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Abstract

Implantology is a highly researched field with a constant concern in finding and studying new implant materials. Lately, zirconium has become
a very attractive alternative to the detriment of titanium, but the research results were sometimes contradictory. Thus, we considered as
opportune to study the osseointegration of zirconium dental implants in rabbit femur, three months after insertion. The biological material was
represented by five rabbits and the experimental protocol was approved by the Ethics Committee of the University of Oradea, Romania. The
implants (zirconium ceramic dental implants: 5 mm length, 2.6 mm diameter) were inserted in the femur under controlled conditions, after
creating a bone defect. The animals received the appropriate postoperative care. Three months later, the implantation area was harvested
and processed for histological examination. The assessment of the osseointegration process of the zirconium implants showed that they
were very well tolerated by the host organism that did not trigger any rejection processes. Approximately 80% of the compromised bone was
replaced with newly formed bone in advanced stages of remodeling and consolidation. The proliferated bone near the implants acquired a
structure similar to the rabbit diaphyseal bone, but with higher density and size of the osteons. The stage reached by the osseointegration
process three months after the insertion of the implants, ensures a good consolidation of the implants that supports the prosthetic structures,

which are to be built on them.
Keywords: implant, osseointegration, rabbit, zirconium.

& Introduction

The idea of replacing compromised teeth with implants
is not of recent date, old information about such concerns
already exists. Among the known dental implants that have
been fully integrated into the bone is the one made from
seashell by ancient Mayans, over 2000 years ago [1].
Interest in the use of biomaterials for implantation in hard
tissues got higher and increased with time. Dental implants
have many advantages over transition crowns, bridges or
prostheses. They allow the creation of support structures
for temporary or permanent prostheses, with the preser-
vation of adjacent dental structures. Implants can provide
much more stability to prostheses, especially to the fixed
and large-scale ones, such as total dental prostheses [2],
thus increasing the life quality of patients [3]. Furthermore,
in the case of dental implants, it is not necessary to consider
the risk of recurrent caries as in other procedures, such
as onlay, crowns, and bridges procedures [4]. In order to
be well tolerated by the body and incorporated in the
hard tissue, it is mandatory for the implants to have an
adequate primary stability [5, 6] and also possess a series

of specific properties mainly related to biocompatibility,
implant construction and biomechanics. In the 1960s,
Brénemark ef al. used titanium implants in animal models,
without suspecting the importance of discovering them
at that time. For five years long, the clinical results of
titanium implants utilization were quite poor, with a
50% failure rate [7], and only later did they realize it
was a prosthetic material with special qualities.

In recent years, there is an increasing concern in
finding new prosthetic materials with a high degree of
biocompatibility [8, 9]. One of the materials considered as
promising in this regard is zirconium, the use of which
has been a high concern since 1990. The first zirconium
abutment was manufactured in 1997. Due to its low
thermal conductivity and elasticity, low affinity for the
bacterial plate, a great biocompatibility and last but not
least due to the white color, zirconium has become a
very attractive alternative to the detriment of titanium
[10]. Titanium, due to its dark color (gray), has aesthetic
disadvantages especially in patients with thin gingival
mucosa [11].
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In the dental field, only a few clinical trials have been
published regarding the use of zirconium as a dental
abutment material. Thus, Glauser ef al. reported 54 implants
placed on 27 patients with zirconium contraforts and
ceramic crowns, and followed them up for four years [12].
Some authors consider it inferior to the titanium from
certain points of view, claiming that for similar roughness,
zirconium does not allow a dental plaque construction as
easy as titanium [13]. Others report that during the process
of osseointegration, titanium abutments induced a more
severe inflammatory reaction than zirconium [14]. Animal
studies have shown that zirconium implants are comparable
to titanium in terms of biocompatibility and osseointe-
gration [10]. A highly important aspect is that zirconium
does not have carcinogenic or mutagenic effects [15].

Because there are no long-term studies, some authors
believe that zirconium implants may be an alternative to
titanium only after checking the resistance in time and
the survival rate of these ceramic implants [10, 16].

Aim

This study aims to investigate the osseointegration
of zirconium implants in the femur of the rabbit, under
light microscopy, and to identify the type of bone proli-

ferated at the implant-bone interface at three months
after insertion.

& Materials and Methods

To assess the osseointegration process of zirconium
implants, a histopathological study was performed on
five common breed rabbits. The experimental study was
conducted at the University of Medicine and Pharmacy of
Oradea, Romania. It was approved by the Ethics Committee
of the same University. Throughout the experiment, the
rabbits have benefited from appropriate and constantly
controlled conditions: 20-24°C and natural light, with a
dark light cycle of about 12/12 hours. The animals were
fed throughout the experimental period with standardized
granulated food and benefited of fresh water ad libitum.
The postoperative protocol included antibiotic treatment
and strict monitoring of the intervention site and the
general health of rabbits.

Threaded zirconium ceramic dental implants were
used, with the following dimensions: 5 mm in length and
2.6 mm in thickness (Figure 1). Their construction was
simple because we did not intend a later loading.

Prior to surgery, the rabbits were given Ketamine
(0.5 mL/kg body weight) and Xylocaine (0.4 mL/kg body
weight), both administered intramuscularly. Then, an
experimental bone defect was performed in the middle
of the femoral diaphysis with the dental drill, under
continuous irrigation with sterile physiological saline
solution to avoid overheating of the bone tissue. The
implants were then inserted by screwing with a special key.
The intervention area was sutured and the animals received
the appropriate postoperative care. Postoperatively,
Enrofloxacin was administered (1.8 mL/rabbit/day), three
days subcutaneously.

Three months later, a new surgical intervention was
performed to harvest fragments of the femur in the
implantation area. The pieces were fixed in 10% buffered
formalin for 10 days, then decalcified with trichloroacetic

acid and embedded in paraffin. Sections of 5-um thickness
were cut and stained with the Goldner’s Masson trichrome
method. This staining procedure clearly differentiates the
mature osseous matrix, which stains green, from woven
bone, which appears red [17, 18].
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Figure 1 — Zirconium dental implants: 5 mm length,
2.6 mm diameter.

= Results

Three months after inserting the zirconium implant,
the entire the bone—implant interface is occupied by
woven bone with different degrees of consolidation and
remodeling (Figure 2). The proliferated bone is in close
contact with the implant surface, covering a surface larger
than the normal thickness of the diaphyseal bone (Figure 3)
(fan-like aspect). In the opposite area to the implant, the
diaphyseal wall is formed of non-Haversian lamellar bone
tissue in the periosteal and endosteal areas, while in the
area between the two (periosteal and endosteal zones),
there are Haversian systems (osteons) with plexiform
lamellar bone tissue in between. Most of the Haversian
systems are small (2-3 lamellae), but there are medium
sized ones (4—6 lamellae) and rarely large Haversian
systems (more than seven lamellae) (Figure 4).

The whole interface is occupied by woven bone, also
containing residual bone areas, filling the spaces between
the bone structures undergoing processes of proliferation
and differentiation to mature bone. The ratio between the
two types of bone is in favor of the newly proliferated
bone, with smaller or larger differences from one area
to another. Proliferation and reshaping processes are
very active at the bone—implant interface, being at a
somewhat more advanced stage in the subperiosteal and
subendosteal areas (Figures 5-7).

The state of repair and bone remodeling processes
up to this point of the experiment are different from one
area to another, which clearly shows that they are not
yet completed. There are areas where the woven bone
appears relatively dense, but the non-Haversian bone still
predominates, although there are some osteons present
(Figure 8). In other areas, the osteons are numerous, but in
an early stage of organization, and there are some areas
occupied by osteoid (Figure 9). Reshaping processes
towards a Haversian bone are very active in most areas,
with the presence of small (2-3 lamellas), medium (46
lamellas) and large (more than seven lamellas) osteons
(Figures 10 and 11).
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Figure 3 — Opposite area to the implant (Goldner’s
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Figure 2 — Impla

staining, x40): black arrow — implant area; blue arrow — Masson trichrome staining, x40): black arrow -—
medullary canal; yellow arrow — bone—implant interface; endosteum; red arrow — diaphyseal bone; blue arrow —
red arrow — periosteum; green arrow — proliferated periosteum.

bone, extending over the tip of the implant.
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Figure 4 — Opposite area to the implant — detail Figure 5 — Subperiosteal area (Goldner’s Masson
(Goldner’s Masson trichrome staining, x400): black trichrome staining, x100): black arrow — periosteum;
arrow — Haversian systems; red arrow — non-Haversian blue arrow — subperiosteal woven bone; yellow arrow —
lamellar bone. woven bone; red arrow — residual bone; green arrow —

bone—implant interface.
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Figure 6 — Central area of the diaphysis (Goldner’s Figure 7 — Subendosteal area (Goldner’s Masson
Masson trichrome staining, %x100): black arrow — trichrome staining, x200): black arrow — woven bone
woven bone between the screw threads of the implant; extended over the tip of the implant; blue arrow — woven
blue arrow — woven bone on a screw thread of the bone in the endosteal region; yellow arrow — endosteum;
implant; yellow arrow — blood vessels; red arrow — red arrow — residual bone; green arrow — resorption

residual bone. lacuna in the residual bone.
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Figure 8 — Subperiosteal area — detail (Goldner’s Masson
trichrome staining, x400): black arrow — bone—implant
thread interface; blue arrow — woven bone; yellow
arrow — osteocytes in osteoplasts; red arrow — small
lacunae in the residual bone.

Figure 10 — Subendosteal area — detail (Goldner’s
Masson trichrome staining, x400): black arrow — bone—
implant interface; blue arrow — woven bone; yellow
arrow — osteons; red arrow — residual bone.

From the periosteum to the medullary canal, the bone—
implant interface is occupied to a very large extent (80%)
by the newly proliferated bone (with differences from one
area to the other), and the rest is represented by residual
bone, which is to be replaced in a relatively short time.
The thickness of the area occupied by woven bone at the
bone—implant interface is not the same across the entire
surface, being significantly larger in the periosteal and
endosteal areas than in the medial area. The aspect is
absolutely normal, given the fact that the repair processes
had the periosteum and endosteum as their starting point,
from where they gradually expanded to the central part.
The fact that the newly formed bone is thinner in the central
area suggests that the process of osseointegration, although
in an advanced stage of development, is not yet fully
completed. The aspect is also suggested by the fact that
there are larger or smaller differences from one area to
another, regarding the bone structure found at the bone—
implant interface.

In periosteal and endosteal zones, the proliferated

Figure 9 — Central area of the diaphysis — detail
(Goldner’s Masson trichrome staining, %400): black

arrow — implant interface; blue arrow — woven bone;
yellow arrow — osteoid; red arrow — residual bone.
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Figure 11 — Central area of the diaphysis — detail
(Goldner’s Masson trichrome staining, %400): black
arrow — bone—implant interface; blue arrow — non-
Haversian bone; yellow arrow — polymorphic osteons;
red arrow — residual bone.

bone has a typical secondary bone aspect (lamellar), with
parallel arrangement of osseous lamellae. This disposition
is very close to the one existing in long bones diaphyses
(as is our case), where there are several concentric osseous
lamellae, numerous osteocytes, abundant collagen fibers,
and reduced matrix.

In the case of the studied bones, the disposition of
the lamellae, the number of osteocytes and the density
of collagen fibers are comparable to those normally
encountered in the diaphyseal bone, but the thickness
of the areas occupied by this type of bone is larger than
normally. The aspect seems normal if we take into account
that the proliferated bone in the bone—implant area has a
fan-like appearance, with a significant increase in thickness
compared to the normal dimensions of the diaphyseal
bone. In this context, all bone areas (periosteal, central,
endosteal) are thicker than normal. This thickening of the
bone around the implants is physiological and appears
as an adaptation to the particular situation faced by the
implantation area, starting from the experimental defect
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to the end of the osseointegration process of the implants.

The proliferated bone (in the periosteal to the endosteal
areas) has mostly the appearance of a secondary bone
(lamellar), but there are sometimes large differences from
one area to another. These differences are mainly due to
the different stages of the bone remodeling process towards
a typical compact bone, being more advanced in some
areas compared to others. It is certain that three months
postoperatively, there is a relatively large number of well-
defined osteons (Haversian systems), even if their density
is not the same on the entire bone surface near the implants.
The osteons are polymorphic, mainly concerning the
number of the lamellae existing in each of them, but to
some extent, they are also polymorphic in shape (on the
section surface). In terms of the density of newly formed
osteons, there are relatively large differences from one
area to another, with relatively large density in some areas
and more rare in others or even disposed at a certain
distance. In some areas, the diameter of the osteons and
their density are higher than they normally appear in rabbit
diaphyseal bone. We consider this aspect as part of the
body’s effort to strengthen the weakened area following
the experimental bone defect.

Goldner’s Masson trichrome staining procedure clearly
differentiated the woven bone from the residual bone
(affected or not), which allows the assessment of the areas
where the residual bone has not yet been replaced. Note
that in the bone—implant interface area, woven bone
predominates, even if the ratio between woven bone and
the one to be replaced is slightly different from one area
to another. We state that osteocytes are absent in the areas
with residual bone and several polymorphic microcavities
(regarding their shape and size) are present. The bone
density is appropriate in all these areas.

= Discussions

The assessment of the osseointegration process of
the zirconium implants three months after their insertion
into the rabbit femur diaphysis shows that they were very
well tolerated by the host organism that did not trigger
even discrete rejection processes. Under these conditions,
osteolysis and bone proliferation processes were carried
out in parallel and ensured, on one hand, the elimination
of the large majority of the bone affected by the traumatic
surgery and, on the other hand, the proliferation of bone
surrounding the implants at this time of the experiment.
The implant-bone interface is seen as a key indicator
of osseointegration that governs the success and overall
survival of implants [19]. By assessing the zirconium
implant on a leporine model, we observed a good osseo-
integration six weeks after the implantation into the
femoral bone, with direct bone proliferation at the bone—
implant interface. There were no fissures (lacunae),
inflammatory infiltration or multinucleated giant cells [20].

While testing the osseointegration of some zirconium
implants in comparison with titanium, some authors
concluded that there are no significant differences in the
bone—implant interface area between the two types of
implants [11]. In a similar experiment, other researchers
[21] found that two weeks after insertion of the implants
in rabbits, the bone covering rate was 54-55% for
zirconium and 42-52% for titanium, respectively. After

four weeks, the situation is slightly different; the zirconium
implants are covered by a ratio of 62-80% woven bone,
and the titanium ones by 68-91%. Other authors inserted
zirconium and titanium implants in sheep femur and found
that after 12 weeks, the bone—implant interface was covered
with 85.5% newly formed bone for zirconium implants
and 78.9% for titanium, respectively [22]. Similar results
were also obtained by testing the two types of implants in
dog [23].

In our experiment, osseointegration was achieved
directly with osseous tissue, and not with intermediate
tissues (fibrous, cartilaginous), on the whole area of inter-
vention. The newly proliferated bone is arranged in such
a way to intimately follow all the uneven surfaces of the
implants (of the screw thread) extending over a greater
surface than the thickness of the diaphyseal compact bone.
This makes the bone proliferated in the implant area have
a fan-like aspect, coating the implant on a surface larger
than the normal thickness of the diaphyseal bone, which
confers a very good fixation and consolidation.

This type of tissue is called non-Haversian fibrous
bone, presenting external fundamental systems in the
subperiosteal area and internal fundamental systems in
the subendosteal area [24].

In other words, repairing bone tissue is a complex
and slow process in which affected bone structures are
gradually replaced by newly formed bone structures. This
makes the area occupied by the affected bone gradually
decrease, but until its total replacement with the newly
formed bone, a long period of time has to pass. Thus,
three months after inducing the experimental defect,
residual bone still persists. The positive side is that such
areas are reduced in the immediate vicinity of the implants,
being better represented and somewhat larger at a certain
distance (in depth) from the implant bone interface. The
persistence of the areas occupied by the affected bone
(absent osteocytes; osteoplasts, in addition to being hollow,
appear very polymorphic in shape and size) show that until
the repair processes at the diaphyseal bone are completed,
a certain amount of time is needed, which cannot be
appreciated exactly at this point in the experiment.
However, this does not represent such a big problem
for the mechanical strength of the bone in its entirety
because there are no significant discontinuities, and this
unsustainable bone provides a great deal of resistance to
the area until its gradual replacement. This bone has lost
its cellular component, which would ensure its viability,
but not the mineral component that provides its mechanical
strength. In other words, the mechanical strength of the
area is ensured during the unreeling of the repair processes
both by the newly formed bone and the one to be gradually
replaced. Considering the fact that that the compromised
bone was largely replaced by bone structures in advanced
stage of remodeling and consolidation, we consider that the
process of osseointegration of zirconium implants into the
rabbit diaphyseal bone three months after the insertion
reaches a consolidation stage sufficiently advanced to
support the structures to be built on it.

& Conclusions

Three months after the insertion of the zirconium
implants, approximately 80% of the compromised bone
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(after the experimental defect) was replaced with newly
formed bone in advanced stages of remodeling and
consolidation. The proliferated bone near the implants
gradually acquires a structure comparable to that of the
rabbit diaphyseal bone, but the higher density and size
of the osteons in the advanced remodeling areas make
us believe that it will ultimately have superior resistance.
The stage reached by the osseointegration process three
months after the insertion of the implants, even if it is
not fully completed, ensures a good consolidation of the
implants that supports the prosthetic structures, which are
to be built on them.
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