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A histological and histomorphometrical
evaluation of screw-type calciumphosphate
(Ca-P) coated implants; an in vivo experiment
in maxillary cancellous bone of goats
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The bone response to different calcium phosphate (Ca-P) coated implants was evaluated in
a goat animal model. Two types of plasma spray coatings were applied to a commercially
pure titanium (cpTi) tapered, conical screw-design implant (BioComp®); hydroxyapatite
(HA-PS) and a dual coating, consisting of FA and HA (FA/HA-PS). In addition an amorphous
RF magnetron sputter coating (Ca-P-a) and uncoated implants were investigated. Forty-eight
implants were inserted in the maxilla of 12 adult female goats. After implantation periods of
3 and 6 months, the bone implant interface was evaluated histologically and
histomorphometrically. After both implantation periods all plasma spray coated implants
were maintained. On the other hand three Ca-P-a and two cpTi implants were lost.
Histological examination revealed a better bone response to both plasma spray coated
implants. Histomorphometrical evaluation confirmed this finding. At 3 and 6 months
significantly higher percentages of bone contact (p <0.001, ANOVA) were measured for both
plasma spray coated implants than for the cpTi and Ca-P-a implants, while no significant
difference {p < 0.05) existed between both implantation periods. Degradation of both plasma
spray coatings was observed. Supported by the results, it is concluded that, although Ca-P
coatings can improve the performance of dental implants, the presence of a Ca-P coating is

not the only important factor for bone healing around implants placed in low density

trabecular bone.

1. Introduction
Considering the concern which has been raised about
the viable use and long-term prognosis of plasma-
sprayed calcium phosphate (Ca-P) coated implants
[1,2], experimental efforts in our laboratory have
been directed to the development of a RF magnetron
sputter technique for the deposition of Ca-P coatings
[3-6]. In earlier studies it was demonstrated that
previous roughening of an implant, as for plasma-
spraying, is not required to produce an adhesive coat-
ing [3]. In addition, physicochemical analysis con-
firmed the apatite nature of the applied films [3-6].
Cell culture experiments demonstrated that the sput-
tered coatings were biocompatible and induced apa-
tite formation [7]. Finally, in an in vivo rabbit experi-
ment, where sputtered and plasma-spray coated
implants were installed in the trabecular bone of the
femoral condyles, no difference was found in bone
healing response between these two types of Ca-P
coatings [8].

Despite these favourable results it is known that the
final bone response to an implant is also determined
by the quality of the surrounding bone. For example,

0957-4530 © 1996 Chapman & Hall

it is supposed that bone of low density, as found in the
maxilla, can delay bone repair during the healing
phase. To investigate this influence, a goat animal
model was developed to install oral implants into the
low density trabecular bone of the maxilla. Using this
model, Caulier et al. observed significantly improved
bone response to plasma-spray Ca-P coated implants
{91.

In view of the above, the aim of the present invest-
igation was to study the biological behaviour of
plasma spray and magnetron sputter Ca-P coatings in
the low density trabecular bone of the goat maxilla.

2. Materials and methods
2.1. Implant materials and coating
characteristics

Forty-eight commercially pure titanium implants
(cpTi) with a tapered, conical screw design (Bio-
Comp® Industries, Medemblik, The Netherlands)
were used (Fig. 1). All implants measured 10.0 mm in
length. Depending on the final coating procedure
which was given to the implants, 24 of these implants

603



First implant-bone

Three coronal
contact

screw threads

% Bone contact A D dati P
egradation o

C plasma-spray
coating

Smooth
middle part

| R e |

Figure ! Schematic drawing of the tapered conical screw type
implant. Areas of interest (A, B, C) for histomorphometrical evalu-
ation are indicated.

had a diameter of 3.9 mm, and the other 24 implants
had a 4.0 mm diameter. This diameter was measured
at the upper coronal neck of the implant. Using the
plasma-spray and magnetron sputter technique the
following coatings were deposited:

1. Twelve 3.9 mm implants were provided with a hy-
droxyapatite plasma spray coating (HA-PS) of ap-
proximately 50 um thickness, using spray-dried pow-
der with a mean particle size of 32.5 pm and consisting
of 99% HA (CAM 2, CAM Implants B.V., Leiden, The
Netherlands).

2. The other 12 implants with 3.9 mm diameter were
provided with an experimental bilayered Ca-P coating
(CAM Implants B.V., Leiden, The Netherlands) of
approximately 60 pm thickness (FA/HA-PS). First the
implants were coated with a 30 um thick fluorapatite
layer. This layer was subsequently covered with
a 30 pm thick hydroxyapatite coating. The fluorapa-
tite powder had a mean particle size of 36.9 um and
a composition of > 99% FA. For the HA layer the
same powder was used as for the HA-PS implants.
3. Twelve of the 4.0 mm implants were provided with
a magnetron sputter coating (Ca-P-a) with a thickness
of approximately 2.0 pm.

In addition twelve 4.0 mm implants (cpTi) were left
uncoated.

To obtain adhesion of the plasma spray coatings,
implants were grit blasted with Al,O5 to a surface
roughness of R, = 4-5 pm.

Magnetron-sputter coating was performed as de-
scribed earlier [3-6], using a commercially available
unit (Edwards High Vacuum ESM 100 system). An
HA plasma-sprayed copper disc served as a target for
the sputter deposition. Before coating, the implants
were mounted onto the rotating and water-cooled
substrate holder. Coatings were applied on the as-
machined surface of the implants.

The chemical composition of coatings was con-
firmed by X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR) and Rutherford back-
scattering spectrometry (RBS).
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Figure 2 XRD patterns of the different Ca-P coatings:— HA-PS; - - -
Ca-P-a; ... FA/HA-PS.

XRD (Fig. 2) of the plasma-sprayed FA part of the
dual coating revealed > 98% crystallinity, and the
HA part of this coating was 60% crystalline. For the
plasma-sprayed HA coating, 64% crystallinity was
measured. FTIR showed partial dehydroxylation
for both HA-PS and the HA part of the FA/HA-PS
coatings.

The XRD pattern (Fig. 2) of the Ca-P-a coating
showed an amorphous structure without any specific
reflection lines. Analysis of the FTIR spectra of the
Ca-P-a coating showed a broad region which can be
attributed to the internal vibrations of phosphate
groups. This 1s indicative of the formation of amor-
phous calcium phosphate phases. Also a large H,O
region was shown. RBS measurements of this coating
revealed a Ca/P ratio of 2.2.

Before surgery, all implants were cleaned ultrasoni-
cally in 100% ethanol. Subsequently, they were sterili-
zed in a steam autoclave.

2.2. Experimental design and surgical
procedure

Twelve healthy, mature (2-4 years of age), female

Saanen goats, weighing about 60 kg were used in this

study. Prior to surgery, blood samples of the goats

were taken to ensure that the animals were CAE/CL

arthritis-free. The animals were housed in a stable.

From each of the twelve goats, the first and second
maxillary premolars were bilaterally extracted. The
goats were immobilized on their backs and anaesthe-
sta was induced by an intravenous injection of
Thiopental® and maintained by ethrane 2-3%, ad-
ministered through an orotracheal tube. The mouth of
the goats and the skin around the mouth were disin-
fected with Betadine-iodine. After careful extraction,
the wounds were closed using resorbable vicryl 2-0
sutures.

Four months after tooth removal, again under
general anaesthesia, implants were inserted in the
edentulous part of the maxillary premolar regions.
A longitudinal incision was made on the palatal
side of the alveolar ridge and a full thickness mu-
coperiosteal flap was prepared to both the buccal and
palatal side of the alveolar ridge. After exposure of the



alveolar ridge, two 1.6 mm pilot holes were drilled.
The distance between the two holes was approxim-
ately 1 cm. These holes were gradually widened with
drills to the final diameter (4 mm) of the implants. The
bone preparation was performed with a very gentle
surgical technique using low rotational speeds (max.
450 rpm) and continuous internal and external cool-
ing. After implant insertion, the wounds were closed
using resorbable sutures (vicryl 2-0). To reduce the
risk of peri-operative infection, a prophylactic anti-
biotic (Albipen®) was administered for 3 days. Each
goat received four implants; two in the left and two in
the right maxillary alveolar ridge. The implants were
inserted following a balanced split plot design. Three
and 6 months after implantation a group of six ani-
mals was sacrificed using an overdose of Nembutal®.

2.3. Histological procedure

After sacrificing the animals, the maxillae was excised
en bloc. These were divided into two smaller tissue
blocks, a left and a right part; each containing two
implants. X-rays were taken of these blocks to deter-
mine maintenance or loss of the implants. Thereafter
they were fixed in 4% buffered formalin solution.
Following dehydration by an ethanol series, the tissue
blocks were embedded in methylmetacrylate. After
polymerization nondecalcified thin (10 um) sections
were prepared in the buccopalatal direction parallel to
the long axis of the implant, using a modified sawing
microtome (FMTA, The Netherlands) [10,11]. The
sections were stained with methylene blue and basic
fuchsin for light microscopical evaluation.

2.4. Histological and histomorphometrical
evaluation

A Zeiss light microscope was used for histological
evaluation. In addition, image analysis techniques
(TCL-image) were used for histomorphometrical
evaluation.

The following quantitative parameters were as-
sesed:

2.4.1. Percentage of bone contact
at the interface

Measurements were performed (1) along three coronal
screw threads, and (2) at the smooth middle part of the
Biocomp® implant (Fig. 1). The amount of bone con-
tact was defined as the percentage of implant length
over which there was direct bone-to-implant contact
without intervening soft tissue layers.

All quantitative measurements were performed on
three different sections per implant.

Measurements were also carried out for the buccal
and palatinal sites. Results are based on the average of
these three measurements.

2.4.2. First implant-bone contact
Measured as the distance from the top of the implant
to the first bon¢ contact. The greater this value (min-

imum O mm, maximum 10 mm), the lower the first
bone contact (Fig. 1).
As previously, the measurements were based on three
sections per implant.

2.4.3. Degradation of the plasma spray
coatings

Measurements were performed at the smooth middle
part of the implant (Fig. 1). Images were projected
with a total magnification of 125x on a colour moni-
tor, using a colour camera attached to the light micro-
scope. Subsequently, 14 scan lines were projected over
the video picture, perpendicular to the implant sur-
face, and the spacing between the coating boundaries
was calculated. This procedure resulted in a distant
count of 168 for each coating type.

3. Results

During the test period the experimental animals re-
mained in good health; no complications were ob-
served. X-rays of the tissue blocks at sacrifice, showed
loss of three Ca-P-a coated and two cpTi implants.
Two implants were lost in the 3-months group; one
Ca-P-a and one cpTi implant. Three implants were
lost in the 6-month group; two Ca-P-a and one ¢pTi
implants (Table I). The remaining 43 implants healed
without any clinical signs of inflammation. A chi-
square test revealed no significant difference in loss or
maintenance between the Ca-P coated and non-
coated implants, either for the 3-months or for the
6-months group.

3.1. Light microscopical evaluation

Fig. 3a and 3b show that the trabecular bone density
in the goat maxilla is very low. The implants were
positioned between the buccal cortical bone plate and
the maxillary sinus. Examination of the histological
sections revealed that five implants were partially situ-
ated inside the maxillary sinus. This did not result in
an adverse tissue reaction. The bone reaction to both
types of plasma spray coated implants was relatively
uniform (Fig. 4a and 4b). At the interfaces of these
implants large areas showed intimate contact with
mature bone, while other parts showed a newly for-
med layer of bone. In addition, at 3 months parts of
the implant interface were covered with a layer of
osteoid. At 6 months more newly formed bone was
recognized.

TABLE I Loss and retention of different implant materials for
different implantation periods

3 months 6 months
Material Retained Lost Retained Lost
FA/HA-PS 6 0 6 0
HA-PS 6 0 6 0
Ca-P-a 5 | 4 2
cpTi 5 1 5 1
Total 22 2 21 3
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Figure 3 Light micrograph of (a) an HA-coated implant after 6 months of implantation, and (b) a Ca-P-a coated implant after 6 months of
implantation. Low density of the trabecular bone of the goat maxilla can be noticed. Close proximity (a) to the maxillary sinus, and an implant

position inside the sinus (b) is shown {arrows).

{a) s

Figure 4 Light micrograph of (a) an HA-PS coated implant, and (b) a FA/HA-PS coated implant, both after 6 months of implantation. Good

bone implant contact can be observed.

The cpTi and the Ca-P-a coated implants showed
a very limited amount of bone contact. Most implants
were almost completely surrounded by a fibrous tissue
capsule (Fig. 5a and 5b). At 3 months bone was clearly
separated from the implant. At 6 months bone grew
closer to the implant interface. Also after 6 months of
implantation some implants showed bone contact at
the apex of the implant.

Both the HA-PS and FA/HA-PS coated implants
revealed signs of degradation (Fig. 6a and 6b). This
reduction was not uniform. For both, at some places
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the entire coating thickness was maintained, while at
other sites no coating or only a thin layer was left,
Absence of parts of these plasma spray coatings did
not restrain direct bone contact: intimate bone contact
could be recognized at these sites. A complete absence
of plasma spray coating was more often seen for the
HA-PS coating than for the FA/HA-PS coating. It
appeared as if the HA-PS coating diffused inside its
surrounding tissue, especially when it was not a ma-
ture type of bone. The surviving part of the FA/HA-
PS coating showed a more compact appearance.



Figure 5 Histological appearance of (a) a Ca-P-a coated implant and (b} cpTi implant, both after 3 months. A fibrous layer of tissue interposes

between bone (arrows) and implant.

Figure 6 (a) FA/HA coated implant after 6 months of implantation. Degradation of the coating is not uniform. (b) Detail: both extremes are
shown, complete absence of coating (arrow) or entire thickness (arrow head) maintained.

TABLE 1II Percentages of bone contact for various implants for
both implantation periods

3 months
Screw Std Smooth part Std
threads
FA/HA-PS 53.9 13.4 67.2 26.5
HA-PS 327 24.5 755 21.0
Ca-P-a 0.0 0.0 0.0 0.0
cpTi 39 8.8 4.0 8.9
6 months
FA/HA-PS 59.8 22.5 41.9 16.1
HA-PS 50.3 12.9 46.9 13.7
Ca-P-a 40 5.2 5.1 35
cpTi 42 5.1 5.1 8.1

3.2. Histomorphometrical evaluation
In Table II results of the bone contact measurements
are presented. As indicated by these results, minimal
bone contact was measured for ¢pTi and Ca-P-a
implants.

Statistical testing of the results using a one-way
ANOVA and Tukey multiple comparison procedure
revealed:

*A significant difference (p <0.001) in bone contact
between both types of plasma spray coated implants
and the two other implant surfaces (Ca-P-a and cpTi).

FIRST IMPLANT-BONE CONTACT
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Figure 7 Bardiagram representing measurements of first

implant-bone contact for the plasma-spray coated implants. The
implant at the right of the diagram is in scale with the measure-
ments: (] FA/HA-PS; ] HA-PS.

*No significant difference (p < 0.05) in bone contact
existed between FA/HA-PS and HA-PS at both im-
plantation periods.

*For all implant types no significant differences
(p < 0.05) between 3 and 6 months of implantation.

Fig. 7 shows results of the first implant— bone contact
measurements. Measurements for the Ca-P-a and
cpTi were not involved in the bardiagram, since at
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TABLE III Degradation of plasma spray coatings. Mean values
represent the thickness of the plasma spray coating at the smooth
middle part of the implant

3 months (pm) 6 months (um)

Material Mean Std Mean Std
FA/HA-PS 25.8 7.6 20.0 11.0
HA-PS 23.7 13.2 17.3 10.7

both implantation periods all of these maintained
implants were almost completely covered by fibrous
tissue (Table II). Statistical testing revealed that no
significant difference existed (p < 0.05) in the level of
first implant—bone contact between both plasma spray
coated implants for 3 and 6 months of implantation.
In addition no significant difference (p <0.05) was
found between the implantation periods.

Results of the measurements of degradation of the
plasma spray coatings are presented in Table II1.

4. Discussion

The aim of the study was to investigate the behaviour
of plasma-spray and RF magnetron-sputter Ca-P
coatings in the low density trabecular bone of the goat
maxilla.

The results revealed that plasma-spray coated im-
plants showed more bone contact compared to non-
coated and magnetron-sputter coated implants after
3 and 6 months of implantation. These findings con-
firm the results of other studies [9,12-14] with
plasma-spray Ca-P coated and non-coated implants,
In addition, the data for non-coated as machined Ti
implants correspond with the earlier studies of Caulier
et al. [9,14]. She also observed a very low percentage
of bone contact to cylindrical screw shaped oral im-
plants inserted in goat maxilla.

In contrast with previous in vitro and in vivo obser-
vations [7,8], this present study failed to prove the
beneficial effect of RF magnetron-sputter Ca-P coat-
ings on the bone healing response. The inferior bone
reaction, as found in the present study, could be due to
the animal model used and the amorphous structure
of the sputter coatings. The implants were inserted in
a host bed of extremely low mineralization and den-
sity as compared to earlier experiments in the trabecu-
lar bone of rabbits. After insertion in bone tissue the
bioactivity of Ca-P ceramics is based on their ability
to become coated with a layer of bone mineral (car-
bonate apatite} [ 15, 16]. Normal remodelling of this at
the surface of the ceramic deposited bone Jayer occurs.
The Ca-P ceramic, when it is dense sintered, does not
penetrate in the remodelling process nor is it resorbed
by other processes. On the other hand, Ca-P coatings
on metallic substrates are subject to degradation, re-
sulting in reduction of thickness [14,17-21]. For thin
sputter-deposited coatings, the in vitro dissolution be-
haviour is determined by the degree of crystallinity of
the coating [4]. It can be supposed that this dissolu-
tion process will be influenced by the wound healing
response of the animal model. Species with a fast
healing response (rats and rabbits) will show earlier
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formation of the carbonate apatite surface layer than
animals with a slow healing response (goats and dogs).
This hypothesis is supported by a recent study in
which the surface features and dissolution properties
of various. amorphous and crystalline Ca-P sputter
coatings were determined after subcutaneous im-
plantation in rabbits [22]. All amorphous coatings
dissolved within 4 weeks of implantation. Crystalline
coatings showed deposition of a granular precipitate
consisting of Ca and P with a Ca-P ratio of 1.0 to 1.75.
This precipitate grew in thickness until 4 weeks
after implantation, while the coatings were still main-
tained. Consequently, it is supposed that complete
dissolution of the amorphous coatings, as used in the
current study, occurred, before it had the chance to
influence the healing response. In addition, this ex-
plains why no significant difference in bone contact
existed between the sputter coated and non-coated Ti
implants.

Another remark has to be made about the difference
in bone contact between both plasma-spray coated
and the other implants. The plasma-spray coatings
show a rough surface appearance. This may be an
additional factor in the favourable bone response.
This is confirmed by the results of other investigators
[23, 247, who described stimulation of bone~implant
contact by surface roughening compared to machine-
prepared implants.

The present study showed no significant difference
in bone reaction to the variou$ implant surfaces be-
tween the 3 and 6 months installation periods. There-
fore the question arises whether an intervening healing
period of 6 months is necessary before loading an oral
implant, even when they are installed in bone of low
density. Although this type of bone, according to
Lekholm and Zarb [25], can be defined as bone qual-
ity IV, it is not “diseased” bone with a lower healing
capability. Evidently, bone healing after implant in-
stallation cannot be related to bone quality.

Considering the bone contact measurements, it
should be noticed that the implant design could also
have increased initial bone formation. Studies by
Pilliar et al. [26, 27] showed that the design of the
implant can significantly improve implant perfor-
mance. Optimal results are obtained with a tapered
conical implant shape similar to our implant. Support
for the influence of the design factor is provided by
arecent study by Caulier et al. [28]. In this experiment
cylindrical HA plasma-spray coated implants were
placed in goat maxillae also for 3 and 6 months
periods. However, the average bone contact percent-
ages to these implants were only 35%.

Finally, the histological evaluation confirmed

cearlier reports about the degradation behaviour of

plasma-sprayed Ca-P coatings. Both coatings showed
a similar degradation pattern. After 6 months of im-
plantation significant amounts of coating were left at
the implant surface. Since some concern is raised
about the fatigue strength properties of the remaining
plasma-sprayed Ca-P coatings in load bearing ap-
plications [1], the final consequences of this observa-
tion are not yet understood: long-term load studies
have to be performed to provide this answer.



According to the above, the clinical potential of
FA/HA dual coatings is not clear. The supposed ad-
vantage of these coatings is based on improved bone
healing response, as evoked by dissolution of the
amorphous HA component followed by the biostable
FA part of the coating. Nevertheless, in our study, no
difference was observed in coating reduction or bone
contact between HA-PS and FA/HA-PS coatings
after 6 months of implantation.

On the basis of these findings it is concluded that
the bioactive properties of amorphous Ca-P sputter
coatings can be questioned. Apparently, determined
by the bone conditions of the implant location, cry-
stalline sputtered coatings are required to stimulate
carbonate apatite deposition in vivo. Further, al-
though extrapolation of animal studies to the human
situation is always complicated, it is suggested that it
is not necessary to wait for 6 months before loading
a maxillary implant, when this implant is provided
with an amorphous plasma-sprayed HA coating.
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