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PRELIMINARY STUDIES OF SYNTHETIC HYDROXYAPATITES
AND THEIR APPLICATION TO BONE GRAFTS

Abstract. The paper presents the results of synthesis of hydroxyapatites from which a sub-
stance was formed with macroscopic features similar to the natural mineral framework of bo-
ne. This substance was grafted into the shin-bone (tibia) and thigh-bone (fernur) of four rab-
bits. During the healing of grafts the rabbits were under systematic radiologic control. After 6 weeks,
6 months and 13 months, the rabbits were killed and their bones with grafts were subjected to mine-
ralogical and histological studies. It was found that synthetic apatite did not show any changes,
while the mineral part of bone tissue surrounding the graft had an elevated Zn content. Zn origi-
nated from the admixture of phosphate cement that had been used as hardener for hydroxyapatites.
Histological studics revealed that the graft was treated as a foreign body. The fibrous connective
tissue enveloping the graft did not show any tendency to penetrate into the graft, nor did it show
any evidence of bone metaplasia. It displayed, however, the histological features of chronic pro-
ductive inflammation.

INTRODUCTION

Considering the facts that transplantation techniques are still imperfect, and that
serious difficultics are encountered in procuring autografts and in their effective
application to orthopaedic surgery, an attempt was made to produce a synthetic
preparation capable of replacing the ones used to-date. It was assumed that sqch
a substance should have high biological tolerance and osteoinductive properties.
These conditions should be satisfied by synthetic apatite, which is an equivalent of
natural apatite occurring in bones. :

The studies of synthesis of bone apatites have a history of long standing (Free-
man, Fenn 1953; Termine, Posner 1967; Blitz, Bellcgrino 19773 aqd oth‘ers). The
synthesis of apatites of different types has been carrlcgi out for a long time with a view
to investigating indirectly the natural mineral constituents of bones (Termine, Pos-
ner 1967; McConnel 1970; Posner, Betts 1975; Boskey, Po.sncr 1976), and specifi-
cally to determining the position of P02~ and COj;~ groups in the structure of bone
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apatites (Brown 1966; Blitz, Pellegrino 1977). It is only a few years since attempts
were made to use phosphate synthetic substances (Nanocollas, Mohan 1970; Francis,
Webb 1971; Pokric, Pucar 1979; McLean, Nelson 1982; Boskey, Posner 1973;
Eanes et al. 1973; Moreno et al. 1977) and various ceramic materials for pone grafts
(Jarcho et al. 1979; Bienick 1979, Akao et al. 1982). The latest scxentxﬁc. reports
(Mittelmeier, Grabowski 1983 a, b) inform about excellent results of grafring fine-
-grained apatite mixed with synthetic collagen (Colapat).

EXPERIMENTAL

MINERALOGICAL STUDIES

The first step in the studies was to investigate the mineralogical and chemical
compositions of bones derived from people deceased at different age. The results
served as a basis for the synthesis of apatite, from which porous cubes were formed
after mixing with phosphate cement. In the studies of both apatite and bones the
following methods were used : X-ray diffractometry, infrared spectroscopy, and elec-
tron microprobe analysis. In addition, radiologic and histological investigations
were performed.

X-ray diffraction patterns were obtained with a DRON 2.5 diffractometer, using
monochromated CuK, radiation. Infrared absorption spectra were recorded with
a Zeiss (Jena) UR-10 spectrometer, using KBr discs. Electron microprobe analysis
was carried out with a Cameca S, X-ray probe on bone samples embedded in epi-
dian, polished and coated with gold, from which soft tissue had been removed.
Radiographs were obtained with a “Farum’ Multax DX-60 apparatus.

HISTOLOGICAL STUDIES

After fixation in 10% solution of neutralized formalin, bone segments were dehy-
drated and then embedded in a mixture of n-methyl and n-butyl methacrylates using
Oclert’s method. The methacrylate blocks were sliced in the plane parallel to the
long axis of bone with a Jung K-2 bone microtome. The obtained sections were

dyed with haematoxylin and de Colle eosin using von Koss’s method, with Goldner
trichrome, and by toluidine method.

RESULTS

SYNTHESIS OF APATITE

Apatite' was synthesized with a modified method (Blitz, Pellegrino 1977) under
thcrmostatlc conditions (40°C), using a mixture of 1.5 M K,HPO, and 1.0 M KHCO,
solutions ac_:idiﬁed with HCI. Then the mixture was treated with 1 M CaCl, and its
PH was adjusted to 6.4, using 1 M KOH solution. At this value of pH gelatinous
phosphate substance was precipitated, centrifuged in an ultracentrifuge (7.000 r.p.m.)
and then left to dry at 40°C. After pulverization, the obtained apatite was subjected
to X-ray apd ir}frared spectroscopic analyses.

X.-ray' diffraction .analysis (Fig. 1) has shown that the size of apatite crystallites
formmg in the gelatinous phosphate substance depends on the drying conditions.
Short, intense drying resulted in the crystallization of apatite of a crystallite size and
Ayt values similar to those observed in natural bone apatites. Longer, less intense
dehydration and crystallization of phosphate gel increased the size of crystallites.
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Fig. 1. X-ray diffraction patterns
I — synthetic apatite (48-hour crystallization, 40°C), L
II — synthetic apatite (96-hour crystallization, 20°C), 60 50 40 30 20 10° 28
IIT — natural apatite; femur of a boy aged 13 (LK

This was reflected in X-ray diffraction patterns as the sharpening and heightening
of the respective dy; peaks of apatite. :

Infrared spectroscopic analysis has revealed that the absorption bands of synthe-
tic apatite are very similar to those of natural bone apatite (Fig. 2). The weak absorp-
tion between 1420 and 1450 cm~! was attributed to a 'small amount~of' acid carbo-
nates. The other absorption bands occurred in the regions characteristic of natural
bone apatite. . \ : :

To ﬁarden the synthetic substance and obtain suitable porosity, powdered apatite
was mixed with phosphate cement of two types, a cement hardener and halite cry-
stals. Pink and grey phosphate cements were used. After several tests, mixtures were

in the following proportions: :
e B apatite cement halite hardener

g 10 @

I apatite + pink cement 16 g 8 g s

II apatite + grey cement 8 g 8 g 10g

bone & 13 years 7 i \ P
" PR \P\/\[’“ S

apait B i \,\/\\/ (ot
[

: : 400cm
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Fig. 2. Infrared absorption spectrar' s T
Lower curve — synthetic apatite, upper curvenatural apatite; femur of a
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Halite was obtained from large synthetic crystals that were crystallized under labo-
ratory conditions and then broken. The 0.2—0.4 mm fraction was separated and
added to both mixtures. After mixing and treatment with a hardener, cubes were
formed from the mixtures and dried at 40°C for 12 hours. On setting up, the cubes
were washed several times in distilled water and in 0.5 N HCI until optimum poro-
sity was obtained. Then they were washed again in redistilled water, dried and sterili-
zed with X-rays (Phot. 1). The substance prepared in this way grafted into the
bones of rabbits.

The experiments were carried out on 9-month-old rabbits (male) of the same
breed. Operations were performed under intravenous anaesthesia with a Parke-
-Davis Ketanest. Two kinds of grafts were used: pink and grey. Because of surgical
complication (fracturing at 1/3 of the proximal part of femur shaft during chiselling),
rabbit 1 had a grey graft inserted into the medullary cavity of both chips. In rabbits
2 and 3 (Phot. 2), a tibia was exposed by medial incision, and grey grafts were press-
ed into the cavity produced in the metaphysis. In rabbit 4 a femur was exposed by
lateral incision above the greater trochanter, a 3 ¥ 5 mm hole was drilled in the inter-
trochanteric region, and a pink graft was pressed in. The radiographs of operated
limbs were made directly after the operations, and control radiographs 3 and 6 months
later. Due to external circumstances, not connected with the operation rabbit 1
died after 6 weeks, but its bones were recovered for further studies. Rabbits 2 and
3 were killed after 6 months, and rabbit 4 after 13 months. Their bones with grafted
apatite were removed, radiographs were made (Phot. 4), and the bones were fixed
in 10% formalin.

HISTOLOGICAL STUDIES

Rabbit bone with grafted apatite after 6-week observation

Partly preserved homogeneous masses of hydroxyapatite are visible inside the
mcdullary cavit (Phot. 4). They are surrounded by necrotic masses and purulent
inflammatory exudate. Among the remains of cancellous bone trabeculae, numerous
thin-walled blood vessels and proliferating young fibrous connective tissue can be
observed. The compact bone does not show any deviations, and liberal proliferation
of fibrous connective tissue with bone metaplasia has been noticed around it.

Rabbit bone with grafted apatite after 6-month observation

The graft is surrounded by a thin layer of young fibrous connective tissue. The
bo.undary t?clwccn the graft and tissue is sharp, well-defined, the tissue showing no
evidence of penetration into hydroxyapatite. On the periphery, abundant histiocytes
and less numerous giant polynuclear cells are visible (Phot. 5), resembling both
osteoclasts and giant cells of the foreign body type. The picture of the remaining
part of the bone is similar to that described above, the only difference being that
compact masses of callus envelop the compact bone from periosteal side.

Rabbit bone with grafted apatite after 13-month observation
The histopathological picture does not differ itati i
; ict qualitatively from the one described
3bc‘>ve:. The number of hlSUOC)’PCS present in the medullary cavity has slightly
T(;lcredscd, and ﬁprcs of connective tissue have appeared between them (Phot. 6).
fore z‘ir'n%unt of giant cells has considerably decreased. Fibrous connective tissue
ms a broad band round the grafted hydroxyapatite (Phot. 7). The boundary bet-
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ween apatite and the enveloping connective tissue is sharp, well-defined, the tissue
showing no tendency to penetrate into the foreign body.

As appears from the observathn, the pathomorphological changes initially
involved the development of exudative purulent inflammation with accompanying
necrosis in the medullary cavity round the foreign body, and the simultaneous appea-
rance of compensatory reaction in the form of compact callus closing the wound.
Subsequently the purulent inflammation turned into chronic productive inflamma-
tion consisting in the appearance of a large number of histiocytes and giant polynu-
clear cells round the foreign body, and the proliferation of fibrous connective tissue.
The foreign body was isolated from the medullary cavity by fibrous connective tissue.
The tissue did not show any tendency to penetrate into the graft, or any evidence
of bone metaplasia.

DISCUSSION

The observed reaction to hydroxyapatite graft is typical of foreign bodies intro-
duced into the medullary cavity. The histopathological pictures similar to those
described have been observed round allografts of joints. The aim of this experiment
was to find out whether the obtained synthetic hydroxyapatite can perform a task
similar to that performed at present by lyophilized human or animal bone grafts
in orthopaedic surgery. When a lyophilized bone is grafted, it is absorbed, and
simultaneously the graft stimulates organic osteogenetic processes. In consequence,
the lyophilized bone graft becomes a framework on the basis of which the organic
tissue is restored. The graft of synthetic hydroxyapatite mixed with phosphate ce-
ment failed to act in this way. It was isolated from the bone by a connective tissue
capsule. It is feasible that the poor porosity of hydroxyapatite, and e.spccmlly the
admixtures of dental cement and halite are responsible for .this behaviour. Porous
grafts of synthetic hydroxyapatite act, at least partly, as stimulators.

The mineralogical studies of the bones with grafts have revealed that the che-
mical composition of grafts does not show any significant changes. It has been found
that the natural bone surrounding the pink graft (rabbit 4 after 13 months) has an
increased Zn content due to the migration of this element from the graft (an admix-
ture of dental cement — Zn phosphate) to the native bone tissue. The zone of ele-

Fig. 3. Pink graft (rabbit 4) and electron

microprobe analysis
1 — bone, 2 — graff
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vated Zn content (about 0.1%) has a maximum thickness of 2 mm. At the samc.ume,
a slight increase in P content has been noted in this zone in the natural bone (Fig. 3).
In bones in which the healing process was shorter, no significant changes have been
observed.

The above studies indicate that further experimental work should aim at pro-
ducing pure synthetic apatite with a structure showing better porosity.

Translated by Hanna Kisielewska

REFERENCES

AKAO M., AKOI H., KATO K., SATO A., 1982: Dense policrystalline f-tricalcium phosphate
for prosthetic application. J. Mat. Sci. 7.
BIENIEK J., 1979: Badania doéwiadczalne nad zastosowaniem porowatego materiatu ceramicznego
w chirurgii urazowo-ortopedycznej. Habilitation thesis, Medical Academy, Wroctaw.
BLITZ M., PELLEGRINO E, D., 1977: The nature of bone carbonate. Clin. Orthop. Rel. Res, 129.
BOSKEY A. L., POSNER A.S., 1973: Kinetics of conversion of amorphous calcium phosphate
to microcrystalline hydroxyapatite. J. Phys. Chem. 77.

BOSKEY A. L., POSNER A.S., 1976: Formation of hydroxyapatite at low supersaturation, J.
Phys. Chem. 80.

BROWN W, E., 1966: Crystal growth of the bone mineral. Clin. Orthop. 44.

EANES E. D., GILLESSEN J. H., POSNER A. S., 1965: Intermediate states in the precipitation
of hydroxyapatite. Nature 208.

EANES E. D., TERMINE J. D., NYLEN M. V., 1973: An electron microscope study of the for-
mation of amorphous calcium sulphate and its transformation to crystalline apatite. Calcif.
Tiss. Res. 12.

FRANCIS E. D., WEBB N. C., 1971 : Hydroxyapatite formation from hydrated calcium monohy-
drate phosphate peccursor. Calcif. Tiss. Res. 6.

FREEMAN F, H., FENN W, 0., 1953: Changes in carbon dioxide stores due to atmosphers low
in oxide or high carbon dioxide. Am. J. Physiol. 174,

JAR('H()‘ M., SALSBURY R. L., THOMAS M. B., DOREMUS R. H., 1979: Synthesis and fabri-
cation of B-tricalcium phosphate (whitlockite) ceramics for potential prosthetic application.

J. Mat. Sci, 14,
Mc(?()T;JSNliI, D., 1970: Crystal chemistry of bone mineral hydrated carbonate apatites. Am. Miner.
McL[i/)\‘;J’ f D.l,{‘iliLS()N D. G. A., 1982: High-resolution n-beam lattice images of hydroxyapatite.
icron 13,

MITI'F,I,MI{”-’,R' H7, (;RAB()WSKI M. T., 1983: Wypelnianie ubytkbw kostnych mieszaning
kolagenu i apatytu w éwietle badafi dodwiadczalnych na zwierzgtach, Chir. Narz. Ruchu
1 Ortop. Pol. 48,
MITTELMEIER H., GRABOWSKI M. T., 1983: Gojenie si¢ ubytkow kostnych po zastosowaniu
nreparatu "Collapat”, Chir. Narz. Ruchu i Ort. Pol. 48,
M()Rl',N()‘l:. (B ZAURAI)NIK R.T., GLANZMAN A., HWU, 1977: Precipitation of hydroxy-
NAN("(p?mc from dilute solutions upon seeding. Calcif. Tiss. Res, 24,
JCOLLAS G. H., MOHAN M. S., 1970: The growth of the apati 17 J
f et A gro of the hydroxyapatite crystal. Arch,
l’()KRIC B... PUCAR Z., 1979: Precipitation of calcium phosphates under conditions of double
P()SNI(‘,;{’“X”“S” in collagen and gels of gelatin and agar, Calcif. Tiss. Int, 27
SNE - 8., BETTS F., 1975: Synthetic amorphous calci h ate and its relati
2 mineral structure. Accts, Chem. Res, 8, & ROIRPIRIRE gl Relc 0 Bohe
TERMINE J. D., POSNER A.S., 1967 Amorphous cryst

alline interralatd tani .
Calclf, Tiss, Res, 1. illine interrelationship in bone mineral.

Bogdan BIALAS, Bartlomicj KIT4, Maciej PAWLIKOWSKI, Wieslaw POSPUEA

REZULTATY WSTEPNYCH BADAN NAD SYNTEZA
HYDROKSYAPATYTOW | ICH ZASTOSOWANIEM
W UZUPEELNIANIU UBYTKOW KOSTNYCH

Streszczenie

Po rozpoznaniu sktadu mineralnego i chemicznego koéci ludzi zmartych w wieku
od 13 do 86 lat podjeto probe syntezy apatytu w celu wytworzenia apatytowych,
porowatych, koéciopodobnych ksztattek, ktére nastepnie wszczepiono krélikom.
Syntez¢ apatytu wykonano w roztworach wodnych K,HPO, i KHCO, obnizajac
pH za pomoca HCI i zadajac roztworem CaCl,. Tak otrzymana mieszaning alkali-
zowano wodnym roztworem KOH utrzymujac stragcanie zelu fosforanowego w pH
6,4. Otrzymany Zel odwirowano i suszono, aby nastgpnie sproszkowaé go i poddaé
badaniom rentgenowskim oraz spektroskopowym w podczerwieni.

Stwierdzono, ze w zaleznoéci od warunkéw krystalizacji rézna jest wielko$é
krystalitow tworzgcego si¢ apatytu. Szybkie suszenie Zelu fosforanowego doprowa-
dzito do powstania apatytu o wartoéciach d,, bardzo zblizonych do apatytéw kost-
nych (fig. 1). Réwnoczeénie rozmycie poszczeg6lnych reflekséw wskazuje na to, ze
wielko$¢ krystalitow syntetycznego apatytu jest zblizona do wielkoéci krystalitow
w apatycie kostnym. Z badan w podczerwieni wynika, Ze pasma absorpcji otrzyma-
nego apatytu sa bardzo zblizone do pasm otrzymanych dla apatytu otrzymanego
z kodci cztowieka (fig. 2). g

Po wykrystalizowaniu i sproszkowaniu apatytu mieszano go w réznych propor-
cjach z dwoma rodzajami fosforanowego cementu dentystycznego oraz z krysztat-
kami syntetycznego halitu (ziarna 0,2—0,4 mm). Qtrzymano dwa typy porpwatyph
substancji fosforanowych barwy szarej i rézowej (fot: 11). Po odptukaniu halltp
i nadaniu ksztatltkom porowatosci wysterylizowano je i wszczepiono czterem kroli-
kom tej samej rasy (fot. 2, 3). Operacje wszcchieqia wykonano w narkozie dgly]-
nej Ketanestem firmy Parke-Devis. Pierwszemu krélikowi za{ozono wszcezep do jamy
szpikowej koéci udowej. Krolikom 2 i 3 wszczepy zatozono w rejon gbrnej przynasafl).'
piszcezeli. Krolikowi nr 4 wszezepu dokonano w okthp mlgdzyk(gt.arzov&fq kosci
udowej. Kolejno po 6 tygodniach, 6 miesigcach i ].3 mxcgacach 1(.1'011.](1 uéml'ercono,
a ko$ci wraz z wszczepami poddano badaniom histologicznym i mmeralogxcznym.

Z badan histologicznych wynika, Ze u kréllka} po 6-tygodmoyvym okresnc; gbset:-
wacji w okolicy wszczepu (fot. 4) wytwor;y}y si¢ masy martwicze. w CIZ]:Q;C'I gab-
czastej wokot wszezepu pojawily si¢ cienkie naczynia krwionosne. U k]r(01 ?w t(nr
2, 3) po 6-miesigcznym okresie obserwacji WsZCzep oto'czqny.byl_ cienkg wtfzrts \;v)ap
tkanki tgcznej za$ obwodowo widoczne byly liczne k.OmOI‘kl. w:elo;qdrzaste ( ot. mi
U krolika po 13-miesigcznym okresie obserwacji pomigdzy histocytami ?}icgsggcgta-
wszezep pojawity sig wiokna tkaﬁkil 14}((:2’00] (tfott. 6()f:o;rk?;1ka taczna wiokni
czata szerokim pasem wszczep hydroksyapatytu o) .

Odczyn na wgzczepiony hydroksyapatyt byt typowy dla ciat obg?ch tv}v(g;c])(wa*iiz-
nych do jamy szpikowej. Wszczep zostat qdlzo]owany przez otaczajqc?' ; zcwlasz-
na. Takie zachowanie wszczepu zwigzane jest ze s*a}?a‘lijtigo porowatoscig,

omieszkami cementu fosforanowego oraz halitu. : it .
cza;aélar:?a mineralogiczne pozwolity stwierdzi¢, Ze wszczepy nie zm.xe*m}iy sl\gOg;i?
sktadu chemicznego (fig. 3). U krolika nr 4, u ktorego wszczep wgaja :tqzawarto-
sigcy, obserwowano w strefie 2—3 mm wokol wszczepu nieznaczny Wzro
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§ci Zn (do 0,1%), co zwigzane jest z migracja tego pierwiastka z wszczepu zawiera-
Jjacego fosforan Zn w postaci cementu dentystycznego. y
Badania wykazaly, Zze¢ w dalszych pracach nalezy dazy¢ do wytworzenia synte-

tyku czysto apatytowego o znacznic wigkszej porowatosci.

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogramy rentgenowskie
/ apatyt syntetyczny (krystalizacjn 2 doby, temp. 40°C), 17— apatyt syntetyczny (krystalizacja 4 doby, temp.
20°C), 1l — apatyt naturalny, Koéé udowa chlopea 1, 13

Fig. 2. Krzywe absorpcji w podezerwieni
Dolna krzywa — apatyt syntetyczny, gérnn krzywan apatyt naturalny, Koéé udowa chlopea 1. 13

Fig. 3. Obraz wszczepu rozowego (krolik nr 4) wraz z wynikami polilosciowej analizy chemicznej
wykonanej mikrosondy clektronowy
/ kofé, 2 whzezep

OBJASNIENIA FOTOGRAFII

Plansza 1

Fot. 1. Ksztaltki wykonane z mieszaniny apatytu i cementu dentystycznego. A-typ I, B-typ 11

Fot, 2, l(!g, rzut a-p. Krolik nr 2 po szedciu miesigeach, Widoczny wszezep allogenny w okolicy
hlli‘,‘ilc'] przynasady piszezeli. Wokol widoczne lekkie rozrzedzenie struktury kostnej. Brak
radiologicznych cech pelnego wgojenia wszczepu., Obraz 1:1

Plansza 11

Fot. 3. Rig, rzut a-p. Kr(»_lik nr4 po 13 micsigeach, Widoczny wszezep allogenny w okolicy migdzy-
k krcl:u‘qu. Radiologiczne cechy wgojenia, Obraz 1:1
Fot. 4. Przekroj przez kodé udowq. Krolik nr 1 po 6 tygodniach,

/ ( Wszezep typu 11 w jamie szpiko-
wej. U dolu podzialka milimetrowa & : s

Plansza 111

Fot, §, 6-miesigezny okres obserwacji. Obfity odezyn histioeyt
qudr/k.'lslc. Pow. 40 x6,3. Barwienic h e de Colle
rzekroj przez okolicg mi¢dzykretarzow: Kr( iesi
arzowq. Krolik nr 4 po 13 miesigeach, Wszeze
(zaznaczony strzatka). U dolu podzialka milimetrowa : g

arny oraz komorki olbrzymie wielo-
Fot. 6,

Plansza 1V

Fot, 7. :3[-']“9".9,/“)/ okres uhscgwncji. W lewej czeéei mikrofotografii widoczny jest hydroksyapa-
YL na prawo — otaczajyca tkanka laczna, Pow. 40 x 10, Barwienie h-¢ de Colle

bozoan BAJIAC, Bapmaomeii KUTA, Mayeii ITABIIMKOBCKH, Becaas
11OCITYJIA :

PE3YJIBTATBI TIPEJABAPUTEJILHBIX UCCIENOBAHUN B OBJIACTU
CUHTE3A I'UJIPOKCUIIATIATUTOB M UX TNMPUMEHEHUSA
B IONOJIHEHUMN YBBITKOB KOCTEN

Pesiome

[Tocne uayuenmns Munepasbioro u xummueckoro COCTABOB KOCTEN JIIO/ICH, CKOH~
HaBIIMXCA B BO3pacte ot 13 n0 86 ser, npeanpunsro NOMBITKY CUHTE3a AlaTUTa
C HCJIBIO TIOJIYUCHHMS anaTHTOBLIX, MOPUCTBIX KOCTENOMOGHDIX (haconnbix dopm,
KOTOPBIC 34TCM UMIUTAHTUPOBAHO Kposmkam, CHHTES anaTuTa IPOBE/ICH B BOJIHBIX
pactsopax K,HPO,u KHCO,, ymensimas pH ¢ nomouipio HCI u J106aBIss pacTBop
CaCl,. Tax nosyueinas cmech nojyenaunBagach Boanbim pacrsopom KOH, yuep-
Hupadg ppinananue Qocharnoro rems npu pH=6,4. [Tosyyennpiit resan ueHTpu-
(byruposasica u npocymmpancs, 4To6n 3aTem NPEBPATUTH €O B MOPOLIOK M 110/~
BCPIHYTH PCHTICHOBCKMM M MK-CHICKTpOCKOIMYECKUM UCCIIGA0BAHMAM.

OGHAPYKEHO, YTO B 3aBUCHMOCTH OT YCIOBMA KPUCTAIIUZAIMKU TIOJIYHAIOTCA
PA3HLIC pasMeEpLl KpUCTAJINTOB 0bpasyiouierocs anatuta. Beicrpas npocyiika
(hocarioro ress npusesa x 06pazopanuio anaTUTa O 3HAYCHUN d)y, BECHMA OIH3-
Kum anaturam Kocreit (pur, 1). OAHOBPEMEHHO PAZMBITHE OTACHbLHBIX OTPAKCHUMA
YKA3BIBACT HA TO, YTO PA3MEPbI KPUCTAIUINTOB CUHTETUYECKOTO AlATUTA CONMAKEHBI
K pasMepam KpucTaiimTos B KoctHoMm anartute. M3 UK uccnepopanuit ciaenyer,
YTO 110JIOCKI TTOTVIOMICHUA TOJIYYEHHOIO anaTuTa OJIM3KK T0JIOCAM, TOJYHEHHBIM
JUISL AnaTuTa MeaoBeyeckux kocreit (pur. 2).

[Tocsie kpucTamm3aunm u U3MEILUCHHA ANATUT CMEIIMBAJICA B PA3HbLIX IPOHOP-
UUAX ¢ JiBymst posamu (pochaTHOro 3y6HOro LHEMEHTA, 4 TAKKE ¢ KPUCTAIUIUKAMM
ucekycrseroro ragmra (3epua 0,2—0,4 Mm). Bpuiy mosrydeHsl ABa THIIA TOPUCTOrO
(ocharnoro pemecrsa ceporo u  poszosoro usera (poro 1). Ilocne ypane-
HUSL Tajimta NpoMbIBKOR ¥ nipujanus (acoutbiM (popMam MOPUCTOCTU OHM CTE-
PUANZOBAIUCHL A 3aT¢M ObUIM MMIUIAHTUPOBAHLI YCTBLIPDEM KpOJIMKAM TAKON XKe
camoit mopoyibt (horo 2, 3). Onepanun UMIIAHTAIMN TIPEAMICCTBOBAIIO POBE/ICHHE
BHYTPUBEHHOIO Hapkosa kerarectom (pupmer Hapk-/lesuc. ﬂfpuomy KPOJIMKY MM-
TUTAHTAT BHEAPEH B KOCTHO-MO3IOBYIO MOJOCTH OeApeHHoM KOCTM.VKPOJIMKaM
2 M 3 UMITANTATEI BHEAPCHLI B paloH Bepxiero npusnudusa 6osbiioil Gepuopoi
kocty. Kposmky Ne 4 uMrurantaT BHEAPEH B MEKBEPTILYKHYIO OKPECTHOCTHL 6¢/1-
pennoit xocru. Cryers 6 Heieib, 6 u 13 Mecsues Kpoauku MooUepe/HO YMEPLIBIIs-
JIMCh, & KOCTH BMECTC C UMILIAHTATAMU TOJABEPIaJUCh UCTOJOIMYCCKUM U MUHC-

AJIOTUYCCKUM MCCIIC/IOBAHNSIM.
. J'l/l's I'MCTOJIOTMYCCKUX UCCIICIOBAHMI CIIC/IyeT, YTO Y KPOJUKA 10CINE 6-1{(?110)’14[;-
HOT'O 1eprojia HAGIIOACHNS B OKPECTHOCTH MMILJIAHTATA o§.!)'alaonaua0b on‘/lcp’; (l)!l(:‘.::::
sona (poro 4). B uHosapesaToil vactu BOKpYr MMIIJ[‘dIlld:rd IIOﬂBlleIM:'b Tomne
KpoBseHocHbie cocyanl. Y kposukon (Ne 2, 3) mocne ()-Mcc’ﬂ.wuoroucrr)g’an e
JICHWS MMILIAHTAT OKPYKCH Obul TOHKAM CJIOCM COCJLMIIMICJH)HOV’I. le(l:b&ro 5
NEPUMETPY 3aMETHLI ObUIM MHOIOYMCIICHHBLIC MHOIOAACPHBIC KJICGIK'MMHMOMMMP;
Y xposmka mocie 13-MecsuHoro cpoka HabIOJCHMA MEKY 9 ‘pd. a
UMILIAHTAT THCTOUMTAMM TIOSBUIINCE BOJIOKHA COCAMHMTCILHOM TKAHH ((])o’ m:
BostoxnueTas coeAMnuTebHas TKAHb WUPOKOH MOJOCOH okaiimMiIsIa UMIIAHT
rujpoxenanatuta (Gporo 7). a
ull;caxumn Ha MMm(ulurmpo)nzmubm rupokeuanaTuT Oblia THIMMHA UL MHOPO/L
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HBIX TEJI, BBEJCHHBIX B KOCTHO-MO3TOBYIO MOJIOCTh. VMIMILIAHTAT GBUI H301MPOBAH
OKpYXKAIOLIeH COeIMHUTENbHOM TKaHbIo. Takoe COXpaHEHME MMIUIAHTATA CBSI3aHO
CO CIa60# €ro IOPHCTOCTHIO, B YaCTHOCTH C npuMeckio (pochaTHOro neMeHTa,
a TaKXxe rajmra.

Munepanornyeckue nccnenoBanns mo3somn BBIABUTB, YTO MMIUIAHTATHI HE
HM3MEHIJIM CBOH XHMUYecKuit coctas (¢ur. 3). V kposmka Ne 4, y KOTOPOro UMILIaH-
TaT 3aKuBaJl 13 Mecsiues, B 30He 2—3 MM BOKPYI UMIIJIAHTaTa Ha6m011an005“ HE3Ha-
HYATEJILHOE yBeMMeHne conepxanns Zn (1o 0,1%), uTo cBa3ano ¢ MUTpAIMENd 3TOro
SJIEMEHTA M3 MMILTAHTATa, cofiepikaliero gochar Zn B Buae 3y6HOrO LIEMEHTA.

Wccnenosanust moxasamu, uro B JaJbHeWnX paboTax cireayeT CTPEMHTBCS
K CO3MaHHIO YHCTO amaTUTOBOIO CHHTETHYECKOTO NPO/IyKTa 3HAYUTEIBHO OOJIbILEH
IOPUCTOCTH.

OBBSICHEHUS K ®UTYPAM

@ur. 1. PenTreHosckue JADPaKTOrpaMMeI
I — uckyccrsennntit anatur (xpucTasmaanus 2 CYTOK, Temn. 40°C), JI — MCKYCCTBeHHBIN amaTHT (kpucTammm-
3auma 4 cyTok, Temm. 20°C), Il — ecrectBennnit anatut. Beapernas kocts noapoctka 13-netHero Bospacra
Pur. 2. UK-Kpusble mormomenus

Huxana xpueas — uckyccrsermbiii 40ATHT, BEPXHAA KPHBAA — ECTECTBCHHMIN anaTAT. Beapernas xocTs noa-
pocTka 13-netHero Bo3pacra

®ur. 3. Uzobpakenue PO30BOTO MMILTaHTaTa (Kposmk Ne 4) BmecTe ¢ Pe3yIeTaTaMu TOJTYKOJINYe-
CTBCHHOTO aHa/IM3a HA MHKDO30OHE
1 — xocte, 2 — HMIUIAHTAT

OBBSICHEHUS K DOTOI'PAPUSIM

Tabmaa 1

®oto 1. Paconnsie dbopmsl, cnenanube w3 cmecu anaTHTa ¥ 3y6HOTO HeMenTa. A — Ty IB—
THI 1T

D010 2. PeHTreHOBCKMi CHUMOK, npoekuns a-p. Kpormx Ne 2 IIECTE MECAIIEB CIyCTs. 3aMeTeH
UIOTCHHbIH MMIUIAHTAT B OKPECTHOCTH 6sm3mrero amidu3a 6oabimoi 6€epLoBoif KocTH.
Boxpyr 3amerHo HeGommmoe PA3pEKCHAC KOCTHOM CTPYKTYpHL. OrtcyTerue panuonorn-
HCCKUX NPHU3HAKOB IOJHOTO 32KUBJICHUS MMIUTAHTATA, W3o6paxenne 1:1

Tabmma 11
DoT1o 3. Penrrenopckuit CHAMOK.

Haku 3axuBienns. M306paxkenye 1:1

Doto 4. Paspes 6enpennoit ko, Kposmmk. Ne 1 mecrs, Henens cyets, UMmanTaT Tama I1 B KOCT-
HO-MO3roBo# monocru. Buusy macmra6 B MWUIAMETpax

Doto 5, 6-MeCcTIHEIH NEepUOn Habmonenus, ObwibHas TUCTOLMTApHAS PEaKLms, a Takke Orpom-

Doto 6. Paspes yepes MCAKBEDPTILYKHYIO OKPECTHOCTS, Kpomuk Ne 4 13 MecsAueB crrycts. UMmran-

TaT tana I (ormeven CTpenkoit). Buuszy macurra s MWUIMMETpax
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Tabmuua IV

@010 7. 13-MecavHbIH nepuon Habronenus. B neBoit yactu MuxkpoboTorpadbun 3ameren THOPOK-
CHIANAaTUT, Ha OPAaBO — OKPYX3IOLlasi COCAMHUTEIbHAS TKaHb. YBei. 40 x 10, Oxpacka
h+e de Colle

EXPLANATIONS OF PLATES

Plate 1

i i LA — I, B — type II
. 1. Cubes made from a mixture of apatite and dental_ cement. A4 type I, ]
g}}:g: é Rgdieograph, a-p view. Rabbit 2 after 6 months. VlSlbl.e_IS allograft in the metaphy§1al re-
W gion of tibia. Slight demineralization of bone texture visible all around. Lack of radiologic
traits of complete healing of graft. Full size scale

Plate II

Phot. 3. Radiograph, a-p view. Rabbit 4 after 13 months. Visible is allograft in the intertrochan-
teric region. Radiologic traits of healing. Full size scale ) !
Phot. 4. Section through femur. Rabbit 1 after 6 weeks. Type II graft in the medullary cavity.
Millimetre scale at the bottom

Plate III

Phot. 5. 6-month observation. Abundant histiocytes and giant polynuclear cells. 40 x 6.3. Dyeing
ith haematoxylin and de Colle eosin ;
Phot. 6. géction through intertrochanteric region. Rabbit 4 after 13 months. Type I graft (marked
with an arrow). Millimetre scale at the bottom

Plate IV

i ite is visi - ide, the enveloping
= ation. Hydroxyapatite is visible on the left hand side, 2
el égnrggc?twe (zizssfg on the right. 40 X 10. Dyeing with haematoxylin and de Colle eosin
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