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Summary

The biocompatibility of unidirectionally reinforced
carbon-carbon composites (carbon fibre T300,
phenolformaldebyde resin based matrix) with different surface
roughness and chemical composition was tested in cell culture
conditions. The surface of the composites was polished, covered
with amorphous or pyrolytic carbon and seeded with rat
aortic smooth muscle cells. Coating with amorphous carbon
significantly lowered the number of initially adbered cells.

In these samples, the surface roughness had no significant effect
on the number of initially adbering cells nor their subsequent
proliferation. In contrast, coating with pyrolytic carbon
improved significantly both cell adbesion and growth,
especially on the polished surfaces. In addition, the layer

of pyrolytic carbon was more resistant to mechanical damage
than the film of amorphous carbon. It is concluded that
polished composites covered by pyrolytic carbon could be
suitable for the future application in medicine

and biotechnology.

Introduction

In recent years, various types of artificial materials are
widely applied in medicine and biology. They are used for
construction of tissue and organ transplants, fabrication of
cell culture growth supports and for experimental studies of
cell-extracellular matrix interactions. Among the artificial
materials, the carbon materials are distinguished for their
excellent biocompatibility. They belong to the most advanta-
geous substrates for adhesion and growth of several types of
cells i vitro [1, 12, 13-18]. Advantages of the carbon materi-
als were proved also at iz vivo conditions. This includes, for
instance, the glass-like and pyrolytic carbon, electrographite
and carbon-carbon composites (for review see [15]), carbon-
enriched hydroxyapatite [8], calcium carbonate [9], tyrosin-
derived polycarbonates [6] and polymers reinforced with car-
bon fibers [5, 7]. These materials were succesfully used for
contructions of mechanical parts of pacemakers, artificial joint
and bone prostheses, dental implants as well as external and
internal bone fixations.

The aim of this study is to evaluate the biocompatibility of
carbon fibre reinforced carbon (CFRC) composite materials
in cell culture conditions. The CFRC materials are the most
mature examples of fibre reinforced composites in which the
chemical nature of the fibre and matrix is identical. Their
excellent mechanical properties similar to those of bone make
them an attractive material for implants in orthopaedic and
dental surgery [18]. However, there are also some unsolved
problems in their possible medical application. Their surface,
especially of those reinforced unidirectionally, is too rugged
to permit sufficient adhesion, spreading and subsequent repli-
cation of cells. In addition, these materials are prone to release
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carbon particles which is caused by the brittle nature of the
carbon matrix. The carbon microparticles can be released
during cyclic loading of the implant and may irritate biologi-
cal components of the graft as well as the surrounding tissue.
A possible solution of these two main problems may consist
in polishing the implant’s surface and covering it by a
stronger compatible layer. Therefore, we evaluate the adhe-
sion, subsequent proliferation and morphology of cells cul-
tured on surfaces of unidirectionally reinforced carbon com-
posites treated by polishing followed by the deposition of thin
films of diferent physical and chemical properties, i.e. amor-
phous or pyrolytic carbon. As‘an appropriate cell type, the
vascular smooth muscle were chosen. As known from our ear-
lier studies [1, 2, 17], these cells respond very sensitively to
environmental conditions including changes of physical and
chemical surface properties of growth supports.

Material and methods
1. Preparation of CFRC composite samples

The polyacronitryle-derived carbon fibres T300 (Torayca,
Soficar, France) were soaked with the UMAFORM LE phe-
nolformaldehyde resin (Synpo Ltd., Semtin, Czech Republic)
and wound onto a rotating drum to form a prepreg, i.e. a layer
of parallel fibres embedded in the matrix precursor. After dry-
ing partially the still sticky prepreg was cut to 150 mm sec-
tions and stacked in a heated mold. At 120 °C and under a uni-
axial pressure 0.5 MPa the thermosetting resin hardened and
in this way a carbon fiber reinforced polymer cornposite was
formed. This material was carbonised at 1000 °C in N, (when
almost all non-carbon heteroatoms were removed from the
polymer and the matrix was converted to glass-like carbon)
and then graphitised at 2500 °C in Ar, at atmospheric pres-
sure. The prepared beams were cut with a diamond saw. One
half of these specimens was ground and polished, in the final
step with colloidal S0, (grain size 0.06 m). The roughness of
the surface was measured by Talysurf (Rank Taylor Hobson
Ltd., England).

For the first set of experiments, part of the polished as well
as unpolished samples (culture area of 8 x 10 mm, thickness 6
mm) was covered with a thin layer of amorphous carbon (a-
C:H; thickness about 20nm) prepared by the CVD method
(high frequency discharge in n-hexane, power 125W, bias -300
V, time of exposition 8 minutes). Finally, we had 4 groups of
substrates for cell growth: A — without treatment, B — pol-
ished only, C - a-C:H film on the untreated surface, D — a-
C:H film on the polished surface.

For the second set of experiments, polished and unpolished
CFRC composites (cultivation area 8x10 mm, thickness 3
mm) were covered by a § mm pyrolytic carbon film deposit-
ed during 30 min. from butane at 1400 °C and pressure 230
Pa [3, 4]. In this case, we compared 3 groups of substrates: E
— without treatment, F~ pyrolytic carbon on the untreated
surface, G — pyrolytic carbon on the polished surface.
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2. Cell culture on the composites

The samples of CFRC composites were sterilized in 96%
ethanol for 24 hours, washed in distilled and deionized water
and placed on the bottom of plastic Nunclon Multidishes
(Denmark, diameter 1.5 cm). The smooth muscle cells were
obtained from the intima-media complex of the thoracic aorta
of four female Wistar ratsv(Ipcv: Wist, age 8 weeks, Institute
of Physiology, Acad. Sci. CR) by explantation method [2]. In
passage 40, the cells were seeded on the composites at a den-
sity of 17000 cells/cm’ (i.e. 30000 per one dish) in 1.5 ml of
Dulbecco Minimum Essential Medium (SEVAC, Prague)
supplemented with 10% of fetal calf serum (Sebak GmbH,
Germany) and gentamicin (40 g/ml, Lek, Slovenia). The cul-
tures were grown at 37°C and 95% humidity in air atmos-
phere containing 5% CO,.

The number of initially adhering cells was calculated one
day after seeding (in our preliminary experiments we found
that more than 90 % of the cells used in this study adhered
and spreaded during the first 24 hours without significant cell
division). Then, the medium was changed in order to prevent
the additional attachment of initially unadhered cells, and 8
days after seeding, the increase in cell number on the tested
samples was evaluated. The cells were detached from the
growth substrate by 0.2% trypsin (Sigma, St. Louis, US.A.)
in phosphate-buffered saline (10 min, 37°C) and counted in
the Brker haemocytometer. For each time interval and group
of composites, 6-8 samples were evaluated (meanS.E.M.).
The results were compared by Student’s t-test for unpaired
data. Values p<0.05 were considered significant.

Results and discussion
1. Samp!es covered with amorphous carbon (a-C:H)

The surface roughness was slightly lower in the covered
than in uncovered samples and significantly lower in polished
than unpolished samples (Tab. 1). However, the roughness of
the composites did not affect significantly the number of ini-
tially adhering cells nor their subsequent growth. On the pol-
ished surfaces of both covered and uncovered samples, the
numbers of cells on days 1 and 8 tended to be higher but these
differences were not significant (Fig. 1).

The chemical composition of the surface had more pro-
nounced effects on the cell adhesion and growth. On samples
covered with amorphous carbon, the number of initially
adhering cells on day 1 after seeding was significantly lower
than on corresponding uncovered surfaces (Fig. 2). This can
be due to a relatively lower content of carbon in the a-C:H
layer in comparison with the CFRC composite material
which can be considered as pure carbon. Similarly, on the
polyethylene doped chemically with carbon black, the num-
ber of adhered vascular smooth muscle cells was proportion-

al to the carbon content in this substrate [17]. Another expla-
nation of the lower cell adhesion could be an unappropriate
surface polarity, high content of free radicals or presence of
unsaturated sp3 bonds in the a-C:H layer [1, 10-14]. On day
8 after seeding, the difference in the number of cells growing
on both covered and uncovered samples disappeared. This
may be related to the deposition of various extracellular
matrix molecules on the tested surfaces. These molecules are
produced by the cells themselves or adsorbed from the serum
in the culture medium [10, 13]. They can gradually separate
the cells from the original growth support.

The uncovered samples released microparticles of material
which were fagocyted by cells. The release of particles was
prevented by covering the surface with amorphous carbon
but this film was not sufficiently resistant to mechanical dam-
age during handling the specimens (sterilization, washing,
placing into dishes, removal of the cells). The latter suggests
that the film of amorphous carbon would not be a suitable
material for medical use.

2. Samples covered with pyrolytic carbon

The surface roughness of the samples was higher than in
composites used in experiments with amorphous carbon. Also
the difference between polished and unpolished samples was
more apparent (Tab. 2). The beneficial effect of surface pol-
ishing on cell adhesion and growth was more pronounced in
comparison with amorphous carbon. (Fig. 2). These results
indicate that some optimal degree of the surface roughness
exists for good adhesion, proliferation and survival of cells.
Similar range optimal for cell adhesion and growth was
described for the surface polarity of ion implanted polymers
[1]. The roughness of the cultivation substrate was found to
be in correlation with its surface polarity (wettability), pro-
tein adsorption, number of adhering cells, cell adhesion area,
expression of cell specific markers and migration capacity of
cells [13].

In contrast to the amorphous carbon, covering the surface
with pyrolytic carbon significantly improved the initial adhe-
sion as well as subsequent growth of cells. On the days 1 and
8 after seeding, the number of cells was significantly higher
than on control uncovered samples. Similarly to these results,
better adhesion and growth of endothelial cells on Dacron—
and Teflon-made blood vessel prostheses coated with pyrolyt-
ic carbon was described by Sbarbati et al. [16].

Like amorphous carbon, the film of pyrolytic carbon pre-
vented the release of microparticles of composite material into
surrounding environment. Moreover, it was resistant to
mechanical damage during handling necessary for establish-
ment of tissue culture. The stability of the pyrolytic carbon
layer, together with its significantly beneficial effect on cell
adhesion and growth, indicate good integration of this mater-
ial with its biological surrounding and recommend it for the
possible medical application.

Rg [um] 1.97 0.69 0.81

0.37

1.88 0.78 0.51 0.26

S [umj 17 69 38

19 72 24 48
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TAB. 1. Parameters of the surface roughness of samples coated with amorphous carbon.

A. without treatment, B. polished only, C. a-C:H film on the untreated surface, D. a-C:H film on the polished sur-

face.

“Cross” and “along” refer to directions perpendicular and parallel to the direction of the fibres; Rq is the aritmetic
mean of the departures of the roughness profile from the mean line; S is the mean spacing of adjacent local peaks.
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5.50 1.34

Ra [um]

4.60

1.09 0.81 1.71

S [um] 30 21

22 16 21

TAB. 1. Parameters of the surface roughness of samples coated with pyrolytic carbon.

E. without treatment, F. pyrolytic carbon on the untreated surface, G. pyrolytic carbon on the polished surface.

“Cross” and “along” refer to directions perpendicular and parallel to the direction of the fibres; Rq is the aritmetic
mean of the departures of the roughness profile from the mean line; S is the mean spacing of adjacent local peaks.
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Introduction

Carbon is known to have the best biocompatibility of all
materials[1]. This material is compatible with blood, bones
and tissue. Carbon — carbon composites (CFRC) can be ma-
nufactured in such a way as to posses mechanical properties
identical to properties of bone, thus eliminating the need for
the implant removal once the healing is completed.

The use of this material is limited by difficulties of effective
stress analysis, its cost and its brittleness. The brittleness leads
very often to the formation of microparticles in the tissue, which
may then cause inflammation around the implants [2, 3, 4, S].

To avoid this problem, we tested “in-vitro* various samples
of 2-D composites. The further aim of this study was to sug-

. Open porosity Fi
(%)

1) Four repeated extracting procedures (deionized water,
121°C, 130 kPa, 1 hr) which simulated conditions more seve-
re than those in living organisms, in order to determine the to-
xicological hazard. These extracts were added to the culture
medium with fibroblasts.

2) Indirect contact test, which studied the influence of relea-
sed microparticles from the tested materials on the morpholo-
gy of macrophages.

For the preparation of bone plates we have used the same
fabric and resin as above. The reinforcement of composites
was built by stacking, coiling, or by a combination of both.
The curing was carried up at 0.6 MPa and 130°C in autoclave
in a silicon rubber mould. All cured plates were carbonised at
1000°C in nitrogen. The open porosity and apparent density

sfrangl‘h Flex ral modulus .
(GP

B Graphitized 48 1,5

12 22917

555
C Graphitized,
covered by
pyrolytic carbon 48 1,54 9 231+23 52+5

TAB. 1. Properties of the investigated composites

gest the design of bone plates and to compare the different re-
inforcement of this material.

Materials and test methods

Three types (A, B, and C) of composites reinforced by pla-
in-weave carbon fabric (made of Torayca T800 carbon fibre)
and with a matrix derived from phenolic resin were manufac-
tured using the prepreg technique.

The cured samples were carbonised at the heating rate of
50°C/hr up to 1000°C in the nitrogen atmosphere. One-step
impregnation with pure phenolic resin and re-carbonisation
yielded the material A. The material B was obtained by gra-
phitisation at 2200°C in argon. Some graphitised samples we-
re further coated with pyrolytic carbon at 1400°C, which re-
sulted in the material C.

Two cytotoxicity tests of materials A, B, and C were per-
formed using mammalian cells:

were measured by water penetration method according to the
ASTM-C 20 standard. The structure of reinforcement was
studied by an optical microscope.

Results and discussion

The properties of the tested materials are summarised in
the Table 1.

Extraction test

Although sterilisation conditions which are more gentle
with regard to the investigated material are known (sterilisa-
tion by gases, sterilisation by ionising radiation), the test in
question was chosen in order to reveal — under conditions
which are several times more drastic than those existing in
a living organism — the toxicological hazard caused by the in-
vestigated materials as well as potential changes in the mecha-
nical properties of the materials caused by the conditions of

B Graphitized 360 313 322 321
C Graphitized,

covered by pyrolytic carbon 380 311 308 311
Standard ( pure plastic plate) 357 325 326 324

TAB. 2. Proliferation of the cells in the exiracts from the tested materials
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the test. The mechanical properties given in Table 1 have not
changed after the extraction test.

Table 2 shows the proliferation of the cells in the extracts.

The higher is the value of absorbance (see Table 2) the hi-
gher is also the stimulating effect of the extract on the cell pro-
liferation. The first extract is - from the point of view of appli-
cation of the material in the living organism — the most impor-
tant one. From Table 2 it is evident that the extracts from ma-
terial A (carbonised) and from the material C (graphitised and
coated with pyrolytic carbon) exhibit in comparison with the
standard (pure plastic plate) a slightly stimulating effect on the
proliferation of the cells. The effect of the subsequent extracts
practically does not change and in comparison with the stan-
dard those extracts exhibit a slightly inhibiting effect.

The groups of cells from all extracts are metabolically acti-
ve, which means that the materials A, B, D are not toxic to the
proliferation of human cells.

Indirect contact test

We utilised the ability of the macrophages to absorb the re-
leased particles of the materials and we evaluated the three
materials in question according to the quantity of the absor-
bed particles.

From Fable 3 it follows that the smallest amount of absor-
bing cells in their typical form and thus the lowest quantity of
released particles was observed with the material C. This is
proved also by the increased number of macrophages in the
fibroblast-form that appears always when the number of par-
ticles is low.

The materials in question exhibit an amount of the last,
blastic forms that is lower than that found with the standard;
this proves the biocompatibility of all materials.

Design of the bone plates

The design of the fixation plates is shown in Fig. 1. The
shape was suggested to match the shape of the pig femur. The
plates are 65 mm long, 15 mm wide, and 4.5 mm thick.
They contain six holes with a diameter of 3.7 mm.

Comparison of plates with various reinforcement types

The properties of plates prepared with various reinforce-
ments are given in Table 4.

It follows from Table 4 that the bone plates manufactured
by a combined stacking — coiling method reveal the minimal
open porosity. Simultaneously they possess the highest densi-
ty. According to Fig. 2 the plate manufactured by stacking con-
tains matrix-rich regions (without fibres) in locations next to
the bone. After fixation these regions are supremely mechani-
cally loaded. On the other hand, the plate manufactured by co-
iling contains near its centre a large amount of voids and pores.

However, the bone plate made by a combined method
(with a stacked core and coiled sheath) does not contain voids
inside and the carbon fibres are homogeneously distributed
within the cross-section. The coiled structure moreover sup-
presses the tissue irritation by free ends of the fibres, which is
another advantage of the latter design. Eventually, the manu-
facture of the combined plate is at hand lay-up easier than the
stacking method.

Conclusion

Graphitised and coated by pyrolytic carbon C-C composi-
tes reveal after the autoclave treatment a good stability of me-
chanical properties and biocompatibility of its extracts. This
material releases also a minimum amount of carbon particles.

The bone plates manufactured by the stacking/coiling me-
thod possess a homogenous reinforcement in the whole cross-
section and contain negligible amount of voids and pores.

This study was supported by the Grant Agency of the
Czech Republic under the project No. 106/96/1066.
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A Carbonized 70 29,5 0,5
B Graphitized 71 28 1
C Graphitized

covered by

pyrolytic carbon 67 32.5 0,5
Standard

{pure plastic plate) 66 32 2

TAB. 3. Morphological evaluation of cells cultured
in the presence of tested materials

Stacking  Coiling ‘Stacking/coiling
Open

porosity (%) 33 36 29

Apparent
density

(g/cm’)

1,21 1,27

Linear
shrinkage

(%) 11,7 9,6 15,6

TAB. 4. Properties of the plates after carbonization

FIG. 1. The bone plate fixed on a pig femur

1. Matrix wiyhout fibres
2. Voids and pores
3

FIG. 2. Schematic drawing of cross-sections of the
plates prepared by: 1-stacking; 2-coiling; 3-stack-
ing/coiling
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Streszczenie

Praca prezentuje nowq metodg leczenia rozleghych ubytkiw
chraestnych z uzyciem widkna weglowego. Od grudnia 1993
do listopada 1994 operowalismy 4 chorych, u ktorych ubytek
chragstki stawowey wypetnilismy widkning weglowy.
Wezesne 24-miesigczne wyniki sq zachgeajqce, choé muszq by¢
potwierdzone w wieloletnich obserwacjach rozwoju
gonartrozy.

Stowa kluczowe: Chragstka stawowa — widkna weglowe —
chirurgia kolana

Wprowadzenie

Jedna z przyczyn przewleklych dolegliwosci bélowych ko-
lana jest uszkodzenie chrzgstki stawowej [3, 5]. Oprocz Swie-
zych urazéw i mikrourazéw przewleklych przyczyna uszko-
dzen chrzestnych kolana mogg by¢ urazy lakotek, przewlekla
niestabilno$¢ stawu, chondromalacja rzepki, oddzielajaca
martwica kostno-chrzgstna, nabyta i wrodzona niezbornosé
powierzchni stawowych, zapalenie stawu oraz czynniki jatro-
genne (W tym — podstawowa steroidoterapia).

Chrzastka stawowa jest tkanka nie posiadajaca naczyi
krwionosnych, chtonnych, ochrzestnej, a jednoczesnie zawie-
ra bardzo matg liczbg elementéw komérkowych [4]. Dojrzata
chrzastka jest nieunerwiona, a jej silnie ograniczona zdolno§é
gojenia si¢ zwigzana jest z niesprzyjajacymi warunkami towa-
rzyszacymi temu procesowi tj. niskim stezeniem tlenu, dyfu-
zyjnym sposobem odZzywiania i usuwania metabolitéw oraz
dziatajacymi na nig sitami mechanicznymi (m.in. i Scierajacy-
mi). Gojenie chrzastki przebiega odmiennie niz w tkankach
unaczynionych. Brak jest fazy wysigkowej i proliferacyjnej.
W obrebie uszkodzenia dochodzi do martwicy chondrocy-
téw. Chondrocyty otaczajace ubytek w ciggu pierwszych dni
po urazie zwigkszaja synteze bialek i proteoglikanéw, powsta-
je niepelnowartosciowa warstwa macierzy. Po krotkim czasie
wygasa aktywnos$¢ metaboliczna chondrocytéw i nie docho-
dzi do pelnego wygojenia ubytku.

Chory Wiek
Patient Age

Przedoperacyjne dolegliwosci bélowe [w latach]
Ailments before the treatment [years]

CARBON FIBRES

AS THE ALTERNATIVE WAY
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Abstract

We present a new method of treatment of cartilage defects
with the use of carbon fibres. We treated 4 patients

with that method from Dec. 1993 to Nou 1994

Early 24-month follow-ups are good but they must

be confirmed in a long-term observation.

Key words: cartilage, carbon fibres, knee joint surgery

Introduction

One of the reasons of chronic ailments of the knee is carti-
lage defect [3,5]. In addition to new injuries and chronic mi-
croinjuries , the reason of cartilage defects of the knee can be
related to the injuries of meniscus, chronic instability of the
joint, chondromalation of the patellae, bone-cartilage separa-
ting necrosis, acquired and congenital incongruence of joint
surfaces, arthritis as well as iatrogenic effects (intrajoint stero-
idotherapy included).

The cartilage is a tissue without blood vessels, lymphatic
vessels, perichondrium and it contains very small number of
cellular elements [4]. Mature cartilage has no nerve cells and
its very limited healing ability is related to unfavourable con-
ditions for this process, i.e. low concentration of oxygen, dif-
fusional feeding and disposal of metabolites, and action of
mechanical forces (e.g. abrasive ones). The healing of cartila-
ge proceeds differently compared to the tissues with blood
vessels. The exudation and proliferation phases are absent. In
the area of defected cartilage there appears chondrocyte ne-
crosis. The chondrocytes surrounding the defect during the
first days after the injury promote synthesis of proteins and
proteoglycates, which yields a defective matrix layer. After
a short time the metabolic activity of chondrocytes decreases
and complete healing of the defect is never achieved.

Przedoperacyiny zakres ruchu

~ Mobility range before the treatment

TAB. 1
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Chory
Patient

Zakres ruchu po 24 miesiqcach '
Mobility range after 24 months

0° - 120°

0°-130°

0° - 130°

TAB. 2

Nie stwierdziliémy zadnych pooperacyjnych powiktar.
We have not stated any post-operation complications.

Poszukiwania skutecznej
terapii ubytkéw chrzestnych
obejmujg uzycie przeszcze-
pow autogennych, hodowli
tkankowych, materialéw ma-
trycowych dla regeneracji
chrzgstki czy w konicu endo-
protezy chrzastki stawowej
[1, 6, 10, 13].

W pracy prezentujemy
uzycie wlokniny weglowej
z wi6kien poliakrylonitrylo-
wych (PAN) do wypelniania
ubytkéw chrzgstnych, ktora
dzigki swojej znacznej poro-
wato$ci, pozwala na wnikanie
elementéow  komérkowych
i na przerastanie tkankg lacz-
ng, a nie daje jednoczesnie
odezynu typu okolo ciata ob-
cego. Powstajaca kompozyto-
wa struktura blizny pozwala
na wczesne przenoszenie ob-
cigzen (uruchamianie stawu),
bez trwalych odksztalceni od-
twarzanej powierzchni sta-
wowej [7, 8, 9]. Wykorzysta-
nie szwu weglowego pozwala
na pokrywanie rozleglych
ubytkéw chrzestnych bez
niebezpieczenistwa zluszcze-
nia powstajgcej blizny przy
uruchamianiu i bez koniecz-
nosci stosowania gwozdzi
mocujacych Wykorzystanie
materialow weglowych nie
zmusza do reoperacji jak przy
usuwaniu metalowych gwoz-
dzi mocujgcych.

Metoda
i materiat

Od grudnia 1993 do listo-
pada 1994 operowalismy 4
chorych z wykorzystaniem
opisanej nizej  techniki.

W grupie tej byli:

Przypadek 1

16-letni chiopiec po urazie
kolana prawego przed rokiem

!

RYS.1. Ocena wielkosci ubytku chrzesinego i opracow-
anie chirurgiczne brzegéw

FIG.1 Assessment of the extent of cartilage defect and
surgical debridement of edges.
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RYS. 2. Przeprowadzenie szwéw weglowych przez rzepke

FIG. 2. Leading of carbon sutures through the pateliae.
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The search for an effec-
tive treatment of cartilage
defects comprises the use
of autografts, cultivated
tissues, matrix materials
for the regeneration of
cartilage and finally endo-
prosthesis of the cartilage
{1,6,10,13].

This paper presents the
use of polyacrylonitrile fi-
bres (PAH) to fill the car-
tilage defects. Owing to
high porosity of this mate-
rial the cell elements can
penetrate and overgrow it
with a connective tissue
without producing the fo-
reign body reaction. The
composite structure of the
scar permits early loading
(activating of the joint) wi-
thout deformations of the
reconstructed joint surfa-
ce [7,8,9]. The use of car-
bon suture enables treat-
ment of big cartilage de-
fects without a risk of scar
exfoliation during activa-
tion of the joint and wi-
thout the necessity of
using nails. The applica-
tion of carbonic materials
does not require subsequ-
ent removal of the fixing
elements.

Method

and materia|

We treated four pa-
tients with the method de-
scribed further in this pa-
per from December 1993
to November 1994. The
following cases were dealt
with:

Case 1

A 16-year old adole-
scent after an injury of the
right knee a year before
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z nasileniem dolegliwosci bélowych obu kolan, skrajnie ogra-
niczajacych zakres ruchu z przewaga po stronie prawej. Srod-
operacyjnie rozpoznano martwice¢ kostno-chrzestna rzepki
prawej.

Przypadek 2

48-letni mezczyzna z zaawansowang obustronng gonartro-
z3 bez przesziosci urazowej, nasilong bardziej po stronie pra-
wej. Chory byt leczony steroidami dostawowo. Srédopera-
cyjnie obok ubytku chrzestnego rzepki prawej stwierdzono
zmiany chrzestne IT/ITI0 obu klykei udowych, ktére nawier-
cono oraz osteofit w okolicy wyniostosci miedzyklykciowej,
ktéry usunigto.

Przypadek 3

27-letni mezczyzna bez
uchwytnego urazu z martwi-
g kostno-chrzestng rzepki le-
wej operowany przed 6 mie-
sigcami z fiksacjg chrzastki
beleczkami kostnymi z nisza
w obrazie rtg umiejscowiong
pod. rzepka.

Przypadek 4.

31-letni mezczyzna z nasi-
long gonartrozg prawostronng
po operacyjnej fiksacji mar-
twicy kostno-chrzestnej klyk-
cia przysrodkowego przed 12
laty.

Wszyscy czterej przybyli
ze znacznymi dolegliwoscia-
mi bélowymi ograniczajacy-
mi zakres ruchu w zajetych
stawach kolanowych (tab.1.)

Technika
chirurgiczna

Staw otwieramy z przy-
rzepkowego dostepu Payra.
Rozleglos¢ zabiegu zalezy od
zakresu zniszczen stawu kola-
nowego. Po odwréceniu rzep-
ki oceniamy wielkos¢ ubytku
chrzgstki (rys. 1), a nastepnie
przycinamy wiéknine weglo-
wa 1 dopasowujemy ja do
ksztaltu  ubytku. Cztery
otwory nawiercamy przez
rzepke od strony stawowe;.
Pluczemy staw kolanowy
i usuwamy osteofity, a drobne
uszkodzenia chrzastki wygla-
dzamy lub nawiercamy [11].
Przez wytworzone kanaly
w rzepce przeprowadzamy
szwy weglowe (rys. 2), ktory-
mi mocujemy przygotowang
do ksztaltu ubytku latke
z wlékniny weglowej (rys. 3).
Szwy wigzemy ponad rzepka
(rys. 4). Kontrolujemy poto-
zenie wiékniny. Zaktadamy
drenaz ssacy i zamykamy

RYS.3. Dopasowanie witdkniny weglowej do ksztahu
ubytku i umocowanie jej szwami weglowymi

FIG.3. Shaping of the carbon fibre to fit the defect and
its fixing with carbon sutures.

RYS.4. Wigzanie szwéw nad rzepkq
FIG.4 Tying-up of sutures above the patellae.

with an acute ailment of both knees, extremely limited mobi-
lity, especially on the right side. Intraoperatively recognised
bone-cartilage necrosis of the right patellae.

Case 2

A 48-year old man with an advanced bilateral gonarthro-
sis, without traumatic past, with stronger effects on the right
side. The patient had undergone intrajoint treatment with
steroids. The intraoperatively recognised cartilage defect of
the right patellae and cartilage defects II/IIlo of both femoral
condyles were drilled and the osteophyte near the intercon-
dyle eminence was removed.

Case 3

A 27-year old man wi-
thout a visible injury, with
bone-cartilage necrosis of
the left patellae, treated 6
months before by fixation
of cartilage with osseous
beams. On the X-ray ima-
ge the defect was situated
under the patellae.

Case 4

A 3l-year old male
with strong gonarthrosis
on the right side after the
surgical fixation of bone-
cartilage necrosis of the
medial condyle 12 years
before.

All these patients came
with strong ailments of
the knees, largely limiting
mobility of the affected
joints (Table 1).

Surgical
technique

The joint is opened up
from a peripatellar Payr’s
acecess.. 'he extent! of
treatment depends on the
size of defect within the
knee joint , which we
assess after turning over
of the patellae (Fig.1).
Then we cut the carbon
fibre and shape it to fit the
defect. We drill four holes
in the patellae on the joint
side. Subsequently we
wash the knee joint and
remove osteophytes,
small damages of cartilage
being smoothened or
drilled away [11]
Through the channels in
the patellaec we lead car-
bon sutures (Fig.2) which
fix the earlier-prepared
carbon patch (Fig.3). We
tie up the sutures above
the patellae (Fig.4), then
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staw w sposéb typowy. Stosujemy opatrunek typu “kokon”.
Artrotomi¢ zwykle poprzedzamy artroskopia zwiadowczg.

Postepowanie pooperacyjne

Po zabiegu koficzyna zostaje unieruchomiona w wyproscie
w tusce “Adama”. W drugiej dobie po operacji drenaz zostaje
usuniety, a chory rozpoczyna bierne ¢éwiczenia kolana (CPM
-continous passive motion). Kat zgiecia na szynie CPM
zwigkszany jest codziennie o 100. Przy usuwaniu szwow zgie-
cie zwykle przekracza 900. Cwiczenia bierne (CPM) przepro-
wadzane s3 przez pierwsze 30 dni [12]. Elektrostymulacja od
3-4 doby pooperacyjnej i ¢wiczenia izometryczne zapobiega-
ja zanikowi mig$niowemu. Limitowane ¢wiczenia czynne
pod scisly kontrola fizjoterapeuty rozpoczynane sg w 7 dobie,
a chodzenie o kulach bez obcigzania koficzyny tak wczesnie
jak tylko pozwala kondycja i samopoczucie chorego. Od 3 ty-
godnia wprowadza si¢ ¢wiczenia czynne zginania i prostowa-
nia kolana na podwieszkach oraz ¢wiczenia w odcigzeniu
w basenie ptywackim. Rutynowo podajemy hyaluronian so-
du dostawowo raz w tygodniu (20 mg) przez kolejnych 5 ty-
godni poczawszy od 14 doby.

Woczesne wyniki

W 24 miesigcy po operacji kontrolne badanie ujawnito u 2
chorych brak dolegliwosci bolowych w czasie czynnego zgie-
cia kolana, a u 2 pozostatych bol o nieznacznym nasileniu.
U wszystkich stwierdzono poprawe sity mig$niowej i wzrost
obwodu nadrzepkowego (mierzony na wysokosci 5 cm nad
rzepka) $rednio o 2 cm, brak wysi¢kéw, poprawe zakresu ru-
chu w stawie kolanowym (tab. 2) i powro6t do ich wezesniej-
szej aktywnosci fizyczne;.

Dyskusija

Powszechnoéé wystepowania uszkodzen chrzgstnych
i brak satysfakeji z wynikow leczenia zachowawczego sklania
wielu chirurgéw do poszukiwania skuteczniejszych metod
leczniczych. Wysoka cena i niedostepnosé w Polsce hodowli
tkankowych autogennych chondrocytéw uniemozliwia ich
stosowanie.

Prezentowana praca stanowi alternatywe postgpowania te-
rapetycznego w uszkodzeniach chrzastki stawowe] poprze-
dzajaca protezoplastyke. Wykorzystanie chondrogennych
wlasciwosci wiékniny weglowej w polaczeniu z technicznym
rozwigzaniem jej mocowania przy pomocy szwu weglowego
pozwala na polecenie tego nowego sposobu terapeutycznego,
zwlaszceza w rozleglych uszkodzeniach chrzgstnych. Zacheca-
jace wezesne wyniki pokrywajace si¢ z prezentowanymi
szwedzkimi wynikami (2) musza by¢ jednak potwierdzone
w wieloletnich obserwacjach rozwoju gonartrozy.
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we check positioning of the carbon fibre patch, we install a
suction tube and close up the joint in a typical way. We put a
cocoon -type dressing. The arthrotomy is usually preceded
by an exploratory arthroscopy.

Post-operation procedure

After the treatment the limb is immobilised in a straight-
ened position in Adam’s shell. On the second day the
drainage tube is removed and the patient begins continuous
passive motion (CPM). The bending angle of the CPM splint
is increased by 100 every day. At the moment of suture
removal the bending angle is usually greater than 90o. The
CPM exercises are made during first 30 days [12].
Electrostimulation started on the third or fourth day after the
treatment and isometric exercises prevent muscular atrophy.
Limited active motion guided by a physiotherapeutist begins
after 7 days whereas walking on crutches without overloading
the limb is started as soon as possible, depending on patient’s
condition . From the third week on active motion is practised,
i.e. bending and straightening of the knee on suspensions, or
in load-free conditions in the swimming pool. Sodium
hyaluronate is administered intrajointly once a week (20 mg)
for 5 consecutive weeks, starting from 14 th day after the
treatment.

Early results

The early 24-month follow-up has not shown any ailments
in active bending of the knee in two cases, and slight ailments
in two other cases. It has been stated that in all cases the mus-
cle strength increased and the circumference measured 5 cm
above the patellae was on average 2 cm greater, there were no
exudates, the mobility range of the knee joint was better
(Table 2) and all the patients regained normal physical activ-

ity.

Discussion

The frequent occurrence of cartilage defects and unsatis-
factory results of conservative therapy make that many sur-
geons search for more effective methods. High prices and lack
of autogenic chondrocyte tissues cultivated in Poland disable
their use in practice. This paper presents an alternative way
in the treatment of cartilage before the prosthesoplasty. The
chondrogenic properties of carbon fibre in combination with
technical feasibility of its fixation with carbon suture make
the new therapy worth recommendation, especially in the
case of extended cartilage defects. The encouraging early
results confirm those reported by Swedish surgeons [2] but
should be verified in long-term observations of the gonarthro-
sis development.
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Streszczenie

Autorzy przeanalizowali rozwdj endoprotez stawu
biodrowego poczqwszy od typu McKee-Farrara i Charnleya.
Szczegblng uwage zwricono na nowe modele endoprotez .
Oméwiono problemy dotyczgce endoprotez cementowych

i bezcementowych z kotnierzem i bez kolnierza.
Przedstawiono nowe typy panewek z systemem zamocowania
Fit i Fill. Stwierdzono, ze rozwdj endoprotezoplastyki niesie
2e sobg nowe wyzwania i nowe problemy.

Pomijajac kapoplastyke, endopla-
styke czeSciowa typu Austin-Moo-
ra, protezy bipolarne stawu biodro-
wego, poszukiwania idealnej endo-
protezy catkowitej trwaja od lat 60-
tych naszego stulecia. Najpierw zo-
stal wprowadzony model McKee-
Farrara, stosowany w kraju z kon-
cem lat 60-tych. Endoproteza ta
sklada si¢ z metalowego trzpienia z
glowg oraz panewki i byla mocowa-
na do koSci cementem. Na kopule
panewki znajdowaly si¢ wtopione,
lekko wystajace kolki dla lepszego
jej zakotwiczenia w warstwie pod-
chrzestnej. Przetrwala ona kilka lat i
zyskata dobrg opini¢ zaréwno
wsréd ortopedéw jak i pacjentow.

Najwigksze zastugi w konstrukeji
endoprotezy na poczatku lat 60-
tych mial J. Charnley. Wielkim
przelomem bylo wprowadzenie
przez niego panewki z polietylenu.
Trzpienie tego implantu byly naj-
pierw gladkie z kolnierzem podpar-
tym w okolicy kretarzowej, pozniej
rowkowane na bokach, a glowy o
rozmiarach 22-32 mm. Panewki r6z-
nej wielkosci byly na obwodzie
wzmocnione drutem. Typy specjal-
ne z kolnierzem — rozetg stosowane
w zmianach protruzyjnych zapobie-
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Abstract

The authors have analysed the development of endoprosthesis
of the hip joint from to the first ones invented by Farrara

and Charnley. Special attention bas been paid to novel models.
Discussed are the problems concerning cemented and cementless
replacements with and without a collar. Presented are new
types of acetabular cups with a ‘Fit and Fill’ fixation. It has
been stated that the development of endoprosthesoplasty brings
new challenges and new problems to be solved.

Not taking into account capopla-
sty, the Austin-Moor type partial en-
doplasty and the bipolar prosthesis of
the hip joint, the search for an ideal
complete edoprosthesis has been con-
tinued since 1960’s. The first model
used in Poland in late 1960’s was that
of McKee-Farrara. It was composed
of a metallic stem with a head and an
acetabular cup and it was fixed to the
bone with cement. On the cup surfa-
ce there were mounted slightly pro-
truding pins for better anchoring in
the subcartilage layer. This model
was used for several years only and it
received positive opinions both from
the surgeons and the patients.

The greatest progress in the deve-
lopment of endoprosthesis in early
1960’s was due to J. Charneley. A re-
al breakthrough was the invention of
an acetabular cup made of polyethy-
lene. At first the stems of these im-
plants were smooth with a collar sup-
ported in the trochanteric area, later
they were grooved on sides, the heads
being 22-32 mm in size. The acetabu-
lar cups of different sizes were rein-
forced with a wire along the circum-
ference. Special types with a rosette-
shaped collar, used in protrusive de-
formations, prevented displacement

galy przemieszczaniu  panewki RYS.1. Proteza typu PCA. Okolica pod- of the acetabular cup in the direction
wglab miednicy malej. Chociaz obe- kretarzowa pokryta ziarnistq powtokg. of small pelvis. Although nowadays
cnie pojawily si¢ inne, bardziej no- Panewka asymetryczna z dwoma kotka- other more advanced implants are
woczesne implanty, model Charnle- mi dla lepszej fiksacji i wtasciwej rotacji. available, the Charnley model is al-

ya ma nadal swoich zwolennikow.
W doniesieniach autor endoprotezy
i jego bliski wspélpracownik B.
Wréblewski szczyca si¢ ponad 20-
letnimi obserwacjami ponad 15 ty-

sigcy endoprotezoplastyk [2, 9, 14]. porradiion,

FIG.1. PCA type prosthesis. The subtro-
chanteric area covered with a granular
coating; the asymmetric acetabular cup
with two pins for better fixation and pro-

ways in use. In communications, the
inventor of this endoprosthesis and
his close co-worker B. Wréblewski
boast over 20 year observation of mo-
re than 15 thousand cases of endopro-
sthesoplasty [2,9,14].
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Endoproteza Charnleya popular-
na w krajach Europy Zachodniej w
naszym kraju nie byta implantowana
na szeroka skale. W Polsce pojawily
si¢ inne modele endoprotez, jak We-
llera I, IT generacji z glowg 32 mm,
Lorda, Wagnera i inne. Modele Rin-
ga, Judeta, Hastingsa nie byty w kra-
ju stosowane.

Koricowe lata 70-te i poczatek 80-
tych to era endoprotez bezcemento-
wych, ktérych czesé udowa w okoli-
¢y migdzy— i podkretarzowej byta
porowata, lub pokryta hydroksyapa-
tytem. Na stozkowata szyje zaktada-
no metalows lub porcelanows glo-
we.

Endoprotezy =~ Parhofera-Mcha
(PM), Miillera, Mittelmeiera z pa-
newkami najczesciej typu mecring sg
przyktadami modeli bezcemento-
wych. Endoproteza PM z trzpieniem
czgciowo pokrytym hydroksyapa-
tytem a w dolnej czeéci nacinanym
zabkowato, posiada kohierz. Typ
Mittelmeiera jest podobny, chociaz
posiada nieco inng panewke z alumi-
nium i wreby na calej dtugosci trzo-
nu [3, 11, 12].

Typ Zweymiillera z otworami w
okolicy migdzykretarzowej oraz mo-
del Bicontact posiadaty podtuzny, tu-
kowaty kotnierz, a ich trzpiefi pokry-
ty byl warstwa hydroksyapatytu.
Niektére modele nie posiadaly kot-
nierzy i w razie potrzeby mogly by¢
zacementowane. Panewki typu me-
cring z titanium mogly by¢ wkreca-
ne $rubowato, a do ich wnetrza
wprowadzano na wecisk polietyleno-
wa wkladke.

Inne typy endoprotez jak:
® model SCL (Sistema Callea Lu-
aldi — 1976) z krétkim trzpieniem
ufiksowanym pod katem $rédszpiko-
wo, podobnie jak w gwozdziu Gam-
ma
® model ESOP z polaczonymi
dlugimi i nakrecanymi na siebie
trzpieniami, oraz panewka powle-
czong substacjg “kosciopodobny” z
dwoma kotkami na kopule dla
uchwycenia wlasciwej rotacji,
® model PCA (Porous Coated
Anatomic - 1982) z powloks apaty-
towa i panewks podobng jak w mo-
delu ESOP.

Powyzsze typy endoprotez nie
przyjely si¢ w naszym kraju ze
wzgledu na ograniczong dostepnosé,
skomplikowana budowe i wysoka
ceng.

Podobnie typy endoprotez z mo-
delowanymi trzpieniami, rowkami,
nacigciami, jak Bichat II, Identifit,
Mecroblock i Norwich nie bylty w
Polsce implantowane (rys.1,2).

Ciagly rozwd6j endoprotezoplasty-
ki niesie ze soba wiele problemé6w.
Do najistotniejszych nalezy zaliczy¢
spos6b zamocowania trzpienia i pa-

0....O..'.O..0O........‘.0.0..‘l'......"..

RYS.2. Proteza typu MULTILOCK z tyta-
nium-6Al-4V, pokryta Ti-Nidium firmy
Zimmer.

FIG.2 MULTILOCK type prosthesis made
of Ti-6Al-4V, coated with TiNidium (Zim-
mer).

RYS.3. Proteza typu CENTRAMENT z pa-
newkami: cementowang, typu mecring
(model Monachium), bipolarng, z po-
wiokg plazmowgq

FIG.3. CENTRAMENT type prosthesis
with different acetabular cups: cemen-
ted, mecring type (Munich model), bipo-
lar, and plasma coated.

The Charnley endoprosthesis,
commonly used in the West-Europe-
an countries, was not implanted on a
large scale in Poland. Other models
appeared instead, such as that of We-
ller — Ist and 2nd generation — with
a 32 mm head - that of Lord, Wa-
gner etc. The models by Ring, Judet,
Hastings were not used in Poland.
Late 1970’s and early 1980’s were
the era of cementless endoprosthesis,
in which the femoral component in
the inter— and subtrochanteric area
was porous or coated with hydroxy-
apatite. Metallic or porcelain head
was mounted on a conical neck.

The Parhofer-Moch (PM), Miil-
ler, Mittelmeier endoprostheses with
mostly mecring type acetabular cups
are examples of cementless models.
The PM endoprosthesis with a stem
partially coated with hydroxyapatite
and serrated in the lower part is pro-
vided with a collar. The Mittelmeier
type is similar although it has sligh-
tly different acetabular cup made of
aluminium and grooves on the who-
le stem length [3, 11, 12].

The Zweymiiller type with the
holes in the intertrochanteric area as
well as the Bicontact type had an
elongated, curved collar and their
stems were coated with a hydroxya-
patite layer. Some models were col-
lar-free and could be fixed with ce-
ment if necessary. The mecring type
acetabular cups made of titanium co-
uld be screwed-in and lined with po-
lyethylene inserts by press-fitting.
Other types of endoprosthesis, such
as -
® SCL model (Sistema Callea Lu-
aldi — 1976) with a short stem fixed
in the angular intermarrow position,
as in the Gamma nail; -
® ESOP model with long inter-
connected stems screwed on one
another, an acetabular cup coated
with a bone-like substance and two
pins on the surface for proper rota-
tion;
® PCA model (Porous Coated
Anatomic — 1982) with an apatite co-
ating and acetabular cup similar to
that in ESOP model;
were not popular in Poland because
of the limited availability, complex
structure and high price. The same
refers to other types of endoprosthe-
sis, with shaped stems, grooves and
notches, such as the Bichat II, Iden-
tifit, Mecroblock and Norwich,
which were not used in Poland ei-
ther (Figs.1,2).

The development of endopro-
sthesoplasty creates many problems.
Among the most important ones are
the fixation method of the stem and
acetabular cup, the use of osseous ce-
ment and stems with and without a
collar.
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RYS.4. Panewki typu kompaktowego firmy de Puy

newki, stosowanie cementu kostnego oraz trzpieni z kotnie-

rzem, lub bez kolnierza.

W dotychczasowych obserwacjach dotyczacych stosowa-
nia réznorodnych typéw endoprotez przebija ciggle problem
cementowania lub niecementowania implantatu. Nie jest on
do kofica rozwigzany pomimo obserwacji na duzym materia-
le klinicznym i rzetelnych opiniach chirurgéw.

Podnosi si¢ mozliwos¢ odklejenia
trzpienia pomiedzy 6-8 rokiem po im-
plantacji. Za jego przyczyng uwaza si¢
starzenie si¢ cementu, niekorzystne
dzialanie naciskéw i naprezen, niepel-
ne i nieréwne powierzchnie styku po-
miedzy metalem, cementem i koscig.
Wymienione czynniki sg najczestszy-
mi przyczynami odklejania si¢ endo-
protezy. O wiele rzadziej problemy te
sq poruszane w stosunku do panewki
stawu. Wiekszos§¢ autor6w jest zdania,
iz przed 60-tym rokiem zycia nie po-
winno si¢ implantowaé endoprotezy
cementowej ze wzgledu na duze moz-
liwosci przebudowy kostnej 1 brak
cech osteoporozy.

Zakotwiczenie biologiczne stwarza
lepsze warunki biomechaniczne dla
stawu. Widra kostne wgajaja trzpief a
po przebudowie umacniajg przynasa-
d¢. Natomiast w podesztym wieku,
wydhizony cykl usprawniania oraz
rozpoczecia pionizacji i obcigzania sta-
nowi wzgledne przeciwwskazanie do
implantacji endoprotezy bezcemento-
wej, chociaz w kazdym przypadku
kwalifikacja do zabiegu powinna by¢
indywidualna [4, 6, 8].

Nastepny problem to kotnierz pod-
pierajgcy implantat w linii migdzykre-
tarzowej. Trzpien z kolnierzem uwa-
zany jest przez jednych autoréw za
czynnik powodujacy jego wywazanie,
na skutek zwigkszonych naprezen.
Wedtug innych, przy dobrej technice
operacyjnej, kolnierz  stabilizuje
trzpiefi. Jak wida¢ zdania w tym za-
kresie sa podzielone, chociaz firmy
produkuja coraz wigcej modeli bez-
kolnierzowych, takich jak Bicontact,
Centrament 1 inne. Osadzane na
trzpieniach glowy o $rednicy 28 mm
nie budza obecnie wigkszych zastrze-
zen (rys. 3).

Panewki przeszly réwniez wiele
przeobrazen, od wklejanych typu
Charnleya, poprzez system mecring
do powlekanych na calej kopule hy-
droksyapatytem z otworami dla prze-
nikania tkanki kostnej. Rzadziej stosu-

FIG.4 Compact acetabular cups, de PUY system.

In the investigations concerning the use of different types

of endoprosthesis, there is always a big problem whether or

surgeons.

|
L

RYS.5. Endoproteza, model S-ROM, sy-
stem “FIT and FILL". Charakterystyczne
trzpienie z poszerzonqg okolicg miedzy- i
podkretarzowq,; panewki na docisk i
wkrecanie.

FIG.5 Endoprosthesis model S-ROM,
‘FIT and FILL’ system; characteristic
stems with a widened inter- and subtro-
chanteric areas; acetabular cups fixed
by press-fitting and screwing.

not the implant should be cemented. There is no answer in
spite of many clinical observations and reliable opinions of

Discussed is the possibility of stem deglutination after 6-8
years brought about by ageing of the cement, unfavourable

effects of loading and stresses, de-
fective and rough contact surfaces
between metal, cement and bone.
The mentioned factors are predo-
minantly responsible for the deglu-
tination of endoprosthesis. Less
frequent are problems related to
the acetabular cup. The majority of
authors believe that patients under
60 should not be given the cemen-
ted endoprosthesis because of high-
ly probable bone reconstruction
and lack of osteoporosis.

Biological anchoring provides
better biomechanical conditions for
the joint. Bone chips heal-in the
stem and after restructuring they
act as metaphysial reinforcement.
On the contrary, old age, extended
recovery cycle, delayed assuming
of standing position and loading are
generally regarded as contraindica-
tions in considering implantation
of cementless endoprosthesis, al-
though in each case the qualifica-
tion for the replacement should be
made separately [4,6,8].

Another problem is related to
the usefulness of a collar that sup-
ports the implant in the intertro-
chanteric line. According to some
authors, the stem-collar system it-
self may cause displacements due
to increased stresses. Others claim
that the collar stabilises the stem
when the surgical technique is ade-
quate. Although the opinions are
not unanimous more and more col-
lar-free models are being produced,
e.g. such systems as Bicontact,
Centrament etc. The heads with a
diameter of 28 mm mounted on
stems are no more questioned
(Fig.3). The acetabular cups have
also undergone many transforma-
tions, from the inserted ones inven-
ted by Charnley, through the me-
cring system, to the newest ones
coated with hydroxyapatite on the
whole cup surface and with holes
to let the osseous tissue in. Less fre-
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je sie panewki mocowane Srubami.
Obecnie nastapita era panewek kom-
paktowych, powlekanych substancja
“koSciopodobng”  zamocowanych
przez kotki i docisk jak w systemie
De Puy. Zaktadane do nich s3 nadal
polietylenowe wktadki (rys. 4).

Cechy destrukcji kostnej oraz
obluzowywanie si¢ szczegélnie endo-
protez cementowych stwarza powaz-
ne problemy w czasie usuwania ce-
mentu, przeklejania oraz implanto-
wania nowej endoprotezy. W czasie
kwalifikacji do zabiegu nasuwaja sie
pytania: jakiej uzy¢ endoprotezy ?,
cementowej czy bezcementowej ?
Pytania te jak i sam moment przekle-
jania endoprotezy stwarza wiele zlo-
zonych probleméw a odpowiedZ na
nie zalezy od stopnia destrukeji kosci,
wieku chorego oraz mozliwosci war-
sztatowych. Szwajcarski ortopeda
Muller powtarza, ze endoproteza po-
winna by¢ tatwa zaréwno przy jej za-
kladaniu jak i usuwaniu. Czy zawsze
tak jest ? Ten kto zaklada endoprote-
zy biodra wie z jakimi nieraz trudny-
mi, skomplikowanymi sytuacjami
oraz zlozonymi znieksztalceniami
spotyka si¢ ortopeda podczas implan-
tacji endoprotezy [1, 7, 10, 13].

Lata 90-te przyniosly postep w
postaci trzpieni modularnych, powle-
kanych, panewek kompaktowych
podobnie jak w najnowszej endopro-

rthopor™

k

cetabular Cup (3)

quently used are acetabular cups fi-
xed with screws. At present the
most advanced are compact aceta-
bular cups coated with a bone-like
substance and fixed by means of
pins and press-fitting as in the de
Puy system. They are always provi-
ded with polyethylene inserts.
(Fig.4).

Bone destruction and loosening
of endoprostheses, especially the ce-
mented ones, create serious pro-
blems in cement removal, reinser-
tion and implantation of a new en-
doprosthesis. In qualifying for the
treatment the question arises about
the type of replacement to be used,
i.e. the cemented or the cementless
one. The answer to this question
and appointing due time for the re-
placement treatment depend on the
extent of bone destruction, age of
the patient and technical feasibility.
Although according to the Swiss
orthopaedist Mller the endoprosthe-
sis should be easy to implant and to
remove, it is not always the case.
Everyone who has ever dealt with
the insertion of the hip endopro-
sthesis knows how difficult situa-
tions and how complex deforma-
tions can be encountered in practice
[1.7.10,13}.

The 1990’s have brought much
progress, i.e. modular stems, coated

tezie tytanowej Linka-Modular Sy-
stem. W tym modelu RIBBED okoli-
ca kretarzowa zakotwiczona jest do-
datkows Srubg.

Nowy system amerykanski S-
ROM, oparty na zasadzie Press-Fit,
Exact-Fill; w skrécie Fit and Fill pole-
ga na dopasowaniu implantatu do
szerokiej przynasady co zapewnia
réownomierne naciski oraz doklad-
nym wypelnieniu waskiego kanahu
kosci udowej. Takie endoprotezy sto-
sowane s3 w przypadkach duzych przestrzeni w okolicy mig-
dzykretarzowej oraz przeklejeniach. [5, 10], (rys. 5, 5a).

Endoprotezoplastyka stawu biodrowego pozostawia wicle
mozliwosci wyboru, jak i zastosowania réznorodnych technik
operacyjnych. Wigkszosci chirurgéw po 20-25 latach do-
$wiadczen wydaje sig, Ze opanowal caly warsztat. Ciagle jed-
nak powstajg nowe rozwigzania technologiczne oraz wprowa-
dzane s3 nowe modele endoprotez, ktére wymagaja stalego
doskonalenia techniki operacyjne;.

W pracy nie wspomniano o cenach implantatéw, ktére
wielokrotnie s3 hamulcem wyboru i ukierunkowanego poste-
powania chirurgicznego. Pominigto réwniez w tych rozwaza-
niach problem ubytkéw panewki, przeszczepéw kostnych,
przeklejen, niepowodzen i powiklafi. Zdajemy sobie sprawe,
ze endoproteza nie rozwigze wszystkich probleméw leczni-
czych stawu biodrowego. Dlatego nasze wysitki powinny i$¢
takze w kierunku zapobiegania uszkodzeniom stawu, weze-
snego leczenia zachowawczego oraz ewentualnej korekeji chi-
rurgiczne]j bez zakladania endoprotezy (osteotomie).

Jednak terazniejszo$¢ 1 przyszlosé niesie za sobg nie tylko
nowe wyzwania, ale i nowe mozliwosci alloplastyki. W na-
szym kraju zakladamy coraz wigcej endoprotez. Oceng na-
szych wysitkow bedziemy mogli zweryfikowa¢ po 5 a najle-
piej 10-15 latach obserwacji.
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RYS.5A. Rodzaje panewek stosowanych
w systemie S-ROM typu Arthopor. Kopu-
ty, pokryte substancjq kosciopodobng,
na wkrecanie, z otworami na docisk i
kotki stabilizujgce.

FIG.5A Different acetabular cups used
in the S-ROM system Arthopor type;
cups coated with a bone-like substance,
fixed by screwing, with tightening holes
and stabilising pins

compact acetabular cups, as that in
the newest titanium endoprosthesis
Linka-Modular System. In the RIB-
BED model the trochanteric area is
anchored with an additional screw.

The latest American S-ROM sy-
stem, based on Press-Fit and Exact-
Fill procedure, shortly referred to as
‘Fit and Fill’ consists in fitting the
implant to a wide metaphysis which
ensures uniform loading and good
filling of the narrow channel in the
thigh bone. These endoprostheses are used in the case of lar-
ge spaces in the intertrochanteric area and in reinsertions
[5,10] (Figs.s, Sa).

The endoprosthesoplasty of hip joint provides many choi-
ces as regards the system and surgical technique. Most surge-
ons with a 20 — 25 years experience seem to have acquired
mastery in the technique. It happens, however, that new tech-
niques and new models are continually being developed
which requires continuous perfectioning of the surgical skills.

The present paper has not discussed some properties of
implants which often limit the available choices of treatment.
Left out are also the problems connected to acetabular cup
defects, osseous grafts, reinsertions, failures and complica-
tions. We realise that the endoprosthesis itself will not solve
all the problems of the hip joint treatment. Therefore our ef-
forts should be directed also at prevention, early conservative
therapy and surgical corrections without resorting to endo-
prosthesis (osteotomy).

However, the state-of-art and future developments bring
not only new challenges but also new possibilities for the al-
loplasty. The number of implanted endoprostheses in Poland
continually increases. The evaluation of our achievements re-
quires long-term observations, i.e. 5 years or even 10-15 years
long.
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Streszczenie

Autorzy wykonali badania doswiadczalne celem sprawdzenia
czy polgczenie z hydroksyapatytem zapewni witkninie weglo-
wej lepsze whasnosci biologiczne. Do doswiadczenia uzyli 36
krolikow, ktdre podzielili na trzy rowne grupy. Kazdemu
zwierzeciu wykonywali w trzonie Zuchwy ubytek kostny
wielkosci 6 x 4 x 2 mm. W grupie pierwszej ubytki goity sig
w obecnosci skraepu krwi. W grupie drugiej

wypetniali je wiokning weglowq, natomiast w grupie trzecief
wltkning weglowg nasycong hydroksyapatytem. Uzyskane
wyniki porwierdzity wysokie walory biologiczne widkniny
weglowej i hydroksyapatytu. Wykonane doswiadczenie nie po-
twierdzito jednak wyraznego polepszenia wiasnosci
biologiczmych widkniny na skutek polgczenia

2 hydroksyapatytem.
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Summary

The authors performed experiments in order to find out

if carbon felt can have better biological properties

when combined with bydroxyapatite. Thirty-six rabbits
were divided into 3 equal groups. A bone defect (size

6 x 4 x 2mm) was made in each mandible body.

In group I the bealing process was supported by blood clot.
In group 11 the defects were filled with carbon felt,

while in group 11 the carbon felt was saturated

with hydroxyapatite. The results confirmed

high biological quality of carbon felt and hydroxyapatite. Ho-
wever, no confirmation was obtained as to improving

the biological properties of the felt upon combining

with hydroxyapatite.

Key words: carbon fibrin, hydroxyapatite, bone defects,
bealing

Autogenic bone grafts are widely used in recontructive

ERIALO

=7 surgery. Biocompatible inorganic materials are sought in an

Najczesciej stosowanymi materialami w rekonstrukeyjnej
chirurgii kostnej sa autogenne przeszczepy kostne. Koniecz-
no$¢ wykonania dodatkowego zabiegu operacyjnego powo-

attempt to avoid additional operations. Numerous investiga-
tions have shown that some fibrous carbon materials may be
adequate [2, 3, 16, 17]. One of them is carbon fibrin. This Po-

duje poszukiwania zastepczych biozgodnych materiatéw nie- lish material was invented and manufactured at the Depart-
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organicznych. Badania przeprowadzone na przestrzeni szere-
gu lat wykazaly, Ze wymogi takie mogg spelnia¢ niektére
widkniste materialy weglowe [2,3,16,17]. Jednym z nich jest
widknina weglowa. Ten krajowy material zostal opracowany
i wytworzony w KCS WIMiC AGH w Krakowie [18].

Od wielu lat znany jest réwniez inny biomateriat — hydro-
ksyapatyt. Stosowany jest w wielu specjalnosciach medycz-
nych, gléwnie w stomatologii. Hydroksyapatyt opracowany
w KCOSzi'T WIMiC AGH w Krakowie znalazl jak dotad za-
stosowanie w stomatologii zachowawczej [14,25], ale istniejq
doniesienia o prébach zastosowania go réwniez w innych spe-
c¢jalnosciach zabiegowych [5,6,7,10,12,20,21].

Na uwage zashuguje fakt, ze obydwa materialy zaréwno
wegiel jak i hydroksyapatyt sg sktadnikami organizméw zy-
wych. Kazdy z nich charakteryzuje si¢ réwniez wysoka bio-
zgodnoscia. Hydroksyapatyt cechuje jednak duza bioaktyw-
no$é pozwalajaca na Scisle polaczenie z tkankg kostna [9,11].

Dla zwiekszenia whasnosci biologicznych wi6kniny weglo-
wej nasycono ja elektroforetycznie hydroksyapatytem. Ce-
lem naszej pracy jest sprawdzenie czy potgczenie z hydroksy-
apatytem zapewnia wiokninie weglowej lepsze whasnosci bio-
logiczne.

Materiat i metody

Do doswiadczenia uzyto 36 dorostych krélikéw* rasy mie-
szanej, w rownych ilosciach obu plci. Zwierzeta podzielono
na trzy réwne grupy liczace po 12 krélikéw. Przebywaly one
w oddzielnych klatkach w stale wietrzonym pomieszczeniu
w ktérym temperatura wynosita 298° K (16°C) do 291°
K (18°C). Przez caly okres doswiadczenia zwierzgta otrzymy-
waly pelnowarto$ciows, sucha, witaminizowang i mineralizo-
wang paszg. W okresie przed i pooperacyjnym zwierzgtom
nie podawano zadnych lekéw.

Zabiegi operacyjne po weczesniejszej premedykacii diaze-
pamem wykonywano w znieczuleniu dozylnym ketaming
oraz miejscowym 2% lignocaing z noradrenaling. Odstonigto
boczna powierzchnig¢ Zuchwy, z cigcia powlok u jej podstawy.
U wszystkich zwierzat wykonywano ubytek w kosci wielko-
$ci 6x4x2 mm. W grupie I rany kostne wypelnialy si¢ skrze-
pem krwi. Dla pozostatych zwierzat przygotowano dwa ro-
dzaje materialu weglowego — wiékning weglowa oraz wi6kni-
n¢ weglowa nasycong elektroforetycznie hydroksyapatytem.
Obydwa materialy przed ich uzyciem poddano sterylizacji
w autoklawie. Wi6kning weglowg wypelniano ubytki kostne
zwierzgtom grupy II. Natomiast w grupie III zwierzat do-
$wiadczalnych ubytki kostne wypelniano wiékning weglowa
nasycona hydroksyapatytem.

Grupa I i II stanowily w tym modelu do§wiadczenia gru-
p¢ kontrolng dla grupy III.

Badania oparto na obserwacjach klinicznych oraz histopato-
logicznych w 7, 4, 21 dobie oraz 6, 9 i 12 tygodniu doswiadcze-
nia. W poszczegdlnych okresach badawezych zwierzgta uSmier-
cano, oceniano makroskopowy wyglad tkanek otaczajacych
dawne ubytki kostne, a nastgpnie pobierano fragmenty zuchwy
do badania mikroskopowego. Tkanke kostna po utrwaleniu
w 10% roztworze zobojetnionej formaliny, odwapniono w 10%
roztworze wersenianu sodowego (etylodwuaminoczterooctanu
—EDTA). Pozwolilo to na dobre zachowanie struktur komérko-
wych koci oraz tkanek migkkich wokét i w wytworzonych
ubytkach. Odwapnione fragmenty kostne przeprowadzono
w spos6b typowy i zatapiano w paraplascie. Otrzymane blocz-
ki skrawano na mikrotomie uzyskujac skrawki o grubosci 6 mi-
kron6éw. Po odparafinowaniu barwiono je rutynowo hemato-
ksyling — eozyna. Otrzymane preparaty oceniano w mikrosko-
pie $wietlnym stosujgc powigkszenia od 24 do 250 razy.

Wyniki badan

Po zabiegu operacyjnym zwierzeta zachowywaly si¢ spo-
kojnie i normalnie przyjmowaty pokarm. Okres gojenia ran
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ment of Special Ceramics, University of Mining and Metal-
lurgy in Cracow [18].

Another biomaterial, i.e. hydroxyapatite, has been known
and used for many years in numerous medical branches, chie-
fly in stomatology. Our hydroxyapatite was developed at the
Department of Ceramics, Academy of Mining and Metallur-
gy, Cracow. So far it has been used in conservative dentistry
[14,25] but there are reports describing attempts at using it
for other kinds of surgery [5, 6, 7, 10, 12, 20, 21].

It is proper to say that both carbon and hydroxyapatite are
components of living organisms. Moreover, each of them is
highly biocompatible. But hydroxyapatite is bioactive too,
enabling connection with bone tissue [9,11].

Carbon felt was saturated electrophoretically with hydro-
xyapatite in order to increase its biological properties. The
aim of our study was to find out if hydroxyapatite can impro-
ve biological properties of carbon fibrin when both are used
together.

Material and methods

The material consisted of 36 adult rabbits /upon consent
from Bioethical Committee for Experiments on Animals, Si-
lesian Academy of Medicine in Katowice / of mixed breed,
males and females in equal numbers, divided into three gro-
ups of 12 rabbits each. The animals were kept in separate ca-
ges, the room had good ventilation, and the temperature was
298°K — 291°K. Throughout all experimental period the rab-
bits were given standard dry food with vitamins and mine-
rals. No drugs were administered either prior to or after the
operations.

The animals were premedicated with diazepam, and anae-
esthetized intravenously with ketamine, while local anaesthe-
sia consisted of 2% lignocain plus noradrenaline. Lateral sur-
face of the mandible was exposed through a cut at its base.
A bone defect 6 x 4 x 2 mm was made in each case. In group
I the bone wound became filled with blood clot. Group II re-
ceived carbon felt, and group III - carbon felt immersed with
hydroxyapatite. Both materials were sterilised in an autocla-
ve before operations.

Groups I and II were controls for group II1.

Clinical and histopathological examinations were perfor-
med on the 7th, 14th and 21st days and 6, 9 and 12 weeks fol-
lowing the operations. The animals were killed on particular
days and the tissues surrounding former bone defects were
evaluated macroscopically, while mandibular fragments were
taken for microscopy. Bone tissue was fixed in 10% neutrali-
zed formalin solution and decalcified in 10% sodium versena-
te solution /ethyldiaminotetracetate, EDTA/ in order to keep
good cellular structure of the bone and soft tissue both aro-
und and inside the defects. Decalcified bone fragments were
further handled in a typical way and embedded in paraplast.
The blocks were cut on a microtome to receive sections 6 mi-
crons thick. Upon removing paraplast, the sections were stai-
ned routinely with hematoxylin-eosin. Final preparations we-
re evaluated by light microscopy under 24 — 250 magnifica-
tion. :

Results

The animals were quiet after the operations, taking the fo-
od in usual way. Duration of the wound healing was 10 — 14
days. No inflammatory complications were observed in any
animal. The tissues immediately over the bone defect adhe-
red tightly to it. At the beginning of the follow-up period they
could be easily removed, but at a later stage their structure
appeared like mature bone. Only in groups II and I1I /carbon
felt and carbon felt plus hydroxyapatite/ black fibres could be
still seen at early stages. However, towards the end of the pe-
riod the fibrin was tightly covered with a tissue appearing li-
ke bone.
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pooperacyjnych wynosit od 10 do 14 dni. U zadnego ze zwie-
rzat nie stwierdzono powiklan zapalnych. Tkanki znajdujace
si¢ bezposrednio nad ubytkiem kostnym szczelnie przylegaly
do niego. Poczatkowo tatwo dawaly si¢ usuwac. W konco-
wych okresach obserwacji mialy strukture zblizona do doj-

rzatej kosci. Jedynie w grupach
I i I w ktérych stosowano
wiéknine weglowg 1 wiéknine
weglowa nasycong hydroksya-
patytem w poczatkowych okre-
sach badawczych obserwowano
przeswitujaca czarng widknine.
W koncowych okresach obser-
wacji byla ona réwniez szczelnie
pokryta tkankg o konsystencji
przypominajgcej kos¢.

W  badaniach mikroskopo-
wych w 1 grupie zwierzat,
w ktérej ubytki kostne wypel-
nione byly skrzepem krwi
w okresie od 7 do 21 dni obser-
wowano  gléwnie  zmiany
wsteczne W postaci martwicy
i resorpcji beleczek kostnych.
Bardzo stabo zaznaczony byl
jednak rozrost komérek mezen-
chymalnych 1 procesy odbudo-
wy tkanki kostnej (rys.1).

W grupie II, w ktérej ubytki
kostne wypelnione byty wiékni-
na weglowa w tych samych
okresach  badawczych poza
zmianami wstecznymi typu
martwicy i resorpcji beleczek ko-
stnych obserwowano réwniez
szybki wzrost komorek mezen-
chymalnych. Wsréd nich wi-
doczne byly zbrylone wlékna
weglowe oraz procesy regenera-
cyjne tkanki kostnej. W tym
okresie na obwodzie spostrzega-
no juz dojrzala tkanke kostna
(rys.2).

W grupie II1, ktérg stanowity
zwierzeta z ubytkami kostnymi
wypehlionymi wiékning weglo-
wa nasycong hydroksyapatytem
rowniez na tle zmian wstecz-
nych obserwowano w poblizu
regenerujacych si¢ beleczek ko-
stnych liczne luzno lezace frag-
menty wiékien weglowych. Wi-
doczne byly réwniez zarysy
struktur torbielowatych, miej-
scami wyScielonych fibrocytami
o wydhluzonych jadrach (rys.3).

W drugim okresie obserwacji
tj. od 6 do 12 tygodnia w grupie
I na obwodzie obserwowano po-
czatkowo prawidlowe utkanie
kosci, ktore w niektérych miej-
scach skladalo si¢ jednak z cien-
kich, stabo wyksztalconych bele-
czek kostnych i duzych prze-
strzeni  migdzybeleczkowych
w ktérych znajdowala sie tkanka
thuszczowa. Pod koniec okresu
obserwacji widoczny byt aktyw-
ny proces odbudowy i ogniska
zrzeszotnienia tkanki kostnej
(rys.4).

RYS. 1. Martwica i resorpcja tkanki kostnej. Barwienie
H.E., pow. 160x

FIG. 1. Necrosis and resorption of bone tissue. H.E.
stain, magnif. 160x

g

RYS. 2. Nier6wnomierna odbudowa tkanki kostnej z
ogniskami zrzeszotnienia. Barwienie H.E., pow. 200x
FIG. 2. Irregular reconstruction of bone tissue. Focii of
porosis visible. H.E. stain, magnif. 200x

- .

RYS. 3. Wiékna weglowe w przestrzeniach miedzy
regenerujgcymi sie beleczkami kostnymi. Barwienie
H.E., pow. 160x

FIG. 3. Carbon fibres in spaces between regenerating
bone trabeculas. H.E. stain, magnif. 160x
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In group I /bone defects filled with blood clot/ the micro-
scopic examinations revealed for 7 — 21 days regressive chan-
ges, chiefly necrosis and resorption of bone trabeculas.
Expansion of mesenchymal cells and processes of bone tissue
reconstruction were very poor (Fig.1).

In group II /bone de-
fects filled with carbon
fibres/ rapid expansion
of mesenchymal cells
was observed in addi-
tion to regressive chan-
ges like necrosis or re-
sorption of bone trabe-
culas. Lumps of carbon
fibrin and regenerative
processes of bone tissue
could be seen in the
midst of the mesenchy-
mal cells. Mature bone
tissue was visible along
the circumference too
(Fig.2).

In group III /bone
defects filled with car-
bon felt plus hydroxya-
patite/ numerous loose
bits of carbon fibres and
regenerating bone tra-
beculas were observed
on the background of
regressive changes. An
outline of cystoid struc-
tures, sometimes lined
with fibrocytes having
elongated nuclei, could
also be seen (Fig.3).

During the second
part of the follow-up pe-
riod, i.e. from 6 to 12
weeks, in group I the
bone texture seemed
normal at an early stage
of observation. Howe-
ver, here and there the
bone trabeculas were
thin and poorly formu-
lated whereas large in-
tertrabecular spaces we-
re filled with fatty tis-
sue. Towards the end of
the period active pro-
cesses of reconstruction
and focii of bone tissue
porosis could be seen
(Fig.4).

In group II well for-
mulated bone trabecu-
las were seen among
compact connective tis-
sue and occasional car-
bon fibres. Towards the
end of the follow-up pe-
riod only mature bone
was seen together with
occasional carbon fibres
which had not been re-
moved yet (Fig.5).

In group III regene-
rating bone trabeculas
and numerous osteobla-
sts along the circumfe-



W grupie II poczatkowo stwier-
dzono wsréd zbitej tkanki tacznej
i nielicznych wiékien weglowych
dobrze rozwiniete beleczki kostne.
Natomiast pod koniec okresu ob-
serwacji spostrzegano juz tylko
dojrzalg kos¢ i gdzieniegdzie poje-
dyncze wiékna weglowe, ktérych
uprzatanie nie zostato jeszcze za-
koniczone (rys.5).

W III grupie obserwowano po-
czatkowo regenerujace beleczki ko-
stne z obecnoscig licznych osteo-
blastéw na obwodzie. Na obwo-
dzie uwapnionych beleczek spo-
strzegano réwniez obecno$¢ drob-
nych torbielowatych przestrzeni
z resztkami hydroksyapatytu wy-
Scielone jedno 1 wielojadrowymi
komérkami fagocytarnymi. W po-
blizu obserwowano réwniez nie-
liczne zlogi widkien weglowych.
Pod koniec okresu obserwacji na
brzegach dojrzatych mas kostnych
z licznymi osteocytami, w tkance
facznej wibknistej znajdowano tor-
bielowate przestrzenie bez wyra-
znego odczynu fagocytarnego.
W tkance Iacznej widknistej wypel-
niajgcej ubytek kostny spostrzega-
no réwniez wsrod dojrzatych bele-
czek kostnych bardziej obfite zbry-
lone zlogi wlékien weglowych
(rys.6).

Omoéwienie
i dyskusja

Oddzielnie stosowane takie bio-
materialy jak tytan czy hydroksya-
patyt sa réwniez taczone dla zwigk-
szenia ich aktywnosci biologicznej.
W implantologii stomatologicznej
pokrywa si¢ np. tytanowe wszczepy
$rédkostne warstwg hydroksyapaty-
tu [11,15]. Wg niektérych autor6w
poprawia to umocowanie wszczepu
w kosci dzigki szybszej osteointegra-
i [22,23,26]. Wydaje sig, ze nie-
ktérzy autorzy przeceniaja wlasno-
$ci biologiczne hydroksyapatytéw
stosujgc je nawet do pokrywania
przeszczep6w autogennych [22].

Wielu autoréw prébowato wyja-
$ni¢ role wlékniny weglowej w pro-
cesach gojenia tkanek [8,13,19,24].
Jedni z nich uwazaja, ze wrastanie
tkanki tacznej wzdhuz widkien we-
glowych jest zwigzane z ich poro-
watg budowg [16] inni nie wyklu-
czajg mozliwosci  indukowania
wzrostu tkanki facznej w kontakcie
z wiékning weglows [3,18,19,24].

Wiékniste materialy weglowe
nie powinny by¢ stosowane w ope-
racjach wewngtrz— stawowych, po-

-

rence were seen at the
beginning of the fol-
low-up period. Small
cystoid spaces with
remnants of hydroxy-
apatite and lined with
mononuclear or mul-
tinuclear phagocytic
cells could also be se-
en along the circum-
ference of calcified
trabeculas. Occasio-
nal deposits of carbon
fibres were visible ne-
arby. Towards the

RYS. 5. Torbielowate przestrzenie i cechy degradacii
wiékien weglowych w tkance tgcznej wiéknistej.
Barwienie H.E., pow. 250x

FIG. 5. Cystoid spaces and signs of carbon fibre
degradation in fibrous tissue. H.E. stain, magnif. 250x

RYS. 6. Torbielowate przestrzenie z resztkami
hydroksyapatytu w tkance tgcznej widknistej na brzegu
dojrzatej kosci. Barwienie H.E., pow. 100x

FIG. 6. Cystoid spaces with remnants of hydroxyapatite
in fibrous tissue on the edge of mature bone. H.E.
stain, magnif. 100x

niewaz wegiel dziata draznigco na blong maziows [16,18].
Kus$ i wspélpracownicy uwazaja, ze mozna ja stosowac
w rekonstrukeji ubytkéw chrzestnych powierzchni stawo-

wych kolana [1].

RYS. 4. Dojrzata tkanka kostna inkrustowana resztkami
wiékien weglowych. Barwienie H.E., pow. 160x

FIG. 4. Mature bone tissue incruted with remnants of
carbon fibres. H.E. stain, magnif. 160x

end of the period the-
re were cystoid spa-
ces with no clear-cut
phagocytic reaction
in fibrous tissue on
the edges of mature
bone masses with nu-
merous osteocytes.
More abundant
lumps of carbon fibre
deposits were visible
among mature bone
trabeculas in fibrous
tissue filling the bone
defect (Fig.6).

Discussion

Such biomaterials
as titanium or hydro-
xyapatite are used
alone or in combina-
tion with others, the
latter for the purpose
of increasing their
biological activity. In
stomatological im-
plantology intraosse-
ous titanic implants
are covered with a la-
yer of hydroxyapatite
[11, 15]. Some au-
thors say that such
a combination results
in better fixation of
the implant in the bo-
ne because osteointe-
gration process is fa-
ster [22,23,26]. It se-
ems that biological
properties of hydro-
Xyapatites are someti-
mes overestimated,
especially when used
for the purpose of co-
vering autogenic gra-
fts [22]

Many authors ha-
ve tried to explain the
role of carbon fibrin
in processes of tissue
healing [8, 13, 19, 24].
Some of them say that connective tissue can expand around
carbon fibres because of their porous structure /16/, others
suggest induction of connective tissue expansion by contact
with carbon fibrin [3, 18, 19, 24].
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Badania nasze wykazaly korzystny wpltyw wlékniny we-

Bl e e il glowe] na gojenie ubytkéw zuchwy krélikow, ponlewaz goily
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si¢ one szybciej w obecnosci widkniny weglowej niz po wy-
pehieniu skrzepem krwi [19,24]. Swiadczyla o tym obecnosé
w pelni wyksztalconych i dojrzatych beleczek kostnych wy-
petnionych wiékning weglows, gdy tymczasem w tym samym
okresie w ubytkach gojacych si¢ w obecnosci skrzepu krwi wi-
doczny byt jeszcze aktywny proces odbudowy i ogniska zrze-
szotnienia tkanki kostnej.

Wydaje sig, ze korzystne jest polgczenie wiékniny weglo-
wej z hydroksyapatytem [4].

Na podstawie naszych obserwacji po 12 tygodniach do-
$wiadczenia obserwowano w obrebie ubytkéw kostnych wy-
pelnionych tym materialem prawidlows odbudowe tkanki
kostnej z towarzyszaca jej degradacja widkien weglowych
oraz zmniejszonym procesem resorpcji sproszkowanego hy-
droksyapatytu.

Na podstawie przeprowadzonych obserwacji w przebiegu
do$wiadczenia mozna wysnué nastgpujace wnioski:
® 1. Gojenie ubytkéw kostnych zuchwy w obecnosci
skrzepu krwi po 12 tygodniach obserwacji wykazuje cechy
aktywnie tworzacego si¢ procesu odnowy.
® 2. Ubytki kostne zuchwy wypelnione wtékning weglows
w analogicznym okresie obserwacji sg catkowicie wypetnione
dojrzatg tkankg kostng.
® 3. Tkanka kostna wypelniajaca ubytki w zuchwie wypel-
nione wl6kning weglowa nasycong hydroksyapatytem po 12
tygodniach obserwacji posiada cechy pelnej dojrzatosci.
® 4 W 12 tygodniu obserwacji w grupie II i III wéréd doj-
rzalej tkanki kostnej nadal widoczne s fragmenty wiékien
weglowych.
® 5. Obserwowana w ciagu calego doswiadczenia degrada-
¢ja hydroksyapatytu w 12 tygodniu jest mniej aktywna, co
$wiadczy o zahamowaniu procesu resorpcji.

. . .
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Fibrous carbon materials should not be used in intra-arti-
cular operations because carbon has an irritating effect on sy-
novial membrane [16,18]. Kus$ and coworkers report that car-
bon fibrin can be safely used for reconstruction of cartilagino-
us defects in articular surface of the knee [1].

Our experiments showed that carbon felt has a beneficial ef-
fect on healing process within mandibular defects in rabbits.
The defects healed faster when carbon felt was used as compa-
red to filling with blood clot [19,24]. Well formulated and qui-
te mature bone trabeculas were found in the defects filled with
carbon fibres, whereas active reconstruction process and foci of
bone tissue porosis were visible at the same time in the defects
with blood clot.

Combination of carbon felt and hydroxyapatite seems defi-
nitely beneficial [4]. In our experiments, the defects filled with
this material showed after 12 weeks quite proper reconstruc-
tion of bone tissue accompanied by degradation of carbon fi-
bres and reduced resorption of pulverized hydroxyapatite.

The following conclusions are made on the basis of our ob-
servations:
® 1. Mandibular bone defects with blood clot show after 12
weeks an active reconstruction process.
® 2. Mandibular bone defects are at the same time comple-
tely filled with mature bone tissue if carbon felt has been in-
troduced.
® 3. If the defects have been filled with carbon felt im-
mersed with hydroxyapatite, the bone tissue as observed after
12 weeks is quite mature.
® 4. During the 12th week of the follow-up period, bits of
carbon fibres are still visible in the midst of mature bone tis-
sue in groups II and III.
® 5. Hydroxyapatite degradation as observed troughout
the follow-up period is less active during the 12th week,
which means that the resorption process has come to an end.
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Streszczenie

Do allogennych biokompatybilnych materiatow, ktire mogq
byé stosowane w  traumatologii i chirurgii rekonstrukcyjnej
nalezy kompozyt C-C. Niekorzystng cechq tego materiatu jest
Jego kruchos¢. Polgczenie kompozytu z polisulfonem zmienia
w znaczny sposob parametry kompozytu C-C popraez
zwigkszenie jego elastycznosci. Autorzy podjeli badania
doswiadczalne z zastosowaniem kompozytu wiokno weglowe
i polisulfonu. Doswiadczenie przeprowadzili na 12 krilikach.
Materiat wielkosci 7 x 3 mm wprowadzili pod skire,

do migsnia lgdZwiowego oraz do ubytkow zuchwy wielkosci

8 x 5 x 3 mm. Otoczenie i thanki, w ktdrych umieszczali
kompozyt z polisulfonem oceniali na podstawie

obserwacyi makroskopowych i histopatologicznych.
Stwierdzili, ze degradacja widkien weglowych w tkance
podskirney i migsniowej nastgpowata znacznie szybeiej

niz degradacja polisulfonu, ktory w tkance migsniowej
wywotywal jednoczesnie brzezny zanik widkien migsniowych.
W thance kostnej natomiast proces degradacji widkien
weglowyceh 1 polisulfonu przebiegat z jednakowq szybkoscig.
Stowa kluczowe: kompozyt weglowy, polisulfon, badania

doswiadczalne, ocena makro- i mikroskopowa.

W ostatnich latach najczesciej stosowana metoda leczenia
ztaman kosci jest stabilizacja wewngtrzna przy zastosowaniu
metalowych elementéw zespalajacych. Metalowe plytki i
$ruby poza wieloma zaletami posiadaja réwniez szereg wad.
Powoduja zjawisko “przesztywniania” kosci, a zdaniem nie-
ktérych autoréw wywoluja nickorzystny wplyw pradéw bio-
logicznych przebiegajgcych z ominigciem szpary ztamania [8,
10]. Poniewaz nie powinny pozostawac na stale w organizmie
wymagaja powtérnego zabiegu chirurgicznego dla ich usu-
nigcia.

Od wielu lat podejmowane sg préby zastosowania elemen-
téw zespalajacych wykonanych z innych materialéw niz me-
tal [3, 4, 13, 17, 22]. Jednym z nich jest kompozyt wegiel-we-
giel (C-C). Duza biozgodnos¢ tego materialu pozwala na jego
zastosowanie kliniczne, natomiast wadg jest znaczna kruchos¢
[3, 10, 16, 21]. Dla poprawy mechanicznej wlasnosci kompo-
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Summary

C-C composite is one of allogenic, biocompatible materials
which can be used in traumatology and reconstructive
surgery. An important drawback of this material is

its fragility. However; when combined with polysulphone,
carbon composite becomes significantly more elastic. The au-
thors performed a number of experiments on rabbits to verify
the parameters of carbon fibres plus polysulphone. The group
consisted of 12 rabbits. The combination (size 7 x 3 mm) was
inserted subcutaneously, into psoas muscle or mandibular
defects of 8 x 5 & 3 mn. Surroundings and tissues into which
the combination had been introduced were examined both
macroscopically and histopathologically . Degradation

of carbon fibres within subcutaneous and muscular tissues was
Jound to develop much more faster than that of polysulphone,
and the latter caused marginal atrophy of muscle fibres

as well. On the other hand, the degradation process of both
carbon fibres and polysulphone was the same within

bone tissue.

Key words: carbon composite, polysulphone, experiments, ma-
croscopic evaluation, microscopic evaluation.

In recent years a most popular method to treat broken bo-
nes has been internal stabilization with the use of metal ele-
ments. Apart from advantages, metal plates or screws have se-
veral drawbacks too. They cause “overankylosis” of the bone,
and some authors report that detrimental effect of biological
currents, passing by the fracture fissure, is also a consequen-
ce of metals [8, 10]. Furthermore, any inserted metals should
not be left for good, so another surgery is needed to remove
them. For many years attempts have been made to use other
connecting materials [3, 4, 13, 17, 22]. Carbon-carbon compo-
site (C-C) is one of them. Its high biocompatibility enables
usage in clinical settings but its fragility is an important draw-
back [3, 10, 16, 21]. Some authors have tried to use C-C com-
posite together with other materials, chiefly polymers, in an
attempt at improving its mechanical properties [13, 20].

Results of many studies have shown that polysulphone is
a very good materials in this respect. It is biocompatible and
thermoplastic, therefore a desired shape can be obtained du-
ring the operation /2, 5, 7/. Moreover, polysulphone is radio-
patent and easy to sterilize in an autoclave, in ethylene oxide
or through x-rays [23,24].
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zytu C-C podjeto préby laczenia go
z innymi materiatami — gléwnie poli-
merami [13, 20]/.

Wyniki badan przeprowadzonych
przez wielu autoréw wykazaly, ze bar-
dzo dobrym tworzywem do tych pola-
czer jest polisulfon. Wskazuje na to je-
go duza biozgodnos¢ oraz termopla-
styczno§¢ przejawiajaea sie mozliwo-
§cig uzyskiwania ksztattu dostosowa-
nego do krzywizn kosci podczas zabie-
gu operacyjnego [2, 5, 7]. Dodatkowe
zalety wynikaja réwniez z przepu-
szezalnosci polisulfonu dla promieni
rentgenowskich, latwosci sterylizacji
zaréwno w autoklawie jak i w tlenku
etylenu lub przy pomocy promieni
X [23, 24].

Te pozytywne cechy polisulfonu
szczegblnie w polaczeniu z widknem
weglowym decydujg o tym, Ze jest on
dobrym materialem implantacyjnym.
Wi6kna weglowe wzmacniane polisulfonem s3 stosowane
w traumatologii do zespolen kosci dhugich [6]. Podejmowano
réwniez proby wykorzystania ich w zabiegach operacyjnych
guzéw nowotworowych kregostupa [1]. W Katedrze Cerami-
ki Specjalnej Akademii Gérniczo-Hutniczej w Krakowie
podjeto probe wytworzenia kompozytu z wildkien weglo-
wych polaczonych z polisulfonem.

Celem przeprowadzonych przez nas badan jest ocena
wplywu kompozytu widkna weglowe — polisulfon na tkanki
zywego organizmu. W tym celu wykonano badania do§wiad-
czalne na krélikach™.

Materiat i metodyka

Doswiadczenia przeprowadzono na 12 dorostych krolikach
rasy mieszanej, w réwnej liczbie obu pici. Zabiegi operacyjne
po premedykacji Diazepamem wykonano w znieczuleniu do-
zylnym Ketamina. Wysterylizowane w autoklawie fragmenty
kompozytu C-C z  polisulfonem wielkosci 7 x 3 mm wpro-
wadzano zwierzetom do tkanki podskérnej, mig$niowej 1 ko-
stnej. Do tkanki podskérnej docierano po przecigciu skéry na
grzbiecie zwierzat po stronie lewej. Po wytworzeniu kieszeni
wprowadzano material. Po stronie prawej, po przecigciu
skory, tkanki podskérnej i powigzi mig$nia ledzwiowego,
przecinano migsiefi i pozostawiano fragment materialu. Z cig-
cia skérnego u podstawy zuchwy docierano do kosci. Nastep-
nie do tyhu od otworu brédkowego wy-

RYS. 1. Liczne zlogi polisulfonu w przestrzeni-
ach torbielowatych. Barwienie H.E., pow. 100x
FIG. 1. Numerous polysulphone deposits in
cystoid spaces. H.E. stain, magnif. 100x

These advantages of po-
lysulphone, especially
when used together with
carbon fibres, make it a go-
od implanting material.
Carbon fibres reinforced
with polysulphone are
used in traumatology to
connect long bones [6]. At-
tempts have been made to
use it in operations of spi-
nal neoplastic tumours [1].
A composite consisting of
carbon fibres and polysul-
phone was made at the
Department of Special Ce-
ramics, University of Mi-
ning and Metallurgy, in
Cracow.

The aim of this study
was to evaluate the influ-
ence of carbon fibre — po-
lysulphone composite on a living organism. Experiments on
rabbits were made /upon consent from Bioethical Committee
for Experiments on Animals, Silesian Academy of Medicine
in Katowice.

Material and methods

The experiments were made on 12 rabbits of mixed breed,
6 male and 6 female. The animals were premedicated with
Diazepam and anaesthetized intravenously with Ketamine.
Pieces of C-C composite plus polysulphone (size 7 x 3mm)
were inserted into subcutaneous, muscular and bone tissues
upon sterilisation in an autoclave. The subcutaneous tissue
was approached by cutting the skin on the left side of the
back. The material was introduced through a pocket. On the
right side the skin, the subcutaneous tissue and psoas muscu-
lar fascia were cut to insert the piece. The bone was approa-
ched through a cutaneous cut at the base of the mandible.
The piece was placed in a bone pit (8 x 5 x 3 mm) backwards
from the mental foramen. All wounds were closed in layers
with Dexon. The animals were killed on 7th, 14th and 21st
days and 6, 9, 12 weeks following the experiment.

The specimens of soft tissue and bone were fixed in 10%
neutralized formalin solution. Fragments of mandibular bone
tissue were decalcified in 10% sodium versenate solution (ED-
TA). Further procedure was typical, and the tissues were em-
bedded in paraplast. The

konano ubytek kostny wielkosci 8 x 5
x 3 mm, w ktérym pozostawiano mate-
riat. Wszystkie rany zaszywano war-
stwowo Dexonem. Zwierzgta usmier-
cano w 7, 14, 21 dobie oraz 6, 91 12 ty-
godniu do$wiadczenia. Przeprowadzo-
no ocene makroskopowa tkanek z okoli-
cy wprowadzonych wszczepéw oraz
badania histopatologiczne.

Pobrane wycinki tkanek migkkich
i ko$ci utrwalano w 10% roztworze zo-
bojetnionej formaliny. Fragmenty tkan-
ki kostnej zuchwy odwapniano w 10%
roztworze wersenianu sodowego (ED-
TA). Dalsze postgpowanie przeprowa-
dzono w spos6b typowy i zatapiano
tkanki w paraplascie. Otrzymane
bloczki krojono na mikrotomie uzysku-
jac skrawki o grubosci 6 mikronow. Po
odparafinowaniu skrawki barwiono ru-
tynowo hematoksyling-cozyna. Otrzy-
mane preparaty oceniano w mikrosko-

100x

RYS. 2. Obfite ztogi polisulfonu otoczone tore-
bkg tgcznotkankowq. Barwienie H.E., pow.

blocks were cut on a mi-
crotome to receive sections
6 microns thick. Upon re-
moving the paraplast, the
sections were stained rou-
tinely with hematoxylin-
eosin. Final preparations
were evaluated by light
MiCroscopy under 24-250
magnification.

Follow-up period /12
weeks/ was divided into 2
parts. The first consisted
of 7-21 days /1 -3 weeks/,
the second 6 — 12 weeks.

Results

FIG. 2. Abundant polysulphone deposits sur-
rounded with connective-tissue capsule. H.E.
stain, magnif. 100x

The animals were quiet
throughout the follow-up
period, regularly taking
dry food with vitamins
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pie Swietlnym stosujgc powickszenia od
24 do 250 razy.

12-tygodniowy okres obserwacji
podzielono na dwie czg$ci. Pierwsza obej-
mowata okres od 7 do 21 doby (od 1 do 3
tygodnia), a druga od 6 do 12 tygodnia.

Wyniki

Od poczgtku okresu obserwacji wszy-
stkie zwierzeta zachowywaly si¢ spokoj-
nie. Regularnie przyjmowaly suchy po-
karm z dodatkiem witamin i mikroele-
ment6éw. Poczgtkowo u wszystkich zwie-
rzat obserwowano zaczerwienienie skory
wokét szwéw. Szwy usunigto w 10 dobie
po zabiegu operacyjnym. Rany byly su-
che, bez wysigku zapalnego. W zadnym
przypadku nie stwierdzono rozejscia sie
brzegéw ran.

Tkanka podskérna

W pierwszym okresie obserwacji makroskopowych po od-
preparowaniu tkanek stwierdzono luzno lezacy wszczep,
ktéry wraz z uptywem czasu coraz szczelniej przylegat do ota-
czajacych tkanek. Pod koniec 21 doby w tkance podskérnej
mozna bylo wyczué niewielkie zgrubienie. Po odpreparowa-
niu skéry stwierdzono w tym okresie, ze wszczep szczelnie
przylegat do warstwy przebarwionej tkanki tacznej. W dru-
gim okresie obserwacji (od 6 do 12 tygodnia) w dalszym cia-
gu utrzymywato si¢ zgrubienie tkanek ale bez cech jego nara-
stania. Tkanka bezposrednio otaczajaca wszczep wydawala
si¢ bardziej przebarwiona. Pod koniec tego okresu bardzo §ci-
Sle przylegata do wszczepionego materiatu i wystepowaly
trudnosci z jej oddzieleniem.

W obrazie mikroskopowym po 1 tygodniu w tkance tacz-
nej podskérnej w poblizu ognisk wiékien weglowych obser-
wowano z6ltobrazowe ztogi polisulfonu o uktadzie linijnym.
Ponadto znajdowano je w $wietle przestrzeni torbielowatych
otoczonych tkankg taczng widknista. Tworzyly struktury kry-
staliczne zatamujace Swiatlo.

Po 2 tygodniach obserwowano postepujaca degradacije
widkien weglowych bez odezynu olbrzymiokomérkowego.
Wsréd nich w tkance tacznej widknistej wystepowaly w
wolnych otorebkowanych przestrzeniach dosé¢ liczne zlogi
polisulfonu (rys.1). Miejscami w  §cianie przestrzeni obser-
wowano komérki fagocytarne typu “okolo ciala obcego” o
utozeniu linijnym

RYS. 3. Martwica i obumieranie wtékien
migéniowych. Barwienie H.E., pow. 63x

FIG. 3. Necrosis and atrophy of muscle fibres.
H.E. stain, magnif. 63x

Po 3 tygodniach stopiefi zbrylenia
widkien weglowych zwiekszyt sie. W ich
poblizu obserwowano otorebkowane
przestrzenie zawierajgce krysztaly poli-
sulfonu.

Po 6 tygodniach w tkance podskérnej,
na tle zlogéw weglowych zlozonych
z roéznej dhugosci widkien weglowych,
spostrzegano rozrost fibroblastéw, wéréd
ktoérych pojawialy si¢ drobne ziarniniaki
resorbeyjne zlozone z komoérek wieloja-
drowych i zawierajace niezbyt wyrazne
zlogi polisulfonu. W niektérych miej-
scach widkienka weglowe byly skrécone i
tworzyly nieregularne zbrylone struktu-
ry. W ich poblizu obserwowano obecnosé
dos¢ duzych nieregularnych ziarniniakéw
resorbeyjnych zawierajacych krystaliczne
ztogi polisulfonu.

Po 9 tygodniach ztogi weglowe ulegly
wyraznej degradacji, a pomigdzy nimi
znajdowaly si¢ nieregularne struktury
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and microelements. The
skin was reddened aro-
und sutures in all ani-
mals at the beginning of
the period. The sutures
were removed on the
10th day following the
operation. The wounds
were dry, with no in-
flammatory  exudate.
No wound dehiscence
was observed in any ca-
se.

Subcutaneous
tissue

During the first part
of the follow-up period,
macroscopic  observa-
tions revealed loose im-
plant /upon severing the tissues/ which after a time became
more and more adherent to surrounding tissues. Slight thic-
kening could be felt in the subcutaneous tissue towards the
end of the 21st day. Upon severing the skin, the implant was
shown to adhere very tightly to a layer of discoloured connec-
tive tissue. During the second part of the follow-up period,
the tissue thickening persisted but no increase was observed.
The tissue adjacent to the implant appeared a bit more disco-
loured. Towards the end of the period it adhered very tightly
to the implant and could not be separated without problems.

Microscopic picture after 1 week demonstrated yellow-
brown polysulphone deposits in linear form within the sub-
cutaneous connective tissue near carbon fibre foci. Moreover,
such focii were observed in the lumen of cystoid spaces sur-
rounded by fibrous tissue. They were crystalline, light-re-
fracting structures.

After 2 weeks degradation of carbon fibres was found to
become more and more intense with no gigantocellular reac-
tion. Numerous polysulphone deposits were visible within fi-
brous tissue in free encapsulated spaces (Fig.1). Linear phago-
cytic cells of “near foreign body” type could be seen occasio-
nally in the space wall.

After 3 weeks carbon fibres were still more thickened. En-
capsulated spaces containing polysulphone crystals were seen
near them.

After 6 weeks fibroblasts expanded in subcutaneous tissue
among carbon deposits
consisting of carbon fi-
bres of varying lengths.
Small resorptive granu-
lomas including multi-
nuclear cells and blur-
red polysulphone depo-
sits could be seen too.
Here and there the car-
bon fibrils were shorter
and made irregular
thick structures. Fairly
large, irregular, resorpti-
ve granulomas, contai-

S

RYS. 4. Zbrylone masy wi6kniny weglowej z
obwodowo potozonymi ztogami polisulfonu.
Barwienie H.E., pow. 40x

FIG. 4. Lumps of carbon fibrin with polysul-
phone deposites on the circumference. H.E.
stain, magnif. 40x

ning crystalline polysul-
phone deposits , were
visible around them.
After 9 weeks the
carbon deposits became
degraded, and irregular
cystoid structures with
occasional multinuclear
cells on the circumfe-
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torbielowate z nielicznymi komérkami
wielojadrowymi na obwodzie, zawieraja-
ce krystaliczne zlogi polisulfonu. Ogni-
skowo niektére wszczepy mialy charak-
ter mieszany, gdyz zlozone byly z mniej
licznych fragmentéw wlékien weglo-
wych na tle krystalicznych zlogéw poli-
sulfonu. Resorbeyjny odczyn fagocytar-
ny byl stabo widoczny, natomiast poja-
wil si¢ w ich otoczeniu przewlekly od-
czyn zapalny z duzg iloscig limfocytow.

Po 12 tygodniach na tle tkanki lacznej
widknistej wystepowaly drobne frag-
menty wiokien weglowych $wiadcza-
cych o znacznym stopniu degradacji.
W ich poblizu znajdowaly si¢ wyraZne
zlogi krystalicznego polisulfonu, na ob-
wodzie ktérych uwidoczniono komérki
olbrzymie wielojadrowe typu “okolo cia-
la obcego”. Miejscami krystaliczne ztogi
polisulfonu otoczone byly wyrazna to-
rebka tacznotkankows z nielicznymi fa-
gocytami, gléwnie jednojadrowymi
(rys.2). W tym samym okresie obserwowano jednak réwniez
zlogi rozpadajacego si¢ polisulfonu otoczonego torebka zbu-
dowang z licznych jednojadrowych fagocytéw i mniej licz-
nych komérek olbrzymich wiclojadrowych.

3
G

magnif. 100x

Tkanka miesniowa

W pierwszym okresie obserwacji makroskopowych od sa-
mego poczatku wszezep tkwil luzno w migsniu. Z czasem co-
raz §ciSlej przylegal do otaczajacej go tkanki. Jednak w dal-
szym ciagu wszczepiony material mozna bylo fatwo usunac¢
z migénia. W drugim okresie obserwacji przyleganie tkanki
mig$niowej do wszezepu bylo coraz Scislejsze, a pod koniec
tego okresu trudno go bylo z niej wypreparowaé. Sam
wszczep W ocenie makroskopowej pokryty byl szczelnie
tkanka zacierajacg jego widknistg, nieréwng powierzchnig.

W badaniach mikroskopowych po 1 tygodniu w miejscu
uszkodzenia obserwowano martwice i obumieranie typu wo-
skowego wi6kien mig§niowych. W ich otoczeniu pojawil si¢
odczyn zapalny z udzialem komérek olbrzymich typu “okoto
ciata obcego” (rys.3). Wiékna weglowe tworzyly zlewajgce si¢
konglomeraty otoczone rozrastajacg si¢ tkanka faczng wiékni-
st3. Tkanka taczna na obwodzie wldkien weglowych inkru-
stowana byla zlogami polisulfonu zlokalizowanego w wol-
nych przestrzeniach. Niektére zlogi
o budowie krystalicznej ulozone byly li-
nijnie w podtuznych przestrzeniach tacz-
notkankowych wyslanych komérkami
fagocytarnymi, w tym wielojadrowymi.

Po 2 tygodniach nicktére widkna mig-
$niowe ulegaly zanikowi. W tych miej-
scach spostrzegano réwniez ztogi polisul-
fonu otoczone torebka i rozrastajacy sie
tkankg taczna wloknista.

Po 3 tygodniach obserwowano dalsze
cechy zaniku wi6kien mig$niowych i po-
stepujaca degradacje widkien weglo-
wych, w poblizu ktérych widoczne byly
skape zlogi polisulfonu otorebkowane
tkanka taczng.

Po 6 tygodniach, w miejscu wszczepu,
wsréd migsnia poprzecznie prazkowane-
go obserwowano zlogi wiékniny weglo-
wej zlozone z réznej dtugosci widkienek,
wsrod ktorych widoczne byly liczne roz-
rastajace si¢ fibroblasty. Na obwodzie
ztogéw weglowych wsréd rozrastajacych
si¢ fibroblastow obserwowano przestrze-

¥

63x

RYS. 5. Drobne ztogi polisulfonu wéréd zde-
gradowanych wiékien weglowych. Barwienie
H.E., pow. 100x

FIG. 5. Small deposits of polisulphone in the
midst of degraded carbon fibres. H.E. stain,

RYS. 6. Przestrzenie ze ztogami polisulfonu
otoczone torebkami tgcznotkankowymi z
odczynem fagocytarnym. Barwienie H.E., pow.

FIG. é. Spaces with polisulphone deposits sur-
rounded with connective-tissue capsules of
phagoctic reaction. H.E. stain, magnif. 63x

rence, containing cry-
stalline polysulphone de-
posits, were seen among
them. Some implants
had varying nature be-
cause they were made of
less numerous carbon fi-
bre pieces as compared
to crystalline polysul-
phone deposits. Resorp-
tive phagocytic reaction
was poorly visible but
long-lasting inflammato-
ry reaction with a great
number of lymphocytes
could be seen around
them.

After 12 weeks small
pieces of carbon fibres,
highly degraded, were
observed on the backgro-
und of fibrous tissue.
Clear-cut deposits of cry-
stalline polysulphone could be seen near them, while multinuc-
lear giant cells of “near foreign body” type were visible on the
circumference. Occasionally the crystalline polysulphone de-
posits were surrounded with a clear-cut connective-tissue ca-
psule containing a few phagocytes, chiefly of mononuclear ty-
pe (Fig.2). At the same time deposits of disintegrating polysul-
phone were observed too, surrounded with a capsule made of
numerous mononuclear phagocytes and less numerous multi-
nuclear giant cells.

Muscular tissue

During the first part of macroscopic observation the im-
plant was quite loose in the muscle. Gradually, it became mo-
re and more adherent to the adjacent tissue. However, its se-
paration was easy. During the second part of the observation
the adherence was more tight, and towards the end of that ti-
me its separation from the tissue seemed hardly possible. As
viewed macroscopically, the implant was covered tightly with
tissue which obliterated its fibrous irregular surface.

Microscopic examination after 1 week revealed necrosis of
the injured site and waxy atrophy process within muscle fi-
bres. Inflammatory reaction accompanied by giant cells of
“near foreign body” type could be seen around them (Fig.3).
Carbon fibres had the
form of diffused conglo-
merates surrounded
with expanding fibrous
tissue. Connective tissue
on the carbon fibre cir-
cumference was incru-
sted with polysulphone
deposits located in free
spaces. Some deposits
[erystalline in structure/
were linear within long
connective-tissue spaces
lined with phagocytic
cells /including multi-
nuclear/.

After 2 weeks some of
the muscle fibres were
undergoing atrophy. Po-
lysulphone deposits sur-
rounded with expanding
fibrous tissue and enca-
psulated were seen in
these places too.
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nie torbielowate zawierajace z6ttobragzowe krystaliczne zlogi
polisulfonu. Miejscami na brzegach struktur torbielowatych
skupialy si¢ linijnie komérki olbrzymie wielojadrowe typu
“okoto ciata obcego”. W niektérych torbielkach krystaliczne
zlogi polisulfonu otoczone byly Scisle komérkami olbrzymimi
typu “okolo ciala obcego”.

Po 9 tygodniach wéréd migsnia poprzecznie prazkowanego
obserwowano wyraznie mniej liczne podluzne fragmenty
wiékien weglowych na tle rozrastajgcej si¢ tkanki lacznej
widknistej. W poblizu ztogéw wl6kniny weglowej spostrzega-
no przestrzenie torbielowate zawierajace krystaliczne zlogi
z6ltobrazowego polisulfonu. W $cianie torbieli pojawily sie
komérki fagocytarne jednojadrowe i pojedyncze wielojadro-
we. W poblizu tych zmian migsien poprzecznie prazkowany
zbudowany byt z drobnych wl6kien mig$niowych z cechami
zaniku. Pomiedzy wl6knami mig$niowymi wystegpowaly dosé
liczne fibroblasty .

Po 12 tygodniach w miejscu wszczepu obserwowano po-
stegp w degradacji wlékien weglowych wyrézniajacy si¢ ich
skroceniem i zmniejszeniem iloéci na tle tkanki tacznej wiok-
nistej, w ktérej pojawialy si¢ wiékna kolagenowe. W poblizu
zlogow wiékien weglowych znaleziono przestrzenie torbielo-
wate zawierajgce krystaliczne zlogi polisulfonu nasladujace
“plaster miodu” i otoczone wielojadrowymi fagocytami typu
“okoto ciata obcego”. W niektérych miejscach, wsréd migsnia
poprzecznie prazkowanego spostrzegano podhuzne zlogi
wl6kniny weglowej tworzgce zbrylone czarne masy zlozone
z drobnych wl6kienek. Na ich obwodzie ukladaly sie podtuz-
nie krystaliczne ztogi z6ttobrazowego polisulfonu (rys. 4).

Tkanka kostna

W pierwszym okresie obserwacji makroskopowych tylko
na poczatku do§wiadczenia wszezep tkwil luzno w ubytku ko-
stnym i tatwo dawat si¢ z niego usuwaé. Pod koniec tego okre-
su byt catkowicie pokryty tkankg przypominajaca wygladem
koS¢ o do$¢ luznej strukturze. W drugim okresie obserwacji
dato si¢ zauwazy¢ wigksze nagromadzenie tkanki kostnej w
miejscu wytworzonego wezesniej ubytku. Pod koniec 12 ty-
godnia do$wiadczenia tkanka kostna wypelniajaca ubytek
wydawata si¢ w pelni uksztalttowana.

W badaniach mikroskopowych po 1 tygodniu wykazano
na tle regenerujacej tkanki lacznej geste skupienia krétkich
widkien weglowych. Na brzegu tych ognisk i miedzy wi6kna-
mi weglowymi obserwowano nieregularne z6ttawobrazowe
zlogi polisulfonu.

Po 2 tygodniach migdzy regenerujacymi beleczkami kostny-
mi spostrzegano gdzieniegdzie zéltawobrazowe ztogi polisulfo-
nu zlokalizowane w jasnych przestrzeniachz  pojawianiem si¢
zaryséw tgcznotkankowej torebki wyslanej miejscami wieloja-
drowymi komérkami typu “okolto ciata obcego”. Postepujaca
degradacja widkien weglowych wyrazata si¢ pojawianiem pyl-
kowatych struktur weglowych zawierajacych stabo widoczne
drobne ztogi polisulfonu (rys. 5). W ich poblizu miejscami znaj-
dowaly si¢ w torebce zbudowanej z delikatnej tkanki facznej
bardziej obfite ztogi polisulfonu. Po 3 tygodniach zlogi te od-
kladaty si¢ w sposéb linijny w poblizu zbrylonych gestych sku-
pisk wlékien weglowych. Zastosowanie wigkszego powigksze-
nia ujawnito krystaliczng strukture tych ztogéw.

Po 6 tygodniach beleczki kostne wykazywaly cechy ak-
tywnej odnowy z obecnoscig osteoblastéw utozonych szere-
gowo na obrzezu beleczek. W przestrzeniach migdzybelecz-
kowych, utworzonych gléwnie z tkanki facznej wléknistej,
znaleziono owalne torbielowate przestrzenie zawierajace zlo-
gi polisulfonu z odczynem fagocytarnym w otaczajacej to-
rebece tacznotkankowej (rys. 6). W innych przestrzeniach
miedzybeleczkowych znajdowaly si¢ zbrylone ztogi wyra-
znie skréconych widkien weglowych. Tylko na obwodzie
ubytku wykazano obecnosé grubych dojrzalych beleczek ko-
stnych inkrustowanych skgpymi zlogami wiékien weglo-
wych.
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After 3 weeks signs of further atrophy of muscle fibres we-
re visible together with further degradation of carbon fibres
and nearby occasional polysulphone deposits encapsulated
with connective tissue.

After 6 weeks deposits of carbon fibres were seen in place
of the implant, in the midst of transverse striated muscle. The
deposits contained fibrils of varying length and numerous
expanding fibroblasts. Around their circumference cystoid
spaces were seen containing yellow-brown crystalline poly-
sulphone deposits. Here and there on the margins of the cy-
stoid structures, multinuclear giant cells of “near foreign bo-
dy” type accumulated in a linear fashion. In some of the cy-
sts crystalline polysulphone deposits were surrounded tightly
with giant cells of “near foreign body” type.

After 9 weeks less numerous long pieces of carbon fibres
were seen in the transverse striated muscle on the backgro-
und of expanding fibrous tissue. Cystoid spaces containing
crystalline deposits of yellow-brown polysulphone were seen
near the deposits of carbon felt. Mononuclear foccasionally
multinuclear/ phagocytic cells appeared in the cyst wall. Aro-
und those changes the transverse striated muscle was made of
small muscle fibres and had signs of atrophy. Fibroblasts we-
re quite numerous among muscle fibres.

After 12 weeks further degradation of carbon fibres was
observed in place of the implant. The fibres were short and
less numerous on the background of fibrous tissue in which
collagen fibres appeared as well. Cystoid spaces were found
near the deposits of carbon fibres, containing crystalline po-
lysulphone deposits shaped like a honeycomb and surroun-
ded with multinuclear phagocytes of “near foreign body” ty-
pe. Sometimes long deposits of carbon felt were observed in
the midst of the transverse striated muscle, constituting black
thick masses made of minute fibrils. Along their circumferen-
ce long crystalline deposits of yellow-brown polysulphone
were seen [Fig.4].

Bone tissue

Only at the beginning of the follow-up period the 1mplant
was loose in the bone pit and easy to remove. However, it gra-
dually became covered with a tissue looking like bone of thin
stucture. During later part of the period bone tissue accumu-
lated in place of the pit. Towards the end of the 12th week the
bone tissue seemed quite mature.

Microscopic examination after 1 week revealed thick clu-
sters of short carbon fibres on the background of regenerating
tissue. On the edge of them and among carbon fibres, some
irregular yellowish-brown deposits of polysulphone were ob-
served.

After 2 weeks occasional yellowish-brown deposits of po-
lysulphone were seen among regenerating bone trabeculas,
located within bright spaces; an outline of a connective-tissue
capsule appeared too, lined here and there with multinuclear
cells of “near foreign body” type. Progressive degradation of
carbon fibres was shown by dust-like carbon structures con-
taining poorly visible small deposits of polysulphone [Fig.5].
Near them some more abundant polysulphone deposits could
be sometimes found within a capsule made of delicate con-
nective tissue.

After 3 weeks these deposits had linear shape and appeared
most often near thick clusters of carbon fibres. Greater ma-
gnification enabled to see crystalline structure of these depo-
sits.

After 6 weeks the bone trabeculas demonstrated the signs
of active restoration with osteoblasts arranged in series on the
trabecula margin. In intertrabecullar spaces, consisting chie-
fly of fibrous tissue, oval cystoid places were found contai-
ning polysulphone deposits with phagocytic reaction within
connective-tissue capsules /fig.6/. In other intertrabecullar
spaces thick deposits of much shorter carbon fibres were se-
en. Only along the circumference of the pit there were thick
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Po 9 tygodniach ubytek wypetniaty masy dojrzatej kosci
zbitej zawierajace luzne przestrzenie, w ktérych znajdowaty
si¢ resztki zlogéw polisulfonu .Poza dojrzatymi beleczkami
kostnymi spostrzegano réwniez mniejsze beleczki kostne oraz
wicksze pola wl6knistej tkanki facznej zawierajace zbrylone
resztki drobnych wiékien weglowych.

Po 12 tygodniach w poblizu dojrzatych beleczek kostnych,
wsréd tkanki tacznej widknistej, ujawnialy si¢ nieregularne
wolne przestrzenie zawierajgce resztki zlogéw polisulfonu.
W niektérych miejscach zbrylone zlogi wiékien weglowych
inkrustowaly beleczki kostne i tkanke tgczna widknists.
W tych okolicach tylko wséréd wiékien weglowych znalezio-
no $lady ztogéw polisulfonu.

Omoéwienie i dyskusja

Biodegradacja wl6knistych materialéw weglowych jest
procesem ogélnie znanym. Najczesciej uwaza si¢ ja za zjawi-
sko bardzo pozytywne [3, 12, 14]. Czgé¢ autoréw twierdzi
jednak, ze cecha ta nie zawsze jest korzystna [9, 15]. Nie do
kofica bowiem zostaly wyjasnione losy zdegradowanych
i uprzatanych z miejsca ich wszczepienia drobin weglowych [
3, 12, 18]. Biodegradacja wiéknistych materialéw weglowych
zostala réwniez potwierdzona w naszym doswiadczeniu.
Znaczne jej nasilenie obserwowano juz pod koniec 21 doby,
o czym S$wiadczyla obecnos¢ pytkowatych struktur weglo-
wych pomiedzy regenerujgcymi si¢ beleczkami kostnymi.

W zadnej z tkanek do ktérej wszczepiono badany material
nie obserwowano odczynu typu “okoto ciata obcego” wokot
drobin weglowych. Komérki fagocytarne widoczne byly na-
tomiast wokél ztogéw krystalicznego polisulfonu. Zjawisko
to towarzyszy zwykle wszepionym materiatom o strukturze
krystalicznej [11]. Ztogi polisulfonu byly zwykle widoczne
w torbielopodobnych przestrzeniach otoczonych tkanka tacz-
ng wléknista.

W tkance podskérnej po 12 tygodniach dalszy rozpad
wiokien weglowych wskazywat na znaczne zaawansowanie
ich biodegradacji. Natomiast odczyny na zlogi krystalicznego
polisulfonu charakteryzowaly si¢ wigksza réznorodnoscia.
Od typowego odczynu komérek wielojadrowych na ciato ob-
ce, poprzez separacje zbogéw polisulfonu przez torebke tacz-
notkankows z nielicznymi fagocytami jednojadrowymi az po
pojawienie si¢ pierwszych oznak biodegradacji ztogéw poli-
sulfonu wykazujacych cechy rozpadania sig.

W tkance migsniowej na podstawie 12-tygodniowej obser-
wacji nalezy stwierdzi¢, ze w odniesieniu do wszczepéw
wlékniny weglowej nast¢puje wyrazna acz nierdwnomierna de-
gradacja wszczepionego materiatu stymulujacego rozwoj tkanki
tacznej od rozrostu fibroblastéw az do powstawania dojrzalej
tkanki tacznej wiéknistej z wiéknami kolagenowymi. Zjawisko
to potwierdza doniesienia wielu autoréw o stymulujacym
wplywie wiékien weglowych na rozwdj tkanki lacznej [ 3, 9,
12,14]. Natomiast w odréznieniu od wszczepu weglowego, we
wszystkich okresach obserwacji ztogi polisulfonu prowadzily
do powstawania ziarniniakéw resorbeyjnych z licznymi komor-
kami wielojadrowymi typu “okolo ciata obcego” , ktére nie
zmienialy si¢ w czasie, a wige wiasciwie nie ulegaty degradacji.

W tkance kostnej po 12-tygodniowej obserwacji ubytek
wypelniony wlékning weglows z dodatkiem polisulfonu wy-
kazywat stopniows pelng odnowe tkanki kostnej, nawet do po-
jawienia si¢ kosci zbitej na podlozu tkanki tacznej. Tym zjawi-
skom odnowy towarzyszyla stopniowa rownolegla degradacja
wlékniny weglowej i towarzyszacego jej polisulfonu. Wnioski
W tkance podskérnej i mig$niowej obserwowano szybki po-
step degradacji wlokien weglowych, ktéremu towarzyszyl
znacznie opézniony proces degradacji polisulfonu. Przepro-
wadzone badania wskazuja na wplyw obydwu sktadnikéw
wszczepu na tkanke mig$niows cechujacy si¢ brzeznym zani-
kiem wiékien migsniowych i ich postgpujacym wiéknieniem.
W tkance kostnej proces degradacji polisulfonu postepuje
z podobng szybkoscig do degradacji widkien weglowych.

mature bone trabeculas incrusted with scarce deposits of car-
bon fibres.

After 9 weeks the pit was filled with mature compact bone
with loose spaces containing remnants of polysulphone depo-
sits. Apart from mature bone trabeculas, also smaller bone
trabeculas and longer fields of fibrous tissue were observed
containing thick remnants of minute carbon fibres. After 12
weeks irregular free spaces with remnants of polysulphone
deposits appeared in the vicinity of mature bone trabeculas in
the midst of fibrous tissue. Sometimes the bone trabeculas
and fibrous tissue were incrusted with thisk carbon fibre de-
posits. In this region traces of polysulphone deposits were fo-
und only among carbon fibres.

Discussion

Biodegradation of fibrous carbon materials is a widely
known process. Most authors think its effect is beneficial [3,
12, 14] although some have a conflicting opinion [9,15], chie-
fly because it remains unclear what happens to degraded car-
bon bits which have been removed from the implantation si-
te [3,12, 18].

Biodegradation of fibrous carbon materials was confirmed
by our experiments too. Its intensity increased significantly
towards the end of the 21st day, which was shown by dust-li-
ke carbon structures in the midst of regenerating bone trabe-
culas.

No tissue with the implant had a reaction of “near foreign
body” type around carbon particles. However, phagocytic
cells were observed around deposits of crystalline polysul-
phone. Such a situation is typical for the materials which ha-
ve crystalline structure [11]. There were polysulphone depo-
sits in cyst-like spaces surrounded with fibrous tissue.

Significant biodegradation of carbon fibres was found
after 12 weeks on the basis of progressing fibre disintegration.
On the other hand, deposits of crystalline polysulphone were
highly differentiated, including typical reaction of multinuc-
lear cells to a foreign body, seperation of polysulphone depo-
sits through connective tissue capsule with occasional mono-
nuclear phagocytes, and signs of polysulphone deposit biode-
gradation.

The results of 12-week observation of the muscle tissue
indicate that the carbon felt implant becomes gradually de-
graded to a varying extent, stimulating development of con-
nective tissue, i.e. expansion of fibroblasts and mature fibro-
us tissue containing collagen fibres. This phenomenon is
confirmed by many authors who find stimulating influence
of carbon fibres on connective tissue development (3, 9, 12,
14].

In contrast to the carbon implant, polysulphone deposits
led to development of resorptive granulomas at all stages of
the follow-up period, with numerous multinuclear cells of “
near foreign body” type which were never degraded.

As far as bone tissue is concerned, the pit filled with car-
bon fibrin plus polysulphone became gradually restored to
reach the structure of fully compact bone on the background
of connective tissue after 12 weeks. This restoration was ac-
companied by degradation of both carbon felt and polysul-
phone.

Conclusions

® 1. In subcutaneous and muscular tissues a rapid degra-
dation of carbon fibres was observed together with delayed
process of polysulphone degradation.

® 2. The experiments demonstrated that both compo-
nents of the implant have an effect on muscular tissue, cau-
sing marginal atrophy of muscle fibres and their gradual fi-
brosis.

® 3. In bone tissue the process of polysulphone degrada-
tion is as fast as the rate of carbon fibre degradation.
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Abstract

Resorbable interference screws, used in the anterior cruciate

3:1‘///;)/ interferencyjne ulegajqce resorpeji w organizmie,
wykorzystywane podczas rekonstrukcji wigzadel krzyzowych
zyskujg coraz wigeej zwolennikdw. Liczne badania
praeprowadzone na preparatach weglowych, kidre wykazaly
bardzo duzq ich przydatnosé w medycynie, sklonify

do zastosowania tych materiatéw do produkeji Srub
interferencyjnych. Praca zawiera wstgpne doniesienie
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ligament (ACL) reconstruction are gaining interest.

Numerous reports on the successful application of carbon

materials in medicine encouraged studies on their use

as interference screws. The paper is the first communication
concerning the application of polish carbon screws in the ACL

reconstruction of the knee.
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28 o0 wykorzystaniu weglowych Srub podczas operacyi rekonstruk-
cyjnej wigzadta krzyzowego przedniego kolana.

Keyword.\': carbon biomaterials,interference screw, cruciate

jleeescoo ligament of the knee
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[ Stowa kluczowe — weglowa Sruba interferencyjna, wigzadlo

krzyzowe stawu kolanowego

Prawidlowe i mocne osadzenie przeszczepu w rekonstruk-
¢ji wigzadet krzyzowych stawu kolanowego pozwala na uzy-
skanie zadowalajacych wynikéw po operacjach tych wigzadel
oraz przystgpienie do wezesnych ¢wiczen usprawniajacych
[3,5,9]. Na temat sposobu mocowania przeszczepéw wypo-
wiadalo si¢ wielu autoréw [3,5,6,7,8].

Adequate and strong fixation in the ACL reconstruction of
the knee enables obtain satisfactory results after the surgical
treatment and to begin early rehabilitation [3,5,9]. The fixa-
tion techniques have been widely discussed [3,5,6,7,8].
Among various surgical techniques considered are methods
using metallic materials in rigid fixation of ligament (staples,
sutures, plates and screws) as well as methods using non-
metallic resorbable mate-

Wsréd réznych rozwigzan istnieja pro-
pozycje stosowania materialéw meta-
licznych, fiksujacych sztywnie wiezadlo
(skoble, szwy, plytki, sruby), jak réwniez
metody wykorzystania Srodkéw nieme-
talicznych, ulegajacych resorpcji w orga-
nizmie. Ostatnio coraz wigcej zwolenni-
kéw uzyskuje metoda mocowania prze-
szczepu Srubami interferencyjnymi wy-

rials. Recently the most
promising techniques is
that involving interfer-
ence screws made of a
resorbable material [3],
because it allows to avoid

konanymi z tworzywa tatwo ulegajacego
resorpcji w organizmie [3]. Pozwala to
na uniknigcie ponownej operacji — usu-
ni¢cia zespolenia w przypadku powiklan
spowodowanych cialem obcym.

W Klinice Ortopedycznej AM
w Warszawie w ciggu ostatnich 3 miesie-
cy wykorzystalismy do rekonstrukeji
wigzadla krzyzowego przedniego kolana
(ACL) $ruby interferencyjne rodzimej produkeji. Wykonane
zostaly w Katedrze Ceramiki Specjalnej Akademii Gérniczo-
Hutniczej (KCS-AGH) w Krakowie. Materialem wykorzy-
stanym do produkeji tych $rub byl wegiel. Preparaty weglo-
we uzyte do produkeji $rub interferencyjnych byly wielo-
krotnie stosowane w naszej Klinice, m.in. do zespalania zla-
man kosci.

W okresie od kwietnia do czerwca 1997 roku zastosowali-
$my weglowe §ruby interferencyjne u 5 pacjentéw, operowa-
nych z powodu uszkodzenia ACL. Technika operacyjna byta
zgodna z zasadami zabiegu Hertla [3]. Jednak przeszczep ufi-
ksowalismy Srubami. Dzigki wytrzymatosci materialu mocu-
jacego nowe wigzadlo pacjenci mogli podja¢ ¢wiczenia reha-
bilitacyjne juz w pierwszym tygodniu po operacji. Pierwsze
obserwacje pokrywajg si¢ z wynikami licznych juz badan na
preparatach weglowych [1,2,10,11]. Nie stwierdzilismy, jak
dotychezas, zadnych reakeji ubocznych, niekorzystnych dla
organizmu. Wyniki rehabilitacji u pacjentéw operowanych 3
miesigce temu (2 osoby) z wykorzysta-
niem weglowej §ruby sa poréwnywalne
z wynikami chorych operowanych
z wykorzystaniem bioabsorbowalnych
$rub interferencyjnych, wykonanych
z tworzywa sztucznego [9].

Wiele badan przeprowadzonych na
biomaterialach weglowych wykazalo
bardzo duza przydatnos¢ tych prepara-
téw w medycynie [1,2,10]. Ogélna ten-
dencja do stosowania przyswajalnych
przez organizm materialéw w opera-
cjach ortopedycznych, szczegdlnie doty-
czacych stawow [4,5], sklonita nas do
podjecia badain nad wykorzystaniem
preparatéw wegla jako materiatu stabili-
zujacego  przeszezepy — wigzadlowe.
Pierwsze korzystne wyniki zachgcaja do

screwdriver

weglowq $rubg:

a) weglowa s$ruba interferencyjna, b) wkretak
FIG.1 Surgical set for graft fixation with a car-
bon screw: a) carbon interference screw, b) of

P subsequent removal of

. the fixation element in

— the case of complications

RYS.1. Zestaw do mocowania przeszczepéw due to foreign body reac-

tion.

During the last three
months, the Department
Orthopaedics  at

Medical University in

Warsaw has used inter-

ference screws for the

ACL reconstruction of
the knee. The screws were prepared at the Department of
Special Ceramics of the University of Mining and Metallurgy
(KCS-AGH) in Cracow. The carbon material , being the sub-
strate in the interference screw manufacturing, had been suc-
cessfully used in our Clinic, previously in bone fracture
repair.

In the period from April to June 1997, carbon interference
screws were used in five patients with the ACL failure. The
reconstruction was carried out according to Hertel's tech-
nique [3], however the graft was fixed with the aid of screws.
Due to the high strength of the fixing material the patients
were able to begin the rehabilitation exercises as early as a few
days after the operation [3,5]. Our first observations confirm
the results obtained previously with carbon materials
[1,2,10,11]. We have not found any side effects. The results of
rehabilitation of the patients operated three months ago (two
persons) with the use of the carbon screw were comparable to
those operated with the use of bioabsorbable polymeric inter-
ference screws.

Numerous investiga-
tions of the carbon bio-
materials have shown
their usefulness in medi-
cine [1,2,10]. The general
tendency to apply bioab-
sorbable materials in
orthopaedic surgery, par-
ticularly in the case of
joints [4,5], has led us to
undertake studies on the
application of carbon
materials in the fixation
of ligament grafts. The

RYS.2. Fiksowanie dolnego przyczepu
przeszczepu wigzadta krzyzowego przedniego

first  positive results
encourage wide use of
this fixation method. An

weglowgq $érubg interferencyjng.
FIG.2 Fixation of the lower attachment of ACL
graft with a carbon interference screw.

additional incentive for
further studies is the rela-
tively low price of carbon
interference screws pro-
duced in Poland.
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upowszechnienia tego typu mocowania.
Dodatkowym bodzcem, ktéry powinien
mobilizowaé do dalszych badan jest sto-
sunkowo niska cena $ruby. Ponadto jest
to produkt rodzimej produkcji.
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RYS.3. Obraz rtg po implantacji przeszczepu ACL zamocowanego weglowymi §rubami interferencyjnymi
FIG.3 X-ray image after the implantation of ACL graft fixed with carbon interference screws.
a) projekcja AP
b) projekcja boczna
c) projekcja tunelowa.

a) AP view
b) side view
c) tunnel view
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ADHESION AND GROWTH OF CELLS IN CULTURE ON CARBON-CARBON
COMPOSITES WITH DIFFERENT SURFACE PROPERTIES
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Abstract

The biocompatibility of unidirectionally reinforced carbon-carbon composites (carbon fibre
T300, pbenolformaldehyde resin based matrix.) with different surface roughness and chemical
composition was tested in cell culture conditions. The surface of the composites was polished,
covered with amorphous or pyrolytic carbon and seeded with rat aortic smooth muscle cells.
Coating with amorphous carbon significantly lowered the number of initially adhered cells. In
these samples, the surface roughness had no significant effect on the number of initially
adhering cells nor their subsequent proliferation. In contrast, coating with pyrolytic carbon
improved significantly both cell adhesion and growth, especially on the polished surfaces. In
addition, the layer of pyrolytic carbon was more resistant to mechanical damage than the film
of amorphous carbon. It is concluded that polished composites covered by pyrolytic carbon
could be suitable for the future application in medicine and biotechnology.

[Engineering of Biomaterials, 2, (1998), 3-5]

SOME IN-VITRO BIOCOMPATIBILITY TESTS OF CARBON-CARBON
COMPOSITES AND PREPRATION OF BONE PLATES

K.Balik*, J.Gregor*, P.Glogar*, V.Pesakova**, M.Adam**

*Institute of Rock Structure and Mechanics, Academy of Sciences of the Czech Republic

** Institute of Rheumatology, Praha, Czech Republic

[Engineering of Biomaterials, 2, (1998), 6-7]

WLOKNINA WEGLOWA W LECZENIU UBYTKOW CHRZESTNYCH RZEPKI
Wojciech Maria Ku$*, Andrzej Gorecki*, Piotr Strzelczyk*,

Piotr Swiader*, Jan Swiatkowski**

* Katedra I Klinika Ortopedyczna Akademii Medycznej w Warszawie

** | Zaktad Radiologii Klinicznej Akademii Medycznej w Warszawie

Streszczenie

Praca prezentuje nowa metodg; leczenia rozlegltych ubytkow cbrzegstnycb z uzyciem widkna
weglowego. Od grudnia 1993 do listopada 1994 operowaliSmy 4 chorycb, u ktorych ubytek
chrzastki stawowej wypehiliSmy wtoknina weglowa. Wezesne 24-miesigeczne wyniki sa
zachecajace, cho¢ musza, by¢ potwierdzone w wieloletnich obserwacjach rozwoju gonartrozy.
Stowa kluczowe: Chrzastka stawowa - wtdkna -weglowe -chirurgia kolana

CARBON FIBRES AS THE ALTERNATIVE WAY IN THE TREATMENT OF
CARTILAGE DEFECTS OF PATELLAE

Wojciech Maria Ku$*, Andrzej Gorecki®*, Piotr Strzelczyk®, Piotr Swiader*, Jan
Swiatkowski**

* .Medical University of Warsaw, Department of Orthopaedics

** Medical University of Warsaw,Department of Clinical Radiology.

Abstract

We present a new method of treatment of cartoilage defects with the use of carbon fibres. We
treated 4 patients with that method from December 1993 to November 1994. Early 24-month
follow-ups are good but they must be confirmed in a long-term observation.

Key words: cartilage, carbon fibres, knee joint surgery.

[Engineering of Biomaterials, 2, (1998), 8-11]



ENDOPROTEZOPLASTYKA BIODRA- WYBRANE ZAGADNIENIA

Janusz Kubacki*, Tadeusz Gazdzik**

* Oddzial Ortopedii I Chirurgii Urazowej Woj. Szpitala Specjalistycznego im. NMP w
Czestochowie

** Oddzial Ortopedyczno-Urazowego Szpitala Gorniczego W Katowicach - Murckach
Streszczenie

Autorzy przeanalizowali rozw6j endoprotez stawu biodrowego poczqwszy od typu McKee-
Farrara 1 Charnleya. Szczeg6lna uwage zwrdcono na nowe modele endoprotez. Omoéwiono
problemy dotyczace endoprotez cementowych i1 bezcementowych z kotnierzem i bez
kotnierza. Przedstawiono nowe typy panewek z systemem zamocowania Fit 1 Fill.
Stwierdzono, ze rozwdj endoprotezoplastyki niesie ze soba nowe wyzwania i nowe problemy.
[Inzynieria Biomateriatow, 2, (1998), 12-16]

ENDOPROSTHESOPLASTY OF THE HIP- PROBLEMS

Janusz Kuback!*, Tadeusz Gazdzik**

* Department of Orthopaedics and Traumatic Surgery , St. Mary's Hospital Department in
Czestochowa

** Department Of Orthopaedics And Traumatology, Miners Hospital in Katowice-Murcki
Abstract

The authors have analysed the development of endoprosthesis of the hip joint from to the first
ones invented by Farrara and Cbarnley. Special attention has been paid to novel models.
Discussed are the problems concerning cemented and cementless replacements with and
without a collar. Presented are new types of acetabular cups with a "Fit and Fill" fixation. It
has been stated that the development of endoprosthesoplasty brings new challenges and new
problems to be solved.

[Engineering of Biomaterials, 2, (1998), 12-16].

'

OCENA GOJENIA UBYTKOW KOSTNYCH ZUCHWY WYPELNIONYCH WEOKNINA
WEGLOWA NASYCONA HYDROKSYAPATYTEM U KROLIKOW
Tadeusz Cies$lik*, Bogna Pogorzelska-Stronczak®, Zbigniew Szczurek**,
Rafal Koszowski*, Daniel Sabat**

* I Katedra I Klinika Chirurgii Szczgkowo-Twarzowej SLAM W Zabrzu
** [ Katedra I Zaktad Patomorfologii SLAM W Zabrzu
Streszczenie
Autorzy wykonali badania dos§wiadczalne celem sprawdzenia czy potaczenie z
hydroksyapatytem zapewni wtdkninie weglowej lepsze wlasnosci biologiczne. Do
doswiadczenia uzyli 36 krolikow, ktore podzielili na trzy rowne grupy. Kazdemu zwierzeciu
wykonywali w trzonie zuchwy ubytek kostny wielko$ci 6x4x2 mm. W grupie pierwszej
ubytki goity si¢ w obecnosci skrzepu krwi. W grupie drugiej wypehniali je widknina weglowa,
natomiast w grupie trzeciej witokning weglowa nasycong hydroksyapatytem. Uzyskane wyniki
potwierdzity wysokie walory biologiczne wtokniny weglowej i hydroksyapatytu. Wykonane
doswiadczenie nie potwierdzito jednak wyraznego polepszenia wlasnosci biologicznych
wlokniny na skutek polaczenia z hydroksyapatytem.
Stowa kluczowe: wtoknina weglowa, ubytki kostne, gojenie, hydroksyapatyt.
[Inzynieria Biomaterialow, 2, (1998), 16-20]
EVALUATION OF HEALING PROCESS IN RABBIT MANDIBULAR BONE DEFECTS
FILLED WITH CARBON FELT AND HYDROXYAPATITE
Tadeusz Cieslik*, Bogna Pogorzelska-Stronczak*, Zbigniew Szczurek**, Rafat
Koszowski*, Daniel Sabat**
*I Department Of Maxillofacial Surgery, Silesian Academy of Medicine, Zabrze, Poland

** | Department of Pathomorphology, Silesian Academy of Medicine, Zabrze, Poland
Abstract
The authors performed experiments in order to find out if carbon felt can have better
biological properties when combined with hydroxyapatite. Thirty-six rabbits were divided into



3 equal groups. A bone defect (size 6 x 4 x 2mm) was made in each mandible body, In group I
the healing process was supported by blood clot, In group II the defects were filled with
carbon felt, while in group III the carbon felt was saturated with hydroxyapatite. The results
confirmed high biological quality of carbon felt and hydroxyapatite. However, no
confirmation was obtained as to improving the biological properties of the felt upon
combining with hydroxyapatite.

Keywords: carbon fibrin, hydroxyapatite, bone defects, healing

[Engineering of Biomaterials, 2, (1998), 16-20].

OCENA NIEKTORYCH WEASNOSCI BIOLOGICZNYCH KOMPOZYTU WEOKNO
WELOWE Z POLISULFONEM NA PODSTAWIE BADAN DOSWIADCZALNYCH NA
KROLIKACH
Zbigniew Szczurek*, Tadeusz Cieslik**, Bogna Pogorzelska-Stronczak**, Daniel Sabat*,
Rafal Koszowski**

* ] Katedra i Klinika Chirurgii Szczekowo-Twarzowej Slaskiej Akademii Medycznej w Zabrzu

** | Katedra i Zaktad Patomorfologii Slaskiej Akademii Medycznej w Zabrzu
Streszczenie
Do allogennych biokompatybilnych materiatow, ktore moga by¢ stosowane w  traumatologii
i chirurgii rekonstrukcyjnej nalezy kompozyt C-C. Niekorzystna cecha tego materiatu jest
jego kruchos¢. Potaczenie kompozytu z polisulfonem zmienia w znaczny sposob parametry
kompozytu C-C poprzez zwigkszenie jego elastycznosci. Autorzy podj¢li badania
do$wiadczalne z zastosowaniem kompozytu wtokno weglowe i polisulfonu. Do§wiadczenie
przeprowadzili na 12 kroélikach. Materiat wielko$ci 7x3 mm wprowadzili pod skorg do
mig$nia lgdzwiowego oraz do ubytkéw zuchwy wielkosci 8x5x3 mm. Otoczenie i tkanki, w
ktérych umieszczali kompozyt z polisulfonem oceniali na podstawie obserwacji
makroskopowych i histopatologicznych. Stwierdzili, ze degradacja wtdkien weglowych w
tkance podskdrnej i mig§niowej nastgpowata znacznie szybciej niz degradacja polisulfonu,
ktéry w tkance migsniowej wywotywat jednoczesnie brzezny zanik widkien migsniowych. W
tkance kostnej natomiast proces degradacji wtdkien weglowych i polisulfonu przebiegal z
jednakowa szybkoscia. Stowa kluczowe: kompozyt weglowy, polisulfon, badania
doswiadczalne, ocena makro- i mikroskopowa.
[Inzynieria Biomateriatow, 2, (1998), 21-27]
EVALUATION OF SOME BIOLOGICAL PROPERTIES OF CARBON FIBRES-
POLYSULPHON COMPOSITE BASED ON EXPERIMENTS ON RABBITS
Zbigniew Szczurek*, Tadeusz Cieslik**, Bogna Pogorzelska-Stronczak**, Daniel Sabat*
Rafat Koszowski**

* I Department of Pathomorphology, Silesian Academy of Medicine, Zabrze, Poland

** | Department of Maxillofacial Surgery, Silesjan Academy of Medicine, Zabrze, Poland
Abstract
C-C composite is one allogenic, biocompatible materials which can be used in traumatology
and reconstructive surgery. An important drawback of this material is its fragility. However,
when combined with polysulphone, carbon composite becomes significantly more elastic. The
authors performed a number of experiments on rabbits to verify the parameters of carbon
fibres plus polysulphone. The group consisted of 12 rabbits. The combination (size 7 x 3 mm)
vms inserted subcutaneously, into psoas muscle or mandibular defects of 8 x 5 x 3 mm.
Surroundings and tissues into which the combination bad been introduced were examined
both macroscopically and histopathologically . Degradation of carbon fibres within
subcutaneous and muscular tissues was found to develop much more faster than that of
polysulphone, and the latter caused marginal atrophy of muscle fibres as well. On the other
hand, the degradation process of both carbon fibres and polysulphone was the same within
bone tissue.
Key words: carbon composite, polysulphone, experiments, macroscopic evaluation,
microscopic evaluation.



[Engineering of Biomaterials, 2, (1998), 21-27].

ZASTOSOWANIE WEGLOWEJ SRUBY INTERFERENCYJNEJ W REKONSTRUKCII
WIEZADLEA KRZYZOWEGO PRZEDNIEGO STAWU KOLANOWEGO (DONIESIENIE
WSTEPNE)

Piotr Swiader, Wojciech Maria Kus, Stawomir Struzik, Andrzej Opadczuk

Katedra i Klinika Ortopedyczna Akademii Medycznej w Warszawie.

Streszczenie

Sruby7 interferencyjne ulegajace resorpcji w organizmie, wykorzystywane podczas
rekonstrukcji wigzadet krzyzowych zyskuja coraz wigcej zwolennikdéw. Liczne badania
przeprowadzone na preparatach weglowych, ktore wykazaty bardzo duza ich przydatnos¢ w
medycynie, sktonity do zastosowania tych materialdow do produkc;ji $rub interferencyjnych.
Praca zawiera wstgpne doniesienie o wykorzystaniu weglowych $rub podczas operacji
rekonstrukcyjnej wigzadta krzyzowego przedniego kolana.

Stowa kluczowe: weglowa $ruba interferencyjna, wigzadto krzyzowe stawu kolanowego.
[Inzynieria Biomateriatow, 2, (1998), 27-29]

APPLICATION OF CARBON INTERFERENCE SCREW IN RECONCTRUCTION OF
THE ANTERIOR CRUCIATE LIGAMENT OF THE KNEE (PRELIMINARY REPORT)
Piotr Swiader, Wojciech Maria Ku$, Stawomir Struzik, Andrzej Opadczuk

Medical University of Warsaw, department of Orthopaedics

Abstract

Resorbable interference screws, used in the anterior cruciate ligament (ACL) reconstruction
are gaining interest. Numerous reports on the successful application of carbon materials in
medicine encouraged studies on their use as interference screws. The paper is the first
communication concerning the application of polish carbon screws in the ACL reconstruction
of the knee

Keywords: carbon biomaterials, interference screws, cruciate ligament of the knee.
[Engineering of Biomaterials, 2, (1998), 27-29].
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