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Abstract
Medical textiles are all fiber-based products and structures which are utilized for emergency treatment, clinical, surgical and 
hygienic purposes. It is an exceptionally particular and bio viable specialized material, utilized for clinical and cleanliness 
applications. Volumes of clinical waste being created in excess of 60 million tons yearly around the world. According to 
the current investigation reports and information, the worldwide clinical waste administration market was esteemed at USD 
11.77 billion in the year 2018 and will reach at 17.89 billion by the year 2026 at a compound annual growth rate (CAGR) of 
5.3%. Over the world, out of the measure of waste created by medical care activities, about 85% is general waste and staying 
15% is viewed as unsafe material that might be irresistible, poisonous or radioactive. The following particular reasons are 
very harmful for the environment in the upcoming future. The waste management policy of medical textile is a vital fact for 
the world. The potential and effectual solution is recycling of these medical wastes. Current solutions for 100% recycling of 
medical textiles are chemical treatment, incineration, and autoclaving. But the most innovative solution of medical textiles 
is molecular tagging/tagging of fibers. Medical textile market is producing state-of-the-art polymeric textile implantable 
devices that are redefining traditional materials and methods of surgery. Developing polymer innovation has yielded a wide 
scope of uses of implantable clinical material or biotextiles. Due to world Covid-19 pandemic situation, the requirement of 
medical textiles already has been increased almost double from last year. It has been observed that the market value of medical 
textiles will be in optimum position. In the year 2019, the global market worth of medical textiles was US$ 17.5 billion. In 
the present world, the current medical textiles like implantable and non-implantable categories are not applying for recycling 
process or end used of their life cycle. In this paper, we will discuss about potential solutions for recycling medical textiles 
like—by using conductive polymers, maintaining ε-Poly-lysine, non-fibrous biomass, bioactive fibers, etc. But there are still 
some challenges for recycling like—maintain 100% polymeric bonds, bacterial effect, flexibility and sustainability for clinical 
performance after recycling the specific product. In this paper, we are presenting the scientific methods, mechanisms, and 
procedures that used to overcome the aforementioned challenges in the recycling methods.
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Introduction

Over the few years, the medical textile industry is develop-
ing with new techniques for obtaining the combination of 
clinical purposes and optimization. The rate of successive 
challenges of recycling medical textiles is growing day by 
day with a significant result and flexible performance. With 
such widespread interest emerging in almost every area 
of daily life in the recycling and re-use of medical textile 
products, healthcare is one that does not immediately come 
to mind. There are, however, millions of textile products 
used per year in the healthcare sector. Many items become 

 *	 Amutha Chinnappan 
	 mpecam@nus.edu.sg

 *	 Seeram Ramakrishna 
	 seeram@nus.edu.sg

1	 Wuhan Textile University, Wuhan, China
2	 Center for Nanotechnology and Sustainability, Department 

of Mechanical Engineering, National University 
of Singapore, Singapore 119260, Singapore

3	 THDC Institute of Hydropower Engineering and Technology 
Tehri, Uttarakhand Technical University, Dehradun, India

4	 Faculty of Mathematics and Natural Sciences, Pattimura 
University, Ambon, Indonesia

/ Published online: 20 July 2021

Materials Circular Economy (2021) 3: 13

https://orcid.org/0000-0002-2800-0665
https://orcid.org/0000-0001-8479-8686
http://crossmark.crossref.org/dialog/?doi=10.1007/s42824-021-00023-5&domain=pdf


1 3

contaminated with medications, bodily fluids and blood 
during use, which makes it impossible to recycle or reuse. 
Because of strict restrictions on interaction with body fluids 
and medical devices, there is a growing demand for dispos-
able products in health care. Most textile products placed 
on the healthcare market are currently incinerated or sent 
to landfill, with virtually all disposable products inciner-
ated after use (Salahudeen and Rasheed 2020).Three main 
classes of antiviral coatings (antiviral polymers, metal ions/
metal oxides, and functional nanomaterials) were divided 
on the basis of the form of materials used at the contami-
nated sites. Based on the form of materials used at the virus 
contamination sites, the constituent antiviral members are 
categorized into a few large categories, such as polymeric 
materials, metal ions/metal oxides, and functional nanoma-
terials. To vindicate the antiviral process, the action mode 
against enveloped viruses was depicted. In determining, 
for example, between recycling potentially polluted goods 
and disposing of the goods in landfills, industry must take 
local environmental factors into account. However, another 
approach to this issue should be used, taking into account the 
global effect of these products on the environment, such as 
the analysis of the product life cycle (Abreu et al. 2006). In 
the high tech textiles and apparel industry, medical textiles 
(medtech) are considered one of the main growth areas. The 
advent of new and improved raw materials and processes 
is clearly motivated by Medtech, leading to new technical 
innovations explicitly designed to tackle issues facing medi-
cal professionals and patients on a daily basis (Sungmee and 
Jayaraman 2005).

Human discharge about 1.5 million tons of essential 
microplastics in to the sea annually, an aggregate identical 
to one ejected plastic sack for each individual each week. 
Such contaminations presently make up as much as 31% of 
all sea plastic and they turned up all over marine environ-
ment (Karim et al. 2020). A far reaching concentrate in 
the year 2017 found an issue that only 2% of such plastics 
originate from microbreads which a few nations have begun 
restricting. The driving source — at 35% ended up being 
materials produced using engineered textiles (Ahmed et al. 
2016). In second spot, at 28% were the scraped pieces of 
vehicle and truck tires that wash from streets into water-
ways (Wicaksono et al. 2020). British purchasers are now 
requesting supportable items and shopping experiences. In 
time, they will anticipate that retailers and brands should 
address the items that are really adding to the problem. The 
uplifting news is that few organizations are in good shape. 
Leading clothing brands — including Patagonia, Adidas, 
and Mauritz — have recognized that their manufactured 
pieces of clothing are a significant wellspring of plastic 
microfiber contamination (Grasso 1995).

For certain enterprises, recycling has, for many years, 
been a mode of service. The various staple lengths and 

degree of maturity in the fibers are a major problem with 
recycled waste fiber. These characteristics make the recycled 
yarn ideal for a small range of products, such as mop heads. 
Jones Companies Ltd., since 1936, has been recycling waste 
fiber and has gradually improved the quality of yarn. The 
organization is concerned with manufacturing better quality 
yarn so that they can manufacture goods of higher quality. 
The growing issue of infectious disease worldwide, previ-
ously referred to, actually has a detrimental effect on the 
overall population around the Earth. More specifically, the 
problem presents a direct threat to the healthcare staff of our 
society, responsible for treating the sick. The World Health 
Organization (WHO) has estimated that there are some 59 
million healthcare staff in the six regions of the world they 
have listed. Almost all of these individuals are threatened, 
to some degree, by infectious diseases, depending on their 
particular responsibilities (Zins et al. 2015). Due to their 
ability to incorporate textile-based sensing and monitoring 
technologies into everyday life, functional textiles are seen 
as promising technologies to allow healthcare facilities and 
medical care outside hospitals. Much work has already been 
spent on fundamental practical textile research in the past, 
demonstrating that reliable monitoring solutions can be 
realized. The task remains to define and improve suitable 
medical applications and to meet the boundary criteria for 
medical approval and exploitation (Reiter et al. 2011). A 
fabric’s key benefit is its ability to adapt to shape and act as 
a “platform” or infrastructure to “carry” sensors and other 
information processing devices (from small to large) over 
various surface areas. There is no contact between the fabric 
and the electronic elements in such a loosely coupled mode, 
and the information carrying capabilities of textile fibers are 
not harnessed (Rajendran et al. 2002).

In recent years, antimicrobial textiles have drawn a sig-
nificant number of research activities aimed at reducing the 
spread of infectious diseases and enhancing the quality of 
life of human beings. In terms of killing strength, speed and 
effectiveness, textile materials for medical applications have 
unique antimicrobial performance specifications against a 
variety of microorganisms, such as bacteria, viruses and 
even spores that are somewhat different from the needs of 
consumer goods. When applied to fabrics and fibers, various 
biocides with claimed antimicrobial functions against patho-
gens are also available (Sun et al. 2011). The practice of 
recycling textile waste is prevalent in many countries, such 
as the UK, Germany, the USA, and Australia. Using passes, 
vouchers, competitions, and payments as lottery prizes to 
collect public residential engagement in recycling schemes, 
initiatives have been used to boost positive behavior toward 
recycling in schools (Ahmed et al. 2016).

Because of the widespread, medical textiles account for 
a huge market, not only in the hospital, hygiene and health-
care sectors, but also in hotels and other environments 
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where hygiene is required. The use of natural as well as 
synthetic fibers in the manufacture of different medical 
products has increased dramatically. During 1999–2000, 
the annual growth of medical textile products was pro-
jected to be about 10% (Rajendran et al. 2002). Personal 
protective equipment (PPE) is important for the safety of 
healthcare workers (HCWs) from highly infectious dis-
eases such as Covid-19. However, due to unprecedented 
global demand, hospitals have been at risk of running out 
of the safe and efficient PPE, including personal protective 
clothing needed to treat patients with Covid-19. Moreover, 
due to the lack of available knowledge of related tech-
nology, inadequate supply chains and strict regulatory 
requirements (McCullough et al. 1995), there are only 
limited production facilities for such clothing available 
worldwide. There is, therefore, a strong unmet need to 
coordinate the activities and efforts of scientists, engi-
neers, manufacturers, suppliers and regulatory bodies 
to develop and manufacture safe and efficient protective 
clothing using technologies available locally around the 
world (Karim et al. 2020). There are current comparisons 
of reusable and single-use perioperative textiles (surgical 
gowns and drapes). For medical staff and patient safety, 
reusable and disposable gowns and drapes follow new 
requirements, use synthetic lightweight fabrics, and are 
competitively priced (Overcash 2012).. Reusable surgical 
gowns and drapes show major sustainability advantages 
in many science-based life cycle environmental studies 
over the same disposable commodity in natural resource 
energy, hazardous organics, solid waste and instrument 
recovery (Brasch et al. 2013). Soft fibers and functional 
fabrics become an ideal platform in the areas of biologi-
cal and health monitoring, implants and implants, move-
ment implants, artificial intelligence, and human machine 
communication. A major challenge to their sustainable 
performance lies in the need for reliable and reputable 
energy systems (Dong et al. 2020). In the recent years, 
scientists have also focused on the profusion of so-called 
micro process, which are about the size of a sesame seed 
or less. Some of these are generally regenerated by the 
breakdown or abrasion of the larger products. In the last 
couple of years, the medical textiles waste like billions of 
tones are hampering our environment seriously as well as 
it is a big chance to reuse by recycling process for play-
ing a new horizon of the economy. By this review, we did 
our outmost to focus this serious matter with this recent 
and current incident of medical textile recycling process. 
Nowadays, we can observe that the whole world is strug-
gling with Covid-19 pandemic situation with lack of suf-
ficient medical aids. With this review and research paper, 
we can implement a great contribution on behalf of medi-
cal textiles recycling process with proper technology so 
that the medical aids will be sufficient and have a great 

contribution in the world in terms of economy, pandemic 
situation, insufficient supplies.

Materials

For medical and surgical uses, various materials are used. 
Closely woven cotton is commonly used in operating theat-
ers around the world and has some capacity to resist infec-
tion transmission by direct contact when dry. It has no 
resistance to wetting out, however, even when fresh. Once 
it becomes wet, cotton barrier performance is impaired, no 
matter how many layers are used. Consequently, such cotton 
fabrics are not appropriate for the operating theater. Thus, 
the search for a material immune to aqueous penetration 
started and a new generation of materials started. A non-
woven fluid-resistant fabric designed for use only once and 
discarded, as well as a variety of modern, tightly woven, 
reusable non-absorbent fabrics, are among them. In long, 
complex procedures where a high incidence of liquid and 
high-pressure mechanical stress related behavior occurs, 
laminates ensure reliable safety. Sustainability is one of the 
key challenges of modern society and in this regard, the 
science of building materials has evolved into the installa-
tion of highly polluting substances that have a low impact 
on the environment. Polymeric materials are no different. 
It is estimated that the production of plastics worldwide is 
about 320 million tons annually and is increasing and only 
about 10% of that amount is recycled, which means a large 
generation of waste and its dramatic effects on the global 
environment (He et al. 2016) to be used in new applications 
within areas such as food preparation. Cellulose is prob-
ably the most interesting of these biopolymers because it is 
so abundant on Earth and for centuries has had a profound 
impact on technology in areas such as textiles, packaging 
and storage. Cellulose is a polysaccharide caused by duplica-
tion of glucose units (Salahudeen and Rasheed 2020).

Performance comparisons between before and after recy-
cled products were confirmed after a review, the perfor-
mance of recycled medical textiles were significantly indi-
cated in present days (Zhao et al. 2009). Reusable thermostat 
water is supplied with bath water means thermo. Using this 
application, the maximum reaction temperature was 100 °C 
and temperature fluctuations could not be controlled below 
low or medium microwave power and this thermal technol-
ogy can be used in medical textiles recycling process (Mora 
et al. 2019).

Liquid blending of liquid or liquid chemicals is widely 
used in petrochemical processes, textile printing, food 
and the medical industry. These complex fluids must 
usually be separated after reaction for the purpose of 
product purification, regeneration or safe discharge (Hou 
et al. 2016). Another group of natural peptide products 
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produced by sophisticated molecular machines is ribo-
somally synthesized and post-translation-modified Pep-
tides (Karim et al. 2020). Insoluble melt pollution. Such 
industrial processes include plastics, leather, paint, fabric, 
acrylic, etc. (Salahudeen and Rasheed 2020). Low carbon 
power is another strategy to reduce the release of plastic 
GHG life cycle. Under the condition of 100% renewable 
energy, GHG emissions from US plastics production can 
be reduced by 50–75%. Another strategy to reduce GHG 
emissions from plastic is recycling, which reduces, in 
part, the more potent virgin production while preventing 
GHG emissions from other endogenous processes (EoL) 
such as incineration (Zheng and Suh 2019) (Fig. 1).

The pore size is customized so that the membrane can-
not be breached by bacteria, viruses and liquids, but the 
passage of water vapor molecules is possible. At high 
pressures, the laminate must be liquid-tight and show 
greater liquid resistance than other materials which are 
liquid-repellent. A barrier is something that hinders or 
limits by definition; (Brasch 2014) it may be something 
that hinders entry or passage; or it may be something that 
prevents or delays passage. Fabric barrier properties can, 
therefore, be characterized as the ability of a material to 
resist the penetration of liquids and/or micro-organisms, 
referred to as ‘strike-through’. We can retain 3R technol-
ogy for recycling materials in this phase (Fig. 2).

Molecular level tagging of polymers in fibers

In medical applications fields such as anti-counterfeiting, 
biological mimicking, data storage, sequence-defined 
macromolecules consist of a defined polymeric chain 
length, end groups, composition and topology. We have 
tried here the potential use of a storage medium of mul-
tifunctional sequence related macromolecules so that the 
performance after recycling will remain good durability 
(Rucker et al. 2011; Samanta et al. 2015). Although cur-
rent traditional storage devices are still able to cope up 
with a chain of polymeric functional stability, polymeric 
molecular tagging densities can be significantly increased 
and element sources (C, H, N, O) are highly abundant 

Fig. 1   Global life-cycle green 
house gas (GHG) emissions of 
conventional plastics in 2019 
by life-cycle stage and recycle 
type. Blue, orange, and green 
represent the stages of resin 
management, conversion and 
EoL management, respectively. 
The discharge of each phase 
is classified by the type of 
recycling treatment method, 
indicated by different colors of 
the corresponding color

Fig. 2   Concepts of 3R in recycling materials
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as components of macromolecular information. DNA, 
the genetic information carrier and potentially the larg-
est biopolymer of nature has already been used as a mac-
romolecule (Shimizu et al. 2020; Sun 2020; Swift 2020; 
Takamatsu et al. 2020). We need fundamentally denser 
storage technologies to store and make use of the tradi-
tional knowledge (Carmean et al. 2019) to give proper 
stability of moleculars tagging chains. Historically, two 
distinct disciplines have separately studied biological and 
man-made polymers. The analytical tools developed for 
the characterization of bio-macromolecules are, therefore, 
often very different from those used for synthetic polymer 
analysis. The size of biopolymers, for example—is classi-
cally measured (Zins and Ellas 2007) by gel electrophore-
sis, while synthetic polymers are more generally analyzed 
by gel permeation chromatography. However, as modern 
synthetic polymers have recently become almost as struc-
turally complex as biopolymers, the historical and cultural 
barriers between disciplines are increasingly disappearing. 
Not only is DNA’s ability to store and process information 
important for biology, but it also suggests a possible new 
path for man-made information technology (Tebyetekerwa 
et al. 2020; Traka et al. 2019; Vadicherla and Saravanan 
2019). For example, it has been stated that a whole book 
can be stored in the form of DNA sequences. Obviously, 
this biopolymer is very desirable for use in initial infor-
mation of storage applications because there are already 
available methods of synthesizing, copying and reading 
it, built and honed through decades of biomolecular study 
(Colquhoun and Lutz 2014) (Fig. 3).

ESI mass spectrometry analysis was performed on a Syn-
apt G1 HDMS mass spectrometer (Waters). Tested samples 
for this above polymeric reactions were diluted in 50% 

acetonitrile/0.1% formic acid in water and transferred into a 
96-well plate (Martens et al. 2018) (Fig. 4).

In living organisms, three sequence-controlled polymeri-
zation processes are dominant: replication of DNA, Tran-
scription of DNA-RNA, and translation of RNA-protein, in 
which the molecular information carried by nucleic acids is 
translated into protein chains identified by sequence. Nucleic 
acid-templated polymerization takes place during DNA rep-
lication and transcription through the action of DNA and 
RNA (Zhang et al. 2019). The mechanism of translation is 
much more complex and relies on large catalytic particles 
consisting of both RNA and proteins from ribosomes. All 
three of these polymerizations are more closely regulated 
than any known processes of synthetic polymerization. 
Therefore, biological methods for polymer synthesis and 
materials science have clear advantages (Mutlu and Lutz 
2014).

When the stability drawbacks of the biocatalyst in unnatu-
ral environments (i.e., organic solvents, high temperatures) 
are prevented through the use of immobilization-stabili-
zation techniques, the efficiency of enzymes in transform-
ing substrates is also enhanced (Zhao et al. 2019). Genetic 
mapping offers an important method at the molecular level 
to understand the genetic architecture of quantitative traits 
(Zins and Howard 2011). Thousands of QTLs responsible 
for lint yield, yield elements, fiber quality and other traits 
have been mapped and characterized using G with the con-
struction of high density genetic maps of tetraploid cotton, 
respective standards-the-G. Inter-specific populations of 
F2, BC and RIL in Barbadense (Zarybnicka et al. 2017).In 
the textile industry, fiber is a fundamental raw material.). In 
this analysis, the QTLs detected provide new knowledge to 
improve the quality of fiber and especially useful for marker-
assisted selection (Zhiyuan et al. 2014).

Fig. 3   Self-immolative antibac-
terial polymers spontaneously 
unzip into small molecules in 
response to a specific chemical 
stimulus (poly(benzyl ether)s 
with pendant allyl side chains 
and silyl ether end-caps) 
(Ergene et al. 2018)
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Challenges

After recycling done on specific materials used for medi-
cal textiles, there are some challenges for reuse with 100% 
comfortable way and full flexibility.

Critical incident occurrence for surgical applications

We can see that most recycled items are similar to product 
failure or critical incidents can be used as a way to direct 
product creation during product use for surgical gowns and 
drapes, however in this research, critical incidents were used 
to assess if one-shot learning occurred when one form of 
product had a major problem (McCullough 1993; Moradali 
and Rehm 2020; Moradi et al. 2019; Mutlu and Lutz 2019). 
The Critical Incident Technique (CIT) involves asking 
respondents to define specific cases where products are par-
ticularly efficient or ineffective. The events are then classi-
fied into groups and reliability checked (Brasch et al. 2015).

Resistance to microbial penetration

With large quantities of body fluids involved, some opera-
tions are very invasive and others are considered to be very 
high risk, such as orthopedic and neurosurgery. Others 
are considered to be low risk. The end users are respon-
sible for deciding what fabrics they want to use and for 
which surgical procedures they want to use. The consumer 

acknowledges the duty not to use fabrics for which they were 
never intended (Newsome et al. 1993; Nezakati et al. 2018; 
Payne 2019).

The clarity of the thin and soft fibers lies in the fact that 
they can be woven inside fabrics using a variety of well-
designed techniques such as weaving and knitting (Pensupa 
et al. 2018; Radu et al. 2016). The most powerful and sen-
sitive respiratory monitoring program we have shown is 
designed to detect early signs of respiratory distress associ-
ated with various medical conditions in sleep pathologies or 
severe viral symptoms (Wicaksono et al. 2020).

The conveyors need to be installed not only on the sur-
face of the woven structure but also on the inside, providing 
continuous contact between the wires during its mechanical 
deformity (Takamatsu et al. 2015). From a molecular stand-
point, sulfobetaine is closely related to taurine (2-aminoeth-
ane sulfonic acid), which contributes significantly to human 
and animal tissue cells (Rajan et al. 2020; Rajendran and 
Anand 2018). Because of these benefits, sulfobetaines are 
highly promising as excellent constituents in the earth’s per-
formance in textile materials. They have not only provided 
antimicrobial properties in textile care and wound dressing, 
but also improved textile hydrophilicity, which, however, has 
very few reported sulfobetaine active compounds in textile 
materials (He et al. 2016) (Table 1).

In this above table with mentioned polymers, there have 
been some disadvantages for this replacement. This is given 
below:

Fig. 4   Identification of a sequence in batch polymers (C102H151N13O34S8) with tagging via mass spectroscopy (Algorithm determines the compo-
sition of a sequence-defined polymer starting from an experimental MS/MS-spectrum of the polymer (Wicaksono et al. 2020)
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•	 Polyhydroxyalkanoate- poor mechanical properties, high 
production cost, limited functionalities

•	 Berberine Chloride- some less side effect for children.
•	 cyclodextrin- Penicillin derivatives are sensitized
•	 Polysaccharide- enhancement of pharmacokinetic prop-

erties
•	 ε-Poly-lysine – can produce L-lysine through polymeri-

zation
•	 Triclosan- Alters hormone regulation in animals.
•	 Chitosan- impacts on alkaline waste and organic mate-

rial.
•	 poly(vinylpyrrolidone) - slowly added to ethanol with 

vigorous
•	 Hyaluronan- can cause redness and soreness when 

injected into the joint.
•	 Poly-DL-lactide- attempts to address the effects of PLGA 

molecular weight, lactide to glycolide ratio, crystallinity
•	 polydioxanone polymer- 7.9% rate of delayed noninfec-

tious inflammatory tissue response requiring surgical 
drainage

Resistance to liquid penetration

There is a need to maintain the traceability of decontamina-
tion, disinfection and sterilization. Using an agreed manu-
facturing or other methods that can preserve the properties 
of the material, the properties of the materials will have to 
be preserved (Ahmad et al. 2019). A manufacturing speci-
fication, including visual and hygienic cleanliness, decon-
tamination, disinfection and sterilization, would have to be 
developed and tested for the product. A product that has 
been successfully designed could be transformed into an 
unrecognizable piece of material after a sterilization method 
(Arun and Gopinath 2020).

Bursting strength

Sustainability is the world’s most recent buzzword that 
encompasses three areas, including the environment, eco-
nomics and culture (Brasch et al. 2019). With the advent, 
acceptance, and obsolescence of quick fashion, textile 
waste is rising at phenomenal rates to unparalleled levels. 
Via a proper recycling approach, textile waste can be the 
raw material for the production of new value-added goods 
(Brennan 2018). Currently, textile waste management sys-
tems are undergoing a critical process aimed at generating 
value-added goods through different concepts and methods 
of recycling (Lukasz et al. 2019).

Tensile strength

Basically, mechanical recycling is a melt extrusion process 
consisting of the removal of contaminants and the melting of 
polymer flakes. Sorted polyester waste is ground into flakes 
and washed to eliminate the pollutants with detergent or 
solvents (Colquhoun and Lutz 2021). Flakes are thoroughly 
dried to avoid contamination of the products by hydro-
lytic degradation. To improve mechanical characteristics, 
these flakes are melted, extruded, and ideally cross-linked 
(Edwards and Vigo 2001). For a wide variety of items which 
would otherwise be made of virgin polyester fibers, such as 
yarns and other items, PET flakes are used as the raw mate-
rial (Karim et al. 2020).

Lint generation

During surgical procedures, airborne particles, specifically 
lint, may cause serious complications. Nonwoven fabrics 
made from wood pulp fiber, for example (He et al. 2019). 
Among other items, peritoneal adhesions have been reported 
as contributing to post-surgical difficulties such as intestinal 
obstructions (Sharfman et al. 2001). Incisional hernias and 
chronic abscesses at the wound site were additional postop-
erative problems (Das et al. 2020).

Potential solutions

The innovation solution for recycling of medical textiles is 
molecular tagging. However, we are discussing some other 
process for these solutions.

Incineration

The burning of natural mixes creates chiefly vaporous emis-
sions, including steam, carbon dioxide, nitrogen oxides, and 
certain toxic substances (for example, metals, halogenic 
acids), and particulate issue, plus solid deposits as remains 
(Hou et al. 2019). In the event that the states of burning are 
not properly controlled, poisonous carbon monoxide will 
likewise be created. The wastewater delivered by the cycle 
likewise contain harmful compounds, which must be blessed 
to receive keep away from antagonistic impacts on wellbeing 
and the environment (Hug et al. 2020). Most huge, present 
day incinerators incorporate energy-recuperation offices. In 
cold atmospheres, steam and additionally high temp water 
from incinerators can be utilized to feed metropolitan region 
warming frameworks, and in hotter atmospheres, the steam 
from incinerators is utilized to create power (Kozlowski 
et al. 2010).
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Ethylene oxide treatment

Ethylene oxide treatment is a setup innovation, having been 
utilized for quite a long time to sanitize materials — items 
available to be purchased, squander for removal, and things 
for reuse (Kumartasli and Avinc 2020). In clinical offices, 
ethylene oxide is utilized to treat catheters, stents, hardware 
with coordinated gadgets, and different articles that can-
not withstand the high temperatures of autoclaves. Surgical 
blades, cinches, other metal items and be treated with EtO 
despite the fact that they are all the more normally disin-
fected in autoclaves (Leung et al. 2020). Ethylene oxide, 
generally truncated EtO, which has the compound equation 
C2H4O, is once in a while called oxirane. It is a risky syn-
thetic, however, it has qualities that make it ideal for clump 
cleansing of odd-formed items. Ethylene oxide is a gas 
(unadulterated EtO bubbles at around 50 ° F. It is regularly 
blended in with a transporter gas, for example, nitrogen. It 
can go through plastic sacks and other penetrable bundling. 
In an all around planned cycle, the EtO encompasses the 
waste and purifies the surfaces. EtO pointer tape (much like 
the marker tape utilized in autoclaves) shows administrators 
that the sanitization cycle has been finished (Ma et al. 2020).

From a molecular standpoint, sulfobetaine is closely 
related to taurine (2-aminoethane sulfonic acid), which 
contributes significantly to human and animal tissue cells. 
Because of these benefits, sulfobetaines are highly prom-
ising as excellent constituents in the earth’s performance 
in textile materials (Mayandi et al. 2020). They have not 
only provided antimicrobial properties in textile care and 
wound dressing, but also improved textile hydrophilicity, 
which, however, has very few reported sulfobetaine active 
compounds in textile materials (He et al. 2016).

Containing ε‑Poly‑lysine fixation

In terms of surface area, skin is the human body’s largest 
organ, with a multitude of functions, including shielding 
our body from external pathogens. This barrier function is 
impaired by any sort of injury or impairment to the skin. A 
cascade of simultaneous stages, known as wound healing, 
involves effective cutaneous repair. Burn patients have a high 
risk of infection, caused by both resident and nosocomial 
acquired infections, which leads to a higher rate of mortal-
ity. Contemporary burn injury treatment requires both the 
patient’s survival and the burn tissue’s functional and cos-
metic result. Electrospinning is a flexible tool for the devel-
opment of tissue engineering and regenerative medicine 
nanofiber scaffolds. The evolution of multi-drug resistant 
pathogens during hospital stay after burn injury has been 
shown by a number of single-centered studies (Edwards 
et al. 2010).

Breathable fluid barrier

A significant research area has always been the production 
of suitable textile materials for the safety of healthcare work-
ers in the operating rooms. Tri-layer fabrics for surgical gown 
applications have been produced using polypropylene spun-
bond, polypropylene melt-blown and polyester/rayon spunlace 
(hydro-entangled) nonwoven layers with the help of a fusing 
machine and polypropylene powder. Data were measured and 
statistically analyzed for weight, thickness, bending rigidity, 
grab tensile properties, bursting strength, air permeability, 
water vapor transmission rate, hydrostatic pressure, water 
resistance (impact penetration test), and synthetic fabric blood 
repellency (unfinished and finished with water repellent solu-
tion polymethyl hydrosiloxanes). Because of the growing risk 
of exposure to blood-borne pathogens such as hepatitis B virus 
(HBV), hepatitis C virus (HCV), Ebola virus, and human 
immunodeficiency virus (HIV), surgical gowns have to meet 
severe requirements. The dual roles of surgical gowns serve 
as protective barriers against the transfer of micro-organisms 
and body fluids from the operating staff to the patient and even 
from the patient to the operating staff. In addition, since they 
cover a wide area of the body as protective garments, they have 
a great influence on the wearer’s comfort and, ultimately, the 
effectiveness of the procedure (Rabiee et al. 2020).

Conductive polymers

Conductive polymers (CPs) are known as a class of organic 
materials, analogous to inorganic semiconductors and met-
als, with special electrical and optical properties. Using sim-
ple, flexible, and cost-effective approaches, CPs can be syn-
thesized. By using simple electropolymerization methods, 
they can be conveniently assembled into supra molecular 
structures with multifunctional capabilities. A number of 
methodologies have been developed to alter and tune CPs 
to incorporate and interface them, including biomaterials 
and biosensors, into biomedical applications. Such new tech-
nologies are pursued in a number of biomedical fields, such 
as bioengineering, regenerative medicine and biosensors, as 
they could potentially lay the foundations for future break-
throughs (Beyki et al. 2014). Via electrostatic-adsorption 
and in situ immobilization methods, control-released aro-
matic-nanocapsules/cotton fabrics with good wash durability 
and long-lasting fragrance release capability were manufac-
tured without adhesives (Muradi et al. 2018).

Future directions

In the future, medical textiles will have a growing role. In 
all additional corporal instruments, external or implanted 
objects, healthcare and hygienic goods, textiles will, thus, be 
used. In the production of a variety of medical and surgical 
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products, medical textile materials continue to play an 
important role. In near upcoming 3 to 4 years, the global 
value of medical textiles market will be like US$100 bil-
lion. It is very much important to reuse with recycling pro-
cess with proper sustainability and proper optimization of 
medical textiles. We need to reuse of medical textiles with 
recycling process in a healthier condition. Optimum use of 
medical textiles with maintaining updated eco-friendly tech-
nology, establishes a cost-effective and greater economically 
friendly medical textiles.

Conclusion

Medical applications rely upon proper antimicrobial execu-
tion, necessities for application and anticipated advantages 
of utilitarian clinical materials. A few significant antimicro-
bial operators and clinical material improvements are being 
investigated, including quaternary ammonium salts, silver, 
and different metals. In the assembling of bio-absorbable 
filaments for a wide scope of clinical applications, includ-
ing wound dressings, stitches, nonwoven felts and networks, 
regular polymers play an indispensable role. They are made 
of polymer chains cross-connected and are corrupted by the 
hydrolysis of bonds. Some of the manufacturers are investi-
gating better assembling methods, while others are instruct-
ing purchasers on the best way to think about articles of 
clothing with the goal that they contaminate less. Retailers 
could assume a significant function in enhancing that mes-
sage. The 100% recycling process of medical textile will be 
a novel dimensional effort for the upcoming future of the 
world’s economy as well as environment.
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