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ABSTRACT

3D printing technology has revolutionized medicine, particularly in orthopedic oncology and rehabilitation, by enabling the creation of customized implants,
prostheses, and surgical tools. Its ability to produce complex, patient-specific structures with precise mechanical properties has significantly improved surgical
outcomes and treatment effectiveness. Additionally, advancements in digital imaging and computer-aided design/computer-aided manufacturing (CAD/CAM)
technologies have streamlined the design and manufacturing process, reducing production time while enhancing comfort and functionality. The continuous
development of materials and printing techniques ensures further innovations in personalized medical solutions, making 3D printing a key tool in modern
healthcare.The aim of this review is to evaluate the usefulness and development of 3D printing in rehabilitation, focusing on its impact on prosthetics and
orthotics. The review of contemporary literature confirms that 3D printing significantly enhances the customization, efficiency, and accessibility of prosthetics
and orthotics in rehabilitation. Studies indicate that 3D-printed devices provide comparable or superior biomechanical performance and comfort compared
to traditionally manufactured solutions. Additionally, advancements in digital imaging and CAD/CAM technologies have optimized the design and production
process, reducing manufacturing time while maintaining precision. 3D printing has emerged as a groundbreaking technology in rehabilitation, offering highly
customizable and cost-effective solutions for prosthetics and orthotics. The integration of digital imaging and CAD/CAM technologies further refines the
design process, ensuring greater precision. As research and material advancements continue, 3D printing is expected to play an increasingly significant role in

rehabilitation, improving patient care and quality of life.
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INTRODUCTION

3D printing technology is gaining significance in med-
icine, particularly in orthopedic oncology. Three-di-
mensional models of bones, defects, and tumors
are used for precise surgical planning, the design of
custom surgical tools, and the production of implants
tailored to patient needs. This technology began
developing in the 1990s, and its growing popularity
stems from the ability to precisely control the entire
process, create non-standard shapes, and obtain struc-
tures with specific mechanical properties. With lower
costs, reduced production time, and layer-by-layer
modeling, it is possible to accurately replicate struc-
tures at both the micro- and macroscopic levels.3D
printing technology has revolutionized medicine by
enabling the creation of implants, prostheses, and
surgical tools tailored to individual patient needs. The
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most significant applications of this method include
personalized prostheses, surgical preparation and
training, simulation models, and tissue engineering
[1, 2]. 3D printing allows for extensive prosthetic cus-
tomization, enabling the adjustment of shape, size,
color, and socket design without interfering with the
production process. Upper limb loss may result from
congenital defects or amputation. A hand prosthesis
helps restore some of the lost limb’s functions, making
daily activities easier. One method of manufacturing
such prostheses is 3D printing, which allows precise
adaptation to the anatomical needs of the user [3].
Individually fitted joint prostheses play a key role in
treating complex musculoskeletal disorders, especially
when standard components fail to provide an ade-
quate fit in terms of shape and size. These prostheses
can enhance both clinical functionality and joint bio-
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mechanics compared to standard solutions while also
minimizing the risk of nerve damage during surgery
[4].1t ensures high efficiency and cost-effectiveness
[5-71. It also serves as an affordable alternative for
patients in developing countries and those with lim-
ited access to medical care [8]. As a result, 3D printing
has become a leading manufacturing technique in
medicine and healthcare, with applications in fields
such as dentistry, tissue engineering and regenerative
medicine, tissue models, medical devices, anatomical
models, and drug formulation [5-7].

AIM

This review aimed at briefly presenting up-dated in-
formation on advances in 3D printed prosthetics and
orthotics for rehabilitation focusing on its diversity and
need for complex approach.

MATERIALS AND METHODS

The research material was a review of the current liter-
ature advances in 3D printed prosthetics and orthotics
for rehabilitation. For this purpose, the available data-
base was searched using the Pub Med website, Google
Scholar.

REVIEW
ORTHOSES AND 3D PRINTING

Orthoses are devices placed on the body or limbs to
modify both the functional and structural aspects of
the neuromuscular and skeletal systems. They serve
as support for parts of the body where function and
mechanics have been disrupted [9, 10]. These devices
offer arange of functionsincluding control, guidance,
limitation, or immobilization of body parts, thereby
aiding in weight distribution and facilitating the reha-
bilitation process of injured limbs [9]. Deaver outlined
the primary objectives of braces approximately 50
years ago, which include preventing and correcting
deformities, providing support for body weight, and
managing involuntary movements. While these are
recognized as essential functions, in the rehabilitation
field, braces primarily focus on enhancing residual
function [10].

In the review conducted by Choo YJ, Boudier-Revéret
M, and Chang MC, it was discovered that 3D printed or-
thoses exhibit notable enhancements in biomechanical
and kinematic parameters, comparable to conventional
orthoses. Moreover, individuals participating in the
studies expressed notable comfort while wearing 3D
printed orthoses. Furthermore, in several instances, the
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effectiveness and comfort associated with 3D printed
orthoses surpassed those of conventional counter-
parts [11]. This indicates a significant advantage of 3D
printed orthoses, particularly in terms of comfort and
performance.

The combination of comparable comfort results and
the quicker, more consistent manufacturing process
of 3D-printed orthoses presents a compelling benefit,
especially for patients prone to conditions such as
diabetic foot ulcers [12]. Research on customized 3D
printed ankle-foot orthoses (AFO) has demonstrated
their efficacy in reducing damage related to plantar
lesions and enhancing comfort in individuals with
plantar fasciitis compared to prefabricated traditional
AFOs [13]. Additionally, studies have indicated that
3D-printed foot orthoses (FOs) are more effective in
addressing issues like arch height drop compared to
conventionally-made FOs. Analytical assessments
have shown that both types of FOs decrease ankle
plantarflexion moment and power in comparison
to not using FOs at all. Overall, these findings lend
support to the use of 3D-printed FOs, highlighting
their comparable effectiveness to traditional FOs,
particularly for individuals with flat feet experiencing
unilateral heel pain [14].

PRODUCTION/DESIGNING

Recent advancements in technology have paved the
way for the development of alternative methods for
manual casting and rectification. These advancements
encompass the utilization of computer-aided design/
computer-aided manufacturing (CAD/CAM) and 3D
imaging techniques to create a virtual representation
of the patient’s anatomy. Among these techniques,
three-dimensional imaging methods like 3D scan-
ning offer promising avenues for digital design and
biomedical modeling through reverse engineering
approaches [15,16]. These methodologies facilitate
digital rectification, positive mold production, and
brace design, thereby significantly reducing the time
required to fabricate braces by up to 50% [15]. One no-
table advantage of these design processes lies in the
ability to craftinsoles based on foot scans, eliminating
the need for individual molds for each consumer [17].
Rapid prototyping technologies (RPT) which are using
3D print, have witnessed substantial growth in the
biomedical domain, offering novel avenues for mor-
phological acquisition and device fabrication [18]. The
integration of RPT with complementary technologies,
such as casting or soft material injection within rapid
molds, allows for the creation of final devices with
gradient stiffness profiles, enhancing comfort and
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ergonomics [15,19]. These synergistic approaches
hold immense potential for revolutionizing the reha-
bilitation process by enhancing device accuracy and
functionality.

MATERIALS

The materials commonly utilized for the production of
3D printed orthoses encompass a variety of options,
including polylactic acid (PLA), acrylonitrile butadiene
styrene (ABS), thermoplastic polyurethane (TPU), and
polycaprolactone (PCL) [3,13]. Each of these materials
brings unique properties to the table, catering to dif-
ferent needs and preferences in orthotic design and
functionality. Polylactic acid (PLA), for instance, stands
outas an environmentally friendly option [11]. It boasts
attributes such as the absence of environmental hor-
mones or heavy metals, making it a sustainable choice.
Moreover, PLA showcases excellent renewability and
biocompatibility, aligning well with the growing em-
phasis on eco-conscious materials in orthotic manu-
facturing [11, 20]. Acrylonitrile butadiene styrene (ABS)
presents another noteworthy option, characterized by
its remarkable impact resistance and ease of process-
ability. Comprising three components—acrylonitrile,
butadiene, and styrene, this material offers a balance
of strength and flexibility, making it suitable for var-
ious orthotic applications [11, 21, 22]. Thermoplastic
polyurethane (TPU) emerges as a frontrunner in terms
of mechanical properties. With attributes such as high
tensile strength, tearing strength, and abrasion resis-
tance among thermoplastic elastomers, TPU proves
to be an ideal choice for orthoses requiring durability
and resilience [11].

Looking ahead, the trajectory of development in
this field is poised to focus on innovation in both
structural design and material composition. By con-
tinually refining orthotic structures and materials,
there is potential to enhance comfort levels, thereby
ensuring the success and widespread adoption of new
orthoprosthetic aids [18].

DISCUSSION

The application of 3D printing in orthotics has demon-
strated significant advancements in customization,
efficiency, and patient outcomes. Compared to con-
ventional orthotic manufacturing, 3D-printed devices
provide improved adaptability to individual anatom-
ical structures, reducing discomfort and enhancing
therapeutic effectiveness [2-6]. The ability to create
patient-specific orthoses through computer-aided de-
sign (CAD) and rapid prototyping technologies allows

for precise structural modifications that accommodate
biomechanical needs. One of the key advantages of
3D printing in orthotics is the reduced production
time [15, 16]. Traditional methods often require exten-
sive manual labor and multiple fittings, whereas 3D
printing enables faster fabrication while maintaining
accuracy [15].This is particularly beneficial for patients
requiring immediate orthotic solutions, such as those
recovering from injuries or managing progressive
musculoskeletal disorders [12]. Additionally, digital
modeling reduces material waste and lowers costs,
making orthotic solutions more accessible, especially
in low-resource settings [11]. Material selection plays
a crucial role in the effectiveness and durability of
3D-printed orthoses. Studies have highlighted the
use of PLA, ABS, and TPU, each offering distinct me-
chanical properties suited to different orthotic ap-
plications. PLA is recognized for its biocompatibility
and sustainability, while ABS provides high impact
resistance, and TPU offers flexibility and resilience. The
choice of materials significantly impacts the overall
performance, comfort, and longevity of the devices
[11, 18,20-22]. Despite the numerous advantages,
challenges remain in the widespread adoption of
3D-printed orthoses. Ensuring consistent quality,
optimizing material properties for long-term use, and
improving regulatory frameworks are necessary to ful-
ly integrate this technology into clinical practice [11].
Additionally, while 3D printing enhances customiza-
tion, achieving the same level of durability as tradition-
ally manufactured orthoses requires further research
into composite materials and hybrid manufacturing
approaches. Future advancements in 3D printing,
including multi-material printing, biofabrication, and
smart orthotic devices embedded with sensors, could
further enhance patient care. These innovations have
the potential to provide real-time feedback on gait,
pressure distribution, and rehabilitation progress,
improving treatment outcomes. As research continues,
interdisciplinary collaboration between engineers,
medical professionals, and material scientists will be
essential in refining 3D-printed orthoses to maximize
their benefits for patients [18].

CONCLUSIONS

3D printing presents a promising future for orthotic
development, offering personalized, cost-effective,
and efficient solutions for patients. While challenges
persist, ongoing research and technological advance-
ments are likely to address existing limitations, paving
the way for broader clinical adoption and improved
patient care.
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