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Abstract
Background and objectives. At present, only few studies with zirconia implants have
been developed, but there are no conclusive results. This prospective study evaluated onepiece zirconia implants placed in posterior mandible assessing implant survival rate, implant
success and marginal bone remodeling.
Materials and Methods. 43 one-piece implants were placed in 2 groups: zirconia implants
(Zi, n=21 implants) and sandblasted acid-etched titanium surface (SAE, n=22 implants).
These implants were inserted in partially edentulous mandible of 15 patients in a split-mouth
design. At 6-months loading follow-up, clinical and radiographic parameters were assessed.
Mann-Whitney statistical analysis was performed to compare groups (α=0.05). Success
criteria included absence of pain, sensitivity, suppuration, implant mobility; absence of
continuous peri-implant radiolucency; distance between the implant shoulder and the first
visible bone contact (DIB) <1.5 mm.
Results. After a 6 months loading time, the overall implant survival rate was 94.59%, with 3
implant losses (2 Zi and 1 SAE). Among the surviving implants (34 out of 37), all fulfill the
success criteria; therefore, the implant success was 94.59%. The mean distance between the
implant shoulder and the first visible bone contact (DIB) for Zi and SAE implants were 0.34
± 0.95 mm and 0.43 ± 0.85 mm, respectively (p>0.05).
Discussion and Conclusion. Within the limits of this study, one-piece implants made of
Zi or SAE seem to represent a safe and successful procedure for implant-supported
restoration, after 180 ± 60 days follow-up.
Keywords. Biomedical and dental materials, bone remodeling, ceramics, dental implants,
zirconia.

1. Introduction
The implant-supported restorations have been used as an alternative to prosthesis
[1]. The material of choice for dental implants is the commercially pure titanium. Due to its
biocompatible, this material has been extensively used, showing high success rates during the
years due to osseointegration [2-4].
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Osseointegration has been defined as a direct, functional linkage with the implant
surface and the surrounding bone. With the intention to evaluate osseointegration of dental
implants, many methods had been developed. An established method is the measurement of
the Bone Implant Contact (BIC) by histomorphometric analysis, in animal studies, as a direct
contact between bone and implant surface without any connective tissue interposition [5].
The ceramic zirconia material was introduced as an option to metallic abutments
implants [6,7] because of its white color. However, the peri-implant mucosa color and
biotype also influences the implant esthetics [8]. The development of zirconia material as an
option to implant abutments [9,10] had also represented an important goal to achieve
esthetic result associated with function. Dental implants made with zirconia had been
evaluated [11]. These implants present an excellent resistance to corrosion and wear, good
biocompatibility, high bending strength and fracture toughness [12], and low bacterial
adhesion [13].
Zirconia implants with modified surfaces have showed osseointegration similar to
titanium implants [14,15]. Degidi et al. (2006) have stated that occurs a lower inflammatory
infiltrate with much lower extension at zirconia healing caps than at titanium healing caps
[16]. In addition, animal studies with histological observations have stated similar capacity
of zirconia implants for osseointegration as titanium implants [17-20].
One-piece implants have several clinical advantages. The surgery is minimally
invasive, restorative procedures are simple, and abutment screw loosening cannot happen.
Furthermore, the amount of crestal bone resorption may be minimized since there is no
microgap or micromovement between an implant and an abutment [21,22].
Reports of excellent implant stability, esthetics, and patient satisfaction in the shortterm perspective have been published with regard to this specific implant, although some
reports have demonstrated lower survival rates related to the implant design [22,23].
This prospective study evaluated one-piece zirconia implants placed in posterior
mandible assessing implant survival rate, implant success and marginal remodeling bone.

2. Materials and methods
The Ethics Committee for Human Clinical Trials at Guarulhos University approved
the study protocol, which was explained to each subject, and all patients signed informed
consent.
2.1. Selection of the subjects
Fifteen partially edentulous subjects (four males and eleven females, mean age of
40.58 ± 10.68 years) in posterior mandible were included in this study. These patients
fulfilled the following inclusion criteria: patients had to meet pre-established inclusion
parameters (i) at least 2 lower posterior mandibular teeth missing, (ii) reasonable to good
oral and general health, (iii) not be pregnant or breath feeding; (iv) no history of irradiation
on head and neck, (v) adequate amount of bone height for placement of implants with a
minimum length of 8.5mm in a prosthetic optimal position, (vi) implant site free from acute
infection.
Exclusion criteria included (i) previous bone augmentation in the implant site, (ii)
moderate to severe chronic periodontitis (i.e., suppuration, bleeding on probing in more than
30% of the subgingival sites or any site with probing depth ≥ 5mm), (iii) not controlled
diabetes or any systemic condition that could affect the bone healing.
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2.2. Special manufactured of one-piece implants

One-piece screw-shaped implants (4.1 mm in diameter and 8.5 to 10 mm length; AS
Technology Titanium-FIX, São José dos Campos, SP, Brazil) were especially manufactured
with titanium (SAE) or yttrium-stabilized tetragonal zirconia polycrystal Y-TZP (Zi). The
grade-4 titanium implants were additionally blasted with 100 µm Al3O2 particles. After
sandblasting, the specimens were ultrasonically cleaned with an alkaline solution, washed in
distilled water and pickled with HNO3 (Figure 1).

Figure 1. Lateral view of the one-piece titanium and zirconia implants.

The samples were first checked for chemical composition with XPS/ESCA (X-Ray
Photoelectron Spectroscopy/Electron Spectroscopy for Chemical Analysis), and no
significant pollution was detected [24,25]. The topographies at the microscale were then
visualized using routine Scanning Electron Microscopy (SEM) control. At the nanoscale, the
SEM confirmed that both surface types were nanosmooth, following the current definition.
The sole difference between these 2 tested implant types was therefore the specific material
(zirconia and titanium) as well as the microtopography [26].
The implants were characterized by a Confocal White Light Microscope (Leica Scan
DCM 3D - Leica Microsystems Ltd, Switzerland) with an objective magnification 50X, to
measure one-piece dental implant surface topography.
Titanium and zirconia groups were evaluated and the surface roughness was
calculated. Surface roughness (Ra) length of 254.64 µm (768 X 56 pixels) was recorded
(Figure 2).
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Figure 2. Representative profile of Surface Roughness for SAE titanium surface (A) and
zirconia surface (B).

2.3. Implant placement
One-piece screw-shaped implants for both groups were placed in posterior mandible
(Figure 3). The preparation of implant sites was carried out with twist drills of increasing
diameter (2.0, 2.8, 3.15 and 3.35 mm) to place 4.1 mm diameter implants, under constant
irrigation.
Care was taken to assess the position of the mental foramen. Implants sites were
marked using a surgical template. The templates were based on the diagnostic waxing with
perforations on the longitudinal axis, on the premolar and molar regions, according to ideal
position of final implant supported restorations. Interrupted sutures to ensure a nonsubmerged healing procedure in dental implants were done.
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Figure 3. Clinical view of titanium and zirconia implants being inserted in posterior
mandible.

2.4. Post-operative treatment
All patients received oral antibiotics (Clindamicyn, 900mg each day) for 7 days
Postoperative pain was controlled by administering 100 mg Nimesulide every 12 hours for 5
days. Detailed oral hygiene instructions were provided, with mouth-rinses with 0.12%
chlorhexidine administered for 7 days. Suture removal was performed at 7 days. After
surgery, the patients were instructed to avoid brushing and any trauma to surgical site. A
cold and soft diet was recommended for the first day, and a soft diet for the first week.
2.5. Restorative procedure
Following four months of implant healing, an impression was taken utilizing a silicon
putty polyvinylsiloxane (Contrast – VOCO) directly on the implants. Laboratory templates
were made and a master cast was fabricated.
The implant-supported restoration made with ceramic (IPS D’Sign - Ivoclar Vivadent)
was placed direct on the implant. These restorations were fixed with a resin cement
(Variolink II - Ivoclar Vivadent). All centric and lateral contacts were assessed by an
articulating paper and adjusted if necessary.
2.6. Clinical and radiographic evaluation
For each implant, the following clinical parameters [27] were investigated, after 6
months of functional loading, as the presence or absence of: 1.) pain/sensitivity, 2.)
suppuration/exudation and 3.) implant mobility. The number 3 was tested manually using
the handles of two dental mirrors.
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Moreover, intraoral periapical radiographs were taken for each implant, at the
baseline (immediately after implant insertion) and at the 6 months of occlusal loading.
Radiographs were taken using a Rinn alignment system with a rigid film-object-X-ray source
coupled to a beam-aiming device in order to achieve reproducible exposure geometry. The
distance between the first angle of the implant body and the first visible bone contact, was
measured in mm by an appropriate software (ImageTool - Texas University).
Crestal bone level changes at 6 months were registered as modifications in the
distance from the implant shoulder to the bone level on the mesial and distal implant side. To
correct dimensional distortion, the apparent dimension of each implant was measured on the
radiograph and then compared with the actual implant length.
2.7. Implant Survival and Implant Success criteria
The evaluation of implant survival and implant success was performed according to
the following clinical and radiographic parameters [28]. Implants were basically divided into
two categories: “survived” and “failed” implants. An implant was classified as a “survived
implant” when it was still in function at the end of the study, after 6 months of functional
loading. To achieve implant success, the following clinical and radiographic success criteria
should be fulfilled as absence of: pain or sensitivity upon function, suppuration or exudation,
clinically detectable implant mobility, continuous peri-implant radiolucency, and DIB < 1.5
mm after 6 months of functional loading. Implant losses were categorized as failures;
implants presenting pain upon function, suppuration or clinical mobility were removed, and
were all failure categories. The conditions for which implant removal could be indicated
included failure of osseointegration or infection, recurrent peri-implantitis, or implant loss
due to mechanical overload.

3. Results
At the time of evaluation, of the 15 patients, 13 had only returned. After a 6 months
loading time, the overall implant survival rate was 95% (titanium implants) and 89.47%
(zirconia implants), with 3 out of 39 implant losses by mobility without infection (2 Zi and 1
SAE). Among the surviving implants (34 out of 37), all fulfill the success criteria; therefore,
the implant success was 94.59%. Two zirconia abutments at single-tooth implant-supported
restoration fractured at final insertion, showing no influence on the osseointegration.
The mean distance between the first angle of the implant body and the first visible
bone contact (Distance Implant Bone-DIB) for Zi and SAE implants were 0.34 ± 0.95 mm
and 0.43 ± 0.85 mm respectively (p>0.05)(Figure 4).
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Figure 4. Mean and standard deviation (mm) of remodeling crestal bone of evaluated
group.

4. Discussion
The present study showed a 94.59% success rate for all implants placed in the
posterior mandible. Specifically, zirconia implants presented an 89.47% success rate while
one-piece titanium implants showed 95% under the same loading conditions. These data
agree with previous studies that evaluated the success rate of zirconia implants placed in
human jaws [29]. In that study, the authors achieved a success rate of 92.7% in zirconia
implants without surface topography preparation, in the same condition as performed in our
study. In a later study, Oliva et. al., (2007) reported a higher success rate ranged around
98%, however, this zirconia surface was previously coated, data that range very close to the
titanium implants evaluated in our study [30]. These data could suggest that the implant
surface topography should increase the bone healing around the peri-implant environment,
and consequently increase the success rate.
When comparing the results with animals, Akagawa et. al. (1998) evaluating seven
monkeys and twenty-eight non-treated zirconia implants, reported success index ranged
between 54% and 71% after twelve months of follow-up [31].
Several studies have demonstrated bone integration of threaded zirconia implants
under both unloaded and loaded conditions [32]. Akagawa et al. (1998) showed, in monkeys,
the long-term stability of partially stabilized zirconia implants placed with different loading
designs in a one-stage procedure [31]. Direct bone apposition to the implant was generally
seen. Fractures of the implants did not appear, confirming the favorable mechanical
properties of zirconia.
A review of the literature indicates that sensitivity to titanium is rare, two reports
showed possible hypersensitive reactions to titanium. Oliva et al. (2010) describes a fullmouth oral rehabilitation of a titanium allergic patient with zirconia implants [33] hence, the
zirconia implants provide the possibility of a metal-free treatment option to patients who
request this [34-36].
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Kohal et al. (1997) compared custom-made titanium and zirconia implants used to
support metal crowns in the superior jaw of six monkeys [37]. The two types of implants
were sandblasted, and the titanium was also acid- etched. All implants maintained stability
and no mechanical problems were reported. Histologic examinations confirmed no
differences in the bone tissue response to the titanium and zirconia implants.
In a systematic review, Wenz et al. (2008) have related that the osseointegration of
yttria–tetragonal zirconia polycrystal implants (Y-TZP) were similar to titanium implants;
modifications of their surfaces have the potential to improve initial bone healing and
resistance to removal torque; low temperature degradation might affect the behavior of YTZP [38]. That suggested the higher adhesion capacity developed by cells on zirconia could
be related to the earlier and abundant production of the adhesion protein fibronectin than
titanium. Although, the more precocious and high production of organized structure for
adhesion observed on zirconia, associated with the low toxicity exerted by this material,
concur to explain the higher growth rate of cells incubated on it when compared with
fibroblasts growing in contact with FE ceramic [12].
Newly formed bone was observed in close contact with zirconia ceramic surfaces in a
rabbit study that reported a bone-to-implant contact of 68.4% [39]. Kohal et al. (2004)
compared airborne-particle-abraded zirconia implants with acid-etched titanium implants in
monkeys; after 9 months of healing and 5 months of loading, no significant difference in
bone-to-implant contact between the two groups could be found [32].
Kohal et al. (2009) reported that the mean mineralized bone-to-implant contact for
the Ti machined group was 39.4%, 46.6% for the ZrO2 machined group, 55.2% for the
TiUnite group and 59.4% for the ZrO2 modified group [15]. That investigation supports those
findings that the surface modifications for the titanium, and also for the zirconia implants
resulted in higher BIC compared with the machined surfaces. Because there was no
significant difference between the TiUnite surface and the modified zirconia surface, it can be
concluded that zirconia surface is as biocompatible and osteoconductive as the modified
titanium surface [15].
Sennerby et al. (2005) reported a strong bone tissue response to surface-modified
zirconia implants after 6 weeks of healing in rabbit bone [20]. The modified zirconia
implants showed a resistance to torque forces similar to that of oxidized implants and a four
to fivefold increase compared with machined zirconia implants. The findings suggest that
surface-modified zirconia implants can reach firm stability in bone.
The research of Koch et al. (2010) showed that all implants (titanium and zirconia)
had areas of tight BIC [11]. The trabecular architecture of bone around the zirconia, coated
zirconia and titanium implants was classified as lamellar bone due to the circular apposition
of bone lamellae around canals of Havers. All zirconia and titanium implants showed few
signs of natural bone remodeling, apposition of osteoid and osteoblasts or lacunae of
osteoclasts. Osteoblasts surrounding the bone trabeculae showed functional and mature bone
architecture nearby the zirconia and titanium implants. Morphologically, the zirconia as well
as the titanium implants were tightly osseointegrated. They showed that zirconia implants
are capable of establishing BIC rates similar to what is known from the osseointegration
behavior of roughened titanium implants with the same surface modification and roughness.
Despite many positive experiences, the use of zirconia implants remains debated and
quite scarce in daily practice. There are still many uncertainties on the kind of zirconia to use
and in which configuration, in order to have the best biomechanical behavior and long-term
clinical results. The posterior mandible remains one of the most delicate area to rehabilitate
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with such implant, as the biomechanical conditions are in theory the most unfavorable. This
first study brings therefore a very interesting highlight on the opportunities and threats of
this therapeutic option.

5. Conclusion
Within the limits of this study, one-piece implants made of Zi or SAE seem to
represent a safe and successful procedure for implant-supported restoration in the posterior
mandible, after 180 ± 60 days follow-up. A long-term follow-up of these patients (and of a
larger group of patients) is needed to give a better feedback on the biomechanical and clinical
potential of these implants in the posterior mandible, and to bring further this preliminary
research.
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