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Abstract. This article examines current trends in the training of prosthetics and orthotics
specialists within the context of the ongoing digital transformation of medical rehabilitation. The
study highlights key directions in the development of the field, with particular emphasis on the
integration of advanced digital technologies - such as 3D scanning, additive manufacturing, virtual
modeling, and intelligent motion analysis systems - which are substantially reshaping both the
content and structure of professional education. The importance of comprehensive biomechanical
knowledge is emphasized, as biomechanical analysis plays a central role in ensuring the quality,
functionality, and patient-specific suitability of prosthetic and orthotic devices.

The article substantiates the necessity of integrating fundamental medical disciplines with
contemporary digital methodologies to develop a holistic professional competency profile for future
prosthetists and orthotists. The introduction of the specialized academic course “Digitalization of the
Prosthetics and Orthotics System” is underscored as a critical component for developing digital
literacy, modeling skills, parametric design optimization, and proficiency in digital workflows.

The article concludes that continued modernization of educational standards, expansion of
digital components, and support for innovative pedagogical approaches are essential for preparing
competitive professionals capable of meeting the challenges of contemporary prosthetics and

ISSN 2663-5712 182 www.sworldjournal.com



~R =
| 5
SWorldJournal Tssue 34/ Part 5 (¥

orthotics practice.
Keywords: digital transformation; healthcare; medical education,; prosthetics and orthotics,
digital technologies,; 3D-scanning; additive manufacturing, digital modeling.

Introduction.

The contemporary prosthetics and orthotics sector is undergoing a profound
transformation driven by a combination of global socio-medical and technological
factors. Both worldwide and in Ukraine, the number of patients with traumatic injuries
and congenital musculoskeletal disorders continues to increase, accompanied by a rise
in combat-related trauma directly associated with military actions, as well as a
noticeable growth in domestic injuries. These trends are further intensified by
demographic shifts, characterized by an expanding proportion of older adults who
require sustained orthopedic and rehabilitation support. Against this background, rapid
advancements in innovative medical and engineering technologies are fundamentally
reshaping approaches to the design, fabrication, and clinical application of prosthetic
and orthotic devices [1,2].

In response to these challenges, the prosthetics and orthotics field is gradually
shifting from traditional craft-based methods to a high-technology, scientifically
grounded, and integrated model of practice. Modern clinical workflows increasingly
rely on biomechanical assessment, engineering principles, digital modeling
technologies, additive manufacturing, biocompatible materials, and sensor systems
incorporating elements of artificial intelligence. These innovations enable the creation
of highly individualized solutions with a high degree of precision and predictable
clinical performance. Under such conditions, preparing a new generation of specialists
capable of operating in a digital, technologically advanced environment - and applying
contemporary tools throughout all stages of clinical care, from initial patient
assessment to device fabrication, adjustment, and long-term monitoring - becomes a
strategic objective for the healthcare system and a key prerequisite for improving
population-wide rehabilitation outcomes [2,3].

The training of future prosthetics and orthotics professionals requires a coherent
and well-structured educational model that integrates fundamental biomedical

disciplines with technological components essential for practical clinical work. A deep
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understanding of joint mechanics, load distribution, muscle function, and
compensatory mechanisms enables future specialists to analyze clinical cases, justify
the configuration of prosthetic and orthotic devices, and assess their integration into
the patient’s kinetic chain [4]. An equally important component of training is materials
science. Mastery of material characteristics is essential for designing devices that meet
requirements of strength, flexibility, user comfort, and safety [5]. Another critical area
is the study of musculoskeletal pathology: only by understanding the clinical
manifestations of injuries and deformities can specialists design functionally sound
solutions for compensation and support [5,6]. This is complemented by knowledge of
hygiene standards and regulatory requirements governing the fabrication, use, and
maintenance of prosthetic and orthotic devices to ensure their safety and durability.
However, these components alone are no longer sufficient. The rapid digital
transformation of healthcare necessitates expanding educational curricula through the
inclusion of a new interdisciplinary component - the course “Digitalization of the
Prosthetics and Orthotics System.” This module serves as a pivotal link that unites
foundational knowledge with practical digital competencies essential for modern
professional activity [2,7].

Mastering this discipline involves learning to use a broad range of contemporary
digital tools, including: 3D scanning and photogrammetry of anatomical segments;
computer systems for biomechanical and kinematic motion analysis; CAD/CAM
platforms for prosthetic and orthotic design; additive manufacturing technologies (3D
printing of polymer and composite structures); digital load and deformation simulators;
systems for processing and analyzing biomechanical, clinical, and sensor data;
software environments with automated optimization capabilities [4,8].

Acquisition of these competencies enables future specialists to work with state-
of-the-art tools aligned with international standards and modern clinical practice.
Students gain experience in creating digital models, performing personalized
functional simulations, predicting device behavior under various loading conditions,
and optimizing designs prior to physical fabrication. This substantially improves the

precision of device customization, reduces the likelihood of errors, and streamlines
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clinical decision-making processes.

Thus, integrating the discipline “Digitalization of the Prosthetics and Orthotics
System” into the structure of professional training is a logical and necessary step that
corresponds to current industry demands. This approach ensures the development of
comprehensive professional competence, encompassing both classical biomedical
knowledge and advanced digital skills, thereby fostering the preparation of a new
generation of highly qualified specialists.

Considering these trends, the aim of this article is to substantiate the importance
of training specialists in prosthetics and orthotics under conditions of digital
modernization of the healthcare system, as well as to define the role of key foundational
disciplines - biomechanics, pathology of the musculoskeletal system, and hygiene
standards - in forming the professional competence of future practitioners. An
additional objective is to analyze the relevance and educational necessity of
implementing the discipline “Digitalization of the Prosthetics-Orthotics System” as an
integrative element of modern training for specialists who will work in a digital,
technologically intensive environment [2,6].

Presentation of the Main Material.

Mastering biomechanical principles provides not only a fundamental basis for
analyzing human motor function but also serves as an essential starting point for
acquiring digital modelling methods that are now widely applied in global prosthetics
and orthotics practice. The use of computer simulations enables reproduction of
mechanical load distribution, assessment of structural behavior across different phases
of movement, and prediction of device performance under real operating conditions.
Analysis of centers of mass, directions and magnitudes of force vectors, deformation
patterns, and other parameters allows for technically justified selection of design
solutions. Thus, biomechanical training is no longer a purely theoretical component of
education - it becomes a key instrument for engineering - clinical decision-making in
the digital era [5,8].

Under modern conditions, the prosthetist-orthotist is no longer confined to

performing manual fabrication tasks. The specialist now works with digital models,
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analyzes biomechanical parameters, uses numerical simulations, and makes decisions
based on a comprehensive digital profile of the patient. The discipline “Digitalization
of the Prosthetics-Orthotics System” plays a pivotal role in developing these
competencies. It includes training in 3D scanning, CAD environments, motion-
analysis software, parametric modelling systems, and load-simulation tools. This
enables students to create complete digital models, optimize structural designs, and
predict the clinical performance of the final device. The introduction of this discipline
into the curriculum - particularly at Kharkiv National Medical University
(KhNMU) - is aligned with international standards and contemporary trends in the
field.

KhNMU has become one of the pioneers among Ukrainian medical institutions to
launch a comprehensive program for training prosthetics and orthotics specialists. The
creation of this program was a response to societal demand intensified by demographic
trends and the growing number of patients requiring rehabilitation due to military
injuries. The educational curriculum integrates medical, biomechanical, engineering,
and digital components, meeting international requirements for the preparation of
specialists in this field. The program structure includes fundamental disciplines as well
as core professional courses such as biomechanics, materials science, neurology,
orthopedics, prosthetic-orthotic manufacturing technologies. Significant emphasis is
placed on practical training: students work with contemporary instruments, perform
modelling tasks, master biomechanical measurement techniques, and participate in
clinical practicums. The combination of theoretical and practical preparation fosters
skills necessary for working with real patients and complex clinical cases.

A distinctive feature of training at KhNMU is the systematic integration of digital
technologies into the educational process. Students gain experience using 3D scanners,
digital shape-capture systems, additive manufacturing technologies, and laboratory
complexes for motion analysis. In 2024, the program was expanded with the
specialized discipline “Digitalization of the Prosthetics-Orthotics System”, which
became a crucial step toward compliance with international educational trends. This

expansion enabled students to work across the entire digital workflow - from initial
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scanning to parametric optimization and simulation of mechanical behavior.

The increasing demand for this specialty is confirmed by admissions data. In the
2025/2026 academic year, KhNMU enrolled its second cohort of master’s students in
specialty 224 “Medical Diagnostic and Treatment Technologies”, specialization
“Prosthetic-Orthotics”. The number of applicants significantly increased compared to
the previous year, reflecting strong interest in the profession as well as trust in the
quality of education provided by the university. The rising competition underscores the
program’s perception as innovative and promising with regard to employability and
societal importance.

A crucial factor in the program’s success is the high professional level of the
teaching staff. The educational process involves specialists in orthopedics,
rehabilitation, biomechanics, engineering design, digital modelling, and materials
science. They continuously improve educational content, introduce new
methodologies, follow contemporary international recommendations, and involve
students in scientific work. Collaboration with clinical facilities and prosthetic-orthotic
centers ensures continuity between theoretical, practical, and digital components of
training.

Thus, the educational and professional program in prosthetics and orthotics at
KhNMU is one of the most advanced in Ukraine. It combines fundamental medical
education, professional competencies, and innovative digital technologies, ensuring
high-quality training that meets European standards. The increasing number of
applicants confirms the effectiveness of this model and its importance for preparing a
new generation of specialists capable of delivering high-technology care in Ukraine.

Conclusions.

An overview of contemporary development vectors in the prosthetics and
orthotics sector clearly demonstrates that the professional training of specialists within
medical universities is becoming one of the key components in strengthening the
national medical system. Effective formation of professional competencies is possible
only when fundamental medical and biological education is combined with an in-depth

understanding of the biomechanical principles governing the musculoskeletal system,
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comprehensive knowledge of clinical pathology, and mastery of modern requirements
for the design and safety of rehabilitation devices. At the same time, the rapid
expansion of digital technologies makes proficiency in digital tools not merely a
desirable element of training but a decisive factor in professional readiness.

The introduction of the specialty “Prosthetics-Orthotics” at Kharkiv National
Medical University has established a modern educational platform aligned with
international standards and real clinical needs. The positive dynamics of the admission
process over two consecutive years confirms the growing interest in this profession and
underscores the relevance of the educational direction selected by the university. The
inclusion of the discipline “Digitalization of the Prosthetics-Orthotics System”
strengthens the technological dimension of training and equips students with
competencies that will determine their future competitiveness.

The development of digital solutions - 3D scanning, additive manufacturing,
virtual modelling tools, machine-learning algorithms, and artificial-intelligence
systems - is transforming professional requirements, making skills in digital design,
personalized structural development, and optimization of clinical-technological
workflows indispensable. The effectiveness of a future specialist’s work directly
depends on their ability to integrate digital approaches into everyday practice and to
adapt to a dynamically changing technological environment.

In summary, modern training of prosthetics and orthotics specialists requires
further enhancement of interdisciplinary integration, renewal of educational content,
and systematic improvement of students’ digital literacy. The results of this study
confirm the importance of expanding educational modules focused on the digital
transformation of the field and highlight the need to support innovative educational and
scientific initiatives. Such an approach will enable the formation of a new generation
of professionals capable of confidently operating within a high-technology
rehabilitation infrastructure and ensuring the effective integration of digital solutions

into prosthetic-orthotic practice.
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Anomauyia. Cmamms npucesueHa auanizy Cy4acHux meHOeHyill ni02omoexku ¢axisyie 3
npome3sy8anHs ma Opme3sy8aHHs 68 yMo8ax yugposoi mpancgopmayii meouunoi peabirimayii. Y
pobomi pO32NAHYMO KIIOYO08I HANPAMU PO3GUMKY 2aly3i, 30Kpema 6npo8aAO0NCEeHHs YUPDPOBUX
mexHonoeit - 3D-ckanysanua, aAOUMUEHO20 BUPOOHUYMEA, GIPMYAILHO20 MOOENI08AHHA Mda
IHMENeKMYANbHUX CUCTeM AHATI3Y PYXY, WO ICMOMHO 3MIHIOIOMb 3MICM | CMPYKmMYpy npoghecitinoi
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ocgimu. AKYeHmosaHo yeacy HA BANCIUBOCMI 2AUOOKUX OIOMEXAHIYHUX 3HAHb, OCKLIbKU came
OlomexaHiuHull aHANi3 BUHAYAE SKICMb NPOEKMYBAHHS NPOME3HO-OPMe3HUX 6upodie ma ix
8i0N0BIOHICMb (DYHKYIOHAILHUM NOMpedam nayicHmie.

Y ecmammi 06tpynmosano neobxionicme inmezpayii hyHOAMEHMATLHUX MEOUYHUX OUCYUNIIIH
i3 cyyacHumu yugposumu nioxooamu, wo 3abezneuye GopmyeaHHs KOMNIEKCHOI npoghecilinoi
KOMnemenwmHocmi  mManuoymuix —opmesucmig-npomesucmis. OKpeMo NiOKpecieHO 3HA4eHHs
enposaoddicenns  Oucyunuinu  «Lugpposizayia cucmemu  npome3y8aHHA-OpME3VBAHHAY, KA
CHPAMOBAHA HA (POPMYSAHHA YUPDPOBOI SpaAMOMHOCTI, HABUYOK MOOENI0BAHHSA, NAPAMEMPUUHOT
onmumizayii KOHCMpYKyit ma pooomu 8 yugposux pobo4ux NOMoKax.

Cmamms  niokpecioe HeoOXiOHICMb NOOAIbUIO20 OHOBIEHHST OCGIMHIX CMAHOAPMIs,
PO3UWUPEHHS YUPDPOBUX MOOYIIE MA NIOMPUMKU IHHOBAYIUHUX OCBIMHIX NIOX00I8 K KIHOUOBUX YMOB
Gopmy6anHs KOHKYPEHMOCHPOMONCHUX (haxieyia y 2any3i npome3y68anHs il Opme3y8aHHsI.

Knwuoei cnosa: yugposa mpancopmayia; oxopowa 300po8’s; MeouuHa oceima,
npome3y6anHs ma Opme3y8aHHa, yugposi mexnonoeii; 3D-ckanyeanns, aOUmMuHi mMexHonoeii;
yughpose Mooenro8anHsI.
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