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Introduction

Hernias are a very serious social problem,
statistically appearing in 2% of the hu-
man population. They can be healed by
surgical methods, and special surgical
meshes are used in the so-called non-
tension method applied in 50%-70% of
hernia cases. These meshes are mostly
manufactured of non-resorbable synthetic
fibres [1, 2]. An essential disadvantage
of surgical procedures, which use non-
resorbable implants, is the patients’ dis-
comfort which appears after longer time-
periods from the implantation, connected
with the stiffening of the implant; this
latter is caused by streaking the implant
with fibrous tissue. This phenomenon can
even lead to problems with an inadequate
blood supply to the organs lying in the
implant’s surroundings, as well as to
complications of the stoma or adhesion
type in the case of an implant’s direct
contact with inner organs [3, 4]. Applying
surgical meshes, which would be partially
resorbable, would allow us to eliminate
the majority of the disadvantages caused
by meshes manufactured of non-resorb-
able polymers [5].

The following advantages result from
applying surgical meshes manufactured
with a content of partially resorbable
components:
a decreasing intensity of the infec-
tious chronic reaction, thanks to
introducing a smaller amount of non-
resorbable synthetic material into the
human body, as in the case of totally
non-resorbable meshes,
the patient’s health improves, especial-
ly over long post-operation periods,
the aesthetic effect, and
a shortening of the hospitalisation
time.

Development of a Manufacturing Method
for Surgical Meshes Modified by Chitosan

Abstract

Two new methods for manufacturing surgical meshes modified by chitosan have been
developed in the Institute of Biopolymers and Chemical Fibres (IBWCh) in collaboration
with TRICOMED S.A. The first method consists in applying chitosan yarns and a non-
resorbable polypropylene monofilament as raw materials for a knitted fabric with varying
chitosan content. While elaborating the second method, a half-product in the form of an
OPTOMESH™ Macropore surgical mesh was used. Serving as a base, the mesh was
covered by a chitosan finish which formed a coating. The meshes thus modified were
sterilised by ethylene oxide, and next tested in order to determine the physico-mechanical
parameters, as well as to estimate the chemical and biological purity. Meshes covered by
chitosan on only one side were selected for further research, as this kind of mesh promised

better commercial application possibilities.
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Some enterprises already manufacture
meshes which are partially or totally
resorbable. The VYPRO®I, VYPRO®II,
and Proceed meshes manufactured by
ETHICON, and the PARIETEX® es from
SOFRADIM [6] are examples of partially
resorbable meshes. The meshes from the
VYPRO® type are manufactured of re-
sorbable polyglactine 910 (a copolymer
of glycol and lactic acid) and non-resorb-
able polypropylene threads (VYPRO®I
includes a PP multifilament, whereas
VYPRO®II uses a PP monofilament).
In contrast, the PARIETEX® mesh is
produced from polypropylene yarn with
a deposited layer of cross-linked bovine-
originated collagen.

Up to the present day, no partially re-
sorbable surgical meshes have been
manufactured in Poland. TRICOMED
S.A., which is the only producer of
this type of medical product, manu-
factures only the following non-re-
sorbable surgical meshes: DALLOP®
R-11, DALLOP® R-13, DALLOP®PP
TMS, DALLOP® PP TDM, DALLOP®
PP JS, OPTOMESHTM Macropore, and
OPTOMESH™ Thinlight; all of these
are manufactured with the use of poly-
ester or polypropylene multifilament or
monofilament threads [7].

Aim of the investigation

The aim of the research work presented
in this paper was to develop a method for
manufacturing modern, partially resorba-
ble surgical meshes or partially resorbable
surgical implants dedicated to protecting
hernias. The investigations were conduct-
ed within the two following variants:
Variant I consisted in the use of a knitt-
ing technique. Two kinds of yarns
were used: a resorbable multifilament
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chitosan thread and a non-resorbable
biocompatible monofilament polypro-
pylene thread.

Variant II consisted in the use of a
complex technique. The surface of
the non-resorbable OPTOMESHTM
Macropore surgical mesh was covered
by a microporous resorbable chitosan
coating [8]. Functional chitosan forms
developed in the Institute of Biopoly-
mers and Chemical Fibres (IBWCh)
were used.

The modified surgical meshes were
tested, after sterilisation by ethylene
oxide (EO), in order to determine their
physico-mechanical features and their
chemical & biological purity. A future
part of our work will be devoted to
testing the susceptibility to enzymatic
degradation of the selected variant of the
surgical implants, as well as carrying out
biomedical investigations into estimating
the cytotoxity, the irritating and allergic
effects, and implantation tests with ex-
perimental animals. The results of all
these investigations will be presented
in a subsequent publication. The whole
research project is being carried out in
co-operation with the TRICOMED S.A.,
1.6dz, Poland.

Materials

Chitosan yarn: multifilament manufac-
tured in IBWCh

Linear density: 572 £ 5 dtex

Breaking force in conditioned state:
881+ 5cN

Elongation at break in conditioned state:
42+0.0%

Polypropylene yarn: monofilament
Linear density 185 dtex
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Surgical mesh: OPTOMESHTM Macro-
pore produced by TRICOMED S.A.

Knitted fabric: using PP (100%) mono-
filament yarn; surface weight: 80 g/m2

Chitosan products: microcrystalline
chitosan, modified microcrystalline chi-
tosan and chitosan fibrids, all manufac-
tured in IBWCh.

Chitosan from the LaNiCo enterprise,
Vietnam of M,=450 kD, and deacetyla-
tion degree of DD = 87.9% was used in
order to obtain the chitosan yarn.

Chitosan from the Vanson HaloSource
enterprise, USA, batch 03-CISB-0278 of

My = 340 kD, and deacetylation degree
of DD = 87.9% was used in order to ob-
tain the functional chitosan forms.

I Test methods

Surface weight and thickness (PN-83/
P-0489)

Piercing force by using the cone
method (PN-EN ISO 12236:1998)
Bending rigidity (PN-73/P-04631)
Estimation of chemical purity (aque-
ous extract) on the basis of the PN-
EN ISO 10993-18:2005 and ISO/TS
10993-19:2006 standards
Determining the EO remains after
sterilisation (PN-EN ISO 10993-7:
2005)

Estimation of the biological purity by
the direct inoculation method and the
membrane filtration method.

Investigation results
and discussion

Manufacturing chitosan fibres
dedicated to resorbable yarns, and
estimating their properties

The chitosan fibres devoted for the
partially resorbable meshes were manu-
factured in IBWCh with the use of a
spinning installation for wet spinning,
according to a method elaborated in
IBWCh. Chitosan from LaNiCo, Viet-
nam was used, and special attention was
paid to optimising the fibres’ finishing
conditions and selecting an appropriate
finish which ensured suitable processing
properties of the chitosan filament fibre
parties to be selected for further process-
ing. The chitosan fibres were manufac-
tured with the use of a 300-hole spinner-
et. The fibres obtained were characterised
by the following basic parameters, which
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were in general similar for all the parties
obtained: linear density of circa 2.4 dtex,
tenacity of circa 15.4 cN/tex, elongation
at break of up to 8.5%, and loop tenacity
of 3.4 cN/tex.

Developing a method of introducing
resorbable yarn into the surgical
meshes

Tests were carried out to estimate the
processing capabilities of chitosan yarns
being worked into the basic stitch manu-
factured from the polypropylene
monofilament with a linear density of
185 dtex, with the use of a warp-knitting
machine. The tests were carried out in
the Department of Knitting Technology
and Structure of Knitted Products at the
Technical University of L6dz with the
use of an RL 5 NF laboratory warp-knitt-
ing machine. Four knitted fabric variants
of a-jour stitches were differentiated by
the density of chitosan threads threaded
(samples 1, 2, 5, and 6 in Table 1 and
Figure 1, 2, 3), and two further variants
were differentiated by the report of the
stitch formed by chitosan yarn. The chi-
tosan yarn was worked in during knitting
without major disturbances. Yarn break-
ages were not observed, and small levels
of fuzz were indicated, which was the
result of elementary fibre breaks while
the yarn was being conducted through
the holes of the needle bars; this did not
significantly disrupt the technological
process. Knitted fabrics of different chi-
tosan yarn content (from 12% wt to 50%
wt), and with various surface weight of
58 g/m2 to 104 g/m2 were obtained, and
are presented in Table 1.

Developing the method and conditions
for depositing the chitosan coating on
the knitted fabric

Polypropylene monofilament OPTO-
MESHTM surgical meshes and various
chitosan forms, such as gels, salts, fibrids,
and microcrystalline chitosan, were used
for our research. All the forms mentioned
above were manufactured from the initial

Figure 2. Macroscopic photo of mesh No. 5.

Figure 3. Microscopic photo of a knitting
stich (monofilament PP, multifilament
chitosan).

chitosan made by Vanson HaloSource.
The chitosan suspensions or gels were
one-side deposited on the meshes by
the knife method. Glycerine was used
as the plasticiser in all coating blends.
We changed the concentration of coating
blends, the degree of deposition and the
drying conditions. The meshes modified

Table 1. Parameters of the chitosan/polypropylene knitted fabrics; *knitted fabrics with

different stitch report of the chitosan yarn.

Test Surface véeight, Chitosan yarn content, Thickness,
number g/m % mm
0 52 0 0,7
1 58 12 0,8
2 64 22 0,8
3* 76 35 0,9
4* 76 35 0,9
5 82 41 1,0
6 104 50 1,0

FIBRES & TEXTILES in Eastern Europe July / September 2007, Vol. 15, No. 3 (62)



were dried either by lyophilization, or
conventionally in a drier with forced air
flow. The durability of joining chitosan
with the mesh, the coating layer elastic-
ity and its resistance to physiological salt
solutions were tested. We established
that the most porous, but also the least
durable, were the lyophilized coatings
produced with the use of microcrystalline
chitosan and chitosan fibrids. The meshes
covered by chitosan gels or microcrystal-
line chitosan, with decreased pH, and
dried in a drier with air flow (Figure 4)
and by sublimation (Figure 5), were char-
acterised by more advantageous proper-
ties, principally durability and elasticity.

Developing the method of finishing the
flat-knitted products

During the first stage of our investigations,

the composite meshes were processed by

a finish procedure which consisted of

thermal stabilisation and processing in an

autoclave or irradiation by an UV lamp
under the following conditions:

1. The meshes in the form of knitted
fabrics with the addition of chitosan
yarn (variant I) were stabilised at a
temperature of 154 °C for 2.5 min,
and next processed in an autoclave at
the temperature of 121 °C for 1 hour.

2. The meshes with deposited chitosan
coating (variant II) were irradiated by
an UV lamp, in the clean zone of the
laboratory for 30 min in order to clean
the product from microbiological con-
tamination.

We additionally established that the mesh-
es will be packed in a double foil/paper
wrapping produced by OPM, Poland, and
sterilised by ethylene oxide. The choice
of the method of sterilisation was caused
by the necessity to ensure the optimum
strength parameters of the modified sur-
gical meshes. Estimation of the meshes
mechanical properties was carried out on
the basis of assessing the maximum ten-
sile strength and the relative elongation,
the piercing force (by the cone-method),
and the bending rigidity. Independently,
the porosity after EO-sterilisation was
also determined (Table 2).

Figure 4. Microscopic photo of a modified
mesh dried in an air flow drier.

Figure 5. Microscopic photo of a modified
mesh dried by lyophilization.

The surgical meshes with chitosan coat-
ings were characterised by slightly high-
er tensile strength and bending rigidity
in comparison with the OPTOMESHTM
Macropore raw meshes.

Evaluating the modified surgical
meshes

Evaluating the chemical purity of the
modified surgical meshes was conducted
on the basis of aqueous extractions
(aqueous extraction at the temperature
of 121 °C, for 1 hour) according to ap-
propriate standards for medical products.
The pH of the aqueous extractions of the
surgical meshes whose surface was mod-
ified by chitosan (variant II) decreased,
compared with the pH of the aqueous
extraction of the half-product, whereas
that of the mesh with chitosan fibres
(variant 1) was higher. In both cases,

Table 2. Selected mechanical parameters of surgical meshes which we manufactured.

Parameter
Piercing force, kN
Piercing displacement, mm
Length of bending in longitudinal direction, cm
Length of bending in transversal direction, cm
General unit bending rigidity

Raw mesh Modified mesh
3,24 3,54
19,5 22,8
3,85 5,45
3,88 6,18
0,051 0,201
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the pH of the aqueous extractions was
within the acceptable range of +1.0 of a
pH unit. The presence of ammonia ions
was stated only in the aqueous extraction
of variant II, for which we observed an
insignificant excess of the acceptable
level of 0.01 mg NH,4*/g. The ion content
of heavy metals, chlorides, and sulphates
was below the acceptable level for im-
planted medical products.

After thermal stabilisation, the surface
weight of the composite with deposited
chitosan coating was 100.7 + 2.0 g/m2
which, considering the average area mass
of the half-product of 80.3 g/m2, means
that the average surface weight of the
chitosan coating was 20.4 g/m2.

The average area mass and the thickness
of the mesh manufactured from both
kinds of threads in reality increased after
thermal stabilisation, the surface weight
to as much as 140 g/m2, and was signifi-
cantly higher than the surface weight of
mesh from variant II. The thickness of
the composite mesh of variant 1 was
1.32 mm, whereas that of variant II was
only 0.74 mm.

The evaluation of the microbiological
contamination before EO-sterilisation,
carried out by the methods of direct inoc-
ulation and membrane filtration, indicat-
ed that the modified meshes were char-
acterised by an average of 3 cfu/100 cm?2
for bacteria, and 0 cfu/100 cm? for fungi.
The presence of pathogenic micro-organ-
isms of the Enterobacteriaceae and Sta-
phylococcus aureus families, as well as
those of Pseudomonas aeruginosa were
not stated, whereas the content of bacte-
rial endotoxins, determined by the LAL
half-quantity method, was significantly
lower than 20 EU per product.

M Summary

On the basis of estimating the physico-
mechanical properties, and evaluating
the chemical properties, as well as the
chemical and biological purity, we stated
that the implants of variant II with a
surface weight of about 100 g/m2 are
potentially optimal products for further
modification, considering their better
strength parameters. The meshes of
variant I manufactured with the use of
chitosan yarns, characterised by high
porosity, were accepted as being least
advantageous, taking into consideration
the possibility of infection.
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The Colours of Textile Industry
Innovations in the Textile and Clothing Industries

L6dz Regional Conference

Under the honourable patronage of Wlodzimierz Fisiak, the Marshal of L6dz Vojevodship
and Dr. Jerzy Kropiwnicki, the President of L.odz City

18 —21 September, 2007, L6dz
Organisers:
Entrepreneurship and Economic Development Research Institute (EEDRI) at the Academy of
Management, £6dz
Centre of Advanced Technologies PRO HUMANO TEX at the Technical University of £6dz (TUL)
Polish Technological Platform of the Textile and Clothing Industries

18.09.2007, Academy of Management, £6dz
Textile industry of the future

Session 1. Modern technologies

Moderator: Dr. Jerzy Kropiwnicki, the President of £.6dz City, V-President of ACTE
Transformation of the textile and clothing industries from labour intensive into ‘knowledge-based’
— Results of the LORIS TEX research project, Prof. Bogdan Piasecki Ph.D., D.Sc., Director of EEDRI.
Co-operation model between science and the textile & clothing industry, Prof. Anna Rogut Ph.D.,
D.Sc., EEDRI, University of todz.
tédz, a city of modern technologies for the textile and clothing industries, Prof. Izabella Kruciniska
Ph.D., D.Sc., Dean of the Faculty of Textile Engineering and Marketing, TUL.
Consolidation of the textile and clothing research & development centres, Jolanta Mamenas M.Sc.,
Eng., Managing Director of the Textile Research Institute, £6dz.
The brand of textile & clothing products as a support factor for the competitiveness of the £6dz City and
its Region, Monika Malinowska-Olszowy Ph.D., TUL.
Horizontal policy of the industry in relation to the textile & clothing sector, Alicja Wotkanis Ph.D., Eng.,
Representative of the Ministry of Economy.
Portal of knowledge transfer into the textile and clotting industries, Katarzyna Majchrzycka Ph.D., Eng.,
Head of the Department of Personal Protective Equipment, Central Institute for Labour Protection
— National Research Institute (CIOP PIB).

Session 2. Modern management

Moderator: Wiodzimierz Fisiak, the Marshal of £6dZ Vojevodship
Panel discussion

19.09.2007. FARBOLUX — Bilinski Textile Enterprise, £6dz

Chemistry for the textile & clothing industries
Opening of the Conference — Waldemar Bilinski, President of FARBOLUX
The place of the Polish textile industry in the European Union according to the FARBOLUX Textile
Enterprise as an example, Grzegorz Pogoda M.Sc., Eng., Piotr Stankiewicz M.Sc., Eng., FARBOLUX
Research projects - the tool of innovativeness for the textile industry, Mafgorzata Cie$lak Ph.D., Eng.,
Textile Research Institute.
‘IMP3rove’ — the management of innovations, Sylwia Kosinska M.Sc., EEDRI Institute.
Woven camouflage fabrics and fabrics of intensive visibility, Edyta Grzesiak Ph.D.,Eng., Lucjan Szuster
Ph.D.,Eng., Institute of Dyes and Organic Products, Zgierz.
‘Reach’ — the studium of random events, Stanistaw Prus M.Sc., Eng., Institute of Dyes and Organic
Products.
Integration activity of the Polish Chemists Colourists Associatio (SPChK), Bogumit Gajdzicki Ph.D.,
President of SPChK.
Textile Cluster in Lyon, Aleksander Wiaztowicz M.Sc.
Textile & Clothing Innovation Platform, Beata Ostrowska M.Sc., BROST Internet Technology Centre.
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20.09.2007. Technical University of £6dz
Opening on innovations
Opening of the Conference: Prof. Jan Krysiniski Ph.D., D.Sc.,
Rector of the Technical University of £6dz

Session 1. Technological offers for the textile & clothing

industries

Moderators: Professor Isabella Krucinska Ph.D., D.Sc., Technical

University of tédz, Elzbieta Hibner Ph.D., Member of the

Management of the £.6dz Vojevodship.
New technologies for the textile & clothing industries, Jadwiga
Séjka-Ledakowicz, Ph.D., Eng. Deputy Director for Science
& Research of the Textile Research Institute, £t6dz, Danuta
Ciechanska Ph.D.,Eng., Managing Director of the Institute
of Biopolymers and Chemical Fibres, todz, Elzbieta Witczak
Ph.D.,Eng., Managing Director of the MORATEX Institute of
Safety Technologies, Katarzyna Majchrzycka Ph.D., Eng.,
Head of the Department of Personal Protective Equipment,
Central Institute of Labour Protection— National Research
Institute (CIOP PIB).
Project and offer presentation of the Advanced Technology
Centre, Prof. Izabella Kruciniska Ph.D., D.Sc., Dean of the
Faculty of Textile Engineering and Marketing, TUL.
Nanotechnologies in the textile industry, Barbara Niekraszewicz,
Ph.D., Eng., TUL.
Platform of Knowledge Transformation, Beata Ostrowska,
ZPORR.

Signature of the Intention Letter concerned with the creation of
a Cluster of Advanced Technologies for the Textile and Clothing
Industries.

Session 2. Polish Technological Platform of the Textile and
Clothing Industries (PPTPT)
Moderator: Professor Izabella Krucinska, Ph.D., D.Sc., TUL
Prospects and development directions of PPTPT.
Panel discussion.

21.09.2007. Centre of Teachers’ Improvement and Practical
Teaching (CDNKP)
Creativeness of the staff — investment for the future
Moderator: Janusz Moos, Director of CONKP
Panel discussion on problems of medium and higher
education.

21.09.2007. Central Institute of Labour Protection (CIOP PIB)
Workshop: Implementation of innovative technologies in
small and medium enterprises.

For more information, please contact:

LORIS TEX
90-519 t6dz, ul. Gdanska 121
tel.: (48-42) 664-22-40, 42, 45
barwywlokiennictwa@]oristex.pl
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Editorial notes

The surgical meshes modified by chitosan
developed within the scope of the project
we have carried out were granted the Si-
Iver Medal at the EUREKA’2006 fair in
Brussels.

The results of further research work into
biodegradability and those of biological/
medical tests carried out within the scope
of the project ‘Investigation into develop-
ment of partially resorbable surgical
meshes’ will be presented in a separate
publication in Fibres & Textiles in Eastern
Europe (at present being prepared).
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