
INTRODUCTION

As a result of the increasing number of implant placement
in the clinical field, it is possible to observe the advent of sev-
eral types of implants with different materials, designs and sur-
face topography. Albrektsson and Bra�nemark1 have listed
factors that assure osseointegration such as: implant bio-
compatibility, fixture design, surface characteristics, surgical
techniques, state of host, biomechanical status and time.
Among these factors, the surface morphology of dental
implants has received increasing attention in recent years. 

Currently, commercially pure titanium (cpTi) is the mater-
ial of choice for dental implants due to its biocompatibility to
bone, high resistance to corrosion and light weight com-
pared to other materials. In addition, cpTi can be easily pre-
pared and modified into any desired form without difficulties.2,3

Regarding the knowledge that above mentioned implant
features significantly influence the formation of bone at
implant surfaces, several methods were introduced to alter the
surface topography4: coating by plasma spraying, abrasion, blast-
ing, blasting and etching, anodizing, cold working, sintering,

magnetron sputtering, electropolishing and laser prepara-
tion.5

Osseointegration is obtained by cellular events that lead to
bone formation at the alloplastic surface of the implant6,7

and Larsson et al. reported that the functional activity of the
cells close to the implant surface is highly influenced by the
chemical, physical, mechanical and topographic properties of
the surface.8

One of the methods to improve the cellular reaction at the
implant surface is to control the roughness of the implant sur-
face.9 Osteoblasts initially attach to the rough surfaces of Ti and
further the roughness showed to have an effect on osteoblast
proliferation and differentiation.10,11 On the contrary, fibroblasts
showed low affinity to rough surfaces and failed to adhere to
them.10 In addition, alkaline-phosphatase activity was increased
by rough surfaces.11,12

Coating implants with calcium phosphate ceramics are
known as an achievement way for rapid fixation and strong bond-
ing between the bone and the implant.13,14 Bioactive coating of
implants was found to establish a chemical bond along the
bone/coating interface (bonding osseogenesis) including ion
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exchange with the host tissue.15,16

Another approach that enhances the bone response is to
increase the thickness of the titanium oxide at the implant sur-
face.17,18 Anodizing oxidation is an electrochemical process that
increases the titanium oxide thickness and roughness.9

The purpose of this study was to analyze and compare the bone
responses to 3 different types of implant surfaces: tricalcium
phosphate (TCP) - coated, anodized, and turned (machined)
surface implants using the rabbit tibia model.

MATERIALS AND METHODS

Seventy-two turned screw-shaped implants (3.75 mm in
diameter, 7.0 mm in length) (Osstem Implant, Pusan, Korea)
were made from commercially pure titanium (grade IV).
Twenty-four implants were not altered and remained as the con-
trol group while the other forty-eight implants’surfaces were
treated according to two different techniques. 

Among the forty-eight implants, twenty-four were coated with
TCP. The implants were grit-blasted with 20 μm TCP powder
for 11 - 14 seconds and then the prepared TCP sol was coat-
ed onto it by dip spin coating at 8000 rpm for 1 minute. The
TCP-coated implants were then dried at 70℃ and heat treat-
ed at 600℃ for 6 hours in high vacuum furnace. 

The remaining twenty-four implants were treated with
anodic oxidation. This process was carried out at 300 V for 22
minutes at 10℃ in an electrolyte solution which consisted of
0.25M H2SO4 and 0.25M H3PO4. The current density was
70 A/m2 and the thickness of the oxide layer was 10 μm.

In order to conduct the in vivo experiment, this study had to
be approved by the Animal Research Committee of Seoul
National University (approved number: SNU-081004-4) and
all experiments were done in accordance with the Institute of
Laboratory Animal Resources guidelines of Seoul National
University. Eighteen New Zealand white male rabbits, weigh-
ing 2.5 - 3.5 kg, were used in this study. 

Prior to the surgical step, the proximal tibia area’s skin
was shaved and washed with betadine and pre-operative
antibiotic. After that, 0.12 g IM kanamycin was adminis-
tered prophylactically. Following conventional (28.8 mg/kg ket-
amine and 11.7 mg/kg xylazine) and local anesthesia (1.8 ml
of 2% lidocaine), surgical site preparation and drilling for implant
placement were conducted as described in a previous study.3

After skin incision was made, the muscles of the proximal aspect
of the tibia were dissected to elevate the periosteum. The implant
hole drilling was carried under low rotational speed and pro-
fuse saline irrigation. The drills were used according to their
order of increasing diameter, and no countersink prepara-
tion was done and finally the holes were tapped with a 3.3 mm
tap. Each rabbit received 4 implants, 2 of which were installed
in each tibia. The position of the implants in the tibia was ran-
domly assigned. After the top of the implant was covered by

cover screw, the periosteum and the fascia were sutured with
chromic gut and the skin was sutured with silk. The rabbits recov-
ered without complications and received 0.06 mg kanamycin
IM per day for 3 days post-operatively. 

After 3 and 6 weeks of healing, the rabbits were anes-
thetized and sacrificed with an intravenous administration of
potassium chloride (KCl). Nine rabbits were sacrificed at 3 weeks
of healing and the remaining nine were sacrificed at 6 weeks
of healing. Each set of implants was surgically removed en bloc
with an adjacent bone collar and immediately fixed in 4% neu-
tral formaldehyde. Then, specimens were embedded in light-
curing resin (Technovit 7200 VLC, Kultzer, Wehrheim,
Germany). Following a method described by Donath et al,19

undecalcified ground sections were cut and prepared using the
Exakt� system (Exakt Apparatebau, Norderstedt, Germany).
The specimens were ground to an approximate thickness of 30
μm and stained with hematoxilin and eosin (HE-staining). An
IBM personal computer connected to an Olympus BX micro-
scope (Olympus, Tokyo, Japan) and image analysis software
(Kappa PS30C Imagebase, Kappa Opto-electronics GmbH,
Gleichen, Germany) was used to calculate the percentage
of bone-to-implant contact (BIC) and bone volume density
(BVD). All light microscopic calculations were done with a
×10 objective and ×10 eyepieces. The percentage of BIC in
all of the threads at the bone cortex and intramedullary area was
calculated.

As for the obtained results, one way analysis of variance (ANO-
VA) and Tukey HSD post hoc test were conducted to calculate
possible statistical significances among the BIC and BVD of
the investigated surfaces. The statistical significance of the dif-
ferences in the percentage of BIC and BVD between 3 week
samples and 6 week samples was assessed by independent t-
test. 

RESULTS

According to the light microscopic view, no inflammatory
responses were observed in any specimens. It was also possible
to observe a great amount of cancellous bone in contact with
the dental implants at the marrow area. Regarding the cortical
bone, it grew very little and didn’t reach the implant surface
at 3 weeks as opposed to the cortical bone at 6 weeks where
it matured enough and anchored to the implant surface (Fig.
1, 2). 

As for the BIC percentage of the specimens at 3 weeks, TCP-
coated implants showed a percentage of 32.97 ± 30.57
while anodized implants showed a percentage of 32.54 ± 31.97
and turned implants 39.08 ± 33.13. At 6 weeks, TCP-coated
implants showed a BIC percentage of 44.92 ± 31.86 while
anodized implants showed a percentage of 41.42 ± 27.74 and
turned implants 25.19 ± 24.66 (Table 1, Fig. 3).  

As a result of the BVD analysis, at 3 weeks TCP-coated
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implants showed a BV percentage of 45.13 ± 24.97 while
anodized implants showed a percentage 36.40 ± 26.92 and
turned implants 48.08 ± 31.09. At 6 weeks, TCP-coated
implants showed a BVD percentage of 64.53 ± 27.60 while
anodized implants showed a percentage of 68.19 ± 18.24 and
turned implants 70.19 ± 13.09 (Table 2, Fig. 4). 

Statistical analysis showed that no significant differences in
the BIC and BVD were observed between the different
implant surfaces and the control group at 3 weeks and 6

weeks of healing (P > .05). It was also possible to infer that BVD
of all the surfaces (TCP-coated, anodized, and turned) showed
statistically significant difference at 3 and 6 weeks.

DISCUSSION

In the current study, implants with different surface properties
and the bone response to these implants were histomorpho-
metrically analyzed in rabbits. Even though it is considered as
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Fig. 1. Histologic view at 2 magnifications (×12.5, ×100) of (A) TCP-
coated, (B) anodized, (C) turned implants after three weeks of healing.

A

B

C

Fig. 2. Histologic views at 2 magnifications (×12.5, ×100) of (A) TCP-
coated, (B) anodized, (C) turned implants after six weeks of healing.

A
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a destructive method, histomorphometric measurement is a rep-
resentative test in studying the nature of the implant-tissue sur-
face and has been used by several authors to evaluate the bone-
implant interface.20

A histological evaluation of the specimens in this study
showed that osseointegration was achieved for all types of
implants after a healing period of 3 and 6 weeks. 

According to Larsson et al.,8,18,21 treatment of surface by
changing the oxide thickness of titanium implants from an elec-
tropolished level to thick oxide layers formed by anodization
provides polycrystalline metal surface with a crystalline
oxide layer (porous regions on a nanometer level) and these
implants show slightly improved response in bone, particularly
in the first weeks after implantation.17 The anodic oxidation
process used in this study was one of the several techniques avail-
able to produce adequate anodized surfaces.9

Tricalcium phosphate is applied to Ti implants in order to obtain
rapid formation of new bone in contact with the implant at an
early stage after implantation.22-24 Calcium phosphate coating
has proved to be beneficial for the anchorage of metal implants
in bone tissue25 and Lee et al. agreed on the proving, that TCP
coating revealed to have excellent histological performance stim-
ulating osteoconduction and osseointegration.26 Plasma spray-
ing is the most widely used technique for biomedical application
but does not allow to produce a uniform surface coatings
thinner than about 40 μm.15 It must be said that many authors
doubt the performance of plasma-sprayed coatings because of
common cohesion failure at the coating/implant interface.27

Contrary to the hypothesis that treatment of implant surfaces

would result in higher values of BIC and BVD for those, sta-
tistical analysis showed no significant differences in the BIC
and BVD between the different implant surfaces and the
control group at 3 and 6 weeks of healing. Yeo et al. investi-
gated 3 surface-modified implants in their study and concluded
that surface modification showed more favorable bone
response than the control group which consisted of turned
implants without surface treatment.9

It might be inferred that in the present study, surface-treat-
ed implants didn’t show a better bone response to the implant
surface due to the differences in observed areas and healing time
until the sacrifice of animals. Yeo et al. analyzed the percentage
of BIC in only four consecutive threads from the bone cortex.9

Previous studies have shown that in the rabbit tibia model, the
implant is placed in contact almost exclusively with the cor-
tical bone and that the bone formation is divided into 2 gen-
eral steps: the first one occurring around the cortical portion
of the screw (proximal 1 to 2 threads) and the second occur-
ring around the intramedullary portion of the implants (the dis-
tal 3 to 4 threads).28,29

Schopper et al. reported that very high and uniform BIC val-
ues were present at implant portions placed into cortical
bone, while implants portions placed into cancellous bone showed
less high and less uniform BIC values. The authors also
reported that a significant difference was present between cor-
tical bone BIC and cancellous bone BIC values within the same
implant, which is in accordance with the results of this current
study in which an improved bone response was not observed
due to the inclusion of less uniform cancellous bone BIC
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Table 2. The means and standard deviations of the bone volume density
percentages

TCP-coated Anodized Turned
3 weeks 45.13 ± 24.97 36.40 ± 26.92 48.08 ± 31.09
6 weeks 64.53 ± 27.60 68.19 ± 18.24 70.19 ± 13.09

Table 1. The means and standard deviations of the bone-to-implant
contact percentages

TCP-coated Anodized Turned
3 weeks 32.97 ± 30.57 32.54 ± 31.97 39.08 ± 33.13
6 weeks 44.92 ± 31.86 41.42 ± 27.74 25.19 ± 24.66
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Fig. 3. The means and standard deviations of the bone-to-implant
contact ratios.
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Fig. 4. The means and standard deviations of the bone volume density
ratios.



values in the total BIC value of the implants.24

However, the BIC values of cancellous bone should be
included in the calculation of the implant’s BIC value considering
that the bone apposition to cancellous implant portions was high-
ly correlated with total bone apposition. A good cancellous
osseointegration must therefore be considered a major factor
for implant success and bioactive coatings may provide ben-
efit when predictable osseointegration is desired in bone of less
quantity.30

It was also possible to infer through statistical analysis that
the BVD of all the surfaces (TCP-coated, anodized and
turned) showed significant difference at 3 and 6 weeks.
Schliephake et al.31 also reported that the mean peri-implant
BVD values increased significantly from 1 to 3 months in all
analyzed implant groups.

There were some limitations in our study. The implants
that were placed in the rabbit tibia were not loaded, which is
a different situation from that of the implants placed in
human jaws. Small sample size was also one of the limitations,
especially regarding the BIC and BVD measurements. Studies
with larger sample size are needed although there are strict lim-
itations for animal studies. 

CONCLUSION

The present study showed that osseointegration occurred in
all investigated types of surface-treated implants. Due to the
implant area observed for this study (all of the threads), sur-
face-treated implants didn’t make BIC or BVD percentage val-
ues better than in the control group, therefore the clinical rel-
evance of these results remains to be shown. 
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