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A quickly setting calcium phosphate-based hydraulic cement mixed with particles of tricalcium
phosphate (TCP) ceramic was implanted in 56 metaphysial defects made in the long bones of
ten adult mongrel dogs. Microradiography, histology and scanning electron microscopy
(SEM) demonstrated the slow resorption of the cement and the bony incorporation of the
calcium phosphate ceramic particles which were consistently embedded in bone. The original
structural pattern of the bone tended to be restored 7 months after implantation. The cement
did not hinder the incorporation of the calcium phosphate ceramic particles, neither did it elicit
any inflammatory or foreign-body response. The cement was easily shaped and allowed a
perfect filling of any defect, resulting in close contact of the whole implant surface with the
host bone at the time of surgery, associated with appreciable mechanical strength. Most of the
practical problems associated with the use of calcium phosphate ceramics in the repair of

bone defects could be overcome with the cement.

1. Introduction

Many biocompatible substitutes are available for the
repair of bony defects or the restoration of anatomical
structures in orthopaedic or reconstructive surgery,
but only bone grafts and calcium phosphate ceramics
or calcium carbonate can be ultimately replaced, in
part or completely, by living bone. It is now widely
admitted that calcium phosphate ceramics such as
TCP or hydroxyapatite are osteoconductive, which
means that bone has a specific tropism for these
materials, allowing bone growth along their surface, as
long as stability and some initial contact with living
bone is provided. This newly formed living bone is
closely apposed to the ceramic and probably bonded
to it by physicochemical interaction [1-5].

The major problem with these materials is the
difficulty of making them fit with the bone bed and of
shaping them in the adequate form, particularly in
maxillofacial surgery in which precise structures are to
be restored. As massive blocks with good compressive
strength, they are difficult to trim because of their
brittleness. In alveolar ridge reconstruction there is a
great danger of mucosal protrusion if any sharp edge
is present. When in particulated form, shaping may be
easier but the repair has no mechanical resistance and
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secondary migration of the ceramic grains is often
observed. A cement-type material, handled as a paste
and setting after adequate shaping in the right place,
would overcome these practical problems in so far as
its resorption or dissolution does not elicit a foreign-
body reaction and is sufficiently slow to allow the
replacement of the cement by ingrowing bone. Know-
ing the setting ability of some calcium phosphate
compounds and the remarkable bony incorporation
of calcium phosphate ceramics, we looked for a re-
sorbable, quickly setting hydraulic cement made of
calcium phosphates.

A hydraulic cement is a very finely particulated
material which is at least partially solubilized in water
and is then able to recrystallize and set. Binding to the
surrounding structures occurs only by mechanical
interlocking and is not comparable with a glue effect
or a chemical reaction. As in concrete, a more or less
particulated, inert material such as sand or gravel can
be added to this cement. In previous papers we de-
scribed the. composition, the physicochemical and
mechanical properties of some types of calcium phos-
phate-based cements and concretes [6-9]. The aim of
this work was to study, in vivo, the quality of bony
incorporation of this type of biomaterial by assessing
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TABLE I Composition of the implants

Inert material (granulometry 50-1000 pum)
TCP

Quickly setting hydraulic cement powder (granulometry < 5 pm)
TCP
MCPM
Calcium pyrophosphate
Calcium sulphate hemihydrated
Calcium carbonate (optional)
Water

the absence of soft tissue intervening between the
resorbing concrete and the ingrowing bone, as well as
the absence of foreign-body reaction against the grou-
ting agent and the ceramic particles.

2. Materials and methods

A cement powder made of monocalcium phosphate
monohydrate (MCPM), TCP, calcium pyrophosphate
and calcium sulphate hemihydrate was used. Partic-
ulated (50-1000 um) sintered TCP was added as a
partially inert material [8]. In 27 of 56 implants

calcium carbonate (calcite) was added to the dry

cement powder as a porosity-inducing agent acting at
the time of mixing with water by producing gaseous
carbon dioxide, forming extra porosity in the cement
[9]. The calcium monophosphate was mixed with
water for about 10 s. This suspension was then added
to the other components and thoroughly mixed for
30s. The paste set in about 10 min, allowing easy
handling during that period. The composition of the
implants is summarized in Table I. It was used either
as hard, dry, preset cylinders 10 mm in diameter and
20 mm long, or as a paste, prepared at the time of
implantation. The material (powder or blocks) was
sterilized with 25 kGy gamma-irradiation.

A total of ten adult mongrel dogs (weight approxim-
ately 25 kg) were operated on. Implantation was per-
formed alternatively in six different locations in eight
dogs. Two additional dogs received each only four
metaphysial implants. Under general anaesthesia the
proximal metaphysis of both the humerus and the
proximal and distal metaphysis of both femurs were
exposed through a lateral approach. Holes 10 mm in
diameter and about 20 mm deep were made in the
metaphysis with a trefine, taking care to respect the
internal cortex. In order to remove the bone plug
made by the trefine, the instrument was gently wiggled
around. This might slightly enlarge the hole in its
distal part. Subsequently each hole was filled with an
implant according to the distribution summarized in
Table II. When the material was used as a paste, the
cement was mixed with water as described above. The
paste was introduced in a 2 ml syringe from which
the top had been cut, making the outlet as large as the
plunger. The paste was injected from the syringe into
the defect, about 1-2 min after mixing. No control was
used, since the study of the chronological sequence of
bone repair was not the objective of this investigation.
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Ca;(PO,), 56%
minus 0.2% if CaCO; added
Ca;(PO,), : 8%
Ca(H,P0O,), H,0 16%
Ca,P,0, 5%
CaS0,-1/2H,0 15%
CaCOy, 0.2%
H,0 024mlg™!
TABLE II Implant repartition and location
Dog  Paste® Block Paste Block Total
no. + CaCO, + CaCO;,
1 D,/P, D, S, S,/P, 6
2 S/P. Dy D, S/P, 6
3 S/P, S/D. D Pé 6
4 D/P, S/S, DJ/P. 6
5 S P, D/P, S./D, 6
6 S/D, P/P. S¢/D, 6
7 S/D, S/D. P P, 6
8 S, S/P, D/P. D, 6
9¢ D/D. P./P, 4
10° D,/P, D/P, 4
Total 16 13 16 11 56

2 Killed 24 h post-operative.

b8, S,, proximal humeral metaphysis, left and right; P,, P,, proximal
femoral metaphysis, left and right; D;, D,, distal femoral metaphysis,
left and right, respectively.

¢Killed after 4 months.

dinfected site.

One dog was killed on the first post-operative day,
the two dogs with four implants were killed after 4
months and the seven remaining dogs after 7 months.
Before the dogs were killed with a lethal dose of
Nembutal (Abbott Laboratories, Belgium), a double
fluorescent labelling was performed in all of the long-
term dogs with calcein green (Merck, Darmstadt,
FRG) and procion red H8BN (ICI, UK), respectively 2
weeks and 1 day before death. High-definition radio-
graphy of the explanted bones was performed to
localize the implants. The metaphysis was cut in
blocks with a band saw and fixed for 3 weeks in 10%
phosphate-buffered neutral formalin before dehydra-
tion in methanol and embedding in methyl methacryl-
ate. In addition, two implants of each type were
coloured en bloc with basic fuchsine [10] before
embedding. Serial sections 200 um thick were made
with a diamond saw (Leitz, Wetzelar, FRG) and then
ground with silicon carbide (SiC) paper to a thickness
of 80 pum before microradiography. After micro-
radiography and observation for fluorescence, some
sections were further prepared for histology. These
sections were glued with an epoxy resin (Araldite
AW 106; Ciba-Geigy, Switzerland) on plane-parallel
ground glass slides, placed in a slide holder (Struers,
Denmark) and further ground and polished on a
rotating grinding machine (Planapol 2; Struers, Den-
mark) to a thickness of about 10-20 um with SiC



paper up to 4000-grit. Those not stained with basic
fuschine were stained by methylene blue and Von
Kossa's silver staining. Other sections used for micro-
radiography were further polished with diamond
paste (Struers, Denmark) and coated with carbon
before scanning electron microscopy (SEM) back-
scattered electron imaging (Leica, Videoscan 260;
Cambridge, UK). As reported by Holmes [11], the
sharp tissue boundaries and high tissue contrasts on
the images obtained with this technique allow precise
identification of the implant, bone and soft tissue.

3. Results

Two out of 50 long-term implantation sites were
infected. All others had healed uneventfully, and
macroscopically the implants were very difficult to
localize. Implants harvested from the dog killed 1 day
post-operatively were well hardened in situ. Sections
obtained from these implants showed the structure of
the material before any resorption or ingrowth. When
the concrete was used as a paste, excellent filling of
the defect was achieved, whereas this was not possible
with hard cylinders if the hole did not match exactly
the shape of the implant (Fig. 1a and b). Upon micro-
radiography the cement in between the particles of
sintered TCP was by far more radiolucent.

After 4 and 7 months implantation bone was ob-
served in direct contact with the resorbing cement and
the ceramic particles. Obviously, when comparing the
size and the amount of tricalcium phosphate ceramic
particles at the time of implantation (Fig. 2a) with
those found after 7 months (Fig. 2b—d), there was a
resorptive process of the ceramic associated with vari-
ous amounts of new bone formation. The smali grains
of ceramic had disappeared, whereas the sharp edges
of the larger grains had been rounded off and were
consistently embedded and united by bone trabeculae
while Haversian remodelling was occurring. Fig. 3

shows several microradiographs of each of the four
types of implants. A core of unresorbed cement was
often found in the centre of the implants after 4
(Fig. 3a) and sometimes 7 months implantation (Fig.
3d, g and j). The pattern of bone ingrowth and implant
resorption was highly variable for the same type of
implant. In a cortical defect very large bone trabeculae
were formed, restoring the original cortical structure
(Fig. 3b), whereas where the trabeculae were small and
scarce, most of the ceramic was resorbed and only a
few small trabeculae were formed (Fig. 3c, f, h and i). In
the epiphysis the dense trabecular structure was con-
sistently restored (Fig. 3g and I).

Except for the irregular outer contour of the im-
plants inserted as a paste, 7 months post-operatively it
was not possibie to determine by any morphological
criteria the type of a given implant; block or paste,
with or without calcium carbonate.

Histology and SEM back-scattered electron imag-
ing demonstrated bone deposition on most of
the surface of the residual cement (Figs 4a, b and 5) or
the fragments of ceramic (Fig. 2b—d). The surface of
the ceramic or the cement not covered by bone or
osteoid was in direct contact with normal marrow
cells (Figs 6 and 7). In no case did the cement or the
TCP elicit an inflammatory or foreign-body reaction
with giant cells. Some macrophages containing cer-
amic particles were observed in the bone marrow.
Direct contact between bone and implant was con-
firmed in all but the two infected implants by the
different morphological techniques used in this study.

4. Discussion

It has been demonstrated that many biomaterials
(ceramics, metals and polymers) can be “osteo-integ-
rated” [12, 13] which means, according to Albrekts-
son and Albrektsson [14], that at least 95% of the
implant surface is in direct contact with bone. This can

Figure I (a) Microradiograph of a first post-operative day sample implanted as a paste without calcium carbonate. Note the concrete-like
structure of the implant. No dead space is observed between the bone and the implanted material (diameter of implant 10 mm).
(b) Microradiograph of a first post-operative day sample implanted as a block without calcium carbonate. There is a gap between the implant

and the host bone.
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Figure 2 SEM back-scattered electron image. (a) First post-operative day. Cement and blocks of TCP. (b) and (c) Figures obtained from one
section of implant 8D;. The particles of ceramic are surrounded and united by bone. The trabecular pattern (b, cancellous or c, cortical) is
correlated with the surrounding bone pattern. (d) Higher-magnification view of the smallest fragment of ceramic in (c). Direct apposition of

bone on the ceramic.

occur only if the initial stability and close contact
between most of the implant and the bone is provided
immediately at the time of implantation [13, 15]. To
obtain secondary osteo-integration of a stable implant
having only limited initial contact with the host bone
bed, a real tropism of the bone for the implant surface
is needed. Extensive and reproducible osteoconduc-
tion along the surface of implants has been reported
only with bone grafts [16], bioglasses [17, 18],
calcium phosphate ceramics [1, 3, 5, 19-22] and
calcium carbonate [23, 24]. Osteoconduction must be
distinguished from periosteum-induced bone depos-
ition, often observed on the surface of osteosynthesis
plates or bone ingrowth in a porous surface which
occurs by a different mechanism as shown by Galante
and Rivero [25].

Despite the exceptional bony incorporation of
calcium phosphate ceramics, its clinical use is limited
by its fragility and the difficulty of shaping blocks or
keeping the particulated ceramic together, especially
in applications such as alveolar ridge augmentation or
zygomatic bone reconstructions [26]. Mixing with
fibrine glues [27] or collagen extracts [28] helps to
some degree to overcome these difficulties, but these
very high-cost additives do not bring appreciable
mechanical strength to the reconstruction. Poly(lactic
acid) polymers have also been used [29] and do
provide mechanical strength. However, this material
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has been shown to elicit massive foreign-body reac-
tions under some circumstances, when being resorbed
[30]. For all of these reasons there have been several
attempts to design some type of concrete made of
calcium phosphate ceramic particles bound together
with a cement allowing shaping in the desired form
and providing appreciable mechanical strength after
sefting, .

Methyl methacrylate is the most widely used non-
resorbable cement in orthopaedic and dental
applications. The living tissues in contact with this
cement often produce a fibrous tissue encapsulating
the material [31, 32]. Although some authors did
observe arcas of direct bone contact with methyl
methacrylate, these areas were often limited in surface
and did not involve any adhesion between the cement
and bone [33, 34]. Methyl methacrylate mixed with
calcium phosphate ceramics particles is used by some
surgeons. The binder in this case being non-resorb-
able, one can expect a surface effect of the ceramic
providing some adhesion with bone without bone
ingrowth only as long as the particules of ceramic
located at the surface of the cement are not covered by
a thin layer of polymer.

The oldest-known resorbable cement is plaster of
Paris. Various reports did mention its use since the
end of the 19th century for filling bone defects in
osteomyelitis or bone tumours [35]. Peltier, in 1961,
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Figure 3 Microradiographs of three sections of each of the four types of implants. The most important factor affecting the bone formation and
the course of resorption of the implants seems to be the original bone structure at the site of implantation (diameter of implants 10 mm).

Origin of the sections presented in Fig. 3a-1

Paste {a) 9D, (b) 10P, (c} 7D,
Block (d) 6S, (e) 7S, ) 78S,
Paste + CaCO, (g) 4D, (h) 9P, (i) 5D,
Block + CaCO, (j) 8D, (k) 6D, (1) 2P,

reported on his clinical and laboratory work with
plaster of Paris in the form of dry preset pellets.
Although satisfied with his clinical results, he stated
that plaster of Paris did not provide internal support
or stimulate osteogenesis; the material was completely
resorbed within weeks or months [36]. Hanker et al.
filed a patent in 1984 for a mixture of calcium phos-
phate ceramic particules with plaster of Paris in the

proportions of approximately 0.5-6 parts calcium
phosphate per part of plaster [37]. The major dis-
advantage of plaster of Paris is its solubility and rapid
break-up (< 24 h) in aqueous medium, with loss of all
mechanical strength. In all “on lay” applications of the
material, dispersion can occur as soon as the plaster
dissolves, resulting in the same problems as those
observed with granules alone. ‘
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Figure 4 (a) SEM back-scattered electron image. Bone is directly apposed to the ceramic particles and the residual cement left between the
particles (b) Higher-magnification view of the lower left part of (a).

Brown and Chow [38], Lemaitre et al. [6], Mirtchi
et al. [7] and Monma et al. [39] have published
papers about calcium phosphate-based cements. For
the present application we developed an MCPM-
based cement with setting regulators (plaster of Paris
15 wt % and calcium pyrophosphate 5 wt %) in order
to prolong the working time of the slurry from 30 s to
about 10 min. In a previous paper it was demon-
strated that the cement-like behaviour can be ascribed
to the dissolution of MCPM followed by the pre-
cipitation of dicalcium phosphate dihydrate (brushite;
DCPD) [8]. The diametral tensile strength of the
cement increased from 1 to 3.2 MPa with the addition
of plaster of Paris. However, upon ageing in saline
solution (0.9 wt % NaCl in distilled water) this value
decreased sharply within 1 day, to reach about 60% of
its initial value with a weight loss corresponding to the
expected amount of solubilized calcium sulphate
dihydrate (hydrated plaster of Paris, CSD). After 6
weeks ageing in saline the residual tensile strength
(2 MPa) of this cement was still increased compared
with MCPM cement alone (1 MPa). This is a con-
sequence of an increase of DCPD formation during
CSD dissolution [8]. In this application plaster of
Paris first acts as a setting regulator, exactly why it is
used in Portland cement used in construction.

In vivo, resorption of a calcium phosphate ceramic
depends on its chemical and crystallographic nature
and on its macro- ( > 50 um) and microporosity [40].
TCP [Ca4(PO,),] is much more resorbable than hy-
droxyapatite [Cas(PO,);OH] [41] which, in dense
form, is almost not resorbable [2]. In vitro, the setting
of the concrete was not affected by replacing the
particles of TCP with hydroxyapatite. Although the
chemical reactions at the interface between bone and
TCP or hydroxyapatite may [42] or may not be
similar [43], morphologically, besides the resorption
of TCP, no qualitative difference in bone apposition
on to the surface of these two ceramics has been
reported [40]. Therefore, whereas in this experiment
we used particules of TCP, they might be replaced by
particles of hydroxyapatite, preventing or slowing
down significantly the resorption of the “inert” part of
the concrete, which appears preferable in many
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maxillofacial applications. In orthopaedic appli-
cations immediate extra compressive strength can be
provided by using large ceramic blocks in combina-
tion with the cement.

When the material is used as a paste, it is most
important to keep the implantation site as dry as
possible. This can be done by packing a surgical
sponge in the defect until filling with the cement. In a
well-contained defect, as in this experiment, there was
no problem of impregnation of the cement by out-
wards blood flow. In a defect that is not as well
contained, if outwards blood flow is important, it
should be useful to pressurize the cement during the
setting period to avoid its impregnation with blood
which would compromise setting.

The morphological observations of the present ex-
periment demonstrate the constant bony incorpora-
tion of the ceramic particles. The binding material was
progressively resorbed within months, leaving the cer-
amic particules embedded in bone instead of cement.
No inflammatory or foreign-body reaction was eli-
cited by the cement or the particles of TCP. Normal
bone, osteoid and haematopoietic marrow cells were
consistently found in direct contact with the residual
material.

Within each implant the resorption of cement and
TCP as well as the ingrowth of bone occurs in a
centripetal fashion. On any section of an implant areas
that are equidistant from the host bone bed can be
observed. Nevertheless, as shown in Fig. 3, the bone
deposition and the implant resorption may be very
different at a same distance from the host bone bed for
the same implant. It appears that the thickness and
density of the new bone trabeculae, as well as the
degree of resorption of the ceramic grains, is closely
related to the original bone structure in the vicinity of
the area of the implant considered. Similar observa-
tions of replication of the original bony structure with
blocks of porous ceramic were reported by Holmes et
al. [19]. Morphologically, the addition of calcium
carbonate did not significantly affect the course of
resorption or incorporation. Given the obvious cor-
relation between the local bone architecture and im-
plant remodelling, no attempt was made to quantify



Figure 5 Section obtained 7 months post-operatively (implant 3D,). Bone (brownj is directly apposed to residual cement (blue material) and
ceramic particles (grey). Von Kossa and methylene blue staining ( x 200). )

Figure 6 Section of implant 35S, stained with basic fuchsin. Bone, osteoid or bone marrow is in direct contact with the ceramic particles
(% 200).

Figure 7 Same implant as Fig. 6 at higher magnification ( x 400).
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the resorption rate of the material or the ingrowth rate
of the bone. Indeed, the quantification of this would
have shown large variations even for the same im-
plant, reflecting only the variety of bone structures
encountered. '

5. Conclusions

This in vivo experiment demonstrated clearly that the
quickly setting, calcium phosphate-based cement de-
scribed did not detrimentally affect the quality or
extent of incorporation of calcium phosphate ceram-
ics. The cement allows complete filling of any
osseous defect, providing direct contact of the whole
outer surface of the implant with the host bone bed.
We. can thus overcome most of the problems associ-
ated with the use of calcium phosphate ceramics in the
repair of bone defects. Secondary migration of ceramic
particles is prevented, as well as the sharp edges or
inadequate filling observed with massive blocks. By
filling the bony defect exactly, stability is provided to
the concrete block after setting, preventing the fibrous
encapsulation sometimes observed even with calcium
phosphate ceramics when relative motion occurs be-
tween the bone and the implant.

Acknowledgements

The authors thank gratefully Mrs P. Smitz for most
efficient technical assistance in implant preparation
and processing of the material for morphological
study, and J. M. Scheiff, MD, PhD, for histologic
evaluation. This work was made possible by grants
from SA Petrofina, Belgium.

References

1. S.N.BHASKAR,J. M. BRADY,L. GETTER, M. F. GRO-
WER and T. DRISKELL, Oral Surg. 32 (1971) 336.

2. 1. W. DENISSEN, K. de GROOT, P. C. MAKKES, A. VAN
DEN HOOFF and P. J. KLOPPER, J. Biomed. Mater. Res.
14 (1980) 713.

3, B. V. REJDA, J. G. J. PEELEN and K. de GROOT, J.
Bioengng 1 (1976) 93.

4, M.JARCHO,J.F.KAY,K.I. GUMAER.R.H. DOREMUS
and H. P. DROBECK, ibid. 1 (1976) 79.

5. M. JARCHO, Clin. Orthop. 157 (1981) 259.

6. J. LEMAITRE, A. A. MIRTCHI and A. MORTIER, Silicon
Int. Ceram. Sci. Technol. 52 (1987) 141.

7. A A. MIRTCHI, J. LEMAITRE and N. TERAO, Blomater-

als 10 {1989} 475.

8. A. A.MIRTCHI, J. LEMAITRE and E. MUNTING, ibid. 10
(1689) 634.

9, Idem, ibid. 11 (1990) 83.

10. J. RAVEH, H. STICH and F. SUTTER, Struct. Struers Me-
tall. News 6 (1983) 13.

11. R. E. HOLMES, Plast. Reconstruct. Surg. 63 (1979) 626.

12. R. LING, Clin. Orthop. 210 (1986) 80.

13. L. LINDER, Acta Orthop. Scand. 60 (1989) 129.

14. T.ALBREKTSSONand A. ALBREKTSSON, ihid. 58 (1987)
567.

15. L. CARLSSON, T. ROSTLUND, A. ALBREKTSSON and
T. ALBREKTSSON, ibid. 59 (1988) 272.

344

“17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31

32.

33.
34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

M. URIST, in “Fundamental and Clinical Bone Physiology”
(Lippincott, Philadelphia, 1980) p. 334.

L. L. HENCH. R. J. SPLINTER, W. C. ALLEN and T. K.
GREENLEE, J. Biomed. Mater. Res. Symp. 2 {1971) 117.

L. L. HENCH and J. WILSON, Science 226 (1984) 630.
R.E. HOLMES, R. W, BUCHOLZ and V. MOONEY. Bone
Joint Surg. 68A (1986) 904.

H.A. HOOGENDOORN, W.RENOOIJ.L. M. A. AKKER-
MANS, W. VISSER and P. WITTEBOL, Clin. Orthop. 187
(1984) 281.

E. MUNTING, M. VERHELPEN, F. LIand A. VINCENT,
in “Handbook of Bioactive Ceramics”, Vol II: “Calcium Phos-
phate and Hydroxylapatite Ceramics”, edited by T. Yama-
muro, L. Hench and J. Wilson (CRC Press, Boca Raton,
Florida, 1990) p. 143.

K. SOBALLE, E. STENDER HANSEN, H. BROCK-
STEDT-RASMUSSEN, C. MOGER PEDERSEN and C.
BUNGER, Acta Orthop. Scand. 61 (1990) 299.

G. GUILLEMIN, A. MEUNIER, P. DALLANT,
P. CHRISTEL, J.-C. POULIQUEN and L. SEDEL, J. Bio-
med. Mater. Res. 23 (1989) 765.

M. WALKER and J. ' KATZ, in Proceedings of the 30th
Annual ORS, Atlanta, February 1984, p. 122.
J.O.GALANTE and D. P. RIVERO in “Advanced Concepts
in Total Hip Replacement”, edited by W. H. Harris (Slack,
Thorofare, New Jersey, 1985).

J. HUPP and S. McKENNA, J. Oral Maxillofac. Surg. 46
(1988) 538.

J. F. OSBORN, Dtsch Zahndrzt. Z. 38 (1983) 956.
B.D.KATTHAGENand H. MITTELMEIER, Arch. Orthop.
Trauma Surg. 103 (1984) 291.

S. HIGASHI, T. YAMAMURO, T. NAKAMURA, Y.
IKADA, S. H. HYON and K. JAMSHIDI, Biomaterials 7
(1986) 183.

J. SUGANUMA, H. ALEXANDER, J. TRAUB and J. L.
RICCI, in Proceedings of the Combined Meeting of the
Orthopaedic Research Societies of USA, Japan and Canada,
Banff, October 1991, p. 89.

H. G. WILLERT, J. LUDWIG and M. SEMLITSCH, J.
Bone Joint Surg. 56A (1974) 1368.

N. EFTEKAR, S. DATY, A, JOHNSTON and M. PARIS-
IEN, in “The Hip”. Proceedings of the 13th Open Scientific
Meeting of the Hip Society, edited by R. H. Fitzgerald (Mosby,
1985) p. 169.

L. LINDER and H. HANSSON, J. Bone Joint Surg. 65B
(1983) 646.

M.A. R.FREEMAN, G. W. BRADLEYand P. A. REVELL,
J. Bone Joint Surg. 64B (1982) 489.

H. DREESMAN, Beitr. Klin. Chir. 9 (1982) 804.

L. F. PELTIER, Clin. Orthop. 21 (1961) 1.

J.S. HANKER, B. C. TERRY, W. W. AMBROSE and C. R.
LUPTON, US Patent 4619655 (28 October 1986).

W. BROWN, L. C. CHOW, US Patent 4 (20 October 1985)
430 518.

H. MONMA, T. TAKAHASHI, H. USHIO, S. SOEDA and
T. KIYOSAWA, Gypsum Lime 212 (1988) 25.

M. WINTER, P. GRISS, K. de GROOT, H. TAGAI,
G.HEIMKE, H.J. A. V. DIJK and K. SAWAI, Biomaterials 2
(1981) 159.

C.P.A. T. KLEIN, A. A. DRIESSEN and K. de GROOT,
J. Biomed. Mater. Res. 17 (1983) 769.

G. DALCUSI, R. LEGROS, M. HEUGHEBAERT and 1.
BARBIEUX, Calcif. Tissue Int. 46 {1990} 20.

S.KOTANI, Y. FUJITA, T. KITSUGI, T. NAKAMURA T.

YAMAMURO, C. OHTSUKIand T. KOKUBO, J
Mater. Res. 25 (1991) 1304.

. Biomed.

Received 18 June 1991
and accepted 22 April 1992



