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Abstract: In recent years, medical technical textiles have gained great importance with increasing customer de-
mands, technological developments and consumer awareness. People can be exposed to many microorganisms in
daily life and these microorganisms can reproduce rapidly under the influence of appropriate temperature, humid-
ity and nutrients. These microorganisms can cause infectious diseases and deaths. Bacteria formed on textile ma-
terials negatively affect human health, and cause loss of strength, bad odor and stain formation on textile surfaces.
Nowadays, in order to prevent the harm given to the user and these negative situations occurring on the textile
surface, the tendency towards antibacterial textile products, which are of great importance especially for the health
sector, has increased. In this study, information is given about the importance of antibacterial textile products,

which are of great importance for the health sector, their development and innovative approaches in this field.
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Oz: Son yillarda artan miigteri talepleri, teknolojinin gelismesi ve tiiketicilerin bilinglenmesi ile tibbi teknik teks-
tiller biiyiik bir 5nem kazanmustir. insanlar giinliik hayatta pek ¢cok mikroorganizmaya maruz kalabilmekte ve bu
mikroorganizmalar uygun sicaklik, nem ve besinin etkisi ile hizl bir sekilde tireyebilmektedir. Bu mikroorganiz-
malar enfeksiyona dayali hastalik olusturabilmekte ve 6limlere sebep olabilmektedirler. Tekstil materyalleri iize-
rinde olusan bakteriler insan sagligini olumsuz etkilemekle birlikte, tekstil ylizeyinde mukavemet kaybu, k6ti koku
ve leke olusumuna sebep olmaktadirlar. Gliniimiizde kullaniciya verilen zararlar ve tekstil yiizeyinde meydana
gelen bu olumsuz durumlar1 6nlemek amaciyla bilhassa saglik sektorii agisindan biyiik bir 6neme sahip olan an-
tibakteriyel tekstil tiriinlerine yonelim artmustir. Bu caligmada saglik sektorii agisindan biiyiik bir 6neme sahip olan
antibakteriyel tekstil Girtinlerinin 6nemi, gelisimi ve bu alanda yapilan yenilik¢i yaklasimlar konusunda bilgiler

verilmisgtir.

Anahtar Kelimeler: tibbi teknik tekstil; antibakteriyel tekstil tirtinleri; medikal uygulamalar
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1. Introduction

Textile products, which emerged with the need for human self-protection and cover-
ing, are used in many areas of daily life today for aesthetic purposes and due to their func-
tional properties. From wet wipes to baby diapers, surgical sutures to tea bags, radiation
protection products to flame retardant products, we use many textile materials in our daily
lives and make our lives easier. Unlike traditional textile products, technical textiles have
been developed for more specific purposes. This area is constantly growing and is used in
many sectors such as fashion, agriculture, and health (Arslan & Arslan, 2024). Technical
textiles are the fastest growing area of the textile sector, produced for their functional and
performance properties rather than their decorative and aesthetic properties, and have a
wide product range with the developments in technology. In recent years, studies in this
field have gained great importance. Properties related to human health such as biodegrada-
bility, tissue compatibility, protection against microorganisms; mechanical properties such
as reinforcement, elasticity, strength; protection against chemical, mechanical, radiation,
thermal and electrical conditions; has changing properties such as waterproofing, filtration,
conductivity, insulation, absorbency and drainage. Today, textile products are used in many
areas such as medicine, protective clothing, sports equipment, transportation, industry, ag-
riculture, construction, packaging and geotextiles with interdisciplinary studies outside of
classical textile usage areas. Technical textiles include medical textiles used in hygienic and
medical products; protective textiles that provide personal and property protection such as
mechanical, chemical and radiation protection; agricultural textiles used in agriculture, hor-
ticulture, forestry and aquaculture; construction textiles used in buildings and construction;
technical clothing used in clothing and shoes; vehicle textiles used in land, air, sea and rail-
ways; geotextiles used in environment, geology and construction fields; home textiles used
in furniture, flooring and floor coverings; sports technical textiles used in sports and leisure
activities; environmental textiles used for protection purposes; packtech technical textiles
used in packaging are classified (Ekmen, 2005; Mecit et al., 2007; Karakan, 2009; Mecarci6z
et al., 2011).

Medical technical textiles are one of the most widely used technical textiles with the
expansion of the field of medical applications. In this field, surgical gowns and covers, sur-
gical sutures, medical masks, bandages, urine retention cloths, wet wipes, feminine hygiene
products, waterproof bed covers, etc. are used, most of which are single-use products (Hor-
rocks & Anand, 2002). Medical technical textiles are expected to have properties such as
durability, flexibility and air permeability during examination and operational procedures
(Akter et al., 2014). In addition, healthcare professionals use protective technical textile
products for protection from radiation they are exposed to in the hospital environment.

2. Medical Textile Products

Biodegradation, staining and odor caused by bacteria settled in textile materials pose
a threat to sterile environments (Akaydin and Kalkanci, 2014). Medical textile products are
classified as single-use and multi-use. While single-use products such as surgical gowns are
produced from nonwoven surfaces, multi-use products are produced from woven surfaces
and undergo washing and sterilization processes (Pamuk and Ondogan, 2008). In long-term
operations, features such as air permeability and liquid repellency are of great importance
in medical textile products. For this reason, medical textile products are very important in
terms of the risk of bacterial exposure and comfort for patients and personnel (Ureyen et
al., 2008). Medical textile products have the advantages of reducing infections, protecting
personnel, being cost-effective, recommended by the World Health Organization (WHO),
being comfortable, breathable, forming a barrier against blood and body fluids, suitable for
sterilization, protecting against static electricity, flexible, soft and comfortable to use
(Chinta & Veena, 2013).

A major change has been observed in medical textile products with the developments
in science and the increase in social awareness. While previously only doctor's coats, cotton,
gauze, and bandages were considered medical textile products, today textile-based implants
are used in many different areas such as artificial tendons, artificial tissue, and biodegrada-
ble suture materials.
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Table 1. Qassification of Medical Textiles (Akter et al., 2014).

Fiber Type Fabric Sructure Application Area

Cotton, viscose, lyocell, alginate, chitosan, silk Nonwoven surface Absorbent pad

Cotton, viscose, lyocell Woven, knitted, nonwoven surface Wbund contact layer

Cotton, viscose, lyocell palyarride, plastic films Wbven, nonwoven surface Base meterial

Hastoeric, Cotton, viscose, lyocell Woven, knitted, nonwoven Sinple non-elagtic and elastic bandages
Hastoeric, Cotton, viscose, lyocell Woven, knitted, nonwoven Hghly reinforced bandages
Hastomeric, Cotton, viscose, lyocell, palyester Woven, knitted Conrpression bandages

Cotton, viscose, plastic films, pdyurethane, polyester, glass ~ Woven, nonwoven surface Orthopedic bandages
Polypropylene Wbven, knitted, nonwoven surface Band-aid

Cotton, viscose, lyocell, alginate, chitosan Wbven, knitted, nonwoven surface Band-aid, gauze

Cotton, viscose, cellulosic (pulp, pdylactic, polyglycolide) Nonwoven surface Medical meterialsin the formof wadding or interlining
Carbon Spunlaid, nonwoven Aificial vein or organ

Kolajen, paliglikalid, palilaktik, polyester, poliarrid, polipro- Braided, mono-filament Hodegradable sutures

pilen

Polyethylene, palyester; collagen, silk Braided, mono-filament Non-biodegradable sutures
Polyarride Wbven, braided Artificial tendon

Polyanride, Polyester, carbon, collagen, lowdensity palyeth- Braided Artificial cartilage and artificial ligaments
ylene

Chitin, polymethylmethacrylate Nonwoven surface Atificial skin

Silicon, collagen, polyacetyl Nonwoven surface Contact lens and artificial comea
Polyethylene Nonwoven surface Artificial joint and bone

When Table 1is examined, it is seen that cotton fiber is primarily preferred in bandages
and dressings, and nonwoven surface is the most frequently used. It is seen that spunlaid,
carbon fiber and nonwoven surface are used in the production of artificial veins and artifi-
cial organs (Akter et al., 2014).

Medical textile products are defined by categorizing them as follows.

Implantable Products: These are materials that have the ability to degrade inside the
body and can be placed inside the body by assuming the role of auxiliary function in organ
transplants. Examples include surgical sutures (biodegradable or non-biodegradable), car-
diovascular implants (vascular grafts, heart valves), orthopedic implants (artificial joints,
bones), soft tissue implants (tendons, ligaments, cartilage, muscle, skin, contact lenses, ar-
tificial cornea) (Adanur, 2017; Emek, 2005; Akter et al., 2014).

Non-implantable Products: These are products used outside the body. Examples in-
clude wound dressings, gauze, tampons and bandages (Adanur, 2017; Akter et al., 2014).

Extracorporeal Products: These are artificial organs that have functional properties and
are used to purify blood and perform the functions of internal organs in operations. Exam-
ples include artificial kidneys, artificial livers and mechanical lungs (Adanur, 2017; Akter et
al., 2014; Horrocks & Anands, 2003).

Care and Hygiene Products: These are medical clothing and equipment used in med-
ical practices to ensure the health and safety of healthcare personnel. Examples include sur-
gical gowns, masks, gloves, bed sheets, urine retention pads and sanitary pads (Adanur,
2017; Emek, 2005; Akter et al., 2014).

Biocompatible polymers are especially preferred in medical textile products that come
into contact with the skin and internal organs. Antibacterial, water-repellent and breathable
products are preferred in products such as personnel clothing, surgical gowns, hospital lin-
ens (Zhumagaziyeva, 2021).

Textile products used in the medical field are used in internal applications such as drug
delivery systems, soft tissue implants, cardiovascular implants and external applications
such as wound and burn dressings, hygiene products. Some of the textile products used in
the medical field are shown in Figure 1. (Zhumagaziyeva, 2021). Wound dressings help the
wound heal quickly and hygienically. Artificial textile vessels used for arterial and venous
autografts can replace problematic blood vessels and are expected to have natural vascular
properties. Antibacterial silver ion masks are important to protect the user from bacteria.
In order to ensure that the patient continues his normal life, an artificial kidney that per-
forms the same function is used instead of a kidney that cannot be used or is working prob-
lematically. Surgical sutures; are sterile, synthetic or natural materials used to combine body
tissues, fix prostheses, stop bleeding and connect the ends of tubular structures. Incision
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film is a transparent, air-permeable and hypoallergenic barrier product that prevents bac-
terial transfer by covering the surgical site (Zhumagaziyeva, 2021; Gemci & Ulcay, 2004; Eren
& Ulcay, 2010; Giil, 2007; Demirag et al., 2007; Felix Nonwovens, Films and Laminates, 2024).

Figure 1. (a) Hydrocdlloid dressing (b) Artificial vein; (¢) Silver ion mask d) Artificial kidneys €) Mondfilament surgical thread ; f)
Incision film Zhumegaziyeva, 2021; Inan & Seker; 2021, Salani et al,, 2018; Chellamani et al.,. 2013; Felix Nonwovens, Flms and Lami-
nates, 2024).

2.1. Healing of Damaged Tissues and Organs Using Textile Products

With their biomimetic properties and cell regeneration-promoting structures, the use
of nanofibers in wound dressings, stopping bleeding, preventing infection and tissue scaf-
folds contributes to tissue healing (Rosic et al., 2013). For this purpose, artificial kidney,
artificial liver, artificial heart and artificial textile vein are used (Ersoy et al., 2015).

2.2. Wound and Burn Dressings

Traditional wound dressings consist of gauze, bandages and plasters. They require reg-
ular changes and are limited in the wound healing process. Modern wound dressings in-
clude varieties such as hydrocolloid, hydrogel and foam. They accelerate healing by provid-
ing a moist environment on the wound surface. Their most important features are that they
are biocompatible and biodegradable, microbial control and infection prevention, easy to
use and economical (Souto et al., 2020, Zhumagaziyeva, 2021). In medical textiles, film dress-
ings, hydrocolloids, alginates, hydrofiber dressings, foam dressings, hydrogels, collagens
and antimicrobial dressings are used as wound and burn dressings (Mirasoglu, 2024).

Medical textiles are widely used for surgical and hygienic purposes. However, the in-
creasing demand for disposable products increases waste generation. The environmental
impacts of these wastes can be reduced with recycling and reuse strategies. For sustainabil-
ity, the circular economy model should be adopted, products should be produced from bi-
odegradable materials and recycling processes should be improved (Oncii & Kaygusuz,
2023).

2.3. Nonwoven Medical Textiles

The medical textile market is based on nonwoven products with their high perfor-
mance and easy-to-change features. They are used in a wide range of areas such as diapers,
dressings, gauze, surgical drapes and garments, hospital gowns (Zhumagaziyeva, 2021).

3. Antibacterial Textiles

People are in constant contact with bacteria that can multiply rapidly under suitable
conditions in their daily lives. These microorganisms can cause bad odors, infections and
product spoilage. The substances used in antibacterial textiles should be non-toxic, prevent
bad odors and should not harm human health. Features such as flexibility, comfort, strength
and breathability should be preserved. Many bacteria develop at 30-37°C, and food sources
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such as skin residues cause microorganisms to multiply rapidly on textile surfaces. Antibac-
terial tests are applied to detect the decrease in the number of microorganisms. Agar-based
inhibition zone tests are applied qualitatively and bacterial count tests are applied quanti-
tatively. AATCC 147 is widely used in the qualitative test method, and AATCC 100 and SNV
195- 920 and 921 in the quantitative test method. AATCC 147 and AATCC 174 test methods
are especially suitable for hydrophilic textile materials and antimicrobial chemicals released
from the surface. In quantitative methods, the amount of live microorganisms is measured
after the appropriate contact time. Shake Flask method uses more microorganism cultures,
while AATCC 100 method uses less microorganism cultures. The Japanese JIS Ligo2 stand-
ard has been developed and applied as the Hohenstein test method. The AATCC 100 method
is a reliable method to numerically evaluate antibacterial activity, but it is technically de-
manding and time consuming (Service, 1998; Lindemann, 2000; Thiry, 2001; Mucha et al.,
2002). Almost all antibacterial textile products have antibacterial properties against gram-
positive S. aureus bacteria. Staphylococcus aureus, Streptococcus pneumoniae, Mycobacte-
rium tuberculosis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus
mirabilis, Salmonella typhosa and Shigella dysenteriae bacteria are microorganisms used in
the medical field to determine antimicrobial activity. Gram-positive and gram-negative bac-
teria are used in antibacterial tests. Gram-positive S. aureus bacteria are the main cause of
cross-infection in hospitals. Gram-negative E. coli and P. aeruginosa bacteria are the most
troublesome bacteria in burn wounds. S. aureus bacteria cause 19% and E. coli bacteria cause
1% of surgical infections (Rowell, 2012). In order to prevent unwanted situations caused by
microorganisms, it is desired for medical technical textile products to have antibacterial
properties. While substances such as silver, zinc, mercury, tin, titanium and lead have the
ability to kill microorganisms, they can have toxic effects on humans and the environment
during application. Therefore, attention should be paid to the usage rate. Antibacterial tex-
tile products should not harm humans and the environment and should not adversely affect
the properties of the textile product. Alginate, soy and chitosan are naturally antibacterial
fibers. Natural fibers such as cotton, linen and wool are more sensitive to bacteria than syn-
thetic fibers due to their porous hydrophilic structure. Antibacterial fabric finishing is done
with chemical finishing agents. The antibacterial properties on textile surfaces can decrease
with the washing process. Antibacterial activity is maintained by applying high concentra-
tion finishing agents (Sari, 2020).

Antibacterial properties are imparted to fibers through surface applications, placement
of chemical substances into the fiber structure and chemical combination (Altinok, 2008).
In antibacterial finishing processes, one of the following methods is used: impregnation,
shrinkage, coating transfer, vacuum application, maximum liquor application, spraying,
foam application. Coating, impregnation and spraying methods are the most commonly
used methods (Seventekin et al., 2001). The most important antibacterial substances are
metals, halogens, phenol and its derivatives, alcohols, zeolites, oxidizing agents, chitin, chi-
tosan biquanidines, isothiazolones, ammonium compounds and organotin compounds.
(Devrent and Yilmaz, 2004, Seong et al., 1999).

4. Development of Antibacterial Medical Technical Textile Products

Antibacterial medical technical textile products increase the quality of healthcare ser-
vices, diversify biomedical applications and general living standards with innovations in this
field.

Anita et al. (2011), applied copper oxide nanoparticles to cotton fabric by microencap-
sulating them. It was observed that the fabric coated with encapsulated copper oxide has
antibacterial properties and can be used in the production of medical clothing.

Dizaj et al. (2014), used metal and metal oxide nanoparticles and found that particle
size is the main parameter determining antimicrobial efficiency. It was observed that the
toxicity of metal and metal oxide nanoparticles can be used as an alternative to antibiotics
and disinfectants in medical applications by minimizing them.

Combria et al. (2019), investigated the antibacterial properties and drug release behav-
iors of gentamicin sulfate (GS) loaded nanofibers using polylactic acid (PLA), polycaprolac-
tone (PCL) and polylacticcoglycolic acid (PLGA). It was observed that the nanosurfaces were
released immediately and had antibacterial properties against S. aureus bacteria.

Oguz, N. S. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo.14427385. 22 of 25



Current Potential Use of Antibacterial Textile Products in Medical Technical Textiles 23 of 25

Ferreira et al. (2019), applied polydimethylsiloxane (PDMS) and silver nanoparticle
based antimicrobial coating studies using the solution blowing spray method. It was ob-
served that the surfaces had antibacterial properties against E. coli and S. aureus bacteria.

Orhan et al. (2019), investigated the antibacterial properties of silver-containing cotton
and cotton/polyester blend surfaces after 7 days of use by doctors and patients. It was found
that antibacterial-treated doctor's gowns and sheets used for patients had high antibacterial
properties against S. aureus and E. coli bacteria; It is seen that its use in crowded places such
as hospitals and hotels will provide advantages.

Xia et al. (2019), aimed to produce an antibacterial wound dressing loaded with ciprof-
loxacin (CPF) drug using polylactic acid/gelatin (PLA/GE) nanofibers. Centrifugal spinning
method was used in the study. It was seen that drug-loaded PLA/GE nanofibers can be used
as an antibacterial wound dressing.

Abdoli et al. (2020), aimed to produce electroextruded nanofibrous tissue scaffolds for
a transdermal drug delivery system using tetracycline active ingredient containing graphene
oxide and polyvinyl alcohol and gum tragacanth polymer mixture. It was seen that the nan-
ofibrous composite structure has antibacterial properties and can be used in other biomed-
ical fields with controlled drug release.

Nematpour et al. (2020), produced nanofibrous medical textile surfaces containing tet-
racycline loaded dextran, PCL and graphene oxide for transdermal drug delivery and wound
dressing by electroextrusion method. It was observed that the composite material has a
strong antibacterial property against E.coli and S.aureus and can be used as a dermal wound
dressing.

Glingor et al. (2021), aimed to use cross-linked gelatin nanofibers as a wound dressing
using the centrifugal spinning method. Silver nitrate (AgNOs) was used to give the surface
antibacterial properties. It was observed that the obtained surfaces were wound dressings
with antibacterial properties against S.aureus and E.coli bacteria.

Snari et al. (2022), obtained surfaces consisting of a sodium polylactate/polyvinyl alco-
hol/ZnO mixture with the solution blowing technique in order to obtain wound dressings
containing biocompatible nanofibers with antibacterial activity. It was observed that the
surface gained antibacterial properties, but ZnO reduced cell viability.

Kale and Altun (2022), wanted to create an environmentally friendly alternative to
medical masks due to the fact that disposable masks, which are one of the most used prod-
ucts, are not biodegradable and cause increasing damage to the environment with the
"Covid-19" pandemic. An environmentally friendly alternative to conventional methods was
offered for medical masks by designing a mask with origami folding using kombucha tea as
a cellulose source.

Kertmen et al. (2022), examined the antibacterial properties of fabrics produced using
different knitted and woven surfaces, different yarn counts and different spinning methods.
It was found that knitted fabrics with antibacterial finish and knitted fabric samples con-
taining silver fiber with antibacterial properties were the most suitable fabrics according to
performance tests.

Pektas (2024), used polyvinyl alcohol, polyamide 6, polyamide 6.6, polyacrylonitrile,
polylactic acid, polymethyl methacrylate, polyvinyl pyrrolidone, polycaprolactan, cellulose
acetate and collagen polymers, vegetable and animal oils, ozonated forms of these oils and
immortelle essential oil in order to produce a medical textile surface containing nanofibers
with antibacterial and antifungal properties. It was observed that the obtained surfaces
could be used as wound healing medical textile surfaces.

When the studies are examined, it is seen that antibacterial medical technical textile
products are open to development and promising medical textile products

5. Conclusions

Technical textiles, as a rapidly developing field, aim to meet the needs of humanity and
improve living standards with an interdisciplinary approach. Antibacterial textile products,
as one of the most important innovative elements of medical technical textiles, play a criti-
cal role in the healthcare sector in terms of improving the quality of life of patients and
reducing infection risks. These products provide an effective solution in preventing infec-
tious diseases caused by microorganisms, especially in hospital environments, while also
providing great convenience in home care, elderly and bedridden patient groups.
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In the development of textile products with antibacterial properties; the use of biolog-
ical and chemical agents such as silver ions, zinc oxide nanoparticles, and plant extracts
increases the effectiveness of the products and offers more sustainable solutions. However,
the compatibility of these products with human health, their effects on the environment
and cost-effectiveness are of critical importance for future research. It is important for an-
tibacterial textile products to maintain their antibacterial effectiveness for a long time, to
prioritize the use of natural and biodegradable materials, and to design products that are
accessible to the masses at low cost.

Antibacterial textile products offer innovative approaches in the field of medical tech-
nical textiles, providing an effective solution in infection control and a valuable contribution
to the health sector. The development and widespread use of these products will play a
critical role not only in terms of individual health, but also in protecting public health and
ensuring a sustainable and quality life.

Funding: This research received no external funding.
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