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Abstract. The aim of this study was to assess the clinical and microbiological
parameters around dental zirconia and titanium implants compared with natural
teeth during experimental plaque accumulation. Clinical parameters were evaluated
(gingival index, plaque index, bleeding on probing, and probing pocket depth).
Microbiological samples were analyzed for total bacterial cell counts, as well as
Tannerella forsythia and Prevotella intermedia counts. A statistically significant
difference over time was observed in the groups in terms of the gingival index
(P < 0.001), plaque index (P < 0.001), and bleeding on probing (P = 0.039). The
lowest mean total number of bacterial cells was measured around the teeth, followed
by the zirconia implants; the highest values were found around the titanium
implants. T. forsythia and P. intermedia values showed significant changes over
time and sessions around the titanium implants. Compared to the soft tissues around
zirconia implants and the teeth, those around titanium implants developed a stronger
inflammatory response to experimental plaque accumulation in terms of the total
number of bacterial cells and T. forsythia and P. intermedia values.
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The prevalence of peri-implant inflamma-
tion, which is associated with multiple
factors including the level of oral hygiene,
history of periodontal disease, smoking,
age, and presence of rough surfaces, is as
high as 54%1. A meta-analysis by Jepsen
et al. estimated the prevalence of peri-
implant mucositis to be 43% and of pe-
ri-implantitis to be 22%, this latter condi-
tion potentially leading to implant loss1.
The development of dental implant mate-
rials that alleviate the risk of inflammation
has always been desired. Laboratory
investigations have shown that zirconia
implants may have the ability to withstand
oral forces2. The integration of magne-
sium, aluminium, or yttrium ions has led
to an extremely stable and reliable prod-
uct3. Obtaining further science-based clin-
ical results on commercially available
zirconia dental implants is therefore of
great significance.
The primary aim of this prospective

cohort study was to assess clinical param-
eters, i.e. the gingival index (GI), plaque
index (PI), bleeding on probing (BOP),
and probing pocket depth (PPD), during
experimental plaque accumulation. In ad-
dition, it was aimed to evaluate the pro-
portions and distribution of bacteria
associated with soft tissue inflammation,
as well as the resolution of inflammation
around zirconia implants in comparison to
titanium implants and natural teeth.

Materials and methods

Written informed consent was obtained
from all patients included in this study.
Examinations and data collection were
performed at a single clinic, starting on
January 13, 2015 and ending on Decem-
ber 15, 2015. The same examiner per-
formed all assessments for clinical,
immunological, and microbiological di-
agnosis during the entire study period.
The study protocol was approved by
Table 1. Study design for the experimental ging
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the local ethics committee in accordance
with the principles of the Declaration of
Helsinki. Patients who had received one
titanium implant and one zirconia implant
were included in this prospective cohort
study. The study complied with the
STROBE statement (Strengthening the
Reporting of Observational Studies in
Epidemiology Statement)4.
Inclusion criteria were: (1) patients who

voluntarily signed the informed consent
and data protection consent form; (2)
patients with healthy or treated periodon-
tal conditions; (3) patients who had re-
ceived both a titanium implant (Standard
Plus, tissue level; Straumann AG, Basel,
Switzerland) and a zirconia implant
(PURE Ceramic, tissue level; Straumann
AG); (4) implants in function for at least 1
year, with a maximum of 5 years; (5)
implants and control teeth without any
clinical or radiological signs of inflamma-
tion, such as bone loss, bleeding on prob-
ing, or pocket depth >5 mm.
Exclusion criteria were: systemic dis-

ease; current irradiation therapy; severe
bruxism or clenching habits; patients not
motivated to perform adequate oral hy-
giene; patients who smoked; physical or
mental conditions that would interfere
with the ability to perform adequate oral
hygiene; age <18 years; pregnancy;
patients treated chronically (i.e., for 2
weeks or more) with any medication
known to affect periodontal status or the
immune system (e.g., phenytoin, calcium
antagonist, cyclosporine, coumadin, and
non-steroidal anti-inflammatory drugs);
untreated periodontal condition or
implants with a history of peri-implantitis;
use of systemic antibiotics within the past
3 months.
Prior to the experimental phase of the

study, the patients were treated with oral
prophylaxis and given instructions on per-
fect oral hygiene for both the upper and
lower jaws. The patients were also
ivitis/mucositis.
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instructed and asked to perform optimal
tooth cleaning twice a day for 4 weeks
using the method described by Bass in
19545 (Table 1). Each patient was
assessed for their ability to perform proper
plaque control before the experimental
phase was commenced. At baseline, the
deepest site around each unit (tooth and
both implants) was chosen for later analy-
sis. The patients were then asked to refrain
from oral hygiene practices in the upper
jaw for a period of 2 weeks. Subsequently,
they were again treated with oral prophy-
laxis, given hygiene instructions, and
requested to practice optimal tooth clean-
ing for the next 4 weeks (Table 1). Param-
eter assessment was performed on one
zirconia implant, one titanium implant,
and one natural tooth. The same unit
was used in each investigation. All crevi-
cular fluid samples were evaluated at a
university clinic. Sterile rubber gloves and
sterile instruments were used for sample
assessment to avoid contamination of the
samples.

Clinical parameters

The GI (Löe: score 0 = normal gingiva,
1 = mild inflammation, 2 = moderate in-
flammation, and 3 = severe inflamma-
tion), PI (Löe: score 0 = no plaque,
1 = plaque not visible but verified with
a probe, 2 = visible plaque, and 3 = mas-
sive plaque), GI and PI adapted for dental
implants (mGI, mPI; Mombelli et al.),
and the BOP index (Saxer and Mühle-
mann: score 0 = no bleeding, 1 = isolated
bleeding, 2 = confluent linear bleeding,
and 3 = severe bleeding) were investigat-
ed (sessions 2–8)6–8. In addition, the PPD
was assessed from the bottom of the
sulcus to the gingival/mucosal margin
using a plastic Michigan periodontal
probe at four points around each unit
(sessions 2, 4, and 8).
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Table 2. Implant and tooth positions. All implants were placed in the upper jaw.

Position
Total

17 16 15 14 13 12 11 21 22 23 24 25 26 27

Zirconia implant 2 1 3 1 1 3 2 1 2 16
Titanium implant 1 1 3 2 1 1 1 1 2 2 1 16
Tooth 1 1 5 1 1 1 3 1 2 16
Subgingival/submucosal plaque

sampling and DNA extraction

The deepest probing pocket depth around
each unit (implants and tooth) was sam-
pled for 30 s with sterile paper points
(29 mm, ISO 25; VDW, Munich,
Germany). The samples were taken from
the same unit site at each session (sessions
2–8). No buffer was used for the bacterial
samples. The samples were then stored in
1.5-ml Eppendorf tubes (VWR Interna-
tional GmbH, Langenfeld, Germany) at
�80 �C.
In the laboratory, the paper point samples

were re-hydrated by adding 200 ml sterile
double-distilled water. The cells were re-
covered by adding five glass beads (1.0 mm
diameter) and vortexing for 2 min. The
paper tips were discarded and the microbial
cells were recovered by centrifugation at
7000 rcf for 3 min. The supernatant was
discarded and 20 ml of a lysozyme/muta-
nolysin solution (0.3 mg lysozyme + 10 U
mutanolysin) was added to the pellet, with
subsequent incubation for 30 min at 37 �C.
Subsequent DNA extraction and purifica-
tionwereperformedusing theQIAmpDNA
Mini Kit (tissue protocol; Qiagen, Hilden,
Germany) as per the manufacturer’s
instructions. The DNA concentration
(A260) and purity (A260/A280) were cal-
culated using a GeneQuant II photometer
(Pharmacia Biotech, Cambridge, UK).
DNA wasstored at�20 �C until furtheruse.

Determination of the entire bacterial load

and quantification of the dysbiosis

markers Tannerella forsythia and

Prevotella intermedia

The total bacterial amount, as well as the
amounts of T. forsythia and P. intermedia,
which are both oral Gram-negative anaer-
obic bacteria associated with the first
symptoms of periodontal diseases, were
determined by real-time quantitative po-
lymerase chain reaction (RTQ-PCR) on a
LightCycler 2.0 instrument (Roche Ap-
plied Science, Penzberg, Germany) using
LightCycler FastStart DNA Masterplus
SYBR Green I in a total volume of
20 ml. The final reactions contained
0.5 mM of each primer and 2 ml of tem-
plate DNA (approximately 50 ng). For the
quantification of all bacteria, the broad-
range bacterial forward primer 50-
TCCTACGGGAGGCAGCAGT-30 and
reverse primer 50-GGACTACCAGGG-
TATCTAATCCTGT-30 were used9. This
primer pair encompasses the V3 and V4
regions of the 16S rRNA gene and is
proven to cover many oral phyla. The
temperature profile for the universal
PCR was as follows: 95 �C for 10 min,
followed by 35 cycles of 95 �C for 10 s,
60 �C for 10 s, and 72 �C for 25 s, as well
as a fluorescence read at 80 �C.
The assay primers for the quantification

of T. forsythia were PF1 50-AG
AGTTTGATCCTGGCTCAG-3010 and
Tf-1 50-TGCTTCAGTGTCAGTTATAC
CT-3011,12; primers for the quantification
of P. intermedia were PF1, as above, and
Pi-1 50-GTTGCGTGCACTCAAGTCCG
CC-3013. The temperature profile used
was as follows: 95 �C for 10 min, fol-
lowed by 35 cycles of 95 �C for 10 s,
56 �C for 10 s, and 72 �C for 20 s, as well
as a fluorescence read at 75 �C.
Melting curve analysis and gel electro-

phoresis of the amplification products on
1% agarose gel were performed to confirm
reaction specificity. In addition, the PCR
products were spot-check sequenced to
verify identity in the case of the species-
specific PCRs. Quantification was per-
formed based on the automated (default)
algorithm of the LightCycler software, a
strategy that calculates the crossing point
(Cp) as the first maximum of the second
derivative of the amplification curve. The
conversion of Cp values to the initial gene
target molecule numbers was based on the
dilution series of the target DNA (calibra-
tion standards) with defined target mole-
cule amounts. The preparation of
calibration standards, the detection range,
and amplification efficiency has been de-
scribed in detail previously14.

Study size

The sample size was calculated using
G*Power version 3.1.9.2 software
(G*Power, Düsseldorf, Germany) and
analysis of variance (ANOVA) for re-
peated measures within factors using
a = 0.05. The time and sampling units
were analyzed at the patient level. It was
calculated that there was an 85% chance
of correctly rejecting the null hypothesis
of a significant effect existing for a total
of 11 participants for the following ques-
tion: What is the statistical power for
detecting a significant difference in clini-
cal parameter results over time (sessions
2 to 8)?
Statistical analysis

Analyses were performed using GraphPad
Prism 6 software for Mac (GraphPad Soft-
ware Inc., La Jolla, CA, USA) running on
Apple OS X. Variables were analyzed using
two-way ANOVA, comparing clinical pa-
rameters and microbiological values. Time
point and tooth/implant type were included
in the model, along with an interaction
between the two factors, to determine if
the response was different over time for
the three types of surface. Additionally, a
post hoc Tukey multiple comparison test
was used to identify any differences be-
tween the mean values of the groups.
Effects in the statistical model were consid-
ered significant if the corresponding P-val-
ue fell below the 5% margin.

Results

A total of 16 patients with 32 implants (16
zirconia and 16 titanium implants) were
investigated. Seven were male and nine
were female, and their mean age was 57
years at the time of study assessment
(Table 2). The implants had been in func-
tion for an average of 2.1 years (minimum
1 year, maximum 5 years).

Clinical parameters

A statistically significant difference over
time was observed in the groups in terms
ofGI (P < 0.001), PI (P < 0.001), and BOP
(P = 0.039) (Fig. 1A–C). When the mean PI
values were compared between the groups,
a statistically significant difference was
observed for session 4 (zirconia vs. tooth;
P = 0.001). A significant difference be-
tween groups was found for the PPD in
session2 (zirconia vs. titanium and titanium
vs. tooth; both P = 0.001) (Fig. 1D). PPD
was significantly higher around the titanium
implants than around the zirconia implants
in session 4 (P = 0.003). Furthermore, PPD
was significantly increased around the nat-
ural teeth between sessions 2 and 4
(P = 0.003). In addition, no statistically
significant interactions between time and
the sampling units for the clinical parame-
ters were observed.
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Fig. 1. (A) Assessment of the gingival index (mean values) for each zirconia implant, titanium implant, and natural tooth at sessions 2–8. (B)
Assessment of the plaque index (mean values) for each zirconia implant, titanium implant, and natural tooth at sessions 2–8. (C) Assessment of
bleeding on probing (mean values) for each zirconia implant, titanium implant, and natural tooth at sessions 2–8. (D) Assessment of the probing
pocket depth (mean values) at four sites around each zirconia implant, titanium implant, and natural tooth at sessions 2, 4, and 8.
Microbiological parameters

There was a significant difference in total
bacterial count between the groups in
session 4: titanium vs. tooth, P = 0.017
(Fig. 2A). The lowest mean total number
of bacterial cells was measured around the
teeth, followed by the zirconia implants;
the highest values were found around the
titanium implants. With regard to T. for-
sythia-positive samples, significantly low-
er counts around the zirconia implants
(P = 0.021) and the teeth (P = 0.010) were
measured compared to the count around
the titanium implants in session 4
(Fig. 2B). However, T. forsythia values
around the titanium implants decreased
significantly after 4 weeks of perfect oral
hygiene (P < 0.05). With regard to P.
intermedia counts (Fig. 2C), there were
significant differences between the groups
in session 4: zirconia vs. titanium
(P = 0.001) and titanium vs. tooth
(P = 0.015). Again, titanium implants
showed the highest values after 2 weeks
of plaque accumulation, with a significant
decrease in values after 4 weeks of perfect
oral hygiene.
In the case of high test values because of
plaque accumulation, the value increase
was reversed after 4 weeks of perfect oral
hygiene practices for the microbiological
parameters. T. forsythia and P. intermedia
values showed significant changes over
time and sessions around the titanium
implants, whereas there was no significant
change in numbers over time and sessions
for the zirconia implants or the teeth dur-
ing the experimental plaque accumulation;
these numbers decreased with the resolu-
tion of inflammation. A statistically sig-
nificant difference in P. intermedia values
over time was evident (P = 0.002). No
statistically significant interactions be-
tween time and the sampling units for
microbiological parameters were ob-
served.

Discussion

The objective of this prospective cohort
study was to evaluate clinical parameters
and the local expression of microbiolog-
ical factors during soft tissue inflammation
and subsequent resolution of the inflam-
mation around teeth and two types of
implant (titanium and zirconia). Patients
initially ceased to perform oral hygiene
practices and then reinstated optimal oral
hygiene practices with mechanical plaque
control. In this study design, comparisons
were made between zirconia and titanium
tissue-level implants and a natural tooth.
The process of inflammation around the

teeth and implants is very complex and not
understood in depth. BOP and PPD have
been described as reliable parameters for
developing and existing peri-implant
infections15. Ata-Ali et al. presented data
showing that PPD scores in the peri-im-
plant mucositis group were significantly
higher than those in the healthy group16. In
this study, PPD was significantly deeper
for titanium implants than for zirconia
implants and the teeth, with the latter
two showing similar measurements.
The interplay between bacterial coloni-

zation/invasion and the host response
changes both microbiological and immuno-
logical factors significantly17. These
changes are widely accepted indicators of
the initiation and progression of periodontal
diseases. With regard to the microbiome,
the change from a commensal (friendly)
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Fig. 2. (A) Assessment of the total number of bacterial cells around each zirconia implant, titanium implant, and natural tooth at sessions 2–8
(mean values). (B) Assessment of the number of Tannerella forsythia cells around each zirconia implant, titanium implant, and natural tooth at
sessions 2–8 (mean values). (C) Assessment of the number of Prevotella intermedia cells around each zirconia implant, titanium implant, and
natural tooth at sessions 2–8 (mean values).
group associated with the healthy state to a
more periopathogenic (aggressive) group is
seen18. The term dysbiosis was introduced
to describe this shift. The major represen-
tatives of the early stage are, among others,
T. forsythia and P. intermedia, which were
chosen as the indicators in the present
study17. The more prominent periopatho-
genic species, Porphyromonas gingivalis
and Aggregatibacter actinomycetemcomi-
tans, were not selected, as they are associ-
ated more with later-stage, non-reversible
periodontitis and were therefore not likely
to be present (except for traces) in the study
samples18,19.
Salvi et al. measured the total number of

bacterial cells in a mucositis model com-
paring implants and the teeth, and they
found a greater inflammatory response in
the peri-implant mucosa20. The results for
the total bacterial counts in the present
study showed a significant difference be-
tween the groups (titanium vs. tooth at
session 4). The lowest mean total number
of bacterial cells was measured around the
teeth, followed by the zirconia implants
and the titanium implants. Salvi et al.
showed that the frequency of detection
of P. intermedia did not differ significant-
ly between the implants and the teeth
during experimental plaque accumula-
tion20. In contrast, the present study
revealed significantly lower counts of P.
intermedia and T. forsythia around the
teeth and the zirconia implants compared
with the titanium implants.
A critical consideration with regard to

this study is that the two different implants
were not placed at the same appointment.
Nevertheless, no implant presented any
signs of infection prior to the investigation.
In conclusion, the soft tissues around

titanium implants developed a stronger
inflammatory response to experimental
plaque accumulation than those around
zirconia implants and natural teeth in
terms of the total number of bacterial cells
and numbers of T. forsythia and P. inter-
media. Results for the natural teeth were
more favourable than those for both im-
plant types.
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