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Abstract

Objectives: This prospective, parallel-group, examiner-blinded, multicentre, rand-
omized, controlled clinical trial aimed to assess the efficacy of an oscillating chitosan
brush (OCB) versus titanium curettes (TC) on clinical parameters in the non-surgical
treatment of peri-implantitis.

Material and Methods: In five dental specialist clinics, 39 patients with one implant
with mild to moderate peri-implantitis, defined as 2-4 mm radiographic reduced bone
level, bleeding index (Bl) =2, and probing pocket depth (PPD) =4 mm were randomly
allocated to test and control groups, receiving OCB or TC debridement, respectively.
Treatment was performed at baseline and three months. PPD, Bl, and Plaque index
(PI) were measured at six sites per implant and recorded by five blinded examiners
at baseline, one, three, and six month(s). Pus was recorded as present/not present.
Changes in PPD and Bl were compared between groups and analysed using multilevel
partial ordinal and linear regression.

Results: Thirty-eight patients completed the study. Both groups showed significant
reductions in PPD and BI at six months compared with baseline (p <.05). There was
no statistically significant difference in PPD and Bl changes between the groups.
Eradication of peri-implant disease as defined was observed in 9.5% of cases in the
OCB group and 5.9% in the TC group.

Conclusions: Within the limitations of this six-month multicentre clinical trial, non-
surgical treatment of peri-implantitis with OCB and TC showed no difference between

the interventions. Eradication of disease was not predictable for any of the groups.
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1 | INTRODUCTION

The formation of dysbiotic biofilm on dental implants is associated
with peri-implant inflammation and peri-implant bone loss (Costa
et al., 2019). Peri-implant mucositis presents when mucosa surround-
ing dental implants shows clinical signs of bleeding on probing (BoP),
erythema, swelling, and/or purulent exudate (Berglundh et al., 2018).
Peri-implant mucositis often involves an increase in probing pocket
depth (PPD). Inflammation in the peri-implant mucosa, together with
progressive peri-implant bone loss, is termed peri-implantitis. Various
case definitions have been applied in intervention studies in the ab-
sence of an unequivocal grading system (Sanz, Chapple, & Working
Group 4 of the VIII European Workshop on Periodontology, 2012).

Peri-implantitis has become a concern, and data suggest the
prevalence to be more than 30% of all patients treated with den-
tal implants and exceeding 20% of all dental implants (Kordbacheh
Changi et al., 2019). Even though this is a common complication, to
date, there is no treatment protocol showing predictable outcomes.

Several devices for the non-surgical treatment of peri-implantitis
have been presented in the literature. It has been reported that me-
chanical debridement is difficult to achieve in the irregularities on
the implant surface and is thus ineffective in the treatment of peri-
implantitis (Renvert & Polyzois, 2018).

In an animal study, the outcome of non-surgical versus surgi-
cal treatment of peri-implantitis was tested with a better outcome
for new bone-to-implant contact after surgical treatment (Schwarz
et al., 2006). Nevertheless, it has been suggested that non-surgical
intervention should be considered prior to surgical treatment, as
the results may be beneficial and make surgery more efficient due
to reduced inflammation at the surgical site (Schwarz et al., 2015).
Improvement of clinical inflammatory parameters has been demon-
strated after non-surgical treatment of peri-implantitis (Schwarz
et al., 2015), but an arrest of peri-implant bone loss over time is
dubious (Berglundh et al., 2018). Recent data suggest that implants
treated by surgical means are at risk of recurrent peri-implantitis
(Carcuacetal., 2020). However, complete disease resolution is rare in
severe cases (Renvert et al., 2019; Roccuzzo et al., 2020). Regardless
of treatment strategy, debridement devices that do not adversely af-
fect the implant surface are preferred (Cha et al., 2019). Moreover, it
is important that the instrument used for implant debridement does
not leave non-biocompatible remnants that aggravate bone destruc-
tion through foreign-body reactions (van Velzen et al., 2016).

An oscillating chitosan brush (OCB) aimed at the removal of bio-
film in less accessible surfaces around dental implants and teeth
is commercially available (Labrida BioClean®, Labrida AS, Oslo,
Norway). Chitosan is a natural polysaccharide derived from chitin.
It is biocompatible, biodegradable, and has antibacterial activity
(Muxika et al., 2017). The effectiveness of this novel instrument for
debridement of implant surfaces in the treatment of peri-implantitis
has been demonstrated (Larsen et al., 2017; Wohlfahrt et al., 2017,
2019). In a case study with a six-month follow-up, patients treated
with an OCB showed a significant reduction in inflammation param-
eters (Wohlfahrt et al., 2017). The efficacy of the OCB in supportive

treatment following peri-implantitis surgery was questioned in
a recent randomized clinical trial (RCT) (Koldsland & Aass, 2020).
RCTs that assess the efficacy of OCBs in the non-surgical treat-
ment of peri-implantitis are still lacking. Non-surgical treatment of
mucositis and peri-implantitis using titanium curettes (TC) with and
without adjunctive antibiotics has been evaluated in several RCTs
(Hallstrom et al., 2012; Renvert et al., 2009; Wohlfahrt et al., 2017).
Partial reduction in peri-implant inflammation was observed for the
treatment modalities at six months (Hallstrom et al., 2012; Renvert
et al., 2009). Non-surgical treatment with TC combined with pho-
todynamic therapy or minocycline microspheres showed a statis-
tically significant (p<.05) reduction in peri-implant inflammation
three months after initial treatment (Schar et al., 2013). There is
no evidence that one non-surgical approach is more effective than
the other when treating peri-implant disease (Roccuzzo et al., 2020;
Wang et al., 2019).

This multicentre randomized controlled clinical trial aimed to
evaluate the following outcomes: PPD, bleeding index (BI), presence
of pus, radiographic bone level following non-surgical mechanical
treatment of peri-implantitis with an OCB (test) and TC (control) at
one, three, and six month(s) after initial therapy. In addition, patient-

reported pain during intervention was evaluated at three months.

2 | MATERIALS AND METHODS

2.1 | Study design

A two-arm parallel-group, multicentre, randomized, examiner-
blinded, controlled study was designed to test the efficacy of two
treatment modalities in the management of mild to moderate peri-
implantitis, defined as PPD 24 mm, Bl score of at least 2, and a peri-
implant radiographic bone level of 2-4mm measured from the most
coronal intraosseous part of the implant (Sanz et al., 2012). The pa-
tients were randomly allocated to either the test group and treated
with an OCB or the control group treated with TC. One single im-
plant was treated in each patient. When several implants with treat-
ment needs in the same patients were observed, one implant was
randomly selected by drawing lots to assure unbiased inclusion.

The null hypothesis was that there would be no difference in the
reduction of evaluated parameters between the two groups.

The study was performed in compliance with Good Clinical Practice,
and the Declaration of Helsinki (Fortaleza, Brazil, 2013). The study was
registered at ClinicalTrials.gov (12/08/2017, NCT03373448) and ap-
proved by the Regional Committee for Medical and Health Research
Ethics, South-East Norway (REK sgr-gst 2017/710) and by Swedish
Ethical Review Authority, Linképing (EPN 2017/36-31).

2.2 | Sample size assessment and power

The study was designed to have 80% power to detect a PPD
change of 1mm between the test and the control group. With a
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standard deviation of 0.8 mm (Aljateeli et al., 2014) and an alpha
level of 0.05, the appropriate number of patients per group was
calculated to be 17.

2.3 | Study population

Consecutive patients presenting for supportive dental care or pa-
tients referred for treatment of peri-implantitis between April 2018
and October 2019 were invited to participate in this study. In total,
45 patients were assessed for study eligibility in five dental specialist
practices in Norway and Sweden.

Absence of visual plaque around the included implant at
baseline was a prerequisite for inclusion. All included patients
underwent oral hygiene instructions until this criterion was met.
Periodontal and/or endodontic diseases were treated prior to the
start of the study.

Inclusion criteria encompassed: (1) Peri-implantitis as defined
above on an implant in function for more than 12months; (2) age
above 18years; (3) eligible for treatment in an outpatient dental
clinic (ASA | and Il); (4) full-mouth plaque scores <20% prior to final
inclusion; (5) signed informed consent; and (6) consent to complete
all follow-up visits.

Exclusion criteria included: patients/implants registered with
(1) peri-implant bone loss >4 mm; (2) supraconstructions that for
technical reasons made it impossible to access the implant for clin-
ical measurements; (3) technical complications which, according
to the examiners' judgment, had contributed to the disease state
and were not possible to resolve prior to final inclusion; (4) mo-
bile implant; (5) diagnosed active periodontal disease; (6) implants
previously treated for peri-implantitis with grafting materials; (7)
receiving medications known to induce mucosal hyperplasia; (8)
receiving systemic antibiotics < three months prior to inclusion;
(9) acute or chronic medical conditions that constituted an un-
warranted risk and that would limit the patients' ability to partic-
ipate in the study; (10) unwillingness to undergo treatment; (11)
advanced, untreated, and uncontrolled peri-implantitis on neigh-
bouring implants; (12) patients presented with poorly designed
prosthetic constructions resulting in non-balanced traumatic oc-
clusion; (13) ongoing or previous radiotherapy to the head-neck
region; (14) ongoing chemotherapy; and (15) ongoing corticoste-
roid treatment.

2.4 | Randomization and allocation concealment

All patients were appointed a patient number and randomly assigned
to treatment in blocks of 10. Computer-generated block randomi-
zation was performed by the study administrator RANDOM.ORG,
Randomness and Integrity Services Ltd., Dublin, Ireland). Clinicians
who performed treatment were provided with lists consisting of
patient numbers and treatment assignments. The examiners were

blinded to the treatment allocation.

2.5 | Clinical and radiographic outcomes

The patients were clinically examined by five specialists in peri-
odontology. Calibration meeting was held to discuss the study
protocol.

Examinations were performed at baseline prior to treatment and
at one-, three-, and six- month(s) post treatment. The evaluated pa-
rameters for the included implants were PPD, BI, plaque index (Pl),
pus, and height of keratinized mucosa (KM). PPD, Bl, and Pl registra-
tions were performed at six sites per implant (mesiobuccal, buccal,
distobuccal, distopalatal, palatal, and mesiopalatal).

Plague was assessed by running a probe along the implant
neck. Plaque was scored using the Pl and dichotomized as pres-
ent or not present (O'Leary et al., 1972). Bl was used to classify
the degree of inflammation as 0-3, according to Roos-Jansaker
et al. (2007). Degrees were noted as O = no bleeding, 1 = isolated
minimal bleeding spots, 2 = blood forming a confluent red line on
the margin, and 3 = heavy or profound bleeding. PPD was mea-
sured in millimetres. Pus was registered as present or not present.
Keratinized mucosa was assessed midbuccaly with a periodontal
probe.

Clinical examinations were performed using a manual 0.20N
defined force periodontal probe (University of North Carolina,
DB764R, AESCULAR B Braun, Germany). The implant-retained fixed
dental prosthesis was in place during the entire study period.

Peri-apical radiographs were obtained using the long-cone paral-
leling technique with digital X-rays. ImageJ®, image processing and
analysis software program was used to measure peri-implant radio-
graphic bone level (RBL) at baseline (Preus et al., 2015). The RBL was
analysed by one blinded examiner as the distance from the implant
neck to bone-to-implant contact. The size of intraoral phosphor
plates and sensors were used to calibrate the radiographs. Baseline
and 6-month RBL were measured three times. The intra-examiner
agreement test resulted in an intraclass correlation coefficient (ICC)
of 0.98.

Digital intraoral radiographs were taken at six months to observe
potential adverse effects or further bone loss.

PPD, BI, PI, and pus were registered at baseline and one, three
and six month(s) following baseline. PPD and Bl were registered for
the same sites throughout the study. For PPD, the mean of the sites
>4 mm was calculated for each time point for each implant.

PPD change was used as primary outcome variable. The second-
ary outcome variables were Bl/pus, change in radiographic bone
level, and patient-reported pain during intervention.

A composite outcome of disease eradication was based on fre-
quency analysis of implants with absence of peri-implant sites with
pocket depth PPD =24 mm, no bleeding (Bl 0)/suppuration, and no ra-
diographic bone loss between baseline and 6 months. Inflammation
control was defined as Bl = 0 at any implant site.

Following treatment at three months, patients were asked to
record pain associated with the treatment via a visual analogue
scale (VAS). No pain was categorized as 0 and worst possible pain
as 10.
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2.6 | Treatment procedures

The implantsin the test group were debrided with an OCB. The brush
was soaked in sterile saline for two minutes before it was seated
on an oscillating dental handpiece (NSK ER10, TEQ-Y, Nakanishi
International Inc., Tochigi, Japan) as recommended in the instruc-
tions for use by the manufacturer. The implants in the control group
were debrided utilizing TC (Langer and Langer, Rgnvig, Denmark).
Infiltration anaesthesia was used if requested by the patient. The
included implants were treated for two minutes and irrigated with
sterile saline after mechanical debridement for both the test and
control groups. Treatment was performed at baseline and repeated
at three months after initial therapy, at implants with PPD 24 mm
and Bl >0 by five registered dental hygienists. In cases with multiple
implants with treatment need, all implants were treated in the same

session with the same assigned treatment.

2.7 | Datamanagement and statistical analysis
All clinical recordings and patient data were registered in a web-
based clinical report form (Nettskjema Version 2.0, University of
Oslo, Norway). Per-protocol (PP) analysis was performed on pa-
tients who were assessed at all time-points. Calculations and analy-
ses were performed using Stata Statistical Software, Version 16.1
(StataCorp.2001. Statistical Software: Release 7.0. College Station,
TX: Stata Corporation). The significance level was set at « = 0.05.

Characteristics of the patients and the implants in the test and
control groups were described using frequencies and percentages
for categorical variables and means with standard deviations (SDs)
for continuous data.

Data on PPD and Bl were obtained at baseline and at one-, three-,
and six month(s) for one implant in each individual. The included pa-

tients attended five different clinics. Therefore, to account for possible

Assessed for eligibility (n

45)

[ Enrollment

Excluded (n = 6)
+ Not meeting inclusion criteria (n = 3)

Y

+ Declined to participate (n = 2)
+ Otherreasons (n=1)

Randomized (n = 39)

v Allocation

] v

[ Oscillating Chitosan Brush ]

Allocated to intervention (n = 22)
+ Received allocated intervention (n = 22)
+ Did not receive allocated intervention (n = 0)

[ Titanium Curette ]

Allocated to intervention (n=17)
+ Received allocated intervention (n=17)
+ Did not receive allocated intervention (n = 0)

l Follow-Up ] l
Lost to follow-up (unable to return, or unwilling Lost to follow-up (unable to return, or unwilling
to return) (n=0) to return) (n=0)
Discontinued intervention (surgery) (n=1) Discontinued intervention (n = 0)

l Analysis ] l

Analysed (n=21)
+ Excluded from analysis (n = 0)

Analysed (n=17)
+ Excluded from analysis (n = 0)

FIGURE 1 A CONSORT flowchart of enrolment, allocation, follow-up, and analysis
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dependences of the data within participants who were nested within
clinics, three-level linear and partial ordinal multilevel models with ran-
dom intercept and random effect of time (level 3) on patients (level 2)
and on clinics at level 1 for PPD and Bl were performed, respectively.
The assumption of proportionality between categories of the ordered
variable was violated for some independent variables. A multilevel par-
tial ordinal logistic model using gologit2 was fitted to the Bl data. The
differences in PPD and Bl between the groups at each study time point
were obtained from the two-way interaction of time with the groups.
Estimates of ICC, which described the amount of variability in both
PPD and Bl that could be attributed to differences between patients
and clinicians, were obtained.

Consolidation Standards of Reporting Trials (CONSORT)

Statement guidelines were followed (Schulz et al., 2010).

3 | RESULTS

After verification of inclusion and exclusion criteria, 39 patients
gave informed consent and were enroled in the present study. The
flow diagram of the study is presented in Figure 1. No adverse
events were reported. Complete observations were available for
38 patients. There were no statistically significant baseline differ-
ences in patient and implant characteristics between the groups
(Table 1). No group differences in Pl were detected throughout
the study period.

3.1 | Changesin PPD between groups

Table 2 show the changes in PPD between the groups at each time
point. Figure 2 shows the changes in PPD from baseline for the
groups at each study time point. There were no statistically signifi-
cant differences in PPD changes between the groups at baseline or
after one, three, and six month(s).

3.2 | Changes in Bl and presence of pus
between groups

There were no statistically significant differences in Bl between the
groups at any time point (Table 2). At six months, pus was registered
at 33.3% and 64.7% of the implants in the test and control group,
respectively (p>.05). Figure 3 shows the probability of Bl 0-3 be-

tween and within both groups.

3.3 | Radiographic bone level

At six months, the mean radiographic bone level was 2.5mm (+0.5)
for the test group and 2.6 mm (+0.7) for the control group. The be-
tween group RBL change from baseline to six months was not sta-
tistically significant.

3.4 | Composite outcome

At six months, two implants in the test group (9.5%) and one im-
plant in the control group (5.9%) presented disease eradication with
PPD <4 mm, no bleeding (Bl 0), and no change in radiographic bone
level compared with baseline. The difference between the groups

was not statistically significant.

3.5 | Keratinized mucosa

The mean KM at baseline is presented in Table 1. At baseline, 36.8%
(n = 7) implants in the test group and 54.5% (n = 6) implants in the
control group had KM <2mm.

3.6 | Withdrawal
One implant in the OCB-group showed progression of peri-implant
disease at the 3 months screening and was excluded from the study

for surgical intervention.

3.7 | Intraclass correlation coefficient

Estimates of ICC for both the variance component and adjusted
models are presented in Table S1. For PPD, 7.7% of the variability
was explained by the differences between the clinics, while 51.2% of
the variability was nested in patients. For Bl, 10.3% of the variability
was explained by the differences between the clinics, while patients

nested in clinics explained 22.2% of the variability.

3.8 | Visual analogue scale for pain

VAS information for pain during treatment was recorded for 22
patients (OCB (n) = 14, TC (n) = 8), leading to a response rate of
57.9%. Seven patients received anaesthesia before treatment and
were therefore not asked to fill out the VAS form (OCB (n) = 4, TC
(n) = 3). No data were reported for nine patients because screeners
did not collect VAS forms (OCB (n) = 4, TC (n) = 6). The mean VAS
scores (+SD) for the test and control groups were 2.9 (+1.93) and
3.4 (+2.09), respectively. There was no statistically significant differ-
ence in VAS between the groups (p>.05).

4 | DISCUSSION

In the present prospective intervention study comparing non-
surgical treatment with OCB and TC showed no significant differ-
ence between the treatment groups. However, both interventions
significantly reduced the investigated inflammation parameters at
implants affected by peri-implantitis. This might be explained by
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TABLE 1 Baseline characteristics of the

study patients and implants LU

Patients/Implants (n)
Mean age (+SD)
Gender

Male

Female
Daily smoker
Diabetes

Tooth loss due to
periodontitis

Front
Premolar
Molar

Non-modified implant
surface

Screw-retained
Cement-retained
Not reported

Implant-retained
crown

Implant-retained fixed
dental prosthesis

Keratinized mucosa
(mm)

Implants with
suppuration

Radiographic bone
level (+SD)

Bl>2 (+SD)

PPD mean=4mm
(+SD)

PPD =4 mm (+SD)
PPD =6 mm (+SD)

Total (%) Test group (%) Control group (%)
38 100 21 55.3 17 447
61.99 62.86 (+12.19) 61.12 (+3.67)

14 36.8 5 23.8 9 52.9
24 63.2 16 76.2 8 471
5 13.2 19.0 1 5.9
7 18.4 19.0 3 17.6
11 28.2 27.3 5 29.4
17 447 8 38.1 9 52.9
18 47.4 11 52.4 7 41.2
3 79 2 9.5 1 5.9
5 13.2 3 14.3 2 11.8
31 81.6 16 76.2 15 88.2
6 15.9 5 23.8 1 5.9
1 2.6 0 0 1 5.9
15 39.5 10 66.7 5 33.3
23 60.5 11 47.8 12 52.2
30 78.9 2.8 90 2.5 64.7
22 57.9 11 52.4 11 64.7
38 100 2.43(+0.51) 55.3 2.58 (+0.58) 447
38 100 2.33(+0.48) 55.3 2.24 (+0.44) 447
38 100 5.3 (+0.16) 55.3 5.5(+0.29) 447
38 100 6.8 (+1.6) 55.3 6.5 (+1.7) 447
29 76.3 7.6 (+1.1) 39.5 7.0 (+1.5) 36.8

Abbreviations: Bl, bleeding index; PPD, probing pocket depth.

the sample size. A larger sample might have resulted in a differ-
ent outcome. The included patients underwent an initial hygiene
phase and two active treatments: at baseline and three months.
PPD and the Bl score significantly reduced between baseline and
six months in both groups. In a pilot RCT assessing treatment of
peri-implant mucositis with an OCB and TC, a similar decrease in
inflammation parameters was reported (Wohlfahrt et al., 2019). In
contrast to the study by Wohlfahrt et al. (2019) and the present
study, Koldsland and Aass (2020) showed that supportive treat-
ment with OCB or TC failed to further reduce PPD and BoP among
patients in maintenance following recent surgical treatment of
peri-implantitis. Both studies were RCTs comparing treatment with
an OCB and TC, but the included patients had different disease en-
tities and treatment strategies. A possible explanation for the dif-
ferent outcomes in the study performed by Wohlfahrt et al. (2019),
Koldsland and Aass (2020), and the present study may be the
treatment of mucositis, post-surgical maintenance, and treatment

of peri-implantitis, respectively. Moreover, supportive treatment
after peri-implantitis surgery involves debridement of a complex
intraorally exposed implant surface. The moderately rough implant
surface may complicate home care maintenance and professional
removal of biofilm, which was indicated by increasing plaque scores
throughout the study period compared with baseline (Koldsland &
Aass, 2020).

The results of the present study agree with the findings from
a RCT where non-surgical, mechanical treatment with TC and an
ultrasonic device was compared (Renvert et al., 2009). The studies
are also comparable in terms of the number of included patients,
follow-up period, and a hand instrument that was compared with
a machine-driven device. In contrast to the present study, Renvert
et al. (2009) included patients with high plaque scores at baseline.
The plaque scores diminished significantly at the end of the study
(from 73% to 53%). Significantly reduced BoP score within the
groups and no difference between the groups was reported from
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TABLE 2 Changesin mean PPD and Bl between the groups at each time point obtained from partial ordinal and linear multilevel

regression model with clinic and patient random effects

Baseline 1 month 3 months 6 months
B(95% Cl) p-value B (95% Cl) p-value B (95% Cl) p-value B (95% Cl) p-value
Group (ref: TC)
PPD Test group 0.4 (-1.01, .22 -0.3(-0.9, .40 -0.1(-0.6, .88 -0.1(-0.7, 74
0.2) 0.4) 0.7) 0.5)
OR (95% CI) p-value OR (95% ClI) p-value OR (95% ClI) p-value OR (95% Cl) p-value

Between the groups (ref: Control)

Profuse versus no 0.8 (0.2, 3.6) 77

bleeding (BI 3 vs BI 0)

Line versus no bleeding 2.5(0.6,10.4) .20

(Bl 2 vs BI O)

Spot versus no bleeding
(Bl 1 vs Bl Q)

0.7(0.3,2.1) .53

4.3(0.5,35.0) 17

1.5(0.6,4.2) 43

1.3(0.5,3.3) .62

0.4(0.1,1.6) .21 0.8(0.1,12.9) .89

1.4(0.5,4.1) 49 0.8(0.3,2.4) .72

0.3(0.1,1.0) .06 1.2(0.5,3.4) .68

Abbreviations: B, bleeding index; Cl, confidence interval; PPD, probing pocket depth; TC, titanium curettes.

Changes in Mean PPD
o
I

]
. T 1

3

T
Baseline

. :
3 months 6 months

Study time point

T
1 month

——®&—— Chitosan brush —®—— Titanium curette

PPD, probing pocket depth.

FIGURE 2 Changesin mean PPD between and within the
groups

baseline to six months, as in the present study. A longer follow-up
period and frequently repeated treatment may be required to
demonstrate significant differences between non-surgical mechani-
cal treatment modalities (Bertoldi et al., 2017). Mechanical debride-
ment alone may be inadequate in the absence of an ideal treatment
frequency (Karring et al., 2005).

To date, some RCTs have compared different non-surgical mo-
dalities for the treatment of peri-implantitis (Faggion et al., 2014).
The studies vary with regard to disease severity among the in-
cluded patients and what is considered a successful endpoint
(Faggion et al., 2014). In the present multicentre study, radio-
graphs and PPD registration from the time of first prosthetic load-
ing were not mandatory to be included. The reduced bone level
was measured on digital radiographs taken at the time of study
recruitment. An assumed initial bone level was used as a reference
for the bone loss measurements. In a consensus report, a mini-

mum of 2mm of assumed bone loss in addition to inflammation

was suggested as criteria for peri-implantitis for clinical studies
when the baseline bone level is not known (Sanz et al., 2012).
Thus, cases with 2-4 mm assumed bone level reduction were in-
cluded in the current trial. Renvert et al. included implants with
1.5mm mean bone loss (Renvert et al., 2009). Furthermore, the
peri-implant tissues of the selected implants in the present study
demonstrated. In a recent consensus report, RBLs >3 mm apical
to the most intraosseous part of the implant, along with BoP and
PPD =6 mm, were suggested as case definitions of peri-implantitis
when data from the time of prosthetic loading are unavailable
(Berglundh et al., 2018). In the present study, PPD 24 mm at the
time of study enrolment was decided as an inclusion criterion
and later used as a reference for changes in PPD throughout the
study. Nevertheless, 76.3% of all implants in the present study had
PPD 26 mm and could be classified as peri-implantitis according to
Berglundh et al. (2018).

In the present study, patients were recruited from specialist clin-
ics in Norway and Sweden. The multicentre study design is consid-
ered to have several benefits: the participation of a compound group
of investigators, the participants being included and treated by dif-
ferent centres may improve the validity of the results, and the main
advantage is the recruitment of patients from a wider population. To
achieve the benefits of a multicentre study, it is an absolute prereq-
uisite that the data are collected in the same reliable way throughout
the project period. Calibration of operators can be challenging be-
cause of the number of operators and geographical distance. In the
present study, calibration meeting was held to assure study quality.
However, practical calibration training was not performed, and ICC
was not calculated.

Bl, pus, and PPD are surrogate parameters for inflammation,
and reduction in these parameters may indicate a positive but
potentially transient outcome of an intervention and may not be
an indication of permanent resolution of peri-implantitis (Faggion
et al., 2014). This emphasizes the importance of regular evalua-
tion of treatment and preventive maintenance therapy to control
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FIGURE 3 The probability of Bl 0-3 between and within the groups at each time point

peri-implant disease. Further investigations may focus on how
long it is possible to keep the implant free of inflammation.

The efficacy of non-surgical treatment with TCs, air-polishing
with glycine-based powder, ultrasonic curettes, or photodynamic
therapy has been assessed and reported in a range of studies, but
it remains inconclusive as to what treatment the exhibits superior
outcome of peri-implant inflammation (2019). Several of these
studies emphasize the importance of non-surgical intervention
as the preferred treatment (Faggion et al.,, 2014). Although no
golden standard for treatment of peri-implantitis has been de-
fined (Graziani et al., 2012), TC was chosen as the control treat-
ment in the present study based on what seems to be a common
method among many implant clinics and in the literature. For non-
surgical treatment, data suggest that greater PPD reduction can
be achieved when a combination of therapies is applied (Faggion
et al., 2014). In the present study, mechanical debridement alone
was performed.

In an in vitro study comparing instrumentation with an OCB,
TC, and Er:YAG laser, shallow alterations of the implant surface for
the TC group were observed when debridement was performed
for three minutes (Larsen et al., 2017). In vivo, the release of tita-
nium particles from the damaged/scratched implant surface to the

peri-implant tissues may trigger the immune system by a foreign-
body reaction and result in osteolysis of the peri-implant bone
(Purdue et al., 2007). Furthermore, an altered implant surface may
affect the recolonization of microbial biofilm and the proliferation of
soft and hard tissue cells (Cao et al., 2018).

In the present study, the control group had a higher incidence
of implants with KM <2mm than the test group. Although more
brushing discomfort and plaque accumulation is reported for im-
plants with KM <2mm (Souza et al., 2016), lower height of KM is
not clearly associated with higher risk of peri-implantitis (Schwarz
et al,, 2018). And thus, it might be speculated that insufficient KM
might affect the outcome of treatment. In the present study, the PI
remained equally low in both groups.

Peri-implant health is characterized by the absence of all inflam-
mation signs (Berglundh et al., 2018). In the present study, pus was
registered at 52.4% and 64.7% of the implants at baseline in the
test and control groups, respectively. At six months, the pus score
decreased to 33.3% for the test group. No change in the presence
of pus was registered from baseline to six months for the control
group. In a recent RCT, pus scores varied from 19% to 37% at base-
line and decreased to 0% to 15% at six months (Merli et al., 2020).
The study patients were allocated to four intervention groups and
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treated either non-surgically alone or in combination with chemical
agents (Merli et al., 2020). No pus was registered at six months when
implants were treated with two chemical agents in addition to me-
chanical debridement (Merli et al., 2020). Contrary to our study, the
implant-retained restorations were removed before the mechanical
debridement (Merli et al., 2020). In addition, the study patients were
instructed to rinse with a 0.12% chlorhexidine solution twice per day
for the first 15days (2020).

In the present study, no statistically significant difference
between treatments with an OCB or TC was detected. Positive
changes in PPD and Bl were registered, but this may be a short, tran-
sient stage. Bl results should be interpreted with caution due to the
large confidence intervals. A decrease in the presence of pus was
observed in the test group. The presence of pus in both groups indi-
cates active disease and the need for further intervention. Studies
with longer follow-up with an assessment of radiographic bone loss
and a larger sample size may be interesting to pursue.

The current study, while limited in size has sought to assess the
efficacy of an oscillating chitosan brush (OCB) versus titanium cu-
rettes (TC). A major limitation in estimating the sample size of the
current clustered study was the unavailability from literature of sta-
tistical measures such as the intra-cluster correlation (ICC), hence
we relied on a reasonable educated guess. However, the richness of
the data generated in this study can be used in formulating hypoth-
eses of much bigger studies.

Within the limitations of this six-month multicentre clinical trial,
it can be concluded that non-surgical treatment of peri-implantitis
with OCB or TC demonstrated equal efficacy and no difference be-
tween the interventions. Eradication of disease was not predictable
for any of the groups.
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