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ABSTRACT
The peri-implant bacterial colonization is one of the current major problems facing dental implants
with no actual protocols for prevention. The use of zirconium for bacterial eradication has already
been reported and discussed in the dental literature. In this study we evaluated for the first time the
ability of a "hybrid" dental implant model – where the implant collar is made out of titanium and
zirconium - to reduce the peri-implant bacterial colonization, using traditional implants from the
same manufacturer as controls. The results of microbiological analysis and the evaluation of the
classic parameters of an implant success confirmed that, in all the 30 patients in this study, the
zirconium collar had a vital role in reducing peri-implant bacterial colonization, and that the "hybrid"
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implants show lower plaque index values, less bleeding and less marginal bone loss than the
traditional implants. Our data therefore suggest that a zirconium collar can effectively reduce the
bacterial colonization around a titanium implant favoring a better long-term prognosis.

Keywords: Dental implants; Zirconium collar; peri-implant bacterial count.
In this study, we tested the behavior of two types
implant from the point of view of the more
classical mechanical and biological parameters,
in particular related to the expression of the
bacterial load in the implant sites. Our first “test”
group consisted of implants in Ti + Zr collar while
the second “control” group constituted of
conventional Ti implant from the same
manufacturer.

1. INTRODUCTION
In the literature there are several studies
highlighting the problem of peri-implant bacterial
colonization, especially those affecting the
transmucosal collar [1-4]. The myriad of choices
from implants with different profiles and the use
of "bone-level" versus subcortical insertion
regulates the emergence profile and the
dimensional stability of the peri-implant
transmucosal tunnel. To date, there are no
protocols to predetermine the possible periimplant bacterial proliferation according to the
type of prosthesis or of choice on the emergence
profile [5]. In this same research direction, the
use of zirconium (Zr) as an alternative to
traditional metal-ceramic prostheses in general
dentistry has already shown benefits in the
control of tissue stability in the medium to long
term [6]. Subsequently, its use in implant
prosthetics increased its long-term stability
together with the proliferation of the surrounding
tissues [7]. Implants entirely in Zr have been
used and studied since 1975 and regularly
researched since the mid-1980s [8,9]. However,
their structural and mechanical capacities and
their lower fracture resistance compared to
titanium (Ti) allowed their limited use only in
cases where occlusal forces were compatible
with this type of fixture [10,11].

2. MATERIALS AND METHODS
In this study 30 patients were involved over the
past 24 months under our observation at the
clinic of the Department of Surgical Sciences and
Integrated Diagnostic (Odontostomatology unit)
University of Genoa, after obtaining their
informed consent (clinical trial certificate number:
HSM-16-H5462746). Patients were selected
according to their need of a partial arch
rehabilitation - maxillary or mandibular. In order
for each individual to receive a test and a control
implant, at least two single posterior teeth premolars or molars - were required to replace. A
®
total of 60 implants were used, TBR (Toulouse,
France), 2 for each patient , 30 implants "Z1 ®
infinity ", with zirconium collar 1.5mm, as " test"
(A) , and another 30 implants "infinity"®
traditional completely titanium (B), as control
(Fig. 1 : systems “A" & "B"). Both implants had a
3.5 diameter and 10-11.5-13 mm length.

The subsequent introduction of "hybrid “implants,
i.e. a Ti structure and an intimately adherent Zr
collar, showed broad advantages in fields of
dental implants from anterior esthetic segments
to the more complex posterior restorations even
when bruxism or parafunctional habits are
involved. In addition, it was shown that implants
with Zr collar promote the proliferation and
adhesion of osteoblasts and fibroblasts [12].
Of note, all issues related to the structural
fragility of the Zr do not apply in this “hybrid” type
of implants since the close adherence of the Zr
and Ti metals form a single body [13] which
prevents warping, twisting or compression that
may lead to fracture unless the problems are
related to the fractures of the actual implant neck
as mentioned in the literature [14,15].

Fig. 1. Implant Zn+Ti, type A. Implant Ti, type
B
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The selection of patients included 13 males aged
between 36 and 65 years (mean age 49) and 17
females aged between 38 and 69 years (mean
age 51). We have excluded from the study
patients who had denied consent, patients with
poor oral hygiene having full mouth Plaque Score
(FMPS) ≥ 20 % before surgery, patients with
compromised periodontium or local soft tissue
infections, smokers (even occasional), patients
with psychiatric illnesses and pregnant women.
Fig. 2 shows a selected pre-operative panoramic
radiograph from a 54 year-old patient.

shoulder protocol in the edentulous crests with
bone-level seating (Ti implants "B") or 0.5 mm
sinking below the cortical bone level (Ti+Zr
implants "A") (Fig. 3: Post-operative panoramic
radiograph).
Horizontal
mattress
suturing
®
technique (Vycril ) was used to suture the
implant site. The implants were loaded three
months post insertion. All patients were
subjected to periodic inspections at 30, 60 and
90 days after surgery with panoramic
radiographs all with the same X-ray machine.
(Fig. 4: 3 months post-loading panoramic
radiograph). The biological parameters evaluated
at 3 months post-loading included implant
mobility (yes/no), Plaque Index (PI) [17],
Bleeding Index (BI), and marginal bone loss
(MBL).

According to dental implants classic technique
[16], after nerve block local anesthesia with 2%
Mepivacaine, a full-thickness flap was reflected
and the implants "A" and "B" were inserted with

Fig. 2. A pre-operative panoramic radiograph from a 54 year-old patient

Fig. 3. A post-operative panoramic radiograph
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Fig. 4. A 3 months post-loading panoramic radiograph

Fig. 5. Bacterial collection from the peri-implant sulcus by paper points
At the same time the peri-implant tissues were
evaluated for biological parameters. The implant
site was isolated with cotton rolls and a sterile
paper point was inserted in the gingival sulcus
and removed after 10 seconds (Fig. 5). Following
the withdrawal, the paper points (2 for each
patient, one for "A" and one for "B") were placed
in a sterile tube and sent to the microbiology
laboratory of the department for bacterial
flora analysis. The concentrations of the
following microorganisms were evaluated as
described elsewhere [18-19]: Porphyromonas
gingivalis (Pg), Tannerella forsythia (Tf),

Prevotella intermedia (Pi),
actinomycetemcomitans (Aa).

Aggregatibacter

2.1 Statistical Analysis
Data from bacterial load, plaque index, bleeding
index and marginal bone loss was analyzed by
two-way ANOVA test utilizing Minitab® software.
Mann-Whitney U-test analyses were used to
detect on which of the outcome measures the
groups differed. Data are shown as average ±
standard deviation. The criterion for statistical
significance in all tests was p ≤ 0.05.
4
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Table 1. Bacterial load with zirconium (A), and traditional titanium (B) implants
Microrganisms at 6 months

T. forsythia
P. gingivalis
P. intermedia
A. actinomycetemcomitans

Median Bacterial
load implants “A”
(GE/ml)
3
8.6x10
3.8x102
3
4.0x10
3
1.4x10

Median Bacterial
load implants “B”
(GE/ml)
4
2.7x10
1.1x103
3
6.1x10
3
1.7x10

Statistical MannWhitney U-test p
value
0.025
0.291
0.148
0.096

3. RESULTS

4. DISCUSSION AND CONCLUSION

The laboratory tests results of the bacterial load
at 6 months post-implantation for "A" and "B"
implants in individual patients have shown that,
for all tested microorganisms and for all of the 30
patients, there have been lower level of
colonization around implants "A" (Table 1).
Zirconia implants showed significantly lower
colonization from T. forsythia compared to
3
4
titanium
implants
(8.6x10
and 2.7x10
respectively; P=0.025) and less significance with
other bacterial species. The periodic inspections
showed better tissue dimensional stability around
Zirconia implants compared to titanium implants
in all 30 patients: reduced of bacterial plaque
(0.37 ± 0.33 vs. 0.49 ± 0.31), less marginal bone
loss (1.05 ± 0.89 vs. 1.21 ± 0.99) and less
bleeding (0.18 ± 0.22 vs. 0.29 ± 0.23), however
results did not show significance (P=0.093, 0.342
and 0.053 respectively: Tables 2 and 3).
Moreover, the survey also showed a closer
tissue adherence to the zirconium collar, and in
11 cases we found an increase in connective
tissue that completely covered the healing screw
and in 5 cases we noticed well vascularized D3
type bone with an increase in peri-implant bone
peaks visible radiographically.

The use of zirconium for the bacterial eradication
in dentistry has already been reported and
discussed in the literature [20-24]. In this study
the authors propose to use the zirconium
material in dental implantology, through the
employment of "hybrid" implants (titanium screw
with zirconium collar). That latter, when
compared to conventional Titanium implants,
have proven for the first time very effective in
reducing bacterial colonization around the dental
implants, in all of our 30 randomly selected
patients.
According to our experimental findings, we can
define hybrid implant an excellent substitute of
conventional implants in pure titanium, since
these former appear on one hand to ensure the
physical properties of titanium and on other the
cosmetics and antibacterial properties of the
zirconium. Moreover, the use of this hybrid type
of implants ensures, if properly positioned, a
connective tissue seal and a structural integrity
with the prosthetic device (Fig. 6). However, in
cases where the marginal gingiva is
compromised we recommend its avoidance due
to the shiny titanium collar. Our results confirm
the performance of a Zirconium collar implant
that literature report to show biocompatibility [25]
and connective tissue adhesion similar to that
seen on the machined titanium surface, however
with limited plaque formation and of course better
esthetics [26].

Table 2. Plaque and bleeding indices with
zirconium (A), and traditional titanium (B)
implants
6 months
Follow-up
Implants “A”
Implants “B”
Significance

Plaque
Index
0.37 ± 0.33
0.49 ± 0.31
0.093

Bleeding
Index
0.18 ± 0.22
0.29 ± 0.23
0.053

In addition, when a traditional prosthesis in
zirconium on natural elements is used, the collar
would reduce the bacterial colonization and the
development of the biofilm. Besides, antioxidants
would improve mitochondrial functionality and
regulate apoptosis [27].

Table 3. Marginal bone loss with zirconium
(A), and traditional titanium (B) implants
6 months Follow-up
Implants “A”
Implants “B”
Significance

On the other hand, inflammation always occur
due to trauma post implant insertion besides the
oxidative stress in the immunological response to
bacterial infection. For such situation, literature
has consistently recommended the use of
antioxidant treatment to prevent or decrease the
onset of oxidative stress [28].

Marginal bone loss
1.05 ± 0.89
1.21 ± 0.99
0.342
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Fig. 6. Gingival seal around the implants
Since the most common causes of implant failure
is peri-implantitis caused by bacterial biofilm
colonization on the surfaces of dental implants,
research have been hunting for the surface that
causes the least bacterial adhesion on an
osteointegrated titanium alloy implant. Zirconium
such as in our and comparable studies [9,21],
have been demonstrated to reduce adhesion of
certain causative bacterial species. Silver
hydroxyapatite nanocoatings were found to have
antibiofilm properties while conserving the
hydroxyapatite biocompatibility [29]. Anastase
nanocoating have also been found to have low
colonization potential in addition to its desirable
genetic effects on osteoblasts [30,31]. Despite
the promise of each type of coating and the
technology behind it, a wide comprehensive
study including all types of antibacterial coatings
is still missing for conclusive recommendations.
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