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PROSPECTS OF FUNCTIONAL TEXTILE PRODUCTS FOR
REHABILITATION AFTER LIMB AMPUTATION

Liudmyla Melnyk!, Olena Kyzymchuk!?

!(Kyiv National University of Technologies and Design, Ukraine)
melnik. Im@knutd.edu.ua,
HTechnische Universitat Dresden, Dresden, Germany)
olena.kyzymchuk(@mailbox.tu-dresden.de

ABSTRACT: Today there is a wide range of reasons for a limb amputation: traffic
accidents, industrial and home injuries, congenital anomalies and malignant tumors,
burns, diabetes, etc. During the war, the number of cases increases rapidly because of
gunshot wounds, as a result of which a limb amputation is the only decision to save the
patient's life and prevent further development of the disease. Prosthetic technologies
allow amputees to continue their lifestyle and maintain social status despite the loss of a
limb. However, between amputation and prosthetics, there is a rehabilitation process
sometimes prolonged. Swelling is an urgent problem during this period. Compression
therapy with an elastic bandage, which creates pressure on the stump is the method for
its prevention. It is very important to do it correctly, because a loose bandage will not
prevent or eliminate swelling, tight one can damage the tissues of the stump, injure,
disrupt blood circulation. Additionally, the pressure created on the stump should be
gradient: the highest at the bottom of the limb with decreasing to the top. The main
purpose of this work is an analysis of the assortment of rehabilitation products with a
textile base used after limb amputation, and their design features, as well as the
conformity of the products® dimensional features to the shapes and sizes of standard
limbs, considering the amputation site. It is the basis for future development of
compression covers with improved functionality and comfort for the individual needs of
each patient.

Keywords: compression cover, rehabilitation products, limb amputation.

PERSPEKTIVE FUNKCIONALNIH TEKSTILNIH PROIZVODA
ZA REHABILITACILJU NAKON AMPUTACIJE UDOVA

APSTRAKT: Danas postoji veliki broj razloga za amputaciju ekstremiteta: saobracajne
nezgode, industrijske i kucne povrede, urodene anomalije i maligni tumori, opekotine,
dijabetes i dr. usled c¢ega je amputacija ekstremiteta jedina odluka za spasavanje Zivota
pacijenta i sprecavanje daljeg razvoja bolesti. Protetske tehnologije omogucéavaju
osobama sa amputacijom da nastave sa zivotnim stilom i zadrze drustveni status uprkos
gubitku  ekstremiteta. Medutim, izmedu amputacije i protetike postoji proces
rehabilitacije koji se ponekad produzava. Otok je hitan problem u ovom periodu.
Metoda njegove prevencije je kompresiona terapija elasticnim zavojem, koji stvara
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pritisak na panj. Veoma je vazno da se to uradi ispravno, jer labav zavoj nece spreciti ili
ukloniti otok, zategnut moze ostetiti tkiva panja, povrediti, poremetiti cirkulaciju krvi.
Pored toga, pritisak koji se stvara na panju treba da bude gradijentan: najveci na dnu
ekstremiteta sa smanjenjem do vrha. Osnovna svrha ovog rada je analiza asortimana
proizvoda za rehabilitaciju sa tekstilnom podlogom koji se koriste nakon amputacije
ekstremiteta i njihovih dizajnerskih karakteristika, kao i usaglasenosti dimenzionalnih
karakteristika proizvoda sa oblicima i velicinama standardnih ekstremiteta, s obzirom
na mesto amputacije. To je osnova za buduci razvoj kompresionih navlaka sa
poboljsanom funkcionalnoscéu i udobnoscéu za individualne potrebe svakog pacijenta.

Kljucne reci: kompresijski poklopac, proizvodi za rehabilitaciju, amputacija
ekstremiteta.

1. INTRODUCTION

Limb amputation is one of the oldest surgeries, which is performed only in case of
failure of conservative methods of treatment. The main indication for amputation is a
direct threat to the patient's life, in particular gangrene of any cause, wound infection,
limb trauma as well as gunshot wounds. That is why today during the Russian invasion it
is performed regularly in Ukraine hospitals. Young people are the majority of patients.
The problem of prosthetics for young and active people is more relevant now than ever.
The main goal of prosthetics is to restore a person's mobility, professional and social
activity.

The success of prosthetics mainly depends on the effectiveness of the rehabilitation
period, and there are greater chances of success if the earlier rehabilitation has begun [1].
The scar healing and preparation of the stump for prosthetics are the main tasks for this
period. The patient has to start physical therapy timely to avoid such complications as
pathological scars, residual pain in the limbs, phantom sensations, edema, etc. After the
surgery, the patient is recommended to perform active and passive exercises with
resistance, to form the stump and, firstly, to reduce postoperative swelling. Compression
is used to eliminate edema, and the created pressure must be gradient: the greatest is at
the bottom of the limb with a decrease to the top. The compression improves blood
circulation, reduces pain and swelling, helps in the treatment of phantom pain, shapes the
stump before wearing the prosthesis, [2]. Later it will shorten the adaptation period of
the stump to the prosthesis.

Achieving the desired effect from compression depends on the characteristics of the used
materials and the created pressure since the movement of soft tissues and the reduction
of the size of the covered area occur. Generally, the pressure created by the compression
product depends on both the material's properties (elasticity, rigidity, and elongation)
and the body shape namely the curvature radius of the surface with which the product is
contacted. Thus, the required result of compression is a consequence of the correct
choice of material depending on the purpose of the product and the conformity of the
products’ dimensional features to the shapes and sizes of limbs and stumps..
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The main purpose of this work is an analysis of the assortment of rehabilitation products
with a textile base used after limb amputation, and their design features.

2. RANGE OF TEXTILE PRODUCTS FOR REHABILITATION

Various compression techniques can be used after amputation: bandaging the stump and
wearing silicone liners or unique covers. The type of compression means is prescribed
by a surgeon or an attending physician. In order to assess blood circulation and
sensitivity of the stump these means are taken off from time to time. In addition, it is
necessary to regularly measure the stump volume to understand the rate of swelling
reduction.

The simplest way for compression therapy is elastic bandage [3]. The study of the
structure and properties of elastic bandages available on the Ukrainian market showed
that all bandages are warp-knitted with longitudinal elastomer threads [4]. The elastic
component of full deformation for all tested bandages exceeds 0.95. However, the
application of elastic bandages requires special skills and practical experience and must
first be applied by a highly qualified medician. Improper bandaging will be at best
useless or can even injure the patient. In addition, in order to carry out hygienic
procedures and medical control it is necessary to bandage the stump 2-3 times a day and
even more often in a warm period. The multilayer bandage overlapping the previous
layer (Figure 1) is usually used for stump formation so the permeability and
breathability are reduced.

Figure 1: Multilayers bandaging

The silicone liner is an alternative to bandages for compression therapy after limb
amputation. However, they are not as individual and available only in certain sizes, so a
different size liner must be used when stump swelling is reduced. On the other side,
ensuring the tightness of the connection or even pressure is the main task when using
liners. It is important that there is no air between the liner and the limb but in this case,
patients may experience increased sweating of the stump inside the liner. This can cause
irritation of the skin of the stump.

A compression cover is another mean recommended for creating pressure on the stump.
Its put-on and take-off are much easier than bandaging. The patient can do it by himself
at home. In general, such cover is more reliable. It fixes and evenly compresses the soft
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tissues of the stump, preventing unwanted fluid accumulation. Uniformity of pressure is
the most important advantage over bandages. The textile material of the cover, unlike
many layers of a bandage or a silicone product, has good air permeability, so it is more
comfortable. Moreover, it is recommended to be used not only after amputation but as
well after removing the prosthesis in order to improve blood supply and prevent
swelling.

There are a number of Prosthetic Brands on the market that represent means for the
rehabilitation period after limb amputation. Among them are the followings: Amputee
Essentials, Knite-Rite, Ottobock, Alps, Silipos, Syncor, Engineered Silicone Products,
etc. The range of products includes both closed-circuit covers (socks) (Figure 2) and
prosthetic sleeves (Figure 3). The sock provides pressure on the stump and is used
during the rehabilitation period before prosthetics. The prosthetic sleeve is used during
the period of the prosthesis wearing. It should be noted that these means, like the
prostheses themselves, have their own characteristics according to the patient's activity,
namely sports, daily routines, etc.

I
Figure 2: Knit-Rite Soft Sock Error! Figure 3: Knit-Rite Tubular Elastic

Reference source not found. Shrinker

The knitting technology allows the creation of a completely seamless product. The
improved control of the loop length and the elastomeric thread's tension leads to the
creation of gradient pressure. The advanced threads, for example with additional
antibacterial properties, can also be used to improve product performance. Prosthetic
socks of different thicknesses (light, three- and five-layer) allow adjusting the fit of the
prosthesis when the volume of the stump is changed. Wearing a prosthesis with a thin
layer of sock creates a temporary leg length discrepancy that can be corrected by a
thicker layer. The use of special fibers leads to moisture control as well.

The choice of textiles used for the cover manufacture is fundamental to ensure the
product’s functionality, maximum comfort, and safety [6]. For example, the ALPS South
[7] uses a few types of knitted materials with different characteristics and functions to
provide specific benefits for each prosthetic leg user depending on individual lifestyle
and clinical conditions. The first material's type has stretchability in both directions
(coursewise and walewise), which makes it well adapted to the shape of the remaining
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limb during movement and provides maximum comfort. The others have reduced by 80-
90% walewise elasticity providing greater control and stability of the prosthesis for
active patients.

It's clear there isn't big diversity in product types for rehabilitation after limb amputees.
On the other side, the compression product must exactly fit a limb at the amputation site
which is difficult to achieve within the available pre-sized products. Today with rapidly
growing amputation cases in Ukraine, it is important to create rehabilitation products
with both high therapeutic effects and improved comfort. The shortened time from
design to production is a topical issue as well.

3. FUTURE DEVELOPMENT

The creation and development the therapeutic and preventive products that contribute to
the rehabilitation process after limb amputation is not a new problem and is being
actively developed by scientists. But they are most concentrated on medical aspect [8].
However, the creation and development of a product that clearly corresponds to the
patient's stump is an important task for textile engineering.

The degree of pressure produced by a compression garment is determined by a complex
interrelation between clothes and body. From the clothing point of view the principle
factors are: the design and fit of the garment, structure and physical properties of its
materials. As for the body they are: the size and shape of the body's part to which it is
applied and the nature of the activity undertaken [9]. 3D/4D body scanning technology
has added value to both medical and clothing industry due to several advantages offered
by this technology [10]. On the other side, FEM-simulations have great potential in 3D-
knitted fabrics modeling and the shape-fidelity prediction [11].

Figure 4: Data for future work: a. avatar; b. slices at differen cites

Our target is to develop an algorithm for converting the stump avatar into a technological
map for the knitting machine based on the limbs scan and the capabilities of software
resources (Figure 4). It will be a basis for manufacturing advanced rehabilitation
products with an accent on individual patient needs.

Union of engineers and textile technicians of Serbia

Page160



=t =
[ VI Medunarodna konferencija

,,Savremeni trendovi i inovacije u tekstilnoj industriji“
14-15. septembar 2023. Beograd, Srbija

ACKNOWLEDGMENT: The authors would like to thank Philipp Schwartz Initiative
for Ukrainian scientists by Humboldt Foundation for supporting this research.

REFERENCES

[1] Keszler M. S., Heckman J. T., Kaufman G. E., & Morgenroth D. C. (2019).
Advances in Prosthetics and Rehabilitation of Individuals with Limb Loss.
Physical Medicine and Rehabilitation Clinics of North America. Vol. 30, Issue 2,
pp-423-437. DOI: 10.1016/5.pmr.2018.12.013

[2] Pasenko M.V., Glynyana O.A. (2018). Methodology of Physical Rehabilitation of
Patients after Amputation of the Lower Limbs at the Level of the Shin. Young
Scientist, No 2 (54). pp.468-461.

[3] Esquenazi A. (2004). Amputation rehabilitation and prosthetic restoration. From
surgery to community reintegration. Disability and Rehabilitation; Vol. 26, No.
14/15. pp. 831-836. DOI: 10.1080/09638280410001708850

[4] Kyzymchuk O., Melnyk L., Spichenko R. (2020). The properties of elastic warp
knitted bandages. Fashion Industry, No. 1, pp. 28-35 DOI 10.30857/2706-
5898.2020.1.1

[5] Official portal of Knit-Rite company https://www.knitrite.com/

[6] Sanders J. E., Cagle J. C., Harrison D.S., Karchin A. (2012). Amputee socks: how
does sock ply relate to sock thickness? Prosthetics and Orthotics International.
Vol. 36, No. 1. pp. 77-86. DOI: 10.1177/0309364611431290

[7] Official portal of ALPS South company https://easyliner.com/

[8] Herlihy DRB, Thomas M, Tran QH, Puttaswamy V. (2020). Primary prophylaxis
for venous thromboembolism in people undergoing major amputation of the lower
extremity. Cochrane Database of Systematic Reviews, Issue 7. Art. No.:
CD010525. DOI: 10.1002/14651858.CD010525.pub3.

[9] Troynikov, O., Ashayeri, E., Burton, M., Subic, A., Alam, F., Marteau, S. (2010).
Factors influencing the effectiveness of compression garments used in sports,
Procedia Engineering, Vol. 2, No 2, pp. 2823-2829. DOI:
10.1016/j.proeng.2010.04.073.

[10] Kyosev Y., Tomanova V., Spahiu T. (2023). Processing Data from High Speed 4D
Body- Scanning System for Application in Clothing Development. In: Digital
Fashion Innovations Advances in Design, Simulation, and Industry, Edited By
Sayem A.S.M. CRC Press, pp. 99-123. DOI: 10.1201/9781003264958-9

[11] Dietrich F. (2023). Proposing a virtual simulation method to predict the shape-
fidelity of 3D-knitted-textiles using knit-meshes and geometric invariants,
Materials  Research  Proceedings, Vol. 28, pp 239-248. DOI:
10.21741/9781644902479-26

Savez inZenjera i tehnicara tekstilaca Srbije

Page161


https://www.sciencedirect.com/science/article/abs/pii/S1047965118308775?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/09638280410001708850
http://dx.doi.org/10.30857/2706-5898.2020.1.1
http://dx.doi.org/10.30857/2706-5898.2020.1.1
https://www.knitrite.com/
https://doi.org/10.1177%2F0309364611431290
https://easyliner.com/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010525.pub3/full
https://doi.org/10.1016/j.proeng.2010.04.073
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003264958-9/processing-data-high-speed-4d-body-scanning-system-application-clothing-development-yordan-kyosev-vanda-tomanova-tatjana-spahiu?context=ubx&refId=bc52cec5-f7f0-4e82-8055-1b0efbf7f7a9
https://doi.org/10.21741/9781644902479-26

	1.pdf
	Proceedings 2023
	Uvodne strane  21.08..pdf


