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2 Introduction

When damaged, the articular cartilage
has very little capacity for spontaneous
healing because of the avascular nature
of the tissue [1, 2]. Untreated cartilage
defects lead to the degeneration of tissue.
Even small chondral defects may neces-
sitate surgical intervention. Therefore the
major goals in cartilage tissue engineer-
ing is the development of new scaffold
material that can fill the damaged area
and integrate with the surrounding tissue,
preventing further degeneration and con-
sequent osteoarthritis [3]. Ideally scaf-
folds should possess a three-dimensional
and highly porous microstructure with an
interconnected pore network, mechani-
cal properties that match those of tissue
at the site of implantation, and should
be easily processed to form a variety of
shapes and sizes [4 - 6].

Carbon nonwoven fabrics have been
used for the supplementation of carti-
lage losses as they have a unique abil-
ity among synthetic materials, which
enables the restoration of cartilage tissue
[7, 8]. The assumption that carbon as the
fundamental element in biological tissue
would not induce adverse reactions en-
couraged scientists to use carbon fibres
in medicine as an implantable biomate-
rial [9]. The properties of carbon fib-
ers important for medical applications
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are related to the physical and chemical
structure of their surface [10]. Moreover
carbon nonwoven fabrics present a re-
markably increased surface area for cell
attachment and a significantly improved
interconnected pore architecture that pro-
vides easier pathways for the diffusion
of gases, transportation of nutrients and
migration of cells [11, 12]. The broad
possibility of customising mechanical
properties to be comparable with the tis-
sues replaced make carbon nonwovens
increasingly attractive for the treatment
of cartilage defects [13]. Such material
should direct tissue formation, while pro-
viding adequate structural support [14].
However, even though carbon nonwo-
vens are biocompatible, they do not have
sufficient biological activity enabling the
stimulation of chondrocytes, but they
can be subjected to various chemical and
structural modifications. It is possible
to modify their surface by coating them
with films and layers.

Hyaluronic acid (HA) is an important
component of the extracellular matrix of
many types of tissue (i.e. cartilage) [15,
16]. HA is a naturally occurring, high
molecular weight glycosaminoglycan
(GAG) composed of repeating units of
D-glucuronic acid and N-acetyl-D-glu-
cosamine [17 - 20]. HA plays an impor-
tant role in lubrication, water sorption,

water retention and a number of cellular
functions such as attachment, migration
and proliferation [21]. HA also presents
unique advantages: it is easy to produce
and modify, hydrophilic and naturally
biodegradable [22]. When the hyaluronic
acid chains are chemically cross-linked,
the solubility and rheological properties
of the material change to become more
viscous and water-insoluble as gels [23].
It has been used for a long time by ortho-
pedic surgeons for intra-articular injec-
tion [24]. HA derivatives, forming high
viscosity solutions, have been used for
the relief of pain in patients affected by
osteoarthritis [25, 26]. Due to its high
biocompatibility and low immunogenic-
ity, HA is gaining popularity as a bioma-
terial for tissue engineering and cartilage
regeneration [27]. Unfortunately, rapid
degradation and accompanying changes
in mechanical properties limit the direct
clinical application of HA [28].

The purpose of this study was to consider
the use of hyaluronic acid-coated car-
bon nonwoven fabrics as a material for
cartilage defects or osteochondral defect
treatment. The addition of HA should im-
prove cell attachment, proliferation and
differentiation, and the presence of car-
bon nonwoven fabrics (CNF) will pro-
vide a mechanical support. In the present
study, we focused on the in vitro and in
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vivo evaluation of pure carbon nonwo-
ven fabrics (CNF) and carbon nonwoven
fabrics modified with hyaluronic acid
(CNF_HA).

I Materials and methods

Preparation of the samples

Hyaluronic acid sodium salt (HA,
1.4 MDa) was purchased from the com-
pany CPN Ltd. (Dolni Dobrouc, Czech
Republic). Carbon nonwoven fabrics
(CNF) were prepared from polyacry-
lonitrile precursor via a two-stage pro-
cess, starting from thermal treatment in
an air atmosphere at 150 - 280 °C, fol-
lowed by carbonisation in an atmosphere
of pure argon at 1000 °C [11, 14]. HA
was immobilised onto the surface of ma-
croporous carbon nonwoven fabrics. The
samples were stored at room temperature
in HA solution (0.5 g/100 ml H,O) with-
out employing any extraneous chemi-
cal cross-linking agents. After 3 days of
incubation, the samples were dried at a
temperature of 37 °C and sterilised with
UV radiation for 30 min (both sides).

Characterisation of the samples

The microstructure of carbon nonwoven
fabrics (CNF) and carbon nonwoven fab-
rics modified with hyaluronan (CNF_HA)
were characterised using a Jeol, JSM-
5400 scanning electron microscope. The
diameter of the fibres was measured us-
ing a Lanameter MP-3 microscope. The
average diameter of the fibres was de-
termined by measuring the diameter at
100 different points. The pore structure
of samples was evaluated by a mercury
porosimeter (Carlo — Erba 2000).

In vitro studies

Cytotoxicity and immunogenicity tests

The cytotoxicity of the carbon nonwoven
fabrics (CNF and CNF_HA) was deter-
mined in a culture of human lung adeno-
carcinoma cell line A549. For the cyto-
toxicity test, the A549 cells were seeded
in a 24-well plate (Costar). 1 x 106 cells
in 1 ml of the culture medium enriched
with 2% calf serum, penicillin and strep-
tomycin were deposited into each well.
Samples of the tested materials in the
amount of 10 mg were added to the plate
wells, and incubated with cells at 37 °C
in an air atmosphere containing 5% CO,.
The number of cells and changes in their
morphology were estimated after 24 and
72 hours using an inverted microscope.
Each sample was evaluated three times.
Trypan blue staining was used for the
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assessment of cell viability. Cellular cy-
tokine production was used to assess in-
flammatory potential. The cytokine IL-6
levels produced by leukocytes in contact
with modified and unmodified carbon
nonwoven materials were investigated.

Cell adhesion and growth tests

Human osteoblast-like MG-63 cells
(European Collection of Cell Cultures,
Salisbury, UK) were used for testing the
cell-material interaction in vitro. CNF
and CNF_HA were inserted into poly-
styrene multidishes (24 wells, diameter
15 mm, TPP Company, Trasadingen,
Switzerland), and seeded with MG-63
cells. Samples were cut into a round
shape, to fully cover the bottom of the
cell culture plates’ wells. Each well con-
tained 3 x 104 cells/well and 1.5 ml of
Dulbecco’s Modified Eagle Medium
supplemented with 10% of foetal bovine
serum and gentamicin (40 pg/ml). The
microscopic glass coverslips served as a
control material. Cells were incubated at
37 °C in air atmosphere with 5% CO,.
After 1, 3 and 7 days of incubation, the
samples were rinsed in phosphate-buff-
ered saline (PBS), fixed in 70% cold
ethanol (-20 °C, 5 min) and visualised by
staining with propidium iodide (concen-
tration 5 pg/ml in PBS, incubation 5 min
at room temperature). This dye stains nu-
cleic acids, including those located in the
cytoplasmic part of the cells, thus it can
be used, at least partly, for evaluation of
cell morphology [29]. The morphology
and distribution of cells were evaluated
and documented using an epifluorescence
microscope IX 51 equipped with a digi-
tal camera DP 70 (Olympus, Japan). The
effects of the materials tested on the ad-
hesion, growth and morphology of cells
on the carbon nonwoven fabrics were
evaluated. The cells were detached with
0.1% trypsin solution in PBS (pH 7.35,
temperature 37 °C, 5 min) and counted
in a Burker’s hemocytometer using an

inverted optical microscope (Olympus
IX 51). The statistical significance of the
differences between the experimental
groups was estimated using ANOVA, the
Student-Newman-Keuls method.

In vivo study

The knee cartilage of rabbits was used
as model tissue for in vivo studies. Four
rabbits for each group of materials were
used in the study. The experiment was
performed according to the EU ISO
10993-6 guidelines and the study pro-
tocol approved by the local ethics com-
mittee. The knee joints of rabbits were
sterilely draped and opened by an antero-
medial approach with the rabbits under
general anaesthesia. The patella was dis-
located laterally, and the femoral troch-
lea was exposed. Fullthick knee articular
cartilage defects were produced through
the articular cartilage and into the sub-
chondral bone of the trochlear grooves
of the knees with a 2-mm-diameter tre-
phine. The holes were then carefully ir-
rigated with saline to remove bone de-
bris. The defects of 2 mm diameter and
5 mm depth performed were filled with
equal portions of carbon nonwoven fab-
rics (CNF and CNF_HA). The implants
were inserted press-fit without any ad-
ditional fixation or glue. All animals
survived the surgery. No wound healing
complications were observed after the
surgery and during the whole experi-
ment. The animals were maintained un-
der standard conditions with free access
to food and water. After 2 and 6 months
from the surgery, animals were sacri-
ficed. Distal femora were removed, and
areas of femoral trochlea that contained
defects were dissected and placed in 4%
neutral buffered formalin for 2 weeks.
The specimens were subsequently placed
into 15% ethylenediaminetetraacetic acid
(EDTA) decalcification solution (pH 7.4)
for 6 weeks at room temperature. Decal-

Figure 1. Scanning electron microscope (Jeol, JSM-5400), images of carbon nonwoven
fabrics: (A) before modification with HA (bar = 50 um) and (B) after modification with HA
(bar = 200 um).
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Figure 2. Characteristics of carbon nonwoven fabrics: (a) diameter distribution of CNF

fibres and (b) pore size distribution for CNF.

cified specimens were embedded in para-
plast and sectioned in a microtome into
9 - 15 pm thick slices. In order to evaluate
the formation of cartilaginous repair tis-
sue, histological analysis of the samples
was performed. The sections obtained
were stained by the Masson-Goldner
method. Histological slides were exam-
ined and documented under a CX2 light
microscope (Olympus, Germany).

I Results and discussion

Material characterisation

Figure 1.A shows the morphology of
the nonwoven fabrics (CNF) after the
carbonisation process. CNF consisted
of randomly oriented, smooth fibres of
different diameters. The distribution of
the fibre diameter and pore size are pre-
sented in Figure 2.A — 2.B, respectively.

The diameter of the fibres varied from
12 — 17 pm (Figure 2.4). According to
the data obtained by means of a mercury
porosimeter, the pore size distribution
(20—250 pm) for the uncoated CNF sam-
ple was the result of the space between
fibres. From the microscopic studies it
follows that hyaluronic acid covered not
only the CNF surface but it was also pre-
sent among the fibres (Figure 1.B).

The evaluation of cytotoxicity

An important aspect in the development
of novel scaffold is the evaluation of cy-
totoxicity. According to the results pre-
sented in Figures 3 and 6, non—cytotoxic
effects could be noticed for both samples
investigated (CNF and CNF_HA). After
24 hours all the A549 cells that were cul-
tured in contact with the samples were
properly adhered to the bed and had a
proper morphological character.

The total number of cells cultured with
the samples after 24 and 72 hours was
higher than at the beginning of the ex-
periment (Figure 3.A). Although the
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Figure 3. Comparison of cytotoxic effects of CNF (1) and CNF _HA (2) samples on lung cancer cell (1549): (a) total cell number; (b)
percentage of cell survival. C indicates values obtained in cells cultured in wells without samples.
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Figure 4. Cytokine IL-6 levels produced by leukocytes in contact
with carbon nonwovens: 1) CNF, 2) CNF_HA.
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Figure 5. Number of MG-63 cells adhering and growing on car-
bon nonwoven fabrics and on the glass coverslips on day 7 after
seeding. Glass: a control material, CNF: non-modified carbon
nonwoven fabric, CNF_HA: carbon nonwoven fabric modified with
hyaluronic acid. Mean + S.E.M. from 4 - 12 measurements, ANOVA
Student-Newman-Keuls method. *: p < 0.05 in comparison with the
values obtained on control samples.
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Figure 6. Cytotoxicity test result in human lung adenocarcinoma cells line A549 after 72 h: (a) control, (b) CNF (c) CNF_HA (original

magnification 40%).

Figure 7. Morphology of MG-63 cells seeded on carbon nonwoven fabrics after 7 days in culture: (4) cells on control glass coverslips,
(B) cells on CNF, (C) cells on CNF modified with hyaluronic acid (CNF_HA). Stained with propidium iodide, microscope Olympus IX 51,

digital camera DP 70, obj. 20, bar = 100 pm.

cell numbers in the presence of CNF
and CNF_HA samples were lower than
on the control wells, no significant dif-
ferences were observed in the viability
of cells cultured in the presence of both
types of CNF samples (Figure 3.B). In
addition, the cell viability was very high
— after 24 hours of cultivation, it was ap-
prox. 90%, and after 72 h, it increased to
almost 100% (Figure 3.B).

Thus the cytotoxicity test results indi-
cate that the direct contact of carbon
nonwoven fabrics with the human lung
adenocarcinoma cells line A549 did not
show any significant cytotoxicity effect.
The cells cultured in the presence of both
types of CNF retained their elongated or
polygonal shape (Figure 6). The lower
cell number observed in cultures with
CNF and CNF_HA meshes could be
explained by the mechanical obstruc-
tion posed by these meshes, which in
fact covered the cells, rather than by the
direct cytotoxic effect of these samples.
The cell populations cultured in the pres-
ence of both types of meshes contained a
slightly higher number of rounded cells,
i.e. cells in mitosis or dying cells, which
may be a sign of a higher turnover of
cells (Figure 6).
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Cellular cytokine IL-6 production by leu-
kocytes after contact with hyaluronan-
modified and unmodified carbon materi-
als is shown in Figure 4. The cytokine
1L-6 amounts elicited by cells cultured in
contact with carbon nonwovens materi-
als were similar to those of the control

group.

Adhesion and proliferation

of osteoblast-like cells on HA modified
and non-modified carbon nonwoven
fabrics

The numbers of cells colonising the sur-
face of CNF and CNF_HA samples and
the control material (microscopic glass
coverslips) 7 days after seeding are pre-
sented in Figure 5. There were signifi-
cant differences among the cell prolif-
eration on the nonwoven materials. The
MG-63 cells cultured in the presence of
hyaluronic acid proliferated better than
those in wells with non-modified carbon
nonwovens.

Results of observations of the morphol-
ogy of cells seeded on the surface of car-
bon nonwoven fabrics (CNF and CNF_
HA) are presented in Figure 7. The mor-
phology of cells observed on both types
of nonwovens was very similar to that

of cells incubated on the control glass
surface, i.e. cells of both groups were
mostly spindle-shaped (Figure 7.4). In
the case of non-modified carbon non-
woven, cells (CNF) were uniformly
spread along fibres and covered almost
the whole of their surface (Figure 7.B).
In the case of HA modified nonwovens
(CNF_HA), cells covered the surface of
the hyaluronan film formed among the fi-
bres (Figure 7.C), which can explain the
higher number of cell found on CNF_HA
than on CNF only. Such a spreading of
cells indicates their good adhesion. Cell
counting and fluorescence microscopy
observations confirmed the good bio-
compatibility of modified carbon non-
wovens, which is substantiated with both
the higher number of cells 7 days after
seeding and the good spreading of cells.

In vivo results

It is well known that fibrous matrices are
highly promising for tissue regeneration
by acting as a cell-supporting scaffold. It
may be expected that the application of
carbon nonwoven fabrics modified with
HA would not only provide a mechani-
cal function but also have regenerative
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potential in the treatment of cartilage
diseases.

Microscopic examination of cartilage
defects filled with carbon materials
(CNF, CNF_HA) 2 months after implan-
tation showed that in both cases newly
formed cartilage tissue is present in the
outer layers of defects (Figure 8.4 -
8.B). After 6 months from implantation,
the processes of cartilage and bone tissue
regeneration were more pronounced and
observed also in deeper layers (Figure
9.4-9.B).

In the Masson-Goldner-stained sections
of both specimens, increased neovascu-
larisation was noticed. Numerous capil-
laries present in deeper layers of treated
defects allow to expect the proper re-

construction of bone tissue. The results
of the in vivo experiment showed that
animals treated with carbon nonwovens
both at 2 and 6 months revealed the
presence of repairing mechanisms. No-
ticeable differences in tissue response to
both types of implanted materials were
observed after 6 months from implanta-
tion. In the case of the unmodified im-
plant, a large majority of the implant
area was filled with granulation tissue
(Figure 9.4 ), whereas the faster growth
of hyaline-like cartilage was observed in
the presence of HA modified implants
(Figure 9.B).

After 6 month from implantation, par-
ticles formed after the fragmentation of
carbon nonwovens were observed (Fig-
ure 9).

Figure 8. Defects filled with carbon materials 2 months after implantation: (4) unmodi-
fied carbon nonwoven (CNF) and (B) carbon nonwoven fabric modified with hyaluronic
acid (CNF_HA). Masson-Goldner staining. ((4) and (B) magnification 20 % and (c) and (d)

magnification 10x).

Figure 9. Defects filled with carbon materials 6 months after implantation: (4) unmodified
carbon nonwoven (CNF) and (B) carbon nonwoven fabric modified with hyaluronic acid
(CNF_HA). Masson-Goldner staining. Magnification 10x.
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The fragmentation of the carbon mate-
rials and toxic effects of fiber degrada-
tion products on the human body have
been reported before [30]. The biologi-
cal behaviour of carbon fibrous materi-
als depends on the type of single fiber,
its structure, chemical surface state and
elemental composition [31]. It has been
demonstrated that the cellular response
to the fibrous carbon material depends on
the degree of crystallinity of the material,
therefore only selected types of carbon
fibres are suitable for tissue treatment
purposes [32]. Low-carbonised carbon
fibres, used in this study, undergo partial
fragmentation and react with the bio-
logical environment by being gradually
resorbed at the implantation site [33].
Thanks to their amorphous structure the
particles formed after defragmentation
are acceptable for macrophages [34].

M Conclusions

The results obtained in this study dem-
onstrated that the 3D matrix of the HA
modified carbon nonwoven was success-
fully prepared, and seemed to be a suit-
able scaffold for thetreatment of cartilage
defects. The scaffolds prepared in this
study were toxicity-free. In addition, the
scaffolds modified with HA were non-
immunogenic, as shown by the non-el-
evated production of interleukin 6 in in
vitro experiments and by the absence of
granulation tissue in experiments in vivo.
The results of the in vitro studies not only
showed that cells attached well and re-
tained their good viability in the carbon
nonwoven matrix but also suggested that
the incorporation of hyaluronic acid re-
sulted in the enhancement of cell prolif-
eration. After the implantation of carbon
nonwovens into the knee cartilage of rab-
bits, a faster process of tissue regenera-
tion was observed in the case of carbon
nonwovens modified with hyaluronic
acid. The modification of carbon non-
woven fabrics using hyaluronic acid can
lead to the development of a new mate-
rial, which may be a good candidate for
the manufacture of cartilage scaffolds.

o

Acknowledgments

This work was supported by the Polish
Ministry of Science and Higher Education
(luventus Plus: IP2010034270). The authors
would like to thank Dr. Ewa Zaczyriska (PAN,
Institute of Immunology and Experimental
Therapy, Wroclaw, Poland) for her help in
the cytotoxicity studies and Prof. Piotr Sil-

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 3(%9)



manowicz for his valuable advice concerning
surgical procedure.

References

1.

10.

1.

12.

Suh JKF, Matthew HWT. Application of
chitosan-based polysaccharide bioma-
terials in cartilage tissue engineering:
a review. Biomaterials 2000; 21: 2589-
2598.

Kang JY, Chung CW, Sung JH at al.
Novel porous matrix of hyaluronic acid
for the three-dimensional culture of
chondrocytes. International Journal of
Pharmaceutics 2009; 369: 114-120.
Stoop R. Smart biomaterials for tissue
engineering of cartilage. Injury, Int. J.
Care Injured 2008; 39S1: 77-87.
Bonzani IC, George JH, Stevens MM.
Novel materials for bone and cartilage
regeneration. Current Opinion in Chemi-
cal Biology 2006; 10: 568-575.

Malheiro VN, Caridade SG, Alves NM,
Mano JF. New poly(e-caprolactone)/chi-
tosan blend fibers for tissue engineering
applications. Acta Biomaterialia 2010; 6:
418-428.

Bogun M, Stodolak E, Menaszek E,
Scistowska-Czarnecka A. Composites
based on poly-e-caprolactone and cal-
cium alginate fibres containing ceramic
nanoadditives for use in regenerative
medicine. Fibres & Textiles in Eastern
Europe 2011; 19(6): 17-21.

Kus WM, Gorecki A, Strzelczyk P,
Swiader P, Swiatkowski J. Carbon fibres
as the alternative way in the treatment of
cartilage defects of patellae. Engineer-
ing of Biomaterials 1998; 2: 8-11.

Kus WM, Gorecki A, Strzelczyk P,
Swiader P. Carbon fiber scaffolds in the
surgical treatment of cartilage lesions.
Annals of Transplantation 1999; 4(3-4):
101-102.

Debnath UK, Fairclough JA, Williams
RL. Long-term local effects of carbon fi-
bre in the knee. Knee 2004; 11: 259-264.
Rajzer |, Menaszek E, Bacakova L, Rom
M, Blazewicz M. In vitro and in vivo stud-
ies on biocompatibility of carbon fibres.
Journal of Materials Science: Materials
in Medicine 2010; 21: 2611-2622.
Rajzer |, Grzybowska-Pietras J, Janicki
J. Fabrication of Bioactive Carbon Non-
wovens for Bone Tissue Regeneration.
Fibres & Textiles in Eastern Europe
2011; 19(1): 66-72.

Rajzer |, Kwiatkowski R, Piekarczyk W,
Binias W, Janicki J. Carbon nanofibers
produced from electrospun PAN/HAp
precursors as scaffolds for bone tissue
engineering. Materials Science and En-
gineering: C 2012; 32: 2562-2569.

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 3(99)

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Mikolajczyk T, Rabiej S, Szparaga
G, Bogun M, Fraczek-Szczypta A,
Btazewicz S. Strength Properties of
Polyacrylonitrile (PAN) Fibres Modified
with Carbon Nanotubes with Respect to
Their Porous and Supramolecular Struc-
ture. Fibres & Textiles in Eastern Europe
2009; 17(6): 13-20.

Rajzerl,Rom M, Blazewicz M. Production
of Carbon Fibers Modified with Ceramic
Powders for Medical Applications. Fib-
ers and Polymers 2010; 11(4): 615-624.
Patti AM, Gabriele A, Vulcano A, Ramieri
MT, Della Rocca C. Effect of Hyaluronic
acid on human chondrocyte cell lines
from articular cartilage. Tissue & Cell
2001; 33(3): 294-300.

Mao JS, Liu HF, Yin YJ, Yao KD. The
properties of chitosan-gelatin mem-
branes and scaffolds modified with hya-
luronic acid by different methods. Bio-
materials 2003; 24: 1621-1629.

Yoo HS, Lee EA, Yoon JJ, Park TG.
Hyaluronic acid modified biodegradable
scaffolds for cartilage tissue engineer-
ing. Biomaterials 2005; 26: 1925-1933.
Eng D, Caplan M, Preul M, Panitch A.
Hyaluronan scaffolds: A balance be-
tween backbone functionalization and
bioactivity. Acta Biomaterialia 2010; 6:
2407-2414.

Wang TW, Spector M. Development of
hyaluronic acid-based scaffolds for brain
tissue engineering. Acta Biomaterialia
2009; 5: 2371-2384.

Mason M, Vercruysse KP, Kirker KR,
Frisch R, Marecak DM, Prestwich GD,
Pitt WG. Attachment of hyaluronic acid
to polypropylene, polystyrene and pol-
ytetrafluoroethylene. Biomaterials 2000;
21: 31-36.

Suh KY, Yang JM, Khademhosseini A,
Berry D, Tran TN, Park H, Langer R.
Characterization of chemisorbed hyalu-
ronic acid directly immobilized on solid
substrates. Journal of Biomedical Mate-
rials Research Part B: Applied Biomate-
rials 2005; 72(2): 292-298.

Leach JB, Bivens KA, Patrick CW,
Schmidt CE. Photocrosslinked Hyalu-
ronic Acid Hydrogels: Natural, Biode-
gradable Tissue Engineering Scaffolds.
Biotechnology  and  Bioengineering
2003; 82(5): 578-589.

Tan H, Chu CR, Payne KA, Marra KG.
Injectable in situ forming biodegradable
Chitosan-hyaluronic acid based hydro-
gels for cartilage tissue engineering.
Biomaterials 2009; 30: 2499-2506.
Temiz A, Kazikdas KC, Ergur B, Tugyan
K, Bozok S, Kaya D, Guneli E. Esteri-
fied hyaluronic acid improves cartilage
viability in experimental tracheal recon-
struction with an auricular graft. Otolar-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

yngology-Head and Neck Surgery 2010;
143(6): 772-778.

Barbucci R, Lamponi S, Borzacchiello
A, Ambrosio L, Fini M, Torricelli P, Gi-
ardino R. Hyaluronic acid hidrogel in the
treatment of osteoarthritis. Biomaterials
2002; 23: 4503-4513.

Palumbo FS, Pitarresi Giovanna, Man-
dracchia D, Tripodo G, Giammona G.
New graft copolymers of hyaluronic acid
and polylactic acid: Synthesis and char-
acterization. Carbohydrate Polymers
2006; 66: 379-385.

JiY, Ghosh K, Shu XZ, Li B, Sokolov JC,
Prestwich GD, Clark RAF, Rafailovich
MH. Electrospun three-dimensional hya-
luronic acid nanofibrous scaffolds. Bio-
materials 2006; 27: 3782-3792.

Duranti F, Salti G, Bovani B, Calandra
M, Rosati ML. Injectable hyaluronic acid
gel for soft tissue augmentation: A clini-
cal and histological study. Dermatologic
Surgery 1998; 24: 1317-1325.
Bacakova L, Stary V, Kofronova O, Lisa
V. Polishing and coating carbon fiber-
reinforced carbon composites with a
carbon-titanium layer enhances adhe-
sion and growth of osteoblast-like MG63
cells and vascular smooth muscle cells
in vitro. Journal of Biomedical Materials
Research 2001; 54(4): 567-578.
Kettunen J, Makeld A, Miettinen H,
Nevalainen T, Heikkila M, Térmala P,
Rokkanen P. Fixation of distal femoral
osteotomy with an intramedullary rod:
early failure of carbon fibre composite
implant in rabbits. Journal of Bioma-
terials Science Polymer Edition 1999;
10(7): 715-28.

Btazewicz M. Carbon materials in the
treatment of soft and hard tissue in-
juries. European Cells and Materials
2001; 2: 21-29.

Btazewicz M, Piekarczyk |, Menaszek
E, Haberko K. Polymer and carbon fib-
ers with HAp nanopowder: properties
and biocompatibility of degradation
products. European Cells and Materials
2004; 7(1): 47.

Czajkowska B, Btazewicz M. Phagocy-
tosis of chemically modified carbon ma-
terials. Biomaterials 1997; 18: 69-74.
Chtopek J, Morawska-Chochdt A,
Paluszkiewicz C. FTIR evaluation of
PGLA-Carbon fibers composite behav-
iour under in vivo conditions. Journal of
Molecular Structure 2008; 875: 101-107.

Received 11.07.2012 Reviewed 03.09.2012

107



