friried applied
e sciences

Article

Difference of Two Antiseptic Gels for the Treatment of
Peri-Implant Mucositis on Plaque Index and Bleeding Score:
A Randomized Controlled Clinical Study

Stefano Storelli 1, Giulia Palandrani !, Barbara Manfredi !, Eugenio Romeo 1 Dario De Martis 2*©,

Claudia Todaro 2, Ruggero Rodriguez y Baena 2

check for
updates

Citation: Storelli, S.; Palandrani, G.;
Manfredi, B.; Romeo, E.; De Martis,
D.; Todaro, C.; Rodriguez y Baena, R.;
Lupi, S.M. Difference of Two
Antiseptic Gels for the Treatment of
Peri-Implant Mucositis on Plaque
Index and Bleeding Score: A
Randomized Controlled Clinical
Study. Appl. Sci. 2023, 13, 1288.
https://doi.org/10.3390/
app13031288

Academic Editor: Domenico

Lombardo

Received: 22 December 2022
Revised: 11 January 2023
Accepted: 14 January 2023
Published: 18 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Saturnino Marco Lupi 2

1
2

Department of Biomedical, Surgical and Dental Sciences, University of Milan, 20142 Milan, Italy
Department of Clinical Surgical, Diagnostic and Pediatric Sciences, University of Pavia, 27100 Pavia, Italy
Correspondence: dariodemartis@gmail.com

Abstract: Aim: To analyze and compare the effectiveness of two antibacterial gels in the treatment of
mucositis. Methods: After signing the informed consent, in accordance with the Helsinki Declaration
of 1975, revised in 2000, 21 patients were included in the study and divided by randomization into
two groups. At the baseline, the modified bleeding index (mBI) and plaque index (PI) values were
measured, and an oral hygiene and implant disinfection session was carried out. The session was
repeated at 7, 15, and 30 days and after 2 and 3 months from the baseline. Two products were used—a
bioadhesive gel in the test group and a 1% chlorhexidine gel in the control group. Results: Due
to three dropouts, the final sample was composed of 18 patients. An improvement in periodontal
indices was observed, similar to mBI and PI values, in both groups. There were no complications
except for the appearance of pigmentations in the control group. Conclusions: The antibacterial
power and effectiveness of the two gels are comparable. Considering the small sample size of the
study cohort, further studies are needed to validate the results obtained from this pilot study.

Keywords: peri-implant health; plaque control; bleeding index; plaque index; peri-implant mucositis;
chlorhexidine; cetylpyridinium chloride; triclosan; dental implant

1. Introduction

Implant-supported rehabilitation, over time, can attain a high rate of success [1].
However, it has been documented that pathologies of soft and hard tissues that surround
implants can emerge. Peri-implant health is characterized by the absence of erythema,
absence of bleeding on probing, and no signs of swelling and /or suppuration. Maintaining
peri-implant health is a fundamental prerequisite for ensuring the duration of prosthetic
rehabilitation over time [2—4]. Peri-implantitis is a pathological condition related to plaque
that affects the tissues surrounding the implant. Sites affected by peri-implantitis have
evident signs of inflammation, bleeding from the peri-implant sulcus and/or suppuration,
and increased depth of probing associated with bone loss visible at the radiographic level [5].
The etiopathogenesis of peri-implantitis is well known and is related to the bacterial biofilm
that colonizes the peri-implant environment and the soft tissue/implant interface [6], going
through factors related to the patient (systemic diseases, smoking, plaque control) and
host—parasite balance [7].

In the initial stage, the peri-implant lesion is defined as mucositis, which is an inflam-
mation limited to the peri-implant soft tissues characterized by bleeding at the probing and
clinical signs of inflammation [5]. This condition determines the impairment of the mucous
implant seal, but it is not associated with bone resorption around the implant [8]. This
lesion is reversible but, if left untreated, it can evolve into peri-implantitis. It is therefore
essential to treat these lesions early to limit the progression of the disease.
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One of the most documented methods for the treatment of mucositis is non-surgical
therapy, which involves the mechanical breakdown of bacterial biofilm, the removal of
the irritant factors present inside the peri-implant sulcus, and the decontamination of the
implant surface using antibacterial solutions [2,9-11].

This therapy must be combined with proper oral hygiene at home and a program
of periodic professional checks in order to verify the qualitative status of the marginal
seal [12].

In the literature, many useful active ingredients have been suggested for the disinfec-
tion of implants, including chlorhexidine at different concentrations and formulations and
different antibiotics with topical or systemic administration [13].

Chlorhexidine has small contraindications if used for a fairly long period of time, such
as those required for the treatment of mucositis. Among the most frequent are the appear-
ance pigmentation on the tongue, dental surfaces, and prostheses and a marked alteration
of taste [14]. It would therefore be necessary for a treatment to contain active ingredients
that the patient can use even for medium-long periods without contraindications.

The objective of this study is to evaluate the healing of peri-implant tissues affected
by mucositis with a non-surgical treatment protocol comparing two different methods. In
the control group a gel containing 1% chlorhexidine was used, whose antiseptic power
has now been validated with numerous scientific trials [14,15], while in the test group a
bio-adhesive gel with natural active ingredients was used.

The test gel contains antibacterial substances, Cetylpyridinium chloride and essential
oils of Manuka and Melaleuca and re-epithelial substances, including the same essential
oils; hyaluronic acid at different molecular weights, including molecule oligomers; and a
PVP/hydrogen peroxide complex. It also has a marked bio-adhesion thanks to a complex
original system of natural gums and resins (Ca/Na PVM-Ma copolymer). In addition, in
its interior there are soothing substances, such as allantoin, bisabolol, and vitamin E.

Cetylpyridinium chloride is a cationic quaternary ammonium compound [16]; its
effectiveness has been demonstrated in the control of gingival plaque and in case of
gingivitis [17-19].

The null hypothesis for this study is that there is no difference for mBI and PI between
the two processing protocols used.

2. Materials and Methods
2.1. Patients Recruiting

The study took place at the implant-prosthesis unit of the Santi Paolo and Carlo
Hospital in Milan.

The main condition for entering the protocol screening was that patients had at least
one rehabilitated implant in the oral cavity affected by mucositis.

Inclusion criteria of this RCT were:

- Patients aged over 18 years;

- Atleast one dental implant with mucositis (clinical signs of inflammation with bleed-
ing at probing and probing depth >4 mm);

- No exclusion criteria present;

- Signing of informed consent.

Patients who refused to enter the study and those who had the following conditions
were excluded from the study:

- Suppuration;

- RXevidence of bone lesion with a depth > of 2 mm;

- Peri-implantitis;

- Physical or mental disabilities that affect correct domiciliary oral hygiene operations;

- Abuse of alcohol or drugs;

- Conditions or circumstances that prevent study participation completion or interfere
with the analysis of study results.
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All patients were informed about the clinical trial and were fully aware of the proce-
dures in place. The study was carried out in accordance with the 1975 Helsinki Declaration,
revised in 2000. Patients were not subject to additional costs for participation in the study
and were not paid. Patients who did not consent to participation in the study continued
treatment according to normal protocols. The study was approved by the Ethics Committee
of the University of Milan (Minute n. 90/22).

2.2. Sample Dimension

The first treatment gives a total resolution of peri-implant bleeding (value 0), while
in the second treatment there is evident bleeding (value 1), with a standard deviation for
each group of 0.5, considering alpha = 0.05 and power = 0.95; with Student’s ¢-test with
two tails for the differences of two group’s averages, which required eight patients each.
Considering the dropout rate of the study was 10%, the two groups needed a minimum
consistency of 10 cases each.

2.3. Initial Preparation and Randomization

The patients included in the study were treated as follows: at the first appointment, the
plaque index (PI) and the modified bleeding index (mBI) of each patient were assessed, and
then they underwent an initial session of professional scaling. After 15 days the patients
underwent a second visit (baseline) during which each patient was assigned randomly to
the test group or control group using a computer-generated number (www.calculator.net,
accessed on 1 January 2023) with a range of 1-100. An even number indicated participation
in the control group and an odd number in the test group.

2.4. Test and Control Treatment

Patients in the control group underwent a professional oral hygiene session. The
disinfection of the implants affected by mucositis was performed through the passage of cup
and spongy floss with 1% chlorhexidine gel (Corsodyl gel®, GlaxoSmithKline Consumer
Healthcare S.r.l., Baranzate, Italy) and washing with a solution of 0,2% of Chlorhexidine
(Corsodyl mouthwash®, GlaxoSmithKline Consumer Healthcare S.r.l., Baranzate, Milan,
Italy) diffused in the peri-implant groove with disposable syringe and blunt needle. The
patient was told not to rinse their mouth for at least 30 min.

Patients in the test group, after first rinsing with Chlorhexidine 0,2%, were subjected to
a session of professional oral hygiene with disinfection of the implants affected by mucositis
through cup and spongy floss with a gel made of Cetylpyridinium chloride, triclosan and
essential oils (Hobagel Plus®, Hobama SRL, Milan, Italy) and the insertion of the same gel
into the peri-implant groove with disposable blunt needle syringe. Again, the patient was
told not to rinse their mouth for at least 30 min. Patients were blinded to group assignment.

2.5. Control and Follow-Up Visits

Patients from both groups were recalled after 7, 15, and 30 days and 2 and 3 months
from the first treatment. During these control appointments, the mBI and PI indexes were
recorded, and photographs were taken to verify and document changes in the inflammatory
state of the implant sites. Then, in the same session, the test/control procedure was
performed again according to the assignment group.

At each appointment the patients were strongly motivated and instructed regarding
the correct operation of oral hygiene at home. Both test patients and control patients were
provided with gel in anonymous packages and were required to continue using it at home
twice a day, every 12 h.

2.6. Outcomes

The objective of the study was to demonstrate that the two treatments were similar
in terms of plaque control and bleeding during treatment. To demonstrate this, clinical
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measurements of plaque and bleeding were performed at the beginning of treatment, at 7,
15, and 30 days and after 2 and 3 months from the first effective treatment session (baseline).

2.7. Measurements

The plaque index (PI) [20] evaluates the amount of plaque present.

It can have a value from 0 to 3; the maximum value was assigned for each implant
affected by mucositis and subsequently the average for the individual patient was calcu-
lated. The modified bleeding index (mBI) [21] was detected by passing the probe along the
gum line. It ranged from 0 to 3; the maximum value was assigned for each implant and
subsequently the average for the individual patient was calculated (Table 1).

Table 1. Peri-implant indices considered in the study.

Scores Plaque Index (PI) Modified Bleeding Index (mBI)
0 Absence of plaque No bleeding

1 Plaques with the probing Isolated point bleeding

2 Visible plaque Linear bleeding

3 Abundant plaque Profuse bleeding

2.8. Methodological Aspects

All clinical procedures were performed by a single, properly trained operator. The
reference unit was the patient and not the individual implant. Therefore, for each patient,
even in the presence of several implants, only one value per parameter was indicated. The
data were collected in tables and the difference between the last session and the baseline was
determined. The Mann—-Whitney U-test and Fisher’s exact test were used to assess whether
there were statistically significant differences between the two groups. The significance
threshold was set at p < 0.05.

3. Results

A total of 21 patients with mucositis were included in this randomized trial. All
patients (12 women and 9 men with an average age of 64 years) agreed to participate in the
study and were recruited, resulting in a total number of 94 implants. After randomization,
11 patients were assigned to the test group and 10 patients to the control group. Three
patients (one in the test group and two in the control group) left the study after the third
visit (after 1 month) due to personal problems that did not allow them to continue therapy
and did not show adverse events. For this reason, they were excluded from the study and
the results, due to the inconstancy to follow-up program. The final number of patients
analyzed was eighteen—ten in the test group and eight in the control group. Figure 1
presents the CONSORT flow chart of the clinical trial detailing the study process.

In the test group, five patient were smokers; thus, 50% of them presented an adjunc-
tive risk factor. From a prosthetic point of view, five patients had single crowns, three
patients had single crowns in one arch and fixed total prostheses on implants in the other
arch, and two patients only had a fixed total prosthesis on implants, resulting in a total
of 53 implants. The control group presented two smoking patients; regarding prosthetic
rehabilitation type, the distribution was as follows: three patients had a total removable
implant-retainer prosthesis and a total fixed prosthesis on implants, one patient had only
one total removable implant prosthesis, another patient had only one fixed total prosthesis
on implants, two patients had single crowns, and one patient had both a total remov-
able implant-holding prosthesis and single crowns, resulting in a total of 43 implants.
Tables 2 and 3 and Figures 2 and 3 illustrate the results of the study.
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1) 2)
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Analysed (n=10) Analysed (n=10)
+ Excluded from analysis (n= 0) + Excluded from analysis (n= 0)

Figure 1. CONSORT flow chart of the clinical trial.

Table 2. Summary of prosthesis data.

Test Group Control Group
Male 4 5
Female 6 3
Total 10 8
Smoker 5 2
Prosthetic rehabilitation
Crowns 5 2
Overdenture/Toronto Bridges 2 3
Overdenture 0 1
Overdentures/Crowns 0 1
Toronto 2 1
Crowns/Toronto Bridges 1 0
Table 3. Results.
Control Group Test Group Difference
Total Mean Total Mean
Implants (n) 43 5.38 + 2.13 53 5.30 + 3.62
Initial mBI 1.53 + 0.19 1.16 + 0.35 0.0251 *
Final mBI 0.49 + 0.25 0.29 + 0.28 NS *
Improvement (%) 68.23 + 17.38 71.01 + 32.62 NS *
Initial PI 1.59 + 0.64 1.57 + 0.69 NS *
Final PI 0.56 + 0.30 0.67 + 0.43 NS *
Improvement (%) 64.13 + 18.04 58.41 + 28.04 NS *
Implants healed 28 3.50 + 1.41 36 3.60 + 1.90 NS **

NS: no significant difference; *: Wilcoxon’s rank sum test with continuity correction; **: Fisher’s exact test for
count data.
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Figure 2. Graphs of the results. No significant difference was found in the two groups.

Figure 3. Clinical appearance after 3 months. The onset of chlorhexidine-related stains is evident.
(a) Experimental group; (b) control group.

Both groups show an improvement in the two analyzed periodontal indices. Regarding
the bleeding index (mBI), in the test group, there was an improvement ranging from a
minimum of 42% in a patient to a maximum of 100% in three patients with single crowns.
The control group had a minimum percentage of 36% and a maximum of 88%. The plaque
index improved in both groups, with a minimum reduction of 0% to a maximum of 100%
in a patient for the test group. The control group demonstrated a minimum percentage of
43% and a maximum of 100% in a patient. The average rate of improvement for the values
of mBI and PI of the two groups at the end of experimental treatment was also calculated.

Higher values of mBI were found in the test group with a reduction of 71% compared
to 68% in the control group (p = 0.56) (Table 3). A similar reduction in PI values of 64% was
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found in the control group compared to 58% in the test group (p = 0.60). However, there
are no statistically significant differences between both indices.

At the end of the three months of treatment, the implants that no longer showed
mucositis and bleeding was present in 36 out of 53 patients (67%) in the test group and 28
out of 43 patients (65%) in the control group.

Figure 2 presents the results comparing the initial data and those after three months of
treatment: MBI and PI improved in both groups, but the differences of these improvements
between the two groups were not statistically significant. Therefore, it could be assumed
that the experimental gel and standard therapy with CHX have similar effects, referring to
the prefigured endpoint of managing the peri-implant mucositis problem.

There were no complications in either of the two clinical groups. In the control group,
the undesirable appearance of pigmentation on crowns and bars due to the constant use of
CHX over a prolonged time should be reported; however, this problem was not found in
the test group (Figure 2).

4. Discussion

An increase in implant rehabilitation has revealed an emerging number of peri-implant
pathologies [22]. The prevalence of these conditions reach a range of 32-54% [23,24], and a
possible natural evolution of the mucositis condition may be peri-implantitis affection [25].

Currently, the strategies implemented for the management of peri-implantitis are
derived from the knowledge and treatment standards used for periodontitis. Recent
studies show that there is no consensus on the most suitable and effective treatment for the
cure of peri-implantitis; however, the results are less encouraging than those obtained from
periodontology through natural elements. Research has evaluated various therapeutic
opportunities: the detachment of a full thickness flap and subsequent debridement seems
more predictable than debridement procedures alone. On the other hand, the local use of
antibiotic and antiseptic molecules also seem to lead to better clinical results compared to
the non-surgical debridement procedure alone.

Since mucositis represents the onset of peri-implant pathology, it therefore repre-
sents the crucial stage in which to intervene to avoid the manifestation of more serious
signs and symptoms that could significantly compromise the success and survival of the
implant [26-28].

Although mucositis definition is complex, bleeding during probing, depending on
probing depth, is a predictable marker for health or pathological status [22,23]. According
to previous definitions, the modified bleeding index (mBI) was used as an evaluation
parameter in the present randomized clinical study.

Plaque presence is an adjunctive etiological factor for the beginning of mucositis and a
risk factor for the permanence of this condition [29]; so, in addition to mBI index, the plaque
index (PI) was utilized as a clinical evaluation parameter. Moreover, smoking, surface
roughness, residual cement, the dimension of the keratinized tissue, the time of implant
in function, and diabetes are adjunctive risk factors, but the significance is not already
conclusive [22,29] and no definitive treatment for the condition has been found [22].

Some RCTs reported the superior outcomes of clinical parameters in favor of rinsing
with an essential oil [30], the use of irrigation with CHX [31], or use of a triclosan-containing
toothpaste [32].

A multicenter randomized clinical trial by Matchei et al. evaluated the efficacy of an
adjunctive treatment to debridement in patients affected by peri-implantitis using chlorhex-
idine chips (chlorhexidine gluconate 2.5 mg chips). Patients were on strict plaque control
regimen for 24 weeks and gingival index was evaluated; results presented a significant
reduction in implant pocket depths (IPD) compared to the control group [33].

On the other hand, other RCTs failed to report a superiority of different protocols,
such as brushing with adjunctive CHX gel [34] and the adjunctive use of CHX rinsing or
gel application. There is emerging evidence regarding patient control of the inflammation
level, namely that the lack of annual supportive therapy in patients diagnosed with peri-
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implant mucositis was associated with increased risk for the conversion of mucositis in
peri-implantitis [22]. The literature provides a study evaluating the efficacy of patient-
administered treatment with domiciliary oral hygiene procedures [35], and another focused
on the efficacy of professionally administered measures [36] for plaque control in patients
with peri-implant mucositis; these studies taken together show that a well administered
home care program is a suitable solution for the maintenance of the implants affected by
this pathology. According to the consensus report of the VIII European Workshop [37],
three major groups of treatment were identified, i.e., mechanical plaque removal by means
of manual or powered toothbrushes, chemical plaque control by means of adjunctive
delivery of antimicrobials, and triclosan-containing toothpastes or gel. Nevertheless, a
variety of control treatments had been used for comparison, indicating that there is a lack
of an accepted gold standard of care [22]. Chemical plaque controls tested either through
oral rinses or a dentifrice had limited adjunctive effect. Patient-administered mechanical
plaque control alone (with manual or powered toothbrush) can be considered the current
standard of care [22]. In well-designed clinical randomized trials, therapeutic measures
demonstrating efficacy should be evaluated in field studies. The comparison of clinical
parameters should be based on changing the relationship between time and treatment
rather than absolute values [22].

The study shows that the results obtained are similar for both test and control groups,
in the sense that it was not possible to find significant differences between the two groups in
terms of PI and mBI. Chlorhexidine is a powerful broad-spectrum antiseptic, effective both
as Gram-positive and Gram-negative. Its bactericidal properties have long been recognized
by numerous studies in the literature [13,38].

The dicationic nature of CHX molecule permits the bacteriostatic and germicide effect
of the product and a long lasting presence on the tooth surface; however, this chemical
treatment has a side effect of tooth pigmentation [39]. This side effect, could potentially
have a negative impact on patients” compliance [40]. So, the research of a new class of
molecules potentially used as CHX, but with no side effects, could be a strategy for fighting
against peri-implant mucositis.

The test group gel is based on the principle that the combination of several bactericidal
or bacteriostatic substances, such as Cetylpyridinium chloride, triclosan, and some essential
oils, multiplies the disintegration effect of the biofilm.

The efficacy and safety of Cetylpyridinium chloride was previously evaluated in
in vitro and in vivo studies. Cetylpyridinium chloride has been shown to reduce bacte-
rial load on titanium surfaces in vitro while reducing undesired side effects [19]. In an
in vivo study, Cetylpyridinium chloride in combination with chlorhexidine was effective in
reducing peri-implant mucositis [41].

Another 2019 study by Carinci et al. highlighted the potential of chlorhexidine as
an antibacterial molecule for covering the internal chamber of the implant, developing a
procedure and a strategy to reduce the risk of onset of mucositis and peri-implantitis. The
results of this study show good soft tissue healing and an absence of tissue inflammation
demonstrated by PCR analysis. Furthermore, the coating is also able to influence the quality
of the microbiota [42].

The results of the present study show that the reduction of bleeding at probing is
not different for the two groups; the test group has a percentage reduction of 71% and
the control group has a reduction of 68%. These results can be attributed to the great
bactericidal power of both substances. Another important feature of chlorhexidine is
the high thickness and therefore the ability to adhere to dental surfaces, thus ensuring
its action for a long time while also inhibiting the formation of bacterial plaque. The
gel used in the test group containing the mixed salt of Na/Ca of the copolymer methyl-
vinylether /polyvinyl-pyrylidone/Na carboxymethylcellulose has an increased ability to
adhere over time to the tissues of the teeth and other mucous membranes of the oral cavity.
However, in the light of these results, it could be hypothesized that the inhibiting power
against bacterial plaque is slightly different from that of chlorhexidine, which is slightly
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higher (65% PI reduction for the control group and 60% for the test group). The use of the
test group gel does not appear to cause pigmentation on crowns or bars, as it was found in
the group that used chlorhexidine.

From the results obtained both products have been shown to reduce the amount of
plaque and bacterial load and aid in a reduction in bleeding during probing; in more than
half the cases contributing to the healing of mucositis (67% of the healed implants in the
test group and 65% of the healed implants in the control group). However, it is crucial to
emphasize how early diagnosis, close checks with repeated professional hygiene sessions,
and the carrying out of correct oral hygiene at home are an integral and indispensable part
of the success of the therapy. It should also be noted that this protocol did not resolve all
the cases of diagnosticated mucositis.

A limitation of this RCT study is that it has a small sample size. This was a pilot
study and further studies on larger scale samples are needed to find the correct protocol for
mucositis management.

5. Conclusions

Results show how the antibacterial power and effectiveness of experimental gel in
the treatment of mucositis is comparable to that of chlorhexidine gel 1%, which could be
assumed as gold standard treatment. This gel from the test group could be utilized in
the medium-term treatment of peri-implant mucositis as a valid alternative to standard
treatment, avoiding pigmentations and other complications associated with the use of
high-concentration chlorhexidine. It is important to point out that close controls and
extreme attention to domiciliary oral hygiene are, however, indispensable for the treatment
of mucositis, regardless of the product used, so an important focus on patient instruction
and motivation is necessary to obtain the correct compliance. Further studies are necessary
to validate the results obtained from this pilot RCT study. It should be noted that this
working protocol has not enabled the solving of all cases of treated mucositis, so no elective
treatment can be taken from this study. The treatment of peri-implant mucositis remains
a complex challenge and it is necessary to develop treatments that obtain even higher
success rates.
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