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Abstract. The purpose of this study was to assess host-derived parameters around
dental zirconia and titanium implants and natural teeth during the occurrence of
mucositis. After 4 weeks of perfect oral hygiene, 16 clinically profiled patients were
asked to refrain from oral hygiene for 2 weeks, resulting in experimental plaque
accumulation. This was followed by 4 weeks of perfect oral hygiene to reverse the
inflammation. Immunological samples were analyzed for interleukin 6 (IL-6),
tumour necrosis factor alpha (TNF-at), and interleukin 1[3 (IL-1[3). Immunological
parameters were measured each week, starting at week 4 (session 2) and ending at
week 10 (session 8). There were significant differences in IL-6 between the groups
(zirconia vs. tooth and titanium vs. tooth), with unfavourable values for the tooth
unit (P < 0.05). After reinstitution of oral hygiene, there was a significant increase
in TNF-a values for the tooth but not for the zirconia and titanium implants. There
were significant differences in IL-1[3 between the groups (zirconia vs. titanium and
titanium vs. tooth), with higher IL-1[3 levels around titanium implants (P < 0.05).
The soft tissue around titanium implants developed a stronger inflammatory
response to experimental plaque accumulation in terms of IL-1{3 values, whereas
the teeth presented an increase in IL-6 and TNF-« values.
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The demand for dental implants, as well as
the frequency of implantation, has risen to
an all-time high' . The development of
resistant oxide ceramics in dental implan-
tology, such as alumina and zirconia, has
provided new metal-free treatment options
for patients and clinicians. In comparison
to other ceramics, zirconia has shown
superior biomechanical characteristics
such as high fracture toughness and bend-
ing strength®. Additionally, patients are
increasingly requesting highly aesthetic
and long-term dental reconstructions. A
recent study showed the simultaneous in-
crease in cases of peri-implant disease,
such as mucositis and peri-implantitis,
which are factors affecting implant sur-
vival and success’. Of note, zirconia has
been demonstrated to be very favourable
for the formation of epithelial attachments
and mucosal conditions®, which are seen
as important prerequisites for preventing
peri-implant infections. However, sci-
ence-based clinical results for commer-
cially available zirconia dental implants
are scarce.

The aim of this prospective cohort study
was to evaluate and compare host-derived
parameters around dental zirconia and
titanium implants and natural teeth during
the occurrence of experimental mucositis
and subsequent recovery; this was
achieved through the assessment of the
immunological parameters interleukin 6
(IL-6), tumour necrosis factor alpha
(TNF-o), and interleukin 13 (IL-1[3).
The study patients performed optimal oral
hygiene, including mechanical plaque
control, before and after experimental pla-
que accumulation.

Materials and methods

Written informed consent was obtained
from all study participants. Examinations
and data collection were performed at one
clinic, starting on January 13, 2015 and
ending on December 15, 2015. A single
examiner performed each assessment for
clinical, immunological, and microbiolog-
ical diagnosis during the entire study pe-
riod. The study protocol was approved by
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. This study was conducted in accor-
dance with the STROBE statement
(Strengthening the Reporting of Observa-
tional Studies in Epidemiology)’.
Inclusion criteria were: (1) patients who
voluntarily signed the informed consent
and data protection consent form; (2)
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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
AGQG); (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 hy-
giene; 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, cyclo-
sporine, 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
instructed and asked to perform the best
possible tooth cleaning twice a day for 4
weeks using the method described by Bass
in 1954% (Table 1). The ability to perform
proper plaque control was assessed for each
patient before the experimental phase was
commenced. At baseline, the deepest site
around each unit (tooth and both implants)
was chosen for later analysis. 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 trea-
ted with oral prophylaxis and given hygiene
instructions. Furthermore, they again prac-
ticed optimal tooth cleaning for the next 4
weeks (Table 1). Parameter assessment was
performed on one zirconia implant, one
titanium implant, and one natural tooth.
The same units in each patient were inves-
tigated throughout the study. All crevicular
fluid samples were evaluated at a university
clinic. Sterile rubber gloves and sterile
instruments were used for sample assess-
ment to avoid contamination of the samples.

Gingival/peri-implant mucosal crevicular
fluid sampling and analysis

The deepest probing pocket around each
implant/tooth, identified as the deepest site
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at the time of baseline measurements, was
sampled using sterile paper points with
coloured bands (29 mm, ISO 25, taper
.02; VDW, Munich, Germany). At each
session (session 2 at week 4 to session 8 at
week 10), the samples were taken from the
same unit site. Before assessment, the
paper point was cut off at the lowest
coloured band under sterile conditions
(Fig. 1A). The gingival/peri-implant mu-
cosal crevicular fluid was then sampled
until it reached the second of the remain-
ing coloured bands, following which the
defined tip between the two band marks
was cut off (Fig. 1B, C). Four of these tips
were collected in one tube filled with
350 1 phosphate buffered saline (PBS;
Sigma-Aldrich, St. Louis, USA) + 10%
foetal calf serum (FCS; PAA Laboratories,
Germany) (Eppendorf tubes, 1.5 ml;
VWR International GmbH, Langenfeld,
Germany); these were stored at —80 °C.
On each assessment day, a control sample
was prepared using four defined paper
point tips that absorbed a standard cyto-
kine solution of a known concentration.
These were stored in tubes filled with
350 il PBS+10% FCS. After sample
assessment, a calibration curve was gen-
erated for recovery ELISA standards with
the paper points. Additionally, a standard
curve was generated for the volume
adsorbed by the paper point tips up to
the defined lines and the dilution factor
in the buffer volume of 350 wl PBS
+10% FCS was calculated accordingly,
to estimate the original concentration. All
samples were thawed only once for anal-
ysis. Cytokines were detected by ELISA
as per the manufacturer’s instructions (BD
Pharmingen, Heidelberg, Germany; R&D
Systems, Minneapolis, USA). BD OptEIA
antibody pairs were used to measure 1L-
13, IL-6, and TNF-a (BD Pharmingen,
Heidelberg, Germany). ELISA results
were quantified using an Ultra384 ELISA
reader (Tecan, Ménnedorf, Switzerland).
The final cytokine concentrations were
calculated by multiplication with the dilu-
tion factor (88.5) of the storage buffer and
the defined recovery coefficient. Detection
limits were defined in the same way by
using the lowest positive standard of the
respective ELISA.

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 analysis of variance
(ANOVA) for the comparison of immu-
nological values. Time point and tooth/
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Table 1. Study design for the experimental gingivitis/mucositis.

Week 0 4 4 5 7 8 9 10
Session 1 2 3 4 5 6 7 8
Oral prophylaxis, Perfect oral Baseline Oral hygiene Oral hygiene Reinstitution
oral hygiene hygiene measurements cessation week 1  cessation week 2 of perfect
instructions obtained; oral hygiene,

oral hygiene
cessation started

CF CF CF

oral prophylaxis,

oral hygiene

instructions

CF CF CF CF

CF, crevicular fluid sampling.

Fig. 1. (A) Sterile paper points with coloured bands (29 mm, ISO 25, taper .02; VDW) were
used for gingival/peri-implant mucosal crevicular fluid sampling. Before assessment, the paper
point was cut off at the lowest coloured band. (B) Clinical evaluation with a sterile paper point
with coloured bands. (C) After sampling gingival/peri-implant mucosal crevicular fluid until it
reached the second of the remaining coloured bands, the defined tip between two bands was cut
off and stored.

implant type were included in the model,
along with an interaction between the two
factors, to determine whether the response
differed over time for the three types of
surface. Additionally, a post hoc Tukey
multiple comparison test was used to iden-
tify any differences between the mean
values of the groups. Any effect in the
statistical model was classified as signifi-
cant if the corresponding P-value fell be-
low the 5% margin.

Results

A total of 16 patients (seven male and nine
female) with 32 implants (16 zirconia and
16 titanium) were investigated (Table 2);
their mean age at the time of study assess-
ment was 57 years. On average, the
implants had been in function for 2.1 years
(minimum 1 year, maximum 5 years).

Immunological parameters

For the calibration of paper points, a curve
for recovery ELISA standards was gener-
ated. Immunological parameters were
measured from session 2 at week 4 to
session 8 at week 10.

There was a significant difference in IL-
6 between the groups (zirconia vs. tooth,
P =0.045; titanium vs. tooth, P =0.022),
with unfavourable values for the tooth unit
(Fig. 2A). Additionally, IL-6 increased
significantly around the teeth between
session 2 at week 4 and session 4 at week
6 (P=0.012), and this was followed by a
decrease in value between session 4 at
week 6 and session 6 at week 8
(P =10.030). The lowest standard parame-
ter for IL-6 (detection limit) was set at
1248 pg/ml.

TNF-« levels in the tooth samples from
session 8 at week 10 were significantly
higher than those in the zirconia implant
samples (P = 0.036) and titanium implant
samples (P = 0.044) (Fig. 2B). The lowest



standard parameter for TNF-a (detection
limit) was set at 2071 pg/ml.

There was a significant difference in IL-
13 between the groups (zirconia vs. tita-
nium, P =0.028; titanium vs. tooth,
P < 0.05), with titanium implant samples
presenting higher IL-1{3 values (Fig. 2C).
Furthermore, titanium implants presented
a significant increase in IL-1[3 up to ses-
sion 7 at week 9 (P =0.001), with a sub-
sequent decrease in session 8 at week 10
(P =0.009). A statistically significant dif-
ference in IL-13 over time was evident
(P =0.005).

No statistically significant interactions
between time and sampling units were
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observed for the immunological parame-
ters.

Discussion

In 1965, Lée et al. presented a model of
gingivitis around natural teeth and proved
that the accumulation of bacterial plaque
was the cause of gingival inflammation’.
Within days of reinitiating oral hygiene
methods, all patients were observed to
have restored the healthy state of their
gums, regardless of how long it took them
to clinically develop gingivitis’. These
findings also apply to the reactions of

Table 2. Tmplant 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 31 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
A IL-6
8000~ PE0.04S
] p=0022 1
p=0.030
1
6000~ p=0012
40004 C
IL-1B
%2000-
E dt: 100000+
‘_I‘.’ oL 12lkells ! u
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the mucosae to new plaque accumulation
around implants'®.

At baseline, no differences were ob-
served in the expression of any of the
cytokines assessed around the implants
and the teeth. This is in agreement with
the findings of previous studies, which
have shown that the expression of cyto-
kines does not differ between implants and
the teeth under ideal clinical conditions' '~
4 With the development of gingivitis/
mucositis, significant but reversible
changes were observed for several inflam-
mation-associated biomarkers assessed
around the implants and the teeth, as the
values returned to baseline levels by the
end of the experiment. The association
between soft tissue inflammation and the
expression of inflammation-associated
biomarkers around the teeth and implants
has been demonstrated previously'*'>.
Recent clinical data on zirconia implants
have shown favourable peri-implant hard
and soft tissue behaviour'® 2",

In a mucositis model that compared
inflammation around titanium implants

Tooth

Fig. 2. (A) Mean IL-6 values measured around each zirconia implant, titanium implant, and natural tooth over time: sessions 2 (week 4), 3 (week
5), 4 (week 6), 5 (week 7), 6 (week 8), 7 (week 9), and 8 (week 10); the detection limit was 1248 pg/ml. (B) Mean TNF-« values measured around
each zirconia implant, titanium implant, and natural tooth over time: sessions 2 (week 4), 3 (week 5), 4 (week 6), 5 (week 7), 6 (week 8), 7 (week 9),
and 8 (week 10); the detection limit was 2071 pg/ml. (C) Mean IL-1[3 values measured around each zirconia implant, titanium implant, and natural
tooth over time: sessions 2 (week 4), 3 (week 5), 4 (week 6), 5 (week 7), 6 (week 8), 7 (week 9), and 8 (week 10).
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with experimental gingivitis around the
teeth, Salvi et al. presented data showing
that levels of gingival and peri—implant
crevicular fluid markers, such as matrix
metalloproteinase 8 (MMP—8) and
IL—1[3, increased in response to experi-
mental plaque accumulation, compared
with the levels for natural teeth'?. Inflam-
mation was clinically more pronounced in
peri—implant soft tissue after the plaque
accumulation phase. Experimental gingi-
vitis and peri—implant mucositis were
reversible in accordance with the hos-
t—derived parameters'.

Regarding the levels of biomarkers, stan-
dardizing/equalizing the volume of crevi-
cular fluid in the samples is essential,
otherwise no valuable or comparable unit
data can be obtained. Salvi et al. used paper
strips to absorb crevicular fluid for 30 sec-
onds'?. However, they did not assess quan-
titative changes in fluid composition. The
Periotron, an instrument designed to quan-
tify sub—microlitre volumes of fluid sam-
pled on a filter paper strip, was used in
another study’’. A disadvantage of this
approach relates to the calibration, which
was consistent for 1 week, but with incor-
rect use, the results were prone to error™”.
The present study used sterile paper points
with standardized coloured bands. Before
assessment, the paper points were cut off
with a sterile scalpel at the lowest coloured
band. The crevicular fluid was then sampled
until it reached the second of the remaining
coloured bands, following which the de-
fined tip between two band marks was cut
off. The level of fluid in the paper point and
thus the end—point of sampling was clearly
visible. Cutting of the paper points was
performed on a sterile glass plate. A cali-
bration curve was then generated. With the
assumption that a defined length of paper
always has the same capacity, the quantifi-
cation of volumes of fluid samples was
possible.

There was a significant difference in IL-
6 between the groups (zirconia vs. tooth
and titanium vs. tooth), with favourable
values for both implant types. Evidence
has shown that IL-6 polymorphisms are
involved in soft tissue infections™ 2.
However, the implants performed better
than the natural teeth. In a previous study
on mucositis, significantly greater expres-
sion of IL-6 was seen around implant sites
than around healthy teeth®”.

In addition, there were significant dif-
ferences in IL-1[3 between the groups
(zirconia vs. titanium and titanium vs.
tooth), with lower IL-1[3 values for the
zirconia implants and teeth. These results
differ from those obtained in another
study'?, which found no significant differ-

ence in the expression of IL-1[3 between
implants and teeth with the development
of inflammation. Other research on the
development of gingivitis/mucositis has
shown the opposite, with the most signifi-
cant difference between implants and the
teeth, and with higher levels of IL-1[3
obtained around the teeth®”’. Several
studies using a gingivitis model have
shown that IL-1{3 values around implants
return to pre-experimental levels after per-
forming proper hygiene™'***. Additional-
ly, after the reinstitution of proper hygiene
in the present study, IL-13 values
(Fig. 2C) around the natural teeth imme-
diately returned to pre-experimental
values, although this was not statistically
significant, whereas the increased concen-
trations remained around dental implants.
This outcome is consistent with the clini-
cal observation that peri-implant mucosi-
tis is less reversible than gingivitis.
Furthermore, the study data are in line
with the results presented by Salvi et al.,
which showed a more rapid return to
initial IL-1[3 values around natural teeth
than around implants after the reinstitution
of proper hygiene'”. The lower IL-1[3
values around zirconia implants might
be due to the different implant surface,
indicating less favourable results for the
metallic titanium surface.

The findings of a recent systematic re-
view revealed that IL-1{3 has been the
cytokine most often studied, followed by
TNF-0*°. With regard to the release of
TNF-q, significant differences were found
between implants associated with healthy
conditions and implants associated with
peri-implantitis®®. TNF-« is a proinflam-
matory cytokine that promotes bone
resorption and mediates the inflammatory
response to infection. In a study by Darabi
et al., the significantly higher levels of
TNF-o in patients with peri-implantitis
than in patients in the control group indi-
cated the key role of TNF-au in peri-
implantitis®’. Other studies have found
that TNF-a polymorphism is not signifi-
cantly associated with the risk of dental
peri-implant disease®'*>. However, fur-
ther studies with large sample sizes should
be performed to verify these results.
Meyer et al. assessed the effect of a 3-
week abstention from oral hygiene and
found that IL-1[3 increased significantly
with plaque accumulation®’. IL-13 and
TNF-a were significantly higher around
teeth than around implants. At the 3-week
follow-up, the levels of all biomarkers
assessed had returned to baseline values.
In the present study, TNF-a values were
significantly lower around the implants
than around the teeth.

The findings of this study showed con-
sistent values around zirconia implants
and the teeth, as well as increasing values
around the titanium implants after the
experimental plaque accumulation, for
IL-13 and IL-6; the highest TNF-at values
were measured around the teeth at the last
session (session 8 at week 10). In another
study evaluating zirconia and titanium
implants, the levels of IL-1{3, IL-6, and
TNF-a did not differ significantly be-
tween the two implant types'. However,
a critical consideration with regard to the
present 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, an association between
experimental plaque accumulation and
soft tissue inflammation was confirmed.
The soft tissues around titanium implants
developed a stronger inflammatory re-
sponse to experimental plaque accumula-
tion in terms of IL-1[3, whereas the teeth
presented an increase in IL-6 and TNF-cx.
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