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NONWOVEN FABRICS IN HEALTHCARE AND
MEDICAL DEVICES

Subhash Anand

Institute of Materials Research and Innovation, University of Bolton, U.K.
scal @bolton.ac.uk

Nonwoven fabrics are unique engineered fabrics offering cost effective
and often superior alternative solutions for an increasingly wide variety
of applications. Nonwoven fabrics are used in everyday life without
knowing it or seeing them as they are often hidden from view.
Nonwovens are a product for our time, created by a modern and
innovative industry. They are often combined with other materials and
are called composite materials. The world nonwoven market has more
than doubled in the past 10 years, from 3.19 million tonnes in 1999 to an
estimated 6.32 million tonnes in 2009. It is now estimated to be US §
22.4 billion in value in 2009 and 2.67kg per capita annual consumption
in Europe.

Textile materials and products designed for use in healthcare and medical
devices, a global market valued at over US $ 100 billion, can be divided
into the following categories according to their applications:

e non — implantable materials, such as wound dressings, bandages,

plasters, absorbent pads, supports etc;

e implantable materials, such as sutures, vascular grafts, arteries,
artificial ligaments, artificial tendous, artificial skin, scaffolds for
tissue and organ generation etc;

e extracorporeal devices, such as artificial kidney, artificial liver
etc; and

e healthcare and hygiene materials, such as babies’ diapers,

feminine hygiene products, incontinence products, operating
room garments, uniforms, hospital bedding, clothing etc

The paper will demonstrate the tremendous growth in the use of
nonwoven materials in healthcare and medical textiles products
worldwide. A number of case studies will be discussed to encompass the
full spectrum of applications of different types of nonwoven fabrics in
this vibrant and expanding sector.
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ELECTRONICALLY FUNCTIONAL YARNS FOR
MEDICAL TEXTILES

Tilak Dias
Centre for Research in Advanced Textiles (CReATe), School of Art and Design,
Nottingham Trent University, United Kingdom
tilak.dias@ntu.ac.uk

Most wearable technologies manifested themselves in laboratories or as
clothes that were specially made and bore little resemblance to garments
which users would regard as normal. In the first generation of wearable
technologies, electronic devices were simply attached to garments or
included in pockets. In the second generation, electronic functionality
was achieved by incorporating conducting yarns into the textile structure.
However, our research has demonstrated their major drawbacks caused
by inherent hysteresis of textile structures which limits their application
only to relative measurements. Therefore, we have taken a major step
forward and develop a third generation of electronic textiles where
integrated circuits are fully incorporated into yarns prior to fabric or
garment production.

The aim of the presentation is to report the development of a new
platform technology whereby semiconductor devices are directly
encapsulated within yarn. Once produced these electronically functional
yarns will be incorporated into fabrics using conventional textile
machinery or used as sewing thread in garment manufacture. The
resultant smart yarn technology will have a profound effect on the
production and use of electronic textiles in clothing applications by
providing robust functionality that is resistant to wear, washing and
drying and can be produced at lower costs than the electronic textiles
available today where functionality is often added at the garment stage.

Our current focus involves the packaging of miniature semiconductor
sensors, actuators and micro controllers within polymer micro pods that
will provide a flexible hermetic seal for mechanical, thermal and
electrical protection whilst free fibres between pods will ensure that,
where required, the textile characteristics of the resultant fabrics are
retained. Prototypes of electronically functional yarns with fully
integrated systems for the measurement of 1) temperature and humidity
2) pressure, and 3) position and orientation are being developed.
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Temperature and humidity sensors could be used for ambulatory body
measurement in medicine. Pressure measurement sensors could be used
in garments for the treatment of lymphoedema, ulcers and burns. Position
and orientation measurement devices could be used to assist in restoring
limb function for patients in the treatment of strokes.
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A NOVEL WEARABLE LOW ENERGY MINI SIZE
ECG ANT NODE FOR HEALTH MONITORING

George K STYLIOS, Liang LUO
Heriot Watt University, RIFleX, School of Textiles & Design, UK
g.stylios@hw.ac.uk

This paper describes new research for devising a new wearable ECG
based on ANT. We have used ADS1291 single channel ECG analog
front end, MSP430F ultra low power mixed signal processor and ultra
low power wireless connectivity protocol ANT to construct a bespoke
low energy ECG monitoring system. The system can form part of a
garment and its particular characteristics are its low energy and its mini
size¢ ECG node whilst keeping its 24 bit DC measurement accuracy
needed for health monitoring at medical standards. The system includes a
Li-ion chargeable battery and the overall node size is 50X38X12 mm’,
working on 250 Hz sampling rate. Under this configuration the node can
continuously monitor the body up to six days with only a single battery
charge. The node uses a smart phone as monitor and communication
relay. TCP/IP socket API is used through 3G communication, the node
can be linked to a remote database and the data collection and analysis is
based on data cloud calculation.

Key Words: Wearable electronics, werable EEG, Low energy, smart
textiles, ANT
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ANTI-INFECTIVE IMPREGNATED MATERIALS AND
THEIR IMPACTS

A. Cagrn Biike
Ege University Faculty of Medicine Department of Infectious Diseases and Clinical
Microbiology, Bornova, Izmir
cagri.buke@ege.edu.tr

Antimicrobial impregnated materials are attracting interest in health care
applications to protect human beings from infections. One of the
examples is nanosilver or silver nanoparticles. Silvers’ antibacterial
activity has been known from Hippocrates. Although silver use has been
limited toxicity reason, nanotechnology has allowed to decrease the
toxicity and to increase efficacy against bacteria. It is demonstrated that
silver nanoparticules have higher antimicrobial power than free silver
ions.

One of the major risk factors of hospital-acquired infections is
implantable devices. The most using device in health care is central
venous catheters. A well conducted meta analysis concluded that the
efficacy of central venous catheters whose outer surface is impregnated
with chlorhexidine and silver sulfadiazine to protect catheter related
blood steam infection was time dependent and was effective when the
median duration of insertion was less than 7 days. Another meta-analysis
of three randomized, controlled study results’ demonstrated that the
catheter related blood steam infection rates were not significantly
decreased by catheters both interluminally and extraluminally
impragnated with chlorhegzidine/sulfadiazine (OR:0.852; 95% CI, 02-
3.6). Although minocycline-rifampin coated catheters have shown to
reduce the risk of catheter related blood steam infection compared with
polyurethane catheters, the development of resistant flora has increased.
Silver coated central venous catheters have been used in attempts to
reduce catheter related blood steam infections. Today it is demonstrated
that silver nanoparticle impregnated catheters has the advantages such as;
continued release of silver ions in antimicrobial concentration, ability to
protect both inner and outher surface of catheters and wide antimicrobial
spectrum of activity [4]. The major sources of catheter related blood
stream infection is the patients’ own skin flora around the insertion site.
Even after careful skin antisepsis and cover the catheter surface by
transparent dressing, central venous catheter related blood stream
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infection can occur due to regrowth of the skin flora and migration of
bacteria from the dermis to the epidermis. In a randomized, multicenter
trial it is proven that chlorhegzidine-impregnated sponges were prevented
the regrowth of bacteria in the epidermis, and lowered the catheter
related infections (0.6 vs. 1.4 per 1.000 catheter-days HR, 0.39; P= 0.03)
and catheter related blood stream infection (0.4 vs. 1.3 per 1.000 catheter
days; HR, 0.24; P< 0.001). In recent years chlorhegzidine-impregnated
gel dressing was developed and have also been shown to decrease the
cutaneous flora as seen the sponges

Silver-alginate coated dressings have been found to be safe and to
decrease the peripherally inserted central catheter related blood stream
infections from 17.2% to 12.4% in a neonatal intensive care unit.
Randomized trials are warranted to further validate this result.

Another usage of antimicrobial impregnated materials is in neurosurgery.
Neurosurgical catheters can be fully or temporarily implanted in patients
with hydrocephalus to prevent brain damage. Both of these usages can
evoke bacterial infection. In vitro studies demonstrated that nanosilver
impregnated neurosurgical catheters release the silver ion for at least 6
days and it decreased growth of Staphylococcus aureus which is one of
the causes of catheter related ventriculitis. In a pilot clinical trial with
acute occlusive hydrocephalus patients it is revealed that in the group
with nanosilver catheters (n:19) there were no cases of catheter related
infections (ventriculitis) and all cerebrospinal fluid cultures were
negative while in the control group (patients with normal catheter, n:20)
five catheter related infections were detected. The study indicated that
nanosilver is potentially beneficial in the prevention of catheter related
infections but it needs further randomized large-scale clinical trials. On
the other hand antibiotic impregnated external devices may give false
negative results when a cerebrospinal fluid sample is drawn through this
catheter and may lead to end early the antimicrobial therapy.

Nanocrystalline silver wound dressings have been available for over a
decade and are using for the treatment of various wounds. In a
randomized clinical trial nanocrystalline silver dressings efficacy has
evaluated. Nanocrystalline silver dressings significantly decreased wound
healing time by an average of 3.35 days and increased bacterial clearance
from infected wounds in patients with burn when compared to
conventional silver sulfadiazine dressings. Another randomized
controlled study showed that although superficial burn wounds were
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healed better with nanocrystalline silver wound dressings there was no
differences between nanocrystalline silver wound dressings and 1%
silver sulfadiazine in healing of deep burn wounds, suggesting that
nanocrystalline silver accelerates only re-epithelization but not
angiogenesis and proliferation. One of the new fabricated nanocrystalline
silver containing dressings is chitosan-nanocrystalline silver. It is showed
superior healing rates compared to silver sulfadiazine dressings and
chitosan film. As proved by systematic reviews, nanocrystalline silver
usage is increasing in healt care settings to provide effective treatment for
a range of wounds. In another randomized, prospective study it is shown
that the use of 2% chlorhexidine gluconate-impregnated cloths was
effective at decreasing the quantity of skin microflora, which is the
leading agents of postoperative shoulder infections, than shower with
soap and water before shoulder surgery.

In conclusions anti-infective impregnated materials have been using with
and/or in addition to infection control measures to prevent or lower the
rate of health care associated infections. New materials that prevent
biofilm formation and bacterial growth are being tested.
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jockenhoevel@hia.rwth-aachen.de

Tissue engineering is a promising approach for the repair and
replacement of diseased or injured tissues and organs. Ideally tissue
equivalents are developed starting from three-dimensional (3D) scaffolds
exhibiting (a) high porosity and interconnected pore network for cell
growth and flow transport of nutrients and metabolic waste; (b) suitable
surface chemistry for cell attachment, proliferation, and differentiation
and (c) mechanical properties to match those of the tissues at the site of
implantation [1].

While bulk hydrogels act as homogeneous 3D scaffolds with uniform cell
distribution and high cellular viability, they generally exhibit poor
mechanical properties. The use of fibre reinforcement within cell seeded
gels not only provides mechanical stability, but also anisotropic
behaviour and the possibility of controlling the organization of the newly
synthesised extracellular matrix [2]. This abstract presents different
strategies to produce cardiovascular implants based on fibre-reinforced
cell seeded fibrin scaffolds.

Atherosclerosis is still the leading cause of mortality and morbidity
worldwide. Vascular bypass grafting is a commonly performed procedure
in the treatment of atherosclerosis. In addition to autologous arterial and
venous grafts, expanded polytetrafluoroethylene (ePTFE) prostheses are
currently used as a synthetic “gold standard” in small calibre vascular
grafting (I.D. < 6mm). Still the occlusion rate is 42% after 6 months and
67% after 18 months [3]. Histological examinations reveal a great
percentage of calcification (68%) within and adjacent to the explanted
ePTFE membranes and conduits (arterial, arteriovenous, or cardiac
grafts) [4]. Although ePTFE is considered to be immunologically inert, it
is often prone to thrombogenesis and infections [5].

37



INTERNATIONAL CONGRESS ON
HEALTHCARE AND MEDICAL TEXTILES
MAY 17-18, 2012

[ZMIR, TURKEY

meditex

The main cause of graft failure is the development of neointimal
hyperplasia (NIH) in the graft lumen mainly because of reduced
haemocompatibility and foreign body reaction with accompanying
myofibroblast migration to the NIH-sites, with further progress of
cellular death and calcification [6]. Additionally, a biomechanical
compliance mismatching between the native vessel and the bypass graft
induces haemodynamic changes such as turbulent flow and shear stress
especially near the anastomosis-site leading to thrombus formation and
excessive intimal hyperplasia. Therefore there is a high need for small-
calibre vascular grafts with long term patency, reduced risk of infection
and matching biomechanical compliance properties.

Tissue engineered small-calibre vascular grafts were moulded using a
poly (L/D) lactide 96/4 (P(L/D)LA96/4) mesh surrounded by a fibrin gel
embedding autologous arterial derived cells. After dynamic conditioning
in a bioreactor system tissue engineered grafts were implanted in the
carotid artery position of sheep. Graft patency was monitored
periodically using a Doppler ultrasound system postoperatively.
Explanted grafts at predetermined endpoint of 1, 3 and 6 months were
patent and showed complete absence of thrombus formation and no
evidence of aneurysm formation or calcification. Histological
examination of the grafts revealed a dense homogenous distribution of
cells, extensive collagen formation within the graft wall and remodelling
of the fibrin scaffold. A confluent and intact monolayer of endothelial
cells lining the luminal surface of the grafts could be shown by positive
reactivity to eNOS and vWF. Hydroxyproline assay demonstrated
progressive collagen synthesis over the 6 month implantation period.

The principle of combining a fibrin gel with a mechanically stable co-
structure was further applied to stent angioplasty. After stenting the
patency rates of small-calibre grafts are still insufficient. The aim of the
BioStent concept is to overcome vessel occlusion by means of an intact
functional active endothelial cell layer excluding the atherosclerotic
plaques from the luminal side of the vessel. The proposed concept
consists of a self-expanding stent covered by a cell seeded fibrin gel. The
remodelling of the fibrin scaffold with mature autologous proteins was
tested by histological analysis. A confluent endothelial cell monolayer
lining the luminal surface of the BioStent was shown by scanning
electron microscopy. After the cultivation in a bioreactor system a thin
layer of about 200pum completely covering the stent structure was
achieved. Furthermore a complete lining of endothelial cells was
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observed. Results from a first animal study in adult sheep are being
evaluated on BioStents explanted up to 6 months after implantation in the
carotid artery position.

Fiber and textile reinforcements offer crucial advantages also for valvular
prosthesis. An adequate textile structure gives mechanical stability and
constraints tissue contraction due to cellular remodelling, which is one of
the major shortcomings in the field of cardiovalvular tissue engineering
leading to retracted leaflets and therefore insufficient valves. Notably
fiber reinforcement has also the potential of guiding the deposition and
organization of proteins as to mimic the properties of the native valves.

Key Words: Fibre reinforcement, fibrin, textile, cardiovascular
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INNOVATIVE FIBER BASED DRUG DELIVERY SYSTEM
WITH CONTROLABLE DRUG RELEASE

Katalin Feher, Philipp Schuster, Stefan Jockenhovel
Institut fuer Textiltechnik Aachen, Lifescience and Smart textiles, Aachen, Germany
Katalin.Feher@ita.rwth-aachen.de

Purpose

Drug delivery systems enable a constant drug release over a certain
period of time. Due to a localized drug release and improved drug release
kinetics the overall drug dosage can be reduced. The benefits are
reduction of unwanted side effects and the elimination of overdosing.
Thus, product efficiency and safety, as well as patient convenience and
compliance can be improved. The advantages of textile structures for
drug delivery systems are the possibility to manufacture two-and three-
dimensional structures, their good drapability and the possibility of
adjusting mechanical and morphological properties. The high specific
surface area of fibers is of special interest for drug delivery systems

because drug release occurs via the fiber surface.
1 AT AN

et

Tubular warp- Coextruded fibre c/s E-Spun nanolayer Trilobal fibre
knitted structure
Figure 1. Different fiber and textile structures

Methodology

Within a current research project “Laser induced drug release from
polymer fibres with incorporated microgel — Photorelease” funded within
the program “Exploratory Research Space at RWTH Aachen - ERS®, the
Institut fuer Textiltechnik of RWTH Aachen University in cooperation
with DWI an der RWTH Aachen e.V., Chair for Laser Technology LLT
at RWTH Aachen University and the University Hospital Aachen are
developing a highly innovative fiber based drug delivery system.

Goal of the project is a drug loaded stent with controllable drug release
by the use of laser irradiation. The main idea of the project is based on
the chemical bonding of fluorouracil (5-FU) to a microgel, which can be
cleft by a laser irradiation of a certain weave length. Therefore, firstly the
drug loaded microgel is incorporated into the spin solution using
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biocompatible polycarbonate-urethane (PCU) as polymer. Hereafter drug
loaded fibers are manufactured via air-gap spinning. Finaly, the drug

loaded fibers are processed via braiding to stents.
microgel

cyclodextrinin
microgel

drug release

cyclodextrin/linker / drug complex

Figure 2. Project concept — RWTH Aachen University ERS Funded Project
“Photorelease”

Results

Prior to the fiber production, an appropriate polymer-solvent system
needed to be found. A screening of different organic solvents resulted in
one solvent, which can be used to produce PCU fibers. N-Methyl-
Pyrrolidon (NMP) has the optimal conditions including high solubility,
low toxicity and low vapor pressure for the fiber production. The
maximum solubility of PCU in NMP that can be achieved amounts to
30%. A piston spinning plant was used to process fibers via air-gap
spinning. Water was used as coagulation medium. In order to achiev
parameters for a stable production process the residence time of the
filaments in the coagulation bath had to be increased. Best results
afforded the mixture of 25% PCU and 75% NMP. For fibers with
incorporated microgel a composition of 23% PCU, 71% NMP and 6%
microgel showed promising results. Due to high costs of fluorouracil (5-
FU), the calibration of process parameters occurred only for cyclodextin
microgel. Fibers without microgel were produced successfully with a
titer of 98 dtex, a tensile strength of 8 cN/tex and an elongation at break
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of 61%. So far, no stable production process for fibers with incorporated
microgel could be established.

Conclusion

A drug release system with controllable drug release is a highly
innovative and promising approach for gentle patient therapy. Within this
study a fiber manufacturing process could be established that enables the
incorporation of the described drug release system into the fibers. This
successful fiber development offers a multitude of applications for the
drug release systems due to the variety of textile structures which are
used for medical implants/devices.

Key Words: Dry/wet spinning, PCU, drug release, 5-FU, microgel

45



INTERNATIONAL CONGRESS ON
HEALTHCARE AND MEDICAL TEXTILES
MAY 17-18, 2012

[ZMIR, TURKEY

meditex

ELECTROSPINNING OF CLAYS- AND MESOPORES-
BASED PAN NANO-COMPOSITES: MORPHOLOGY
CHARACTERIZATION

Sliman Almuhamedl, Nabyl Khenoussil, Laurence Schacherl,

Dominique Adolphel, Jocelyne Brendle’, Benedicte Lebeau®
! Laboratoire de Physique et Mécanique Textiles EAC 7189 CNRS/UHA
ENSISA, 11 rue Alfred Werner F-68093, Mulhouse Cedex, France
? Laboratoire de Matériaux a Porosité Contrélée UMR 7016 CNRS/UHA
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laurence.schacher@ubha.fr

This paper reveals the influence of different clays and meso-porous nano
particles, as additives, on the morphology of nano-based polyacrylonitrile
composites and their potential application. Nano-based PAN composites
have been prepared by electrospinning of colloidal polymer-additive
dispersions in DMF. Different combinations of electrospinning process
parameters have been investigated in order to obtain certain
morphologies which are suitable for potential applications. Certain
techniques are available to characterize the morphologies of produced
nano-nonwovens including scanning electron microscopy, X-ray
diffraction, FT-IR spectra. Micro-pores and meso-pores characteristics
have been evaluated by means of N, adsorption, where specific surface
areas and pore size distributions have been characterized by BET
method.

Key Words: Electrospinning, clay, mesopores.
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ANTIMICROBIAL NATURAL COMPOUND LOADED
POLYAMIDE 6 NANOFIBERS

Gamze Dogan', Figen (")zylldlzz, Giildemet Basal Bayraktarl,

Atag Uzel®
'Department of Textile Engineering, Ege University, Izmir, Turkey,
? Department of Biology, Ege University, Izmir, Turkey
gamze.dogan@usak.edu.tr

Electrospinning is a relatively simple method that sub-micron ranged
fibers are produced. High surface area to volume ratio, pore sizes
between 500 nm-1 um, and high porosities of nanofiber webs make them
attractive for filtration applications [1]. Some specific materials may be
required for some advanced filtration applications such as clean room
filters or additional filter layers that can be bounded on face masks.
Nanofibers are suitable materials for these applications due to their
excellent properties mentioned above. Usage of silver containing PA 6
nanofibers in filtration applications was studied by Pan et al.[2].

This study aims at determining the optimum spinning parameters for PA
6, producing PA 6 nanofiber webs, loading of these webs with Turkish
Sweetgum (Liquidambar orientalis), and  determining antibacterial
activities of L.orientalis loaded PA 6 nanofibers.

Polyamide 6 is a widely preferred synthetic polymer for electrospinning
due to its trouble-free spinability. Effective electrospinning of PA 6
nanofibers were extensively studied in the literature [3-5]. But there were
no studies about loading of L.orientalis extract on PA 6 nanofibers.
L.orientalis that grows only in limited location of Turkey was selected
because of its excellent antimicrobial properties [6].

The influence of applied voltage, flow rate and distance between needle
tip to collector on fiber formation and fiber morphology were studied.
Applied voltages of 10, 20, and 30 kV, flow rates of 5 and 10 pL/min,
and distances of 10 and 15 cm were selected process parameters carried
out to the PA 6/formic acid solution at a constant concentration of 20 wt
%. To investigate the morphology of nanofibers, SEM images were
taken. Fiber diameters were determined by Image-J visualization and
scaling software. The finest fibers were obtained at voltage of 20 kV,
flow rate of 5 pL/min, and distance of 15 cm. SEM image, average fiber
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diameter and fiber diameter distribution can be seen in Figure 1. Beaded
fibers were formed at 5 pL/min flow rate, 10 cm distance and both 10 kV
and 20 kV voltages. Formation of beads can be explained by the
application of a voltage less than the critical value for this polymer
solvent system.

Studies on loading of L.orientalis on PA 6 nanofiber webs are going on.
L.orientalis was dissolved in ultra pure water after setting initial
concentration. PA 6 nanofibers will be incorporated with extract by
shaking at a determined period. Then antimicrobial activities of these
nanofibers will be tested against Staphylococcus aureus (RSKK95047),
Escherichia coli (0157H7)(RSSK232) and Candida albicans (DSMZ
5817) according to slightly modified version of AATCC test method
100-2004.
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The generation of the three dimensional scaffolds supporting cell in-
growth and proliferation have become an increasingly active area of
research. In this context, the design of fibrous structures with tailored,
biomimetic geometries for the application as implants can be appropriate
[1]. Electrospinning is able to appropriate design of effective-in-clinical-
use, biomimetic scaffolds due the high enhance of the surface as well as
ultrathin fibres [2].

The composites of polymers and ceramics are preparing for the
increasing of efficiency of fibrous structure in the field of biomaterials
and tissue engineering applications. Composite scaffolds have been in-
vivo proved as an appropriate for the reconstruction of multi-tissue
organs, tissue interfaces and structural tissues, including bone [3].
Hydroxyapatite (HA) is a major inorganic component of bone and teeth.
The structures containing HA have been characterized by high
potentiality for cell proliferation, better mechanical properties than
scaffolds without HA. Fibrous structures containing HA and PLA or its
copolymers could be an ideal biomaterials scaffolds having good
osteoconductivity, osteoinductivity, biodegradability [4].

The main purpose of project No.WND-POIG.01.03.01-00-007/08
“BIOGRATEX - Biodegradable fibrous products” is to develop several
innovative solutions for application in medicine, hygiene products
industry, agriculture, and filtration. The main aspect of the project is to
design the scaffolds for bones regeneration differing in composition and
structure.

Nonwoven structures have been electrospun of the biodegradable
copolyesters with addition of nano — sized hydroxyapatite. Polymers
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were obtained from Centre of Polymer and Carbon Materials, Polish
Academy of Sciences, Zabrze/Poland.

The electrospinning processing parameters and concentration of polymer
in solution influence on the fibres diameter were determined. The usable
parameters of selected nonwovens and the effect of radiation sterilization
dose for nonwoven usable parameters will be presented.

SEM microphotographs were made on a Nova NanoSEM 230 scanning
electron microscope (FEI Company) and on scanning microscope JSM-
5200 LV (Jeol).SEM microphotographs of selected electrospun
nanofibers structures are shown in Figure 1.

a) R i M 5
Figure 1. SEM microphotographs of electrospun nanofibers structures with addition of
nano-sized hydroxyapatite: a) Sample 1 (magnification x 24000); b) Sample 2
(magnification x 10000)

—_—sm— b) B D s s R o

Key Words:Electrospinning, biodegradable copolyesters, hydroxyapatite
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CHOICE AND EVALUATION OF BUFFER SYSTEMS
TO REALIZE A PH NEUTRAL DEGRADATION OF
POLYGLYCOLIC ACID (PGA)

Philipp Schuster, Stefan Jockenhovel
Institut fuer Textiltechnik Aachen, Lifescience and Smart textiles, Aachen, Germany
Philipp.schuster@ita.rwth-aachen.de

Introduction:

Resorbable polymers are established since several decades in biomedical
applications. The most frequently used resorbable polymers are still the
aliphatic polyesters polylactides (PLA), polyglycolid (PGA) and
polycaprolactone (PCL) homo- and copolymers. Resorbable polymers
are used as implants whenever the device shall fulfill its function for just
a certain period of time. Besides their current main use as degradable
sutures, aliphatic polyesters are also interesting materials for
osteosynthesis and drug delivery systems as well as scaffold structures
for the tissue engineering approach. [8, 9, 6] Their main advantages are
avoidance of a second operation to remove the device, a slow transfer of
load from the degrading polymer onto the regenerating tissue
respectively the consistent drug release over the degradation time.

The mechanism of polyester degradation has been investigated
extensively over the past 20 years and is well known today. [5, 4, 7] First
water diffuses into the polymer. Polymer chains then are degraded by
hydrolytic scission of ester linkages in the polymer backbone by creating
carboxylic end groups. [8, 9] These acidic carboxyl end groups decrease
the pH of the near surrounding of the implant. This pH drop is one of the
main concerns regarding the use of aliphatic polyesters for implants as a
low pH may cause inflammation in the host tissue. The incorporation of
neutralizing bases or buffer systems into the polyesters has the potential
to overcome these effects. Some research groups have already
investigated the incorporation of such additives to aliphatic polyesters in
order to realize a pH neutral degradation. [1, 2, 3]

In some cases the pH drop occurred delayed but it could not avoided in
total. Furthermore all results are based on injection or compression
moulded parts respectively foils. The incorporation of buffer systems into
fibers was not investigated yet.
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Material and Methods:

In order to develop a pH neutral degrading fibre, a requirement profile
for buffer systems was set up at first. A choice of buffer systems was
carried out on the basis of a literature research. During compounding and
melt spinning the polymer and the buffer system undergo a thermal load.
Thus, the influence of the thermal load to the capacity of the buffer
system was evaluated within a pretrial test series. The dosage of the
buffer systems was calculated on the basis of the Henderson—Hasselbalch
equation. The most promising buffer systems will be used for
compounding and spinning trials.

Results and Discussion:

Regarding the requirement profile the buffer system properties buffer range
and buffer capacity, the processability of the buffer system via melt
spinning as well as the biocompatibility of the buffer system were taken
into consideration. Among other buffer systems HEPES / HEPES NA
was found to be a promising candidate. This assumption was confirmed
by the results of a pretrial test series in which both the thermostability
and the buffer capacity were tested (see Figure 1 and Figure 2)
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Figure 1. Influence of the thermal load to the capacity of HEPES / HEPES NA 1.23
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Figure 2. Changes in pH of the dissolution media during degradation of PGA at
37°C under static conditions

In order to adjust the buffer system to a pH of 7.4 and according to the

[s&ras val _ mp&-pm&&:rm":&?‘f}
[a&rEs]

the ratio HEPES NA / HEPES needs to be 1.23. In the next steps the

actual compounding and afterwards the spinning will take place.

Henderson—Hasselbalch equation

Key Words: Aliphatic polyesters, polyglycolide, degradation products,
buffer system, neutral degradation
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ONTO POLYETHYLENE TERPHTHALATE USING
QCM-D
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Engineering, University of Maribor, Slovenia
ales.doliska@uni-mb.si

During last 60 year’s many different approaches were introduced to
improve biocompatibility respectively haemocompaibilty of polymer
surfaces used for production of medical devices. One of the most
important tasks in these developments is among others also an accurate
analytical approach in determination of the haemocompatibility of
polymeric materials’ surfaces. A widely recognized and accepted in-vitro
method for blood compatibility determination still does not exist. In
consequence, a wide variety of different systems are currently applied in
the development of new biomaterials [1]. Recently have been presented a
very promising new approach for the identification of biomaterials’
haemocompatibility using quartz crystal microbalance with dissipation
unit (QCM-D) [2-4].

In this research Quartz Crystal Microbalance with Dissipation monitoring
apparatus, QCM-D was used for blood protein fibrinogen adsorption and
plasma clot formation studies. Surface bound fibrinogen has been shown
to have a key role in the adhesion of platelets to artificial surfaces, and
platelet adhesion to artificial surfaces is mediated exclusively by surface-
bound fibrinogen and does not seem to involve the other plasma adhesion
proteins [5]. Therefore biomaterials with low affinity to fibrinogen are of
great interest and QCM-D is appropriate tool for monitoring the protein
adsorption. Quartz crystal microbalance with dissipation unit (QCM-D)
is one of a few techniques that give direct information about the
adsorption process in situ. It is based on the change in resonance
frequency of a thin AT-cut piezoelectric quartz crystal disk that oscillates
in the shear mode when AC voltage is applied across electrodes. The
resonant frequency changes with the mass deposited on the crystal
surface, rendering QCM a very sensitive mass sensor [2].

On Figure 1 fibrinogen adsorption monitored by QCM-D onto differently
modified model PET surfaces is represented.
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Figure 1. Frequency changes (at third overtone) during fibrinogen adsorption onto non-
modified (PET) and anticoagulant coated (Heparin, Dextran Sulphate) PET surfaces
monitored by QCM-D (times of fibrinogen additions, as well as rinsing with buffer are
market by arrows)

Differences between the fibrinogen adhered to the surfaces treated with
anticoagulants and non-treated PET surfaces are significant.

The results showed that QCM-D is a valuable tool for investigation of the
surface activities of different surfaces and is a well suited technique for
protein adsorption studies. The main drawback of QCM-D is its
limitation to model surfaces, which often differ from the real surfaces.

Key Words: Haemocompatibility, QCM-D, PET, anticoagulants,
fibrinogen, coagulation time
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Recently people have started to search for less toxic and more effective
antimicrobial agents. During these investigations, chitosan obtained from
chitin of insects has become an attractive agent for antibacterial
application, because of its lower cost, biocompatibility, biodegradability
and high antimicrobial activity. It has been shown to be useful in many
different areas-as antimicrobial compound, as a flocculating agent in
wastewater treatment, as a hydrating agent and more recently as a
pharmaceutical agent. Due to the positive charge on the C-2 of the
glucosamine monomer below pH 6, chitosan can blind to the negatively
charged bacteria cell. When the chitosan interacts with the membrane of
the bacteria cell it increase the cell permeability [1-5]. Chitosan is very
suitable to use with Poly(lactic acid) (PLA) polymer matrix which is
also biocompatibility and biodegradability. PLA has started to use in
medical application such as sutures, meshes and wound dressings [6]. In
order to minimize the risk of device-related infections, the antimicrobial
PLA/chitosan composites can be used. In this paper, chitosan particles
were mixed into the poly (lactic acid) matrix in the percentage range of 1,
3 and 5 wt% and thin films were obtained by melt-extrusion process.
Then, these films were tested for their antibacterial activity against
Staphyloccocus aureus and their thermal and mechanical characteristics
were determined.

The polymer granulates was PLA 6201 D from Naturawork. The chitosan
particles were purchased from Acros organics. Films were produced by
using a DSM Xplore 15 ml micro-compounder. Polymers and chitosan
particles were fed and then mixed into the micro-compounder at a
temperature of 200°C and a screw speed of 100 rpm for 15 minutes.
Chitosan particles and PLA at the percentage of 1, 3, 5 %(wt). The neat
PLA films were prepared in a similar way. The thermal properties of the
films were evaluated with Differential scanning calorimeter (DSC) and
thermo gravimetric analysis (TGA). The TGA scans were performed in a
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nitrogen atmosphere between 20°C and 700°C with the heating rate of
10°C/min. TGA plots for both neat PLA films and composite films were
shown that the addition of chitosan particles caused slight decrease of the
thermal stability. To determine the thermal characteristic and crystalline
structure of the films, DSC was used. The samples were heated at a rate
of 10°C/min from -20°C to 220°C and then cooling with the rate of
20°C/min and then heated again According to DSC results, the glass
transition temperatures and melting temperatures didn’t significantly
changed, but the crystalline ratio of the films increased with the filler
content. The mechanical properties of the films determined by using
Instron 5567 tensile tester according to ASTM D882-10. The mechanical
properties decrease with filler content. This can be related with the
decrease in homogeneity of the films. When the distribution of the fillers
was not the homogeneity along the film, weak points were occurred and
these weak points caused decrease in mechanical properties. Bacterial
activity of the films was evaluated against Staphyloccocus aurues by an
AATCC test method 147-2004. Inoculum solution was applied in five
streaks on the sterile agar plate. The samples were placed in intimate
contact with the agar. The agar plates were incubated at 37 °C for 18
hours. After 18 hours, the agar plates were checked and bacteriostatic
effect of PLA/chitosan film against Staphylococcu aureus was
determined. When the bacteria touch the composite surface, they were
dead (Figurel).

Table 1. Thermal and mechanical properties of films

Tensile Tensile
Sample Tg Tm Xc stress strain Modulus
€O | CO | () (MPa) (%) (MPa)
PLA neat 60.96 | 168.15 | 40.09 9.257 21.3 20549.020
PLA/Chitosan 1 | 60.87 | 168.60 | 45.08 6.259 6.2 930.123
PLA/Chitosan 3 | 60.68 | 168.44 | 45.96 5.368 8.3 688.610
PLA/Chitosan 5 | 60.85 | 168.70 | 45.56 4.715 8.2 714.999

Figure 1. Agar pictures of the PA neat and PLA/Chitosan 5 composite film.
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In this study, we have investigated the preparation of bacteriostatic
PLA/Chitosan films by the melt-spinning method. The thermal and
mechanical properties of these films were determined. Finally,
antibacterial activity of the produced films was searched according to the
ASTM E2149-01 standard. Test results show that composite films were
bacteriostatic effect. In addition, the increase of filler content causes
noticeable difference on the tensile properties of the fibers. The
homogeneity of the distribution should be increased.

Key Words: Chitosan, poly (lactic acid), antibacterial, films
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’Erciyes University Mustafa Cikrik¢ioglu Vocational School, Kayseri, Turkey
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Natural dyes can be named as the oldest chemicals used in coloration of
textile goods. Its ancient applications are now become popular again
because of the demand of human being to natural based materials. This
encouraging tendency to the natural dyes make the scientists focus on the
use of natural dyes and the properties of it. Owing to this, in this study
thyme as a natural dye was used in wool dyeing with different mordants
and also with no mordants. Afterwards the color efficiencies and color
values of the dyed samples were collected. Washing fastnesses were
evaluated too. Differently, in this study the antimicrobial effect of this
natural dye after dyeing process was investigated too for only undyed and
dyed without mordant samples. For this aim the antimicrobial properties
of the fabrics undyed and dyed without mordant were analyzed with
AATCC Test Method 100. As gram-positive bacteria, Staphylococcus
aureus was selected. An undyed sample was used as a control and there
was no bacterial reduction observed in control samples however use of
thyme as a natural dye for wool fabrics’ dyeing caused significant
bacterial reduction in comparison to the control surface. As a result, it
was observed that addition to good colors and satisfying fastnesses, an
antimicrobial effect was also obtained with the use of thyme as a natural
dyestuft.
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EFFECT OF SOLVENTS AND SHRINKING AGENTS
ON PET BASED VASCULAR GRAFTS
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! University of Uludag, Department of Textile Engineering, Bursa, Turkey
2 Bursa Technical University, Bursa, Turkey
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ABSTRACT

Basic textile structures of woven and knitted fabrics are widely used in
vascular graft manufacturing because of their mechanical properties
useful for blood transfer in cardiac flow conditions. Polyester is generally
the main material used in available grafts. Therefore, vascular grafts’
performance depends on structural varieties in fiber yarn and fabric.

Vascular grafts used in this study were manufactured from the PET based
yarns with same linear density but different fiber fineness by means of
double layer (trunk) weaving principle. Besides, these fabrics were
compacted with different solvents and shrinking agent to investigate the
changes in water permeability, tenacity and elongation properties.
Results showed some challenging issues about the process.

Key Words: Vascular graft, chemical compaction, PET, fiber fineness,
water permeability
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DESIGN ASPECTS OF FIBROUS, IMPLANTABLE
MEDICAL DEVICES

M.H. Struszczyk, K. Kostanek, M. Puchalski, I. Krucinska
Department of Commodity and Material Sciences and Textile Metrology, Faculty of
Material Technologies and Textile Design, Technical University of Lodz, Lodz, Poland
marcin.struszczyk@hotmail.com

The general requirements for the design of medical devices are mostly
described in EN-ISO 9001 and EN-ISO 13485 Standards. However, they
are too general and detailed method for each new-designed medical
devices is necessary to implement each time.

The research carries out at the Technical University/Lodz is aimed to
design the optimal structure of knitted hernia and urogynecological
implants as well as their modification by nano-layer of fluoropolymer [1-
6]. The urinary incontinence treatments and vaginal wall reconstructions
are one of the most often surgical procedures in urogynecology, whereas,
in a case of general surgery, hernia treatment (both by standard or low-
invasive — laparoscopic procedures) shows annually the highest numbers
of surgeries [7-9].

The idea of the study is to design the biomimetic knitted structures taking
into the account preliminary identified risks connected with the
anatomical localization of the implant as well as potential complications
estimated on base of adverse events of clinically used medical devices

[6].

The detailed requirements for designing new-elaborated knitted,
implantable medical devices will be explained based on the research on
elaboration of ultra-light textile implants technology for using in
urogynecology and in the low-invasive procedures of hernia treatments.

The aspects of risk analysis and risk managements (acc. EN-ISO
14971:2009 Standard), requirements for designing process of implant
models and prototypes (acc. EN-ISO 14630:2009 and other standards
harmonized with EU Directives 93/42/EEC and 2007/47EC), accelerated
ageing (acc. ASTM F 1980:2002 Standard) and biocompatibility studies
(acc. guidance of EN-ISO 10993-1:2009 Standard) as well as verification
and validation processes will be present.
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0018 06 “Elaboration of Ultra-Light Textile Implants Technology for
Using in Urogynecology and in the Procedures of Hernia Treatments”
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Introduction

The main function of knee ligaments is to connect femur to the tibia as
well as to control and guide the movement of the joint. These ligaments
are responsible for the transmission of forces to the various components
in order to avoid joint and musculoskeletal system damages [1]. The knee
joints easily suffer from injuries because they have to carry the full
weight of the body. The most commonly observed knee injury occurs due
to the damage of anterior cruciate ligaments (ACL), which are the
weakest knee ligaments. Due to the increasing sport activities all over the
world, the need for the reconstruction of damaged ligaments has grown
tremendously. According to the literature, there exist various approaches
for the repair or replacement of ACL, using the knowledge generated in
this field since 1980[2]. In recent times, a great deal of reseach has been
directed towards developing artificial grafts for ACL reconstructions.
However, it is extremely necessary that the new structuresshould be able
to execute the same functions as performed by human ligaments [3]. One
of the research trends explored within the last few years is the use of
braided fibrous materials as artificial grafts due to their mechanical
behaviour and the possibility to design fibrous arrangements, which can
mimic the one shown by natural ligaments. The present paper describes
the research work being done by Fibrous Materials Research Group
(FMRG) at University of Minho to study the mechanical behavior of
braided fibrous structures to be used as artificial ligaments, mainly for
the ACL.

Methods

A vertical braiding machine was used to produce different types of
braided fibrous structures including circular braids axially reinforced by
other circular braids. A 160 dtex multi-filament polyamide yarn was used
in all braided structures. The braids were produced by varying the
number of axially introduced (or inner) braids (3, 5 and 7) as well as the
number of yarns used in the inner braids (4, 5 and 6). The details of the
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braided structures developed are listed in Table 1. The braids were
characterized for tensile properties in a Hounsfield N-5000 universal
testing machine according to NP EN ISO 2062:1993 standard at a
crosshead speed of 100 mm/min using 50 cm gauge length.

Table 1. Details of produced braided structures

. No of | Number of
q Type and liner 5 . Number of
Type of Braided o yarns in | axially 5 Sample
density of 5 . yarns in
Structure g the outer | introduced inner | : . Codes
braiding yarns q q inner braids
braid braids
4 yarns Core 4Y 3B
3 5 yarns Core 5Y 3B
6 yarns Core 6Y 3B
Braided structure | Polyamide 4 yarns Core 4Y 5B
axially reinforced | multi-filament, 15 5 5 yarns Core 5Y 5B
with inner braids 160 dtex 6 yarns Core 6Y 4B
4 yarns Core 4Y 7B
7 5 yarns Core 5Y 7B
6 yarns Core 6Y 7B

Results and Discussion

The load-elongation curves for the developed braided structures are
provided in Figure 1. Figure 2 shows the influence of number of inner
braids as well as the number of yarns used to produce them on the
braking load of developed structures.
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Figure 1. Load-elongation curves of developed braided structures
It is very clear from Figure 2 that the breaking force of the developed

structures improved strongly with the increase in the number of inner
braids and also with the number of yarns used in the inner braids.
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Figure 2. Influence of number of yarns in the inner braids on the breaking force

However, this improvement is accompanied by a decrease in the breaking
elongation. It can be noticed that the braided structure developed using 7
braids in the core and each produced using 5 yarns (Core 5Y 7B)
provides better tensile properties (in terms of both breaking force and
elongation) than the others. Moreover, the tensile curve of this braided
structure mimics the one shown by natural ACL. Since the diameter of
this braid (0.6 mm) is much lesser than the natural ACL (11 mm), there is
a huge possibility to achieve the breaking load of natural ACL by
increasing the number of inner braids as well as the number of yarns used
in the inner braids.

Conclusion

The specially designed braided fibrous structures developed in this
research i.e., circular braids axially reinforced with braided structures
present a great potential to be used as artificial grafts in ACL
reconstruction, since the results show extremely interesting mechanical
behaviour and possibility to achieve high breaking loads with small
diameters.
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Introduction

There is no adequate supply of individual patient-friendly, non-ageing
implants. The narrow weaving technology gives the opportunity to fulfill
such a demand. With its unique technique it is possible to produce fabrics
without structural defects like knitted selvedges. Narrow woven fabrics
have the opportunity to be used as implants providing a defined structure
and porosity and therefore defined mechanical and medical properties.

Woven Implants for Grafts, Spinal Disk and Ligament

As demonstration, three applications are chosen for the use of narrow
woven fabrics. Tubular woven narrow fabrics are developed for the use
as stents and ligaments. Stents must be impermeable, flexible and
resilient. Ligaments need a great tensile strength in longitudinal direction.
Multilayer woven narrow fabrics are developed for the use as spinal disk
and repair of the anulus fibrosus. They need a defined dimension,
porosity and mechanical properties. An overview on the applications is
given in Fig.1.

The applications have to fit individually on every complex model and
type, sometimes with and without bifurcations. The narrow weaving
technology can master all these challenges, but a realisation has not been
launched yet.

stent '(
tubular structure |
|

spinal disk
multilayer fabric

‘I* I—\

artificial
ligaments
narrow fabric

&
SRS

Figurel. Chosen application for narrow woven fabrics
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Approach

For every application, the same method was used consisting of the
following four steps.

1. Elaboration of the implant‘s requirements

2. Transfer of the requirement into a fabric construction

3. Production of functional models

4. Testing of the functional models
For the implant requirement, literature search and discussion with experts
was used to obtain a catalogue of demands that needs to fulfil by the
functional model. The transfer of the requirements into a fabric
construction was done with help of textile designers, textile engineers
and visualisation software. All functional models are woven on narrow
weaving machines at ITA, Test are preformed at ITA-labs or at
collaboration partners.

Results

Intervertebral discs consist of an exterior fibre ring (anulus fibrosus) and
a central gelatinious core (nucleus pulposus). During a disc herniation, a
rupture of the ring occurs and the core can be pushed into the spinal canal
and cause pain and other discomforts. Available implants close the defect
but don’t support the regeneration of the ring. Therefore the functional
model for such an implant needs to close the defect and also support the
regeneration of the anulus fibrosus. To achieve this goal a multilayer
narrow velvet fabric is produced which consists of a soluble (PLA) and a
non-soluble (PVDF) material, see Fig.2. The soluble material should
promote the formation of new tissue, while the non-soluble material takes
over the mechanical function. Tests of the functional models show
useable results.

Figure.2. Visualisation of textile design (left), produced function model (midle) and
measurement of porosity (right) of a narrow woven fabric for the use as sealing of
anulus fibrosus

As example for the ligament the tubular weave was made of
biocompatible polyester yarn. The stress strain characteristics show that
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the produced fabrics are in the range of natural cruciate ligaments.
Furthermore changes in weft density have a major influence on stress
strain characteristics. Therefore, this parameter can be used to
individualize the characteristics of the implant and make them more
suitable for the patient needs, e.g. young sportsmen need a different
implant than older men.

Conclusion

The production of implants by narrow weaving technology is possible.
The tests show a general usability of narrow woven fabrics for the chosen
applications. By changing weaving parameters, properties, e.g.
mechanical or medical, can be adapted. Further development and
research is needed to come up with a full usable implant. Therefore a
customization of implants depending on patient needs is possible.
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Introduction

Mattresses are very important in healthcare sector and the patient before
and after the medical actions/operations takes his/her time over the
mattress, sometimes for elder people it take months/years that cause
decubitus. In existing solutions, market focus on functions like
waterproof/water&oil repellence that we can easily see in any hospital
nowadays. But the comfort and allergy reduction was the missing point
and we focused on that. For the comfort in medical applications you
should manage pressure, heat and humidity, and in order not to have
additional health problems like allergy on your mattress it should help to
reduce allergy. For the new concept; we need to combine and find
industrial application processes to realize it. It should include all; allergy
reduction function, waterproof, comfortable (pressure relief and heat
management). This solution will lead an industrial growth and help
healthcare market to improve their quality. WHO (World Health
Organisation) declared that there is no product available decreasing
allergy yet. But Purotex®’s first test results show that it has good
reduction effect of allergy. These are patent pending projects and
certification to “Asthma and Allergy Foundation of America” is in
progress.

Analyses and Discussions

A) Allergy reduction effect

For the allergy reduction effect, we focused on very important problem in
an innovative way. What is allergy? Allergy is the over-reaction of the
(bored) immune system to harmless substances, called allergens and
house dust mite allergy is the allergic reaction against DerP1, an enzyme
used by the house dust mite to decompose and digest food (micro skin
cells, dander, organic matter). How we can reduce the allergy? We
developed our active product “Purotex®”. Purotex® is not a biocide
and unique mix of probiotics. The active system kept in microcapsules
and when you lay on your mattress they are broken and they are released
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into your ecosystem when you need them. So we call it “nature’s own
technology to reduce allergy”.

e
11
lab tested UNIVERSITEIT
P obiotics drastically reduce the mite allergens. With mite excrements as only

'ood, the Purotex bacteria multiply x 100 in 24 hrs time.
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B) Waterproof effect
This is known application for many years in industry. With the PU film
lamination the system is:
Breathable: 700-2000g/m?/24h (ASTM E-96)
Waterproof: > 10.000 mm (ISO811)

C) Heat Management and Comfort-pressure reilef effect

With new “Cairfull®”, a 3D knitted fabric, which is produced in one
piece and consists of two layers of fabric and high elastic spacer fibres.
Thus a “layer of air” is created which offers a number of advantages
increasing sleeping comfort. The material functions as a breathable layer,
which combines qualities of moisture regulation with pressure
distribution and compensation.

m
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(b) (c)
Figure2. (a) Cairfull®, 3D knitted fabric (b) Cairfull® Meditiss, Top layer: 3D knit,
Bottom layer: PU Membrane (¢) Cairfull® Inside, Top layer: Ultra soft knit, Middle
layer: 3D knit, Bottom layer: PU Membrane

Conclusion

We combined 3D knitting technology, active probiotics and waterproof
functionalities with lamination technology and finalise with the Meditiss
product “Protect”.

This product is also Okotex 100 Class-1 certificate that you can use for
healthcare and babycare applications. And the Cairfull® product has
been awarded as “High Product Quality Winner” in Interzum2007 and
the Purotex® has been awarded as “Best of the Best” in Interzum2009.

For further steps we developed our Meditiss range with four different
applications:

1. 3D knitted fabrics applied Purotex application, we call it “PURE”

2. 3D knitted fabrics laminated with PU membrane, we call it “ SAFE”

3. (1+2) 3D knitted fabrics applied with Purotex and laminated with
membrane, we call it “ PROTECT”

4. Soft knitted fabric laminated with Nr.3. “CAIRFULL INSIDE”

Key Words: Mattress ticking, meditiss, probiotics, 3D knitting,
lamination, babycare, cairfull, allergen reduction
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In today's complex and highly technical world of work, numerous tasks
require workers, especially in health care environments, to show a very
high level of concentration which must be maintained for a considerable
period of time. Since these tasks which require (cognitive) concentration
are often associated with a high degree of responsibility, a deterioration
in mental performance can have serious consequences, sometimes with
implications for people's health or even survival. Typical mistakes
include missed information, slower reaction times, delayed or possibly
even incorrect decisions, e.g. in the operating theatre or in the
pharmaceutical industry, where medicines are prepared in clean room
conditions. This is why it is vitally important to have reliable information
about how people perform in realistic working or stressful situations. In
jobs where special uniforms or personal protection equipment have to be
worn, the main priority is usually to protect either the wearer or the
product. Until now, there have only been tests available for investigating
the protective properties of clothing, or how comfortable it is to wear,
rather than for finding out the effect of clothing on mental performance
and therefore how it affects people's work. This was the starting point for
the ergonomic study with cleanroom and OP theatre clothing that is
described here. In carrying out a difficult task, what is called the working
memory plays an important role. It consists of a phonological (auditory)
and a visual-spatial sub-system. It was exactly these sub-systems that
were measured in this series of investigations, using computer-assisted
occupational physiology tests [1]. The test method that was employed in
investigating mental performance was specially developed at Hohenstein
and is based on internationally recognised and standardised test systems
used in occupational psychology. A key role is played by the Stressbox
which was developed at the Institute and has been installed in a clean
room where the climatic conditions are kept constant (Figure 1). Inside
the Stressbox, the volunteers were protected from external optical or
acoustic disturbance which simulates a single-factor stress situation, i.e. a
job where the challenge is almost entirely mental and not physical as it is
often the case in health care situations. Two series of tests were carried
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out to compare different clean room or operating theatre clothing systems
(disposable and reusable) with regard to the ability of the wearers to
concentrate and the frequency with which they made mistakes. The two
parameters for concentration were tested, divided attention (multitasking)
and long-term selective attention (vigilance). The tests are designed so
that even if you do them repeatedly there is no learning effect. The
findings presented here show that wearing operating theatre and clean
room clothing can have a significant effect on the ability of employees to
concentrate. In a production setting, this can have health-related, quality-
related and economic consequences. The effect of textiles or other
external influences on mental performance is therefore of great
importance in many other sectors, e.g. sport fabrics or military uniform.
The Hohenstein system for testing mental performance is an ideal way of
measuring outcomes where the focus is only on cognitive capability.

P 5
_ € iy K

Figure 1. Test persbn in Hohenstein Stressbox
Another important aspect for specialized healthcare textiles is the
adhesion and dehesion of molecules to/from the fabric. In a first study,
we examined the interaction of sweat odour molecules with fabrics. The
odour components are already recognized by the human nose as
unpleasant at very low concentrations. Depending on fiber type, fabric
type and finish, odours can be perceived on fabrics even after washing.
Among the substances responsible for the smell of sweat are mainly
short-chain fatty acids, sulphur-containing compounds and steroidal
substances. Intensity and characteristics of sweat odour are defined by
the activity profile of the individual, sweat fluid production and
especially the composition of the individual skin flora. So far there have
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been only few scientific studies about the smell of sweat and textiles. The
lack of data is mainly due to the lack of a suitable artificial sweat, which
allows quantification. In addition, field tests are expensive and often
poorly reproducible. To close this gap, an artificial sweat odour was
developed at the Hohenstein Institutes. This artificial sweat allows the
examination of adhesion and detachment of sweat odour molecules to
and from textiles. In combination with odour testers clear data on the
binding of sweat can be obtained. In addition, the removal of sweat odour
e.g. by washing procedures can be examined.

Key Words: Mental capacity, concentration, sweat odour, sweat
molecule adhesion
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MODIFICATION OF TURKEY’S CALCIUM
CARBONATES AND THEIR APPLICATION ON
BREATHABLE TEXTILE STRUCTURES

Sevma Hasbiilbiil, ilhan Ozen

Erciyes University, Textile Engineering Department,Kayseri, Turkey
ozturkseyma@windowslive.com

Research Problem/Hypothesis

In recent years in the plastics industry, calcium carbonate’s one of the
growing application area is breathable films. Before mixing into plastic
materials, the calcium carbonate surface must be coated with appropriate
chemicals. Calcium carbonate is usually coated with stearic acid or its
salts. The quality of the coating affects the, compounding and film
generation conditions and mechanical and barrier properties of the final
product to a large extent. For this reason, coating of calcium carbonate
has to be performed properly when to be used in breathable film
applications. In this study, coatings were done using wet and/or dry
methods with different coating chemicals and distribution of calcium
carbonate particles in polymer matrix phase and water vapor permeability
of the films was evaluated.

Literature

Calcium carbonate being one of the most abundant minerals in nature,
which is available in 4 different qualities (marble, limestone, chalk and
travertine) in nature, has been produced according to two methods, i.e.,
ground (GCC) and precipitated calcium carbonate (PCC) and used
frequently in a wide range of applications including paper, paint, food,
ceramic, construction, ink, adhesive, drug, cable, and plastic industries
[1-2]. Calcium carbonate is traditionally used in plastics as bulking agent
to substitute the expensive polymers [3]. It is difficult to distribute
calcium carbonate homogeneously in plastic materials since it has a
hydrophilic and a lyophilic character. Therefore, calcium carbonate to be
used in plastic industry is coated generally with stearic acid and its salts.
One of the recent developing application fields of calcium carbonate in
plastics industry is breathable films. Breathable films have many
microvoids, which permit to pass water vapor but do not allow the water
passage [4-5]. Breathable films are used in many fields such as roof
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covering, greenhouse coverings, bandages, surgical clothes, sports wear,
children's and adult diapers and sanitary towels [6-9].

Results and Discussion

Firstly, characterizations of different commercially available calcium
carbonates and polymer/calcium carbonate compounds were done using
DSC, TGA, BET, XRD, FTIR, and SEM. The amount of coating in
commercial products was found to be ranging between 1-2 wt.% and
most of the calcium carbonate particles were < 1 pm.
Polyolefine/calcium carbonate compounds contain 40-50 wt.% calcium
carbonate and water vapor permeability values of the films provided
were varying between 3400-4000 g/m*/day.

Figure 1. Photos of aqueous calcium carbonate solutions. (a) Uncoated calcium
carbonate, (b) Coated calcium carbonate, (¢) Coated breathable film grade calcium
carbonate.

Key Words: Breathable films, Polyethylene compounds, Calcium
carbonate, Water vapor permeability
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CYCLODEXTRIN-GRAFTED CELLULOSE
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! University of Coimbra, Department of Chemistry, Coimbra, Portugal
? University of Algarve, Laboratory of Plant Biotecnology, Faro, Portugal

3 University of Maribor, Faculty of Mechanical Engineering, Department of Textile
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Cyclodextrins (CDs) can form inclusion complexes with a wide variety
of molecules making them very attractive in different areas. In this
communication we will report on the physico-chemical characterization
of cellulose modified with CDs by means of infra-red spectroscopy
(FTIR), cross polarization magic angle spinning solid state nuclear
magnetic resonance (CP-MAS NMR), polarized optical microscopy
(POM) and thermal gravimetric analysis (TGA). Both FTIR and CP-
MAS NMR indicate that CDs are chemically attached to cellulose
backbone through the formation of ester bonds. Furthermore, the CD-
grafted cellulose was dissolved in a “superphosphoric” acid solution but,
despite the increase of hydrophilicity due to the modification, POM
reveled that cellulose was less soluble when compared to the unmodified
polymer. The formation of a complex CD-cellulose network is
hypothesized.
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Figure 1. Schematic representation of the esterification reaction between cellulose and
CDs via the polycarboxilic tetraacid, BTCA. The reaction occurs at high temperatures in
the presence of catalyst.
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HOSPITAL INFECTIONS AND
ANTIMICROBIAL TEXTILES
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POLYMER STABILIZED SILVER PARTICLES FOR
ANTIMICROBIAL FUNCTIONALIZATION OF
TEXTILES

B. Mahltigl, B. Tatlises', H. Haase®
Y University of Applied Sciences, Faculty of Textile and Clothing Technology,
Webschulstrasse 31, D-41065 Ménchengladbach, Germany
? Institute of Immunology, Medical Faculty, RWTH Aachen University, Pauwelsstrasse
30, D-52074 Aachen, Germany
Boris.mahltig@hs-niederrhein.de

Silver particles from nanometer size up to the size of several hundred
nanometers can be prepared in aqueous solutions which are suitable for
textile treatment.

For stabilization but also for size control of silver particles polymeric
stabilizers are used. Also different reductive agents and process
temperatures are investigated, to find the most suitable process
parameters. Process temperatures are set in the range of room
temperature up to 160°C, for which an autoclave is necessary to manage
solvothermal process conditions with high pressure.

As linear polymer stabilizers polymers as polyvinylamine,
polyethylenamine and polyvinylpyrollidone are used. Beside linear
polymers also dendrimers are used as stabilizer. It was clearly seen that
the type of polymer, its molecular weight and the dendrimer generation
have a significant influence on the stability of the silver containing
solution but also on the antimicrobial properties tested against different
types of bacteria.

After application onto different textile materials and thermal fixation the
textiles contain a significant high antibacterial property. However not
every developed system contains the same good washing fastness under
household washing conditions. In conclusion not every silver particle
containing solution is useful to prepare antimicrobial textiles. This
presentation will evaluate different silver particle solution and their
production process to guide the applier to the most useful recipe.

Key Words: Silver, nanoparticles, microparticles, dendrimers
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REDUCING THE INCIDENCE OF HOSPITAL
INFECTIONS: THE RESULT OF A EUROPEAN
CLINICAL STUDY WITH MEDICAL

Alain Langerock, John Ellis
Devan Chemicals NV, Klein Frankrijk 18, B-9600 Ronse, Belgium
alain.langerock@devan-be.com

The medical industry is challenged by the presence of microorganisms
and the negative effects they cause. Textiles act as a microbial harbour
and offer ideal conditions for the proliferation of microorganisms that
may be harmful to humans, particularly in a hospital environment.
Nosocomial infections are a serious issue for healthcare facilities where,
in Europe, more than 2 million patients are diagnosed with hospital-
acquired infections each year. Contaminated bed linen is alone
responsible for 17% of all nosocomial infections. A permanent
antimicrobial technology for the treatment of hospital textiles has been
developed by Devan in cooperation with other partners. Particular
attention has been paid to durability to stringent hospital laundry
standards. Textiles treated with this novel antimicrobial technology has
been tested in vivo in hospital environments through 50 industrial laundry
cycles. Results were validated by 1'Institut Pasteur de Lille in the context
of the European-funded research programme "FlexiFunBar".

The clinical trials correlate well with simulated studies undertaken in the
past and clearly shows that textiles that are suitably protected with a
permanent antimicrobial finish have a significantly lower bioburden and
will present less of a risk in the patient environment. In addition, no
negative aspects are seen on laundering the textiles. These data generated
by partners in the FlexiFunBar projects, medical and industrial
laboratories represent some of the most extensive microbiological work
performed on antimicrobial treated textiles for use in the medical
community.

We thank the European Commission for the financial support,
FLEXIFUNBAR contract n° 505864 IP-SME-FP6."

Key Words: Antimicrobial, hospital, infections, clinical trail
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THE ROLE OF TEXTILES IN CHAINS OF INFECTION

Anja Gerhardts, Timo R. Hammer, Dirk Hofer
Hohenstein Institute, Institute for Hygiene and Biotechnology, Boennigheim, Germany
a.gerhardts@hohenstein.de

In domestic as well as in medical environments, pathogens (bacteria,
fungi and viruses) are often transferred by direct contact with
contaminated surfaces from person-to-person. Scientific studies show,
that plastics, metals or textiles pose a significant risk of infection because
of pathogen survival over a long period of time. Hereby, the minimal
infective dose of the pathogen is crucial.

There are several studies showing textiles to play an important role in the
transmission of nosocomial or medically important pathogens, like
bacteria and fungi [1-3]. But currently there are only few scientific
publications that deal with viral pathogens on fabrics [4], although
viruses are responsible for severe nosocomial and community acquired
infections [1]. Against this background, the Hohenstein Institutes
revealed in experiments that textiles are a suitable substrate for the
persistence of viruses. Furthermore, our studies have addressed the
infection risks of bacterial, fungal and viral pathogens associated with
clothing and household linens in home and everyday life settings as well
as the role of laundry [5]. As especially a warm and humid environment
supports pathogen growth and proliferation, it is important to know,
which role fabrics (e.g. towels, sponges or mops) play as vehicles for
infectious agents and which requirements laundry detergents have to
meet for breaking the chain of infection from pathogen-loaded textiles.

Textiles with antimicrobial properties are becoming increasingly
important in maintaining hygiene for breaking chains of infection. These
textiles are particularly suitable in health care facilities, such as hospitals,
nursing homes or doctor’s practices [6], as well as in private homes for
the care of ill or elderly people. Supplementary to the common
methodology, a highly sensitive test system for antiviral activity was
established [7]. First results show that antimicrobial textiles with high
activity against bacteria are often ineffective against viruses. The
Hohenstein Institutes currently develop textiles with antiviral activity
based on virucidal finishes. Our in vitro results are encouraging to reduce
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virus concentration on textiles and thus infections in health care, although
the efficacy has only been shown on the lab level so far.

Therefore, Hohenstein Institutes developed a germ transmission model in
a recent research project, which for the first time can be used to simulate
pathogenic pathways in daily life situations (see Figure). Although
textiles with proven antibacterial, antifungal and antiviral activities
cannot replace conventional hygiene measures, studies using this model
can support to open up new markets for this group of textiles. The
transmission model allows showing where antimicrobially equipped
surfaces and textiles can be a useful tool to contribute to the prevention
of transmission and breaking chains of infection, in practice.

HOHENSTEIN @

Hohenstein germ transmission model

Transmission of bacteria, fungi, viruses via hands and objects
from person to person

Moy M ' Il S
o i~ S B

® Can be adapted to the respective application

= Allows testing of efficacy of antimicrobial products
(surfaces and textiles)

® Practical approach

Key Words: Nosocomial infection, antimicrobial textile, transmission,
laundry
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DESIGN OF KNITTED CORSETS FOR SPINE

Crina Tiron, Mirela Blaga, Crina Buhai, Costea Budulan
Gheorghe Asachi Technical University of lasi, Faculty of Textiles, Leather and
Industrial Management, Romania
mblaga@tex.tuiasi.ro

Innovations in textiles technologies and medicine led to the development
of a huge range of medical products, engineered to meet specific needs,
for medical and surgical applications. Knitted fabrics have found their
applicability in the medical field due to their particular properties, such
as: softness, flexibility, formability, air/moisture permeability, all
combined in one product if required.

Electronic flat knitting technology provides good technical potential of
producing medical textiles, as the machines have the capability of:
knitting to anatomical shapes, inserting elastic yarns, producing high
surface qualities on machine of fine gauge.

Corsets are medical devices which offer correction, support or protection
of the spine, in case of scoliosis, asymmetry of chest or deficient
vertebral position.

This paper aims at presenting a technical solution of producing the
knitted orthosis, also called corset for the spine, in a single stage on the
knitting machine. Compared to the commercial existing products, which
contain mainly synthetic yarns, the proposed knitted fabric is using
mainly natural wool yarns in combination with rubber covered by
polyester.

The presented corsets are designed to be successfully used to treat spinal
disorders. The degree of compression produced by such products for a
period of time is determined by the complex interaction between four
factors: physical and elastic properties of the orthosis, its size and shape,
technological design of the product and activities carried out by the
patient. In order to control its properties, to meet the end use
requirements, the predetermined values of these parameters, should be
achieved.
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Orthosis are made from extensible fabrics, combined with rigid parts, in
order to restrict the patient movement. The knitted fabric has been
manufactured on Stoll CMS 530 E 6.2 computer controlled flat knitting
machine, based on a program designed on M1 pattern station (Figure 1).

d S SR

Figure 1. Knitted corset

Properties of the knitted fabrics, like: extensibility, elongation, comfort
are discussed in connection to the product end use. A mathematic model
is proposed for the pressure values calculation, considering specific body
dimensions.

Key Words: Knitted fabrics, pressure, corset, spine
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EFFECT OF LAUNDRY CYCLES ON PRESSURE
CHARACTERISTICS OF MEDICAL COMPRESSION
STOCKINGS

Nida Oglakcioglu, Arzu Marmarali, Burak Sari
Ege University, Department of Textile Engineering, Izmir, Turkey
nida.gulsevin@ege.edu.tr

All manufacturing sectors try to solve recent problems with innovational
approach by the reason of increasing technological developments. For
this subject technical textiles are a shining star of textile sector due to
using specific areas and showing very good performance. Technical
textiles have a remarkable market share (25-30%) in conventional textile
and garment industry sectors [1]. Due to covering the expectations of
different using areas and providing better added value than the other
textile products, technical textiles are more interesting and demandable
manufacturing areas. Technical textiles can be classified into 12 main
groups depending upon their application areas such as: agrotech,
buildtech, clothtech, jeotech, hometech, indutech, medtech, mobiltech,
packtech, sportech and oekotech [2].

Medtech is a major growth area within the technical textiles industry and
the demand of medtech has increased significantly in parallel with the
technological developments, because of the increase of people’s
expectations in the quality of life. Medical textiles can be used in many
different internal and external applications in medical, healthcare and
hygiene applications [3]. One of these products is medical compression
stockings.

Medical stockings help the natural pump mechanism of the muscles in
the leg to improve circulation. They can be used to prevent as well as
treat a number of conditions that affect the circulation in the body. They
commonly used to prevent especially varicose veins [1]. Also they are
used during the treatment period of some diseases like chronic venous
insufficiency, venous ulcer, deep vein thrombosis, lymphedema and
lipedema [4]. Other usages of medical stockings are to prevent oedemas
occurring after childbirth and some surgery like cardiovascular surgery
and to support during very long journeys and some sport activities.
Particularly around 50% of 40-50 years old population has only a
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problem with varicose veins [1]. Aging population of the developed
countries and increasing healthy life expectations of people raise the
importance of medical stockings.

Medical stockings perform the treatment of diseased leg or arm with a
pressure that is confirming to standards. The most important part of the
treatments is to perform gradient pressure values on different points. The
pressure should be applied with a decreasing compression effect from the
ankle to the thigh in order to support blood return to heart.

The pressure characteristics of medical stockings are directly related to
the production parameters. It is so important to achieve a constant
pressure characteristic even during using, even after a number of laundry
cycles. Otherwise different pressure profile affect the treatment period
negatively. In this study, the effect of laundry process on pressure
characteristics of medical compression stockings was investigated. For
this aim, pressure profiles of various medical stockings were tested
before and after laundry and the variation of pressure characteristics were
determined. The measurements were performed on a newly developed
compression measuring device and obtained data were statistically
evaluated.

Key Words: Medical textiles, compression stockings, laundry process,
pressure profile, varicose vein
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DESIGN OF A BODY SHAPER WITH OPTIMUM
PRESSURE ON THE BODY
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Emine Akin, Gurbet S. ilhan
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Most body shapers are designed to beatify the figure of a woman by
compression on different body parts to required shapes. The most
common one of them is girdle. In this study, it is aimed to design a body
shaper for the abdominal part of the body with controlled pressure
application to the body. Classical girdles are produced primarily as a
functional garment and for this reason comfort and aesthetics have been
sacrificed. It was aimed to design a body shaper for the abdominal part of
the body that will provide comfortable pressure to the body while
shaping it. The ease of use and durability have also been considered. The
samples were produced on Santoni seamless knitting machines and
pressure measurements were made.
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PROTECTIVE TEXTILES
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DESIGN AND DEVELOPMENT OF BIOACTIVE
TEXTILE NANO-FILTERS FOR LEGIONELLA
CONTROL
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Textile and Science T ecnology Department, Beira Interior University, Covilhd,
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’LEPAE, Department Chemical Engineering, Faculty of Engineering, University Porto,
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In this investigation we intend to perform innovative work to reduce or
even tackle a serious problem affecting people's health, air contamination
by Legionella.

Legionnaires” disease or legionellosis arose due to human alteration of
the environment, Legionella species can be found in aquatic
environments, water warm and hot, and humid places, such as cooling
towers, spas, among others [1, 2]. This is an infectious disease caused by
bacteria belonging to the genus Legionella. The mode of transmission
varies with the variety of bacteria but the disease is usually transmitted
through inhalation of aerosols as carriers of small bacteria to the lungs,
allowing its deposition in the alveoli. The infection caused by Legionella
pneumophila is known to have two different forms, the legionnaire's
disease is a form of pneumonia caused by an acute bacterial infection and
Pontiac fever is a less severe form of the disease, causes a flu-like acute
pain. The rate of infection is increases in people with impaired
(insufficient) immune systems. This means that healthy young people are
rarely infected with Legionella. Factors that increase the likelihood
(probability) of infection by disease are: tobacco, certain cancers,
excessive alcohol consumption, age over 50 years, among others [2, 3, 4,
5].

To reduce the multiplication of Legionella pneumophila and the
associated risk of Legionnaires' disease should be taken measures to
prevent and control physical, chemical and microbiological, in order to
promote and maintain clean surfaces of water systems and air. One of the
systems used for purification of air filtration consists in the separation
and capture of particles of any kind. The filters need technical
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requirements that are a balance between three key parameters: the filter
efficiency, pressure drop and the durability of the filter. The level of
filtration efficiency is determined by the field of application, or with the
ability to obtain clean air. The fibrous filtration media is the most used in
air filtration, these media may be cellulosic or non-synthetic fabrics [6].
Textiles are used in a variety of filtration processes, wet and dry,
allowing both increases the purity of the filtered material and the
recovery of solids [7].

The aim of this work is develop an air purification system by producing
anti-microbial agents to fight Legionella assets. For the development of
this project will be used new materials (nano-materials) and textile
structures (nonwovens) bioactive so as to control or prevent the action of
these microbial agents.

Key Words: Legionella, nonwovens, nano-materials, electrospinning,
filtration
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Electromagnetic radiation is known to have harmful effects for human
health. The damage which occurs in human body because of being
subjected to the electromagnetic radiation is among the subjects which
the professionals consider most significant and make investigations to
solve this problem.

Human beings can be subjected to electromagnetic radiation in their daily
or professional lives. Being subjected to electromagnetic radiation in
professional life can cause high risks for health. Medical personnel
working with devices emitting electromagnetic waves, such as some of
the monitoring systems, are subjected to electromagnetic radiation which
is known to be harmful for health. [1]. Electromagnetic radiation is
known to have harmful effects also for human health. When an
electromagnetic wave enters the organism, it causes heat to come out by
vibrating the molecules. Similarly, when an electromagnetic wave enters
the human body, they cause the inhibition of DNA and RNA
regeneration in the cell and also support the cancer cell formation by
causing abnormal chemical reactions, increasing the risk for leukaemia
and other cancer types. The damage which occurs in human body
because of being subjected to the electromagnetic radiation is among the
subjects which the professionals consider most significant and make
investigations to solve this problem. [2]

To prevent the negative effects of electromagnetic waves on human
beings, shielding is necessary. Electromagnetic shielding can be
described as prevention of electromagnetic radiation transmission by a
material. [3] Electromagnetic shielding can also be described as the
restriction of the effect of electromagnetic fields between two areas. [4]
Electromagnetic shielding provides the protection of human beings from
the hazardous effects of electromagnetic radiation. Regardsless of its type
and structure, a shielding material is characterized by its shielding
effectiveness. [5] Electromagnetic shielding effectiveness depends not

111



INTERNATIONAL CONGRESS ON
HEALTHCARE AND MEDICAL TEXTILES
MAY 17-18, 2012

[ZMIR, TURKEY

meditex

only on the type of the shielding material, but also on the distance
between the wave source and the material and the structural properties of
the material. [6] A high shielding effectiveness value adresses to a good
protection level against electromagnetic waves. [7]

In this paper, the use of shielding textiles in medical applications were
discussed. The effect of various production parameters of woven fabrics
such as weft density, unit weight, thickness and conductive yarn count,
on the shielding effectiveness of woven fabrics, for the purpose of
protection from the hazardous effects of electromagnetic waves emitted
by the medical devices in 3-6 GHz frequency range were investigated.

Key Words: Electromangentic radiation, medical devices, conductive
textiles, electromagnetic shielding, shielding textiles
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Abstract

Value steam mapping (VSM) is a lean manufacturing technique and it
has emerged as the preferred way to support and implement the lean
approach [1,2,3]. Manufacturing companies create value stream maps to
identify where there is waste in manufacturing processes, and to help find
ways to eliminate that waste. In this study, an application for analysing
and eleminating the lead times in apparel production stages was taken
part. Current production steps of a patient lifting band was observed with
a lean manufacturing viewpoint. A new system was designed for future
production periods. All these arrangements have been identified with
value stream mapping method.

Key Words: Value stream mapping, patient transport lifting, medical
textile production, current and future state map, idle time

Introduction

Technical textiles are one of the faster growing sectors of the global
textile industry. The world textile industry is moving rapidly toward the
manufacture of high-added value textile structures and products such as
medical textiles, protective textiles and smart textiles. Textile materials
used in the medical and applied healthcare and hygiene sectors are an
important and growing part of the textile industry. Patient transport
liftings are also one of these products [4].
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Figure 1. Front and backside view of the patient transport lifting sample
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Lifting a person demands confidence. The patient must feel assured that
the lift functions the way it is supposed to and that the assisting caregiver
has the right knowledge. There are many advantages with an overhead
lift. Naturally, the combination of function and safety, being able to lift a
patient without the risk of injury to either the patient or the caregiver, is
most important. Nearness, simplicity and versatility are other advantages

[5].

In this study, apparel product stages of one kind of patient transport
liftings (shown in Figure 1) was examined and analyzed for determining
the idle times and loss in value. Value stream mapping, was used as
tools.

Value stream mapping is an enterprise improvement tool to help in
visualizing the entire production process, representing both material and
information flow. Defined value stream as collection of all activities
value added as well as non-value added that are required to bring a
product or a group of products that use the same resources through the
main flows (Shown in figure 2), from raw material to the end customers

[3.,6,7].
| Total Value Stream >
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Figure 2. Symbolic representation of a sample value stream map

At least four steps to address the wastes using value steam mapping [7].
e Use icons to identity processes (Step 1)
e Record the data (E.g. cycle time (CT), change over time (CO),
utilization time (UT), throughput, setup time), for processes in
value stream maps (Step 2)
e Analyze materials use and need in a “materials line” for value
stream maps (Step 2)
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e Find Lean and opportunities in future state value stream maps.
(Step 3 and 4)

As results of this study some redevelopments were proposed and a new
production line designed. These developments are about idle times,
overstocks and needless transportations.
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In recent years, the amount of UV radiation received at the surface
increases with the thickness of the stratospheric ozone layer. The risk of
skin disease such as skin burn, photoaging etc. increases with the amount
of UV light that reaches the earth [1]. Skin diseases also depend on the
sun exposure in childhood and a large part of a person’s lifetime UV
exposures occur during childhood [2]. The penetration of ultraviolet
(UV) radiation leads to damage DNA in human skin [3]. Especially skin
burn patients should stay away from UV radiation. Apart from sun
avoidance and use of sunscreens, clothing is considered to be a very
important tool for UV protection. Besides the constructional parameters
of the fabrics, color is one of the most important parameters that
influence UV protection of textiles [4-6].

UV radiation is a small part of the electromagnetic spectrum within the
wavelength of 200 nm to 400 nm. Textile dyes can absorb specific
wavelengths of the visible spectrum that corresponds to 400 and 700 nm
of wavelength [7], on the other hand photochromic dyes have different
absorption properties. Photochromism is the phenomenon whereby the
absorption spectrum of a molecule or crystal changes reversibly when the
sample is irradiated by UV light. A colorless compound changes its
molecular structure to a quasi-stable colored structure when irradiated;
colored structure can then return to the colorless structure, when the
irradiation stops [8, 9].
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Figure 1. Schematic representation of photochromism mechanism [9]

It was reported that photochromic dyes also have a UV protection
function [9, 10] since they absorbs the UV light. However, there is no
study on UV protective properties of photochromic dyes although the
application of these dyes on textile is studied by a number of authors [10-
13]. In this study, UV protection and color properties of photochromic
dye are mentioned.

This study has been performed in the scope of the bilateral project with
University of Maribor, Slovenia and Ege University, Turkey. A
spirooxazine based photochromic dye was encapsulated by an oil-in-
water emulsion, solvent evaporation method [14] by the Slovenian
partner. The main purpose of the study is to investigate the application
parameters of the encapsulated photochromic dyes on cotton fabrics for
optimum UV protection. Color changing effects and UPF factors were
studied depending on the application recipe.

The encapsulated photochromic dyes were applied by both printing and
padding method. Different binder types were used. In order to test the
durability of the applications, consecutive laundry washings were carried
out for 5 and 10 cycles by TS 5720 EN ISO 6330 standard. UV
protection factor (UPF) values of the samples were measured with SDL
Atlas M284 device according to standard AS/NZ 4399:1996.

In order to investigate the color formation of the samples, color
measurements of the samples were carried out by a portable
spectrophotometer (Gretag Macbeth Eye-One) in a UV cabinet (UVP-
UV2/PCR) under UV light exposure.

It was observed that UV protection and color properties of the fabrics
showed differences depending on binder types and application methods.
The photochromic fabrics had higher UPF values than the untreated
fabric even after 10 washing. It was concluded that encapsulated
photochromic dyes can be used for the production of UV protective
textile materials.
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