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1 | INTRODUCTION

Cigarette smoking not only increases the risk of developing peri-
odontitis, but has also been related to a higher prevalence of diseases

around implants, negatively influencing the peri-implant bone loss

Abstract

Objectives: To determine the effect of triclosan-containing fluoride toothpaste on
the clinical parameters and the osteo-immunoinflammatory mediators in the peri-im-
plant fluid when applied in a stent during experimental peri-implant mucositis in
smokers.

Materials and methods: Twenty-six smokers with an implant-supported crown were
enrolled in this double-blind, randomized, crossover study. During the two 3-week
periods without mechanical toothbrushing (washout period: 30 days), patients were
randomly assigned to triclosan/fluoride (n:13) or fluoride toothpaste (n:13), three
times/day. Clinical and immunoenzymatic assays were performed at baseline, 3, 7, 14
and 21 days.

Results: Both groups showed increase in the Plaque Index throughout the study
(p = 0.001), without inter-group differences at 21 days (p > 0.05). No intra- or inter-
group differences were observed for IFN-y, IL10, IL-1p, IL8, IL-17, IL-6, TNF-a, MMP-2,
MMP-9, TGF-B, OC, OPN, ICTP, OPG and RANKL (p > 0.05). However, the RANKL/
OPG ratio was significantly higher in fluoride toothpaste-treated sites when com-
pared to triclosan/fluoride-treated sites at the end of period without mechanical
toothbrushing, on the 21st day (p = 0.041).

Conclusion: Triclosan-containing toothpaste favorably modulated osteo-immunoin-
flammatory mediators during the experimental peri-implant mucositis in smokers,
decreasing the ratio of RANKL/OPG.
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and promoting edentulism (Arora, Schwarz, Sivaneswaran, & Banks,
2010; Atieh, Alsabeeha, Faggion, & Duncan, 2013; Mombelli, Miiller,
& Cionca, 2012; Saaby, Karring, Schou, & Isidor, 2016; Turri, Rossetti,
Canullo, Grusovin, & Dahlin, 2016). Smoking negatively modifies the
pattern of host response (Ataoglu et al., 2002; Konermann et al.,
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2016; Peruzzo et al., 2016; Ryder, 2007) and promotes suppression
in the osteo-immunoinflammatory mediator profile around dental
implants even in non-manifesting inflammation sites (Negri et al.,
2016).

Although implant therapy has been recognized as a predict-
able alternative to dental rehabilitation, peri-implant lesions have
been reported to be a frequent clinical problem (Costa et al., 2012;
Papathanasiou, Finkelman, Hanley, & Parashis, 2016). While the
management of peri-implant mucositis is considered a prerequisite
for the prevention of peri-implantitis (Salvi & Zitzmann, 2014), the
avoidance of mucositis should be the aim of all clinicians, mainly
considering the stronger inflammatory response in soft tissues
around implants when compared to that of their gingival counter-
parts (Salvi et al., 2012) and taking into account the absence of
a standard therapeutic protocol in the management of mucositis
around implants (Costa et al., 2012; Heitz-Mayfield & Mombelli,
2014).

Triclosan is a substance that, when incorporated into toothpaste,
has been described as an efficient approach in the control of peri-
odontal diseases (Escribano et al., 2016; Pera et al., 2012; Rosling
et al., 1997; Seymour et al., 2017). Moreover, the regular use of a
triclosan-containing dentifrice was effective at decreasing the
clinical signs of inflammation of peri-implant mucositis (Ramberg,
Lindhe, Botticelli, & Botticelli, 2009) and to improve dental implant
maintenance by reducing dental plaque and peri-implant bleeding
(Sreenivasan et al., 2011). Although these previous trials have not
studied experimental mucositis, as performed in the current in-
vestigation, it could be hypothesized that the promising outcomes
observed when using triclosan would be supported, in part, by its
anti-inflammatory effects (Barros et al., 2010).

Considering the potential of triclosan as a modulator of host
response and taking into account the negative impact of smoking
in the peri-implant bone loss and implant failure (Heitz-Mayfield,
2008; Saaby et al.,, 2016), it would be relevant to investigate
whether the use of a triclosan dentifrice could prevent peri-im-
plant mucositis in smoking patients. The priori hypothesis of this
trial was to determine whether a triclosan-containing toothpaste
could affect clinical parameters and local pattern of osteo-im-
munoinflammatory mediators in the peri-implant crevicular fluid
(PICF) during the progression of experimental peri-implant muco-
sitis in smokers.

2 | MATERIAL AND METHODS

2.1 | Study design

This study was designed as double-blind, randomized, crossover
study to evaluate the influence of a triclosan-containing toothpaste
in the profile of osteo-immunoinflammatory mediators in the PICF
of smokers and in the clinical measurements during the progres-
sion of experimental peri-implant mucositis. This investigation was
approved by the ethics committee of Paulista University (Protocol
97.117). The ClinicalTrials.gov identifier is NCT03241407.

2.2 | Population screening

Patient recruitment started in July 2013 and was completed by the
end of September 2014. Clinical procedures and evaluations were
carried out between September 2013 and November 2014. Data
entry and statistical analyses were performed in April 2015. All
the patients were recruited from the patients referred to Paulista
University.

2.3 | Inclusion and exclusion criteria

Patients should be smokers (more than 10 cigarettes/day, for at least
2 years), >30 years old and present at least one single unit implant-
supported crown (screw-retained) in the molar/pre-molar region (im-
plant-abutment connection external hexagonal), in function for at least
12 months, with a width of keratinized tissue 22 mm. Peri-implant tis-
sue should be healthy [probing depth (PD) <4 mm with no Bleeding on
Probing (BoP) and no evidence of radiographic bone loss beyond bone
remodeling] (AAP, 2013). Patients should be periodontally healthy and
present full-mouth plaque scores (FMPS) (Ainamo & Bay, 1975) and
full-mouth bleeding scores (FMBS) (Muhlemann & Son, 1971) <20%.
The exclusion criteria were pregnancy, lactation, non-smok-
ers, systemic conditions that could interfere in the progression of
peri-implant diseases and bone metabolism (e.g., diabetes and im-
munologic disorders), use of long-term administration of anti-in-
flammatory, bisphosphonates and immunosuppressive medications,
antibiotic therapies in the previous 6 months, patients that required
bone grafts before or alongside the implant surgery, and history of
previous regenerative procedures in the area treated with implant.
Patients were thoroughly informed of the nature, potential risks
and benefits of their participation in the study, and they each signed

an informed consent document.

2.4 | Experimental groups

Inthe pre-experimental phase, all patients were submitted to a proph-
ylaxis procedure, supragingival scaling and polishing of the entire
dentition and instruction in optimal oral hygiene practices to guar-
antee their ability to perform proper plaque control. Subsequently,
patients were re-evaluated to confirm scores at baseline compatible
with gingival/mucosal health (FMPS and FMBS <20%).

Patients were asked to refrain from toothbrushing at the implant
site for a period of 21 days. They wore a silicone stent filled with the
toothpaste (triclosan-containing or non-triclosan-containing fluoride
toothpaste) 3 times per day for 2 min. The silicone stent involved the
implant and adjacent teeth covering 2-3 mm of peri-implant mucosa.
During this 3-week period, participants were randomly assigned, by
a researcher not involved in the study, to two groups by a computer-
generated list using the Excel program of the Microsoft Office pack-
age: Triclosan/Fluoride Toothpaste(n = 13) or Fluoride Toothpaste
(n = 13). Conventional toothbrushing was performed in the non-stent
areas, with the same toothpaste used in the silicone stent. Allocation

concealment was conducted with sequentially numbered opaque
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sealed envelopes, which were only opened by the intervention oper-
ator (VHL) at the time of intervention. The patients and examiner did
not know what the designated allocation was.

After 3 weeks, a professional prophylaxis was performed, and a
washout period of 30 days was established. All patients restarted
their optimal mechanical plaque control practices to reach pre-ex-
perimental levels of oral cleanliness and gingival/mucosal health.
Then, a second experimental 3-week period without mechanical
toothbrushing around the implants was established and the experi-
mental groups were exchanged. After that, a new professional pro-
phylaxis was performed. Patients were blinded to the therapies, and
the toothpaste (both with same color) were delivered to patients in
opaque tubes, ensuring the patients’ masking to the therapy.

All evaluations (clinical and immunoenzymatic) were performed
at baseline, 3, 7, 14 and 21 days of each period of experimental mu-
cositis induction.

Levels of osteo-immunoinflammatory mediators were consid-
ered the primary outcome variable. The number of patients included
was based on previous crossover investigations that found differ-
ences in the crevicular fluid levels of osteo-immunoinflammatory
markers in different clinical status (Hallstrom et al., 2013; Sarmento
et al., 2014). A post hoc power analysis of this study was conducted
using the mean and standard deviation of RANKL/OPG outcomes at
21 days, since the ratio of these osteo-inflammatory-related markers
is considered relevant to the establishment and severity of peri-im-
plant diseases (Duarte et al., 2009). It was considered an effect size
0.75. It was observed a power value of 0.821 with the present data

using the program sample power SPSS 21.1

2.5 | Clinical examination

The same examiner (SPP), who was blinded to the groups, performed
all clinical measurements. To perform the intra-examiner calibration,
15 non-study individuals presenting dental implants were selected.
The examiner measured the PD of all individuals twice within 24 hr.
The intra-class correlation was calculated as 95% reproducibility.
Individual stents were prepared to standardize the location of
periodontal probe? in order to evaluate the following parameters at
four sites of the experimental dental implants at baseline, 3-, 7-, 14-
and 21-day follow-ups: 1) Plaque Index (Pl/%): dichotomous Plaque
Index along the mucosal margin around implants, 2) BoP (%):dichot-
omous index of Bleeding on Probing around implants, 3) position of
the peri-implant margin (PPM/mm): distance from the stent to the
peri-implant margin; 4) relative clinical attachment level (RCAL/mm):
distance from the stent to the bottom of the peri-implant pocket;
and 5) peri-implant PD (mm): calculated by deducting PPM from
RCAL. The FMPS (Ainamo & Bay, 1975) and FMBS (Muhlemann &
Son, 1971) were calculated before the beginning of each period of

experimental mucositis.

11BM, Armonk, NY, USA.

2North Carolina—Hu-Friedy, Chicago, IL, USA.
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2.6 | Osteo-immunoinflammatory
profile assessment

PICF was collected from dental implant sites by the same examiner
(SPP) by placing filter paper strips3 into the sulcus of the dental im-
plants (vestibular and lingual), as previously described (Negri et al.,
2016). PICF samples were immediately stored at -20°C.

Levels of interferon (IFN)-v, interleukin (IL)-17, IL-1, IL-10, IL-6,
IL-8, tumor necrosis factor (TNF)-o*, osteoprotegerin (OPG), osteo-
calcin (OC), osteopontin (OPN)®, matrix metalloproteinase (MMP)-2,
MMP-9¢, transforming growth factor (TGF)-p’, soluble receptor acti-
vator of nuclear factor-xf ligand (RAN KL)® and cross-linked telopep-
tide of type | collagen (ICTP)? in the PICF were determined using the
MAGpix™ instrument®® and Xponent® software!’. The mean con-
centration of each mediator was calculated using the individual as a

statistical unit and expressed as pg/ml.

2.7 | Data analysis

All analyses were completed using SAS program release 9.1*2. Data
were examined for normality using the Kolmogorov-Smirnov test,
and those that achieved normality were analyzed using parametric
methods, whereas those that presented non-normal distribution
were analyzed using non-parametric tests. FMPS and FMBS meas-
ured before the beginning of each period of experimental mucositis
in both groups were compared using the Wilcoxon test. For the
other clinical parameters (Pl, BoP, PPM, RCAL and PD), the two-way
ANOVA/Tukey test was used to detect differences between groups
and periods. Levels of osteo-immunoinflammatory markers between
groups and among follow-ups were compared using the Wilcoxon
and Friedman test, respectively. An experimental level of signifi-
cance was determined at 5%. Multiplicity-adjusted P-values were

calculated using the Bonferroni adjustment.

3 | RESULTS

Twenty-six patients were included in the study. No dropout oc-
curred (Figure 1). The study population was characterized as 57.7%

male (mean age: 49.62 + 16.01 years).

3Periopaper, Oraflow, Plainview, NY, USA.

“Human Th17 HTH17MAG-14 K, Millipore Corporation, Billerica, MA, USA.

5Human Bone HBNMAG-51 K, Millipore Corporation, Billerica, MA, USA.

SHuman MMP Panel 2 HMMP2MAG-55 K, Millipore Corporation, Billerica, MA, USA.
7Multi-species TGF-p TGFBMAG-64 K, Millipore Corporation, Billerica, MA, USA.
8Human Single Plex Bone HRNKLMAG-31 K, Millipore Corporation, Billerica, MA, USA.
?Uscn Life Science Inc., Wuhan, Hubei, PRC.

MiraiBio, Alameda, CA, USA.

nsMiIIipore, Corporation, Billerica, MA, USA.

2Cary, NC, USA.
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| 278 patients assessed
- 107 did not smoke

- 42 were diabetics

medication

= . - months
Screemng examination

252 excluded: not meeting inclusion criteria

- 45 presented periodontal and/or peri-implant disease
- 6 presented width of keratinized tissue>2mm around implants

2 | - 14 presented did take antibiotic in the previous 6 months
- 23 did use long-term administration of anti-inflammatory

v - 04 presented implants in function for a period inferior to 12

- 11 did not accept participate of the study

Stratification and randomization (n:26)

21 Days: Experimental mucositis

| Triclosan Group (n:13) | | Placebo Group (n:13) | }Fauw...ps; 0,3,7, 14and 21 days

} 30 Days: Wash-out period

| Triclosan Group (n:13) | | Placebo Group (n:13) | } 21.Days: Experimental tancoxits

Follow-ups: 0, 3, 7, 14 and 21 days

FIGURE 1 Flowchart of the study

TABLE 1 Mean (+ SD) of Pl, BoP, PPM, PD and RCAL at experimental sites at baseline, 3-, 7-, 14- and 21-day follow-ups

PI (%)
Triclosan/fluoride toothpaste group Baseline 6.9 +10.4c
3 days 35.7 £+ 24.4°
7 days 38.3+26.87°
14 days 60.3 +21.9°
21 days 74.0 £ 19.1
Fluoride toothpaste group Baseline 9.8+13.2
3 days 45.2 + 34.2°
7 days 58.8 +16.8%
14 days 75.6 + 16.4¢
21 days 75.5+17.7°

BoP (%) PD (mm) RCAL (mm) PPM (mm)
0.0+0.0 3.1+1.0 9.0+ 1.5 59+13
3.6+£9.6 27+0.8 87+x14 6.0+1.4
3.9+94 29+1.0 89+1.6 6014
3.2+69 3.0+09 8.8+15 58+1.6
3.2+69 27+07 8.6+1.3 58+14
0.0+0.0 3.6+0.5 8.8+0.6 52+0.6
6.0+14.1 3.7+0.6 8.9+0.7 53+0.7
5.0+8.0 3.6+0.5 8.9+0.6 53+0.6
45+78 3.8+0.6 9.3+0.7 54+0.1
6.9 +16.8 3.7+0.9 92+11 5504

3Significant intra-group differences by the ANOVA/Tukey when compared to baseline (p < 0.05). "Significant inter-group differences by the ANOVA/
Tukey (p < 0.05). “Significant intra-group differences by the ANOVA/Tukey when compared to baseline and 3 days (p < 0.05). dSignificant intra-group
differences by the ANOVA/Tukey when compared to baseline, 3 and 7 days (p < 0.05).

3.1 | Clinical results

No significant differences for the FMPS (11.54 + 6.34 and
10.37 + 6.04, for the first and second periods of mucositis induc-
tion, respectively;p > 0.05)and FMBS (3.18 + 2.02and 1.95 + 0.99,
for the first and second periods of mucositis induction, respec-
tively; p > 0.05) before the beginning of each phase of experimen-
tal mucositis were detected. A significant intra-group increase
in the Plaque Index at experimental implant site was detected in
both the triclosan/fluoride (p = 0.009) and fluoride toothpaste
therapies from the third day (p = 0.008), enhancing progressively
until the 21st day (p = 0.001, for both groups; Table 1). Although a
lower percentage of plaque has been detected in triclosan-treated
sites after 7 (p = 0.007) and 14 days (p = 0.026) when compared
to fluoride toothpaste-treated implants, at the end of the exper-
imental period (21st day), a similar Plagque Index was observed in
both groups (p > 0.05; Table 1). The means of the BoP, PD, RCAL
and PPM at the experimental sites were not statistically differ-

ent between the groups at any time points, and no intra-group

differences were detected throughout the period of mucositis in-
duction for both treatments (p > 0.05; Table 1).

3.2 | Osteo-immunoinflammatory levels

No intra- or inter-group differences were observed for IFN-y, IL10,
IL-1B, IL8, IL-17, IL-6, TNF-a, MMP-2, MMP-9, TGF-B, OC, OPN, ICTP,
OPG and RANKL (p > 0.05; Tables 2 and 3). Nevertheless, the RANKL/
OPG ratio was significantly higher in fluoride toothpaste-treated sites
when compared to triclosan/fluoride-treated sites at the end of period
without mechanical toothbrushing, on the 21st day (p = 0.041; Table 3).

4 | DISCUSSION

The clinical observations from this study showed that at both fluo-
ride toothpaste and triclosan/fluoride toothpaste-treated implant
sites, an increased Plaque Index was demonstrated from the 3rd
day without mechanical toothbrushing, and an increase of plaque
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levels was reported until the 21st day (p < 0.05; Table 1), without
any difference between groups at the end of experiment (p > 0.05;
Table 1). Ata-Ali, Flichy-Fernandez, Ata-Ali, Penarrocha-Diago, and
Penarrocha-Diago (2013) showed that bacterial plaque induces an
inflammatory response that can lead to the development of peri-im-
plant mucositis and although earlier clinical data have mentioned a
cause-and-effect association between experimental mucositis in-
duction and the establishment of peri-implant inflammation around
implants (Pontoriero et al., 1994; Zitzmann, Berglundh, Marinello,
& Lindhe, 2001), in the present study, peri-implant sites assigned
to plaque accumulation did not show an significant increase in the
BoP during period without mechanical toothbrushing, independent
of fluoride toothpaste or triclosan/fluoride toothpaste treatments
(p > 0.05; Table 1).

The absence of effective clinical evidence of inflammatory re-
sponse in soft tissues around implants throughout the current study,
regardless of plaque accumulation, could be related to the profile
of population from this trial restricted to smokers. It is well known
that products from tobacco oxidation may change clinical aspects
related to both periodontal and peri-implant lesions causing local
conditions as vasoconstriction (Kumar & Faizuddin, 2011; Peruzzo
et al.,, 2016; Prakash et al., 2014). Previous researches reported that
smoking habit promotes decreased clinical signs of gingivitis (Kumar
& Faizuddin, 2011; Peruzzo et al., 2016). Taking into account the in-
fluence of smoking around clinical signs of inflammatory conditions,
it could be hypothesized that some subclinical inflammation could
be present, although not clinically detectable, in the implants of the
current study from smokers.

This outcome concerning the clinical inflammatory evaluation of
this trial may have masked the probable clinical anti-inflammatory
efficacy of triclosan dentifrice in smoking individuals. In truth, pre-
vious studies have demonstrated the favorable value of triclosan/
fluoride toothpaste in the decline of bleeding around both teeth
and implants when compared to fluoride dentifrices in non-smok-
ers (Al Habashneh, Farasin, & Khader, 2017; Ramberg et al., 2009;
Sreenivasan et al., 2011). Interestingly, a recent study from our re-
search group evaluating the impact of a triclosan-containing tooth-
paste during the progression of experimental peri-implant mucositis
in non-smokers also revealed that peri-implant sites assigned to daily
triclosan/copolymer dentifrice treatments did not show an increase
in the BoP throughout the period of plaque accumulation, whereas
a more evident, significant inflammatory reaction was perceived
from the 14th day of mucositis in the fluoride toothpaste-treated
sites (Ribeiro et al., 2018). In line with this, Ramberg et al.(2009)
comparing the influence of triclosan versus fluoride toothpaste in
non-smoking patients with mucositis—no experimental mucosi-
tis—demonstrated that BoP was diminished by triclosan use from
53.8% to 29.1%, whereas in the fluoride toothpaste group, there
was an increase from 52.3% to 58.8% after 6 months. It is notewor-
thy that another clinical data that could be related to an eventual
anti-inflammatory propriety of the triclosan toothpaste was that in
the triclosan-treated sites there was not an increase in PD as ob-
served in the fluoride toothpaste-treated sites (i.e., less swelling of

the mucosa), although no significant difference has been detected
(p > 0.05; Table 1).

Considering the promising anti-inflammatory role of triclosan
around natural teeth and dental implants, it could be assumed that
the encouraging anti-inflammatory clinical effects of triclosan have
not been noticeably identified in the present study in a population of
smoker individuals. Nevertheless, this is the first study to investigate
the impact of a chemical protocol on the prevention of soft tissue
lesions around implants with biofilm accumulation in the presence
of smoking; supplementary trials are required to support the current
findings.

Interestingly, additional molecular outcomes from this study sug-
gest a possible anti-inflammatory potential of triclosan in controlling
the immunoinflammatory response around implants in smokers,
even in the presence of biofilm. The current investigation indicated
a tendency toward up-regulation of IL-10 only in triclosan/fluoride
toothpaste-managed implant sites throughout the experiment, es-
pecially on the 3rd day, although no increase in levels was identified
at the end of mucositis induction (p > 0.05; Table 2). IL-10 is known
to be an anti-inflammatory biomarker that is able to prevent pro-in-
flammatory mechanisms by inhibiting the production of cytokines
such as IL-1, IL-2, IL-6, IL-8, TNF-a and IFN-y (Pigossi et al., 2012;
Scarel-Caminaga et al., 2004). In line, outcomes from a similar study
performed in non-smokers (Ribeiro et al., 2018) demonstrated that
IL-10 levels were higher on the 21st day in sites treated with tri-
closan/fluoride toothpaste compared to fluoride toothpaste-treated
implant sites and that IL-10 concentrations were decreased in flu-
oride toothpaste-treated implant sites throughout the study when
compared to baseline values, highlighting the hopeful impact of tri-
closan in modulating this anti-inflammatory biomarker.

When considering pro-inflammatory mediators, our results sug-
gested a tendency toward amplification of IL-1p levels throughout
the development of experimental peri-implant mucositis only in the
fluoride toothpaste group with higher concentrations on the 21st
day compared to baseline (p > 0.05; Table 2). IL-1p is involved with
periodontal tissue breakdown and presents a key role in the advance
of peri-implant lesions (Ataoglu et al., 2002; Petkovi¢ et al., 2010).
Earlier studies revealed augmented levels of IL-1 B in peri-implan-
titis (Aboyoussef, Carter, Jandinski, & Panagakos, 1998; Murata et
al., 2002) and mucositis sites when compared with healthy control
implants (Ataoglu et al., 2002; Ebersole & Taubman, 1994). In agree-
ment, non-smokers also demonstrated an increase in the IL-1f levels
during the development of experimental mucositis only in fluoride
toothpaste-treated sites, showing higher concentrations on the 21st
day when compared to baseline (Ribeiro et al., 2018).

Additional outcomes concerning pro-inflammatory mediators in
the current trial showed a tendency toward reduction in IL-8 concen-
trations during the period without mechanical toothbrushing only in
the triclosan/fluoride toothpaste group, with remarkable reduced
values on the 14th day compared to baseline follow-up (p > 0.05;
Table 1). The over-expression of IL-8, an important chemoattractant
cytokine and activator of neutrophils in inflammatory conditions,
was observed in both periodontal and peri-implant tissues affected
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by inflammatory lesions compared to healthy ones (Finoti et al.,
2017; Venza et al., 2010). In accordance with the outcomes from
the present study showing the effectiveness of a triclosan dentifrice
in modulating local mediators involved in peri-implant lesions, the
encouraging properties of triclosan causing the inhibition of pro-
inflammatory biomarker production, such as IFN-y, IL-6, PGE2 and
IL-1B, have also been reinforced by prior data (Barros et al., 2010;
Mustafa, Bakhiet, Wondimu, & Modeer, 2000; Riley & Lamont,
2013), even though no evidence exists regarding the effect of tri-
closan on pro-inflammatory mediators in the local peri-implant fluid
in a smoking population, as examined in this study.

Although mucositis around implants is defined by its restriction
to inflammation of the soft tissues without marginal bone loss, the
peri-implant analysis of osteoclastogenesis/blastogenesis-related
factors in this investigation revealed that RANKL/OPG ratio was sig-
nificantly higher in fluoride toothpaste-treated sites when compared
to sites receiving triclosan following 21 days without mechanical
toothbrushing (p < 0.05; Table 3).

In this study, the augmented levels of RANKL/OPG ratio ob-
served in implant sites that did not receive triclosan dentifrice
suggest the protective influence of this agent during the develop-
ment of peri-implant mucositis, supporting a possible inhibition of
the establishment of peri-implantitis. In line, data from our earlier
investigation using the same design as this study, but performed in
non-smokers, showed that OPG was significantly increased from the
14th until the 21st day compared to baseline and 7 days only in tri-
closan-treated implants (Ribeiro et al., 2018). Other molecules, such
as bone morphogenetic protein (BMP)2 and BMPé, also identified as
osteoclastogenesis inhibitory factor, were up-regulated by triclosan
treatment (Barros et al., 2010), reinforcing the hypothesis that tri-
closan may interfere with the levels of specific osteo-inflammatory
mediators. It is essential to emphasize that most of the pro- and anti-
inflammatory biomarkers and bone-related factors investigated in
this study were rarely assessed previously in the peri-implant fluid
of smokers, creating a challenge to the comparison of outcomes.

Late implant failure is a result of the inability to maintain osse-
ointegration, the most important cause of which is peri-implantitis
(Charalampakis, Leonhardt, Rabe, & Dahlén, 2012). While the man-
agement of peri-implant mucositis is required for the prevention of
peri-implantitis (Salvi & Zitzmann, 2014), avoidance of the establish-
ment of mucositis needs to be the aim of clinicians, especially if it is
considered that peri-implant tissues are most vulnerable to devel-
oping inflammatory responses when compared with gingival tissues
(Salvi et al., 2012). Taking into account the hopeful effects provided
by triclosan in terms of osteo-immunoinflammatory modulation
around implants in smoking patients in this study, it would be sug-
gested that triclosan toothpaste could provide benefits in inhibiting
the onset of peri-implant mucositis in this patient profile, especially
if has been considered that smoking increases the severity and prev-
alence of peri-implant lesions (Atieh et al., 2013; Heitz-Mayfield,
2008; Mombelli et al., 2012; Saaby et al., 2016). It is important to
highlight that this study observed local molecular changes in the
short term, so in future studies longer follow-ups would contribute
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to a better comprehension of the effect of triclosan toothpaste on
the modulation of inflammatory and bone-related mediators around
implants in smoking patients.

In conclusion, a triclosan-containing dentifrice may offer ad-
vantage in the local modulation of osteo-immunoinflammatory re-
sponse around implants in smokers, reducing the levels of RANKL/
OPG, which could represent a method to prevent peri-implant

mucositis.
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