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Evaluation of a Low- Temperature Calcium
Phosphate Particulate Implant Material:

Physical-Chemical Properties and In Vivo Bone Response
JOHN L. RICCI, PHD,* NORMAN C. BLUMENTHAL, PHD,t

J.M. SPIVAK, MD,:f: AND H. ALEXANDER, PHD§

A study was conducted to evaluate the osteoconductive ability of a particulate,
low-temperature hydroxylapatite (HALT)material (OsteoGen; Impladent, Hollis-
wood, NY). An implantablechamber model was used to determine the ability of
this material to encourage bone ingrowth into channels lined with either rough-
surfaced titanium or rough-surfaced plasma-sprayedhydroxylapatite. The HALT
material increased bone ingrowth into the titanium-lined channels comparable
with that in plasma-sprayedhydroxylapatite-coatedchannels.It was incorporated
into ingrowingbonewithout interveningsoft tissue,with the bonebondingdirectly
to the material surface in much the same fashion as it bonds at the plasma-
sprayedhydroxylapatitesurface.Mechanicaltesting of the ingrown bone showed
no weakness because particles were incorporated. At 12 weeks, the particles
began to show signs of dissolution. It was concluded that the HALTmaterial is a
biocompatible, osteoconductive material that conducts bone ingrowth in much
the same way as high-temperature particulate hydroxylapatite ceramics. This
material has the additional desirableproperty of being slowly resorbable,a ben-
eficial characteristic for many bone-fillingapplications.

Calcium phosphate materials such as hydroxylapa-
tite (HA) have served as the basis for a variety of dental,
maxillofacial, and orthopaedic implants. Hydroxyl-
apatite, CalO(P04)6(OHh, the major mineral compo-
nent of bone, is in fact the idealized, "prototype" com-
pound of biological apatites. As such, it readily accepts
substitutional and compositional defects of consider-
able magnitude that have profound effects on apatite
solubility and reactivity. For example, bone mineral
consists of a calcium-deficient, microcrystalline, non-
stoichiometric HA in which C03 is substituted for P04
(4% to 6%).1
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Of particular importance as implant materials are
the calcium phosphates with calcium/phosphorous ra-
tios of 1.5to 1.67. Tricalcium phosphate and HA form
the lower and upper boundaries, respectively, of this
compositional range. Ceramics made from tricalcium
phosphates are, in general, rapidly resorbing materials,
whereas HA ceramics are more stable.2 In general, HA
ceramics that are formed at high temperatures are more
stable than those formed at lower temperatures, a phe-
nomenon related to the effect of temperature on the
size of the crystals being formed and, in turn, on the
effect of crystal size on solubility.3 Although it may be
questioned whether high-temperature ceramics are
technically HA at all (since high-temperature treatment
results in a severely hydroxyl-deficient material), nat-
ural and ceramic HA are nevertheless sufficiently sim-
ilar that the synthetic varieties have proven to be ex-
tremely biocompatible.

Interaction of HA With Bone

In a review, larch04 observed that the majority of
histologic studies ofbone-HA interaction report direct
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lecular-weight polyethylene (UHMW PE). Although
titanium has found favor because of its proven bio-
compatibility and apparent osteointegration with sur-
rounding bone,44-5oits effects (if any) on the processes
of bone growth and repair under examination are not
fully known. Moreover, the poisoning ofHA formation
by various ionic metal species, including Ti, has been
demonstrated through in vitro testing.51

In this study, channels in the implantable chambers
were lined with two surface-roughened materials, CP
Ti and plasma-HA-coated CP Ti, the former repre-
senting a biocompatible but nonosteoconductive sur-
face, the latter an osteoconductive surface. Half the
channels of each type were packed with the HALTma-
terial prior to implantation and half were left empty.
This permitted testing of the osteoconductive potential
of this material for the conduction of bone ingrowth
into channels lined with two different materials.

Materials and Methods

The response of intramedullary bone to OsteoGen
(Impladent, Holliswood, NY) HALTwas examined us-
ing an implantable chamber model with multiple in-
growth channels. The HALTconsists of angular particles
and particle aggregates (Fig 1);individual units have a
maximum length of 600 J1m. This material is made
using a relatively low-temperature proprietary process
and is not sintered like high-temperature HA ceramics.

Infrared (IR) spectra of HALTand comparable ma-
terials used either in this study (plasma-sprayed high-
temperature HA coating) or as reference materials (de-
proteinated ox bone and room-temperature HA) were
performed on a Perkin-Elmer model 1430 ratio re-
cording spectrophotometer. Samples were prepared by

FIGURE 1. Scanning electron micrograph of the HALTmaterial
showing clusters of the particles (bar = 100 ~m).
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FIGURE 2. Schematic drawings of the assembled implant chamber

(front or "open-end" view, with the ingrowth channel openings vis-

ible), the coupon-tissue-coupon specimen "sandwich," and the me-

chanical testing setup used to test intact specimen sandwiches in
tension.

grinding with KBr at a 0.5 wt% concentration and then
pressed at 10-ton force in a 13-mm-diameter circular
disc to yield clear pellets. The IR scans were 200 to
4,000 cm-I, with a slow scan speed for good resolution.

Rectangular implant chambers measuring 8 mm
wide X 25 mm long X 10 mm deep, and containing a
central open area 5 X 18 mm, were machined from
medical-grade UHMW polyethylene. Coupons of CP
Ti and HA-coated CP, each measuring 7 X 8 X 0.4-
mm thick, were washed in an organic solvent and air-
passivated. Twenty such test coupons (10 of each, with
pairs of one type lining each channel) were placed
widthwise along slots cut into the top and bottom of
the central space in the polyethylene chamber, thus
constituting the primary surfaces lining the 10ingrowth
channels created (Fig 2). Each channel measured 1 X
5 mm at the openings, 8 mm from end to end. A 2-
mm lip was present on the outer surface of the UHMW
PE implant to seal off the medullary space from po-
tential ingrowth of periosteal new bone. Also, the row
of ingrowth channels was offset 2 mm from the outer
lip of the implant, so that after implantation they were
wholly within the intramedullary canal and not adja-
cent to any transcortical bone surface. The assembled
chambers were gas-sterilized with ethylene oxide and
implanted through a longitudinal cortical defect in the
lateral metaphysis of the distal femur. After implan-
tation, the ingrowth channels were oriented perpen-
dicular to the long axis of the femur; the channel open-
ings faced the endosteal surface of the intact anterior
and posterior cortices (Fig 3).

All operations were performed by a single surgeon,
and operative technique was identical for each dog.
The supracondylar region of the femur was approached
by a direct lateral skin incision extending distally along
the lateral border of the patella tendon to the tibial
tubercle. After incision of the fascia lata and lateral
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Plasma Sprayed Hydroxylapatite
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FIGURE 5. Infrared spectra of KBr pellets (0.5%) of HALTand
plasma-sprayed HA. Note the OH bands, as shoulders, at 630 and
3,570 cm-I in the HALTpattern and the low C03 content (1,450
em-I). By contrast, the spectrum of the plasma-sprayed HA displays
an anomalous broadening of the P-O stretching band at 1,000 to
1,100 em-I, with no C03 bands (1,450 em-I).

each ingrowth channel. All specimens were maintained
on ice and moistened with normal saline as needed.
When it was determined that the entire coupon-tissue-
coupon "sandwich" had maintained its integrity at all
interfaces, it was carefully placed into a custom holding
jig (Fig 2) and mechanically tested to failure in tension
using an Instron servohydraulic testing system at a rate
of 2.5% displacement per second. The failure surfaces
of representative specimens were examined by SEM
following mechanical testing. Following fixation in
phosphate-buffered glutaraldehyde, the specimens were
critical-poi nt-dried, sputter-coated with a 200-A-thick
layer of gold, and examined using a JEOL JSM T-300
scanning electron microscope.

Some undisturbed specimens (with adjacent coupons
intact) were fixed in 10% formalin and embedded in
methyl methacrylate. Undecalcified sections of these
specimens were examined by microradiography and
by light microscopy following staining with hematox-
ylin and eosin or by the Masson trichrome or von Kossa
techniques.

Results

INFRARED ANALYSIS

The infrared spectrum of bone mineral (deprotein-
ated ox bone; Fig 4) clearly shows CO) bands in the
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neighborhood of 1,450 cm-1. This substitution of CO)
for P04 is typical of biological apatites. Similar CO)
bands are seen in the spectra of a precipitated HA made
at room temperature under ambient CO) conditions
(Fig 4). The spectra of these two apatites are similar to
the extent of the CO) substitution in both. The spec-
trum of HALTshows very little CO) absorption at 1,450
cm-I (Fig 5). In addition, at 630 and 3,570 cm-1 the
HALTclearly shows the presence of the OH absorption
bands that are not visible in the spectrum of the bone
and precipitated HA. Otherwise, the spectra of HALT
resembles that of precipitated HA. By contrast, the
spectrum of plasma-sprayed HA shows an anomalous
broadening of the P04 stretching mode not present in
the spectra of the other three materials. The CO) bands
at 1,450 cm-1 are essentially absent in this spectrum
(Fig 5).

GENERAL PATTERN OF BONE INGROWTH

Bone and soft tissue ingrowth occurred from the two
open ends of each channel. The new bone was the result
of primary formation, with no evidence of intermediate
cartilage formation. This bone originated from, and
was continuous with, the intramedullary bone adjacent
to the chamber. It began as the formation of thin tra-
beculae consisting primarily of immature woven bone
that grew into the open ends of the channels and pro-
gressedinto the thin connective tissue that initially filled
the channel. Marrow elements were present in the in-
tertrabecular spaces. Both the bone and soft tissue ex-
hibited more mature characteristics at 12 weeks than
at 6 weeks. By 12 weeks the trabeculae had progressed

FIGURE 6. Microradiograph of bone ingrowth into an HALT-filled,
Ti-lined channel at 6 weeks, showing small amounts of bone contact

along the upper border (where the Ti plate was removed), and ex-

tensive incorporation of HALT particles into the ingrowing bone
(original magnification X 212).




