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1 | INTRODUCTION

| Martine Pauwels | Marc Quirynen | Wim Teughels

Abstract

Objectives: Examine the clinical and microbiological benefits of a dual-strain
Lactobacillus reuteri probiotic on the non-surgical therapy of initial peri-implantitis.
Materials and methods: This randomized, double-blind study targeted patients
with initial peri-implantitis, that is peri-implantitis with a maximum mean probing
pocket depth of 6 mm and maximum 3 mm bone loss compared with loading. A
full-mouth prophylaxis was performed and the peri-implantitis sites were debrided.
Subsequently, local application of the study drops was carried out at the peri-im-
plantitis sites and the study lozenges were handed out. The patients in the probi-
otic group received drops and lozenges containing L. reuteri (ATCC PTA 5289 & DSM
17938), those in the control group received placebo products. At the implant level
the measurements of interest were bleeding, probing pocket depth and plaque. Full-
mouth bleeding and plaque scores were also recorded. Microbiological samples were
taken from the tongue, saliva and subgingivally around the implants.

Results: All clinical parameters were significantly decreased after 12 and 24 weeks.
At the implant level the only statistically significant difference was a greater decrease
in plaque levels in the probiotic versus the control group (p = .002 at 24 weeks). At
the full-mouth level, the only intergroup difference was the greater decrease in full-
mouth bleeding on probing sites in the probiotic group compared with the control
group (p < .001 at 24 weeks). Concerning the microbiological outcomes, no signifi-
cant differences could be found at any time point, neither intra- nor intergroup.
Conclusions: No adjunctive effects of the use of L. reuteri probiotics in the treatment

of peri-implantitis were found.
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debridement, dental plaque, gingival bleeding on probing, Lactobacilli reuteri, peri-implantitis,
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showed for example that probiotics can enhance the results of scaling

and root planing in periodontitis patients (Ince et al., 2015; Morales

Probiotics are defined as live microorganisms that, when adminis-
tered in adequate amounts, confer a health benefit on the host (Hill
et al., 2014). Their application is very diverse, ranging from gut to oral
to even mental health. Currently, dozens of studies examining the

effect of probiotics on gum health and disease are available. These

et al., 2016; Sajedinejad et al., 2018; Tekce et al., 2015; Teughels et
al., 2013; Vivekananda, Vandana, & Bhat, 2010). This effect was not
only seen clinically, that is as improved pocket probing depth reduc-
tion, but also microbiologically (Tekce et al., 2015; Teughels et al.,
2013; Vivekananda et al., 2010) and at the level of pro-inflammatory
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biomarkers (Ince et al., 2015). Additionally, probiotics decrease gingi-
val inflammation and/or plague accumulation (Della Riccia et al., 2007;
Harini & Anegundi, 2010; Krasse et al., 2005; Schlagenhauf et al., 2016;
Vicario, Santos, Violant, Nart, & Giner, 2013). However, other studies
failed to reproduce these results (Hallstrom et al., 2013; Iniesta et al.,
2012; Shimauchi et al., 2008).

Plaque-induced periodontal diseases are not limited to the teeth,
but can also occur around dental implants. Peri-implant mucositis is
defined as an inflammatory lesion of the soft tissues surrounding an
endosseous implant in the absence of loss of supporting bone or con-
tinuing marginal bone loss (Berglundh et al., 2018; Heitz-Mayfield &
Salvi, 2018). Peri-implantitis is specified as a plaque-associated patho-
logical condition in tissues around dental implants, characterized by
inflammation in the peri-implant mucosa and subsequent progres-
sive loss of supporting bone (Berglundh et al., 2018; Schwarz, Derks,
Monje, & Wang, 2018). Nowadays, this is a hot topic due the high prev-
alence of peri-implant diseases and the ongoing search for improved
therapies, such as probiotics (Galofre, Palao, Vicario, Nart, & Violant,
2018; Mongardini, Pilloni, Farina, Di Tanna, & Zeza, 2017). However,
currently, the studies examining the benefits of probiotics in this in-
dication are scarce (Flichy-Fernandez et al., 2015; Galofre et al., 2018;
Hallstrom, Lindgren, Widen, Renvert, & Twetman, 2016; Mongardini et
al., 2017; Pefa et al., 2019; Tada et al., 2018).

At this moment, only two (Flichy-Fernandez et al., 2015;
Galofre et al., 2018) out of five studies showed an additional pos-
itive effect of probiotic usage on peri-implant mucositis (Flichy-
Fernandez et al., 2015; Galofre et al., 2018; Hallstrom et al., 2016;
Mongardini et al., 2017; Pefia et al., 2019). In contrast, both studies
examining probiotic usage in non-surgical peri-implantitis treat-
ment showed more reduction in pocket probing depth and bleed-
ing on probing for the probiotic than test group (Galofre et al.,
2018; Tada et al., 2018).

The purpose of this study was therefore to examine the added
clinical and microbiological benefits of a dual-strain Lactobacillus re-

uteri probiotic on the non-surgical therapy of initial peri-implantitis.

2 | MATERIALS AND METHODS

The Ethics Committee Research UZ/KU Leuven approved the study
protocol of this study (s57668), which was conducted according
to the principles of the Declaration of Helsinki and was registered
prior to the study start at clinicaltrials.gov (NCT02520401). The
CONSORT guidelines regarding reporting in randomized clinical tri-
als were followed.

2.1 | Study protocol

For this single centre, double-blind, randomized, placebo-controlled
study, patients visiting the Department of Oral Health Sciences
(University Hospitals Leuven, Belgium) who were diagnosed with

initial peri-implantitis were asked to participate. Peri-implantitis was

defined as inflammation of the peri-implant mucosa, measured as
probing pocket depth (PPD) 24 mm with bleeding, accompanied by
radiological bone loss (at least 1 mm compared with the moment of
loading). In this study, initial peri-implantitis was defined as an im-
plant diagnosed with peri-implantitis with a maximum mean PPD of
6mm (at the implant level) and no more than 3 mm bone loss meas-
ured on intra-oral radiographs (compared with loading). Reasons for
exclusion were as follows: uncontrolled periodontal disease, smok-
ing, systemic disorders possibly influencing the treatment results
(e.g., diabetes), antibiotic usage the previous 3 months, previous
peri-implantitis treatment for the implant included in the study and
pregnancy or breastfeeding. Implants with less than 2 mm kerati-
nized mucosa or with restorative problems were excluded. The re-
sults of subjects included in the study, but violating the eligibility
criteria during the study (for example due to an antibiotic treatment)
were excluded from the analysis. If more than one implant per pa-
tient met the study conditions, the implant that was included was
determined by drawing lots. An intent to treat analysis was carried
out following the "last observation carried forward" principle, in-
cluding all the patients that at least attended the 12-week appoint-
ment without violating the inclusion criteria.

After signing the informed consent, the patients were assigned
to the probiotic or control group. This was done based on a random-
ization list that was made in advance of the study by a computer
program (www.randomization.com) according to a 1:1 allocation
ratio. Before the start of the study a staff member not involved in
the study blinded the study products. These were all packed in iden-
tical bottles and containers to ensure the blinding of the examiner

and the participants.

2.2 | Outcome measures of interest
2.2.1 | Clinical outcomes at the implant level

The primary outcome of interest was bleeding on probing (BoP) 30 s
after probing with a Merritt-B probe by an experienced periodontist
(IL). This was measured at six sites per implant in two ways. Firstly,
this was measured as present or not present. Before the start of the
study the intra-examiner variability for this parameter was checked:
repeated measurements (on 10 patients) an hour apart showed 92%
agreement.

Secondly, the modified sulcus bleeding index (mSBI) described
by Mombelli and co-workers (Mombelli, van Qosten, Schurch, &
Land, 1987) was recorded. This index scores the bleeding on a zero
to three scale, where O: no bleeding, 1: isolated bleeding spots, 2:
blood forms a confluent red line and 3: heavy or profuse bleeding.
Additionally, at six sites per implant the PPD and presence/absence
of plaque was noted (dichotomously) (PI).

The 24-week outcomes were used to calculate whether the "de-
sired clinical endpoint", the resolution of the peri-implant inflamma-
tion, was achieved. A healthy peri-implant condition was defined as an

implant without bleeding on probing (Berglundh et al., 2018).


http://www.randomization.com

LALEMAN ET AL.

2.2.2 | Clinical outcomes at the full-mouth level

At the full-mouth level the presence of bleeding on probing (full-
mouth bleeding score, FMBS) and plaque (full-mouth plaque score,
FMPS) was noted at six sites per tooth/implant for all elements pre-

sent, this was calculated as a percentage of the total sites measured.

2.2.3 | Microbiological outcomes

The deepest pocket from the study implant was selected for mi-
crobiological subgingival sampling. Prior to this, the supragingival
plaque was removed. The subgingival sample was taken with 8
paper points/pockets, which were subsequently placed in 1 ml of
reduced transport fluid (RTF). Additionally, samples from the saliva
and tongue were taken. For the tongue, a sterile cotton swab (Nuova
Aptaca, Canelli, Italy) was wiped for 10 s at the back of the tongue.
The tip of this cotton swap was transferred to an Eppendorf tube
with 1 ml RTF. Approximately 5 ml of unstimulated saliva was col-
lected, from which 100 pul was dispersed in 900 ul RTF. The presence
of Porphyromonas gingivalis, Prevotella intermedia, Fusobacterium nu-
cleatum and Aggregatibacter actinomycetemcomitans in these sam-
ples was determined by quantitative PCR assay (qPCR). Bacterial
DNA was extracted by using the DNeasy Tissue Kit (QIAGEN Ltd)
according to the manufacturers' instruction. A quantitative PCR
(gqPCR) assay based on the 16s rRNA gene was performed with a
CFX96 Real-Time System (Biorad). The Tagman 5’ nuclease assay
PCR method was used for detection and quantification of bacterial

DNA. Quantification was based on a standard curve.

2.3 | Treatment protocol

At the baseline visit, after recording the clinical measurements and
taking the microbiological samples, patients were given oral hy-
giene instructions, and a full-mouth prophylaxis was carried out.
Subsequently, a mechanical debridement of the peri-implant sites
was performed under local anaesthesia. This was carried out with
the Satelec P5 Newtron XS BLED (Acteon) with specific tips (PH1,
PH2L and PH2R), followed by hand instrumentation with tita-
nium curettes. Finally, the peri-implant pockets were subgingivally
treated with the Air-N-Go Easy air polisher (Acteon). The treat-
ment session was concluded by a professional topical application
of the study drops around the implants with peri-implantitis. In
the probiotic group, these were probiotic drops containing L. reu-
teri DSM 17938 and L. reuteri ATCC PTA 5,289 (108 CFU of each
strain/5 drops) (BioGaia AB), and in the control group, the placebo
drops without bacteria were used. The placebo drops were iden-
tical in taste, texture and appearance to the probiotic lozenges.
Additionally, probiotic and placebo lozenges were distributed to the
patients according to the study group they were assigned to. The
patients of the probiotic group received probiotic lozenges contain-
ing L. reuteri DSM 17938 and L. reuteri ATCC PTA 5289 (108 CFU of
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each strain/lozenge) (BioGaia AB). The patients in the placebo group
were handed out lozenges that were identical in appearance, texture
and taste, except that live bacteria were excluded. To examine the
adherence, the patients were asked to bring back the empty contain-
ers in which the study medication was packed at the 12 weeks con-
sultation. Besides this twelve-week follow-up, patients were seen
6 weeks and 24 weeks after the baseline visit. Clinical data were
recorded during the baseline, 12- and 24-week visit. Microbiological
samples were collected at these time points and additionally at the

6-week follow-up.

2.4 | Statistical methods

Clinical variables where analysed by means of a linear mixed model
with time and treatment as fixed factors and patient as random fac-
tor. A normal quantile plot of the residual values and a residual dot
plot showed that data were normally and homoscedastically distrib-
uted around their expected values.

Bacterial log counts were considered, and counts below quan-
tification limit were considered as censored values (i.e., <quantifi-
cation limit). Data were analysed by means of a frailty model with
time and treatment as fixed factors and patient as random factor. For
each of the models, differences between treatments and times were
calculated using the fixed effects-estimates of the statistical model
and its variance-covariance matrix and p-values were corrected for
simultaneous hypothesis testing according to Sidak. Missing data at

24 weeks were filled in a forward way.

3 | RESULTS

The patients participating in this study were recruited between
October 2015 and May 2018; the last follow-up consultation took
place 24 weeks later, in November 2018. Twenty-three patients
were recruited, from which 4 were excluded or lost to follow-up
before the 12-week consultation; the results of the remaining 19
patients were used for the analysis. More details about the study
course can be found in Figure 1.

The patients consumed on average 1.8 + 0.4 lozenges/day
(1.9 £ 0.3 per day in the test group and 1.6 + 0.4 in the control group).
No adverse effects were noted; however, three patients in the con-
trol group had minor complaints during the study period reporting a
dry mouth or a changed feeling in the oral cavity. Additionally, one
patient in the control group and one in the probiotic group indicated

that the study medication had a strong (pepper) mint flavour.

3.1 | Outcomes at the implant level

The demographics of both study groups can be found in Table 1, the
implant characteristics in the online Appendix S1. At baseline the

clinical and microbiological characteristics of the selected implants
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[ Enrollment ]

{ Intake

J

Allocated to control intervention (n = 12)

Received allocated intervention (n = 12)

Allocated to probiotic intervention (n = 11)

Received allocated intervention (n = 11)

[ 6 weeks follow-up J l

Lost to follow-up (n = 1) (11 examined)

One person was lost to follow-up due to
personal reasons.

Lost to follow-up (n = 1) (10 examined)

One subject had to be excluded due to non-
disclosure of relevant medical information
during the baseline consultation.

[ 12 weeks follow-up 1 v

J

Lost to follow-up (n = 1) (10 examined)

One person was had to be excluded due to
antibiotic usage.

Lost to follow-up (n = 1) (9 examined)

One person was had to be excluded due to
antibiotic usage.

y

( 24 weeks follow-up ]

Lost to follow-up (n = 2) (8 examined)

Two patients were excluded because peri-
implantitis surgery was deemed necessary.

Lost to follow-up (n = 3) (6 examined)

One patient had to be excluded because of
antibiotic usage. Another one because peri-
implantitis surgery was deemed necessary.
And one was lost due to personal reasons.

A\ 4

)

Statistical analysis

| 1

Analysed (n = 10)
according to the principle "last observation

carried forward"

FIGURE 1 Study course

TABLE 1 Demographic characteristics

Treatment group
Variable Probiotic Control
Number of patients 9 10
Number of males 5 4
Number of females 4
Number of smokers 0 0
Age (mean + SD) (years) 64 +11 69 +9

with peri-implantitis were comparable for both the probiotic as the
control group. After 12 and 24 weeks, the BoP, mSBI and PPD were
significantly improved compared with the baseline measurements,
both in the probiotic and the control group. The BoP decreased from
87% to 59% (p < .001) for the probiotic group and from 87% to 53%

Analysed (n =9)
according to the principle "last observation

carried forward"

(p <.001) for the control group. The modified sulcus bleeding was re-
duced from 1.92 £+ 0.70t0 0.89 + 0.63 (p < .001) and from 1.96 + 0.79
to 1.22 + 1.07 (p < .001), respectively. The PPD improved from
5.17 mm to 4.15 mm in the probiotic group after 24 weeks (p < .001)
and from 5.45 mm to 4.18 mm in the control group (p < .001). More
details can be found in Table 2. No statistically significant intergroup
differences could be found for these characteristics, neither after
12 weeks nor after 24 weeks. In contrast, the Pl only showed sta-
tistically significantly reduced values during the follow-up visits in
the probiotic, but not in the control group. The decrease in Pl was
therefore significantly better in the probiotic group compared with
the control group (p < .001 at 12 weeks and p = .002 at 24 weeks).
Only two implants from the control group achieved the desired
outcome and could therefore classified as peri-implant healthy: no
more bleeding on probing around the implant. In the test group, no

implants met the criteria for being classified as healthy.
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TABLE 2 Clinical characteristics of the implants in the probiotic group versus the implants in the control group displayed as mean or delta

(A) (difference with baseline value) and standard deviation (SD)

Treatment group
Probiotic
Variable Time point Mean + SD A*SD
BOP (%)
Overall Baseline 87 £ 23%
12 weeks 63 + 31%° -24 + 25%
24 weeks 59 + 32%° -27 +23%
Modified sulcus bleeding index
Overall Baseline 1.92+0.70
12 weeks 1.14 £ 0.88° -0.65 £ 0.86
24 weeks 0.89 +0.63" -0.93+0.67
PPD (mm)
Overall Baseline 5.17 £0.92
12 weeks 4.13 +1.04° -1.04 +1.03
24 weeks 4.15 £ 0.96° -1.02 £ 0.69
Plaque index (%)
Overall Baseline 15+ 13%
12 weeks 3+ 7% 11+ 14%
24 weeks 2+ 6%° -13 £ 14%

Note: Bold: significant intergroup difference.

Significant intragroup difference compared to the baseline value.

No major intra- nor intergroup differences were recorded re-
garding the microbiological counts of four know periodontal patho-
gens. This is shown in Table 3.

3.2 | Outcomes at the full-mouth level

No baseline differences could be found regarding the overall plaque
and bleeding scores of the included patients (Table 4). Both statis-
tically significantly decreased after 12 and 24 weeks in both the
probiotic and control group. No intergroup differences concerning
FMBS could be detected, but the decrease of the FMPS was sig-
nificantly better in the probiotic group compared with the control
group. Twelve weeks after the study start, the FMPS was 10% re-
duced in the probiotic group compared with 5% in the control group
(p = .001). At 24 week this difference was even more pronounced
with 14% decrease of FMPS in the probiotic group and only 4% in
the control group (p < .001).

4 | DISCUSSION

The objective of this study was to examine the added effect of
probiotics on the non-surgical treatment of peri-implantitis. In
order to include a group of patients that was as homogeneous

as possible, strict inclusion criteria were proposed. On one hand,

Control p-value
Mean + SD A*SD For mean For Delta
87 £22% 999
53 + 33%° -33+23% .989 .282
53 + 39%* -33+27% .998 .876
1.96 +0.79 999
0.89 +0.86° -0.92 £ 0.66 .988 717
1.22 +1.072 -0.56 +0.97 972 178
5.45+1.20 .993
4.30+0.76° -1.15 £ 1.00 999 .994
418 +1.26° -1.27 + 1.00 999 .801
8+21% 924
11+ 19% +3+23% .833 <.001
7 +14% -2+ 16% .980 .002

we tried to exclude possible non-plaque-related factors affecting
peri-implantitis: at least 2 mm keratinized mucosa should be pre-
sent around the implant and no restorative problems should be
diagnosed around the implant. On the other hand, we targeted
a group of patients with initial peri-implantitis, since we hypoth-
esized that it would be easier in these patients to control the
peri-implant inflammation. For each patient, only one implant was
included (even if more implants were affected) to avoid the influ-
ence of host-related factors.

Significantly better clinical variables after non-surgical peri-im-
plantitis treatment were shown in this trial. However, the added
value of probiotics in this therapy could not be shown. The only
statistically significant difference that was demonstrated was a
higher decrease in Pl at the level of the peri-implantitis sites in the
patients in the probiotic group compared with the control group.
When looking at this parameter at the whole mouth level (FMPS),
no differences in plaque score could be seen between both groups.
However, statistically significant better scores for FMBS could be
noted. No microbiological differences could be found, neither intra-
nor intergroup.

This study thus failed to reproduce the additional healing ef-
fect seen by the use of probiotics in non-surgical peri-implantitis
treatment by previous clinical trials (Galofre et al., 2018; Tada et
al., 2018). However, both studies have a very specific design, which
makes it not possible to compare the results of this study with those

trials. Galofré and co-workers examined a very specific population



LALEMAN ET AL.

6
J_Wl LEY— CLINICAL ORAL IMPLANTS RESEARCH

TABLE 3 Microbiological (log-transferred) outcome measures: mean and standard deviation values at baseline and the differences (A)
after 6, 12 and 24 weeks

Treatment group

Probiotic Control p-value
Mean log10 Mean log10
Variable Time point cfu/ml = SD A+SD cfu/ml = SD A+SD For mean For Delta
Saliva
Aggregatibacter Baseline 3.61+2.27 3.24 +1.87 999
CEHTRMEEETENIE ool 352:271  -0.09+1.24 2.67+2.45 -058+148 991 446
12 weeks 3.83+£1.78 +0.21+1.33 2.71 £ 2.07° -0.53+1.38 969 .034
24 weeks 3.37+2.19 -0.25+2.26 2.36 +2.14° -0.88 +1.58 967 .040
Fusobacterium Baseline 6.17 £0.61 6.18 £0.51 999
nucleatum 6 weeks 6.09 +1.08 -0.8£0.60 6.11+095 -0.8+0.64 999 951
12 weeks 6.35+1.20 +0.18-9 +0.75 6.31+0.59 +0.13 £ 0.36 999 999
24 weeks 6.43 +1.08 +0.37 £ 0.69 6.34 +0.65 +0.15 £ 0.44 999 999
Porphyromonas gingivalis  Baseline 5.12+2.09 279 £2.98 775
6 weeks 4.58 £ 2.65 -0.55+1.39 3.27+291 +0.48 + 1.35 991 .006
12 weeks 4.78 £2.74 -0.34 +1.47 2.93+2.83 +0.14 £ 1.53 .885 .999
24 weeks 4.91+2.80 -0.21+1.51 2.79 +3.08 -0.01+£0.78 .827 999
Prevotella intermedia Baseline 1.72 £2.07 1.89£2.43 999
6 weeks 1.39 £2.15 -0.33+2.31 1.73+2.38 -0.14 + 0.87 999 797
12 weeks 1.00 £ 1.99 -0.72 £ 2.60 1.49 +2.40 -0.38+1.26 999 .808
24 weeks 1.59 £2.41 -0.13+2.28 1.45+2.34 -0.41+1.24 999 999
Tongue
A. actinomycetemcomi- Baseline 3.56 +2.26 2.76 +2.10 998
tans 6 weeks 3.504 £2.11 -0.06 +0.51 2.78 £2.09 -0.024+1.48 997 999
12 weeks 2.80 +2.26° -0.76 +1.10 2.53+1.83 -0.22+2.11 999 415
24 weeks 242 £2.447 -1.14 +2.01 2.88 +2.06 +0.12£2.11 999 <.001
F. nucleatum Baseline 6.14 £ 1.55 6.45+1.11 999
6 weeks 6.31+1.34 +0.17 + 0.69 6.67 +1.12 +0.22 + 0.49 999 .9915
12 weeks 6.48 +1.31 +0.34 £ 0.64 6.75+0.82 +0.30 + 0.68 999 .9949
24 weeks 6.63 £1.23° +0.49 +0.85 6.63 +1.22 +0.18 £ 0.81 999 1113
P. gingivalis Baseline 3.72+2.18 2.61+2.32 933
6 weeks 3.38 +£1.98° -0.34+2.11 245+2.21 -0.15+0.88 997 486
12 weeks 3.45 +2.05? -0.26 +2.04 1.60 +2.17° -1.00+1.75 772 995
24 weeks 3.54 +2.07° -0.17 +2.04 2.25+2.45 -0.35+1.49 .988 .954
P. intermedia Baseline 1.13+1.71 1.92 £ 2.50 999
6 weeks 0.39 + 1.17° -0.74 £ 1.40 1.81+2.35 -0.11 £0.32 116 <.001
12 weeks 0.44 +1.32° -0.69 + 1.42 1.42 +2.33 -0.48+1.25 483 <.001
24 weeks 0.44 +1.31° -0.69 +1.42 1.44 +2.33 -0.47 +1.25 487 <.001
Subgingival
A. actinomycetemcomi- Baseline 3.09 +2.54 3.74 +2.47 999
I 6 weeks 3.71+1.66 +0.62 + 1.61 3.67 £2.30 -0.07+0.57 999 998
12 weeks 3.62+2.43 +0.53 £ 2.00 3.43+2.33 -0.31+0.83 997 157
24 weeks 244 £2.41 -0.65+3.24 2.45+2.92 -1.29 + 2.07° 999 .688

(Continues)
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TABLE 3 (Continued)
Treatment group
Probiotic Control p-value
Mean log10 Mean log10
Variable Time point cfu/ml = SD A+SD cfu/ml = SD A*SD For mean For Delta
F. nucleatum Baseline 6.93+0.78 6.87 +0.90 9999
6 weeks 6.72 £1.29 -0.21+£0.98 6.69 +0.94 -0.18 £0.58 .9999 993
12 weeks 6.84+1.21 -0.09 £0.89 6.87+1.21 +0.00 £ 0.48 9999 999
24 weeks 6.68 +1.23 -0.25+0.73 6.90+1.25 +0.03 £0.60 .9999 .189
P. gingivalis Baseline 5.13+3.14 3.51 £3.37 .890
6 weeks 5.27 +3.10 +0.14 £ 2.44 3.49 +3.33 -0.02 £0.37 936 999
12 weeks 5.22+3.16 +0.09 + 2.35 3.08 +3.48 -0.42 +1.33 924 999
24 weeks 5.21+3.13 +0.09 + 2.49 3.10 £ 3.48 -0.41+1.25 .902 999
P. intermedia Baseline 246 £1.97 2.04+2.28 .998
6 weeks 241+244 -0.05+2.58 1.35+£2.26 -0.69 +1.52 .954 969
12 weeks 1.53 +£2.39* -0.93£2.59 1.40+2.32 -0.64 £1.55 999 .995
24 weeks 1.06 +2.11° -1.40 £ 2.49 2.02+2.19 -0.02+1.74 979 <.001

Note: Bold: significant intergroup difference.
aSignificant intragroup difference compared to the baseline value.

only including former periodontitis patients and Tada et al. used an-
tibiotics as pre-treatment.

The lack of adverse effects reported confirmed again the safety
of this dual-strain probiotic. The only side-effect reported was an
altered sensation of the oral cavity by three patients; however, since
all three of them were included in the control group, it can be con-
cluded that this is not related to the active study component. It is
assumed that this is rather due to the increased attention for the oral
cavity due to participation in a clinical trial.

This study showed that the clinical characteristics of peri-im-

plantitis sites are statistically significantly improved by debridement

and oral hygiene instructions. It is however important to examine
the clinical implication of this statistical improvement. In this pa-
tient population, it was seen that these improvements only led to
a completely healthy peri-implant tissue in 2 out of 19 patients.
It thus seems difficult to completely resolve the peri-implant in-
flammation with only non-surgical debridement. This is in line with
earlier results showing that it is difficult to control peri-implant
inflammation without a surgical phase, even when peri-implant
mucositis was diagnosed (Lang, Salvi, & Sculean, 2019; Pefa et
al., 2019). Moreover, a recent retrospective analysis showed that

also in the long-term non-surgical procedures are insufficient to

TABLE 4 Clinical characteristics of the group assigned to the probiotic products versus the group assigned to the control products
displayed as mean or delta (A) (difference with baseline value) and standard deviation (SD)

Treatment group
Probiotic
Variable Time point Mean + SD A+SD
FMBS (%)
Overall Baseline 30 £ 10%
12 weeks 19 + 10%* -10 + 11%
24 weeks 16 + 6%° -14 + 8%
FMPS (%)
Overall Baseline 29 £11%
6 weeks 25+11% -4+ 13%
12 weeks 20 + 11%° -8+ 10%
24 weeks 20 + 12%* -9 +10%

Note: Bold: significant intergroup difference.
aSignificant intragroup difference compared to the baseline value.

Control p-Value

Mean + SD A*SD For mean For Delta
21+ 13% .5640

17 + 12%° -5+4% 9928 .001

17 £ 11%° -4+7% 9999 <.001
30+ 14% 9999

24 + 8% -6+ 11% 9999 .999

21 + 10%° -8+12% 9999 .999
21+ 11%° -9+11% 9999 .999
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prevent further bone loss at peri-implantitis sites (Karlsson et al.,
2019). Keeping these results in mind, there are two lines of thought
about the non-surgical treatment of peri-implant inflammatory dis-
eases. Or, we have not yet found the most optimal treatment for
removing the biofilm during non-surgical treatment. Or, non-sur-
gical treatment is simply not enough to reverse the peri-implant
inflammation.

Future research should take both lines of thinking into account.
Concerning the first remark, the use of the plastic tips (PH1, PH2L
and PH2R) could be criticized since these are rather thick and may
not be the best-suited instruments to reach the bottom of the
pocket. For future research, it would be preferable to use titanium
tips for the ultrasonic debridement (such as IP1, IP2L, IP2R, IP3L
and IP3R from Acteon). Additionally, the repeated application of the
probiotic drops could also be considered to improve the contact time
locally, that is between the inflamed region and the study product.
This could be done at home by the patients with a syringe and blunt
needle.

Seeing the non-surgical treatment of peri-implantitis only as a
preliminary treatment of peri-implantitis also has consequences for
future research. In light of this, the use of probiotics to keep the
peri-implant situation stable after the surgical phase could be ex-
amined. If we suppose that a surgical phase is almost always needed
and we add to this the non-linear and accelerating loss of tissue in
peri-implantitis sites (Schwarz et al., 2018), there seems no purpose
to target "initial" peri-implantitis. At the study start, these inclusion
criteria were chosen in analogy with previous studies (Bassetti et
al., 2014; Schar et al., 2013); however, at this moment it is clear that
initial peri-implantitis is neither a specific histological, nor a separate
clinical entity.

Possible drawbacks of this study are the fact that different im-
plant brands and types were included, dietary probiotics were not
explicitly prohibited and the small sample size. Although a large di-
versity of implants is a clinical reality, this may have influenced the
study outcomes. Specific implant characteristics (brand, roughness,
chemical coating, thread pitch, etc.) can, after all, influence the oc-
currence and rate of peri-implantitis (Derks et al., 2016). Additionally,
since at the study start, no randomized controlled trials were avail-
able examining probiotics in the non-surgical treatment of peri-im-
plantitis, we chose to perform a pilot study that can be used in the
future for sample size calculations. A post hoc power calculation
showed that 180 and even more than 20,000 patients are needed to
obtain a statistically significant difference between both groups for
mSBI and PPD respectively.

Finally, future research should not only focus on clinical and
microbiological factors, but also on inflammatory markers such as
IL-1B, IL-6 and IL-8. Increased insight in the underlying mechanisms
of healing will provide a better understanding of these processes
and help to improve our therapies. Certainly, when probiotics are in-
vestigated as a therapy, inflammatory markers should be monitored,
since modulation of the inflammatory response is more and more

suggested as a possible action mechanism of probiotics.
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