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FEATURES OF PATENT PROTECTION AND CLASSIFICATION OF INTELLECTUAL
PROPERTY OBJECTS IN THE DEVELOPMENT OF INNOVATIVE REHABILITATION
TECHNOLOGIES FOR PATIENTS WITH PROSTHETICS: A REVIEW OF CURRENT
APPROACHES AND PRACTICES

Relevance. The increasing number of war-related injuries in Ukraine highlights the urgent need for advanced rehabilitation
technologies for patients with limb amputations. The quality and effectiveness of physical therapy and prosthetic fitting largely depend
on the integration of innovations protected by intellectual property rights, including patents for inventions and utility models, advanced
biomaterials, and novel methods of their application. The implementation of such innovations plays a critical role in enhancing the
work of physical therapists and prosthetists, improving stump preparation for permanent prostheses, and ultimately raising patients’
quality of life. However, there is a lack of published research providing concrete examples of the clinical application of patented
solutions. This underlines the importance of conducting systematic reviews and classifications of intellectual property objects in the
field of innovative rehabilitation technologies for prosthetic care of amputees.

Objective of the study. The aim of this study is to provide a systematic analysis of current intellectual property objects and
innovative developments in rehabilitation technologies applied to stump preparation for permanent prosthetic fitting, with a focus on
their effectiveness, practical applicability, and integration into clinical practice.

Materials and methods. The research is based on the analysis of patent information (inventions, utility models), specialized scientific
sources, and technical documentation related to modern materials, devices, and methods of stump preparation. The applied methods included
content analysis of patent databases, comparative analysis of technical solutions, systematization of data on novel materials and techniques,
and synthesis of practical experiences in the use of innovative technologies in the rehabilitation of patients with limb amputations.
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Results of the study. The analysis demonstrated that the implementation of novel methods and materials in stump preparation
significantly improves the quality of temporary prosthetic sockets, reduces complications (pain syndromes, inflammatory reactions),
and shortens the time needed for transition to permanent prostheses. The use of biocompatible polymers, sensor technologies for stump
condition monitoring, and advanced compression therapy methods enhances patient adaptation, lowers the risk of secondary injuries,
and increases functional autonomy. The summarized findings highlight the pivotal role of patented solutions in advancing modern
rehabilitation practices.

Conclusions. The use of intellectual property objects (inventions, utility models, innovative materials, and devices) in the process
of stump preparation for permanent prosthetic fitting remains underutilized in current rehabilitation practice, despite playing a pivotal
role in enhancing physical therapy effectiveness and improving patients’ quality of life.

The integration of innovative solutions into temporary prosthetics significantly optimizes the preparatory stage, reduces
complication risks, accelerates patients’ adaptation to permanent prostheses, and ensures greater functional independence.

The findings highlight the urgent need for wider implementation of intellectual property-based innovations in clinical practice and
the development of interdisciplinary programs that combine engineering, medical, and rehabilitation approaches.

Key words: temporary prosthetics, physical therapy, stump, prosthesis sleeve, intellectual property, rehabilitation technologies.
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O] CYHACHHUX IMIAXOAIB TA ITIPAKTHUK

Axmyansnicme. 3pocmaioua KinbKicms nOpaHeHux yHaciiook 60EHHUX Oill 8 YKpaini 3yMosnioe HazanvHy nompedy y ucoxkoegex-
MUBHUX MEXHON02IAX peabirimayii nayicumie 3 amnymayismu Kinyieok. fAxicmoe i pesyiemamusnicmo ¢izuunoi mepanii ma npome-
3V8AHHA 3HAYUHOIO MIPOIO BUSHAYAIOMbCS PIBHEM YAPOBAOIICeHHS THHOBAYIL, WO OXONI0IOMb 00 €KMuU iHMeNeKmyanbHOl 81ACHOCMI:
namenmu Ha UHAXOOU U KOPUCHT MOOeni, HO8IMHI biomamepianu, MexHON02ll iX 3acMOCY8aHHs A KOMNJLEKCHI Memoouxku peabinima-
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yii. Buxopucmanns maxux iHHO8AYIU € KIOUOBUM YUHHUKOM NIOGUWYEHHS (DYHKYIOHAIbHOI A8MOHOMHOCMI NAYyiEnmie, onmumizayii
npoyecy nid2omogku Kykcu 00 NOCMIliHO20 Npome3yeanHs ma noKpawenus akocmi scumms. Boonouac ananiz cyuacnux odicepen
CBIOUUMb NPO HEOOCMAMHIO KibKICMb ONyONIKOBAHUX HAYKOBO-NPAKMUYUHUX MAMEPIANie, wo 6UCEImMIIOons KOHKPEeMHI NpUKiaou
BNPOBAOIICEHHS 3aNAMEHMOBAHUX PiUleHb Y KITHIYHY npakmuky. Lle 00ymoentoe Heobxionicmy cucmemamu3ayii HAAHUX OAHUX [ NiO-
20MOBKU 02151008UX OOCIIOHNCEHD, NPUCBAUEHUX KIAcUpiKayii 00 €kmie iHmereKkmyaivHoi enacnocmi'y cgpepi peabinimayiiHux mexHo-
J02IU Y paszi npome3sy8aHHs GMpaienux KiHyiox.

Mema O0ocnioncennsn. Memoio Oocniodcenns € cucmemMHull aHaniz Cy4acuux oo eKmie inmenekmyanbHoi en1acnocmi ma iHHO8A-
yitiHux po3poboK y cgpepi peabinimayitinux mexHon02il, o 3aCMOCO8VIOMbCA 8 NPoyeci Ni020Mo6KU KYKCU 00 NOCMIIHO20 Npome3y-
BAHHS, 3 AKYEHMOM HA IXHIO eheKMUBHICIb, NPAKMUYHY OOYLTbHICHb A MONCIUSOCME IHMe2payil y KIIHIYHY NPAKmMuK).

Mamepianu ma memoou. Y 0ocniodxicenti GUKOPUCIAHO aHaniz namenmuoi ingpopmayii (unaxoois, Kopucnux mooeneil), cneyia-
JII308aHUX HAYKOBUX Odcepel | MeXHIUHOI OOKYMeHmayii, NpUCcesyeHux cy4achum mamepiaiam, npUCmposm i Memoouxam nio2omoexu
Kykcu. Memoou 0ocniookcenns nepeddauanu: KOHMeHm-ananiz nameumuux 6as, NOPIGHANbHUL AHANI3 MEXHIYHUX DilenD, cucmema-
mu3ayiro OAHUX NPo HOGIMHI Mamepiany ma MemoOuKu, d MaKox#C Y3a2anibHeHHs NPAKmu4Ho20 00C8I0y 3aCMOCY8AHHS THHOBAYIIHUX
mexuonozitl y peadinimayii nayieHmis 3 amnymoeanumu KiHyigKamu.

Pesynomamu 0ocnioscenns. [lposedenuil ananiz 3aceiodus, wo nPoBAONCEHHs HOGIMHIX Memodie I mamepianie y nio2omosyi
KYKCU 0a€ MOJICIUBICIb 3HAYHO NIOGUWUMU AKICMb 2I1b3U MUMYACO8020 NPOMe3d, 3MEHWUMU YCKAAOHeH s (001b08Ull CUHOPOM,
3ananbHi npoyecu), a MmaKodlc CKOpomumu mepminy nepexooy 0o HoOCmilino2o npome3syeanns. Buxopucmanus 6iocymicnux nonimepis,
CEHCOPHUX MEXHON02I MOHIMOPUHEY CIAHY KYKCU Md 800CKOHAICHUX Memooie KoMnpeciuHol mepanii cnpuse kpawii adanmayii
nayicumis, 3HUICEHHIO PUBUKY MOPUHHUX YPAICEHD | NIOBULeHHIO PYHKYIONATbHOT asmonOMHOCI. Y3azanvheni pe3yibmamu 6Ka3y-

10Mb HA KNI0YO0BY POilb NAMEHMOBAHUX PilleHb Y PO3GUMKY CYUACHUX peabinimayiiHux npakmux.

Bucnoeku. Buxopucmanns 00 ’€kmie iHMeIeKmyanbHol 61acHOCMI (6UHAX00I8, KOPUCHUX MoOelell, IHHOBAYIHUX Mamepianie ma
npucmpoig) y npoyeci nio2omosKu Kykci 00 ROCitiHo20 NPOMe3y8anHs € HeOOCMAamHbO IHMeSPOBAHUM Y CYUACHY peadinimayiiny npax-
MUKY, X04A MAE KIOY08€e 3HAUEHHS 0I5l NIOBUWEHHSL eheKmUeHOCmI peabinimayii ma skocmi JHcummsi oci6 3 amnymayisimu KiHyieox.

3acmocysanns inHoSayiiHUX piuenb V cihepi mUMUAc08020 NPOME3VEaArHsL 0A€ MONCIUBICHI ONMUMIZY8aAmuU NIO20MOGYULL eman, 3Hu-
3UMU PUBUKU YCKIAOHEHb, RPUCKOPUMU a0anmayiio nayieHmie 00 NOCMILHUX npomesie i 3abe3neyumu ix QyHKYIOHAIbHY AGMOHOMHICIb.

Pezynemamu 0ocnioscenns niomeepoxicyroms HeoOXiOHicmb OiIbU AKMUBHO20 6NPOBAONHCEHHS 00 €KMI6 THMENeKMYaIbHOI 61ACHO-
cmi 8 KNIHIYHY NPAKMUKY MA PO3POOKU MINCOUCYUNTIHAPHUX NPOSPAM, W0 NOEOHYIOMb THICEHEPHI, MeOUYHI ma peabinimayitini nioxoou.

Knrwuosi cnosa: mumuacose npomesysanns, (izuuna mepanis, KyKca, 2iibza npomesd, iHmenekmyaibta 61acHicms, peadirima-

YilHI MexHoNoell.

Introduction. Topicality. The growing number of
wounded individuals as a result of the ongoing military
actions in Ukraine highlights the urgent need for highly
effective rehabilitation technologies for patients with
limb amputations. The quality and effectiveness of phys-
ical therapy and prosthetic rehabilitation largely depend
on the level of implementation of innovations, which
include intellectual property (IP) objects such as patents
for inventions and utility models, novel biomaterials,
technologies for their application, and comprehensive
rehabilitation methodologies. The use of such innova-
tions is a key factor in enhancing patients’ functional
autonomy, optimizing the process of stump preparation
for permanent prosthesis fitting, and improving overall
quality of life.

At the same time, an analysis of current scientific lit-
erature and clinical practice reveals a lack of detailed
publications addressing specific examples of patented
solutions applied in prosthetics. There is a gap between
the rapid technological progress and its systematic inte-
gration into medical and rehabilitation practice, which
creates barriers for both specialists and patients. This
emphasizes the importance of examining the issues of
legal protection of innovations, their patent classifica-
tion, and practical applications.

This article focuses on the features of patent protection
and classification of IP objects that arise in the process of
developing innovative rehabilitation technologies in pros-
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thetics. Special attention is given to identifying types of
patentable objects, analyzing state-of-the-art technologi-
cal solutions in stump preparation for permanent prosthe-
sis fitting, and exploring applied aspects of their legal pro-
tection. The systematization of these data not only helps
to identify existing gaps in practice but also outlines pros-
pects for integrating intellectual property into the devel-
opment of rehabilitation technologies, which has strategic
importance for Ukraine in the post-war period.

Objective of the study. The aim of this study is
to provide a systematic analysis of current intellectual
property objects and innovative developments in reha-
bilitation technologies applied to stump preparation for
permanent prosthetic fitting, with a focus on their effec-
tiveness, practical applicability, and integration into
clinical practice.

Materials and methods. The research is based on the
analysis of patent information (inventions, utility models),
specialized scientific sources, and technical documenta-
tion related to modern materials, devices, and methods of
stump preparation. The applied methods included content
analysis of patent databases, comparative analysis of tech-
nical solutions, systematization of data on novel materials
and techniques, and synthesis of practical experiences in
the use of innovative technologies in the rehabilitation of
patients with limb amputations.

Results and discussion. Intellectual property (IP)
in healthcare and medical rehabilitation is a crucial
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instrument for protecting and stimulating innovation.
According to the TRIPS Agreement (Agreement on
Trade-Related Aspects of Intellectual Property Rights)
and national legal frameworks, IP objects include inven-
tions, utility models, industrial designs, know-how, and
software that have practical significance for rehabilita-
tion practices.

In the context of prosthetics and post-amputation
rehabilitation, patents on advanced biomaterials, bio-
mechanical designs, sensor systems, prosthetic control
algorithms, and rehabilitation devices play a particularly
important role. Protecting such innovations not only
secures the rights of their creators but also fosters a com-
petitive environment for the introduction of advanced
technologies into clinical practice.

The theoretical foundation for effective IP utili-
zation in this domain lies in the combination of legal
regulation (patent law, copyright, trade secrets) with a
medical-technological approach that integrates innova-
tions into clinical protocols and rehabilitation education.
Thus, intellectual property is not only a legal concept but
also a strategic resource for the development of medi-
cine, bioengineering, and physical therapy.

Classification of Innovative Technologies in Pros-
thetic Rehabilitation

Innovative technologies applied in stump prepara-
tion and prosthetic rehabilitation can be classified into
the following groups:

Biomedical technologies — biocompatible materials
for prosthetic sockets (silicones, shape-memory poly-
mers, nanocomposites), methods of tissue regeneration
stimulation, and prevention of trophic disorders.

Mechanical and biomechanical innovations — pros-
thetic and exoskeleton designs, vacuum suspension sys-
tems, multifunctional joint mechanisms, and devices
reducing energy expenditure during gait.

Electronic and sensory technologies — myoelectric
prostheses, pressure and temperature sensors, tactile
feedback systems, and embedded microprocessors for
adaptive control.

Information and communication technologies
(ICT) — software for 3D modeling of sockets, telemed-
icine services for remote patient monitoring, mobile
applications for self-control and gait training.

Physical therapy and occupational therapy technol-
ogies — vibration and balance training devices, neuro-
muscular stimulation systems, and robotic rehabilitation
complexes.

This classification enables the systematization of intellec-
tual property objects, highlights their role in clinical practice,
and supports the development of effective strategies for med-
ical-rehabilitation innovations in prosthetic care.

== 78
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The process of stump preparation for prosthetic fit-
ting is multifactorial and begins during the surgical pro-
cedure itself. The quality of amputation surgery largely
determines the patient’s future rehabilitation potential
and the feasibility of adequate prosthetic fixation. It is
well established that several specific complications can
arise at this stage, significantly limiting the functional
outcome of the residual limb and complicating rehabili-
tation. The most common complications include:

Conical stump, resulting from insufficient soft tissue
coverage, most often due to inadequate surgical tech-
nique such as guillotine amputation with simultaneous
sectioning of all soft tissues followed by circular bone
transection, or incorrect calculation of flap length.

Bulbous stump, characterized by excessive soft tis-
sue or miscalculated flap length and amputation level,
typically observed after circular amputations.

Distal bone necrosis, caused by excessive periosteal
stripping (more than 2 mm).

Excessive osteophyte formation, due to periosteal
damage during bone transection or following removal
of bone marrow.

Trophic ulcers, resulting from an incorrectly chosen
amputation level or overly high ligation of arteries and
transected nerves.

Neuroma formation and nerve ingrowth into scar tis-
sue, often leading to phantom limb pain.

Chronic osteomyelitis, which develops as a conse-
quence of secondary wound infection.

Even in the absence of such complications, the
stump is not automatically ready for prosthetic fitting.
Its functional readiness depends on the quality of phys-
iotherapeutic interventions and the performance of the
temporary prosthesis, both of which can be significantly
enhanced through the use of technical aids and innova-
tive devices. These tools, often protected as intellectual
property objects (patented devices, simulators, materi-
als, and methods), represent critical innovations in the
field of rehabilitation.

Over the past decades, the methodology of tempo-
rary prosthesis design has evolved substantially. A wide
range of interface solutions between the residual limb
and the prosthetic socket have been developed, inclu-
ding:

— liners with hermetic seals;

— silicone pads and cushioning inserts (e.g., PadSil);

— seamless prosthetic sockets for lower-limb ampu-
tees.

These components help to compensate for stump
volume fluctuations, maintain residual limb shape, and
ensure secure fixation due to their low elasticity and
resistance to slippage.

Ne 4, 2025




Further progress has been achieved in socket design
and suspension systems for lower-limb prostheses.
Current innovations aim to provide a more physiological
load distribution, facilitate donning and doffing, and
enhance mobility without restricting range of motion
(Kolesnichenko, V. et al., 2025). In this context, vacuum-
assisted suspension systems have proven especially
effective in improving the interface between the residual
limb and the socket, enabling efficient transfer of static
loads to the skeletal system while preserving dynamic
mobility (Biedermann, 1999; Beck, 1992; Kelley, 1974;
Schmitt et al., 2021; Lassig & Skiba, 2016; Edwin, 1944).

A significant research focus has been the adaptation of
such technologies to different levels of limb amputation
(Shevchuk et al., 2000; Vereitinov, 2001; Krasyuk et al.,
2002; Khmelevska et al., 2012; Vishchenko et al., 2012).

Parallel investigations have addressed bone
tissue strengthening (Volodina T. T. et al, 2017
HladkykhF. V.etal.,2024) and the optimization of scarand
skin structures, which is particularly relevant in patients
with residual limb complications (Petrenko M. M.,
Vykhliaiev Yu. M., 2019). The application of advanced
biomaterials with improved biocompatibility reduces the
risk of secondary complications, enhances local tissue
trophics, and increases prosthetic comfort.

Thus, the study results demonstrate that preparation
of the stump for definitive prosthetic fitting is a complex
process integrating surgical techniques, physiotherapeu-
tic interventions, and the implementation of innovative
technical solutions. The use of intellectual property
objects — including novel materials, socket designs, sus-
pension systems, and biomedical technologies—plays
a pivotal role in shaping a functional stump, enabling
effective prosthetic rehabilitation, and restoring patient
autonomy and quality of life.

Results. We conducted a detailed analysis of the
main stages of modern prosthetic rehabilitation. Exclud-
ing the surgical stage, which is the prerogative of sur-
geons, our focus covered all subsequent rehabilitation
stages critical for preparing the residual limb for defini-
tive prosthetic fitting.

After amputation, patients typically develop signifi-
cant edema of the stump and surrounding tissues, which
necessitates early rehabilitative measures. To reduce
swelling and maintain joint mobility, traditional and
innovative methods are applied, including compression
bandaging, positioning on firm surfaces, therapeutic
exercise, kinesiotaping, and lymphatic drainage. The
efficacy of these approaches is strongly dependent on
the use of advanced technologies and intellectual prop-
erty objects designed to normalize microcirculation and
preserve joint mobility.
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A second critical aspect is the quality of the train-
ing prosthesis, which is essential for gait training, stair
climbing, and self-care prior to permanent prosthesis
delivery. Prosthetists require gait pattern data to select
the appropriate components. Given the variability in
amputation levels depending on surgical technique,
adjustable-length prostheses — functionally analogous to
crutches—are increasingly recognized as essential tools
for universal fitting (Strashnyi, Intelehator et al., 2023).

Recent advances highlight the use of memory foam
liners in prosthetic fitting. Memory foam, with its hypoal-
lergenic, antimicrobial, breathable, and ergonomic
properties, conforms precisely to stump morphology,
thereby reducing friction and preventing pressure ulcers.
Although widely applied in orthopedic mattresses and
cushions, its application in prosthetics remains insuffi-
ciently documented (https://emm.ua/article/pina-memo-
ry-foam-osoblivosti-ta-perevagi).

Primary prosthetic rehabilitation typically begins
10—12 months post-amputation, once wound healing and
scar formation are complete. At this stage, comprehen-
sive inpatient rehabilitation under medical supervision
is recommended. Patients are provided with a temporary
prosthesis for up to one year, during which they learn
self-care skills and adapt to daily prosthesis use.

Physiotherapeutic modalities including electrostim-
ulation, electrophoresis, neuromuscular stimulation, and
vibration therapy are applied to optimize stump condition.
Devices such as “Mioritm-4”, equipped with integrated
electrodes, enable synchronized delivery of sub-threshold
and supra-threshold impulses in coordination with muscle
contraction phases. This effectively supplements natural
muscle activity, which is particularly important when
standard muscle chains have been disrupted (Patsenko,
Vikhlyaev, 2019; Petrenko, Vikhlyaev, 2019).

Electrophoresis provides an additional therapeu-
tic mechanism by enabling transdermal delivery of
pharmacological agents (e.g., novocaine, antibiotics),
which reduces infection risk, inflammation, and edema
while improving tissue regeneration and perfusion.
This approach integrates therapeutic and rehabilitative
effects, shortening recovery times and improving stump
tolerance to prosthetic loading.

Moreover, the integration of vibration and balance
training platforms, which themselves constitute intel-
lectual property innovations, represents an emerging
therapeutic strategy. Vibration platforms enhance stump
skin and muscle conditioning, while balance platforms
restore coordination and vestibular stability — critical
for stair climbing and ambulation on uneven surfaces
(Intelehator, Vikhlyaev, 2019; Vikhlyaev, 2020).

In summary, modern prosthetic rehabilitation tran-
scends conventional physiotherapy, incorporating inno-
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vative devices, advanced biomaterials, and patented
technologies. Their systematic implementation has
been shown to shorten rehabilitation timelines, enhance
patient autonomy, and improve quality of life, thereby
contributing to the development of a patient-centered
and technologically integrated model of inclusive medi-
cine and prosthetics.

Conclusions. The use of intellectual property
objects (inventions, utility models, innovative materi-
als, and devices) in the process of stump preparation
for permanent prosthetic fitting remains underuti-
lized in current rehabilitation practice, despite play-

ing a pivotal role in enhancing physical therapy effec-
tiveness and improving patients’ quality of life.

The integration of innovative solutions into tem-
porary prosthetics significantly optimizes the pre-
paratory stage, reduces complication risks, acceler-
ates patients’ adaptation to permanent prostheses,
and ensures greater functional independence.

The findings highlight the urgent need for wider
implementation of intellectual property-based inno-
vations in clinical practice and the development of
interdisciplinary programs that combine engineer-
ing, medical, and rehabilitation approaches.
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