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Adults Sprague-Dawley rats were implanted with porous hydroxyapatite 
(Interpore 200®), following a procedure different from that of Kawaguchi et al 
(1992). Instead of implanting hydroxyapatite (Ha) in periodontal osseus defects, 
we introduced Ha-implants in the hypodermis of rats. Animals were sacrificed 
on days 30, 90 and 150 (six in each stage). The interface between the Ha and 
connective tissue was studied by transmission electron microscopy, with the aim of 
understanding the biocompatibility and mechanisms of union of both parts. 
The connective tissue reaction to the Ha implant was characterized by fibro-
vascular proliferation, with abundant fibroblasts, macrophages, multinucleated 
giant cells, and by the formation of a capsule surrounding the implant. The multi
nucleated giant cells were observed in the interface along all stages and exhibited: 
a) a progressive increase in mitochondria, ribosomes, rough endoplasmic 
reticulum and vesicles containing particles of Ha; and b) an electronlucent mate
rial of variable aspect in vesicles contained in their cytoplasmic expansions. The 
prominent cytologic aspects of the multinucleated giant cells in the juxta-Ha zone 
may indicate that both, the biocompatibility and the intimate union between 
connective tissue and Ha, are strongly dependent on the presence of these cells. 
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I N T R O D U C T I O N 

The successful utilization of porous hydroxy
apatite (Ha) in the correction of bone mal
formations and defects gives to this material 
an undeniable therapeutic value (1, 6, 8). 
Although bone tissue or Ha implant are 
usually utilized for this type of implant, it is 
inevitable that these grafts should be in 
contact with or will be invaded by connec
tive tissue (CT). Any eventual inflammatory 
or foreign body reaction will be readily seen 
in the soft tissue. The histologic changes of 
the CT towards Ha implants are basically 

expressed by a fibrovascular proliferation, 
containing abundant fibroblasts, macro
phages, multinucleated giant cells (MGC) 
and a collagen connective capsule surround
ing the implant (4, 10). 

The aim of this study was to inquire on 
the multiple reactions of CT to Ha implants 
in the rat, with emphasis on the ultrastructu
ral aspects of the MGC involved in the pro
cess. We believe that the striking cytologic 
changes we observed in the interface may 
help to explain the biocompatibility of the 
whole system, including the union of the CT 
to the Ha-implant. 
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M A T E R I A L AND M E T H O D S 

Interpore 200®, a product of Interpore Inter
national (Irvine, CA, USA), consists of a 
marketed porous Ha, obtained from coral 
skeletons by means of a hydrothermic treat
ment (15). This porous microcrystalline 
implant is described as a bioactive, non-de-
gradating, unabsorbable, non-toxic material 
with osteoconducting capability (1, 5, 21). 

Small fragments of this material were 
surgically implanted into the hypodermis of 
the back of 20 adult female Sprague-Dawley 
rats (weighing around 300 g). Tissue speci
mens were obtained from the three implants 
performed in each of the six animals, sacrific
ed on days 30, 90 and 150. For control 
purposes, two additional rats were sacrificed 
on days 15 and 360. 

The blocks of tissue were fixed in 3% 
glutaraldehyde for 4 hours and overfixed for 
90 minutes in 2% osmium tetroxide and then, 
included in Epon 812. Ultrathin sections 
grids for transmission electron microscopy 
were stained with uranyl acetate and lead 
citrate and observed in a Zeiss 109 electron 
microscope. Sections of 1 m thickness for op
tical microscopy were stained with methylene 
blue and hematoxylin-eosin. Observations 
and photomicrographs were performed by 
means of a Nikon Labophot using a Kodak T 
max 100 film. 

R E S U L T S 

30-day implants. They were surrounded by 
a fine fibrous capsule. Connective-vascular 
stalks were seen invading the cavities of the 
porous material, showing many fibroblasts 
and macrophages in different stages of de
velopment (Fig IA, B). Numerous MGC, 
with chromophobic or finely vacuolated 
cytoplasm and a profuse number of vesicular 
nuclei, were disposed close to the surface 
of the cavities of the Ha. A conspicuous 
chromophilic band was observed in close 
relationship with the surface of the implant, 
sending thin extensions that invaded the 
microducts present in the Ha (Fig IB). The 
study with transmission electron microscopy 
showed that this peripheral band correspond
ed to a finely granular and filamentous 

cytoplasm, containing abundant mitochon
dria, some profiles of rough endoplasmic 
reticulum (RER) and Ha particles (Fig 1C). 
This band showed also many filopodes 
extending in various directions (Fig ID). 

90-day implants. The surrounding connec
tive capsule showed increased fibrosis, 
which was connected with the fibrovascular 
stalks that were located preferentially at the 
center of the holes or tunnels of Ha (Fig 2A). 
In between these stalks and the walls of the 
tunnels, a rich cellular population persisted, 
including fibroblasts in different stages of 
maturity, plasma cells, and a profusion of 
macrophages, some of them of large size, 
with huge phagosomes filled with Ha 
particles (Fig 2B). MGC showed large nuclei, 
mitochondria and vacuoles, containing either 
electronlucent material or Ha part icles 
(Fig 2C). 

The above described juxta-Ha cytoplasmic 
band was wider, more chromophilic and 
neater than that observed at 30 days (Fig 
2D), showing an increased number of mito
chondria and vacuoles filled with either elec
tronlucent or fine granular material (Fig 3A). 

150-day implants. The external capsule and 
the fibrovascular stalks attained greater 
definition and maturity (Fig 3B). The cellular 
population was mainly composed of fibro
blasts and large macrophages containing 
voluminous phagosomes with particulated 
Ha. Plasma cells were also numerous. The 
MGC had reached a strikingly large size and 
had more nuclei (Fig 3B). The chromophilic 
cytoplasmic band was neater, and showed 
more vacuoles containing either homo
geneous or finely granular material, or Ha 
particles. Profiles of RER cisternae and 
clusters of ribosomes were also present 
(Fig 3C). 

15- and 360-day implants. Two additional 
rats were sacrificed on these days to reach a 
better understanding of the role of the MGC 
in the whole process. At 15 days, several 
MGC were already present and also some 
epithelioid-like cells were observed (Fig 3D). 
At 360 days, the MGC continued to be in 
close contact with the surface of the Ha 
(Fig 3E). 
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Fig 1. 30-day implants. A. Connective-vascular stalks (Cvs) inside the pores and spaces of hydroxyapatite frame (Ha). A 
segment of the external fibrillar capsule (C) is shown. It is noteworthy that the contact between Ha and the connective-vascular 
stalks is optimal. Optical microscopy. 40 X, original enlargement. B. Hydroxyapatite connective tissue interface. Conspicuous 
cytoplasmic chromophi l ic band in close contact with hydroxyapati te (Ha) showing branching projections from the 
multinucleated giant cells (G) into microducts of the frame (arrows). CT: connective tissue. Optical microscopy. 400 X. 
original enlargement. C. Cytoplasmic interface band-hydroxyapatite. Many mitochondria (M) and clusters of particulated 
hydroxyapatite (Ha) are shown within this band. TEM. 12,000 X, original enlargement. D. Magnified view of interface 
hydroxyapatite (Ha) adjoined band that shows branches of this band projected into the microducts of the frame (arrows). 
Clusters of ribosomes (R) and external filopodes (F) also shown. TEM. 20,000 X, original enlargement. 
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DISCUSSION 

Several authors have described the main 
histologic aspects of the interface between 
the Ha implant and the CT or bone, stressing 
the presence of MGC (1, 4, 5, 6, 21). Never
theless, the role of these cells in establishing 
a close grasp with the implant and a derived 
biocompatibility has not been defined. We 
focused our study mainly on the cytologic 
features of the MGC, which may explain its 
possible functional role in the success of the 
implant (1, 2, 6, 10, 17, 18). 

The CT reaction to the implant at 30 days 
can be described as of a granulation tissue in 
the early stage of the healing process, with 
the presence of MGC of foreign type and a 
fibrillar enwrapping capsule that spreads 
through connective vascular buds into the 
pores and tunnels of the implant. Lately (at 
90 and 150 days) the reaction becomes 
mature and fibrotic. This reaction is equiv
alent to a cicatrization process. 

The great cellular density around the Ha-
implants was particularly striking at 90 and 
150 days, showing abundant fibroblasts and 
many large macrophages with bulky phago
somes, filled with Ha particles. Therefore, 
it appears that the CT maintains reactional 
foci of cellular proliferation, which might 
be interpreted as a defensive reaction, finally 
yielding a cicatrization process, with the 
eventual absorption of the implanted ma
terial. 

The presence of plasma cells in the reac
tive tissue increases with time, and suggests 
that some kind of immune response might be 
involved. This point is of great interest, since 
it is similar to the events recently found in 
silicone implants. In fact, although once 
thought to be inert, silicone implants induce 
chronic inflammation and strong immune 
responses which probably are of autoimmune 
nature and eventually might be considered as 
monoclonal gammapathies. Therefore, the 
implants of apparently inert material could 
produce not only local inflammatory re
actions, but also systemic consequences, 
which should be carefully investigated in the 
future (14). 

The studies of Kawaguchi et al (6) were 
concerned with Ha implants in periodontal 

osseus defects. These authors stressed that 
the occurrence of MGC is one of the striking 
histologic features of the cellular reaction of 
bones against an Ha- implant. It is widely 
accepted that these cells are derived from the 
fusion of specialized macrophages, which are 
known as epithelioid cells (9, 17, 18). In our 
study, the large size and the increasing 
number of nuclei of these cells (Figs 2D and 
3B) strongly suggests that the MGC are in 
a very active state. These MGC can be dif
ferentiated from the osteoclasts by the ab
sence of ruffled-border, specific granules 
and by the lack of an osseus structure for 
their support (2, 3, 6, 12, 16, 19). Moreover, 
the presence of numerous mitochondria, 
abundant RER, ribosome clusters, inclusions 
of Ha-particles and vesicles containing mate
rial of variable electronlucence, shows that 
they are very active cells, in an evident stage 
of biosynthesis of substances with endocytic 
activity (Figs 2C and 3C). 

Another important feature of the MGC is 
the cytoplasmic chromophilic band, inti
mately in contact with the surface of Ha, 
sending extensions to the microducts of the 
Ha-frame. This strongly stained band be
comes more neat and chromophilic with 
time, and shows an increasing content of 
mitochondria, RER, ribosomes and vesicular 
structures containing sometimes particles of 
Ha, while others have a substance of homo
geneous or granule-fibrillar aspect inside 
(Figs 3A and 3C). These vesicles are either 
a cellular secretion or necrobiotic material 
(13). 

The term "biocompatibility" has been 
defined as the ability of an alien material to 
induce an appropriate host response in each 
specific application (20). We believe that the 
cytoplasmic band already described in the 
MGC, through its veiled expansions, may be 
important in establishing a firm grasp with 
the implant (Fig 2D). It is attractive to specu
late that several cytokines, some hydrolytic 
enzymes, and even interleukin I, may be 
produced in this area (6, 7, 9, 17), helping to 
the biocompatibility of the implant. Such 
biocompatibility, based on the persistence 
and modulation of cytological structures, was 
observed both in the study of Kawaguchi et 
al (6) and in this investigation. 
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Fig 2. 90-day implants. A. Wrapping fibrillar capsule (C) and vascular connective content (CT) inside a space of the hydro
xyapatite (Ha) frame. G: multinucleated giant cell. Optical microscopy. 200 X, original enlargement. B . Fibroblasts (F), two 
plasma cells (P) and a large macrophage (M) containing huge phagosomes with hydroxyapatite particles, localized inside a 
space of the Ha-frame. TEM. 3,000 X, original enlargement. C. Segment of a multinucleated giant cell apposed to 
hydroxyapatite (Ha). The cell contains two nuclei (N), clusters of ribosomes (R). many mitochondria (M) and several vesicles 
(V), some of them containing an electronlucent material and others, particles of hydroxyapatite. TEM. 7,000 X, original 
enlargement. D. Very large multinucleated giant cell (G) continuous to a striking chromophilic cytoplasmic juxta hydro
xyapatite band (arrows). CT: connective tissue; Ha: hydroxyapatite. Optical microscopy. 400 X, original enlargement. 
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Fig. 3. A. 90-day implant. Cytoplasmic juxta hydroxyapatite stalks. Numerous mitochondria (M), clusters of ribosotnes (Ri 
and several vacuoles (V) with electronlucent material of various aspects. Ha: hydroxyapatite. TEM. 20,000 X. original 
enlargement. B. Topographic aspect of 150-day implant. A more mature and fibrous surrounding capsule (C) with intra frame 
stalks is shown. G: multinucleated giant cell; Ha: Hydroxyapatite; CT: connective tissue. Optical microscopy. 100 X, original 
enlargement. C. 150-day implant. Cytoplasmic band juxta hydroxyapatite. Mitochondria (M) and several vesicles, some of 
them containing particles of hydroxyapatite (Ha) and others, electronlucent material either homogeneous (V,) or participated 
(V 2 ) . Profiles of rough endoplasmic reticulum (R) and filopodes (F) also shown. TEM. 20,000 X, original enlargement. D. 
15-day implant. Assembling epithelioid cells (arrows) forming a multinucleated giant cell (G). Ha: Hydroxyapatite; CT: 
connective tissue. Optical microscopy. 400 X, original enlargement. E. 360-day implant. Multinucleated giant cell (G) close to 
the frame of hydroxiapatite (Ha). CT: conective tissue. Optical microscopy. 400 X, original enlargement. 



Biol Res 29: 361-367 (1996) 367 

A C K N O W L E D G M E N T S 

We would like to thank Drs Bruno Giinther 
and Francisco Aboitiz for reading and 
reviewing this manuscript. This work was 
supported by grant 1931057 from FONDE-
CYT, Chile. 

R E F E R E N C E S 

1. C A R R A N Z A F A . K E N N E Y E B , L E K O V 1 C U, 
TALAMANTE E, VALENCIA J, D1MÍTRIJEV1C B 
(1987) Histologic study of healing of human periodontal 
defects after placement of porous of hydroxyapatite 
implants. J Periodontol 58: 682-688 

2. COMOGLIO PM, OTTINO G, CANTINO D (1971) Ex
perimental study on development and behaviour of the 
multinucleated giant cells in vitro. J Reticuloendothel 
Soc 9: 397-408 

3. DERSOT JM, SAFFAR JL (1994) A study of the 
multinucleated giant cells elicited by hydroxyapatite 
implantation. J Parodontol DTmplantol Orale, Abstracts 
Europerio 1: 6.3 

4. D R O B E C K HP, R O T H S T E I N SS, G U M A E R KI. 
SHERER AD. SLIGHTER RG (1984) Histologic obser
vations of soft tissue responses to implanted multifacet-
ed par t ic les and discs of hydroxylapa t i t e . J Oral 
Maxillofac Surg 42: 143-149 

5. E L - D E E B M, H O S N Y M. S H A R A W Y M (1989) 
Osteogenesis in composite grafts of allogenic demin-
eralized bone powder and porous hydroxylapatite. J 
Oral Maxillofac Surg 47: 50-56 

6. K A W A G U C H I H. O G A W A T, S H I R A K A W A M. 
O K A M O T O H. AKISAKA T (1992) Ultrastructural 
and ullracytochemical characteristics of multinucleat
ed cells after hydroxyapa t i t e implanta t ion into rat 
periodontal tissue. J Periodont Res 27: 48-54 

7. KELLY JD. SCHNEIDER GB (1991) Morphological 
h i s tochemica l compar ison of the cells el ici ted by 

ectopic bone implants and tibial osteoclasts. Am J Anat 
192: 45-54 

8. KENT JN, QU1NN JH, Z1DE MF, G U E R R A LR, 
B O Y N E P Jr (1983) Alveolar r idge augmenta t ion 
using nonresorbable hydroxylapatite with or without 
autogenous cancellous bone. J Oral Maxillofac Surg 41 : 
629-642 

9. MARIANO M, SPECTOR WG (1974) The formation 
and properties of macrophages polykarions (inflam
matory giant cells). J Pathol 113: 1-19 

10. MISIEK DJ, KENT JN, CARR RF (1984) Soft tissue 
responses to hydroxylapat i te part icles of different 
shapes. J Oral Maxillofac Surg 42: 150-160 

11. O ' N E A L RB, SAUK JJ, S O M E R M A N MJ (1992) 
Biological requirements for material integration.) Oral 
Implant 18: 243-255 

12. POPOFF SN, MARKS SC (1986) Ultrastructure of the 
giant cell infiltrate of subcutaneously implanted bone 
particles in rats and mice. Am J Anat 177: 491-503 

13. RAFF MC (1996) Death wish. The Sciences 36: 36-40 
14. ROSE NR. POTTER M (1995) The silicone contro

versy: towards a resolution. Immunol Today 16: 459-
460. 

15. ROY DM, LINNEHAN SK (1974) Hydroxylapati te 
formed from coral skeletal carbonate by hydrothermal 
exchange. Nature 247: 220-222 

16. SCOTT BL (1967) The occurrence of specific cyto
plasmic granules in the osteoclast. J Ultrastruct Res 19: 
4 1 7 - 4 3 r 

17. SMETANA K (1987) Multinucleate foreign-body giant 
cell formation. Exp Mol Pathol 46: 258-265 

18. SMETANA K, SULC J, KRCOVA Z (1987) Physico-
chemical aspects of the giant multinucleate cell forma
tion. Exp Mol Pathol 47: 271-278 

19. VAES G (1988) Cellular biology and biochemistry 
mechanism of bone resorption. Clin Orthop Relat Res 
231 : 239-271 

20. WILLIAMS DF (1987) Definitions in Biomaterials . 
Progress in Biomedical Engineering, vol 4. Amsterdam: 
Elsevier, pp 9-44 

21 . YAMASAKI H. SAKAI H (1992) Osteogenic response 
to porous hydroxyapatite ceramic under the skin of 
dogs. Biomaterials 13: 308-312 




