and reinforcement materials play a
decisive role in determining final
performance.

Plasticizers: Plasticizers are added to PLA to
increase flexibility, toughness, and processability.
Common examples include polyethylene glycol
(PEG), citrate esters (ATBC), and oligomer lactic
acid. These additives reduce the glass transition
temperature and increase chain mobility, improving
elongation at break and impact resistance. However,
excessive plasticization may compromise strength,
stiffness, and thermal stability. Plasticizers also
influence biodegradation by increasing water
diffusion into the matrix. Therefore, an optimal
balance must be maintained based on the intended
biomedical application, for example, a flexible
prosthetic liner versus a rigid structural component.

205

Additives and Copolymers: Copolymers such as
PLA-PCL, PLA-PBS, and PLA-PDLA can tailor
degradation rates and mechanical properties.
Nucleating agents (e.g., talc, zinc oxide) promote
crystallization, while antioxidants and stabilizers
prevent thermal degradation during processing. In
biomedical contexts, incorporating bioactive fillers
like collagen, chitosan, or bioactive glass enhances
cell adhesion and tissue compatibility [18].
Environmental Factors: Environmental exposure
to humidity, temperature, and pH affects PLA’s
long-term stability and performance. Hydrolytic
degradation accelerates in  moist or acidic
conditions, altering mechanical properties. Surface
coatings, hydrophobic barriers, or composite design
strategies can mitigate these effects in prosthetic
applications exposed to variable environmental
conditions.

PLA-based materials represent a unique
convergence of sustainability, biocompatibility, and
manufacturability, making them increasingly
important in biomedical and prosthetic engineering.
Their  physical  properties, low  density,
biodegradability, and moderate moisture sensitivity
make them eco-friendly and comfortable for users.
Their  mechanical  characteristics, including
adequate tensile strength and stiffness, can be
enhanced through reinforcements and plasticizers to
meet specific performance requirements. Thermal
properties like glass transition and melting
temperatures are well-suited for low-temperature
processing but can be improved for heat-intensive
environments through crystallization control. Future
research focuses on developing next-generation
PLA composites that balance strength, flexibility,
and  bioactivity. Innovations  in  Nano-
reinforcements, bioactive coatings, and smart
manufacturing  will  further expand PLA’s
functionality in custom prosthetics and regenerative
medicine. As material science advances, PLA will
continue to evolve from a biodegradable plastic into
a cornerstone biomaterial merging engineering
efficiency, biological safety, and environmental
responsibility in the design of future medical and
prosthetic technologies [19].

Importance of choosing Polylactic Acid (PLA)
for 3D-Printed Prosthetic Purposes

Polylactic Acid (PLA) has emerged as one of the
most significant materials in the field of 3D-printed
prosthetics due to its unique combination of
biocompatibility, sustainability, and ease of
processing. The importance of PLA in prosthetic
applications lies not only in its mechanical and
physical properties but also in its adaptability to
patient-specific needs and advanced manufacturing
techniques. PLA is derived from renewable
resources such as corn starch and sugarcane, making
it a biodegradable and environmentally friendly
alternative to petroleum-based polymers. This
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sustainability factor is particularly valuable in
healthcare, where disposable or temporary
prosthetic devices can contribute to environmental
concerns. By selecting PLA, researchers and
manufacturers are able to develop prosthetics that
align with the growing global emphasis on eco-
friendly medical solutions, without compromising
functionality or safety [20].

One of the primary reasons for PLA’s selection in
prosthetic ~ applications is its inherent
biocompatibility. PLA is non-toxic and safe for
prolonged contact with human tissue, which is
critical when designing devices that will be in direct
contact with the skin. Unlike some other polymers
that may release harmful substances or irritants,
PLA minimizes the risk of adverse reactions,
ensuring patient safety. Furthermore, PLA offers a
favorable balance between strength, rigidity, and
lightweight characteristics, making it suitable for
creating prosthetic components that are both
functional and comfortable. This property is
especially relevant in applications such as limb
prosthetics, where weight reduction directly impacts
the user’s mobility and overall quality of life.
Another factor contributing to the importance of
PLA is its ease of processing using common 3D
printing techniques, particularly Fused Deposition
Modeling (FDM). PLA’s relatively low melting
temperature, minimal warping, and excellent
dimensional stability make it highly compatible with
3D printing, enabling precise fabrication of complex
geometries that were previously difficult or
impossible to achieve. This processing flexibility
allows for rapid prototyping, iterative design, and
patient-specific customization, all of which are
critical in modern prosthetic development. PLA can
also be modified or reinforced to meet specific
functional requirements. The addition of fibers,
plasticizers, or other polymer blends can enhance its
mechanical properties, flexibility, and durability,
broadening its applicability for more demanding
prosthetic devices. These modifications allow PLA
to serve a wide range of prosthetic purposes, from
lightweight cosmetic limbs to functional orthotic
supports, while maintaining its biocompatibility and
eco-friendly advantages [21].

In summary, the selection of PLA for 3D-printed
prosthetic applications is driven by its combination
of safety, sustainability, mechanical performance,
and processing versatility. Its biodegradability and
patient-friendly properties make it an ideal choice
for producing affordable, customizable, and
effective prosthetic devices. By leveraging PLA’s
advantages and potential for modification,
researchers and manufacturers can design
prosthetics that not only meet functional
requirements but also align with modern demands
for eco-conscious and patient-centered healthcare
solutions. PLA’s role in prosthetics represents a
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significant step toward accessible, sustainable, and
innovative medical technology.

The Role of 3D-Printed PLA-Based Materials in
Prosthetics and Medical Fields

3D printing PLA-based materials  offers
unprecedented opportunities for customization and
personalization, which are critical in prosthetic
applications. Each patient’s anatomical and
functional requirements differ, and PLA’s
compatibility with digital modeling and scanning
enables the production of prosthetics that fit
precisely, enhancing comfort, mobility, and
usability. The layer-by-layer construction inherent
to 3D printing allows for the creation of complex
geometries, internal lattice structures, and
ergonomic designs that are difficult or impossible to
achieve with traditional manufacturing. This
capacity for precision ensures that prosthetic devices
meet both functional and aesthetic needs, improving
patient satisfaction and adherence to rehabilitation
programs [22].

In the broader medical field, PLA-based 3D printing
extends beyond prosthetics to orthotics, surgical
guides, anatomical models, and temporary implants.
Its biocompatibility ensures patient safety during
use, while the affordability and speed of 3D printing
facilitate rapid prototyping, pre-surgical planning,
and tailored solutions. Hospitals and clinics can
produce models for preoperative simulations,
enabling surgeons to visualize complex anatomy
and practice procedures before actual surgeries, thus
reducing operative risks and improving outcomes.
Additionally, PLA’s environmentally friendly and
biodegradable nature aligns with increasing
healthcare demands for sustainable materials,
reducing the ecological footprint of disposable or
temporary medical devices. The adoption of PLA in
3D-printed prosthetics also addresses accessibility
challenges in healthcare. Traditional prosthetics are
expensive and require extensive manufacturing
time, limiting availability for patients in low-
resource settings. PLA-based 3D printing
significantly reduces production costs and time,
democratizing access to functional prosthetic
solutions globally. Organizations and community-
driven initiatives have demonstrated that PLA
prosthetics can be manufactured locally, customized
for each patient, and deployed at a fraction of the
cost of conventional methods, greatly enhancing
healthcare equity [23].

Generally, 3D-printed PLA-based materials are
widely used in prosthetics and medical applications
due to their biocompatibility, sustainability,
affordability, and adaptability to patient-specific
needs. PLA enables rapid, precise, and customizable
solutions that enhance functionality, comfort, and
accessibility, while also supporting environmental
responsibility. Its integration into additive
manufacturing represents a significant advancement



J. Chem. Eng. Energy Mater., (2025), Volume 1, Issue 4, 200-214

in medical technology, providing innovative,
practical, and scalable solutions for improving
patient care across diverse healthcare contexts. The
continued evolution of PLA-based 3D printing holds
promises for expanding the range and effectiveness
of medical devices, further solidifying its role as a
cornerstone material in modern prosthetics and
healthcare innovation.

Advantages of 3D-Printed PLA in Prosthetics
Compared to Other Types of Polymers

One of the most significant advantages of PLA in
prosthetic applications is its biocompatibility. PLA
is derived from renewable natural resources, such as
corn starch or sugarcane, and is recognized as a non-
toxic and safe material for use in contact with human
tissue. This property is particularly important in
prosthetics, where devices are in prolonged contact
with the patient’s skin. In contrast, polymers such as
ABS (Acrylonitrile Butadiene Styrene) or Nylon,
while mechanically robust, may release toxic
compounds or fumes during processing, potentially
causing irritation or adverse reactions. PLA’s
biocompatibility not only ensures patient safety but
also allows for the development of prosthetics
intended for long-term wuse or for sensitive
populations, such as children or patients with
allergies to certain plastics [24].

Another notable advantage of PLA is its ease of
processing using widely available 3D printing
techniques, especially Fused Deposition Modeling
(FDM). PLA has a relatively low melting
temperature, minimal warping, and excellent
dimensional stability, making it highly suitable for
accurate and reliable printing. This contrasts with
polymers like ABS or Nylon, which require higher
extrusion temperatures and often suffer from
warping or delamination, complicating the printing
process and increasing the likelihood of defects.
PLA’s process ability reduces the need for
specialized equipment, lowers the risk of print
failure, and allows for rapid prototyping, which is
critical in prosthetic design where iterative
modifications are often necessary to optimize fit,
function, and comfort. PLA also exhibits favorable
mechanical properties for a wide range of prosthetic
applications. While it is generally less flexible than
polymers like TPU (Thermoplastic Polyurethane),
its moderate rigidity and strength make it ideal for
lightweight structural components, such as
prosthetic sockets, braces, and limb supports. Its
lightweight nature reduces the physical burden on
patients, improving comfort and usability.
Additionally, PLA can be modified or reinforced
with fibers, fillers, or blends to enhance its
mechanical strength, toughness, or flexibility,
enabling it to meet the specific functional
requirements of diverse prosthetic devices. This
adaptability offers a versatility that is often more
challenging to achieve with other polymers, which
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may require complex processing or specialized
formulations to attain similar  performance
characteristics.

Cost-effectiveness is another critical advantage of
PLA. It is relatively inexpensive compared to other
engineering polymers, such as PETG, Nylon, or
polycarbonate, making it a practical choice for both
research and large-scale production. In prosthetic
manufacturing, cost reduction is significant, as it
improves accessibility for patients in low-resource
settings or developing countries. PLA’s
affordability, combined with the efficiency of 3D
printing, allows for the production of customized,
high-quality prosthetic devices at a fraction of the
cost of traditional manufacturing methods or devices
made from more expensive polymers [25].

The environmental sustainability of PLA further
enhances its advantages. Being derived from
renewable resources and biodegradable under
industrial composting conditions, PLA represents an
eco-friendlier alternative to  petroleum-based
polymers such as ABS or Nylon. In the context of
healthcare, where disposables and temporary
prosthetics are common, the use of PLA reduces
environmental impact, aligns with global
sustainability initiatives, and supports the ethical
goals of medical practice. This combination of
performance and responsibility makes PLA a
forward-looking choice for the next generation of
prosthetic devices. Another important benefit of
PLA is its compatibility with complex geometries
and customization. Additive manufacturing with
PLA allows designers to create intricate lattice
structures, ergonomic shapes, and patient-specific
contours that would be difficult or impossible to
achieve with other polymers or traditional
manufacturing methods. The precise layer-by-layer
construction  ensures  excellent  dimensional
accuracy, which is essential for patient comfort and
functional performance. Moreover, PLA’s surface
finish and print quality facilitate post-processing,
such as sanding, coating, or painting, enabling
aesthetically pleasing prosthetic devices that are
tailored to individual preferences [26].

PLA also demonstrates rapid prototyping capability,
which is crucial in prosthetic development.
Designers can produce multiple iterations quickly,
testing and refining the device to achieve optimal fit
and performance. This iterative capability
significantly reduces development time and allows
for responsive adjustments based on patient
feedback. While other polymers like Nylon or PETG
offer strength, their processing complexity and cost
can limit rapid prototyping, making PLA a more
practical choice in both research and clinical
applications. Furthermore, PLA supports integration
with emerging technologies, such as multi-material
printing, embedded sensors, and smart prosthetics.
Its ability to be combined with flexible filaments,
conductive materials, or bioactive composites opens
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the door for advanced applications, including
prosthetics with sensory feedback, adaptive control
systems, or integrated orthotic support. This
potential for innovation positions PLA not merely as
a functional material, but as a platform for the next
generation of intelligent and personalized medical
devices [27].
In conclusion, 3D-printed PLA offers a wide range
of advantages over other polymers in prosthetic
applications, encompassing biocompatibility, ease
of processing, mechanical suitability, cost-
effectiveness, environmental sustainability,
customization potential, rapid prototyping, and
compatibility with advanced technologies. While
other polymers may offer specific benefits, such as
higher flexibility or extreme toughness, PLA
provides a balanced combination of properties that
align with the core needs of prosthetic design:
safety, functionality, accessibility, and
sustainability. Its versatility and adaptability make it
an ideal material for producing patient-centered,
cost-effective, and environmentally responsible
prosthetic solutions. As additive manufacturing
technologies continue to evolve, PLA is likely to
remain a cornerstone material in prosthetic
innovation, supporting the development of devices
that are not only functional and durable but also
personalized, affordable, and aligned with the global
shift toward sustainable healthcare practices.
Compared to polymers like ABS, PETG, or Nylon,
PLA offers:

v Ease of printing with minimal warping.

v Lower cost and renewable sourcing.

v Biodegradability, making it

environmentally friendly.
v' Good dimensional stability, ensuring
precise fittings [18].

These advantages make PLA particularly suitable
for lightweight prosthetic devices and temporary
medical aids.

Key Parameters in 3D Printing PLA for
Prosthetics

One of the most critical parameters is layer height,
which affects both mechanical strength and surface
finish. Lower layer heights result in finer resolution
and smoother surfaces, improving aesthetics and
patient comfort, particularly in prosthetic sockets or
limb interfaces. However, very small layer heights
increase printing time, which may be impractical for
large prosthetic components. Conversely, higher
layer heights speed up production but can
compromise dimensional accuracy and create
rougher surfaces, potentially causing irritation when
in contact with the skin. Therefore, selecting an
appropriate layer height represents a trade-off
between precision, comfort, and production
efficiency. Infill density and pattern are equally
important for optimizing strength, weight, and
flexibility. Higher infill percentages increase
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structural integrity, making the prosthetic more
durable under mechanical stress, but also increase
material usage and weight, potentially reducing
patient comfort. Lower infill densities reduce weight
and material consumption but may compromise
strength. Infill patterns such as honeycomb, gyroid,
or grid structures can balance these factors,
providing adequate strength while minimizing
weight. In prosthetic applications, a carefully chosen
infill strategy ensures that devices are robust yet
lightweight, improving mobility and reducing
fatigue for the user.

Printing temperature and bed temperature are
essential parameters that directly affect layer
adhesion, dimensional stability, and print quality.
PLA typically prints at 190-220°C with a heated bed
around 50-60°C. Deviations from optimal
temperatures can lead to poor adhesion, warping,
stringing, or weak interlayer bonding, which
compromise the mechanical performance of the
prosthetic. ~ Similarly, printing speed affects
extrusion consistency and layer adhesion. Slower
printing speeds generally improve surface finish and
structural integrity, whereas higher speeds may
cause defects, especially in intricate geometries
common in patient-specific prosthetics [9].
Orientation of the print also plays a pivotal role in
mechanical performance. Due to the anisotropic
nature of FDM printing, prosthetic components are
generally weaker along the layer lines. Strategic
orientation can enhance strength in load-bearing
directions, ensuring durability under repeated
stresses experienced during daily use. For instance,
prosthetic sockets or joint interfaces may be printed
in orientations that maximize tensile and
compressive strength along critical axes. Designers
must carefully assess the loading conditions of each
component to determine optimal orientation. Post-
processing techniques such as sanding, coating,
annealing, or reinforcement further influence the
functionality and aesthetics of PLA-based
prosthetics. Annealing, for example, can improve
heat resistance and mechanical strength, while
sanding or coating provides smoother surfaces that
prevent skin irritation. Chemical or mechanical
reinforcement using fibers or composite coatings
can enhance durability, particularly for components
subjected to high stress. These post-processing steps
are integral to transforming the printed PLA
structure into a functional, long-lasting prosthetic.
Design considerations are closely intertwined with
printing parameters. CAD modeling allows for
precise control over geometry, wall thickness, and
internal structures, ensuring both comfort and
structural performance. Ergonomic fit, load
distribution, and integration of modular components
must be addressed during the design stage, as errors
cannot always be fully corrected during post-
processing. In addition, modular design allows for
the separate printing of components optimized for
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specific parameters, which can then be assembled to
create a complete prosthetic device with superior
performance. Environmental factors during printing,
such as ambient temperature and humidity, can also
impact PLA performance. PLA is sensitive to
moisture, which can cause bubbling, poor adhesion,
or layer inconsistencies. Proper storage and drying
of filament, along with a controlled printing
environment, are therefore necessary to maintain
consistent material performance [10].

Finally, patient-specific customization must inform
parameter selection. The weight, size, and functional
requirements of the prosthetic must align with the
user’s anatomy, lifestyle, and activity levels. For
example, prosthetics intended for children may
prioritize lightness and flexibility, whereas adult
limb replacements may emphasize durability and
load-bearing capacity. Parameters such as wall
thickness, infill density, and reinforcement can be
adjusted accordingly, ensuring that each prosthetic
meets the unique needs of the individual patient [1].
In conclusion, the creation of functional, durable,
and comfortable PLA-based prosthetic devices is a
multidimensional process that requires careful
consideration of a wide range of 3D printing
parameters. Layer height, infill density, printing
temperature, speed, orientation, post-processing,
and environmental controls all play crucial roles in
determining the mechanical performance, aesthetic
quality, and usability of the final device.
Additionally, design considerations and patient-
specific customization further influence how these
parameters are selected and optimized. By
systematically addressing these factors, researchers
and manufacturers can maximize the potential of
PLA in prosthetic applications, producing devices
that are not only safe and sustainable but also highly
functional, comfortable, and tailored to individual
users. The interplay of material properties and
optimized printing parameters underscores the
transformative impact of 3D printing technology in
modern prosthetics, demonstrating that careful
engineering, combined with the versatility of PLA,
can produce accessible, high-quality solutions for
patients worldwide.

Key parameters for optimizing 3D-printed PLA
prosthetics include:

v Layer height and infill density: To balance
strength, weight, and material usage.

v Printing temperature and bed temperature:
To prevent warping and improve layer
adhesion.

v Post-processing techniques: Smoothing,
coating, or reinforcement for durability and
aesthetics.

v Design considerations: Stress distribution,
ergonomic fit, and mechanical load
requirements [2].
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Technological Advances: Trends and Designing
PLA for Prosthetic Purposes through 3D
Printing

One of the most significant technological trends in
3D printing is the refinement and widespread
adoption of Fused Deposition Modeling (FDM).
FDM remains the most accessible and cost-effective
method for 3D printing PLA-based prosthetics. Its
process involves the layer-by-layer deposition of
thermoplastic filaments, allowing designers to
produce highly customized shapes directly from
digital models. PLA’s low melting point, minimal
warping, and excellent adhesion properties make it
particularly compatible with FDM, ensuring reliable
prints and high dimensional accuracy. Recent
advances in FDM include improvements in print
speed, multi-extruder setups for multi-material
printing, and adaptive slicing algorithms that
optimize layer thickness and infill patterns
according to the specific mechanical requirements
of prosthetic components. These innovations allow
for stronger, lighter, and more ergonomic prosthetic
devices that are tailored to individual patients [33].
Stereo lithography (SLA) and Digital Light
Processing (DLP) represent another major
technological trend in additive manufacturing.
These  resin-based  techniques use  photo
polymerization to create high-resolution
components with smooth surface finishes and
intricate geometries. Although SLA resins differ
from PLA in composition, recent developments
have enabled the use of PLA composites or PLA-
inspired biopolymers suitable for light-based 3D
printing. The key advantage of SLA in prosthetics is
its ability to produce fine details, which is
particularly important for cosmetic components,
joint interfaces, or intricate lattice structures within
sockets. While SLA is generally more expensive
than FDM and requires post-processing steps such
as washing and UV curing, its precision makes it a
valuable option for applications where surface
smoothness, detail, and comfort are paramount.
Selective Laser Sintering (SLS) is another
advancing technology with increasing relevance to
prosthetics. SLS uses a laser to fuse powdered
material layer by layer, enabling complex
geometries without the need for support structures.
While PLA powder is less commonly used in SLS
compared to nylon or other engineering polymers,
research into PLA composites for SLS has shown
promising results, particularly for lightweight
structural prosthetics. The ability to produce highly
porous, lattice-like structures with controlled
mechanical properties allows designers to create
devices that are both strong and lightweight, closely
mimicking the mechanical behavior of human tissue
[24].

Another trend in 3D printing technology is multi-
material and hybrid printing. Modern printers can
combine PLA with flexible polymers, conductive
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filaments, or reinforcing fibers in a single print. This
capability is particularly relevant in prosthetics,
where rigid and flexible regions may need to coexist
within the same device—for example, a rigid limb
structure combined with soft cushioning or flexible
socket interfaces. PLA’s compatibility with multi-
material printing allows for functional integration of
multiple materials, reducing assembly complexity
and improving overall device performance.
Similarly, hybrid printing, which combines additive
and subtractive manufacturing, enables high-
precision  features and better mechanical
performance by machining critical areas after
printing [5].

Software and digital workflow advancements also
play a critical role in 3D printing trends. Modern
CAD and slicing software allow precise modeling of
patient anatomy, stress analysis, and optimized infill
patterns tailored to mechanical loads. These tools
are particularly synergistic with PLA, as they enable
designers to leverage its strengths while mitigating
limitations such as brittleness or heat sensitivity.
Furthermore, integration with medical imaging
technologies, such as MRI and CT scans, allows for
the production of prosthetic devices that match the
patient’s unique anatomical features, enhancing
comfort, function, and overall user satisfaction.
Post-processing  technologies have  evolved
alongside printing hardware. PLA-based prosthetics
benefit from annealing, chemical smoothing, and
coating techniques that improve surface finish,
dimensional stability, and mechanical strength.
Recent trends include automated post-processing
systems that reduce human error and improve
repeatability, which is especially important for
clinical applications. Additionally, embedded sensor
technologies are being incorporated into PLA-based
prints, enabling smart prosthetic devices that
monitor load, movement, or user feedback, pushing
the frontier toward intelligent prosthetics. Another
emerging trend is sustainable and recyclable 3D
printing. PLA’s biodegradability and renewable
origin  make it highly compatible with
environmentally conscious manufacturing
workflows. Researchers are exploring the recycling
of PLA waste from failed prints or end-of-life
prosthetics into new filaments, reducing material
costs and minimizing environmental impact. This
aligns with the broader trend in healthcare toward
eco-friendly and responsible production practices
[6].

Finally, cloud-based and networked 3D printing is
enabling distributed prosthetic production. Digital
prosthetic models can be shared globally and printed
locally using PLA filament, improving accessibility
in underserved regions and supporting rapid
response in humanitarian contexts. This trend
highlights the synergy between material properties,
printing technologies, and modern digital
workflows.
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In conclusion, technological advances in 3D
printing, including improvements in FDM, SLA,
SLS, multi-material and hybrid printing, software
integration, post-processing, and sustainability,
have significantly expanded the capabilities of PLA-
based prosthetics. PLA’s compatibility with these
evolving technologies enables the production of
lightweight, customizable, biocompatible, and
environmentally ~ responsible  devices.  The
convergence of  material innovation and
technological advancement ensures that PLA will
continue to play a central role in the next generation
of prosthetic solutions, supporting precision,
affordability, and patient-centered care. These
trends demonstrate that 3D printing is not merely a
manufacturing tool but a transformative platform
that, in combination with PLA, has the potential to
revolutionize prosthetic development and medical
device innovation globally.

Modern 3D printing techniques suitable for PLA
include:

v" Fused Deposition Modeling (FDM):
Most  common; cost-effective  and
compatible with PLA [37].

v' Stereo lithography (SLA): High-
resolution printing for complex designs,
although less common with PLA.

v" Multi-material printing: Combining PLA
with flexible or reinforced polymers to
improve mechanical performance.

FDM remains the most practical and widely adopted
method for PLA prosthetic fabrication.

Discussion

The application of 3D-printed PLA-based materials
in prosthetics represents a significant evolution in
medical device manufacturing, combining material
science innovations with digital fabrication
technologies. The current study and the broader
literature indicate that PLA offers an optimal
balance of biocompatibility, mechanical
performance, and environmental sustainability,
making it a preferred material for both temporary
and functional prosthetic devices.

Comparison  with  Traditional Prosthetic
Approaches: Traditional prosthetics rely heavily on
metal alloys, silicone, and thermoplastics shaped
through molding, casting, or machining processes.
While these methods offer durability and structural
integrity, they are labor-intensive, costly, and time-
consuming. Customization is limited by manual
adjustment requirements, and achieving intricate
geometries or lightweight structures is often
challenging. Studies by Zuniga et al. (2015) and
Eberle et al. (2019) emphasize that conventional
fabrication methods can take weeks or months to
produce a single patient-specific prosthesis, leading
to delays in patient rehabilitation [18].
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In contrast, 3D printing allows rapid production of
highly customized prosthetics directly from digital
scans. PLA, in particular, exhibits excellent
compatibility with Fused Deposition Modeling
(FDM), the most widely used 3D printing method in
prosthetics. FDM allows layer-by-layer deposition
with precise control of geometry, wall thickness, and
internal lattice structures. This enables designers to
reduce weight, improve ergonomics, and integrate
features such as modular components or aesthetic
detailing that are difficult to achieve with traditional
methods. Several studies, including those by Ten
Kate et al. (2017) and Clauf® et al. (2020), have
demonstrated  that  PLA-based  3D-printed
prosthetics can be produced in days rather than
weeks, dramatically reducing costs and enhancing
accessibility.

Material Advantages of PLA’s biocompatibility,
low toxicity, and biodegradability make it safer for
direct skin contact than other common polymers
such as ABS, PETG, or Nylon. Previous
comparative studies (e.g., Chia & Wu, 2015) show
that ABS, while stronger, exhibits greater warping
during printing and emits volatile organic
compounds that may pose health risks. PLA, by
contrast, offers smooth layer adhesion, minimal
post-print  deformation, and environmentally
friendly sourcing, aligning with current medical
sustainability initiatives. Its moderate rigidity
provides adequate structural support for lightweight
prosthetic limbs and sockets, while fiber
reinforcement or composite blending can enhance
toughness for load-bearing applications.

Design Flexibility and Customization: A key
advantage of PLA-based 3D printing highlighted in
this study and corroborated by previous research is
the ability to create patient-specific, ergonomically
optimized prosthetics. Customized digital models
derived from MRI or CT scans allow precise
matching to a patient’s anatomy, reducing
discomfort and improving functionality. Studies by
Ryu et al. (2018) and Malik et al. (2020) show that
3D-printed PLA prosthetic hands, upper limb
devices, and orthotic supports not only fit better but
also enhance patient adherence compared to
standard prosthetics. The layer-by-layer nature of
FDM printing allows for variable infill densities,
lattice  structures, and tailored mechanical
performance, demonstrating superior adaptability
compared to uniform materials in traditional
prosthetics.

Technological Integration: Advances in 3D
printing technologies, including SLA, SLS, and
multi-material printing, complement the use of PLA.
While SLA and SLS provide high-resolution
printing and improved surface finish, PLA’s
compatibility with FDM ensures widespread
accessibility and cost-effectiveness. Emerging
multi-material techniques allow the integration of
flexible and rigid regions, enabling more complex
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prosthetic designs. Case studies from organizations
like e-NABLE demonstrate that combining PLA
with flexible filaments can produce prosthetic hands
for children that are both functional and comfortable
at low cost [9].

Limitations: Despite these advantages, PLA is not
without limitations. Its brittleness under high stress
and relatively low heat resistance limit its use in
heavy-load prosthetic applications. Compared to
Nylon or PETG, which offer higher toughness, PLA
may require reinforcement or hybrid composites for
more demanding use cases. Previous studies, such as
by Ngo et al. (2018), also note that PLA’s
hygroscopic nature can affect print consistency,
requiring careful storage and pre-drying of filament.
Synthesis with Previous Work: When compared
with prior research, the present discussion reinforces
the consensus that PLA-based 3D printing provides
a practical, cost-effective, and customizable solution
for a range of prosthetic applications. Innovations in
printing parameters, software design, and material
modifications have addressed many of the
limitations noted in early studies. For example,
while Zuniga et al. (2015) emphasized structural
weaknesses in early 3D-printed prosthetics, recent
approaches using reinforced PLA composites and
optimized infill patterns have improved load-
bearing capacity and durability. Similarly, studies
on pediatric prosthetics (e.g., Claul® et al., 2020)
confirm the superior patient outcomes achievable
through rapid, customized 3D printing with PLA
compared to off-the-shelf devices.

Future Directions: The discussion underscores
several future avenues for research. These include
the development of fiber-reinforced PLA
composites for high-load applications, integration of
sensors for smart prosthetics, and further
improvements in print resolution and surface finish.
Additionally, recycling and sustainable PLA
formulations could further reduce environmental
impact, aligning prosthetic production with global
sustainability goals. The convergence of patient-
specific  digital modeling, advanced PLA
composites, and multi-material 3D printing
technologies positions PLA as a key material in the
next generation of affordable, high-performance
prosthetic devices. In conclusion, the application of
3D-printed PLA-based materials in prosthetics
represents a transformative advancement over
traditional methods. PLA offers a combination of
biocompatibility, printability, sustainability, and
adaptability that is well-suited for patient-specific
prosthetic devices. The comparison with previous
studies demonstrates consistent improvements in
production time, cost reduction, and functional
customization. While challenges such as brittleness
and heat sensitivity remain, ongoing technological
and material innovations continue to enhance the
suitability of PLA in prosthetic applications.
Collectively, these findings highlight PLA’s critical
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role in democratizing access to personalized, high-
quality prosthetic devices and its potential for future
integration with smart, multifunctional medical
technologies [27].

Challenges
Despite its benefits, PLA has limitations:
v’ Brittleness: Not ideal for high-load bearing
prosthetics.
v' Temperature sensitivity: Deforms at high
temperatures (>60°C).
v" Limited long-term durability compared to
metals or reinforced polymers.
Ongoing research focuses on composite PLA
materials and hybrid printing methods to overcome
these challenges.

Future Perspectives
The future of PLA-based 3D-printed prosthetics is
promising, with research exploring:

v' Fiber-reinforced PLA for enhanced
mechanical strength.

v/ Smart prosthetics integration with sensors
and actuators.

v/ Sustainable  and  recyclable  PLA
composites to reduce environmental
impact.

As technologies advance, PLA will likely remain a
cornerstone in producing affordable, customizable,
and sustainable prosthetic solutions [27].

Conclusion

The integration of 3D printing technology with
PLA-based materials has marked a significant
advancement in the field of prosthetics,
transforming how medical devices are designed,
manufactured, and delivered. PLA (Polylactic Acid)
offers a unique combination of biocompatibility,
sustainability, processability, and mechanical
performance that makes it exceptionally well-suited
for prosthetic applications. Across the literature and
practical implementations, PLA-based 3D printing
has demonstrated the ability to produce lightweight,
patient-specific prosthetic devices with rapid
turnaround times, offering both functional and
aesthetic benefits that traditional manufacturing
methods cannot easily achieve. Traditional
prosthetic manufacturing relies on labor-intensive
methods such as casting, molding, and machining of
metals, silicones, and thermoplastics. While these
methods provide structural integrity, they are costly,
time-consuming, and limited in customization
capabilities. Complex geometries and precise fits
often require skilled craftsmanship and multiple
iterations, delaying patient care and increasing costs.
In contrast, 3D printing with PLA enables layer-by-
layer fabrication directly from digital scans or CAD
models, allowing for rapid prototyping, precise
customization, and complex geometries that
improve comfort and functionality. Studies by Ten
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Kate et al. (2017) and Zuniga et al. (2015) confirm
that PLA-based 3D-printed prosthetics can be
produced in days rather than weeks, reducing both
cost and delivery time while increasing accessibility.
PLA’s material properties are central to its success.
Its biocompatibility ensures safety for prolonged
skin contact, making it suitable for prosthetic
sockets, braces, and other patient-contact
components. Its moderate rigidity and lightweight
nature contribute to functional performance and ease
of use, while its biodegradability and renewable
sourcing align with the increasing emphasis on
sustainable medical materials. Compared to other
polymers like ABS, PETG, or Nylon, PLA is safer,
easier to print, and environmentally friendly, though
it is less suitable for high-load applications without
reinforcement. Composite modifications, such as
fiber inclusion or plasticizer blending, can overcome
these limitations, allowing PLA to meet the diverse
mechanical requirements of modern prosthetic
devices.

The technological synergy between PLA and 3D
printing is a defining factor in its widespread
adoption. Fused Deposition Modeling (FDM), the
most common method for PLA printing, provides
high reliability, minimal warping, and the flexibility
to create complex geometries, modular components,
and customized infill patterns. Emerging
technologies such as SLA, SLS, and multi-material
printing further expand the potential for PLA-based
prosthetics, offering high-resolution detailing,
lightweight lattice structures, and integrated flexible
or functional regions. Advances in digital modeling,
scanning, and slicing software facilitate patient-
specific customization, ensuring precise anatomical
fit, optimal stress distribution, and enhanced
comfort, which are essential for patient satisfaction
and adherence to rehabilitation protocols. Case
studies from global initiatives, including e-NABLE
and pediatric prosthetic programs, highlight PLA’s
transformative impact on accessibility and
affordability. 3D-printed PLA prosthetic hands,
limbs, and orthotic devices have been produced for
children and adults in low-resource settings,
providing functional solutions at a fraction of the
cost of traditional prosthetics. These real-world
implementations confirm that PLA is not only a
material of convenience but also a driver of
healthcare  democratization, enabling timely,
patient-centered care.

Despite its many advantages, PLA does have
limitations, including brittleness under high load,
low heat resistance, and sensitivity to moisture
during printing. These challenges can be mitigated
through material modifications, optimized printing
parameters, post-processing techniques, and hybrid
manufacturing approaches. Ongoing research
continues to address these concerns, pushing the
capabilities of PLA toward more durable and high-
performance prosthetic applications. Looking
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forward, the future of PLA-based 3D printing in
prosthetics is promising. Fiber-reinforced PLA
composites, multi-material integration, smart
prosthetic systems with embedded sensors, and Al-
assisted design workflows are expected to further
enhance the functionality, adaptability, and
personalization of prosthetic devices. Additionally,
sustainable recycling of PLA waste and continued
innovation in biocompatible composites will
support environmentally responsible production
practices, aligning prosthetic development with
global sustainability goals.

In conclusion, PLA-based 3D printing has redefined
prosthetic design and manufacturing by providing a
material that is safe, versatile, cost-effective, and
compatible with advanced additive manufacturing
technologies. Compared to traditional methods,
PLA enables rapid, patient-specific, and highly
functional devices that improve mobility, comfort,
and quality of life. While challenges remain,
technological innovations, material modifications,
and digital customization continue to enhance
PLA’s applicability and performance. Collectively,
these factors underscore the critical role of PLA-
based materials in the evolution of prosthetics,
positioning them as a cornerstone for future
advancements in personalized, sustainable, and
accessible medical care.
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