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Abstract

Objective To evaluate the effects of adjunctive delivery of a sodium hypochlorite gel in the treatment of peri-implant mucositis (PM).
Materials and methods Forty-six subjects with 68 implants diagnosed with PM were randomly assigned to two treatment groups.
Prior to mechanical debridement, a sodium hypochlorite gel was delivered to the implants of the test group while implants of the
control group received a placebo gel. Application of both test and placebo gels was repeated 5 times at baseline. The primary
outcome variable was the change in pocket probing depth (PPD) between baseline and 6 months.

Results After 6 months, the mean PPD decreased statistically significantly from 3.93 +1.09 mm to 3.04 +0.46 mm in the test
(p=0.0001) and from 3.68 =0.85 mm to 3.07 = 0.58 mm in the control (p = 0.0001) group, respectively. No statistically signif-
icant difference (p = 0.53) was observed with respect to PPD changes from baseline to 6 months between test (0.88 = 1.04 mm)
and control group (0.61 +0.75 mm), respectively. The number of implants with bleeding on probing (BoP) decreased statistically
significantly from 33 to 18 in the test group (»p =0.0001) and from 34 to 23 in the control group (p = 0.0001) after 6 months.
Conclusions In conclusion and within the limits of the present study, changes in PPD from baseline to 6 months were not
statistically significantly different between groups. Complete resolution of mucosal inflammation was not achieved with either
of the therapies.

Clinical relevance The present outcomes have showed that a complete resolution of peri-implant mucositis is not possible to
obtain by means mechanical debridement with or without a sodium hypochlorite gel application.
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Introduction

Peri-implant mucositis has been defined as an inflammatory
lesion in the soft tissues surrounding an endosseous implant
without loss of supporting peri-implant bone [1]. Clinical
signs of inflammation may include bleeding on probing, ery-
thema, swelling, and suppuration. A cause-effect relationship
between experimental accumulation of bacterial biofilms
around titanium dental implants and the development of ex-
perimental peri-implant mucositis has been demonstrated in
humans [2—5]. Various anti-infective protocols similar to those
applied for the treatment of gingivitis have been adopted to
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also documented that this anti-infective protocol did not yield
complete resolution of mucosal inflammation. In fact, only
38% of the implants were without any sites bleeding on prob-
ing after 3 months. In addition, implants with supramucosal
restoration margins showed greater improvement following
treatment of peri-implant mucositis compared with those with
submucosal restoration margins [13].

Collectively, outcomes of clinical studies failed to re-
port complete resolution of inflammation in the manage-
ment of peri-implant mucositis. Therefore, as untreated
peri-implant mucositis may in some patients progress to
peri-implantitis, complete resolution of inflammation
should be considered the prerequisite for the prevention
of peri-implantitis [14].

A novel formulation of a sodium hypochlorite (NaOCl) gel
was recently introduced as an adjunct for mechanical biofilm
removal. Outcomes of an in vitro study indicated that the new
NaOCIl gel possesses antimicrobial activities, in particular
against Gram-negative species associated with periodontitis
[15]. Despite the fact that the NaOCI gel failed to eliminate
a multi-species biofilm, a strong effect on the reduction of
biofilm vitality and alteration in the composition of biofilm
matrix was found pointing to its high potential as an adjunct in
mechanical therapy of periodontal diseases. However, at the
present time, data on the clinical application of this novel
NaOCl gel formulation for the treatment of biofilm-
associated peri-implant infections are still scarce, and thus,
its potential clinical benefits unknown [16].

Therefore, the aim of this randomized controlled clinical
trial was to compare the effects of non-surgical mechanical
debridement with or without adjunctive delivery of a sodium
hypochlorite gel in the treatment of peri-implant mucositis up
to 6 months.

Materials and methods
Patient selection

All patients included in the study were enrolled and treated in
the Department of Periodontology, University of Naples
Federico 11, Italy, and in the Department of Periodontology,
Victor Babes University, Timisoara, Romania. The study pro-
tocol was submitted to and approved by the ethical committee
of the Victor Babes University, Timisoara, Romania, (Nr. 06/
18.05.2015) for both centers.

In addition, the study protocol was registered with the
German Clinical Trials Register (registration number:
DRKS00006977).

Written informed consent was obtained and the study was
conducted according to the principles of the declaration of
Helsinki on experimentation involving human subjects.
Subjects were included based on the following criteria:
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* Age>18 years

»  Non-smokers and smokers < 10 cigarettes/day

» Subjects with gingivitis or treated periodontal conditions
(i.e., absence of residual PPD > 5 mm)

* Peri-implant mucositis defined as >1 implant site with
presence of BoP and absence of radiographic bone loss
compared with a previous radiograph [17] (Figs. 1 and 2)

+ Implant-supported fixed dental prostheses

Subjects were excluded based on the following criteria:

» Presence of medical conditions contraindicating treatment
of peri-implant mucositis

* Regular use of anti-inflammatory drugs or antibiotics
within 3 months prior to study enrollment

* Pregnant or lactating females

* Removable implant-supported dental prostheses

* Prothesis reconstruction with visible gap between abut-
ment and suprastructure

* Peri-implantitis, defined as inflammation in the peri-
implant mucosa with concomitant loss of supporting bone
[18]

Null hypothesis

No statistically significant differences are observed with respect
to the clinical parameters pocket probing depth (PPD), bleeding
on probing (BoP), and modified plaque index (mPII) between
the two treatment modalities (i.e., adjunctive delivery of an
amino acid buffered sodium hypochlorite gel vs. placebo gel).

Primary and secondary outcome variables

The primary outcome variable was the change in PPD.
Secondary outcome variables included the changes in the

Fig. 1 Pocket probing depth of 5 mm with BoP at baseline
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Fig. 2 Implant without radiographic signs of crestal bone loss

clinical parameters BoP, mPlI, full-mouth plaque score
(FMPS), and full-mouth bleeding score (FMBS).

Sample size calculation

Assuming a 0.9-mm PPD difference between study groups
and a standard deviation in PPD of 1.0 mm in each group,
20 experimental subjects and 20 control subjects would be
needed to reject the null hypothesis with p = 0.05 and a statis-
tical power of 80% [10].

Experimental design

A double-arm, randomized, controlled clinical trial (RCT) of
6 months duration was designed. The results of the present
trial are reported according to the CONSORT guidelines
(http://www.consort-statement.org/).

Randomization

The subjects were randomly assigned to one of the two exper-
imental procedures. The allocation was carried out using a
commercially available computer software package (NCSS-
PASS, Number Cruncher Statistical Systems, Kaysville, UT,
USA). Treatment allocation was performed immediately be-
fore delivery of the treatment by opening an opaque envelope
containing the information.

Masking and calibration

All treatment procedures were provided by two periodontists
(VIS and SIS). Both periodontists were masked with respect
to the experimental procedures. All parameters were recorded
at baseline and after 1, 3, and 6 months by two calibrated
examiners (AB and DR). The two examiners were calibrated
based on repeated assessments of the clinical parameters of 7
subjects not enrolled in the study (Interclass Correlation
Coefficient 0.92). A triple-blind study design was

implemented, i.e., all subjects, the two treatment providers,
and the two examiners were masked with respect to the ex-
perimental procedures.

Clinical assessment and procedures
The following clinical parameters were assessed:

* Presence of plaque according to the plaque index (PII)
[19] and to the modified index for oral implants (mPI)
[20].

* Presence of peri-implant mucosal inflammation assessed
with the bleeding on probing index [21].

* Pocket probing depths (PPD) assessed as the distance
from the peri-implant mucosal margin to the bottom of
the sulcus.

*  Full-mouth plaque score (FMPS) representing the percent-
age of sites covered with plaque in the entire dentition
[22].

* Full-mouth bleeding score (FMBS) representing the per-
centage of sites with bleeding on probing in the entire
dentition [23].

All clinical parameters were recorded at 4 sites/implant
(i.e., mesial, distal, oral, buccal) by means of a manual peri-
odontal probe (PerioWise color coded probe, Premier,
Plymouth Meeting, PA, USA) applying a probing force of
approximately 0.2 N.

Experimental procedures

All subjects were randomized following baseline measure-
ments. Prior to peri-implant mucositis treatment, full-mouth
supragingival scaling was delivered to all subjects. Prior to
mechanical debridement of the study implants with the use
of an ultrasonic scaler with a plastic tip (Kavo SONICflex®,
Biberach, Germany), an amino acid buffered sodium hypo-
chlorite gel (Perisolv®, Regedent, Ziirich, Switzerland) was
delivered for 30 s to the implants of the test group (Figs. 3 and
4) while implants of the control group received a topical ap-
plication of a placebo gel for 30 s. In both groups, no rinsing
was performed after gel application before the ultrasonic
debridement.

The placebo gel (carboxymethyl cellulose solution with pH
7.27, carrier of amino acids and water with pH neutral)
displayed the same consistency and color as Perisolv®.

According to the manufacturer’s instructions, application
of both the test and placebo gels was repeated 5 times around
the study implants at baseline. At the end of the treatment
session, a full-mouth prophylaxis procedure with a rubber
cup and a polishing paste was performed.
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Fig. 3 Application of Perisolv in the peri-implant sulcus

Clinical follow-up

All subjects were instructed to brush the study implants at
least twice daily as part of their routine self-performed plaque
control. A 0.12% chlorhexidine gel (Curasept ADS®,
Curaden AG, Kriens, Switzerland) was prescribed twice daily
for 2 weeks following treatment. Clinical parameters were
recorded at 1, 3, and 6 months following treatment (Fig. 5).
Presence/absence of adverse effects related to the experimen-
tal procedures was recorded.

Data analysis

Data from all implants diagnosed with peri-implant mucositis
in the same subject were pooled, averaged, and included in the
analysis. Therefore, the patient was considered as the statisti-
cal unit. However, an adjunctive implant-based analysis was
also performed. Mean values and standard deviations (SD)
were calculated for age, PPD, FMPS, and FMBS.
Differences in mean age were calculated with the Student’s #
test while the Fisher’s exact test was used to calculate differ-
ences in gender, smoking habits, and number of periodontally
compromised subjects. The chi-square test was applied to cal-
culate differences in implant position.

Fig. 4 Mechanical debridement by means of an ultrasonic scaler with a
plastic tip
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Fig. 5 Pocket probing depth of 4 mm without BoP after 6 months

For the parameters mPII and BoP scores, the number of
implants was reported.

In order to estimate the center effect, a generalized linear
model for repeated measures was applied.

Intra-group comparisons for PPD, mPll, and BoP at base-
line, 1, 3, and 6 months were assessed by means of Friedman’s
test for repeated measures. Mann-Whitney’s test was used to
assess inter-group comparisons at baseline, 1, 3, and
6 months.

Differences in number of implants with absence of BoP
were assessed by means of the chi-square test.

A p value < 0.05 was considered statistically significant.

Results
Demographic characteristics

The flow chart of the study is presented in Fig. 6. A total of 48
subjects with 70 implants were enrolled. Following assess-
ment of eligibility, 2 subjects with 1 implant each declined
participation to the study. Therefore, 46 subjects with 68 im-
plants were randomized. Experimental therapy was delivered
to 23 subjects with 34 implants (test group) while 23 subjects
with 34 implants (control group) received the placebo therapy.
One subject with 1 implant in the test group was lost to follow-
up because of pregnancy. Twenty-two subjects with 33 im-
plants in the test group and 23 subjects with 34 implants in the
control group were available for the statistical evaluation.

The demographic characteristics of the subject’s sample at
baseline are presented in Table 1. No statistically significant
differences (p> 0.05) were observed with respect to mean
age, gender, number of cigarette smokers, and number of sub-
jects with treated periodontal conditions between test and con-
trol groups.

No adverse effects related to the experimental procedures
were recorded.
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Fig. 6 Flow chart of study
procedures
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Discontinued intervention (n=0)
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[ Analysis ]
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Excluded from analysis (n=0)

Implant location

Table 2 presents the distribution of implants between the test
and control groups with respect to anterior and posterior areas
of mandible and maxilla. A similar percentage of implants had
been placed in posterior (i.e., 82%), as well as in anterior (i.e.,
18%), areas of mandible and maxilla in both groups. No sta-
tistically significant differences (p > 0.05) were observed with
respect to implant locations between test and control groups,
respectively.

Table 1 Demographic characteristics of the study sample at baseline
Test group Control Significance
(N=22)  group ®)
(N=23)
Gender (male/female) 8/14 11/12 0.436
Mean age = SD (years) 46.50+15.35 45.96+9.84 0.083
Range age (years) (17-80) (27-59)
Number of cigarette 22.7% 26.1% 0.793
smokers (%)
Number of subjects with N=9 N=10 0.862
treated periodontal 40.9% 43.5%

conditions (%)

Full-mouth plaque score and full-mouth bleeding
score

Full-mouth plaque score (FMPS) and full-mouth bleeding
score (FMBS) at baseline and at the 6-month follow-up are
summarized in Table 3. Six months following therapy, mean
FMPS scores revealed statistically significant changes compared
with baseline in both groups. The mean FMPS decreased from
42.4+8.3% t021.1 +6.4% in the test (p =0.001) and from 43.5
+8.7% to 21.8 +4.2% in the control groups (p =0.001), respec-
tively. A statistically significant decrease in mean FMBS was
recorded from 32.7+7.1% to 17.3+6.2% in the test (p =
0.001) and from 33.3+5.0% to 18.2+5.0% in the control (p =

Table 2  Implant locations
Test group Control group Significance
(N=33) (N=34) ®)
Anterior maxilla 4 0.462
Posterior 12 14
maxilla
Anterior 2 0
mandible
Posterior 15 14
mandible
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Table 3 Mean full-mouth plaque score (FMPS) and mean full-mouth
bleeding score (FMBS) with standard deviations (SD) at baseline and at
the 6-month follow-up

Baseline 6 months Significance
®)
FMPS + SD (%)
Test group 424+83 21.1+64 0.001
Control group 43.5+8.7 21.8+42 0.001
Significance 0.124 0.876
P)
FMBS =+ SD (%)
Test group 32.7+7.1 17.3+6.2 0.001
Control group 333+5.0 182+5.0 0.001
Significance 0.673 0.334
®)

0.001) groups, respectively. No statistically significant differ-
ences (p>0.05) were observed with respect to FMPS and
FMBS between groups at baseline and at the 6-month follow-up.

Pocket probing depth

Table 4 presents changes in pocket probing depth (PPD) from
baseline to 1, 3, and 6 months following therapy in the test and
control groups, respectively. After 6 months, the mean PPD
decreased statistically significantly (p =0.0001) from 3.93 +
1.09 mm to 3.04 £0.46 mm in the test and from 3.68 +
0.85 mm to 3.07 +0.58 mm in the control groups, respective-
ly. No statistically significant differences (p > 0.05) were ob-
served with respect to PPD between groups at baseline, 1-, 3-,
and at the 6-month follow-up.

Moreover, no statistically significant difference (p = 0.53) was
observed with respect to PPD change from baseline to 6 months
between test (0.88 +1.04 mm) and control (0.61+0.75 mm)
groups, respectively.

Modified plaque index

Table 5 presents changes in the number of implant with plaque
and BoP-positive from baseline to 1, 3, and 6 months follow-
ing therapy in the test and control groups, respectively. After

6 months, the number of implant with plaque decreased sta-
tistically significantly (p = 0.002) from 29 to 19 in the test and
from 31 to 22 in the control groups (p = 0.0001), respectively.
No statistically significant differences (p >0.05) were ob-
served with respect to the number of implant with plaque
between groups at baseline, 1, 3, and 6 months following
therapy.

BoP-positive implants

As shown in Table 5, 6 months following therapy, the number
of BoP-positive implants decreased statistically significantly
(p=0.0001) from 33 to 18 in the test and from 34 to 23 in the
control groups (p = 0.0001), respectively. No statistically sig-
nificant difference (p =0.271) between the number of BoP-
positive implants in the test and control groups was observed
from baseline to 6 months.

Center effect for the clinical parameters PPD, BoP,
and mPIl

Table 6 summarizes the center effect for the clinical parame-
ters PPD, BoP, and mPll. An estimate of 0.300 +0.338 was
recorded for PPD value, while estimates of —0.228 £0.171
and 0.271 +£0.174 were found for BoP and mPII respectively,
since no treatment by center interaction was observed.

BoP-negative implants 6 months following therapy

The number and percentage of implants free of any BoP-
positive sites is summarized in Table 7. No statistically signif-
icant difference (p = 0.32) was observed when comparing the
number of BoP-negative implants between the test group (n =
15) and the control group (n = 11) 6 months following therapy.

Discussion

The aim of the present randomized controlled trial was to
evaluate the clinical effects in the treatment of peri-implant
mucositis with either adjunctive delivery of a sodium hypo-
chlorite gel or a placebo gel up to 6 months. The results

Table 4 Mean pocket probing

depth (PPD) with standard devia- PPD + SD Baseline 1 month 3 months 6 months Change baseline Significance
tion (SD) at baseline and 1, 3, and (mm) to 6 months »
6 months following therapy
Test group 393+£1.09 3.09+0.63 3.14+0.68 3.04+£046 0.88+1.04 0.0001
Control 3.68+0.85 321+0.84 3.10+090 3.07+0.58 0.61+0.75 0.0001
group
Significance ~ 0.93 0.07 0.79 0.31 0.53
®
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Table 5 Number of implants with

plaque and BoP-positive at base- Baseline 1 month 3 months 6 months Significance
line and 1, 3, and 6 months fol- »
lowing therapy
Number of implants
with plaque (mPII)
Test group 29 16 16 19 0.002
Control group 31 16 16 22 0.0001
Significance (p) 0.659 0.907 0.907 0.549
Number of implants
BoP-positive
Test group 33 10 12 18 0.0001
Control group 34 16 18 23 0.0001
Significance (p) 0.999 0.159 0.172 0.271

mPII, modified plaque index; BoP, bleeding on probing

indicated no statistically significant differences between the
two groups with respect to pocket probing depth changes
and number of BoP-negative implants at 6 months. The 6-
month outcomes of that study indicated that mechanical de-
bridement with adjunctive delivery of Perisolv was equally
effective as non-surgical mechanical debridement alone.

Although clinical and biochemical outcomes have showed
that healing of experimental mucositis in human model occurs
within 3 weeks [4], in the present study, findings at 3 and
6 months were also reported in order to monitor the mainte-
nance of the clinical results. In any case, no statistical signif-
icant differences between 1, 3, and 6 months were noted.

A sample of 45 patients were treated in the present
study. The sample size was determined assuming a 0.9-
mm PPD difference between study groups according to
previous study conduced by Hallstrom and co-workers
[10]. A difference of 0.9 mm can be expected because
in a randomized controlled clinical trial conducted by
Heitz-Mayfield and co-workers implants with peri-
implant mucositis treated with non-surgical therapy and
chlorhexidine gel application respect to non-surgical ther-
apy and placebo application showed a difference of
1.1 mm in PPD change [11].

Despite the fact that a statistically significant reduction
in BoP was achieved in the present study, only 45% of the
implants in the test group and 32% of the implants in the

Table 6  Center effect for the clinical parameters PPD, BoP, and mPII

Parameter Estimate Significance
®)

PPD 0.300 + 0.338 0.380

BoP —0.228 +0.171 0.190

mPII 0.271 £ 0.174 0.128

control group yielded complete resolution of BoP at
6 months.

Hence, as all clinical parameters of the present study im-
proved over 6 months in both the test and the placebo groups,
the null hypothesis was not rejected.

Previous clinical studies evaluating the treatment of peri-
implant mucositis with either mechanical debridement alone
[7, 12] or with adjuncts including essential oils [24], chlorhex-
idine rinsing [9, 25], chlorhexidine rinsing combined with
chlorhexidine gel [6], use of 0.3% triclosan toothpaste [8],
chlorhexidine gel [13], systemic antimicrobials [10], glycine
powder air-polishing [26], and probiotics [27, 28] reported
improvements in clinical parameters such as reductions in
PPD and BoP. However, adjunctive deliveries such as chlor-
hexidine [6], systemic azythromycin [10], or glycine powder
air-polishing [26] failed to yield additional clinical benefits in
the treatment of peri-implant mucositis compared with me-
chanical debridement alone.

Furthermore, data on the potential adjunctive clinical
benefits following delivery of probiotic supplements for
the management of peri-implant mucostis are also contro-
versial [27, 28]. Variations in study designs and eligibility
criteria may partly explain differences in treatment
outcomes.

Hence, based on the treatment outcomes reported
above, in addition to individually taylored oral hygiene

Table7 Number of BoP-negative implants 6 months following therapy
BoP-negative Significance =~ Number needed to
implants N (%)  (p) treat (NNT)

Test (N=33) 15 (45%) 0.32 7.6

Control 11 (32%)

(N=34)
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instructions, professionally delivered mechanical removal
of hard and soft tissue deposits should be considered the
standard of care in the management of peri-implant
mucositis.

The clinical effects of adjunctive delivery of a sodium
hypochlorite gel (i.e., Perisolv®) were also investigated
for the non-surgical management of peri-implantitis in a
randomized controlled trial [16]. The 3-month outcomes
of that study indicated that mechanical debridement with
adjunctive delivery of Perisolv® was equally effective as
non-surgical mechanical debridement alone in the reduc-
tion of mucosal inflammation [16].

Peri-implant mucositis lesions may be present for ex-
tended periods of time without progression to peri-
implantitis. The conversion of peri-implant mucositis le-
sions to peri-implantitis in humans is difficult to study in
an experimental design for obvious ethical reasons. The
importance of treating peri-implant mucositis as a preven-
tive measure for the onset of peri-implantitis was
highlighted in a retrospective study [14].

Over an observation period of 5 years, half of the subjects
received supportive care and treatment of peri-implant muco-
sitis while the other half did not. At the end of the observation
period, 18% of the subjects enrolled in supportive care
progressed to peri-implantitis while the incidence of peri-
implantitis amounted to 43.9% in subjects without supportive
care [14]. At the 5-year examination, 30.5% of subjects in the
group with supportive care showed healthy peri-implant soft
tissue conditions while in the group without supportive care
none of the subjects showed peri-implant soft tissue health
[14]. Thus, management of peri-implant mucositis should be
considered a prerequisite for the prevention of peri-implantitis
[29].

In conclusion and within the limits of the present study,
changes in PPD from baseline to 6 months were not statisti-
cally significantly different between groups.

Complete resolution of mucosal inflammation was not
achieved with either of the therapies.
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