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Abstract

Introduction: Zirconia has been considered an alternative material to
titanium for implant manufacturing, however the mechanisms regarding
to bone healing in presence of zirconia implants remains poorly known.
Objective: The objective of the investigation was to evaluate the bone
healing surrounding titanium and zirconia implants in rabbits after
7, 14, 30, 45 and 60 days of implant placement through histological
evaluation. Material and methods: Fifteen rabbits were used in this
study and randomly subdivided into 5 groups, according to experimental
periods. Titanium and zirconia implants were inserted into the right
and left tibia, respectively. After healing periods of 7, 14, 30, 45 and
60 days, animals were euthanatized, the implants were removed and
the samples were submitted to histological procedures. Results: Our
histological results demonstrated similar bone healing surrounding
titanium and zirconia implants after 7, 14 and 30 days after implant
placement. After 45 days, a trend towards to earlier bone maturation
was detected, remaining after 60 days. Inflammatory infiltrate, bone
resorption and foreign body reaction were not observed in any periods
and groups evaluated. Conclusion: Our findings demonstrated that
zirconia and titanium presented a similar pattern of bone healing.



Introduction

Dental implants have been considered a
well-accepted and predictable alternative to the
rehabilitation of edentulous patients [1, 6]. The
clinical success of this treatment modality is strictly
related to osseointegration, defined as a direct
apposition of bone to the implant surface [8].

Titanium and its alloys have been largely used
in implant manufacturing due to their excellent
biocompatibility and mechanical properties.
Moreover, favorable results concerning to bone
apposition on titanium surface are well described,
demonstrating the osseointegration of titanium
dental implants. Therefore, titanium has been
described as a reliable implant material for long-
term use in the oral cavity [25].

Despite these data, several techniques and
materials have been developed in order to achieve
even better results, particularly as regards the
aesthetic parameters. Indeed, titanium has been
related to certain disadvantages such grayish
color and the possible accumulation of titanium
ions surrounding dental implants [7] and in local
lymph nodes [28].

Based on these requirements, ceramic implants
made of zirconia were developed, being considered
a viable alternative to titanium [3, 16]. In fact,
ceramic materials such zirconia are radiopaque,
extremely hard, wear resistant and its ivory color
is similar to the color of natural teeth compared
to the gray color of titanium, which render it an
important material for use in the esthetic zone [2,
5, 13]. Generally, zirconia ceramics present a high
degree of biocompatibility and exhibit minimal ion
release [4, 13, 14, 23]. In addition, higher fracture
resilience and higher flexure strength were detected
in zirconia dental implants [24].

Moreover, many efforts have been made
to evaluate the putative differences between
zirconia and titanium surfaces concerning to
osseointegration using different experimental
models [10-12, 15, 16, 18].

Although several studies have been compared
the osseointegration process of between titanium
and zirconia implants, the putative differences
concerning to biological mechanisms remain poorly
known. Moreover, it would be interesting to evaluate
the bone healing in presence of zirconia and titanium
implants at different time points. Therefore, in the
present study, we investigated the bone healing
around titanium and zirconia implants in rabbits
throughout a descriptive histological evaluation
after 7, 14, 30, 45 and 60 days.
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Material and methods

Experimental animals and implants

Fifteen New Zealand white mature male rabbits
weighing 4 to 5 kg were used in this study. The
animals were kept in individual cages, fed with a
standard laboratory diet and given tap water ad
libitum. In the sequence, rabbits were randomly
subdivided into 5 groups, according to experimental
periods (7, 14, 30, 45 and 60 days after implant
placement). These procedures were performed
under sterile conditions and the study protocol was
approved by the Research Ethics Committee of the
University of Sagrado Coragao (116/09).

Morse taper connection implants made of
commercially pure titanium (Neodent, Curitiba,
Brazil) with a length of 7 mm and diameter of
3.5 mm and machined surface were placed in
the right tibia of each rabbit (group 1). Implants
made of zirconia ceramic with machined surface
were also inserted in the left tibia of each rabbit
(group 2). These implants were manufactured with
a modification in the platform, characterized by
an insertion of a hexagon of 1.5 mm in order to
provide the implant placement. Therefore, each
rabbit received 2 implants, 1 in the left tibia and
1 in the right tibia. A total of 30 implants (15
titanium implants and 15 zirconia implants) were
placed.

Anesthesia, surgery and histological procedures

Prior to surgery, the shaved skin in the tibial
metaphysis area was cleaned with iodine solution
at the surgical and surrounding area. The animals
were anaesthetized through intramuscular injection
of a combination of ketamine (Ketamina Agener®;
Agener Unido Ltda., Sao Paulo, SP, Brazil) (0.35
mg/kg of body weight) and xylazine (Rompum®
Bayer S.A. Sao Paulo, SP, Brazil) (0.5 mg/kg of body
weight). Incisions of approximately 3 cm in length
were performed in the left and right tibiae. After
dissection, the bone surface of the tibial metaphysis
was exposed and one implant was placed in each
tibia. Implants were placed using a progressive
sequence of drills under saline cooling, according
to the manufacturer’s instructions. The soft tissues
were sutured in separate layers and the animals
received postoperatively a single intramuscular
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dose of antibiotic (Pentabiético Pequeno Porte
— Fort Dodge®, Campinas, SP, Brazil) (0.1 ml/kg
of body weight).

After 7, 14, 30, 45 and 60 days, animals
were sacrificed by intramuscular injection of high
dose of the anesthetic solution and the tibiae
containing the implants were removed in terms
of histological techniques. After the fixation
procedures, the implants were removed and the
samples were decalcified for 8 weeks in 18% EDTA,
washed, dehydrated and embedded in paraffin.
Serial sections with 5 wm thickness were cut and
stained with goldner’s trichrome. In the sequence,
all histological sections were identified with a
random numerical sequence to codify experimental
periods and groups during the analysis procedures
performed by a single calibrated investigator with
a binocular microscope (Olympus Optical Co.,
Tokyo, Japan).

Histological evaluation

Descriptive histological evaluation was
performed in the section correspondent to central
region of sockets. This evaluation includes analysis
of presence of inflammatory infiltrate, formation
of fibrous connective tissue, bone resorption and
foreign body reaction.

Results

Our histological results demonstrated similar
bone healing surrounding titanium and zirconia
implants after 7, 14 and 30 days after implant
placement. After 45 days, a trend towards to earlier
bone maturation was detected, remaining after 60
days. Inflammatory infiltrate, bone resorption and
foreign body reaction were not observed at any
periods and in any groups evaluated.

After 7 days of implant placement, cortical bone
was detected in the superficial regions, referred to
the cortical bone of the tibia. In the deeper portions,
medullary bone was found, consisting of thin
and slender newly formed bone trabeculae in the
impressions of the implant threads. Furthermore,
a highly vascularized fibrous tissue permeating
these regions was observed, while the cortical
region showed a discreet layer of connective tissue.
Inflammatory cells, bone resorption and foreign
body reaction were not detected in both groups. No
differences between titanium and zirconia implants
were found, as illustrated in figure 1A and 1B.

Figure 1 - Histological findings of bone healing in
titanium (A) and zirconia (B) implants surface after 7
days of implant placement, presenting cortical bone
(arrows) in contact with the implants (*)

It was also detected a more dense and organized
bone in the region correspondent to implant surface
after 14 days. Moreover, reversion lines were
detected, characterizing the maturation phase. No
differences in histological findings were observed
between both groups (figure 2A and 2B).

Figure 2 - Histological findings of bone healing in
titanium (A) and zirconia (B) implants surface after
14 days of implant placement presenting lamellar
bone (Lb)

After 30 days, Haversian system was observed
in the cortical bone of the region correspondent
to implant surface, demonstrating the remodeling
process. In addition, an intense vascularization
was detected, accompanied by a strong presence of
bone cells lineage. There no significant difference
between titanium and zirconia implants (figure
3A and 3B).
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Figure 3 - Histological findings of bone healing in
titanium (A) and zirconia (B) implants surface after 30
days of implant placement showing evident Haversian
systems (Hv)

Moreover, the cortical bone detected in the
superficial regions remains in the bone remodeling
process at 45 days after implant placement. In
the deeper portions, there was a predominantly
medullar bone with thin trabeculae. No differences
were observed between groups, as illustrated in
figure 4A and 4B.

Figure 4 - Histological findings of bone healing in
titanium (A) and zirconia (B) implants surface after 45
days of implant placement presenting mature cortical
bone (#)

Finally, it was observed a mature bone tissue
in remodeling process, characterized by reversion
lines after 60 days. The corticalized aspect was
more evidente in this period. As observed in other
time points, no differences were detected in titanium
and zirconia implants (figure 5A and 5B).

Figure 5 - Histological findings of bone healing in titanium
(A) and zirconia (B) implants surface after 60 days of
implant placement maintaining a cortical bone (#)

Discussion

Ceramic materials have also been proposed for
the use in dental implants manufacturing [3, 16].
The applicability of these materials is associated
to a wide range of advantages as mechanical
characteristics and tooth-like color, allowing their
indication to aesthetics regions [2, 5, 13]. Among
ceramic materials available, zirconium oxide
partially stabilized with yttrium (yttrium-stabilized
tetragonal polycrystals [Y-TZP]) has been considered
an interesting material for dental implants [24].
Indeed, evaluations regarding to stability of YTZP
oral implants have shown that this material may
be able to withstand oral forces over an extended
period [5, 17].

Several studies have been investigated the
osseointegration of zirconia implants using different
experimental models [10-12, 15, 16, 18]. However,
it would be reasonable to evaluate the bone
apposition in ceramic surfaces at different time
points after implant placement. Therefore, our study
demonstrated histological findings of bone healing in
presence of zirconia and titanium implants placed
in rabbit tibia after 7, 14, 30, 45 and 60 days.

Our histological examination revealed similar
results regarding to bone healing in zirconia
and titanium implants after 7, 14 e 30 days.
Nevertheless, a trend of earlier bone maturation
was found surrounding zirconia implants after 45
and 60 days. In fact, previous studies did not found
differences in osseointegration process of zirconia
implants when compared to titanium implants [11,
12, 16, 18].

Accordingly, no statistical differences were found
between bone-implant contact rates in zirconia and
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titanium implants placed in monkeys. The mean
mineralized bone-to-implant contact after 9 months
of healing and 5 months of loading amounted
to 72.9% for the titanium implants and 67.4%
for zirconia implants [16]. A similar rate of bone
apposition was reported after 2 and 4 weeks of
zirconia and titanium implant placement using a
rabbit model [11]. Further evaluations performed
using the same experimental model in rabbits
revealed comparable rates of bone apposition in the
zirconia and titanium surfaces at 6 and 12 weeks
of healing [12]. In the same way, other authors
demonstrated similar bone-implant contact rates
between zirconia and titanium implants placed in
dogs [15]. Moreover, no significant differences were
found regarding to histological and biomechanical
results in the osseointegration of zirconia and
titanium implants after 2 and 4 weeks of implant
placement in rats [18].

In pigs, zirconia implants showed a slight
delay in osseointegration in terms of bone-implant
contact rates. Zirconia implants presented rates of
59.3% and 67.1% after 4 and 12 weeks, respectively.
Moreover, titanium implants revealed 64.1% and
73.6% after 4 and 12 weeks, respectively. However,
no significant differences were observed [20].

Our histological findings also demonstrated the
absence of inflammatory infiltrate, bone resorption
and foreign body reaction were not detected in
any groups and periods evaluated, indicating the
biocompatibility of both materials. In accordance
with our data, some studies have been showed
the biocompatibility of ceramic materials such as
zirconia [3, 13, 23]. In monkey and rabbit models, a
high degree of biocompatibility of zirconia implants
was observed, characterized by high bone-implant
contact rates [3, 23].

In fact, the biocompatibility of zirconia was
previously described after implantation into
muscles and bone, suggesting the absence of local
and systemic effects in mice [21]. In vitro and in
vivo experiments also revealed that bioceramics
exhibited superior osteoconductive ability and
biocompatibility [22]. Indeed, some authors related
that the inflammatory response and bone resorption
induced by ceramic particles were more discreet
when compared to those induced by titanium alloys
such Ti6A14V [27].

Our data demonstrate that both implant
materials can be considered highly biocompatible
and osteoconductive, with a similar pattern of
bone healing in both surfaces. Therefore, zirconia
implants seems to have good biological properties,
characterizing high biocompatible as observed in

commercially pure titanium implants [20, 26].
Accordingly, substantial evidence demonstrated
similar biocompatibility and osseointegration for
zirconia and titanium implants [9, 11, 12, 15-18,
20, 29]. However, it is reasonable to consider that
our sample is small, representing a limitation of
our study. Other studies must be carried out to
improve knowledge on this field, which may serve as
a basis for development of more effective strategies
for rehabilitation of edentulous patients.

Conclusion

Our findings demonstrated that zirconia and
titanium presented a similar pattern of bone
healing.
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