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Tricalcium phosphate endosseous implants
in dentistry: ultrastructural findings
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SUMMARY

B-Tricalcium phosphate magnesium substitued (3-TCMP), consisting of one part small unsintered and
one part large sintered granules was placed in upper and lower jaw surgical cavities of monkeys. At light
and transmission electron microscope the biopsies taken at 2, 4, 8 and 24 weeks showed that both sintered
and unsintered granules were well tolerated by the host tissue and result biodegradable over time.
B-TCMP may stimulate the direction of bone growth enhancing osteoblasts activity and new bone deposi-
tion in direct contact and in the micropores of the biomaterial. 3-TCMP containing Mg ions reabsorbs
slowly when in sintered granules form and rapidly as unsintered granules. When it is placed in bone
cavities, if bone reabsorption is biologically necessary, the biomaterial can be reabsorbed with bone, while
if osteogenesis is required 3-TCMP provides a more durable matrix to support new bone growth.

KEY WORDS:

Tricalcium Phosphate — Endosseous Implants — Oral Surgery — Bone Regeneration — Ultrastructure.

RESUME

Le 5-phosphate tricalcique contenant a ions Mg (3-TCMP) et constitué a parts égales de fins granules non
frittés et de larges granules frittés, est introduit dans des cavités chirurgicales pratiquées dans les maxillai-

res supérieurs et inférieurs de singes.

Des biopsies pratiquées a 2, 4, 8 et 24 semaines ont été examinées au microscope optique et électronique a
transmission.

Les granules frittés et non frittés sont bien tolérés par les tissus hotes et sont biodégradés avec le temps.

Les observations histologiques montrent aussi que le 3-TCMP peut orienter la direction de la croissance
osseuse en stimulant I’activité des ostéoblastes et le dépot d’os nouveau aussi bien autour des biomatériaux
que dans leur micropores. Le 3-TCMP contenant les ions Mg est réabsorbé lentement lorsqu’il se présente
sous la forme de granules frittés, et rapidement lorsqu’il est sous la forme de granules non frittés.

Lorsqu’il est introduit dans les cavités osseuses, si la réabsorption osseuse est biologiquement nécessaire, le
biomatériau peut étre réabsorbé avec I’os, tandis que si c’est ’'ostéogenése qui est sollicitée, 3-TCMP four-
nit une matrice durable comme support a la croissance d’os nouveau.
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The samples taken after 24 weeks evidenced remodell-
ing bone tissue uniformly distributed throughout the
cavity. Isolated sintered granule residues were,
however, still present (Fig. 15).

DISCUSSION

Sintered and unsitered B-TCMP granules are well
tolerated by the host tissues: at 2 weeks the
endosseous cavities filled with the biomaterial pre-
sent a slighly inflammatory infiltrate characterised
by few polynucleate cells and macrophages. In accor-
dance with previous research (Levin et al., 1974a;
Cameron et al., 1977; Klein et al., 1985; Barney et al.,
1986; Franchi et Ruggeri, 1989), these cells disappear
almost completely after only 4 weeks. In this study
the sintered B-TCMP granules were absorbed over a
period of 2 to 24 months (see also Cutright et al.,
1972; Ferraro, 1979), while the unsintered granules,
being small and thus easily phagocytized (Pizzofer-
rato, 1979), were reabsorbed completely within 8
weeks. The micropores of the sintered granules were
occupied by a network of cytoplasmic processes of
the phagocytizing cells, fibroblasts and other mesen-
chymal cells as well as other organic material
including collagen fibrils and glycoproteins. Each
granule 1s riddled with a network of canals 40-50 nm
in diameter which link up with the larger
micropores: this intercommunicating network
appears invaded by cells, collagen fibrils and
macromolecules. This colonized network increase
considerably the active surface area of each 3-TCMP
granule which is in contact with the newly formed
pernmplant tissue.

After 4 weeks the granulation tissue around the
granules has becomed a fibrous connective tissue
with characteristic dense collagen fibril bundles lying
parallel to the surface of the sintered 3-TCMP
granules. Between these fibrils a few blood vessels are
observed along with numerous mature fibroblasts
and active protein-synthesising ostoblasts are present
lying on the granule surface. After 8 weeks the last
traces of usintered powder appear near the newly
formed bone trabeculae. The sintered granules at the
centre of the cavity are surrounded by osteoid and
new bone tissue. The granules nearest the host bone
are completely englobed in bone lamellae which
impinge directly upon the sintered B-TCMP surface.
Like other biomaterials (Williams, 1987; Ganales et
al., 1986), B-TCMP is confirmed as susceptible of
biointegration also by the presence of calcitied col-
lagen fibrils in the porous network of each granule.

The fact that the bone growth front moves from the
periphery towards the centre of the cavity is a
demonstration that 8-TCMP does not induce new
bone formation by activating undifferentiated cells
(Urist and Strates, 1973), but rather acts as an
«osteoconductor » or «osteostimulator» of already
differentiated cells. Similar research on the effect of
biodegradable materials (Getter et al., 1972; Levin et
al., 1974a; Meffert et al., 1985) suggests that
physiological bone reabsorption is slowed on
account of the presence of the biomaterials. More
probably, infact, collagen matrix production is
enhanced in the presence of Ca, PO, and Mg ions
released by the B-TCMP granules. This material in
fact 1s produced by heating biological apatites and
furthermore contains Mg ions (Baravelli ez al., 1984),
a natural component of all bone which regulates the
precipitation of hydroxyapatite crystals in some
calcification processes (Jense and Rowles, 1957; Le
Geros, 1974; Gron and Campen, 1967; Bigi et 4l.,
1980; Williams, 1987).

An environment saturated with these ions will pro-
vide accelerated precipitation of mineral ions into
the matrix, thus promoting centripetal calcification
from the bone border at the outer edges of the cavity
towards the centre. Evidence of B-TCMP’s
osteogenic properties is the early appearance of
calcification nuclei in the osteoid tissue nearest the
granule surface. Like other research (Bhaskar et al.,
1971; Cutright er al,, 1972; Levin et al., 19742, 1975;
Nelson et al., 1977; Turnbull ez al., 1985; Ragezi et al.,
1985; Barney et al., 1986; Hyakuma ez al., 1988) this
study also found that osteostimulation was
accelerated when the biomaterial is implanted near
freshened bone. However further clinical and
experimental studies of the osteogenic properties of

B-TCMP are required.

CONCLUSIONS

1) Sintered and unsintered 3-TCMP granules proved
to be well tolerated by the host tissues and result
biodegradable over time if implanted into
endosseous cavities of the upper or lower jaw.

2) B-TCMP can be considered an «osteoconductor»
and «osteostimulator » guiding the direction of bone
growth from the periphery of the endosseous cavity
towards the centre and enhancing osteoblast activity
and new bone deposition.

3) The newly formed bone appears to be in direct
contact with the surtace of the 3-TCMP granules.
No connective tissue was evidenced between new
bone and biomaterial.
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