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SUMMARY

The purpose of the présent work was to study the response of human periodontium to hydroxyapatite
biomaterial particles ( 180-200 ptm). The biomaterial was implanted in two infraosseous periodontal defects
(two patients) after clearing of the granulation tissue. At two months post-surgery, biopsies were studied
using light and électron microscopy. No sign of inflammation was observed, the biomaterial aggregates
were surrounded either by typical fibroblasts or larger phagocytotic cells with phagocytosis vesicles con-
taining biomaterial crystals. These intracellular crystals were noticeably smaller than the non-
phagocytized ones. Some of the phagocytized crystals showed morphological signs of intracellular dissolu¬
tion. The spaces between the crystals constitutive of the aggregates were filled with organic substance con-
taining collagen fibers.
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RÉSUMÉ

Le présent travail a pour but d’étudier la réponse du parodonte humain à des particules d’hydroxyapatite
de 180 à 200 ptm. Le biomatériau a été implanté dans deux poches parodontales infraosseuses (deux
patients) après élimination du tissu de granulation. Deux mois après l’intervention, des biopsies ont été
étudiées en microscopie photonique et en microscopie électronique. Aucun signe d’inflammation n’a été
décelé, les agrégats de biomatériau sont bordés soit de fibroblastes, soit de cellules phagocytaires, de taille
plus importante, avec des vésicules de phagocytose renfermant des cristaux de biomatériau. Ces cristaux
intracellulaires sont notablement plus petits que les cristaux non phagocytés. La morphologie de certains
cristaux phagocytés traduit l’existence d’une dissolution intracellulaire. Les espaces entre les cristaux cons¬
titutifs des agrégats sont comblés par une substance organique contenant des fibres de collagène.
MOTS-CLES: hydroxyapatite, biomaterials, periodontal defect, implant, microscopy

INTRODUCTION

Several surgical procedures are in use today for the
treatment of infrabony defects resulting from
chronic periodontitis (Schallhorn, 1977). Among
them, autografts seem to hâve the greater bone

regenerating properties (Cushing, 1969; Bowers et
al., 1982), however routine use of this procedure is
not feasible since a previous surgical operation is
needed. Since autogenous donor bone obtention is
limited, attempts hâve been made to find synthetic
substitute materials.
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In the last décades, efforts hâve been made to develop
bone implant materials composed of hydroxyapatite
and related calcium phosphates whose crystalline and
chemical composition is closely allied to the minerai
component of bone. Two major calcium phosphate
ceramics are currently investigated, hydroxyapatite
(HAP) Ca10(PO4)6(OH)2 and 0-tricalcium
phosphate (/3-TCP) Ca3(P04)2. They hâve been
characterized as biocompatible materials (de Groot,
1983) but the biological events occurring after
implantation of a calcium phosphate biomaterial are
not well understood yet. Even the simple documen¬
tation concerning the cell types involved in the host
response, which dépend on the implantation sites, is
far from complété. Histologie (Froum et al., 1982;
Moskow and Lubar, 1983; Baldock et al., 1985; ken-
ney et al., 1986; Stahl and Froum, 1986; Bowers et al.,
1986; Carranza et al., 1987; Stahl and Froum, 1987)
and ultrastructural (Ganeles et al., 1986; Frank et al.,
1987; Ogilvie et al., 1987) data concerning the
implantation of calcium phosphate biomaterials in
infrabony defects in human periodontium (although
available), are still uncomplete and controversial.
Moreover, data obtained from experimental bone
defects induced in animais (Nery et al., 1975; Boyne
and Fremming, 1982; Misiek et al., 1984; Boetto and
Freeman, 1984; Drobeck et al., 1984) cannot easily
be compared to those concerning chronic pro¬
gressive periodontitis in human.

The présent study was undertaken to evaluate some
of the histologie and ulstrastructural features con¬
secutive to the implantation of HAP particles in
patients presenting various degrees of periodontal
involvement.

MATERIALS AND METHODS

Implant material
HAP was prepared through a double décomposition
method already described elsewhere (Bonel et al.,
1989). Briefly, a solution of diammonium hydrogen
phosphate at pH>9 was slowly poured in a boiling
calcium nitrate solution. The hot precipitate was
filtered, dried at 70°C for nearly 12 hours and air
calcinated at 900°C for 3 to 4 hours. The resulting
material (Ca/P = 1.65 ± 0.01) was identified as
hydroxyapatite by X-ray diffraction and infrared
spectroscopy analysis.

The material was powdered in a mortar and sieved in
order to select particles ranging from 180 to 200 \xm.

Surgical procedure
Two volunteer patients presenting infraosseous max-
illary defects ranging from 8 to 12 mm deep were
involved in the study. Two sulcular incisions for
mucoperiostal flaps were performed under local
anaesthesia to expose the defect. The defect was
cleared of granulation tissue and the biomaterial par¬
ticles were placed within the confines of the osseous
walls.

At two months following surgery, the implanted site
underwent surgical re-entry, biopsies were preserved
and prepared for light and électron microscopy.

Samples préparation

Fight microscopy: part of the specimens were fixed
in Carnoy’s fluid, decalcified, embedded in paraplast,
sectioned and stained with hematoxylin-erythrosin.
Transmission électron microscopy: specimens were
fixed in 2% glutaraldehyde solution in cacodylate
buffer, post-fixed in osmium tetroxide and embedded
in méthacrylate. Undecalcified ultrathin sections per¬
formed with a Sorval Porter ultramicrotome were

examined with a Jeol 200 CX TEM.

RESULTS

Light microscopy findings
Decalcified sections observed in light microscopy
showed no evidence of inflammatory response of the
gingival corium. The aggregates were found sur-
rounded either by lining fibroblasts either by larger
cells packed along the surface of the biomaterial. In
some cases, both kinds of cells were observed lining
different areas of the particle surface (Figs 1-2). In
the vicinity of gingival épithélial crests, the
bioceramic aggregates were surrounded by épithélial
cells (Fig. 3).

Electron microscopy findings
In agreement with the histological findings, different
kinds of cells were seen lining the biomaterial
aggregates :
— in places, the aggregates surface or part of it was in

contact with typical elongated fibroblasts presen¬
ting rough endoplasmic réticulum. The cells were
separated by an organic substance containing col-
lagen fibers. The fibroblasts were not observed in
direct contact with the aggregate but were always
separated from it by an intervening layer of dense,
granular organic material (Figs 4-5);
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Fig. 1 : Connective tissue surroun-

ding hydroxyapatite aggregates or
fragments of different sizes (H). No
inflammatory cells are présent.
(Decalcified section, x 800).
Fig. 1: Tissu conjonctif entourant des
agrégats d’hydroxyapatite fou des
fragments) de différentes tailles (H).
Noter l’absence de cellule inflam¬
matoire.

(Coupe décalcifiée, x 800).

Fig. 2: Elongated fibroblasts (F)
and larger cells (C) covering an
hydroxyapatite aggregate (Fî).
(Decalcified section, x 1,600).
Fig. 2: Fibroblasts fusiformes (F) et
cellules de plus grande taille (C) bor¬
dant un agrégat d’hydroxyapatite (Fl).
(Coupe décalcifiée, x 1.600).

Fig. 3: Flydroxyapatite aggregate
(and fragments) in the vicinity of
épithélial crests (CR). Epithelial
cells (EC) surrounding an aggregate
(FI).
(Decalcified section, x 500).
Fig. 3: Agrégats (et fragments)
d’hydroxyapatite au voisinage des
crêtes épithéliales (CR). Cellules
épithéliales (EC) bordant un agrégat
m
(Coupe décalcifiée, x 500).
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Fig. 4: Fibroblasts (F) lining the surface of an
hydroxyapatite aggregate (Fi). Fibroblasts are
separated by an organic material (OM).
(TEM. Undecalcified section, x 13,000).
Fig. 4: Fibroblastes (F) bordant la surface d’un agrégat
d’hydroxyapatite (Fl). Les fibroblastes sont séparés les
uns des autres par du matériel organique (OM).
(MET. Coupe non-décalcifiée, x 13.000).

Fig. 5: Fibroblasts exhibiting abundant rough
réticulum (RR). Note the intervening layer of
organic material (OM) between the cell and the
aggregate surface.
(TEM. Undecalcified section, x 30,000).
Fig. 5 : Fibroblaste présentant un réticulum rugueux
(RR) développé. Noter la présence d’une couche de
matériel organique (OM) entre la cellule et la surface
de l’agrégat.
(MET. Coupe non-décalcifiée. x 30.000).

Fig. 6 : Phagocytotic cell at the surface of an hydrox¬
yapatite aggregate (Fi). The cytoplasm is packed
with mitochondria (M) and contains numerous
phagocytosis vesicles (PV) enclosing hydrox¬
yapatite crystals. Some crystals (C) are sticked to
the cell membrane.
(TEM. Undecalcified section, x 20,000).
Fig. 6: Cellule phagocytaire à la surface d’un agrégat
d’hydroxyapatite (H). Le cytoplasme est envahi de
mitochondries (M) et contient de nombreuses vésicules
de phagocytose (PV) renfermant des cristaux d’hydrox¬
yapatite. Quelques cristaux (C) adhèrent à la
membrane.

(MET. Coupe non-décalcifiée. x 20.000).
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Fig. 7 : Hydroxyapatite crystals within phagocytosis
vesicles. Note the smaller size of the
intraphagosomal crystals (IC) compared to the non-
phagocytized ones (extracellular crystals: EC).
(TEM. Undecalcified section, x 25,000).
Fig. 7: Cristaux d’hydroxyapatite à l’intérieur d’une
vésicule de phagocytose. Noter la taille réduite des
cristaux intraphagosomaux (IC) par rapport aux
cristaux non-phagocytés (cristaux extracellulaires: EC).
(MET. Coupe non-décalcifiée. x 25.000).

8

Fig. 8: Phagocytotis vesicle containing crystals of
different sizes.

(TEM. Undecalcified section, x 50,000).
Fig. 8: Vésicule de phagocytose renfermant des cristaux
de taille différente.
(MET. Coupe non-décalcifiée. x 50.000).

0.2 fim

Fig. 9: Enlargement of the crystal indicated by an
arrow on figure 8. This crystal is undergoing an
intracellular dissolution.
(TEM. Undecalcified section, x 800,000).
Fig. 9: Agrandissement du cristal indiqué par une
flèche sur la figure 8. Ce cristal subit une dissolution
intracellulaire.
(MET. Coupe non-décalcifiée. x 800.000).
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Fig. 10: Hydroxyapatite aggregate
prior implantation.
(TEM. Undecalcified section,
x 16,500).
Fig. 10: Agrégat d’hydroxyapatite
avant implantation.
(MET. Coupe non-décalcifiée.
x 16.500).

Fig. 11: Peripheral part of an

implanted aggregate. Note the
loosening of the crystals when com-
pared to figure 9 and the presence of
invading organic substance.
(TEM. Undecalcified section,
x 16,500).
Fig. 11: Partie périphérique d’un
agrégat implanté. Noter la densité
réduite des cristaux par rapport à la
figure 10 et l’infiltration des espaces
intercristallins par une substance
organique.
(MET. Coupe non-décalcifiée.
x 16.500).

Fig. 12: Granular organic substance and collagen fibers (CF)
invading the spaces between the aggregate crystals.
(TEM. Undecalcified section, x 65,000).
Fig. 12: Substance organique granuleuse et fibres de collagène (CF)
envahissant les espaces intercristallins.
(MET. Coupe non-décalcifiée. x 65.000).

Correspondance: I. Orly, Inserm U225. Faculté de Chirurgie
Dentaire, Place Alexis Ricordeau, 44042 Nantes, Cedex 01,
France.
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— in other places, the aggregate was lined by larger
cells with a great number of mitochondria packed
in the cytoplasm, some vacuoles and numerous
vesicles containing ceramic crystals. The cells were
observed closely layered onto the surface of the
aggregate without any intervening organic mate-
rial. In some places, crystals at the surface of the
aggregate were sticked to the cell membrane,
visibly undergoing an internalization process
(Fig. 6). Most of the crystals présent within the
phagocytosis vesicles were noticeably smaller than
the crystals of the adjacent aggregate (Fig. 7),
some of them showed signs of intracellular disso¬
lution (Figs 8-9).

Whatever the implantation site area, the packing of
crystals at the periphery of the aggregate was looser
than that observed on non-implanted aggregates
(Figs 10-11). Spaces between crystals were filled with
an organic substance containing collagen fibers
(Fig. 12).

DISCUSSION

It is admitted today that calcium phosphate biocera-
mics are clinically well tolerated (Nery and Lynch,
1978; Yukna et al., 1984; Meffert et al., 1985; Kenney
et al., 1985; Greenstein et al., 1985; Louise et al.,
1987). Histological Controls in human hâve demons-
trated that the inflammatory response to the
implants may be disregarded (Froum et al., 1982;
Moskow and Lubarr, 1983; Piecuch and Fedorka,
1983; Baldock et al., 1985; Kenney et al., 1985; Ken¬
ney et al., 1986; Stahl and Froum, 1986; Bowers et al.,
1986; Carranza et al., 1987; Stahl and Froum, 1987).
Our results corroborate these data and emphasize a
great diversity of the interface between the biomate-
rial aggregates and the living tissues.
One of the most interesting features emerging from
the présent study is the presence of phagocytotic cells
which seem to be very spécifie from both morpholo-
gical and functional points of view. In spite of their
intensive phagocytosis-turned activity, on a morpho-
logical basis, these cells cannot be identified as cells
currently involved in phagocytosis processes such as
macrophages or giant cells.
The cells observed in our study seem to be morpho-
logically quite similar to those already described as
osteoclasts by Ogilvie et al, 1987. However, in our

opinion, they do not fit several criterions considered
as typical features for osteoclasts (Bourne, 1972; Hol-
trop and King, 1977): they were sometimes located
in areas quite distant from bone while regular

osteoclasts are always found in close vicinity to bone;
they did not hâve any brush border; multinucleated
cells were not observed; the number of crystal-
containing phagocytosis vesicles was unusual since
the osteoclastic function is more especially aimed to
extracellular dissolution of the minerai through aci-
dic and enzymatic processes.

In our opinion, these cells seem to be spécifie and
could be a direct conséquence of the presence of the
implant. This hypothesis, suggesting an action of cal¬
cium phosphates on the différentiation status of the
cell, is supported by in vitro studies showing that cell
activity of different cell types is modified conse-
quently to calcium phosphates phagocytosis (Evans
et al., 1984a; Evans et al., 1984b; Cheung and
McCarty, 1985; Borkow et al., 1987; gregoire et al.,
1987; Gregoire et al., 1989; Orly et al., 1989).
These results definitely confirm that hydroxyapatite
cannot be regarded as a completely non-resorbable
biomaterial. The decreased density of the crystals
located at the periphery of the aggregates, the pha¬
gocytotic cells described in the présent study and the
intracellular dissolution of hydroxyapatite biomate¬
rial presented, to our knowledge, for the first time,
illustrate the classical sequence of events supposed to
occur in the dégradation process of calium phosphate
biomaterials: an extracellular dissolution step leading
to the release of individual crystals or groups of
crystals and allowing for phagocytosis and consecu¬
tive cell-mediated résorption (de Groot, 1980; Klein
et al., 1983; Klein et al., 1984).
The présent study emphasizes the complexity of the
periodontal environment and suggests the occur¬
rence of a spécifie response of the periodontium to
calcium phosphate implants, involving possible cell
différentiation processess.
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