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MATERIALY CERAMICZNE
W MEDYCYNIE

MaRria £Aczka

KATEDRA Szkta | EmALI
Akapemi GOrNIczo-HuTNICZES w KRAKOWIE

Streszczenie

Biomaterialy ceramiczne sg stosowane w medy-
cynie od okoto 40-tu lat w celu odbudowy i zastepo-
wania chorych lub uszkodzonych koéci w organizmie
ludzkim. Bioceramike dzieli sie na: mikroporowats,
resorbowalng, prawie obojetna i bioaktywng. Wéréd
bioaktywnych materiatéw szczegdina pozycje zajmujg
bioszkia i szkto ceramika apatytowo-wollastonitowa.
Wspding cecha bioaktywnych szkiet i szkto-ceramiki
Jest ich zdolno$¢ do modyfikacji powierzchni, polega-
Jaca na tworzeniu sig warstwy aktywnego biologicz-
nie hydroksyapatytu weglanowego (HCA), stanowig-
cego naturalne potgczenie implantu z zywa tkanka
kostna. Bioszkia i bioaktywna szkto-ceramika stoso-
wane sq w medycynie w formie litych implantéw (za-
stepowanie kosci) lub proszkéw (przyspieszenie od-
budowy kosci). W Katedrze Szkia i Emalii Akademii
Gorniczo-Hutniczej w Krakowie otrzymano nowa ge-
neracje ceramicznych materiatéw bioaktywnych, sto-
sujgc do tego celu chemiczng metode zol-zel. Mate-
riaty te charakteryzuja sie wyzsza bioaktywnoscia, niz
materiaty, otrzymywane tradycyjna metoda topienia.
Wytwarzane sg one w formie proszkéw, granul, cien-
kich pokry¢ oraz litych implantéw.

Stowa kluczowe: bioceramika, materiaty bioak-
tywne, bioszkta, szkto-ceramika.

Wstep

Okoto 40-tu lat temu w spos6b niekonwencjonalny roz-
szerzony zostat zakres stosowania materiatéw ceramicz-
nych. Ceramika wkroczyta mianowicie na state do medy-
cyny, jako materiat stuzgcy do naprawy, rekonstrukcji i za-
stepowania chorych i uszkodzonych koéci ludzkich. Mate-
rialy te okresla sie obecnie jako "bioceramike" [1].

Istniejg rézne kryteria podziatu materiatéw bioceramicz-
nych. Jednym z takich kryteridw jest charakter tekstural-
no-fazowy tych materiatéw. Stosujgc to kryterium, biocera-
mike dzieli sie na:

- materiaty polikrystaliczne (ALO,, ZrO,, hydroksyapatyt
(HA),

- materiaty szkliste i szkto-ceramiczne (bioszkta, szkto-ce-
ramika apatytowo-wollastonitowa A/W);

- kompozyty (HA-polietylen).

Kazdy obcy materiat, wprowadzony do zywego organi-
zmu, wywotuje w nim pewng odpowiedz tkankowa i nie ma
pod tym wzgledem materiatéw catkowicie obojetnych. Cha-
rakter takiej odpowiedzi przejawia sie w réznych rodzajach
powigzan pomiedzy tkankg macierzystg i implantem, wa-
runkujgcych okreslony typ obszaru kontaktu implantu z zywa
tkanka ("interface") [1]. Badania kliniczne wskazuja, ze wigk-
szo$¢ uszkodzen implantéw pochodzi od tego obszaru i
jego stabilno$¢ decyduje o przezywalnosci implantu. Za-
tem osiggniecie klinicznego sukcesu przy stosowaniu bio-
ceramiki w medycynie uwarunkowane jest w pierwszym
rzedzie utworzeniem stabilnego potaczenia pomiedzy im-
plantem i Zywa tkankg macierzysta, a takze - podobnym,
jak w przypadku tkanki macierzystej, zachowaniem sie im-
plantu pod wzgledem parametrow mechanicznych.

CERAMIC MATERIALS IN
MEDICINE

Maria £aczka

DEPARTMENT OF GiLASS AND ENAMELS,
UNIVERSITY OF MINING AND METALLURGY IN CRACOW

Abstract

Ceramic biomaterials have been applied in medi-
cine for nearly 40 years in reconstruction and replace-
ment of the diseased or damaged human bones.
Bioceramics is divided into microporous, resorbable,
almost inert and bioactive materials. The bioactive
materials, bioglasses and apatite-wollastonite glass-
ceramics, take a special position in bioceramics. Gom-
mon feature of all bioactive glasses and glass-ceram-
ics is their ability to modify the material surface, which
consists in the development of a biologically active
layer of carbonate hydroxyapatite (HCA) pla ying a role
of natural joint between the implant and the bone tis-
sue. Bioglasses and bioactive glass ceramics are
used in medicine in the form of monolithic implants
(bone replacement) or powders (acceleration of bone
reconstruction). At the Department of Glass and
Enamels of the University of Mining and Metallurgy in
Krakéw a new generation of bioceramics has been
Obtained by the chemical sol-gel method. These ma-
terials demonstrate higher bioactivity than the tradi-

tional melted ones. They are produced in the form of .

powders, granules, coatings and monolithic implants.
Key words: bioceramics, bioactive materials,
bioglasses, glass-ceramics.

Introduction

About 40 years ago the application range of ceramic ma-
terials was extended in a non-conventional way. Ceramics
was namely introduced in medical practice for reconstruc-
tion and replacement of the diseased and damaged hu-
man bones. These materials are now referred to as
"bioceramics" [1].

There exist various criteria of classifying the bioceramic
materials. Ohe of them is the texture-phase nature of these
materials. According to this criterion, bioceramics can be
divided into:

- polycrystalline materials (Al,O;, ZrO,, hydroxyapatite HA);
- glass and glass-ceramic materials (bioglasses, apatite-
wollastonite glass-ceramics A/W);

- composites (HA-polyethylene).

Foreign materials, introduced into a living organism, in-
duce certain response of the host tissues and in this re-
spect not any material can be regarded as completely in-
ert. The character of response, manifested by various in-
teractions between the implant and the host tissue, deter-
mines the type of interface [1]. Clinical examinations have
shown that most failures of the implants originate from the
biomaterial-tissue interface and that its stability is decisive
for the implant survivability. Hence attaining clinical suc-
cess of bioceramics in medicine is determined by the for-
mation of stable bonds between the implant and the host
tissue, as well as by similar behaviour of the implant and
the natural tissue in terms of mechanical properties.
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Charakterystyka wybranych
materiatéw bioceramicznych i ich
kliniczne zastosowania

Ze wzgledu na charakter odpowiedzi tkankowej na obec-
no$¢ materiatu, zastosowanego w charakterze implantu,
bioceramike podzielono na mikroporowatg, resorbowalng,
prawie obojetng i bioaktywna [1,2]:

Ceramika mikroporowata

Biologiczne umocowanie tego typu materiatéw w tkance
zywej polega na przerastaniu materiatu tkankg kostng po-
przez jego strukture porowatg na powierzchni lub wewnatrz
implantu [3]. Zywa tkanka stabilizuje tym samym rozlegty
obszar kontaktu implantu z koscig ( "interface") wewnatrz
por. W oparciu o kliniczne do$wiadczenia przyjmuje sie,
ze aby proces przerastania implantu tkankg zywa byt efek-
tywny i korzystny dla tkanek, pory musza mie¢ Srednice
wiekszg od 100-150 um. Przyktadem tego typu materiatéw
sg porowate warstwy HA, nanoszone na implanty metalo-
we [4], a takze - porowata ceramika, bazujgca na synte-
tycznych fosforanach wapnia [5,6]. Warstwy HA, naniesio-
ne np. na implanty dentystyczne spetniajg role cementéw,
umozliwiajgc biologiczne umocowanie implantéw w ma-
cierzystej tkance zywej [3,7]. Porowata ceramika, bazujg-
ca na fosforanach wapnia, stosowana jest jako wypetnie-
nia defektéw kostnych, spetniajgc role stymylatora wzro-
stu tkanki kostnej [3,5,6]. Do ceramiki mikroporowatej zali-
cza sie réwniez, szeroko stosowane w chirurgii, implanty,
wykonane z porowatego tlenku glinu AL,O,[8,9,10,11].

Ceramika resorbowalna

Materiaty resorbowalne ulegajg w organizmie stopnio-
wej degradacji i sg zastepowane przez macierzystg tkanke
zywa [1,2,3]. Gtéwne problemy kliniczne przy stosowaniu
tego typu materiatéw w chirurgii spowodowane sg trudno-
$ciami w utrzymaniu odpowiedniej wytrzymato$ci i stabil-
nos$ci obszaru kontaktu implantu z koscig w czasie degra-
dacji materiatu i zastepowaniu go przez tkanke zywa; wia-
ze sie to ze zbyt duzg szybkoscig resorpcji w poréwnaniu z
szybkoscig regeneraciji tkanki kostnej. Przyktadem tego typu
materiatéw sg fosforany wapnia, np. fosforan tréjwapniowy
(TCP); takie materiaty z powodzeniem stosuje sie przy
uszkodzeniach kosci szczekowych, kosci gtowy i w innych
przypadkach, gdy tkanka kostna nie narazona jest na zbyt
duze obcigzenia mechaniczne.

Materiaty prawie obojetne

Do tej grupy materiatow zalicza sie przede wszystkim
tlenek glinu (a-AL,O,) o wysokim stopniu zageszczenia i
wysokiej czystosci [1,2,12]. Al,O, byt pierwszym materia-
tem ceramicznym o szerokim, klinicznym zastosowaniu.
Implanty, wykonane z tego materiatu, charakteryzujg sie
przede wszystkim doskonatg odporno$cig na korozje, do-
bra biozgodnos$cig, niska $cieralnoscig, wysoka odporno-
§cig na zuzycie i bardzo dobrymi parametrami wytrzymato-
Sciowymi [2,12].

AlLQ, jest stosowny od ponad 20-tu lat w chirurgii stawu
biodrowego, a wykonywane z niego elementy, ze wzgledu
na minimalng $cieralno$¢ i szczegodlnie niski wspétczynnik
zuzycia, charakteryzuja sie dtuga przezywalnoscig nawet
bez uzycia cementéw kostnych. Inne kliniczne zastosowa-
nie tlenku glinu to: protezy kolanowe, $ruby kostne, rekon-
strukcja kosci szczekowych i twarzowych, substytuty drob-
nych koéci ucha $rodkowego, implanty dentystyczne
[1,2,3,12].

Obok tlenku glinu, w protetyce stosowany jest réwniez
tlenek cyrkonu ZrO, w formie tetragonalnej, stabilizowany
magnezem lub itrem. Implany cyrkonowe charakteryzujg
sie niezwykle wysokimi parametrami wytrzymato$ciowymi
a zainteresowanie medyczne zwigzane jest z wykorzy-

Characteristics of selected
bioceramic materials and their
clinical application

According to the character of tissue response at the im-
plant interface, bioceramics has been divided into
microporous, resorbable, almost inert and bioactive mate-
rials [1,2].

Microporous ceramics

Biological fixation of this type of material in a living tis-
sue is provided by penetration of the tissue into the pores
on the surface or throughout the implant [3]. Thus the living
tissue establishes the interface in the pores. Basing on clini-
cal observations it is assumed that for the tissue to remain
viable and healthy the pores must be greater than 100-150
um in diameter. Examples of this type of materials are po-
rous layers of HA deposited on metal implants [4] as well
as porous ceramics based on synthetic calcium phosphates
[5,6]. HA layers, deposited on dental implants, play a role
of cements, enabling biological fixation of implants in the
host tissue [3,7]. Porous ceramics, based on calcium phos-
phates, is used as a filling of bone defects, stimulating
growth of the bone tissue [3,5,6]. Microporous ceramics
comprises also implants made of porous aluminium oxide
Al,O, [8,9,10,11], widely used in surgery.

Resorbable materials

Resorbable materials undergo degradation in the organ-
ism, and are gradually replaced by a living tissue [1,2,3].
Main clinical problems occurring when the resorbable ma-
terials are applied in surgery are due to the difficulties in
maintaining proper strength and stability of the interface
during the period of degradation and replacement of the
material by the natural host tissue. This is related to the
fact that the rate of resorption of the material is much higher
than the rate of bone tissue regeneration. An example of
this type of materials is tricalcium phosphate (TCP), suc-
cessfully used to replace the damaged bone tissue of a jaw
and head and in other cases when the bone tissue is not
heavily loaded.

Almost inert materials

This group of materials comprises, first of all, alumina
(a-AlLO,) characterised by high density and high purity
[1,2,12]. ALLO, was the first material to find wide clinical ap-
plication. Implants made of this material demonstrate ex-
cellent corrosion resistance, low abrasive wear, high wear
resistance, high strength and good biocompatibility [2,12]
AlL,O, has been used for over 20 years in orthopaedic sur-
gery for hip prostheses because of its very low abrasion
coefficient and minimum wear rate. Other clinical applica-
tions of alumina are: knee prostheses, bone-uniting screws,
reconstruction of jaw and face bones, bone substitutes of
the middle ear, dental implants [1,2,3,12].

Another material used in prosthetics is the tetragonal
form of magnesium- or yttrium-stabilised zirconia, ZrO,. The
zirconia implants demonstrate exceptionally high strength
parameters and are used as various joint prostheses [1,2].

Ceramic bioactive materials

Bioactive materials take the intermediate position be-
tween the bioinert and resorbable ceramics. They induce
specific tissue response, which results in the formation of a
bonding interface between the implant and the natural host
tissue. This phenomenon was first discovered in 1969 by
L.L.Hench at the University of Florida [13], and next it found
application in the production of various types of bioactive
materials with a wide range of bonding rates and thickness
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staniem ich jako protez réznych potaczen stawowych [1,2].

Ceramiczne materiafy bioaktywne

Materiaty bioaktywne zajmujg pos$rednie miejsce pomie-
dzy ceramikg bioobojetng i resorbowalng. Dajg one specy-
ficzna odpowiedZz w obszarze kontaktu z tkankg kostna,
polegajgca na tworzeniu wigzania pomiedzy implantem i
tkankag zywa. Zjawisko to zostato po raz pierwszy odkryte
w 1969 roku przez L.L.Hencha w Uniwersytecie na Flory-
dzie [13] i wykorzystano je pdzniej przy wytwarzaniu réz-
nego rodzaju materiatéw bioaktywnych o zmieniajgcych sie
w szerokim zakresie szybko$ciach wigzania z ko$cig oraz
grubosciach wigzgcego obszaru pomigdzy implantem i tkan-
ka kostna.

Do bioaktywnych materiatéw ceramicznych, dostepnych
aktualnie na rynku $wiatowym do uzytku klinicznego, zali-
cza sie:

- bioaktywne szkto 4585, o sktadzie chemicznym (% wag.):
24,5Na,0, 24,5Ca0, 45Si02v 6P,0, [13], jak réwniez inne
bioszkta (45S5.4F, 45B15S5; 5254,6; 5554,3) 0 zmodyfi-
kowanych sktadach chemicznych [13,14,15,16,17];

- bioaktywng szkto-ceramike apatytowo-wollastonitowg (A/
W) [18,19,20,21];

- gesty, syntetyczny hydroksyapatyt HA [22,23,23];

- bioaktywne kompozyty [25,26,27,28,29,30], np. HA+ poli-
etylen.

Wszystkie, w/w materiaty tworzg wigzanie z przylegaja-
cg tkankg kostng, jednakze czas, potrzebny na utworzenie
takiego wigzania, wytrzymato$¢ wigzania, mechanizm wig-
zania oraz szerokos$¢ strefy wigzacej znacznie roznig sie
dla poszczegdinych materiatéw z wymienionych grup [1,2].
Nalezy zaznaczy¢ ponadto, ze nawet stosunkowo mate
zmiany w sktadzie biomateriatu mogg spowodowagé, ze
materiat z bioaktywnego stanie sie bioobojetny lub resor-
bowalny.

Wsrdd bioaktywnej ceramiki znaczaca pozycje zajmuja
bioszkta i szkto-ceramika apatytowo-wollastonitowa, ktére
to materiaty zdolne sg do wytworzenia bardzo wytrzymate-
go mechanicznie wigzania z tkankg kostng. Niektdre biosz-
kta sg zdolne tworzy¢ wigzanie réwniez z tkanka miekka
[1,2].

Wspding, charakterystyczng cechg bioaktywnych szkiet
i bioaktywnej szkto-ceramiki jest zalezna od czasu, kine-
tyczna modyfikacja powierzchni, ktéra zachodzi po wsz-
czepieniu implantu. Polega ona na tym, ze na powierzchni
implantu tworzy sie warstwa biologicznie aktywnego hy-
droksyapatytu weglanowego HCA, stanowigcego potgcze-
nie implantu z tkankg zywg w obszarze ich wzajemnego
kontaktu [1,2,31,32,33]. Faza HCA, ktéra tworzy sie na po-
wierzchni bioaktywnego implantu, jest chemicznie i struk-
turalnie rownowazna z mineralng substancjg kosci. Ta row-
nowazno$¢ odpowiedzialna jest wtagnie za wigzgcy cha-
rakter obszaru kontaktu implant-ko$¢. Materiaty bioaktyw-
ne rozwijajg przylegajgca do tanki kostnej warstwe (“inter-
face"), zdolng wytrzymywaé znaczne mechaniczne obcig-
zenia. Wytrzymatos¢ adhezyjna w obszarze kontaktowym
jest co najmniej réwna lub wieksza od sit spojnoéci mate-
riatu implantu, czy tkanki kostnej. Uszkodzenie w tych przy-
padkach pochodzi zatem zazwyczaj albo od ko$ci, albo od
implantu, ale nie od strefy kontaktowej pomiedzy tymi ma-
teriatami.

Z dotychczasowych badan, prowadzonych w warunkach
in vitro i in vivo wynika, ze proces wigzania bioaktywnych
szkiet i szkto-ceramiki z ko$cia jest bardzo skomplikowa-
ny, nie do konca jeszcze wyjasniony i obejmuje 12 etapéw
[1,2,31,32,33]. Pierwszych pie¢ etapow, to gtéwnie proce-
sy chemiczne, polegajace na:

- wymianie jonéw alkalicznych, obecnych w powierzchnio-
wej warstwie implantu, na jony wodorowe, pochodzace z
ptynéw ustrojowych;

- rozpuszczanie wigzby krzemianowej;

- polimeryzacja zelu krzemionkowego;

of the interfacial bonding layers.

Among the bioactive materials commercially available
for clinical use the following ones can be mentioned:

- bioactive glass 45S5 with the chemical composition (wt%):
24,5Na,0; 24,5Ca0; 45Si0,; 6P,04 [13] as well as other
bioglasses (45554F; 45B15S5; 5254.6; 5554.3) with modi-
fied chemical compositions [1 3,14,15,16,17];

- apatite-wollastonite (A/W) bioactive glass-ceramics
[18,19,20,21];

- dense, synthetic hydroxyapatite(HA) [22,23,24];

- bioactive composites [25,26,27,28,29,30], e.g. mixture of
HA and polyethylene.

All the above-mentioned materials, form bonding interfaces
between the implant and the host tissue. However, time
needed to form the bond, its strength and bonding mecha-
nism as well as thickness of the bonding zone vary consid-
erably for different materials from the mentioned groups
[1,2]. It should be also noted that even relatively small
changes in chemical composition may change the bioactive
material into resorbable or bioinert one.

Among bioactive ceramics a marked position is taken
by bioglasses and A/W glass-ceramics; these materials are
capable of forming a strong bond with the bone tissue. Cer-
tain bioglasses can also form bonds with the soft tissue
[1,2].

A common and characteristic feature of bioactive glasses
and A/W glass-ceramics is the time-dependent, kinetic modi-
fication of their surface after implantation. It consists in the
formation of a biologically active layer of carbonate hy-
droxyapatite (HCA) on the implant surface, playing a role
of a bond between the implant and the bone tissue
[1,2,31,32,33]. The HCA phase, formed on the surface of
the bioactive implant is chemically and structurally equiva-
lent to the mineral substance of the bone. This equivalence
is responsible for the quality of the bonding interface. The
bioactive materials develop an interface layer adherent to
the bone tissue and capable of carrying substantial me-
chanical loads. Mechanical strength of the interface layer
is often equal to or greater than the cohesive strength of
the implant material or the bone tissue. Hence, failures are
usually initiated in the bone or in the implant, but not in the
interface zone.

From earlier studies, both under in vitro and in vivo con-
ditions, it follows that bonding of the bone tissue to bioactive
glasses and glass-ceramics is complex and not enough
recognised. It involves 12 reaction stages [1,2,31,32,33].
The first five stages comprise mainly chemical processes,
such as: :

- exchange of the alkaline ions, present in the surface layer
of implant, into hydrogen ions from the body fluids;

- dissolution of silicate framework and formation of silica
gel;

- polymerisation of silica gel;

- chemisorption of ions from body fluid;

- crystallisation of HCA layer.

Further stages comprise biochemical adsorption of the
respective proteins and synchronised occurrence of cellu-

“lar events, the result of which is quick formation of a new

bone. It is concluded that bioactivity is encountered only
within certain compositional limits and specific ratios in the
Na,0-K,0-Ca0-MgO-P,0.-SiO, system being the base sys-
tem for bioglasses and bioactive glass-ceramics [1].
Bioactive glasses and glass-ceramics have now been
applied for more than 10 years in clinical practice and have
been given commercial names (TABLE 1). Among the
bioglasses the most widely used is glass 4585 in the form
of compact implants as well as powders and granules.
Bioglasses in the form of compact implants are used
[
- in the surgery of the middle ear to replace small bones
damaged as a result of chronic infections; survivability of
these bioactive implants in this case is definitely higher than
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- chemisorpcja jonéw z ptyndw ustrojowych;
- krystalizacja warstwy HCA.

Dalsze etapy, to biochemiczna adsorpcja odpowiednich
biatek i zsynchronizowane wystepowanie zdarzer komér-
kowych, ktérych wynikiem jest szybkie formowanie nowej
kosci. Stwierdzono, ze bioaktywnos¢ wystepuije tylko przy
pewnych, okreslonych zawarto$ciach i wzajemnych stosun-
kach tlenkéw w uktadzie Na,0-K,0-Ca0-MgO-P,0,-Si0,,
ktéry to uktad stanowi baze wszystkich bioszkiet i bioak-
tywnej szkto-ceramiki [1]

Bioaktywne szkta i szkto-ceramika juz od kilkunastu lat
sa w uzytkowaniu klinicznym w $wiecie i posiadajg na ryn-
ku swoje nazwy handlowe (TABELA 1). Spoérod bioszkiet,
najszersze zastosowanie znalazto szkto 4535, ktére z po-
wodzeniem uzywane jest zaréwno w postaci litych implan-
tow, jak i proszkdéw i granul.

Wiasciwosci
Property

Bioszkla
Bioglasses

4585 S45PZ

Ceravital

that of bioinert materials;

- in dentistry, as implants in the form of cones with various
dimensions, to replace the tooth roots after tooth extrac-
tion; these implants enable to preserve proper shape of the
jawbone after tooth extraction and before placing the pros-
theses.

In addition to compact implants, bioglasses have found
wide application in the form of powders and granules in the
treatment of periodontal disease as well as in the cases
where bone grafts are needed to fill the defects or to aug-
ment natural repair processes in bones. Such materials can
be used in jawbone surgery as well as in orthopaedic appli-
cations (repair of hip, knee and spine bones) [1,2]. These
applications are based on the hypothesis that the bioglasses
stimulate proliferation of the bone tissue by activating the

' genetically controlled process, which leads to the for-

Szklo-ceramika
Glass-ceramics
_ Carbonate A/W Implantal

Bioverit

0 | 510 0 4,6 3-8
¥ : .0,5,3,0 0 0’2 3-8
3 2,5-5,0 4,6 2,8 2-21
- 30-35 44,7 31,9 10-34
oS 0 0 0 8-15
- 40-50 34,0 44,3 19-54
- 10-50 16,2 11,2 2-10
: 0,5 5,0 3-23
Apatyt/Apatite | Apatyt/Apatite | Apatyt/Apatite
Sktad fazowy Szklo | Szkle | B-wollastonite B-wollastonite Phlogopite Apatyt/Apatite
Phases*: Glass | Glass Szklo/Glass Szklo/Glass Szklo/Glass Szklo/Glass
680 500
1080 500
215 160 100-160
218 70-88

TABELA 1. Sktady i wtasciwosci mechaniczne niektorych bioszkiet i szkto-ceramiki stosowanych klinicznie [1].

TABLE 1. Compositions and mechanical properties of some bioactive glasses and glass-ceramics used

clinically [1].

Bioszkta w postaci litych implantéw stosowane sg [1,2]:

- w chirurgii ucha srodkowego, uszkodzonego w wyniku

chronicznych infekcji, w celu zastepowania drobnych ko-
§ci; przezywalno$¢ takich bioaktywnych implantéw jest w
tym przypadku zdecydowanie wyzsza, niz dla materiatow
bioobojetnych;
- W dentystyce, jako implanty w formie stozkéw o réznych
rozmiarach, wszczepianych w miejsce korzeni zebowych
po ekstrakcji zgbdw; implanty takie pozwalajg zachowaé
odpowiedni ksztatt szczeki pacjenta po ekstrakeji zebow
przed zatozeniem protez.

Obok litych implantéw, bioszkta znalazty szerokie zasto-
sowanie w formie proszkéw i granul w leczeniu chordéb przy-
zebia (paradentoza), a takze przy przeszczepach kosci, jako
wypetnienia kostnych ubytkéw w ortopedii kosci biodro-
wych, kolanowych, w chirurgii kregostupa [1,2]. Ten cha-
rakter zastosowan oparty jest na hipotezie, ze bioszkta sty-
mulujg proliferacje tkanki kostnej poprzez aktywizacje ge-
netycznie kontrolowanego procesu, ktory prowadzi do wy-
tworzenia czynnikéw wzrostu [1].

mation of the growth factors [1].

Another important group of bioactive ceramics, beside
bioglasses, are glass-crystalline materials, referred to as
apatite-wollastonite (A/W) ceramics. In these materials,
beside the glass phase, crystalline phases: apatite and
wollastonite are present, imparting better mechanical prop-
erties in comparison with the bioglass alone. The A/W
bioactive glass-ceramics has been successfully applied in
the repair of spine since 1983 [1,2].

Therapeutic applications

Some glasses in the form of microspheres, about 25 um
in diameter, are used in the treatment of cancer, especially
the cancer of liver [34]. These are the yttrium-aluminium-
silicate glasses of high chemical resistance, applied as
carriers of a radioactive isotope Y. The radioactive glass
microspheres injected into the affected organ enable much
more effective irradiation of the sick tissue than it is possi-
ble by external irradiation. Local dosage that can be safely
applied is at the level of 15x10°rads, i.e. about 5 times
higher than in the case of external irradiation. Such glasses



Drugag, obok bioszkiet, wazng grupa bioaktywnych ma-
teriatbw ceramicznych sg materiaty szkto-krystaliczne, tzw.
ceramika apatytowo-wollastonitowa A/W. W materiatach
tych, obok fazy szklistej, obecne sg fazy krystaliczne: apa-
tyt i wollastonit, nadajgce materiatom wyzsze, w stosunku
do bioszkiet, parametry wytrzymato$ciowe.

Bioaktywna szkto-ceramika A/W z powodzeniem stoso-
wana jest w chirurgii kregostupa od 1983 roku [1].

Zastosowania terapeutyczne

Szkta o odpowiednim sktadzie, w postaci mikro-kulek o
$rednicy okoto 25 um, stosowane sg takze w leczeniu cho-
réb nowotworowych, szczegdlnie - raka watroby [34]. Sg to
szkfa itrowo-glinowo-krzemianowe o wysokiej chemicznej
odpornosci, bedgce nos$nikiem radioaktywnego izotopu itru
Y. Takie radio-aktywne, szklane mikro-kulki, wszczepio-
ne do zaatakowanego przez nowotwor miejsca wewnatrz
organizmu, pozwalajg znacznie efektywniej nagwietlié chora
tkanke, nizby to miato miejsce przy radioterapii ogéine;j.

(YAS) have been already used for more than 5 years in the
clinical treatment of more than 100 patients.

New generation of glass-ceramic bioactive materials
The investigations on bioactive materials with bioactivity
higher than that of bioactive glass-ceramics produced by
conventional melting and controlled crystallisation have
been carried out at the Department of Glass and Enamel of
the University of Mining and Metallurgy in Krakow for sev-
eral years now. These are amorphous materials from the
Ca0-P,0;-SiO, system, as well as glass-ceramics with hy-
droxyapatite and wollastonite as crystalline phases
[35,36,37,38,39,40]. They are obtained by the chemical sol-
gel method using organic and inorganic compounds of cal-
cium, phosphorus and silicon, soluble in alcohol, as the
starting materials. The maximum temperature of synthesis
is 800-1200°C, i.e. about 300-500°C lower than in the case
of conventional methods. Figure 1 shows the preparation
scheme of the gel-derived materials. These materials are

roztwor
solution

warstwy
coatings

zel

wet gel

|

suszenie
drying

|

ogrzewanie do
heating up to
800°C

|

mielen

ie

grinding

|

proszki
powders
=4 um

proszki i granulki dla
stomatologii
powders and granules for
dentistry application

spiekanie

bezcisnieniowe
free-sintering
1150-1200°C

prasowanie na
g0raco
hot-pressing
= 800°C

|

compact
sinters

geste spieki

porowate
spieki
porous sinters

geste spieki
compact sinters

implanty kosci
bone implants

RYS. 1. Schemat otrzymywania bioaktywnej szklo-ceramiki pochodzenia zelowego.
FIG. 1. Scheme of manufacturing the gel-derived bioactive glass-ceramics.

7

BI®MATERIALOW




W

R

t

A

ERI

N_7Z Y N
IOMA

|

Mozliwe jest w tym przypadku lokalne dawkowanie promie-
niowania na poziomie 15x10°%radéw, czyli okoto 5-krotnie
wyzsze, niz przy tolerowanym przez organizm naswietla-
niu zewnetrznym. Szkta takie sg w klinicznym uzyciu w
Swiecie od 5-ciu lat.

Nowa generacja szkto-ceramicznych materiatéw bio-
aktywnych

W Katedrze Szkta i Emalii Akademii Gérniczo-Hut-
niczej w Krakowie od kilku lat prowadzone sg prace nad
otrzymaniem ceramicznych materiatéw bioaktywnych o wy-
zszej bioaktywnosci niz w przypadku bioaktywnej szkto-
ceramiki, wytwarzanej konwencjonalng metodg topienia i
kierowanej krystalizacji. Sg to materiaty z podstawowego
uktadu tlenkowego CaO-P,0,-SiO,, szkliste i szkto-krysta-
liczne z hydroksyapatytem i wollastonitem, jako fazami kry-
stalicznymi [35,36,37,38,39,40]. Wytwarza sie je chemicz-
ng metodg syntezy zol-zel, stosujac, jako materiaty wyj-
$ciowe, organiczne i nieorganiczne zwigzki wapnia, fosfo-
ru i krzemu, rozpuszczalne w alkoholach. Maksymalne tem-
peratury syntezy tych materiatéw wynosza 800-1200°C, sg
wiec o okoto 300-500 stopni nizsze niz w przypadku meto-
dy konwencjonalnej. Schemat otrzymywania materiatow
pochodzenia zelowego przedstawia RYS. 1. Materiaty te
otrzymuje sie w postaci proszkéw, granulek, warstw i ge-
stych spiekéw. Obszerne badania w warunkach in vitro
[37,38,39], jak réwniez wstepne badania in vivo wskazuja
na bardzo dobrg biozgodnos¢ tych materiatéw. Materiaty
bioaktywne, pochodzenia zelowego, mogg znalez¢é zasto-
sowanie medyczne zaréwno jako materiat stymulujgcy i
przyspieszajgcy naturalny. wzrost tkanki kostnej, jak i za-
stepujgcy tkanke kostng. Stad prognozowane ich zastoso-
wanie w leczeniu chordb przyzebia (paradentoza), chirur-
gii szczekowej,ortopedii.
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obtained in the form of powders, granules, coatings and
dense sinters. Extensive investigations under in vitro con-
ditions [37,38,39], as well as preliminary in vivo examina-
tions have revealed very good biocompatibility of these
materials. The bioactive gel-derived materials may find
medical applications both as materials stimulating and ac-
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terials capable of replacing it, e.g. in the treatment of peri-
odontal disease, in maxillofacial and orthopaedic surgery.
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NA JEJ WEASCIWOSCI
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Streszczenie

Autorzy wykonali badania doswiadczalne na kréli-
kach z uzyciem wtdknin weglowych réznigcych sie
chemiczng budowg powierzchni. Stwierdzili, ze pro-
ces odnowy kosci byt najbardziej aktywny w przypad-
ku uzycia witdkniny pokrytej warstwa pirowegla (gru-
pa lll). Natomiast spowolnienie proceséw odnowy

INFLUENCE OF |
CHEMICAL STRUCTURE
OF CARBON CLOTH
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BIOLOGIC PROPERTIES
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Abstract

The authors examined rabbits with implanted car-
bon fibres having different surface propertie. Bone
reconstruction process was the most active in the
case of carbon cloth coated with pyrocarbon (group
Il). Slowing-down of bone reconstruction process was
connected with the presence of functional groups of

acidic character on the surface of carbon cloth.
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dotyczyto gtéwnie grupy I, czyli wibkniny z grupami

funkcyjnymi na powierzchni o charakterze kwasowym.
Stowa kluczowe: wtéknina weglowa, budowa che-

miczna powierzchni, wiasciwoéci biologiczne.

Wstep

Wspbtczesna medycyna coraz czeéciej sigga po mate-
riaty sztuczne. Wszczepiane dotkankowo spetniajg role
trwatych lub tez czasowych protez. Stawiane wobec sztucz-
nych materiatow coraz wigeksze wymagania powodujg eli-
minowanie jednych, a wprowadzanie innych. Spo$rdd naj-
czesciej stosowanych materiatow wymienia sie tworzywa
metaliczne, polimery, cementy kostne, materiaty ceramicz-
ne oraz weglowe. Wieloletnie badania nad strukturg i wta-
$ciwos$ciami chemicznymi materiatéw weglowych wykaza-
ty, ze charakteryzuje je duza biozgodno$¢ [4,7,9]. Wyma-
gaja one jednak, jak wiekszo$¢ sztucznych wszczepdw od-
powiedniego przygotowania, m.in. ich powierzchni, albo-
wiem powierzchnia implantu powinna stymulowa¢ tkanki
do ich odtwarzania [2,3,8], szczeg6lnie wtedy, jezeli mate-
riat weglowy uzywany jest w chirurgii rekonstrukcyjnej do
odtwarzania ubytkéw kostnych. Badania na zwierzetach z
uzyciem witdkniny weglowej prowadzone sg w SIl. AM w
Katowicach (I Katedra i Zaktad Patomorfologii oraz | Kate-
dra i Klinika Chirurgii Szczekowo-Twarzowej) od 1990 roku.
Pozytywna ocena wynikéw badan sktonita do zastosowa-
nia wtokniny weglowej w klinice cztowieka [5,6].

Otrzymywana w warunkach laboratoryjnych Katedry
Ceramiki Specjalnej AGH w Krakowie wtdéknina weglowa
moze mieé r6zne wtasnosci chemiczne. W zwigzku z tym
powstato pytanie czy witdknina weglowa roznigca sie bu-
dowg chemiczng i stanem powierzchni moze mie¢ wptyw
na otaczajagce tkanki.

Celem pracy byto wykazanie wptywu wtékniny weglo-
wej o réznych grupach funkcyjnych na jej powierzchni na
gojenie tkanki kostnej.

Materiat i metody

W doswiadczeniu uzyto 48 dorostych krélikéw rasy mie-
szanej o wadze od 2600-3200 g. Po uprzedniej premedy-
kacji Atroping z Relanium wykonano zabiegi operacyjne u
kazdego zwierzecia. Z cigcia obustronnego u podstawy
zuchwy docierano do jej bocznej powierzchni. Nastgpnie
na obu powierzchniach bocznych wykonywano ubytki kost-
ne o $rednicy okoto 6 mm i gtebokosci 3 mm.

Pierwsza grupe (4 kroliki) stanowity zwierzeta, ktérym
po jednej stronie zuchwy ubytki wypetniono wtékning po-
siadajgcg na powierzchni zaréwno grupy funkcyjne o cha-
rakterze kwasowym jak i zasadowym w ilo$ciach nie prze-
kraczajgcych 1 x 10 mol/g czyli tzw. wtdkning wyj$ciowg
(grupa ). Ubytki po stronie prawej trzonu zuchwy wypet-
niono wtékning poddang po procesie karbonizacji obrébce
utleniajgcej (grupa I1). W wyniku tej obrébki na powierzchni
powstaty grupy tlenowe o charakterze kwasowym w tacz-
nej ilosci 3,5 x 10 mol/g.

Druga grupe (4 krdliki) stanowity zwierzeta, u ktérych
ubytki po stronie lewej trzonu zuchwy wypetniono wiékni-
ng, ktéra zostata pokryta warstwa pirowegla (grupa I). Na-
tomiast ubytki po stronie prawej stanowigce grupe kontrol-
ng pozostawiono wypetnione skrzepem krwi (grupa 0).

Rany zaszywano warstwowo szwami z dexonu. Przez
caty okres obserwacji wszystkie zwierzeta przebywaty w
oddzielnych klatkach, w pomieszczeniach o jedna-kowej
temperaturze. Karmione byty suchg, witaminizowang pa-
szg. Badania wykonywano dynamicznie w 6 okresach ba-
dawczych poczawszy od 7 dnia do 12 tygodnia (7,14,21
dzien oraz 6,9,12 tydzien). Wyniki badan opracowano na

Key words: carbon cloth, chemical structure, sur-
face, biologic properties.

Introduction

Contemporary medicine applies artificial materials more
often. Tissue implants play the role of a permanent or tem-
porary prosthesis. Bigger requirements set against artifi-
cial materials result in elimination of some of them and in-
troduction of new ones.

The most often used materials include metallic materi-
als, polymers, bone cements, ceramic and carbon materi-
als.

Long time study on structure and chemical properties of
carbon materials showed their, high biocompatibility mate-
rials [4,7,9]. However, they require, as many inorganic graft,
proper preparation of their surface since the graft’s surface
should stimulate tissue to reconstruct [2,3,8], especially,
when the carbon material is used for reconstructing bone
defects. 3

The useof carbon clothin rabbits has been investigated
at Silesian Medical University in Katowice (1 Chair and
Teaching Hospital of Maxillofacial Surgery) since 1990.
Positive results allowed application of carbon cloth in
man [5, 6].

Carbon cloth manufactured at the Department of Spe-
cial Ceramics of the University of Mining and Metallurgy in
Cracow can have various chemical properties.

Consequently, a question arises if the carbon cloth with
different chemical structure and surface finish, can have
any influence on the surrounding tissue.

The aim of this study was to show the influence of fi-
brous carbon with different functional groups on the sur-
face on bone tissue healing.

Material and methods

The material consisted of 48 adult rabbits of mixed breed,
2600-3200 g of weight.

After premedication with Atropin and Relanium, the sur-
gery was performed in each animal. Lateral surface of the
mandible was exposed through a bilateral cut at its base.
Next, bone defects of 6-mm diameter and 3 mm depth were
made in both lateral surfaces.

The first group (4 rabbits) had the defects on one side of
the mandible filled with carbon cloth with surface functional
groups of both acidic and alkaline character in the amount
not exceeding 1 x 10°° mol/g, refred to as initial felt (group
1). Defects on the right side of the mandible base were filled
with carbon cloth with surface functional groups of acidic
character in total amount of 3,5 x 10* mol/g (group ).

The second group (4 rabbits) had the defects on the left
side of the mandible base filled with carbon cloth coated
with pyrocarbon (group Ill). The defects on the right side,
which were to serve as the controls were left to be filled
with blood clot (group O).

The wounds were sewing in layers with dexon. During
the observation period the animals were placed in sepa-
rate cages, at the same temperature. They were fed with
dry, vitaminised food. The examinations were performed
dynamically in the 6 periods starting from the 7th day up to
the 12th week (7th, 14th, 21st day and 6th, 9th, 12th week).
The results were analysed on the bases of referring to the
clinical evaluation and radiological imaging. After killing the
animals and proper management of bone preparations, they
were subjected to histopathologic evaluation.
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podstawie oceny klinicznej oraz badan radiologicznych. Po
usmierceniu zwierzat i odpowiednim przygotowaniu prepa-
ratow kostnych poddano je ocenie histopatologiczne;j.

Wyniki

W okresie pooperacyjnym
zwierzeta zachowywaty sie
spokojnie. Gojenie ran skor-
nych przebiegato bez powiktan
zapalnych.

Ocena makroskopowa

Od 7 do 21 doby obserwowa-
no we wszystkich grupach po-
krycie ubytku delikatng tkanka.
W grupie | wtéknina weglowa
w tym czasie byta wyraznie
widoczna. Natomiast w grupie

Results

In the postoperative period the animals were very quiet.

Ive inflammatory complica-
tions.
Macroscopic evaluation
From the 7th to 21st day, in
all groups the defects were
covered with a delicate tissue.
In group | carbon cloth could
be clearly distinguished. Ho-
wever, in groups Il and Ill, si-
gnificant blurring of the fibro-
us character of carbon mate-
rial occurred. In the final sta-
ge, the bone defects filled with
carbon cloth were covered in
groups | and [l with a tissue si-
milar to the surrounding, altho-

I1'i 1ll doszto do znacznego RYS. 1. Ubytek tkanki kostnej w 7 dobie - grupa I - ugh there was no discoloration

zatarcia wtdknistego charakte-  zdjecie rig.

as was seen in group Il. In the

ru materiatu weglowego. W  FIG. 1. Decrease of the bone tissue in 7th day-groupl- control group - from the 6th

koncowych okresach do$wiad-  X-ray picture.
czenia ubytki kostne wypetnio-
ne widkning weglowg pokryte =
byty w grupie I i Ill tkankg przy-
pominajgcg otoczenie, jednak
nie obserwowano przebar-
wien, tak jak to byto widoczne
w grupie Il. W grupie kontrol-
nej -0, od 6 tygodnia miejsce
wykonanego ubytku byto nie-
znacznie widoczne, by pod
koniec do$wiadczenia nie
mozna go byto odréznié od
otoczenia.

Badania radiologiczne
W 7 dobie we wszystkich gru-

week the defect was hardly
noticeable and at the end of
the experiment it could not be
distinguished from the surro-
unding.

Radiological imaging

On the 7th day, in all gro-
ups (I, 11, Il) and in the control
group (O) a distinct clear up
showed at the defect site (FIG.
1). After some time shadows
diminishing the defect size ap-
peared within the clear-up
area, visible from the 21st day
in groups I and Il (FIGS. 2, 3).
From the 9th week, both in the

pach badanych (I, II, lll) oraz RYS. 2. Ubytek tkanki kostnej w 21 dobie - grupa | - study groups and the control,

w grupie kontrolnej (0) obser- zdjecie rtg.

one the X-ray pictures showed

wowano w miejscu wykonane-  FIG, 2. Decrease of the bone tissue in 21st day-groupl- only small clear-ups which

go ubytku wyraznie odgrani- X-ray picture.
czone od otoczenia przeja- - -
$nienie (RYS.1.). Z czasem w
obrebie przejasnien pojawity
sie zacienienia zmniejszajgce
wielko$¢ ubytku, wyraznie wi-
doczne od 21 doby w | i lll gru-
pie (RYS. 2,3). Od 9 tygodnia
zaréwno w grupach badanych
jak i w grupie kontrolnej w ob-
razie rtg spostrzegano tylko
niewielkie przejasnienie mogg-
ce $wiadczy¢ o istniejgcym
jeszcze ubytku tkanki kostnej
(RYS. 4).

Obserwacje histopatologicz-

could be the images of still
existing defects (FIG. 4).

Histopathologic observa-
tions

In the 7th day in the groups |,
Il and O, the resorption pro-
cesses were observed, they
were also observed on the
14th day in group II. The fe-
atures of resorption of bone
trabeculas after 7 days in gro-
up I were not found. In gro-
ups | and ll, from the 14th day
a significant osteoblastic acti-
vity was observed, in group Il
it appeared very clearly on the

ne RYS. 3. Ubytek tkanki kostnej w 21 dobie - grupa Il -  21st day. In this group, at this

W 7 dobie w grupach I, I1'i 0 zdjecie rtg.

time increased blood vessels

widoczne byly procesy resorp-  piG, 3, Decrease of the bone tissue in 21st day-grouplll-  With red cells were seen in in-

cji, ktére obserwowano jesz- X-ray picture.

cze w 14 dobie tylko w Il gru-

pie. Cech resorpcji beleczek

kostnych po 7 dniach w grupie I juz nie znaleziono. W
grupie 1 lll od 14 doby obserwowano juz znaczna aktyw-
nos¢ osteoblastyczng ktdra wyraznie w grupie |l pojawita
sie od 21 doby. W grupie tej w tym okresie widoczne byty
rowniez w przestrzeniach migdzybeleczkowych ztozonych
z tkanki ttuszczowej i luznej tkanki tacznej, poszerzone
naczynia krwiono$ne z krwinkami czerwonymi (RYS. 5).

tertrabecular spaces consi-

sting of fatty tissue and loose

connective tissue (FIG. 5).
Atthe same time, osteoblastic activity was noticed in group
O. From the 6th week, in groups | and Il osteoblastic acti-
vity was not seen (FIG. 6). While in group Il it was obse-
rved from the 9th week of the experiment (FIG. 7). In the
last period, in all study groups mature bone trabeculas with
some features of calcification.

Wound healing did notin va- e e e @ o o |




W tym samym okresie spostrze-

gana byta réwniez aktywnos¢
12 osteoblastyczna w grupie 0. Od
6 tygodnia w grupach | i lll nie
spostrzegano juz aktywnosci
osteoblastycznej (RYS. 6). Gdy
tymczasem w grupie |l obraz taki
postrzegano od 9 tygodnia do-
$wiadczenia (RYS. 7). W ostat-
nim okresie we wszystkich gru-
pach badanych widoczne byty
dojrzate beleczki kostne z za-
znaczonymi cechami wapnienia.
Miedzy nimi obserwowano wtdk-
na weglowe o réznym stopniu
rozdrobnienia (RYS. 8).

RYS. 4. Zmniejszajacy sieubytek tkanki kostnej -

cation were seen. Carbon fi-
bres of different fragmentation
"1 degree were observed among

| them (FIG. 8).

Discussion

The implanted inorganic
materials have to exhibit gre-
at durability and resistance to
abrasion when they are used
as supporting elements.

In order to use inorganic
materials for filling tissue de-
fects (i.e. cartilages, bones),
they have to stimulate the sur-
rounding tissue to create new

Dyskusja 9 tydzien; grupa il - zdjecie rtg. cells enabling close adhesion
Wszczepiane materiaty FIG. 4. Decrease of the bone tissue defectin 9thweek- ¢ the graft [9]. Such a mate-

sztuczne musi cechowaé duza group lli - X-ray picture.

rial is considered to be a pro-

wytrzymato$¢ i odporno$¢ na p=
$cieranie w przypadku uzyciaich
jako elementéw nos$nych.

Aby wykorzysta¢ sztuczne
materiaty do uzupetniania ubyt-
kow tkankowych (np. chrzgstki, §
ko$ci) muszg one stymulowaé f
otaczajgcg tkanke do wytwarza-
nia mtodych komérek, co pozwo-
li na $ciste przyleganie wszcze-
pu do otoczenia [9]. Taki mate-
riat uwazany jest za proteze.

Bedac jednak materiatem bio-
degradowalnym moze stanowi¢
matryce, na ktérej odtwarza sie
uszkodzona tkanka [14,15].

sthesis. While being biodegra-
dable, it can be a matrix for re-
constructing the damaged tis-
sue [14, 15].

The most required feature
of inorganic materials is their
biocompatibility. In Ratner’s
opinion it is the surface of the
material which is in close con-
1 tact with tissue fluids and tis-
sue cells decides about bio-
compatibility [13].

Proper chemical prepara-
tion of the biomaterial surface
results in its biocompatibility.
It has been shown that carbon

Najbardziej pozadang cechg
materiatéw sztucznych jest ich
biozgodno$¢. Ratner uwaza, ze
0 biozgodnosci materiatu decy-
duje jego powierzchnia, ktéra
znajduje sie w $cistym kontak-

kowych (H&E, 200x).

RYS. 5. Tkanka ttuszczowa i wtoknista oraz poszerzone
naczynia krwionosne w przestrzeniach miedzybelecz-

FIG. 5. Fatty and fibrous tissue and widened blood cells
in theintertrabecular spaces (H&E, 200x).

surfaces covered with blood
proteins in comparison with
others not covered showed
great difference in phagocytes
activity [l Il].

Environment pH variations

cie zarowno z ptynami tkanko-
wymi jak i komérkami tkanki, w
ktorej ten materiat sie znajduje
[13].

Whtasciwe przygotowanie che-
miczne powierzchni biomateria-
tu decyduje o bio-zgodnosci.
Wykazano, ze powierzchnie we-
glowe pokryte biatkami krwi w
poréwnaniu z niepokrytymi wy-
-kazaty znaczng réznice, m.in. w
czynnosci fagocytow [10].

Zwrécono réwniez uwage, ze
znajdujgce sie na powierzchni
biomateriatow biatka zmieniaja
swojg strukture tworzac nowe
powierzchnie o innej jakosci, w

skutek przebywania w $rodowi-

R
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Istotny wptyw na tkanki moze
mie¢ réwniez zmiana pH $rodo-
wiska. Miejscowa zmiana odczynu kwasnego na alkalicz-
ny moze prowadzi¢ do powstania ogniskowych skupisk
substancji mineralnych [12].

Wydaje sie, ze obecno$¢ réznych grup funkcyjnych na
powierzchni wszczepianych przez nas materiatow ma
wptyw na przebieg gojenia tkanki kostnej. Tym bardziej, ze
zaréwno w obserwacjach makroskopowych jak i w bada-
niach radiologicznych i histopatologicznych widoczne byty

RIA
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i
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IOMA

FIG. 6. Connected tongue shaped structures of spongy
sku tkankowym [1,11]. bone tissue trabecula (H&E, 100x).

can also have a significant in-
{1 fluence on tissues. Local
| change of acidic to alkaline
| environment can lead to accu-
mulation of mineral substan-
4 ces [12]. It seems that pre-
1 sence of different functional
groups on the surface of the
implanted material has an in-
fluence on bone tissue he-
aling. The different rates of
bone wound healing were
seen in macroscopic observa-
tions, radiological imaging and
histophatologic studies.

The results of our investi-

? jaK RYS. 6. Polaczone w jezykowate struktury beleczki ~ 9ations are consistent with
sposdb naturalny zmieniane na  ganki kostnej gabczastej (H&E, 100x). those of other authors since

the surface finish of the car-
bon materials had also an in-
fluence on a the occurrence
of inflammatory and phagocy-
tic reactions and on the resorption degree of carbon fibres
[15].
The hollowing conclusions were drawn:

1. Bone reconstruction process was the earliest and was
the most active in group Ill.

2. The fastest bone maturing manifested by its calcification
occurred in groups | and Il1.
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réznice w tempie gojenia ran kostnych.

Wyniki naszych obserwacji zgodne s3 réwniez z bada-
niami innych autoréw, bowiem sposéb przygotowania po-
wierzchni badanych materiatéw weglowych miat réwniez
wptyw na obecno$¢ odczynéw zapalnych i fagocytarnych
oraz stopien resorpcji wtdkien weglowych [15].

Whnioski

1. Proces odnowy ko$ci zaczynat sig najszybciej i byt naj-
bardziej aktywny w grupie IIl.

2. Najszybsze dojrzewanie ko$ci wyrazajace sie jej uwap-
nieniem wystepowato w grupie | i ll.

3. Spowalnianie proceséw odnowy dotyczyto gtéwnie gru-
py ll, natomiast w grupie

kontrolnej przebiegato z wyraznym opéznieniem.

Pismiennictwo References
[1] Andrade J.D.: Needs, problems, and opportunities in
biomaterials and bio-compatibility. Clin. Mat.,11, (1992), 19 -
23

[2] Btazewicz M., Paluszkiewicz Cz., Pamyta E., Zamorska L.,
Zotnierek M., Nowak B., Menaszek E.: Wptyw struktury
chemicznej budowy powierzchni wiéknistych materiatéw
weglowych na ich zachowanie w $rodowisku biologicznym.
Biuletyn PAN, 1994.

[3] Btazewicz M., Paluszkiewicz Cz., Pamuta E., Zamorska L.,
Zolnierek M., Nowak B., Menaszek E.: Whptyw struktury i
chemicznej budowy powierzchni wiéknistych materiatéw
weglowych na ich zachowanie w $rodowisku biologicznym.
Ceramika 46, (1994), 8, 59 - 64.

[4] Chiopek J.: Kompozyty wegiel-wegiel. Otrzymywanie i
zastosowanie w medycynie.Ceramika, 52, 14, (1997), 81 - 131.
[5] Cieslik T., Pogorzelska - Stronczak B., Szczurek Z., Sabat
D.: Wptyw wiékniny weglowej na gojenie tkanki kostnej.
Badania kliniczne. Czas. Stomat. X1.VI, 2 - 3, (1993), 178 - 182.
[6] Cieslik T., Pogorzelska-Stronczak B.: Kilkuletnia ocena
gojenia ubytkéw kosci wyrostkéw zebodotowych szczek w
obecnosci wtékniny weglowej. Biomat. Wegl. i Ceram. w IMiC
AGH Krakéw, (1995), 35 - 37. ;

[7] Cieslik T., Pogorzelska - Stronczak B., Szczurek Z.,
taskawiec J., Zajecki W.: Ocena wtasnosci biologicznych ptytek
i $rub z materiatu ztozonego wegiel-wegiel (C-C), Czas. Stomat.,
XLIX, 7, (1996), 499 - 503.

[8] Cieslik T., Szczurek Z., Gabriel A., Btazewicz M., Sabat D.,
Szczurek-Katanska M.: Estimation of the tissue reaction being
on influence of the carbon fibres wich has different chemical
properties. Wyd. "Gatdent", Lwow, (1998), 159.

[9] Czajkowska B.: Biozgodnos¢. JOP (1997), 323 - 326.

[10] Czajkowska B., Btazewicz M.: Phagocytosis of chemically
modified carbon materials. Biomaterials, 18, (1997), 69 - 74.
[11] Feng L., Andrade D.: Protein adsorbtion on low -
temperature isotropic carbon: J. Protein Conformation change
probed by differential scaning colorimetry. J. Biomed. Mat. Res.
28, (1994), 735 - 743.

[12] Pawlikowski M.: Sekrety mineralizacji tkanek. Wyd. -
Centrum PPGSM i E PAN, Krakéw, (1995), 44 - 54.

[13] Ratner D.B.: New ideas in biomaterials science - a path to
engineered biomaterials. J. Biomed. Mat. Res., 27, (1993) , 837

®0 0000060000 OQCEOCOS (.

3. Sslowing-down of reconstruction processes concerned
mainly group Il, while in the control group it was distinctly
delayed.

RYS. 7. Wiékna weglowe na tle rozrastajgcej sie, w sa-
siedztwie dojrzatych beleczek kostnych, tkanki tacznej
widknistej (H&E, 100x).

FIG. 7. Carbon fibres on the background of fibrous
connective tissue, growing in the neighbourhood
of mature trabeculas (H&E, 100x).
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FIG. 8. Mature bone trabeculas without features of
osteoblastic activity (H&E, 100x).
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\%.. ALTERNATYWNA METODA

REKONSTRUKCJI
ROZLEGLYCH UBYTKOW
TWARDYCH TKANEK
ZEBA

Leszek ILewicz, WitoLp SwipziKski, MALGORZATA SKUCHA-
Nowak, Stawomir RENK

KATEDRA | ZAKEAD STOMATOLOGI ZACHOWAWCZEJ | CHOROB
Przvzesia SLAskie) AKADEMI MEDYCZNEJ w KATOWICACH

Streszczenie

Wspdtezesna stomatologia poszukuje wcigz no-
wych rozwigzan do rekonstrukcji rozlegtych ubytkéw
twardych tkanek zeba. Na podstawie pismiennictwa
przedstawiono przydat-no$¢ uzycia ¢wiekéw okoto-
miazgowych oraz zwrécono uwage na mozliwe przy-
czyny niepowodzeri klinicznych. Cwieki okotomiazgo-
we stanowig ciekawa alternatywe, jednak kazdy przy-
padek ich uzycia powinien by¢ rozpatrywany przez
lekarza indywidualnie i bardzo wnikliwie. Dalsze ba-
dania powinny przynie$¢ optymalizacje parametrow
Cwiekow.

Stowa kluczowe: ¢wieki okotomiazgowe, tkanki
zeba, odbudowa rozlegtych ubytkéw

W celu rekonstrukcji rozlegtych ubytkéw twardych tka-
nek zeba wspétczesna stomatologia poszukuje wcigz no-
wych rozwigzan. Interesujgcg alternatywg wydaje sig¢ byc
stosowanie ¢wiekdw okotomiazgowych. Cwieki te od cza-
su ich pierwszego zastosowania [1] przeszty gteboka ewo-
lucje tak pod wzgledem materiatu z jakiego sg wykonane
jak i ksztattu czy sposobu mocowania w ubytku.

Obecnie ¢wieki mozna podzieli¢ wedtug materiatu z ja-
kiego sg wykonane a takze wedtug sposobu ich mocowa-
nia w ubytku. Biorgc pod uwage kryterium materiatowe
dzielimy je na tytanowe, chromo-niklowe, chromo-kobalto-
we oraz stalowe pokrywane ztotem. Badania kliniczne wy-
kazujg zdecydowanie wyzszg odporno$¢ na korozje ¢wie-
kéw tytanowych w poréwnaniu z pokrytymi ztotem [2,3].
Ze wzgledu na sposéb zakotwiczenia éwiekow w zebinie
wyrézniamy: cementowane, wciskane oraz najnowszg i naj-
czesciej uzywang grupe czyli sztyfty wkrecane.

Na Polskim rynku dostepne sg produkty wielu firm m.in.
Filpin, Mailefer, Hager. Cwieki mocuje sie w zebinie za po-
moca mikrosilnika lub recznie. Za kazdym razem nalezy
skrupulatnie przestrzegaé zalecen producenta. Pamigta¢
nalezy jednak zawsze o podstawowych zasadach:

1. Ponad ¢éwiekiem musi znajdowacé sie warstwa wypetnie-
nia o grubo$ci minimum 2 mm.

2. Powinien on by¢ umieszczony w zebinie (w przypadku
¢wiekow wkrecanych) na gtebokosci minimum 1-2 mm

3. Pomiedzy sztyftem a granica szkliwno zgbinowg winna
by¢ zachowana odlegto$¢ przynajmniej 0,5 mm. [4].
Dodatkowo nalezy przestrzega¢ zasady aby nie byt on
zamocowany prostopadle do dna ubytku lecz réwnolegle
do powierzchni korzenia. W tym celu przed jego wkrece-
niem nalezy do szczeliny dzigstowej wprowadzi¢ cienki
éwiek gutaperkowy i wg jego przebiegu ustawi¢ o$ wiertta.
W przypadku nie stosowania sie do powyzszych zalecen
moze dojé¢ do perforacji korzenia lub zranienia miazgi.
Czestotliwo$¢ tego powiktania okre$lana jest na 30% (Schu-
chard i Reed) chociaz nie wszyscy sie z tym zgadzajg [5].
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OF RECONSTRUCTING
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EXTENSIVE DEFECTS
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Nowak, Stawomir RENK
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Abstract

Modern stomatology has been continually seek-
ing for new solutions in reconstructing extensive de-
fects of dental hard tissue. In this paper, usefulness
of the parapulpal pins is discussed together with pos-
sible reasons for clinical failures, on the basis of the
available literature data. The parapulpal pins are con-
sidered an interesting option, but in each case their
use should be carefully considered by the doctor.

Further investigations should help in optimising the
parameters of parapulpal pins.

Key words : parapulpal pins, dental tissue, recon-
struction of extensive defects

Contemporary stomatology keeps searching for new
solutions for the purpose of reconstructing the extensive
defects of dental hard tissue. The use of parapulpal pins
seems to be an interesting alternative. Since their first ap-
plication [1], the parapulpal pins have undergone deep evo-
lution both in respect to the material they are made of and
to the shape or manner of fixing them in the lesion.

At present the pins can be divided according to the
material they are made of and according to the manner of
fixing them in the lesion. Taking into consideration the
material criterion, we divide the pins into titanium, chrome-
nickel, chrome-cobalt and gold plated steel ones. The clini-
cal research shows significantly higher corrosion resistance
of the titanium pins in comparison with the gold plated ones
[2,3]. Whereas, in respect to the manner of anchoring the
pins in the dentine, we distinguish: cemented ones, pressed-
in ones and the newest and most frequently used group,
i.e. the screwed-in pins.

On the Polish market available are the products of many
manufacturers, including: Filpin, Mailefer and Hager. The
pins are fixed in the dentine by means of a small low-power
motor or manually. Manufacturer’s directions should always
be strictly obeyed. However, basic principles to remember
in every case are the following:

1- Over the pin there should be a filling layer minimum 2
mm thick.

2- The pin should be placed in the dentine (in case of the
screwed-in pins) at the minimum depth of 1-2 mm.

3- Between the pin and the enamel-dentine border mini-
mum distance of 0,5 mm should be maintained [4].

Additional principle is not to fix the pin perpendicular to
the lesion bottom but parallel to the tooth root surface. For
this purpose, before screwing-in the proper pin, a thin pin
of gutta-percha should be inserted in the gingival crevice
and the bur axis should be adjusted to it. If this procedure
is not followed root perforation or pulp injury may occur.
Frequency of this complication is determined as 30%
(Schuchard and Reed), although this opinion is not unani-
mous [5].
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W zwigzku z mozliwoécig zranienia miazgi Dolph [6] w
swoich rozwazaniach postulowat aby dostarczaé na rynek
Cwieki sterylne. Przypadkowy kontakt zainfekowanego éwie-
ka z miazgg moze wywotaé jej zapalenie. Postulat SWoj
autor opart na badaniach zeb6w przeznaczonych do usu-
niecia z powodéw ortodontycznych. Dolph celowo perforo-
wat jame zgba uprzednio wyjatowionym éwiekiem. Obser-
wacje przez okres 170 dni wykazaty zmiany w poczatko-
wym okresie, jednak z czasem dochodzito albo do tacznot-
kankowego otorbienia ¢wieka badz do odiozenia mostu
zebinowego.

Istnieja poglady, iz wiertto stosowane do wytworzenia
otworu dla ¢wieka nalezy uzywaé nie wigcej niz 5 razy. Tak
czestg zmiang wiertta ttumaczy sie jego szybkim zuzyciem
co w efekcie przedtuza czas potrzebny dla nawiercenia ka-
nalika. Konsekwencjg przedtuzonego czasu pracy jest wy-
soki wzrost temp. przy jego uzyciu po raz kolejny. Tempe-
ratura miazgi w niektorych przypadkach podwyzszata sie
0 6,7°C gdy tymczasem wzrost temperatury 0 5,5°C w 15%
przypadkéw wywotywat martwice miazgi w zebach matp
poddanych doswiadczeniu [7].

Rozne sg poglady na temat uzycia bondéw w celu po-
lepszenia retenciji zakotwiczenia. Wedtug Tjan i wsp [8]
Cwieki takze wkrecane nalezy powleka¢ bondem celem
zmniejszenia réznic jakie pojawiajg sie pomiedzy poszcze-
golnymi parametrami wypetnienia a zakotwiczonymi w nim
¢wiekami. Wystepujaca rozbiezno$é¢ wiasciwosci moze
sprzyja¢ powstawaniu peknig¢ i naprezen a w konsekwen-
cji prowadzi do odtamania wypetnienia.

Z drugiej strony wg. Humerta i Kaisera [9] wkrecanie
sztyftu powoduje wzrost cisnienia, a caty nadmiar ptyn
uszczelniajgcego nie nadgzy odptynaé przez rowki odpty-
wowe w cwieku w efekcie tego bond szukajgc drogi naj-
mniejszego oporu znajduje jg w postaci kanalikdw zebiny,
co moze byc przyczyng podraznienia miazgi.

Pomimo iz éwieki OKM sg metoda stosowang od wielu
lat wokot problemu ich uzycia w stomatologii weiaz istnieja
rozbiezne opinie. Eli i wsp [10] zwraca uwage na koniecz-
nos¢ zastosowania tej metody w przypadku braku brzegu
szkliwnego w $cianie dodzigstowej ubytku. Dzieki temu na-
stepuje znaczna poprawa szczelno$ci brzeznej i redukcja
mikroprzecieku w tej okolicy poréwnywalna do grupy w kt6-
rej brzeg szkliwny jest zachowany. Z drugiej strony Mac-
pherson i wsp. [11] w doéwiadczeniu na usunietych ze-
bach ludzkich wykazat, iz rekonstrukcja ubytku za pomocg
glasjonomeru odbudowujgcego zebine i kompozytu odbu-
dowujacego szkliwo zgba daje lepsze efekty wytrzymato-
Sci mechanicznej niz w przypadku uzycia éwieka i kompo-
zytu. Dodatkowo wykazali oni, iz najnizsze parametry uzy-
skuje sie uzywajac do odbudowy cermetu i ¢wieka OKM.

Biorgc pod uwage wszystkie za i przeciw ¢wieki OKM
stanowig ciekawa alternatywe rekonstrukciji ubytkéw twar-
dych tkanek zeba. Istnieje jednak potrzeba prowadzenia
dalszych badan w tym kierunku a kazdy przypadek zasto-
sowania Cwieka powinien by¢ rozpatrywany indywidualnie.
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Due to the possibility of injuring the pulp, Dolph [6] in his
study suggested that pins should be supplied to the market
in the sterile condition. Accidental contact of the infected
pin with the pulp might cause its inflammation. Dolph ba-
sed his suggestion on the examination of teeth to be extrac-

ted for orthodontic reasons. He purposely perforated the

pulp cavity with a previously sterilised pin. Observations
for 170 days showed changes in the initial period, but after
some time either the pin got encapsulated in the connecti-
ve tissue or the dentinal bridge deposition took place.
Fhere are opinions that the bur applied to make a hole
for the pin should not be used more than 5 times. Changing
the bur so frequently is explained by its fast wear, which in
effect extends the time needed to drill the dentinal tubule.

As a consequence of extended working time the bur tem-

perature significantly increases. In some cases the pulp
temperature rose by 6,7°C, while the temperature rise by
5,5°C in 15% cases caused pulp necrosis in the teeth of
apes subjected to the experiment [7].

‘There are different views on the application of bonderi-
zing for the improvement of anchorage retention. Accor-
ding to Tjan et al. [8] also the screwed-in pins should be
bonderized in order to reduce the differences between the
parameters of the filling and those of pins anchored in it.
The differences in properties might lead to the occurrence
of cracks and stresses and finally to the filling break-off .

On the other hand, according to Humert and Kaiser [9]
screwing-in the pin causes pressure increase and the
excess of the sealing fluid that will not manage to flow away
through the outflow furrows in the pin, searching for an easy
path, will find it in the dentinal tubules. This may cause
pulp irritation. My

Notwithstanding the fact that the parapulpal pins have

" been used for many years, there are still divergent opinions

on its application in stomatology. Eli et al. [10] points out
the necessity of using this method in the case of lacking
enamel border in the intragingival wall of the lesion. Signi-
ficant improvement of border tightness and reduction of
microleakage in this area are observed, comparable with
the group in which the enamel border is preserved. On the
other hand, Macpherson et al. [11] in an experiment on
extracted human teeth proves that the lesion reconstruc-
tion by means of a glasionomer, reconstructing the denti-
ne, and composite, reconstructing dental enamel, gives
better mechanical strength than using a pin and a compo-
site. Additionally they proves that the worst parameters are
obtained when cermet and parapulpal. pin are used for re-
construction.

Taking into consideration all the advantages and disa-
dvantages, the parapulpal pins constitute an interesting al-
ternative for the reconstruction of dental hard tissue lesions.
However, there is a need of further research in this direc-
tion, and the use of a pin in each case should be conside-
red separately.
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Streszczenie

Autor omawia jedng z rzadziej stosowanych w
Polsce metod chirurgicznego unieruchamiania zta-
man wyrostkéw kifykciowych zuchwy. Metoda opra-
cowana w latach 80 przez Eckelta pozwala na stabil-
ne zespolenie ztamanych wyrostkéw ktykciowych przy
uzyciu nagwintowanego preta biegngcego przez catg
dfugos¢ gatezi zuchwy i mocowanego dodatkowo
nakretkg. Wtasne dos$wiadczenia autora potwierdza-
Jja, ze jest to skuteczna metoda stabilizacji ztamanych
wyrostkow ktykciowych zuchwy.

Stowa kluczowe: ziamanie wyrostkéw ktykcio-
wych zuchwy, leczenie chirurgiczne, metoda Eckel-
ta.

Wstep

Ztamania wyrostkow klykciowych zuchwy stanowig okoto
20% wszystkich urazéw tej czesci czaszki twarzowej [10,
19]. Zwykle rozpoznaje sie je na podstawie objawow Kkli-
nicznych uzupetnionych zdjeciami zuchwy w projekcji PA i
sko$no-bo-cznej 11l wg Cieszynskiego. Coraz czesciej w
rozpoznaniu tych ztaman podkres$la. sie przydatnos¢ zdjeé
pantomograficznych [1,26].

Duze trudno$ci diagnostyczne sprawiajg ztamania gtéw
wyrostkéw ktykciowych, szczegodlnie wieloodtamowe. W
tych przypadkach bardzo przydatna jest tomografia kom-
puterowa bgdz badania z zastosowaniem rezonansu ma-
gnetycznego [7,8]. Leczenie wyrostkow ktykciowych zawsze
sprawiato duze trudnosci, gtéwnie w przypadkach duzych
przemieszczen odtaméw. Przez wiele lat stosowano prze-
waznie metody zachowawczo-ortopedyczne [9,10,
12,14,21]. Chociaz od dawna istaniaty préby stosowania
metod chirurgicznych to jednak przez wielu autoréw nie byty
powszechnie stosowane [14,19]. Wynikato to gtéwnie ze
stosowania niestabilnych metod unieruchamiania ztaman
wyrostkow kitykciowych (szwy kostne, prety stalowe) wy-
magajace i tak dodatkowego unieruchomienia szczekowo-
zuchwowego [19]. Rozwdj stabilnych metod unieruchamia-
nia ztaman kosci twarzy z zastosowaniem mini ptytek mo-
cowanych $rubami, samogwintujgcych $rub wkrecanych
osiowo i sko$nie oraz szwéw samomocujgcych zmienit spoj-
rzenie wielu autoréw na chirurgiczne leczenie ztaman wy-
rostkéw ktykciowych zuchwy. Sg one powszechnie znane i
opisywane zaréwno w pi$émiennictwie krajowym jak i za-
granicznym [2,11,13,16,17,20,22,24].

Celem pracy jest przedstawienie jednej z metod sto-
sunkowo mato znanej w naszym kraju. Zostata ona opra-
cowana, zastosowana i rozpowszechniona przez Eckelta
[3,4,5].

SURGICAL TREATMENT
OF FRACTURES OF THE
MANDIBULAR

CONDYLAR PROCESSES

WITH ECKELT’S METHOD

Tapeusz CiesLik, Lupwik Liriarz, Jacek WROBEL, Tomasz
MEecik

| DEPARTMENT OF MAXILLOFACIAL SURGERY,
SiLEsIAN ACADEMY OF MEDICINE IN ZABRZE

Abstract:

The authors write about rare surgical method
which is used in Poland to immobilize fractures of the
mandibular condylar processes. This method which
was elaborated in 1980 by Eckelt makes possible sta-
ble anastomosis of the fractured condylar processes
by using a threaded stick, which could pass through
the length of the mandibular branch and which is fixed
with a nut. Author»s own experiences show that this
is very good method of stabilising of the mandibular
condylar processes fractures.

. Key words: fractures of the mandibular condylar
processes, surgical treatment, Eckelt’s method

Introduction

Fractures of the mandibular condylar processes include
about 20% of all damages of that part of facial skeleton [10,
19]. They are usually diagnosed on the basis of clinical
symptoms completed with PA and oblique lil X-ray imaging
of the mandible according to Cieszynski. More often the
usefulness of pantomographic pictures is underlined in di-
agnosing those fractures. Big diagnostic problems occur
with fractures of the heads of condylar processes, espe-
cially when multifragmented. In those cases computer to-
mography or magnetic resonance are very useful methods
[7,8].

Treatment of condylar processes had always been trou-
blesome, especially in cases of big dislocations of frag-
ments. For many years, mostly conservative and orthopae-
dic methods have been used [9,10,12,14,21].

While there have been attempts of using surgical meth-
ods, they were not widely applied [14,19].

This resulted mainly from using non-stable methods of
immobilisation of condylar processes fractures (bone su-
ture, metal bars) which also required additional maxillary
and mandibular fixation [19].

The development of methods stable fixation of facial
bones fractures using mini plates fixed with bolts, self thread-
ing bolts screwed axially and obliquely and self fixing su-
tures changed the point of view of some researchers on
the treatment of condylar processes fractures. These meth-
ods are widely known and described by Polish and foreign
authors [2,11,13,16,17,20,22,24].

The aim of this study is to present one of the methods
not very popular in Poland. It was developed, applied and
made known by Eckelt [3,4,5].

Description of the method

The surgical operation is performed under intratracheal
general, anaesthesia. Through the skin cut at the mandible



Opis metody

Zabieg chirurgiczny wykonuje sig¢ w znieczuleniu ogél-
nym dotchawiczym. Z cigcia skérnego okalajgcego kat zu-
chwy, zlokalizowanego w fatdzie szyjnym nalezy dotrze¢
do migsnia szerokiego szyi. Po przeciecia migénia szero-
kiego szyi, powiezi i migénia zwacza odsuwa sie go ku go-
rze odstaniajgc boczng powierzchnie gatezi zuchwy az do
szczeliny ztamania (RYS. 1). Blisko dolnej krawedzi zuchwy
wykonuje sie otwor stuzacy do
zamocowania haka jednozeb-
nego pozwalajgcego na utrzy-
manie zuchwy w prawidtowym
potozeniu w trakcie repozyciji
odtaméw. W odtamie dtuzszym
wierttem rézyczkowym o $red-
nicy 2-3 mm na przestrzeni 15
mm idgc od szczeliny ztamania
ku dotowi nalezy zdjgé¢ ze-
wnetrzna kos¢ zbitg. Nastepnie |
na dolnej krawedzi zuchwy w
odlegtodci 5-10 mm od tylnej
krawedzi wykonuje sie wzdtuz
catej gatezi kanat. Znajdujgce

angle placed in the neck fold, an access to the platysma
should be made. After cuttingthe platysma, fascia and mas-

seter muscle, it is moved upwards exposing lateral surface
of the mandible branch as far as the fracture fissure (FIG.
1). Very close to the mandible edge, a hole necessary for
fixing a one-tooth hook holding the mandible in the proper
position while repositionining of the fragments. In the longer
fragment of the fracture, using a rose drill, 2-3 mm in diam-
eter, the outer fractured bone should be removed at a dis-
tance of about 15 mm moving from the fracture fissure down-

x wards. Next, at the 5-10 mm dis-
tance from the posterior edge,
a canal is made along the whole
branch on the inferior mandible
edge.

be visible in the previously made

mandible branch. After remov-
ing the fragments the drill should

trol into the condylar process. A
self-adjusting measuring de-
«{ vice, which allows a choice a

sig w $roédkosciu wiertto powin-
no by¢ widoczne w wykonanej
uprzednio w gérnej czesci ga-
tezi zuchwy rynience. Po zrepo-
nowaniu odtaméw wiertto powinno byé
wprowadzone pod kontrolg wzroku do
wyrostka ktykciowego. W tak wykonany
kanat nalezy wprowadzi¢ samonastaw-
ny miernik, ktéry pozwoli na dobranie od-
powiedniej dtugo$ci $ruby. Nastepnie na
dolnej krawedzi zuchwy w miejscu wy-
konania kanatu odpowiednio przystoso-
wanym frezem wykonuje sie miejsce dla
nakretki mocujgcej Srube. Dopetnieniem
zabiegu jest wkrecenie $ruby i zabloko-
wanie jej za pomocg nakretki (RYS. 2).
Szwy warstwowe i drenaz rany opera-
cyjnej koficzg zabieg.

W Kilinice Chirurgii Szczekowo-Twa-
rzowej w Zabrzu od niedawna obok in-
nych metod chirurgicznego leczenia zta-
man wyrostkéw ktykciowych stosuije sie
metode Eckelta (RYS. 3, 4, 5, 6). U
wszystkich chorych odtamy kostne ze-
spolone byty anatomicznie, a w przebie-
gu pooperacyjnym nie obserwowatem
powiktan. Autor metody na podstawie
wieloletnich doéwiadczen ustalit, ze ze-
spolenie to powinno by¢ wykonywane w
przypadkach duzych przemieszczenh
odtaméw, w ktérych ztamany fragment
wyrostka ktykciowego jest wiekszy od 5
mm [5]. Wydaje sie, ze jest to spostrzezenie stuszne gdyz
zakotwiczenie $ruby w odtamie o mniejszych rozmiarach
mogtoby nie dawa¢ petnej stabilizacji. Eckelt nie poleca
stosowania tej metody u dzieci [4, 5]. Ten poglad jest zgod-
ny z sadami innych autoréw, ktérzy przestrzegajg przed
mozliwo$cig zaburzenia wzrostu zuchwy pod wptywem
dodatkowego urazu jakim jest zabieg chirurgiczny [10,19,
23]. Stoll i wsp. wykazali, ze 36% dzieci leczonych przed
15 laty metodami zacho-wawczo-ortopedycznymi wykazu-
ja réznorodne patologie w stawach skroniowo-zuchwowych
[27]. W oparciu o badania radiologiczne nie zauwazono
istotnych réznic w wynikach leczenia ztaman wyrostkéw
ktykciowych metodami zachowawczo-ortopedycznymi, a
chirurgicznymi. Stwierdzono jednak, ze u chorych leczo-
nych chirurgicznie gtowy stawowe ustalone byty w potoze-
niu zblizonym do fizjologicznego [18]. Duzg zaletg tej me-

RYS. 1. Dostep operacyjny.
FIG. 1. Operation access.

RYS. 2. Srédoperacyjny obraz zespo-
lenia wyrostka ktykciowego $rubg

Eckelta.
FIG. 2. Intraoperative picture connection
of the condylar processus Eckelt’s.

The drill placed inside should

0000000

sulcus in the upper part of the

be inserted under the sight con-

proper bolt length, should be
inserted into this canal. Thenon

a lower edge of the mandible

where the canal was made, a

with a special fraise. To complete the
surgery, the bolt is screwed-in and fixed
with a nut (FIG. 2). Layer sutures and the
wound drainage are the final procedures
of the operation. i

In the Teaching Hospital Department
of Maxillofacial Surgery in Zabrze surgi-
cal treatment of condylar processes by
Eckelt’s method has been used only re-
cently beside other surgical methods
(FIGS. 8, 4, 5, 6,). Fracture fragments in
all patients were connected anatomically
in all patients and no complications were
observed in the post-operative course.

The author of the method on the basis
of long-term experience decided that the
anastomosis should be performed in the

where the fractured piece of condylar
process is bigger than 5mm [5]. This
seems to be resonable since fixing a bolt

in a fragment of smaller size would not

provide full stabilisation.

Ecklet does not recommend this
method in children [4,5]. This opinion
agrees with those of other author who
remind the possibility of mandible growth disturbances un-
der an additional injury such as surgical operation
[10,19,23]. Stroll et al. demonstrated that 36% of the chil-
dren treated 15 years ago by conservative and orthopae-
dic methods show various pathologies in temporomandibu-

lar joints [27]. Referring to radiological study no important

differences were found in results of condylar processes
treated either by conservative and orthopaedic methods or
by surgery. However, it was found that in patients treated
surgically, joint heads were fixed in a position similar to the
physiological one [18].

Great benefit of that method is stability of the anastomo-
sis which does not require further immobilisation. Tthis type
of anastomosis could be compared to the plate osteosyn-
thesis. However, according to Hachem et al. plate osteo-

place for a nut fixing the bolt is prepared

cases of dislocations of big fragments
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tody jest znaczna stabilno$é zespolenia nie wymagajgca
dodatkowego unieruchomienia. W tym przypadku, ten ro-
dzaj zespolenia poréwnywalny jest z osteosyntezg ptytko-
wa. Hachem i wsp. uwazajg jednak, ze technika osteosyn-
tezy ptytkowej jest znacznie prostsza, dzieki czemu czas
zabiegu jest krétszy [13]. Przeciwnicy ciecia skornego,
szczegoblnie w metodzie Eckelta wymagajgcego szerokie-
go dostgpu do szczeliny ztamania uwazajg to za wade.
Hochban i wsp. uwazajg, ze dostep wewngtrzustny jest trud-
ny w zespoleniach wyrostkéw ktykciowych zuchwy ale moz-
liwy i pozbawiony powiktan ze strony nerwu twarzowego
[15]. Wiekszo$¢ uzywanych elementow zespalajgcych poza
bioresorbowalnymi wymaga powtérnego zabiegu operacyj-
nego polegajgcego na ich usuwaniu, zwykle tg sama dro-
g3, ktérag byty zaktadane.

osynthesis technique is simpler, which makes the opera-
tion shorter [13].

Those who are against skin cut, especially in Eckelt’s
method where a wide access to fracture fissure is required,
consider that to be a drawback. Hochban et al. thinks that
an access through mouth is difficult in mandibular condylar
processes anastomosis, although it is possible and free of
complications from the facial nerve [15].

Most of the used connecting elements apart from
bioresorptive ones requires another surgical operation in-
cluding their removal, usually in the same way as they were
inserted.

The above presented method also requires such a pro-
cedure. However to this, only a small cut of the neck is
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RYS. 3. Ztamanie wyrostka ktykciowego zuchwy po
stronie lewej - rtg pantomograficzne.

FIG. 3. Fracture of the mandibular condylar processus
on the left side - X-ray pantomograph.

RYS. 4. Zespolenie ztamanego wyrostka kiykciowego
Zuchwy po stronie lewe;j - rtg pantomograficzne.
FIG. 4. Connection of the fractured condylar processus
on the left side - X-ray pantomograph.

RYS. 5. Ztamanie wyrostka kiykciowego Zuchwy po
stronie prawej - rtg pantomograficzne.

FIG. 5. Fracture of the mandibular condylar processus
on the right side - X-ray pantomograph.

Przedstawiona powyzej metoda réwniez wymaga takie-
go postepowania. Jednakze w tym celu wystarczy niewiel-
kie naciecie powtoki szyi w znieczuleniu miejscowym, pod
dolng krawedzig zuchwy, aby wykreci¢ nakretke i Srube mo-
cujgca.

Podsumowujac uwazamy, ze:

1. Sposdb Eckelta, chirurgicznego zaopatrywania ztaman
wyrostkow ktykciowych nie nalezy do tatwych.

RYS. 6. Zespolenie ztamanego wyrostka ktykciowego
Zuchwy po stronie prawej - rtg pantomograficzne.
FIG. 6. Connection of the fractured condylar processus
on the right side - X-ray pantomograph.

necessary under local anaesthesia, under the lower edge
of mandible to unscrew the nut and the bolt.
Our final conclusions are:

1. Eckelt’s method of surgical treatment of mandibular con-
dylar processes fractures is not an easy method.

2. Surgical anastomosis by the above mentioned method
has all the features of stable osteosynthesis.

3. Removing the connecting elements is very simple and

2. Zespolenie chirurgiczne z zastosowaniem ww. metody
ma wszelkie cechy osteosyntezy stabilnej.

3. Usuwanie elementéw zespalajgcych jest niezwykle pro-
ste i nie wymaga znieczulenia ogéinego.

does not require general anaesthesia.
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Abstract

Biocompatibility of two-dimensionally reinforced
carbon-carbon composites infiltrated and coated with
pyrolytic carbon was evaluated in vitro by seeding
them with smooth muscle cells derived from the rat
aorta. The cells adhered to the composites in num-
bers comparable with those found on standard plas-
tic culture dishes and these numbers tended to be
positively correlated with the open porosity of the
material surface. In contrast, the following prolifera-

tion was rather negatively related to the open poros-

ity. The maximum population density of cells growing

on the composites was similar or lower than that on
standard culture plastic. These results suggest rela-
tively good biocompatibility of the pyrolytic-carbon in-
filtrated and coated carbon composites and their suit-
ability for future biomedical applications.

Introduction

The carbon-fibre-reinforced carbon composites (CFRC)

are indispensable materials for specialised technical and
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industrial applications (e.g. the aerospace industry) owing
to their uniquely combined properties, such as low thermal
expansion, high thermal shock resistance, good strength
retention at high temperatures as well as their electrical
conductivity [7,16,19]. Their mechanical properties, name-
ly density, porosity and modulus of elasticity, can be tailo-
red to be similar to those of bones and make them attracti-
ve for use also in orthopaedic and dental surgery [4,6,7,
19]. For the construction of heads and cups of joint pro-
stheses, inert materials not allowing the adhesion of cells
are preferred [7,9]. However, in artificial substitutes of bo-
nes, the colonisation of the material with cells and its inte-
gration with the surrounding tissue is desirable. Our preli-
minary studies performed on cultured vascular smooth
muscle cells (VSMCs) showed that the CFRC are suitable
for cell attachment and growth [2,4]. However, as shown
by scanning electron microscopy, the surface roughness
of pristine unmodified composites was often too high for
optimal adhesion of cells. Moreover, the CFRC were also
prone to release carbon microparticles, especially during
cyclic stress [2]. Both problems could be solved by cove-
ring the material surface with a stronger biocompatible lay-
er. Therefore, in this study we evaluate the initial adhesion
and subsequent growth of rat VSMCs in cultures on CFRC
infiltrated and coated with pyrolytic carbon.

diamond saw into 8x8x1 mm samples. They were washed
in distilled and deionized water, autoclaved and placed on
the bottom of plastic Nunclon Multidishes (diameter 1.5 cm,
NUNC, Denmark). The VSMCs were obtained from the in-
tima-media complex of the thoracic aorta of adult male
Wistar rats by explantation method [3]. In passage 10, the
cells were seeded on the composites at a density of 17000
cells/em? in 1 ml of Dulbecco Minimum Essential Medium
supplemented with 10% of fetal calf serum and gentamicin
(40mg/ml). The adhesion and growth. of cells were evalu-
ated by counting cells in the Burker haemocytometer after
their detachment from the growth substrate by 0.2% trypsin
in phosphate-buffered saline (PBS) on days 1, 4 and 10
after seeding. The cell suspensions obtained by trypsiniza-
tion were also used for the measurement of cell diameters
in light microscope with a calibrated ocular grid and calcu-
lation of cell volume. For evaluation of cell shape and de-
gree of spreading, the VSMCs growing on the composites
were visualised by staining with propidium iodide in PBS (5
mg/ml) after fixation in 70% ethanol and observed in fluo-
rescence microscope. The degree of cell differentiation was
estimated by immunofluorescence staining with monoclonal
antibodies against VSMC-specific cytoskeletal protein al-
pha-actin [19] and the possible interaction of the cell-colo-

~ Pyrolytic carbon-coated samples - Nunclon
, No.2 No. 30 - Multidishes
Open porosity 6.16 not measured
(%)
Initial adhesion
(cells/cm®, 8000+£900** - 12300+1800 8400+1100%** 14100+1000%* 12300+600
day 1)
Cell volume 2029+30%** 1RSI 504+ 2084+40%* 2513+30 2961+130
( pm3 , day 4)
Doubling time 23.2+1.3 33.7+4.7* 23.8+2.7 29542 5 230410
(h, days 1-4)
Population
density
(cells/cm?)
day 4 74400+4800%** 53900+2300*** 1 68100+£5900%*197 76400+4100%* 106000+6900185
day 10 85800+7600%** 74800£6100%** 800+14400 7090039007 ** 600+3900

TABLE 1. Adhesion and growth of vascular smooth muscle cells on pyrolytic carbon-coated CFRC with

different porosites.

Materials and methods

Two-dimensionally reinforced composites were prepa-
red from plain-woven cloth (Torayca carbon fibres T800)
and phenolic resin. The prepregs were stacked in 5 layers,
cured, cut into 40x8x1 mm pieces and carbonised at the
heating rate of 50°C/hr up to 1000°C in nitrogen. After three-
step impregnation with phenolic resin, the samples were
graphitised up to 2200°C in argon. Pyrolytic carbon was
deposited in a tumbling bed reactor [13] with the inner dia-
meter of 48 mm and hot zone, 124 mm long. The bed rota-
ted at 20 rpm. As carbon source, propane in the concentra-
tion of 11% in nitrogen was used [5]. The deposition was
performed at ambient pressure and the reaction tempera-
ture was 850°C. The gas flow rate was 1.8 I/min, total de-
position time was 36 hours and the experiments were in-
terrupted every 6 hours to examine the deposition pro-
cess. Open porosities of the samples were obtained from
densities determined on the basis of water penetration ac-
cording to ASTM C-20. Optical properties of the-deposited
pyrolytic carbon layer, its thickness and depth of infiltration
were studied using a polarised-light optical microscope.

For cell culture, the 40-mm-long beams were cut with a

nised material with the immune system by staining against
vascular cell adhesion molecule-1 (VCAM-1) [11]. The an-
tibodies were purchased from Sigma, St. Louis, U.S.A. (anti
alpha-actin) and Exbio, Prague, CR (anti VCAM-1).

Four groups of pyrolytic carbon-covered CFRC (labelled
No.1-No.4) were evaluated. For each group, time interval
and type of experiment, the samples were used in dupli-
cate. As control samples, cells grown on Nunclon
Multidishes (NUNC, Denmark) were taken.

Results and discussion

Thickness of the deposited pyrolytic carbon layer was
1-2 mm, its density was 1.55-1.57 g/cm?® and its open po-
rosity 5.77-6.70 % (TABLE 1). In the pores and cracks, the
optical microstructure of pyrolytic carbon was laminar,
whereas on the surface, it was finely granular. The granu-
lar microstructure was visible also in fluorescence micro-
scope after staining cells on composites, especially in group
No.3 (FIG. 1). The presence of this structure can be ex-
plained by rotation of the samples in the tumbling bed re-
actor [13].

The number of initially adhered VSMCs on day 1 tended
to increase proportionally to the open porosity (TABLE 1).



FIG. 1. Rat vascular smooth muscle cells in cultures
on CFRC coated with pyrolytic carbon layer with
different open porosities (P). No.1: P=5.77%,

No.3: P=6.16%, No.4: P=6.20%, No.2: P=6.70%. Day 3
after seeding, fixed in 70% ethanol,stained with
propidium iodide, obj.40.

On samples with the lowest porosity (5.77%), it was signifi-
cantly lower than that on Nunclon Multidishes. At interme-
diate porosity (6.16%), it increased to values comparable
with the control samples and on surfaces with the highest
porosity (6.70%) it was even significantly higher than on
stand-ard culture dishes. At the highest porosity, the cells
had also the highest volume comparable with that on stand-
ard culture surfaces, and adhered on the largest area (TA-
BLE 1, FIG. 1). However, the following proliferation of cells
was rather inversely related to the open porosity. On sam-
ples with the lowest porosity of 5.77%, the doubling time of
cell populations was shortest and comparable to that of the
control cells, whereas on the most porous or granular com-
posites (groups No. 2 and 3, respectively), the cells prolif-
erated most slowly (TABLE 1). On day 4 after seeding, the
population density of cells on all carbon samples was lower
than that on Nunclon Multidishes but on the sample No.4,
the cells continued to proliferate and on day 10 after seed-
ing, they reached a similar population density as the con-
trol cells (TABLE 1).

Our findings on adhesion and proliferation of VSMCs on
pyrolytic-carbon-coated CFRC with different open porosities
are similar to those obtained in chick vascular and corneal
cells cultured on polymethylmetacrylate growth supports
[14] or human osteoblast-like cells grown on titanium [15].
Increased roughness of these materials, measured by the
size of surface irregularities and distance between them,
enhanced the adhesion and migratory potential of cells but
slowed down their proliferation. Similarly, the initial adhe-
sion of osteoblasts on three-dimensional biodegradable
polymeric scaffolds or porous ceramics in vitro and their
migration inside these materials were maximal at the pore

FIG. 2. Inmunofluoresce staining of alpha-actin (A,B)
and VCAM-1 (C,D) in rat vascular smooth muscle cells
in cultures on CFRC coated with pyrolytic carbon
(A=No.4, C=No.3) and in cultures on Corning coverslips
(B,D). Day 10 after seeding, Axioplan fluorescence
microscope, 0bj.40.

size of 300-500 mm (from the range of 150-710 mm) but
the cell proliferation was not affected by the pore size [11].
The beneficial effects of certain surface topographies of
artificial materials on cell adhesion and migration can be
explained by adsorption of extracellular matrix molecules
(e.g. vitronectin and fibronectin) in amounts and conforma-
tion optimal for binding the RGD sequence of these mol-
ecules to integrin receptors on cells [1,14]. After initial at-
tachment and spreading, the cells usually degrade mol-
ecules previously adsorbed on the growth support and re-
place them by their own de novo synthesised matrix, which
can annihilate the effects of physicochemical surface prop-
erties of the artificial growth support on further growth and
differentiation of cells [2,3,14].

The VSMCs growing for 10 days on all tested pyrolytic
carbon-coated samples displayed intense immunofluores-
cent staining for alpha-actin, which was arranged in clearly
visible microfilament bundles, and only weak diffuse stain-
ing for VCAM-1. Both staining intensities were similar to
those found in the control cells cultured on Nuncion
Multidishes or Corning coverslips (FIG. 2) and suggested a
satisfactory degree of differentiation [18] and possible low
binding of monocytes, lymphocytes, eosinophils and
basophils to cells colonising the material [10]. Relatively
low immunogenicity was found also in the pyrolytic-carbon-
coated silicone [8] and Dacron [10].

In general, adhesion, growth and differentiation of VSMCs
on pyrolytic-carbon-coated CFRC are comparable to those
found on standard tissue culture plastic. Our present study
supports previous findings on beneficial effects of pyrolytic
carbon on adhesion, growth and differentiation of various
types of cells, such as endothelial and vascular smooth
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muscle cells in vitro [2, 17] and cells of the cartilage in situ
[12]. It can be concluded that the bi-directional CFRCs infil-
trated and coated with pyrolytic carbon exhibit a relatively
good biocompatibility in vitro and they are promising mate-
rials for future biomedical applications.
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Abstract

The surface of unidirectionally reinforced carbon-
carbon composites was modified either by polishing
or coating with a carbon-titanium layer. In culture con-
ditions, the composites were seeded with vascular
smooth muscle cells derived from the rat aorta. On
both types of modified samples, the number of ini-
tially adhered cells, degree of their spreading and their
subsequent growth were significantly higher than on
untreated samples, and in the case of carbon-titanium-
covered composites, also higher than on standard
plastic culture dishes Sterilin. These results obtained
in vitro suggest possible good biointegration of the
polished and carbon-titanium-covered carbon-carbon
composites with the surrounding tissue in situ after
their use in transplantation medicine for the construc-
tion of artificial implants.

Introduction

The carbon-fibre-reinforced carbon composites (CFRC)
are promising materials for the construction of artificial im-
plants, especially those of bones, joints and dental roots
[1]. Their physical properties, namely density and porosity,
are very close to those of bones, and their chemical com-
position is suitable for adhesion and growth of several kinds
of cells in vitro as well as in situ [1,2]. However, the surface
of unmodified newly fabricated composites usually seems
to be too rough to ensure optimum degree of cell adhesion,
which can be explained by heterogeneous composition of
the CFRC, i.e. carbon fibres protruding from the carbon
matrix. Moreover, the carbon matrix is brittle, which can
lead to the release of carbon microparticles to the surroun-
ding tissue, particularly on cyclic stretching [2]. These disa-
dvantages of the CFRC could be minimised by polishing
their surface and/or by covering it with a thin biocompatible
layer. Thus, in this study we evaluate the initial adhesion
and subsequent growth of rat aortic smooth muscle cells in
cultures on CFRC either polished with SiO, or (in non-poli-
shed state) coated with a layer of carbon and titanium, a
metal widely used in orthopaedic surgery and reconstructi-
ve dentistry [3,4,5,6,7].




Materials and methods

The composites were prepared from phenolic resin (i.e.
matrix precursor) reinforced unidirectionally by Torayca car-
bon fibres T300. The prepregs were stacked, cured, carbo-
nised at 1000°C in N, and graphitized at 2500°C in Ar. The
material was then cut with a diamond knife into 8x10x3 mm
samples, and either polished with colloidal SiO, (grain size
0.06 xm) or covered with a carbon-titanium layer approxi-
mately 3 um thick. This layer was prepared by PECVD (pla-
sma enhanced physical vapour deposition) method. Tita-
nium was sputtered from the target by DC magnetron sup-
ported discharge in the environment of hydrocarbon gas.
In this way, the layer consisting of a mixture of titanium and
carbon atoms was created with a big number of free bonds.
This caused strong adhesion of the layer to the substrate
with chemically very reactive surface. Surface roughness
was measured by Talysurf (Rank Taylor Hobson Ltd., En-
gland). For cell culture, the samples were washed in distil-
led and deionised water, autoclaved and placed on the bot-
tom of plastic CellCult Multidishes (diameter 1.5 cm; Steri-
lin). Smooth muscle cells were obtained from the intima-
media complex of the thoracic aorta of adult male Wistar
rats by explantation method [1]. In passage 9, the cells were
seeded on the composites at initial density of 17000
cells/cm? in 1 ml of Dulbecco Minimum Essential Medium
supplemented with 10% of fetal calf serum and gentamicin
(40 mg/ml). On days 1 and 4 after seeding, the cells were
detached from the growth substrate by 0.2% trypsin in pho-
sphate-buffered saline (PBS) and counted in the Blirker
haemocytometer. The cell volume was calculated from the
diameters measured by an ocular microscale in living cells
resuspended in PBS after trypsinization. Morphology of cells
growing on the composites was observed in fluorescence
microscope after fixation in ethanol and staining with propi-
dium iodide and also in scanning electron microscope.

Results and discussion

The surface roughness was significantly higher on untre-
ated samples than on the polished samples. In the direc-
tion perpendicular to fibres, the departures of the rough

ness profile from the mean line (Ra) were 3.55+0.2 um on
the untreated samples, 0.80+0.10 zm on the polished ones
and 3.25+0.4 um on the carbon-titanium-covered samples.

23

Mean spacings of the adjacent local peaks (S) were 20,37 * ®* ®®°®® !

and 24 um on untreated, polished and carbon-titanium-co-
ated samples, respectively. For the longitudinal direction,
the Ra values were 1.25+0.15, 0.50+0.1 and 1.4+0.9 um,
and the S values were 85, 100 and 34 um, respectively.
The number of initially adhered cells one day after se-
eding was significantly higher on the polished or carbon-
titanium-covered composites than on the untreated sam-
ples. On the carbon-titanium-covered CFRC, it was even
higher than on standard culture plastic dishes Sterilin (FIG.
1A). From day 1 to day 4, the cells on polished or carbon-
titanium-covered surfaces proliferated more rapidly (do-
ubling times 27.0+3.0 h and 21.7+1.5 h, respectively) than
those on untreated surfaces (doubling time 36.0+6.0 h) and
on day 4, they reached significantly higher population den-
sities (FIG. 1). In the case of carbon-titanium-covered sam-
ples, the cell population doubling time was similar to that of
cells growing on Sterilin dishes (22.4+1.6 h) and on day 4,
the cell population density was significantly higher on the-
se samples than on the Sterilin dishes (FIG. 1). The cell
volume ranged from 2180 zm? to 3360 xm? and increased
in the following order: untreated samples > Sterilin dish >
polished samples > carbon-titanium-covered samples. The
cells growing on untreated composites were mainly spin-
dle-shaped with relatively small adhesion area and they
were often oriented along the carbon fibres reinforcing the

* composite. On the polished composites, most cells were

polygonal and well spread on the material surface, where-
as on the carbon-titanium-covered samples, both elonga-
ted and polygonal cells were found (FIGS. 2, 3). The rele-
ase of carbon microparticles was significantly lower in both
groups of treated samples in comparison with the untre-
ated composites (FIG. 4). These results are in accordance
with our previous findings concerning slight improvement
of cell adhesion and growth on uncoated and amorphous
carbon-coated composites after their polishing [2] as well
as with the findings of other authors concerning relatively
good biocompatibility of titanium-containing materials in vi-
tro as well as in situ [3,4,5,6,7]. It can be concluded that
adhesion and growth of cells of mesenchymal origin on
CFRC can be significantly improved by polishing and espe-
cially by coating these materials with a carbon-titanium
layer.

A. 24 hours after seeding
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FIG. 1. Population density of rat vascular smooth muscle cells in cultures on CFRC

with different surface treatment.

Un=untreated sample, Po=polished, Ti=coated with carbon-titanium layer, S=standard

culture dish Sterilin.
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FIG. 2. Rat vascular smooth muscle in

3-day-old cultures on CFRC with
different surface treatment.
Un=untreated sample, Po=polished,
Ti=coated with carbon-titanium layer.
(Propidium iodide staining

of ethanol-fixed cells. Axioplan
fluorescence microscope, 0bj.20).
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WSTEPNE WYNIKI
WYPELNIANIA UBYTKOW
TRZONOW KOSCI
DLUGICH U OWIEC
WSZCZEPAMI
WEGLOWYMI

JACEK STERNA

KATEDRA CHIRURGI ZWIERZAT SGGW w WARSzAWIE

Streszczenie

Zatozono, ze implanty weglowe nasladujgce ksztaft
odcinka (rura dfugosci 24 mm) trzonu kosci dtugiej
owcy wstawione w miejsce wycietego fragmentu trzo-
nu pozwolg na zamiang stosowanego przy ubytku
kosci zespolenia mostujacego na kompresyjne i z bie-
giem czasu ulegng przerastaniu tkankg kostna.

U szesciu owiec dokonano implantacji wyzej opi-
sanych wszczepdw do kosci udowej i zespolenia jej
stabilizatorem ZESPOL. U pieciu owiec z operowang
koscig udowa doszto do destrukcji zespolenia Trzy z
nich usmiercono po 6 tygodniach obserwacji. Pozo-
state owce obserwowano 16 tygodni. W zwigzku z
destrukcjg zespolen kosSci udowej w kolejnej grupie u
czterech owiec wykonano implantacje na terenie ko-
Sci piszczelowey.

Implanty okazaty sie podatne na obrébke $rédo-
peracyjng zwyktymi narzedziami chirurgicznymi.

Nie zdarzyty sie zadne powikiania septyczne, a
wszczepy byly dobrze tolerowane przez organizmy
owiec.

W Zadnym wypadku nie zanotowano przerastania
wszczepu tkankg kostng, a jedynie obrastanie go
dookofta i potgczenie odfaméw kostnych tym sposo-
bem.

Stowa kluczowe: biomateriaty weglowe, protezy
weglowe, wszczepy weglowe, wiasciwosci biologicz-
ne, ubytki kosci, chirurgia koSci.

Wstep

Chirurdzy medycyny ludzkiej i weterynaryjnej czesto spo-
tykaja sie z konieczno$cig wypetnienia ubytkéw kostnych
powstajacych po urazach, operacjach ortopedycznych i
onkologicznych. Dokonaé tego mozna stosujac przeszcze-
pianie ko$ci autogenicznej, allogenicznej jak i zamienniki
kosci. Zadna ze stosowanych metod nie jest wolna od wad
[5,6,12,13]. Argumenty wskazujgce na potrzebe uzycia bio-
materiatéw a nie przeszczepdw powtarzajg sie u réznych
autoréw.

Zachecajgce wyniki przeprowadzonych do tej pory do-
Swiadczen nad zastgpowaniem fragmentéw kosci dtugich
materiatami weglowymi [6,3] sktaniajg do podjecia préby
zastosowania ich in vivo w uktadzie bardziej zblizonym do
przysztego zastosowania klinicznego.

Zatozono, ze wszczep z kompozytu wegiel-wegiel moze
by¢ uformowany w taki sposéb, aby zastgpi¢ ko$¢ w zy-
wym organizmie petnigc funkcje mechaniczne we wspot-
pracy ze stabilizatorem pozwalajgcym na zastosowanie
zespolenia kompresyjnego (a nie mostujgcego jak to ma

THE PRELIMINARY
RESULTS OF USING
CARBON IMPLANTS TO
FILL THE DEFECTS OF
THE LONG BONE SHAFTS
IN SHEEP

JACEK STERNA

DePARTMENT AND CLINIC OF ANIMAL SURGERY,
WaRrsaw AGRICULTURAL UNIVERSITY - SGGW In WARSAW

Abstract

It was assumed that carbon implants of the shape
imitating that of a segment of a long bone shaft (a
tube of 24 mm in length) inserted in place of an ex-
cised shaft fragment in sheep would allow to change
the so far used bridging osteosynthesis for the com-
pression one and would gradually become ingrown
with the osseous tissue. The above described im-
plantation in femoral bone and its stabilisation with
the ZESPOL stabiliser were performed in six sheep.
In five sheep with the operated femoral bone destruc-
tion of osteosynthesis was observed. Three of them
were slaughtered after 6 weeks of observation. The
remaining sheep were under observation for 16
weeks. In view of destruction of the femoral bone
osteosynthesis, in the next group of four sheep the
implantation was performed in the tibial bone.

The implants proved to be pliant to shaping with
ordinary surgical instruments.

No septic complications were observed and the
implants were well tolerated by sheep organisms. No
cases of the implant ingrowing with the osseous tis-
sue were observed only its overgrowing with that tis-
sue and thus the bone fragments were consolidated.

Key words: carbon biomaterials, carbon prosthe-
ses, carbon implants, biological properties, bone de-
fects, bone surgery.

Introduction

Human and veterinary surgeons often face the neces-
sity of filling bone defects resulting from traumas, ortho-
paedic or oncologic surgeries. It can be done by grafting
autogenic or allogenic bone as well as by bone substitute.
However, each of these methods has its own weaknesses
[5,6,12,13]. Arguments pointing to the necessity of using
biomaterials instead of grafts are repeated by many au-
thors. Promising results of the experiments performed so
far, aiming at substituting fragments of long bones with car-
bon materials [6,3] encourage trials of these materials in
vivo in an arrangement more similar to its future clinical
use. It was assumed that the implant of carbon-carbon
composite may be formed in such a way as to substitute a
bone in a living organism performing mechanical functions
in co-operation with the stabiliser allowing the use of a com-
pression osteosynthesis (instead of the bridging one as it
is usually done in the case of bone defect) and constituting
at the same time the base for development of the autogenic
bone. The utilitarian aim of the work was the implementa-
tion of carbon bone substitutes into clinical use, facilitating
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zwykle miejsce przy ubytku kosci) stanowigc jednoczeénie
podfoze do rozwoju wtasnej kosci organizmu. Utylitarnym
celem pracy jest wdrozenie do uzytku klinicznego weglo-
wych zamiennikéw koéci utatwiajacych i skracajgcych le-
czenie ubytkdw kosci po resekcjach kosci po urazach badz
zmienionej nowotworowo. Aby mégt on byé wypetniony ko-
nieczne byto zrealizowanie celu poznawczego — poznanie
przebiegu wgajania sie wszczepdw weglowych wytworzo-
nych w AGH.

Pierwotnie zaplanowano grupe sze$ciu owiec ze wsz-
czepami zlokalizowanymi w ubytku po usunieciu fragmen-
tu kosci udowej wraz z okostng. U 3 owiec miaty to byé
wszczepy z kompozytu wegiel-wegiel a u 3 pozostatych
wszczepy pokryte warstwg hydroksyapatytu. Powiktany de-
strukcja zespolen przebieg do$wiadczenia sktonit do zmiany
modelu na ko$¢ piszczelowg w trakcie trwania do$wiad-
czenia i przymusza do traktowania wszystkich 10 owiec
jako grupy pilotowe;.

Metodyka

Zwierzetami doswiadczalnymi byty owce rasy merynos
polski w liczbie 12 sztuk, obojga ptci, w réznym wieku, za-
kupione od hodowcy. Po przybyciu do kliniki zostaty one
wyposazone w obroze z numerem kolejnym od 1 do 12
oraz odrobaczone. Owce nr 2 i 5 zostaty wykluczone z
udziatu w do$wiadczeniu z przyczyn niezaleznych od jego
przebiegu. Wszystkie zwierzeta utrzymywane byty w stajni
w systemie bezuwigziowym co symulowato ograniczong
kontrole lekarza weterynarii nad jego pacjentem w zakre-
sie rekonwalescenciji.

Wszczepy z kompozytu wegiel-wegiel, dostarczone
przez AGH, miaty posta¢ odcinkéw rury o $rednicy ze-
wnetrznej 23 mm, wewnetrznej 15 mm i dtugo$ci 24 mm.
Na powierzchni koricéw rury widoczna byta znaczna poro-
wato$¢ struktury wszczepu. Potowa uzytych w do$wiad-
czeniu wszczepow pokryta zostata elektroforetycznie war-
stwg hydroksyapatytu. Do ich stabilizacji w koéci uzyto sta-
bilizatora ZESPOL w wersji standard ze $rubowkretami
korowymi o $rednicy 4,5 mm.

Operacje przeprowadzono w znieczuleniu podoponowym
(lignocaina z adrenaling "Lignoadrenaline-Norbrook" ) po
premedykacji atroping (Iniectio Atropini sulfurici 0,6% Bio-
wet Gorzéw) w dawce 0,05 mg/kg m.c. i propionyloproma-
zyng (Combelen® Bayer) w dawce 1 mg/kg m.c. W przy-
padku niedostatecznego unieruchomienia zwierzecia za-
grazajgcego precyzji badz aseptyce zabiegu podawano do-
zylnie 5% ketamine (Narkamon 5% Spofa) do osiggniecia
pozadanego skutku.

Operacje wszczepiania implantéw weglowych (owce
4,7,8,9,10) i weglowych pokrywanych hydroksyapatytem
(owce 1,3,6,11,12) nie réznity sie od siebie. Wszczepy
umieszczano w ubytkach ko$ci i okostnej (owce
1,3,4,6,7,10,12) i ubytkach samej kosci (owce 8,9,11). Ubyt-
ki miaty dtugo$¢ 24 mm. Implant stabilizowano pomiedzy
koficami odtaméw przy pomocy stabilizatora ZESPOL na-
stawionego na docisk "1". Jeéli zachodzita konieczno$é ko-
rygowano weglowy element przy pomocy skalpela. Przy
operacjach na kosci udowej zespolenie byto przykostne
(owce 1-8) a na podudziu przezskérne (owce 9-12). Pod-
udzie okrywano migkkim opatrunkiem. W pierwszym mie-
sigcu zmieniano go co tydzien, potem co 4 tygodnie. Bez-
posrednio po wszystkich zabiegach i jeszcze trzykrotnie
co 48 h podawano domie$niowo amoxycyline w dawce 15
mg/kg m.c. (Betamox L.A® -Norbrook).

Owce byty codziennie badane. Dokonywano pomiaru
temperatury, oceniano ogélne samopoczucie i obarczanie
operowanej konczyny. Co miesigc wykonywano badanie
RTG operowanych kosci.

Po humanitarnym usmierceniu owiec podano je bada-
niu makroskopowemu. Szczegétowo ogladano okolice ope-
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and shortening of the treatment of bone defects, resulting
from bone resections after traumatic or neoplastic lesions.
To fill such defect it was necessary to go through the cog-
nitive stage, i.e. investigation of the engraftment course of
carbon implants produced by the University of Mining and
Metallurgy in Cracow.

Initially the experiment was planned on a group of six
sheep: 3 with carbon-carbon composite implants and 3
with the same implants covered with hydroxyapatite placed
in the defect resulting from the resection of a fragment of
femoral bone together with the periosteum. The course of
the experiment complicated by the osteosynthesis destruc-
tion resulted in changing the experimental model from the
femoral to the tibial bone during the experiment and treat-
ing all 10 sheep as a pilot group.

Method

The experiments were performed on a group of 12 sheep
of the Polish Merino breed of both sexes and various age
bought from a breeder. On entering the clinic they were
provided with collars with numbers from 1 to 12 and
dewormed. Sheep no.2 and 5 were excluded from the ex-
periment for the reasons independent of the course of the
experiment. All the animals were kept in a loose housing
system shed which simulated the limited control of a veteri-
nary surgeon over his patient during the convalescence
period.

The carbon-carbon composite implants delivered by the
University of Mining and Metallurgy in Cracow were of tu-
bular shape with the outer diameter of 23 mm, the inner 15
mm and the length of 24 mm. The surface of the tube ends
showed significant porosity. Half of the implants used in
the experiment were electrophoretically covered with a hy-
droxyapatite layer. Their stabilisation in the bone was done
with the ZESPOL stabiliser of the standard type with the
platform screws, 4.5 mm in diameter. The operation was
performed under submeningeal analgesia (lignocaine with
adrenaline "Lignoadrenaline -Norbrook") after the premedi-
cation with atropine (Iniectio Atropini sulfurici 0.6% Biowet.
Gorzéw) and propionylpromazine (Combelen® Bayer) 1 mg/
kg b.w.. If the inadequate animal immobilisation threatened
the precision or aseptics of the procedure, 5% ketamine
(Narkamon 5% Spofa) was administered intravenously un-
til the required result was obtained. The operations using
carbon implants (sheep 4,7,8,9,10) and carbon implants
covered with hydroxyapatite (sheep 1,3,6,11,12) were per-
formed in the same way. The implants were inserted into
the bone and periosteum defects (sheep 1,3,4,5,7,10,12)
or bone defects alone (sheep 8,9,11). The defects were of
24 mm in length. The implant was stabilised between the
ends of the bone with the help of the ZESPOL stabiliser set
for the pressure "1". If it was necessary the carbon element
was corrected with the help of a sealpel. In the case of
operations on the femoral bone the stabilisation was
paraosteal (sheep 1-8) and on the tibial bone it was percu-
taneous (sheep 9-12). The lower limb was covered with a
soft dressing. In the first month the dressing was changed
every week, later every 4 weeks. Immediately after all pro-
cedures and then every 48 h for three times the animals
were administered an intramuscular injection of amoxilin in
the dose of 15 mg/kg b.w. (Betamox L.A® -Norbrook).

The sheep were examined every day. Their tempera-
ture was taken, general condition and use of the operated
limb were evaluated. Every month an X-ray picture of the
operated bones was taken.

After sacrifice the sheep were subjected to macroscopic
examination. Especially the operated region was examined
in detail: both the skin scar and the scars of the remaining




rowana: blizne skérng i blizny pozostatych tkanek. Rozci-
najac je prowadzono dokumentacje fotograficzng i opiso-
wa. Oceniano doktadnie takze wezty chtonne odlegte i re-
~gionalne. Za reprezentacje tych ostatnich uznano wezty
chtonne biodrowo-udowe - tatwe do znalezienia i poréw-
nania.

Wyniki

Wczesne nastgpstwa wszczepiania elementéw we-
glowych

Wszystkie rany pooperacyjne wygoity sie przez rychto-
zrost. Nie obserwowano zadnej wyraznej reakcji na opera-
cje w postaci zmiany temperatury ciata. Owce bardzo wcze-
snie rozpoczynaty czesciowe obarczanie kohczyny - juz w
pierwszej , najdalej drugiej dobie. Owce 3, 4 i 7 przestaty
obarcza¢ operowang korfczyne po miesigcu. Owce 8,10 i
11 poruszaly sig bez kulawizny juz po 4-6 tygodniach. Owce
9112 przez caty czas obserwaciji obarczaty kohczyne ale
kulaty. Wszystkie owce z operowanym podudziem sponta-
nicznie poruszaty sie galopem jesli puscito sie je wolno po
badaniu RTG do stajni.

Wagajanie sie wszczepow weglowych w warunkach
znacznej destrukcji zespolenia - obraz po 6 tygodniach
od wszczepienia

U owiec: nr 3, 47 doszto w ciggu pierw-
szego miesigca obserwacji do destrukgii
zespolenia ze znacznym przemieszcze-
niem. Towarzyszyto temu pojawienie sie
duzych ilodci kostniny dobrze widocznej
na zdjeciu RTG w okolicy kofncéw odta-
mow kosci udowej. W zwigzku z powyz-
szym te owce humanitarnie uémiercono
w 6 tygodni od wszczepienia.

U wszystkich wyzej wymienionych
owiec ztamaniu ulegty $rubowkrety E
umieszczone w odtamie dalszym, a odta-
my przemiescity sie i byty niestabilne. Ich
korce otaczaty rozlegte wyroéla kostne.
W poblizu wszczepu tkanki migkkie byty I
znacznie zaczernione. Wszczepy mniej
lub bardziej przemieszczone poza o$ ko-
$ci pozostawaty w torebkach tgczno-tkan-
kowych (RYS. 1). U owcy 3 wszczep we-
glowy pokrywany hydroksyapatytem byt
silnie zwigzany z tkankami. Wyrwany - od-

tissues. After cutting them open they were described and

photographed. ; '
The lymph nodes both distant and regional were also

examined. It was assumed that representative for the latter

ones were iliac-femoral lymphatic nodes which are easy to -

be found and compared.

Results
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Early consequences of implanting carbon elements

All postoperative wounds healed by the first intention.
No clear reaction to the operation in the form of body tem-
perature change was observed. Very early the sheep started
to use the operated limb - already in the first or in the sec-
ond day, at the longest. Sheep no.3,4 and 7 stopped using
the operated limb in a month. Sheep no.8,10 and 11 moved
without lameness already in 4-6 weeks. Sheep no.9 and
12 partially used the operated limb although they showed
the signs of lameness for the whole period of observation.
All sheep with the operated tibial bone galloped spontane-
ously to the shed if they were set free after the x-ray exami-
nation.

Engraftment of carbon implants in
the case of a significant osteosynthe-
sis destruction - the state 6 weeks af-
ter the operation

In the first month of observation sheep
no.3, 4 and 7 showed the osteosynthesis
destruction with significant dislocation . It
was accompanied by the appearance of
large amounts of callus clearly visible in
1 an x-ray picture in the region of the ends
of the femoral bone fragments. In view of
this fact these sheep were sacrificed in 6
weeks after the implantation.

In all the above mentioned sheep the
screws situated in the distant fragment
were broken and the bone fragments were
dislocated and unstable. Their ends were
surrounded with extensive osteophytes.
Close to the implant the soft tissues were
significantly blackened. The itmplants
more or less removed from the bone axis
remained in the connective tissue cap-

dzielit sie wraz z fragmentami tkanek.

Przebieg wgajania sie wszczepow
weglowych pozostajacych miedzy
odfamami kosci w czasie 16 tygodni
oceniany na podstawie badania rent-
genowskiego

U owiec nr 8,9,10,11 i 12 wszczepy
weglowe pozostawaty pomiedzy odtama-
mi kostnymi przez okres 16 tygodni.

Jako pierwsza reakcje po miesigcu od
wszczepienia obserwowano pojawienie
si¢ odczynu okostnowego kielichowato
obejmujgcego implant od zewnatrz. Po
uptywie kolejnego miesigca odczyn ten
wydtuzat sie w kierunku drugiego odtamu
kostnego i pojawiato sie zacienienie we-
wnatrz jamy szpikowej kierujgce sie do
wnetrza wszczepu weglowego. Byto ono
ciefisze w okolicy korica odtamu kosci, a
grubiato w gtebi wszczepu ( RYS. 2). Na-
rastajgca kostnina spowodowata w kon-
cu u owiec 10 i 11 zrost odtaméw kost-
nych.
Proces opisany powyzej toczyt sie na obu

sules (FIG. 1). In sheep no.3 the carbon

FIG. 1
5 implant coated with hydroxyapatite was

strongly bound with the tissues. Pulled
away it separated together with the tis-
sue fragments.

The course of engraftment of the car-
bon implants left between the bone
segments for 16 weeks estimated on
the basis of the x-ray picture

In sheep no. 8,9,10,11 and 12 carbon
implants were left between the bone frag-
ments for 16 weeks. The first reaction ob-
served one month after the implantation
was appearance of a periosteal reaction
which surrounded the implant on the out-
side. After another month the reaction ex-
tended in the direction of the second bone
fragment and blackening appeared inside
the marrow cavity directing itself towards
the inside of the carbon implant. It was
narrower near the end of the bone frag-
ment and thickened inside the implant

korcach implantu, ale jedynie u owcy nr

10 przewazato gojenie od odfamu dalsze- 1 o 2

Fig.2 (FIG.2).Finally, callus growing in sheep
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go. Nie zaobserwowano wptywu pozostawienia okostnej
czy tez jej usuniecia na przebieg procesu gojenia.

Wgajanie sie implantéw zakonczone osiggnieciem zro-
stu odftamoéw kostnych w obrazie posmiertnym po 16
tygodniach obserwacji

Stan taki zostat osiagniety u owiec 1, 8, 10

no.10 and 11 caused uniting of bone fragments. The above
described process took place at both ends of the im-
plant but only in sheep no.10 healing of the distant frag-
ment predominated. Leaving or removal of the periosteum
had no effect on the course of the healing process.

i 11. Odtamy kosci po zdemontowaniu ptyt-
ki pozostawaty stabilne, mimo iz u owcy 1 i
10 doszto do uszkodzenia stabilizatora w
czasie gojenia. Konce odtaméw potgczone
zostaty mankietami kostnymi otaczajgcymi
weglowe implanty od zewnatrz oraz kost-
nymi trzpieniami przechodzacymi przez ich
wnetrza (RYS. 3). Mankiet grubszy byt po
stronie przeciwlegtej do ptytki tworzgc
zwiaszcza u owcy 10 wyrazny objaw "ba-
nana". Opisywane w obrazie rentgenow-
skim gojenie z dwéch koncéw znajdowato
swoje odbicie w luzniejszym utkaniu kosci
na granicy zasiegéw "gojenia z goéry" i "go-
jenia z dotu". W przypadku owcy 1 w tym
miejscy znaleziono warstwe chrzgstki - po-
zostatos¢ po istniejacym przej$ciowo sta-
wie rzekomym. W zadnym przypadku nie

Engraftment of implants ended with the
union of bone fragments in the post-
mortem examination after 16 weeks of
observations

Such a state was reached in sheep
no.1,8,10 and 11. After disassembling of
the plate, the bone fragments remained sta-
ble despite the fact that in sheep no.1 and
10 the stabiliser was damaged during the
healing process. The ends of bone frag-
! ments were united with an osseous cuff
‘1 enclosing the carbon implants on the out-
side and osseous pivots entering them (FIG.
3). The cuff was thicker on the side oppo-
site the plate, forming especially in sheep
no.10 a clear "banana" symptom. Healing
from both ends, described in the x-ray pic-
ture, was reflected in the looser bone tex-

stwierdzono makroskopowo wrastania ko-
$ci do wszczepu weglowego. Po przecieciu
pitg kosci i wszczepu wzdtuz jej osi dtugiej
wystepowata pod wptywem silnego nacisku
palca niewielka ruchomos$é elementu weglowego wzgle-
dem koéci. Jedynie u owcy nr 1 nie udato sie takiej rucho-
moéci zaobserwowagd.

RYS. 3

Zmiany w wezfach chtonnych -

Nie zaobserwowano zmian w odlegtych weztach chtonnych.
U owiec uémierconych po 6 tygodniach od operacji zmiany
w regionalnych weztach chtonnych byty stabo zauwazalne
- wezty po stronie koriczyny operowanej i zdrowej nie réz-
nity sie znacznie od siebie. Te po stronie operowanej byty
nieco wieksze.

U owcy nr 8 po 16 tygodniach od operacji wezty po stronie
konczyny operowanej byty nieco powigkszone. Obraz tej
okolicy u owcy nr 6 byt bardzo charakterystyczny. Wezty
chtonne po stronie operowanej byty 3 krotnie wieksze niz
po zdrowej i miaty barwe czarng.

Owce u ktérych wykonano zespolenie zewnetrzne tj.:
9,10,11 i 12 prezentowaty inny typ obrazu zmian w weztach
chtonnych. Wezly po stronie operowanej byty wyraznie
wiegksze i nieco zaczernione.

Dyskusja

Interpretacja wynikéw niniejszego doswiadczenia jest trud-
na. Przede wszystkim mamy do czynienia z nowg skalg
do$wiadczenia i nowym rodzajem wszczepu.

Model kosci udowej i wielko$¢ ubytku wzorowane byty na
pracy Kirker-Head’'a [8]. Prawdopodobng przyczyng de-
strukcji stabilizatoréw moze by¢ uzycie ptytek opartych je-
dynie na 4 Srubowkretach. Przy dtuzszej ptytce, gdzie po-
miedzy Srubowkretami miescit by sie wszczep, a Srubow-
kretow byto by po 3 w kazdej grupie, otwory najwyzszy i
najnizszy wiercone byly by -na skrajach kosci znacznie
uszkadzajgc substancje korowa.Mozliwosé zakazenia ko-
éci drogg wzdtuz Srubowkretéw nie jest istotnym zagroze-
niem przy .zespoleniu przezskérnym ztamania bez wpro-
wadzania biomateriatéw [9] ale ogromna starannos¢ po-
$wiecana opatrywaniu okolicy przejscia wszczepoéw meta-
licznych przez skére przy do$wiadczeniach z membrana-
mi bioresorbowalnymi [7] i mozliwe nastepstwa zakazenia

ture at the border of the "healing from the
top" and "healing from the bottom" ranges.
In the case of sheep no.1 at that site one
could find a cartilage layer - the remnant of
the temporary existing false joint. No cases of bone ingrowth
into the carbon implant was observed macroscopically. Af-
ter sectioning of the bone and-implant along their long axis
there was a slight mobility of the carbon element in relation
to the bone which could be felt while pressing strongly that
element with a finger. Only in sheep no.1 such mobility was
not observed.

FIG. 3

Changes in the lymph nodes

No changes were observed in the distant lymph nodes.
In sheep sacrificed 6 weeks after the operation changes in
the regional lymph nodes were poorly marked - the nodes
on the side of the operated and healthy limb did not signifi-
cantly differ in size. Those on the operated side were only
slightly bigger.

In sheep no.8, sixteen weeks after the operation lymph
nodes on the side of the operated limb were slightly en-
larged. The picture of that region in sheep no.6 was very
characteristic. The nodes on the operated side were black
and 3 times bigger than on the healthy side. Sheep in which
external stabilisation was applied, i.e. sheep n0.9,10,11 and
12 presented different picture of changes in the lymph
nodes. The nodes on the operated side were clearly bigger
and slightly blackened. :

Discussion

Interpretation of the results obtained in the presented
experiment is difficult. First of all, we deal with a new scale
of the experiment and a new type of implant. The model of
femoral bone and the size of defect were taken from Kirker-
Head [8]. Possible cause of the stabiliser destruction was
the use of plates based on four screws only. If the plate
were longer, the implant could be situated between the
screws and there would be 3 screws in each group, the
highest and lowest holes would be drilled at the bone edges,
causing significant damage of the cortical substance.

The possibility of bone infection along the screws is not
an important hazard in the case of percutaneous osteo-
synthesis of the fracture without using biomaterials [9] but
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nia doswiadczenia na podudziu. Obawy te byty jednak bez-
podstawne. Przy zespoleniu przezskérnym z uzyciem $ru-
bowkretow otulonych gazikiem pozostajgcym na miejscu
przez 16 tygodni i opatrunkiem zmienianym rzadko, nie
zaobserwowano objawéw zakazenia kosci ani wszczepu
weglowego.

By¢ moze istnieje réznica w reakcji organizmu na wsz-
czep w zalezno$ci od tego, czy pokryty zostat hydroksy-
apatytem, czy tez nie. Swiadczy¢ o tym moze fakt wyrwa-
nia wszczepu wraz tkankg w po$miertnym badaniu u owcy
nr 3 oraz mocny zwigzek wszczepu z tozem u owiec nr 1 i
10.

Wszczepy weglowe pozwolity na zamiane zespolenia
mostujacego na dociskowe i wczesne obarczanie korczyn
przez owce. Réznice w ruchomo$ci odtaméw pomiedzy
zespoleniem mostujgcym i dociskowym przemawiajg za
stosowaniem tego ostatniego tam gdzie tylko mozliwe [3].
Potwierdzito to stuszno$¢ czesci zatozenia eksperymentu.
Nie zanotowano wrastania ko$ci do wszczepu w zadnym z
przypadkéw, a Sciste przyleganie tkanek do implantéw ob-
swerwowano tylko w niektérych przypadkach implantéw
pokrytych hydroksyapatytem. W zwigzku z tym wypada
uznac, ze zatozenia do$wiadczenia nie zostaty jednak po-
twierdzone w cato$ci i cel utylitarny nie zostat osiggniety.
Cel poznawczy natomiast zostat w pewnym stopniu zreali-
zowany.

W planowaniu dalszych badan nalezatoby uwzglednié
zwigkszenie porowato$ci wszczepu i zwigkszenie kompo-
nenty hydroksyapatytowej. Wszczepy korundowe przera-
stajace koscig [11] majg bowiem porowato$¢ do 75% a hy-
droksyapatyt Scile wigze sie z tkanka kostng [5]

Whnioski

1. Do badan nad wypetnianiem ubytkéw trzonéw kosci dtu-
gich u owcy wtasciwszy jest model do$wiadczenia na ko-
8ci piszczelowej niz na udowe;.

2. Wytworzone w AGH wszczepy weglowe i weglowe po-
krywane hydroksyapatytem o ksztatcie rury (odcinka trzo-
nu kosci dtugiej) s dobrze tolerowane przez organizm owcy
i tatwe w obrébce $Srédoperacyjnej jesli zachodzi taka po-
trzeba

3. Przy niestabilnym zespoleniu odtaméw drobiny wegla
rozpraszajg sie w poblizu wszczepu i sg transportowane
do regionalnych weztéw chtonnych

4. Wskazane jest kontynuowanie do$wiadczenia ze zmo-
dyfikowanym wszczepem (wigksza porowato$é i zawarto$é
hydroksyapatytu).

Praca zostata dofinansowana z grantu nr: 1900/
C.T08-7/97

Autor uzyskat zezwolenie nr 1 dnia 20.11.1997 Komi-
sji ds. Etycznego Przeprowadzania Badary Naukowych
i Dydaktyki na Zwierzetach na wykonywanie zabiegéw
na zwierzetach.
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Autor sktada podzigekowania pracownikom Pracowni
Radiologii i Ultrasonografii Katedry Chirurgii Zwierzat za
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great accuracy in dressing the region where metal implant
passes through the skin in the experiments with bioresorp-
tive membranes [7] and possible consequences of the car-

* bon implant infections [10] discouraged from planning the

experiments on the tibial bone. However, these anxieties
were groundless. In the case of the percutaneous oste-
osynthesis with the platform screws wrapped in gauze swab
remaining on the site for 16 weeks and with seldom chan-
ged dressing, no signs of bone or carbon implant infection
were observed. It is possible that there is a difference in
the reaction to the implant depending on whether or not it
was covered with hydroxyapatite. This may be confirmed
by the fact of pulling out the implant together with the tissue
during the post-mortem examination in sheep no.3 and close
connection between the implant and its bed in sheep no.1
and 10.

Carbon implants allowed the change of osteosynthesis
from bridging to compression and early use of the opera-
ted limb by sheep. The differences in the mobility of bone
fragments between the bridging and compression osteosyn-
thesis speak for the use of the latter one wherever it is po-
ssible [3]. This confirmed validity of certain experimental
assumptions. No cases of bone ingrowth into the implant
were observed and close adhering of tissues to the implants
was found only in the case of some implants covered with
hydroxyapatite. Thus it should be stated that not all of the
experimental assumptions were fully confirmed and that the
utilitarian aim was not reached. However the cognitive aim
was accomplished to a certain degree. Planning of further
investigations should include increased porosity of the im-
plants and increased amount of the hydroxyapatite com-
ponent. Itis well known namely that the corundum implants
subject to bone ingrowth [11] have the porosity of up to
75% and that hydroxyapatite closely binds with the bone
tissue [5].

Conclusions

1. The experimental model with the tibial bone instead of
femoral bone is more proper for the investigations on filling
long bone shaft defects in sheep.

2. The carbon implants and carbon implants covered with
hydroxyapatite with tubular shapes (segment of a long bone
shaft) produced by the University of Mining and Metallurgy
in Cracow are well tolerated by sheep organism and can
be easily fixed during the operation if necessary.

3. With unstable osteosynthesis of bone fragments carbon
particles are dispersed in the region of implant and are trans-
ported to the regional lymph nodes.

4. The experiment should be continued with a modified im-
plant (higher porosity and higher hydroxyapatite contents).

The investigation was partly financed from the grant
no. 1900/C.T08-7/97
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MATERIALY CERAMICZNE W MEDYCYNIE

Maria taczka

Katedra Szkta i Emalii Akademii Goérniczo-Hutniczej w Krakowie

Streszczenie

Biomaterialy ceramiczne sa stosowane w medycynie od okoto 40-tu lat w celu odbudowy i
zastgpowania chorych lub uszkodzonych kosci w organizmie ludzkim. Bioceramike dzieli sig
na: mikroporowata, resorbowalna, prawie obojetna i bioaktywna. Wsrod bioaktywnych
materialow szczegdlna pozycje zajmuja bioszkla i szkto ceramika apatytowo-wollastonitowa.
Wspo6lna cecha bioaktywnych szkiet i szkto-ceramiki jest ich zdolno$¢ do modyfikacji
powierzchni, polegajaca na tworzeniu si¢ warstwy aktywnego biologicznie hydroksyapatytu
weglanowego (HCA), stanowiacego naturalne potaczenie implantu z zywa tkanka kostna.
Bioszkta i1 bioaktywna szkto-ceramika stosowane sa w medycynie w formie litych implantow
(zastgpowanie kosci) lub proszkéw (przyspieszenie odbudowy kosci). W Katedrze Szkta i
Emalii Akademii Gorniczo-Hutnicze] w Krakowie otrzymano nowa generacjg¢ ceramicznych
materialéw bioaktywnych, stosujac do tego celu chemiczna metodg zol-zel. Materiaty te
charakteryzuja si¢ wyzsza bioaktywnos$cia, niz materiaty, otrzymywane tradycyjna metoda
topienia. Wytwarzane sa one w formie proszkow, granul, cienkich pokry¢ oraz litych
implantow.

Stowa kluczowe: bioceramika, materialy bioaktywne, bioszkta, szkto-ceramika.

[Inzynieria Biomaterialow, 4, (1998), 3-9]

CERAMIC MATERIALS IN MEDICINE

Maria Laczka

Department of Glass and Enamels, University of Mining and Metallurgy in Cracow

Abstract.

Ceramic biomaterials have been applied in medicine for nearly 40 years in reconstruction and
replacement of the diseased or damaged human bones. Bioceramics is divided into
microporous, resorbable, almost inert and bioactive materials. The bioactive materials,
bioglasses and apatite-wollastonite glass-ceramics, take a special position in bioceramics.
Common feature of all bioactive glasses and glass-ceramics is their ability to modify the
material surface, which consists in the development of a biologically active layer of carbonate
hydroxyapatite (HCA) playing a role of natural joint between the implant and the bone tissue.
Bioglasses and bioactive glass ceramics are used in medicine in the form of monolithic
implants (bone replacement) or powders (acceleration of bone reconstruction). At the
Department of Glass and Enamels of the University of Mining and Metallurgy in Krakow a
new generation of bioceramics has been obtained by the chemical sol-gel method. These
materials demonstrate higher bioactivity than the traditional melted ones. They are produced
in the form of powders, granules, coatings and monolithic implants.

Key words: bioceramics, bioactive materials, bioglasses, glass-ceramics.
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WPLYW CHEMICZNEJ BUDOWY POWIERZCHNI WEOKNINY WEGLOWE] NA JEJ
WLASCIWOSCI BIOLOGICZNE

Tadeusz Cieslik*, Zbigniew Szczurek**, Daniel Sabat**, Marta Blazewicz***, Andrzej
Gabriel**, Maria Szczurek-Katanska**,

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

** | Katedra i Zaktad Patomorfologii Slaskiej Akademii Medycznej w Zabrzu

***Katedra Ceramiki Specjalnej Akademii Gérniczo-Hutniczej w Krakowie

Streszczenie



Autorzy wykonali badania do§wiadczalne na krélikach z uzyciem wtdknin weglowych
r6zniacych si¢ chemiczna budowa powierzchni. Stwierdzili, Ze proces odnowy kos$ci byt
najbardziej aktywny w przypadku uzycia wtokniny pokrytej warstwa pirowggla (grupa III).
Natomiast spowolnienie proceséw odnowy dotyczyto gtownie grupy II, czyli wtdkniny z
grupami funkcyjnymi na powierzchni o charakterze kwasowym.

Stowa kluczowe: wtoknina wegglowa, budowa chemiczna powierzchni, wlasciwosci
biologiczne.

[Inzynieria Biomaterialow, 4, (1998), 9-13]

INFLUENCE OF CHEMICAL STRUCTURE OF CARBON CLOTH SURFACE ON ITS
BIOLOGIC PROPERTIES

Tadeusz Cieslik*, Zbigniew Szczurek**, Daniel Sabat**, Marta Blazewicz***, Andrze;j
Gabriel**, Maria Szczurek-Katanska**

*I Department of Maxillofacial Surgery Silesian Academy of Medicine in Zabrze

** ] Department of Pathomorfology Silesian Academy of Medicine in Zabrze
*#*Department of Special Ceramics University of Mining and Metallurgy in Cracow
Abstract

The authors examined rabbits with implanted carbon fibres having different surface
propertie. Bone reconstruction process was the most active in the case of carbon cloth coated
with pyrocarbon (group III). Slowing-down of bone reconstruction process was connected
with the presence of functional groups of acidic character on the surface of carbon cloth.
Key words: carbon cloth, chemical structure, surface, biologic properties.

[Engineering of Biomaterials, 4, (1998), 9-13]

CWIEKI OKM JAKO ALTERNATYWNA METODA REKONSTRUKCIJI ROZLEGELYCH
UBYTKOW TWARDYCH TKANEK ZEBA

Leszek Ilewicz, Witold Swidzinski, Malgorzata Skucha-Nowak, Stawomir Renk

Katedra i Zaklad Stomatologii Zachowawczej i Chordb Przyzebia Slaskiej Akademii
Medycznej w Katowicach

Streszczenie

Wspolczesna stomatologia poszukuje wciaz nowych rozwiazan do rekonstrukcji rozlegtych
ubytkow twardych tkanek zgba. Na podstawie piSmiennictwa przedstawiono przydatno$¢
uzycia ¢wiekow okolomiazgowych oraz zwrocono uwage na mozliwe przyczyny
niepowodzen klinicznych. Cwieki okotomiazgowe stanowia ciekawa alternatywe, jednak
kazdy przypadek ich uzycia powinien by¢ rozpatrywany przez lekarza indywidualnie 1 bardzo
wnikliwie. Dalsze badania powinny przynie$¢ optymalizacj¢ parametrow ¢wiekow.

Stowa kluczowe: ¢wieki okotomiazgowe, tkanki zg¢ba, odbudowa rozlegtych ubytkow
[Inzynieria Biomaterialow, 4, (1998), 14-15]

PARAPULPAL PINS AS ALTERNATIVE METHOD OF RECONSTRUCTING DENTAL
HARD TISSUE EXTENSIVE DEFECTS

Leszek Ilewicz, Witold Swidzinski, Maltgorzata Skucha-Nowak, Stawomir Renk

Katedra i Zaklad Stomatologii Zachowawczej i Chordb Przyzebia Slaskiej Akademii
Medycznej w Katowicach

Abstract

Modern stomatology has been continually seeking for new solutions in reconstructing
extensive defects of dental hard tissue. In this paper, usefulness of the parapulpal pins is
discussed together with possible reasons for clinical failures, on the basis of the available
literature data. The parapulpal pins are considered an interesting option, but in each case their
use should be carefully considered by the doctor.

Further investigations should help in optimising the parameters of parapulpal pins.

Key words : parapulpal pins, dental tissue, reconstruction of extensive defects
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CHIRURGICZNE LECZENIE ZEAMAN WYROSTKOW KEYKCIOWYCH

ZUCHWY SPOSOBEM ECKELTA

Tadeusz Cieslik, Ludwik Lipiarz, Jacek Wrobel, Tomasz Mgcik

I Katedra i Klinika Chirurgii Szczekowo-Twarzowe;j, Slaska Akademia Medyczna
Streszczenie

Autor omawia jedna z rzadziej stosowanych w Polsce metod chirurgicznego unieruchamiania
ztaman wyrostkéw ktykciowych zuchwy. Metoda opracowana w latach 80 przez Eckelta
pozwala na stabilne zespolenie ztamanych wyrostkow ktykciowych przy uzyciu
nagwintowanego pre¢ta biegnacego przez cala dlugos¢ gatezi zuchwy i mocowanego
dodatkowo nakretka. Wiasne doswiadczenia autora potwierdzaja, Ze jest to skuteczna metoda
stabilizacji ztamanych wyrostkow ktykciowych zuchwy.

Stowa kluczowe: ztamanie wyrostkow ktykciowych zuchwy, leczenie chirurgiczne, metoda
Eckelta.

[Inzynieria Biomaterialow, 4, (1998), 16-19]

SURGICAL TREATMENT OF FRACTURES OF THE MANDIBULAR

CONDYLAR PROCESSES WITH ECKELT'S METHOD

Tadeusz Cieslik, Ludwik Lipiarz, Jacek Wrobel, Tomasz Mgcik

I Department of Maxillofacial Surgery, Silesian Academy of Medicine in Zabrze

Abstract:

The authors write about rare surgical method which is used in Poland to immobilize fractures
of the mandibular condylar processes. This method which was elaborated in 1980 by Eckelt
makes possible stable anastomosis of the fractured condylar processes by using a threaded
stick, which could pass through the length of the mandibular branch and which is fixed with a
nut. Author»s own experiences show that this is very good method of stabilising of the
mandibular condylar processes fractures.

Key words: fractures of the mandibular condylar processes, surgical treatment, Eckelt's
method

[Engineering of Biomaterials, 4, (1998), 16-19]

ADHESION AND GROWTH OF VASCULAR SMOOTH MUSCLE CELLS IN
CULTURES ON CARBON- FIBRE-REINFORCED CARBON COMPOSITES COVERED
WITH PYROLYTIC CARBON

L. Bacakova*, K. Balik**, S. Zizka**

* Institute of Physiology, Acad. Sci. CR, Prague

** Institute of Rock Structure and Mechanics, Acad. Sci. CR, Prague

Abstract

Biocompatibility of two-dimensionally reinforced carbon-carbon composites infiltrated and
coated with pyrolytic carbon was evaluated in vitro by seeding them with smooth muscle cells
derived from the rat aorta. The cells adhered to the composites in numbers comparable with
those found on standard plastic culture dishes and these numbers tended to be positively
correlated with the open porosity of the material surface. In contrast, the following
proliferation was rather negatively related to the open porosity. The maximum population
density of cells growing on the composites was similar or lower than that on standard culture
plastic. These results suggest relatively good biocompatibility of the pyrolytic-carbon
infiltrated and coated carbon composites and their suitability for future biomedical
applications.

[Engineering of Biomaterials, 4, (1998), 19-22]



IMPROVED BIOCOMPATIBILITY OF CARBON-FIBRE-REINFORCED CARBON
COMPOSITES IN VITRO AFTER THEIR POLISHING AND COATING WITH A
CARBON-TITANIUM LAYER

L. Bacakova*, V. Stary**, O. Kofrooova***

*Institute of Physiology, Acad. Sci. CR, Prague

**Faculty of Mechanical Engineering, Czech Technical University, CR, Prague

*#*[nstitute of Microbiology, Acad. Sci. CR, Prague

Abstract

The surface of unidirectionally reinforced carbon-carbon composites was modified either by
polishing or coating with a carbon-titanium layer. In culture conditions, the composites were
seeded with vascular smooth muscle cells derived from the rat aorta. On both types of
modified samples, the number of initially adhered cells, degree of their spreading and their
subsequent growth were significantly higher than on untreated samples, and in the case of
carbon-titanium-covered composites, also higher than on standard plastic culture dishes
Sterilin. These results obtained in vitro suggest possible good biointegration of the polished
and carbon-titanium-covered carbon-carbon composites with the surrounding tissue in situ
after their use in transplantation medicine for the construction of artificial implants.
[Engineering of Biomaterials, 4, (1998), 22-24]

WSTEPNE WYNIKI WYPEENIANIA UBYTKOW TRZONOW KOSCI DLUGICH U
OWIEC WSZCZEPAMI WEGLOWYMI

Jacek Sterna

Katedra Chirurgii Zwierzat SGGW w Warszawie

Streszczenie

Zatozono, ze implanty weglowe nasladujace ksztatt odcinka (rura dlugosci 24 mm) trzonu
kosci dtugiej owcy wstawione w miejsce wycigtego fragmentu trzonu pozwola na zamiang
stosowanego przy ubytku kosci zespolenia mostujacego na kompresyjne i z biegiem czasu
ulegna przerastaniu tkanka kostna.

U sze$ciu owiec dokonano implantacji wyzej opisanych wszczepow do kosci udowej i
zespolenia jej stabilizatorem ZESPOL. U pigciu owiec z operowang koscia udowa doszto do
destrukcji zespolenia Trzy z nich uSmiercono po 6 tygodniach obserwacji. Pozostate owce
obserwowano 16 tygodni. W zwiazku z destrukcja zespolen kosci udowej w kolejnej grupie u
czterech owiec wykonano implantacje na terenie kosci piszczelowe;j.

Implanty okazaty si¢ podatne na obrobke srédoperacyjna zwyktymi narzedziami
chirurgicznymi.

Nie zdarzyty si¢ zadne powiklania septyczne, a wszczepy byly dobrze tolerowane przez
organizmy owiec.

W zadnym wypadku nie zanotowano przerastania wszczepu tkanka kostna, a jedynie
obrastanie go dookota i potaczenie odtaméw kostnych tym sposobem.

Stowa kluczowe: biomateriaty weglowe, protezy weglowe, wszczepy weglowe, wlasciwosci
biologiczne, ubytki kosci, chirurgia kosci.

[Inzynieria Biomaterialow, 4, (1998), 25-30]

THE PRELIMINARY RESULTS OF USING CARBON IMPLANTS TO FILL THE
DEFECTS OF THE LONG BONE SHAFTS IN SHEEP

Jacek Sterna

Department and Clinic of Animal Surgery,

Warsaw Agricultural University - SGGW in Warsaw

Abstract

It was assumed that carbon implants of the shape imitating that of a segment of a long bone
shaft (a tube of 24 mm in length) inserted in place of an excised shaft fragment in sheep



would allow to change the so far used bridging osteosynthesis for the compression one and
would gradually become ingrown with the osseous tissue. The above described implantation
in femoral bone and its stabilisation with the ZESPOL stabiliser were performed in six sheep.
In five sheep with the operated femoral bone destruction of osteosynthesis was observed.
Three of them were slaughtered after 6 weeks of observation. The remaining sheep were
under observation for 16 weeks. In view of destruction of the femoral bone osteosynthesis, in
the next group of four sheep the implantation was performed in the tibial bone.

The implants proved to be pliant to shaping with ordinary surgical instruments.

No septic complications were observed and the implants were well tolerated by sheep
organisms. No cases of the implant ingrowing with the osseous tissue were observed only its
overgrowing with that tissue and thus the bone fragments were consolidated.

Key words: carbon biomaterials, carbon prostheses, carbon implants, biological properties,
bone defects, bone surgery.
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