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Abstract: This systematic review of RCTs aimed to characterize short- and long-term changes in peri-
implantitis-associated microbiota (total biofilm microbial load and predominant pathogens’ counts)
following (any) peri-implantitis treatment in systemically healthy, non-smoking, partially/totally
edentulous adults. The study protocol, compliant with the PRISMA statement, was registered on
PROSPERO (CRD42024514521) before the literature search. Data from 11 RCTs, assessed through
the ROBINS-2 tool, were qualitatively synthesized. No data were retrieved on total edentulism,
healthy peri-implant/periodontal sites, treated mucositis, gingivitis, and periodontitis sites. Shortly
after treatment, Prevotella intermedia, Fusobacterium nucleatum, and Peptostreptococcus micros prevailed,
indicating early colonization, as after implant placement. After both surgical and non-surgical
approaches, although not eradicated, the peri-implant total biofilm load, red- and orange-complex
species, and Aggregatibacter actinomycetemcomitans counts generally decreased for up to about three
months. However, one month after treatment, red-complex species and Prevotella intermedia increased,
likely due to persistent tissue-invasive bacteria, unresolved pathological conditions (high probing
depth values) favoring anaerobiosis and dysbiosis, and a qualitatively and quantitatively decreased
biofilm community, competing and balancing the predominant pathogens (biofilm “competitive
balancing” effect), thus allowing recolonization by more virulent bacteria. Red-complex bacteria
gradually leveled off to baseline at the six- and twelve-month follow-ups. Fusobacterium nucleatum
remained almost unchanged after treatment.
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1. Introduction

Peri-implantitis is the most common late dental implant complication and affects
approximately 15-57% of subjects and 8-28% of implants [1]. Its progression can lead to
implant loss, which is estimated to occur in 8% of patients and 4% of implants [2].

Like periodontitis, peri-implantitis is an infectious inflammatory disease [3] sustained
by the host’s inflammatory response triggered by oral dysbiosis [4-6]. In particular, the
loss of balance in the oral microbiome, which is physiologically dependent on genetic
and environmental factors such as diet, oral hygiene, stress, alcohol or smoking habits,
pharmacological therapies (e.g., antibiotics and corticosteroids) [7], and various systemic or
oral diseases [8-11], can lead to the onset of microbiota-associated oral diseases, such as peri-
implantitis [8,9,12]. Dentition also influences oral and especially periodontal microbiota
since dentate subjects have a more heterogeneous and richer oral microbiome than partially
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and especially totally edentulous ones [13], likely due to the favorable microbial niche
provided by the crevicular supra- and sub-gingival areas [14].

Socransky et al. [9] classified the bacteria of the subgingival biofilm community into
five main complexes, identified as red, orange, green, yellow, and purple, in 1998. Other
microorganisms were also defined as “outliers”, characterized by low relationships with
each other and with the bacteria of the five main complexes. Compared to the healthy
periodontal sites, periodontitis-associated microbiota is characterized by an increase in
both total microbial load and predominant periodontal pathogens, particularly those
belonging to the red complex (Porphyromonas gingivalis, Tannerella forsythia, and Treponema
denticola), along with Fusobacterium nucleatum, Prevotella intermedia and Aggregatibacter
actinomycetemcomitans; a shift from aerobic Gram-negative to strictly anaerobic Gram-
negative species is generally observed [15,16].

Similarly, at peri-implant sites, anaerobic bacteria were prevalent, especially when
the probing depth (PD) was >5-6 mm, thus indicating the need for therapeutic inter-
vention [17], and the predominant species corresponded to periodontal pathogens [18].
However, peri-implantitis-associated microbiota was more heterogeneous [19-21] and
showed a slightly higher abundance in the red-complex bacteria and, in particular, of
the orange complex (in particular, Prevotella intermedia and Prevotella nigrescens) com-
pared to periodontitis-associated microbiota [12,19,22]. In fact, higher counts of Prevotella
intermedia, Prevotella nigrescens, Porphyromonas gingivalis, Treponema denticola, Tannerella
forsythia, and Aggregatibacter actinomycetemcomitans were found in peri-implantitis than
periodontitis [12,19,22].

Accordingly, the main goals of peri-implantitis treatment include reducing the overall
microbial load and reversing dysbiosis, with favorable changes in the peri-implantitis-
associated microbiota, and immune-inflammatory modulation of the host [18,19], to achieve
healing of the inflamed soft tissue [23], probing depth reduction (<5 mm), and halting
bone loss [4,24], through non-surgical and surgical approaches [25-29] combined or not
without adjunctive treatments [4,26,27,30-33].

The European Federation of Periodontology 2023 clinical practice guidelines for the
prevention and treatment of peri-implant diseases [34] recommend that the treatment of
peri-implantitis begins with a non-surgical approach. The first reassessment following
treatment is recommended 3—4 months after treatment for peri-implantitis, during which
time it is recommended to monitor the healing process [34]. Following the reassessment
at the third month, based on the outcomes recorded at the reassessment, treatment can
continue with a surgical approach or with regular supportive peri-implant care every
3—4 months for at least the first 12 months [34]. Regular supportive peri-implant care is also
recommended following surgical treatment and the frequency is every 34 months starting
from the third month after surgical treatment and for at least the first 12 months [34].

Therefore, the present systematic review of RCTs aimed primarily to characterize the
short-term (1-week, 1-month, 3-month follow-up) and long-term (6- and 12-month follow-
up) changes in the peri-implantitis-associated microbiota following (any) peri-implantitis
treatment in systemically healthy, non-smoking, partially and totally edentulous adult
subjects. The secondary aims were to point out the time course of microbial variations in
both the biofilm total microbial load and the predominant pathogenic species’ counts at
treated peri-implantitis sites and to compare the microbial concentrations and composition
with those of healthy peri-implant and periodontal sites and treated peri-implant mucositis,
gingivitis, and periodontitis sites.

2. Materials and Methods
2.1. Study Protocol

The study protocol was developed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) statement [22] before performing
the electronic and manual literature search, data extraction, and related analysis and was
registered on the PROSPERO Registry of Systematic Reviews (number: CRD42024514521).
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Population

Systemically healthy,
non-smoking,
partially and totally
edentulous adult
(aged = 18 years)
subjects, with at least

one peri-implantitis site

The research was carried out to provide current evidence for the following question,
developed with the PICOs model [35] (Figure 1): “Which are the short- and long-term
changes in the peri-implantitis-associated microbiota in both the total biofilm microbial
load and the predominant pathogenic species, following (any) peri-implantitis treatment in
systemically healthy, non-smoking, partially and totally edentulous adult subjects?”.

Intervention @
Any peri-implantitis .
e Comparison @

treatment combined
with supra- and/or sub-

mucosal microbiota
diagnosed as sampling and Short-term Outcomes
peer previously and microbiological (1 week, 1 month, 3 months follow-
current accepted analysis at peri- up)
criteria. implantitis site(s) both and long-term Shart-termy
before (baseline) and (6 and 12 months follow-up) (1 week, 1 month, 3 months- tudy
after treatment. variations in biofilm total microbial follow-up)
load and the predominant pathogens’ and long-term
s counts, and related time course, (6 and 12 months follow-up) Randomized Clinical
- at healthy peri-implant and changfes n Pefl-|mplantltls- Trials without
periodontal sites, assocra'tefi—mlqroblqta restrictions on
- attreated peri-implant mucositis, (total blofllm microbial load'and publication dates in
gingivitis, and periodontitis sites, the predominant pathogens’ English language.
in partially and totally edentulous counts) after any peri-implantitis
subjects. treatment,
in systemically healthy, non-
smoking, partially and totally
edentulous adult subjects.
Figure 1. PICO model: Population (P) [3] Intervention (I), Comparison (C), Outcomes (O),
8 P p
Study (s) [36].
2.2. Search Strategy
Two reviewers (C.R.; A.F) conducted the electronic search independently using perti-
nent keywords (Table 1), on the MEDLINE/PubMed, Web of Science, and Scopus databases
until 5 January 2024 to retrieve English Randomized Clinical Trials (RCTs) without restric-
tions on publication dates.
Table 1. Search strategy and filters used for each database.
#1: “peri-implantitis” OR “peri-implant failure” OR “peri-implant disease” OR “implant failure”
featrch #2: microbiota OR microbiome OR bacteria OR virus OR viruses OR fungi OR fungus OR microorganisms OR
strategy “oral dysbiosis”
#1 AND
#2 AND#3  #3: treatment OR approach OR approaches OR therapy OR “non-surgical treatment “ OR “surgical treatment”
OR debridement
Databases
MEDLINE/PubMed Web of Science Scopus
Filters “Article language”: English. “Languages”: English. “Languages”: English.
“Article type”: not review; not systematic review. “Document type”: article. “Document type”: article.

The same reviewers (C.R.; A.EF.) screened the reference lists of the included studies to
retrieve additional potential records.

2.3. Study Selection and Eligibility Criteria

Two reviewers (ED.S.; M.P.D.P) selected the studies independently of each other. All
titles of the records found by the electronic search in the databases and the register were
screened, duplicates were eliminated and relevant abstracts were read. A third reviewer
(A.R.) was involved in the study selection in case of discrepancies, and all doubts were
resolved by discussion. The same two reviewers independently downloaded and reviewed
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the full texts of the potentially eligible titles/abstracts. The studies” authors were contacted
if the full text was unavailable.

The same process was performed for records identified by the manual search in the

reference list of included studies, applying the same eligibility criteria illustrated in Figure 2.

Systemically healthy

Non-smoking

Partially or totally edentulous

Adult (= 18 years) subjects

with at least one peri-implantitis site
whose peri-implantitis-associated
microbiota was assessed before and

Population

@ \ Smoking and <18 years old subjects;

Oncology subjects and those with previous radiotherapy or chemotherapy,
immunocompromised subjects or those on immunosuppressive medication;

Subjects who have received antibiotics and/or corticosteroids (which can inducs
oral dysbiosis) in the last three months;

Pregnancy

after treatment.

Intervention CD
Any peri-implantitis treatments ( \

Any methods of supra- and/or
sub-mucosal microbiota
sampling and microbiological
analysis at peri-implantitis
site(s) assessed before and
after treatment.

Randomized Clinical Trials

Subjects with a history of uncontrolled periodontitis;
Extraoral, zygomatic or orthodontic implants.

Subjects with diagnosis of peri-implantitis assessed using different parameters
such as radiographic bone level, PD, bleeding on probing and suppuration.

Supra- and/or sub-mucosal
microbiota sampling and
microbiological analysis assessed at
peri-implantitis site(s) only before or

after treatment.
tud INCLUSION
L4 ) ~= Crireria
English language ( \ Not English l.janguag_e. '
Not Randomized Clinical Trials ﬂ EXCLUSION
Animal, in vitro and pre-clinical studies CRITERIA

Clinical studies in humans

Figure 2. Eligibility (inclusion and exclusion) criteria [3,36].

2.4. Data Extraction and Synthesis

Three reviewers (ED.S.; M.P.D.P; G.F) independently performed data extraction and
collection using a specific form based on the proposed models for intervention reviews
of RCTs [25]. Only data that met the eligibility criteria were extracted and collected. In
addition, data from partially edentulous subjects with at least one treated peri-implantitis
site were extracted and collected independently from data from totally edentulous subjects
(rehabilitated with full-arch dental implant-supported restoration with at least one treated
peri-implantitis site), from healthy peri-implant and periodontal sites and from treated
peri-implant mucositis, gingivitis, and periodontitis sites.

No attempt was made to contact the Authors of the included studies to obtain or
confirm the data.

The following data were extracted and descriptively synthesized from each record
using Microsoft Excel software 2019 (Microsoft Corporation, Redmond, WA, USA):

- Studies: authors, year of publication, journal, design of the included studies, quality, funding;

- Population: sample size, mean age, gender ratio; number of peri-implantitis sites
treated, number of supported restoration, implant design type, and position;

- Intervention: type and sessions of peri-implantitis treatment, and timing and methods
of microbiological sampling and analysis;

- Outcome(s): peri-implantitis-associated microbiota concentration and composition
before (at baseline) and at short-term (1 week, 1 month, 3 months) and long-term
(6 and 12 months) follow-up after (any) treatment.

2.5. Risk Assessment

The RCTs included in the present study were assessed by the toll for evaluating
the quality of the systematic reviews of randomized studies: Revised Cochrane Risk-of-
Bias 2 tool for randomized trials (RoB 2) [36], accessed freely online (Risk of bias tools—
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Current version of RoB 2) on 24 February 2024, by three independent reviewers (ED.S,;
MPD.P; G.E).

The RoB 2 tool takes into account the bias due to the randomization process, the
effect of assignment and adhering to intervention, missing data outcome, measurement of
outcome, and selection of the reported result [36].

The risk was judged as “low” if the risk of bias was low for all domains; “unclear” if
at least one domain was unclear, but no one was high in any domain; “high” if multiple
domains were unclear or if a high risk of bias was present in at least one domain [36].

3. Results
3.1. Study Selection

A total of 1461 records were identified via databases, 341 from PubMed /MEDLINE,
594 from Scopus, and 526 from Web of Science databases; 570 duplicate records were
removed. The remaining 891 records were screened by reading the title abstracts, and
713 records were excluded because they were not relevant to the topic of the present
systematic review.

All remaining 178 reports sought for retrieval were found without contacting the
Authors. The 178 records assessed for eligibility were screened by reading the full text,
and 168 articles were excluded for the following reasons: 99 were not RCTs; 30 did not
involve subjects with peri-implantitis or peri-implantitis treatment was not performed;
19 because it was not possible to extract data from microbiological analysis or it was
not performed; 18 because it was not possible to extract data from non-smoking and/or
partially edentulous subjects; 1 because it was not possible to extract data from subjects
with peri-implantitis; 1 was not in the English language.

At the end of the study selection identified via databases, 10 RCTs [37-46] were
included in the present systematic review.

The same study selection process was performed by considering the references list of
the 10 studies included via the electronic search.

A total of 393 references were identified via manual research; 57 duplicate records
were removed. The remaining 336 records were screened by reading the title abstracts, and
324 records were excluded because not relevant to the topic of the present systematic review.

All remaining 12 reports sought for retrieval were found without contacting the
Authors. The 12 records assessed for eligibility were screened by reading the full text, and
11 articles were excluded for the following reasons: eight because microbiological analysis
was not performed; two were not RCTs; one because it was not possible to extract data
from non-smokers.

At the end of the study selection identified via manual search, one RCT [47] was
included in the present systematic review.

Finally, 11 RCTs [37-47] were included in the electronic and manual search (Figure 3).

Data from 11 RCTs [37-47] compliant with the eligibility criteria were extracted
and synthesized.

No study was found in which the (short- and long-term) concentrations and compo-
sition of the peri-implantitis-associated microbiota after (any) peri-implantitis treatment
in systemically healthy, non-smoking, partially and totally edentulous adult subjects was
examined or in which the data from totally edentulous patients could be extracted inde-
pendently. Similarly, no data on peri-implantitis-associated microbiota variations were
found at healthy peri-implant and periodontal sites and at treated peri-implant mucositis,
gingivitis and periodontitis sites.

Table 2 summarizes data from the 11 RCTs included that evaluated the microbiological
content of supra- or submucosal samples before and after any peri-implantitis treatment
(with or without adjunctive treatment) in systemically healthy non-smoking partially
edentulous subjects with at least one dental implant-supported restoration affected by
peri-implantitis, diagnosed as peer previously and current accepted criteria [3,17].
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[ Identification of studies via datab and registers Identification of studies via other method: ]
Records identified from: S;(:;rnd;;moved before Récords identified frofi Records removed before
= PubMed\MEDLINE o included studies: sereening;
% database: (n=341) ?u%l;c;te records removed (n=393) Duplicate records removed
o Scopus > n= o ) (n=57)
£ gatabase- (n=594) Records marked as ineligible by Records marked as ineligible by
s Web of Scienlce automation tools (n=0) automation tools (n=0)
i database: (n=526) Records removed for other Records removed for other
d reasons (n=0) reasons (n=0)
e’
— 4 \4
Records screened »| Records excluded Records screened »| Records excluded
(n=891) (n=713) (n=336) (n=324)
A 4 A 4
Reports sought for retrieval Reports not retrieved Reports sought for retrieval [—| Reports not
2 (n=178) (n=0) (n=12) retrieved (n=0)
8
e
] \ 4 \ 4
Reports excluded: Reports excluded:
Reports assessed for eligibility Reports assessed for eiigibiiity ————>
(n=178) Reason 1: not RCT (n=99) (n=12) Reason 1:
microbiological
Reason 2: not peri- analysis not
implantitis or peri- performed (n=8)
implantitis treatment
not performed (n=30) Reason 2: not RCT
(n=2)
Reason 3: microbiological
M) A4 analysis not v Reason 3: inability to
" . < performed or inability extract data from
(Stu;iga)s included in review to extract data (n=19) Studies included in review non-smoker (n=1)
n= =
n=1
Reason 4: inability to 0=1)
extract data from non-
smoker and/or partially
or fully edentulous
-~ subjects (n=18)
'§ Reason 5: inability to
° extract data from
£ subjects with peri-
implantitis vs
periodontitis (n=1)
Reason 6: not English
language (n=1
guage (n=1) v
I Total studies included in review (n=11) |

Figure 3. PRISMA 2020 flowchart of the study selection via databases (electronic search) and other
methods (manual search).
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Table 2. Studies characteristics and data extracted from the included RCTs. Studies characteristics: first Author, years of publication, journal, design, reference,
quality assessment, and funding. Characteristics of the test/control group population: participants” sample size (n.), mean and range age, gender ratio, implant with
and without peri-implantitis (n.), implant with peri-implantitis (n.), implant design and type, type of abutment and prosthesis, supported restoration, position
(tissue/bone level), mean time after implant placement. Intervention in the test/control group: peri-implant treatment, removal of the prosthesis (yes/no),
session (n.), type of samples(s) (supra- or submucosal), method(s) of sampling collection, timing of collection after treatment, microorganism identification technique,
target. Outcome(s): microorganism detected before and after peri-implantitis treatment.

Outcome(s) Outcome(s)
Microorganisms Detected Microorganisms Detected
Studies Test Group Intervention Control Group Intervention
Before After Before After
Intervention Intervention Intervention Intervention
Porphyromonas gingivalis Porphyromons gingivalis
(log CFU/mL) (log CFU/mL)
Treatment: NSMD + local Treatment: NSMD + local
Test group: n.20 antibiotics (AMX 500 mg/ At 6 months Control group: n.20 antibiotics (AMX 500 mg/ At 6 months
Almohareb T. 3d + MTZ 400 mg/7 d) + 0.12% 324 £1.52%4 3 d + MTZ 400 mg/7 d) +0.12% 396 £ 111~
2020 7 Mean age: 51.7 + 7.5 y.o. CHX + diode laser + aPDT 573+ 1.12 At 12 months Mean age: 50.9 + 6.3 y.o. CHX + diode laser 529 £164 At 12 months
Gender ratio: 18M/2F 467 + 1.44 Gender ratio: 16M/4F . 448 +1.35
Photodiagnosis Removal of the prosthesis: MD Removal of the prosthesis: MD
Photodyn Ther Implant: n.43—with Tannerella forsythia Implant: n.36—with ) Tannerella forsythia
peri-implantitis: n.20 Session: n.1 (log CFU/mL) peri-implantitis: n.20 Session: n.1 (log CFU/mL)
[371 . At 6 months At6 th
: . i . Type of sample(s): MD months
wer Implant design and type: MD | Type of sample(s): MD 264 + 123 % Implant design and type: MD YP! ple(s) 298 + 1.18 *
Type of abutment: MD Method(s) of sampling collection: 422+173 At 12 months Type of abutment: MD Method(s) of sampling collection: 446 +121 At 12 months
High risk Type of prosthesis: MD paper points 333+ 1.74 Type of prosthesis: MD paper points 3.86 + 1.89
. e ion: imi i e| i ion: Timing of collection after treatment: | Treponema denticola
Deanship of Scientific | Supported restoration: MD Timing of collection after Treponema denticola Supported restoration: MD 3 P
Researc}lla King Saud treatment: 6 and 12 months (log CFU/mL) 6 and 12 months (log CFU/mL)
A Position: MD Position: MD
Universit . . . . L.
¥ Mean time after implant Microorganism identification At 6 months Mean time after implant Microorganism identification At6 monthi
, ! 3.12 + 1.09 techniqte: PCR 3414089
placement: MD technique: PCR 419 +1.92 placement: MD Sanleielc g 4.54 +1.08
Target: MD : ’ At 12 months Target: MD ’ ! At 12 months
3.75+1.79 3.96 +£1.88
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Table 2. Cont.

Outcome(s)
Microorganisms Detected

Outcome(s)
Microorganisms Detected

Istanbul University
Research Fund

Type of prosthesis: n.24
cement-retained fixed
metal-ceramic

Supported restoration: n. MD
Position: MD

Mean time after implant
placement: MD

Timing of collection after
treatment: 1 month

Microorganism identification
technique: PCR
Target: DNA

n.20 ‘ At 1 month: n.20

Prevotella nigrescens

n.23 ‘ At 1 month: n.22

Streptococcus costellatus

n.23 ‘ At 1 month: n.20
Tannerella forsythia
n.22 ‘ At 1 month: n.20

Treponema denticola

n.24 ‘ At 1 month: n.22

Type of prosthesis: n.24
cement-retained fixed
metal-ceramic

Supported restoration: n.MD
Position: MD

Mean time after implant
placement: MD

i Test Group Intervention Control Grou Intervention
Studies Before After P Before After
Intervention Intervention Intervention Intervention
Campylobacter gracilis Campylobacter gracilis
n.22 ‘ At 1 month: n.22 n.19 ‘ At 1 month: n.16
Campylobacter rectus Campylobacter rectus
Test group: n.5 n.20 ‘ At 1 month: n.20 Control group: n.5 n.20 ‘ At 1 month: n.18
Mean age: N/D Eubacterium nodatum Mean age: N/D Eubacterium nodatum
Gender ratio: N/D Treatment: NSMD + Diode Laser n.0 ‘ At 1 month: n.3 Gender ratio: N/D Treatment: NSMD n.0 ‘ At 1 month
(Denlase 810/7, Beijing, China) )
Implant: n.48—with Fusobacterium nucleatum Implant: n.48—with . Fusobacterium nucleatum
Ansan V., eri-implantitis: n.24 Removal of the prosthesis: n.24 yes eri-implantitis: n.24 Removal of the prosthesis: n.24 yes
2015 p p S p i n.24 \ At1month:n24 | P p o n.24 \ At 1 month: n.24
. . . Session: n.1
Photomed Laser S Implant design and type: n.24 | Session: n.1 Peptostreptococcus micros Implant design and type: n.24 ession: n Peptostreptococcus micros
otomed Laser surg tapered root form design with tapered root form design with T £ sample(s): subm 1
(381 rough surface (sandblasted Type of sample(s): submucosal n.24 ‘ Atlmonth:n.19 | rough surface (sandblasted ype ot samprets): submucosa n.20 ‘ At 1 month: n.15
g and acid-etched) ) . Porphyromonas gingivalis and acid-etched) Method(s) of sampling collection: Porphyromonas gingivalis
RCT Method(s) of sampling collection: sterile paper points
Type of abutment: MD sterile paper points n.19 ‘ At1month: n.12 | Type of abutment: MD paperp n.18 ‘ At 1 month: n.18
High risk Prevotella intermedia Timing of collection after treatment: | prevotella intermedia

1 month

Microorganism identification
technique: PCR
Target: DNA

n.20 ‘ At 1 month: n.22

Prevotella nigrescens

n.19 ‘ At 1 month: n.16

Streptococcus costellatus

n. 23 ‘ At 1 month: n.20
Tannerella forsythia
n.22 ‘ At 1 month: n.22

Treponema denticola

n. 24 ‘ At 1 month: n.24
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2014

Clin Oral Implants Res
[39]

RCT

High risk

Bredent Medical
GmbH & Co. KG,
Geschiftsbereich

HELBO, Walldorf,
Germany

27-78 y.o0.
Gender ratio: 10M/10F

Implant: n.70—with
peri-implantitis: n.20

Implant design and type:
Straumann® Dental Implant
System with rough surface
(sandblasted and acid-etched)

Type of abutment: MD
Type of prosthesis: MD

Supported restoration: n.MD
Position: tissue-level

Mean time after implant
placement: 7.3 years

GmbH) + Diode laser (HELBO
TheraLite Laser, HELBO® 3D
Pocket Probe, Photodynamic
Systems GmbH)

Removal of the prosthesis: MD

Session: n.6 (at baseline, after
1 week, 3, 6,9 and 12 months)

Type of sample(s): submucosal

Method(s) of sampling collection:
sterile paper points

Timing of collection after
treatment: 3, 6 and 12 months

Microorganism identification
technique: RT-PCR
Target: DNA

At 3 months: n.4
>10%: n.1 (5%)

n.6
>10°: n.3

At 6 months: n.3
>10%: n.1 (5%)

(15%)

At 12 months:
n.8
>10%: n.2 (11%)

Capnocytophaga gingivalis

At 3 months:
n.20
>10% n.1 (5%)

n.20
>10% n.1 (5%)

At 6 months:
n.20
>10% n.2 (10%)

At 12 months:
n.19
>10% n.2 (11%)

Eikenella corroden

S

At 3 months: n.5
>10% n.1 (5%) ¥

n.9
>10% n.4

At 6 months: n.6
>10% n.1 (5%)

(20%)

At 12 months:
n.6

>10% n.2 (11%)

Gender ratio: 10M/10F

Implant: n.37—with
peri-implantitis: n.20

Implant design and type:
Straumann® Dental Implant
System with rough surface
(sandblasted and acid-etched)

Type of abutment: MD
Type of prosthesis: MD

Supported restoration: n.MD
Position: tissue-level

Mean time after implant
placement: 7.2 years

minocycline hydrochloride
microspheres (1 mg of Arestin®)

Removal of the prosthesis: MD

Session: n.6 (at baseline, after
1 week, 3, 6,9 and 12 months)

Type of sample(s): submucosal

Method(s) of sampling collection:
sterile paper points

Timing of collection after treatment:

3, 6 and 12 months

Microorganism identification
technique: RT-PCR
Target: DNA
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Table 2. Cont.
Outcome(s) Outcome(s)
Test G Microorganisms Detected Control G Microorganisms Detected
i est Grou Int, ti ontrol Grou Int ti
Studies P mervention Before After P mervention Before After
Intervention Intervention Intervention Intervention
A. actinomycetemcomitans A. actinomycetemcomitans
At 3 months At 3 months
n.6 (30%) n.8 (40%)
>10% n.0 (0%) >10°: n.0 (0%)
o At 6 months n.7 (35%) At 6 months
r;.io(gil/ol) (5%) n.3 (15%) >10°: n.2 n.5 (25%)
Treatment: NSMD + glycine-based | >10% n.0 (0%) (10%) >10°: n.0 (0%)
Test group: n.20 (n.19 at9and | Powder air-polishing (Air-Flow At 12 months Treatment: NSMD + glycine-based At 12 months
® ; ® o Control group: n.20 . o : o
12 months) Master®, PerioPowder®, n.6 (32%) powder air-polishing (Air-Flow n.7 (35%)
Perio-Flow® nozzle) + aPDT >10°: n.0 (0%) Master® PerioPowder® >10% n.0 (0%)
) ) ® . = Mean age: 57 y.o.; range . " ® ! —
Bassetti M., Mean age: 59 y.o.; range (HELBO® Photodynamic Systems Campylobacter rectus 29-75 y.o. Perio-Flow®™ nozzle) + Local Campylobacter rectus

At 3 months: n.5
>10%: n.1 (5%) ¥

n.17 At 6 months: n.7
>10°:n.3 >10%: n.0 (0%)
(15%)

At 12 months: n.7
>10%: n.0 (0%) ¥

Capnocytophaga gingivalis

At 3 months: n.20
>10% n.1 (5%)

n.20 At 6 months: n.6

>10%:n.5 >10% n.1 (5%)
At 12 months:
n.20

>10% n.2 (10%)

Eikenella corrodens

At 3 months: n.5
>10% n.1 (5%) ¥

n.135A At 6 months: n.2
210" n.7 >10% n.0 (0%) ¥
(35%) =

At 12 months: n.8
>10% n.1 (5%)
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Table 2. Cont.
Outcome(s) Outcome(s)
Test G Microorganisms Detected Control G Microorganisms Detected
i est Grou Int ti ontrol Grou Int ti
Studies P niervention Before After P niervention Before After
Intervention Intervention Intervention Intervention
Eubacterium nodatum Eubacterium nodatum
At 3 months: n.9 At 3 months: n.8
>10% n.0 (0%) il >10% 1.0 (0%)
rl'115: o At 6, 12 months: >10" n.3 At 6, 12 months:
>105 n.0 (0%) . ,
. - ’ n.12 >10°: (15%) n.9 >10°:
Treatment: NSMD + glycine-based PO o
der ai lishing (Air-Fl n.0 (0%) n.0 (0%) *
Test group: n.20 (n.19 at 9 and powder air-polishing (Air-Flow . . lvei ;
St sroup: - : Master®, PerioPowder®, Fusobacterium nucleatum Control - .20 Treatment: NSMD + glycine-based Fusobacterium nucleatum
12 months) Perio-Flow® nozzle) + aPDT VD o ontrol group: n. powder air-polishing (Air-Flow
. months: ® . ®
. . (HELBO® Photodynamic Systems . . Master®, PerioPowder®, At 3 months: n.14
Bassetti M., Mean age: 59 y.0.; range GmbH) + Diode lz}:;r (HELYBO 2125‘ o %ez;r; age: 57y.0.; range Perio-Flow® nozzle) + Local >10%: n.3 (15%) ¥
2014 27—73 yo- 10M/10F TheraLite Laser, HELBO® 3D 210%: n.3 (15%) Ge_n de};:;atio 10M/10F minocycline hydrochloride
Gender ratio: 10M/10 Pocket Probe, Photodynamic n.19 At 6 months: ’ microspheres (1 mg of Arestin®) n.19 At 6 months: n.17
Clin Oral Implants Res . . Systems GmbH) >10°:n.9 n.16 . S >10%: n.12 5. “ory 1
Im}?l?nt. “‘79.*“’“}‘ (45%) >10°: n.3 (15%) * ImPl'ant.ln.C‘)Zf Wltgo Removal of the prosthesis: MD (60%) 210°: n.3 (15%)
39] peri-implantitis: n.20 Removal of the prosthesis: MD peri-implantitis: n.
: P ' At 12 months: Session: n.6 (at baseline, after At 12:months:
i : Impl. i : e ’
RCT Implant design and type: Session: n.6 (at baseline, after n.145. ok mplant de(s@lgn and type 1 week, 3, 6,9 and 12 months) n.155. oy 1
Straumann® Dental Implant 1 week, 3, 6,9 and 12 months) >10°: n.2 (11%) Straumann® Dental Implant >10%: n.3 (15%)
High risk System with rough surface Parvimonas micra System with rough §urface Type of sample(s): submucosal Parvimonas micra
(sandblasted and acid-etched) Type of sample(s): submucosal (sandblasted and acid-etched)
Bredent Medical r[?tlg months: T £ abut & MD Method(s) of sampling collection: At 3 months: n.11
GmbH & Co. KG, Type of abutment: MD Method(s) of sampling collection: >10°: n.1 (5% ype of abutment: sterile paper points >10°: n.3 (15%)
Geschiftsbereich Type of prosthesis: MD sterile paper points >10°: n.1 (5%) Type of prosthesis: MD
HELBO, Walldorf, . n.13 At 6 months: . Timing of collection after treatment: n.14 .
German Supported restoration: n.MD Timing of collection after >10%:n.3 n.l1 Supported restoration: n.MD 3, 6 and 12 months >10°%: n.5 At 65m0nths. n-11
Y ; s 1o g 0 >10%: n.2 (10%)
. . treatment: 3, 6 and 12 months (15%) >10°: n.1 (5%) . . (25%)
Position: tissue-level Posmor‘t t1ssue-1_evel Microorganism identification
Mean time after implant Microorganism identification Atlzllz months: Mean time after implant technique: RT-PCR At1 22 months:
lacement: 7.3 years P n. placement: 7.2 years R n.
s >10°: n.0 (0% : >10°: n. %
P ¥ :Ei}g;.q%el\]iT PCR >105: n.0 (0%) Target: DNA >10°: n.2 (10%)
Porphyromonas gingivalis Porphyromonas gingivalis
At 3 months: n.5 At 3 months: n.9
>10%: n.0 (0%) * >10%: n.1 (5%) *
n.5 At 6 months: n.6 n.10 At 6 months: n.4
>10°: n.2 >10°: n.0 (0%) * >10°: n.5 >10%: n.1 (5%) *
(10%) - (25%)
2212 months: At 12 months: n.4
. 5. 0\ *
>10°%: n.0 (0%) >10°: n.1 (5%)
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Position: tissue-level
Mean time after implant
placement: 7.3 years

treatment: 3, 6 and 12 months

Microorganism identification
technique: RT-PCR
Target: DNA

At 3 months: n.3
>10%: n.0 (0%) *

n.8 At 6 months: n.4
>10%:n.2 >10°%: n.0 (0%)
(10%)
At 12 months:
n3

>10%: n.1 (5%)

Position: tissue-level
Mean time after implant
placement: 7.2 years

Microorganism identification
technique: RT-PCR
Target: DNA

Outcome(s) Outcome(s)
Test G Microorganisms Detected Control G Microorganisms Detected
i est Grou Int ti ontrol Grou Int ti
Studies P niervention Before After P niervention Before After
Intervention Intervention Intervention Intervention
Prevotella intermedia Prevotella intermedia
Treatment: NSMD + glycine-based
. powder air-polishing (Air-Flow At 351-rlonthso: n5 ) ) At 3511n0nthso: n.*3
Test group: n.20 (n.19 at 9 and Master® PerioPowder® >10°: n.1 (5%) Control group: n.20 Treatment: NSMD + glycine-based >10°: n.0 (0%)
12 months) Perio-Flow® nozzle) + aPDT n.6 At 6 months: n.5 powdef@alr-p _0 lishing (glr—Flow n.6 At 6 months: n.4
M 59 ves (HELBO® Photodynamic Systems | >10% n.2 >10%: 1.0 (0%) Mean age: 57 y.0.; range Master ', PerioPowder ', >10°: n.0 >10%: n.0 (0%)
Bassetti M., ean age: 59 y.o.; range GmbH) + Diode laser (HELBO (10%) 29-75 y.o. Pgrlo—Floyv nozzle) + chal (0%)
2014 é777§ J-0- tio: 10M,/10F TheraLite Laser, HELBO® 3D At 12 months: Gender ratio: 10M/10F minocycline hydrochloride At 12 months: n.4
ender ratio: Pocket Probe, Photodynamic 2?05' 2 (1% ' microspheres (1 mg of Arestin®) >10°: n.0 (0%)
Clin Oral Implants Res | lant: n.70—with Systems GmbH) W n o) ImPlgnt: n‘37.—w1th )
erl:i’—im Lamtitis: 1.0 Tannerella forsythia peri-implantitis: n.20 Removal of the prosthesis: MD Tannerella forsythia
[39] p P T Removal of the prosthesis: MD
) At 35monthsoi I1~14 Implant design and type: Session: n.6 (at baseline, after At 35m0nth503 n.f
RCT Implant dezplgn and type: Session: n.6 (at baseline, after 210%: n.0 (0%) Straumann® Dental Implant 1 week, 3, 6,9 and 12 months) >10°: n.1 (5%)
Straumam Dental Implant 1 week, 3, 6,9 and 12 months) n.11 At 6 months: n.6 System with rough surface 13 >105: At 6 months: n.6
High risk System with rough §urface >10°: n4 >10%: n.1 (5%) ¥ (sandblasted and acid-etched) | Type of sample(s): submucosal .6 30 : >105: n.1 (5%) ¢
(sandblasted and acid-etched) Type of sample(s): submucosal (20%) : n.6 (30%)
Bredent Medical ) At712 months: Type of abutment: MD Method(s) of sampling collection: At 12 months: n.8
GmbH & Co. KG, Type of abutmen.t..MD Method(s) of sampling collection: 2105‘ 2 (11% Type of prosthesis: MD sterile paper points >10%: n.2 (10%) ¥
Geschiftsbereich Type of prosthesis: MD sterile paper points 210° n.2 (11%) . .
HELBO, Walldorf, . Treponema denticola Supported restoration: n.MD | Timing of collection after treatment: | Tyeponema denticola
Germany Supported restoration: n.MD Timing of collection after 3,6 and 12 months

At 3 months: n.3
>10%: 1.0 (0%) ¥

n.10
>10°:n.3

At 6 months: n.4
>10%: n.1 (5%) ¥

(15%)

At 12 months: n.4
>10%: n.1 (5%) *
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Outcome(s) Outcome(s)
Test G Int " Microorganisms Detected Control G Int A Microorganisms Detected
i est Grou ontrol Grou t
Studies P miervention Before After P miervention Before After
Intervention Intervention Intervention Intervention
A.actinomycetemcomitans(log A. actinomycetemcomitans
T . Treatment: NSMD + air polishing CFU/mL) . Treatment: NSMD + air polishing (log CFU/mL)
est group: n.10 : Control group: n.10 .
(Prophy-Jet) + diode laser + aPDT At 3 months (Prophy-Jet) + diode laser At 3 months
0.91 +0.80 1.12 +0.86
. 0.47 £ 0.64 . 0.61 £0.62
. Mean age: N/D Removal of the prosthesis: MD Mean age: N /D Removal of the prosthesis: MD
Birang E., Gender ratio: N/D Porphyromonas gingivalis Gender ratio: N/D Popriyromonas gingivalis
2017 o (log CFU/mL) A (log CFU/mL)
Implant: n.MD—with Session: n.2 Implant: n MD—with Session: n.2
J Laser Med Sci peri-implantitis: n.20 142 4+ 149 At 3 months eri-implantitis: n.20 1684150 | At3months
o Type of sample(s): submucosal ! ’ 0.70 +0.99 P P o Type of sample(s): submucosal ’ : 1.03 £ 1.44
4 i : Prevotella intermedia (1 F L i : Prevotella intermedia (1 F L
471 Implant design and type: MD Method(s) of sampling collection: revoteln mterme mA( :g S LL/m ) Implant design and type: MD Method(s) of sampling collection: revoter in erme[;a (30g < }[j/m )
i t 3 months i t 3 months
RCT Type of abutment: MD paper points 1.04 +1.30 0.39 &+ 0.58 Type of abutment: MD paper points 127+111 0.65 + 1.19
Unclear risk Type of prosthesis: MD Timing of collection after Treponema denticola Type of prosthesis: MD Timing of collection after treatment: | Treponema denticola
Supported restoration: n.MD treatment: 3 months (log CFU/mL) Supported restoration: n.MD 3 months (log CFU/mL)
No Funding . S P At 3 months : Lo P At 3 months
POSitiOl:l: MD . lt\éléirr?i(c);g:msm identification 0.53 +0.63 021 + 0.46 Position: MD Zlé;ﬁglfea-nlsm identification 0.48 4 0.55 028 + 0.44
Mean t1me. after implant RT-PCR Tannerella forsythia (log CFU/mL) Mean time after implant RT-PCR Tannerella forsythia (log CFU/mL)
placement: MD Tareet: MD placement: MD T = MD
arget 043 + 055 At 3 months arget. 031 4+ 055 At 3 months
: ’ 0.14 £0.24 ’ : 0.15 £ 0.27
Porphyromans gingivalis Porphyromonas gingivalis
Test group: n.20 Treatment: SMD + local 0.2% CHx |18 CFU/mL) Control group: n.20 (log CFU/mL)
+aPDT + Diode laser +0.2% CHX | 193 After treatment Treatment: SMD + local 0.2% CHX | g3 After treatment
Mean age: N/D (8 h/2 weeks) ’ 0.44 +0.14 Mean age: N/D (8 h for 2 weeks) ' 1.05 4 0.02
. Gender ratio: N/D Prevotella intermedia Gender ratio: N/D Prevotella intermedia
Bombeccari, G.P, Removal of the prosthesis: no (log CFU/mL) Removal of the prosthesis: no (log CFU/mL)
2013 Implant: n. MD—with Implant: n. MD—with
peri-implantitis: n.20 Session: n.1 1.93 After treatment peri-implantitis: n.20 Session: n.1 1.95 After treatment
Implant Dent 0.57 +0.34 1.18 +£0.23
Implant design and type: Type of sample(s): N/D A. actinomycetemcomitans Implant design and type: Type of sample(s): N/D A. actinomycetemcomitans
[40] Nobel Biocare® with rough (log CFU/mL) Nobel Biocare® with a rough (log CFU/mL)
surfaces Method(s) of sampling collection: “After treatment surface Method(s) of sampling collection: ‘After treatment
RCT paper strips 1.79 ¢ paper strips 1.81 er e
0.45 £0.04 1.04 £0.12 %
o Type of abutment: MD - - Type of abutment: MD - -
High risk Type of prosthesis: MD Timing of collection after Total Anaerobic Bacteria Type of prosthesis: MD Timing of collection after treatment: Total Anaerobic Bacteria
) treatment: after treatment, 3, 6 (log CFU/mL) after treatment, 3, 6 months (log CFU/mL)
No Funding Supported restoration: n. MD | months After treatment Supported restoration: n. MD ) After treatment
0.98 + 0.20 Microorganism identification 1.58 + 0.34
Position: MD Microorganism identification h Position: MD technique: bacterial cultures h
Mean time after implant technique: bacterial cultures 2.35 + 0.02 f;g’ months Mean time after implant Target: MD 2374 0.03 1A§ 2 months
placement: MD Target: MD : placement: MD -
At 6 months At 6 months
1.77 2.06
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Weimer Pharma

Type of prosthesis: MD
Supported restoration: n.MD
Position: MD

Mean time after implant
placement: MD

Timing of collection after
treatment: 3 and 6 months

Microorganism identification
technique:

RT-PCR

Target: MD

Prevotella nigrescens (%)

>70.0

At 3 months:
>40.0

At 6 months:
>40.0

Tannerella fortsythia (%)

>60.0

At 3 months:
>20.0

At 6 months:
0.00

Treponema denticola (%)

>40.0

At 3 months:
>0.00

At 6 months:
>10.0

Supported restoration: n.MD

Position: MD
Mean time after implant
placement: MD

Timing of collection after treatment:

3 and 6 months

Microorganism identification
technique:

RT-PCR

Target: MD

Outcome(s) Outcome(s)
Test G Int " Microorganisms Detected Control G Int A Microorganisms Detected
i est Grou ontrol Grou t
Studies P niervention Before After P miervention Before After
Intervention Intervention Intervention Intervention
Campylobacter rectus (%) Campylobacter rectus (%)
At 3 months: At 3 months:
>60.0 >70.0
>90.0 At 6 months: >800 At 6 months:
>40.0 >50.0
Eubacterium nodatum (%) Eubacterium nodatum (%)
;’XltOSOmonths: At 3 months: 0.0
<10.0 . <20.0
Test :n.25 : 0. :>0.
estgroup: Treatment: SMD + powder - At6 months: 0.0 Treatment: SMD + powder - At6 months: >0.0
Mean age: 60.2 y.0.; range air-polishing (Air-Flow Master®) + | Fusobacterium nucleatun (%) Control group: n.25 air-polishing (Air-Flow Master®) + | Fusobacterium nucleatum (%)
40-83 y.o. Local minocycline ointment + 100 At 3.6 months: placebo ointment + Systemic AMX 100 At 3.6 months:
Gender ratio: 15M/10F Systemic AMX (500 mg 3/3 d) + 100 Mean age: 63.0 y.0.; range (500 mg 3/3 d) + ibuprofen (600 mg 100
Cha, J K., ibuprofen (600 mg 3/3 d) Peptostreptococcus micros (%, 46-84 y.o. . 3/34d) Peptostreptococcus micros (%,
2019 Implant: n.N/D—with prostrep (%) Gender ratio: 10M/15F ptostrep (%)
peri-implantitis: n.25 Removal of the prosthesis: MD 80.0 At 3.6 months: Removal of the prosthesis: MD >80.0 At 3.6 months: 60
J Dent Res ’ 50 Implant: n.N/D—with ) ) )
Implant design and type: Session: n.4 (1 week, 1.3 months: Porphyromonas gingivalis (%) peri-implantitis: n.25 Session: n.4 (1 week, 1, 3 months: Porphyromonas gingivalis (%)
[41] nonmodified turned surface NSMD + Local minocycline 1 mg) 300 AL36 e 0 NSMD + placebo) 30.0 AL3G he 50
1.1; TiOblast n.1; OsseoTite >90- | At3.6 months: Implant design and type: >30. | At3.6 months: >
RCT n.4; sandblasted and Type of sample(s): MD Prevotella intermedia (%) TiUnite n.3; OsseoSpeed n.2; Type of sample(s): MD Prevotella intermedia (%)
acid-etched n.11; resorbable B OsseoTite n.2; sandblasted -
High risk blast media n.2 Method(s) of sampling collection: >Alt030months. and acid-etched n.15; Method(s) of sampling collection: f iOSOmonths.
sterile paper points >50.0 . sterile paper points >60.0 -
Sunstar Inc. and Type of abutment: MD At 6 months: Type of abutment: MD At 6 months:
30.0 Type of prosthesis: MD >40.0

Prevotella nigrescens (%)

>60.0

At 3 months: 50.0

At 6 months: 40.0

Tannerella forsythia (%)

>70.0

At 3 months:
>50.0

At 6 months:
>10.0

Treponema denti

cola (%)

>30.0

At 3 months:
>20.0

At 6 months:
>20.0
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Outcome(s)
Microorganisms Detected

Outcome(s)
Microorganisms Detected

i Test Grou Intervention Control Grou Intervention
Studies P Before After P Before After
Intervention Intervention Intervention Intervention
Total Orange-Complex Bacteria (%) Total Orange-Complex Bacteria (%)
At 3.6 months: At 3.6 months:
100 100 100 100
Total Red-Complex Bacteria (%) Total Red-Complex Bacteria (%)
N months: At 3 months: 59.1
87.5 AL6 e 81.8
12t5 months: At 6 months: 31.8
Test group: n.11 Treatment: Er:YAG Control group: n.12
group Total Anaerobic Bacteria group Treatment: NSMD Total Anaerobic Bacteria
Chen, J.H,, Mean age: MD Removal of the prosthesis: MD (log CFU/mL) Mean age: MD . (log CFU/mL)
2022 Gender ratio: MD Gender ratio: MD Removal of the prosthesis: MD
Session: n.3 at baseline, at 2 and Session: n.1
Laser Med Sci Implant: n.MD—with 4 weeks Implant: n.MD—with T
peri-implantitis: n.13 peri-implantitis: n.12 .
[42] Type of sample(s): submucosal Type of sample(s): submucosal
Implant design and type: MD At 3 months Implant design and type: MD | 1 (s) of sampling collection: At 3 months
RCT Method(s) of sampling collection: 943 +£1.85 aper points ping ) 9.05+2.74*
Type of abutment: MD paper points Type of abutment: MD paperp
Unclear risk Type of prosthesis: MD Type of prosthesis: MD - . .
Timing of collection after 923 + 3.06 ?::g% ?éggif:uon after treatment: 12.02 £1.90
Southern Taiwan Supported restoration: n.MD treatment: 3 and 6 months Supported restoration: n.MD
Science Park Microorganism identification
POSltlol:l: MD ) Mlcrqorgamsm identification At 6 months Pos1t101.'1: MD ) technique: MD At 6 months
Mean time after implant technique: MD 8.80 + 2.49 Mean time after implant Tareet: MD 8.66. 4+ 2.55 *
placement: MD Target: MD placement: MD get: T
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Outcome(s)
Microorganisms Detected

Outcome(s)
Microorganisms Detected

i Test Grou Intervention Control Grou Intervention
Studies P Before After P Before After
Intervention Intervention Intervention Intervention
A. actinomycetemcomitans A. actinomycetemcomitans
(log CFU/mL) (log CFU/mL)
At1land
0.00 % 0.00 3 month 000000 | o4 i“ggom"mh
0.00 £ 0.00 ! .
Campylobacter rectus (log CFU/mL) Campylobacter rectus (log CFU/mL)
At 1 month At 1 month
Test group: n.11 4.95 + 2.58 Control group: n.11 5.67 +1.98
Treatment: NSMD+ Lactobacillus 597 £ 1.16 ) 6.07 + 0.86
Mean age: 61.7 = 7.0 reuteri (Prodentis, PerioBalance®, At 3 months Mean age: 56.8 + 9.3 ;l"lrelatment. I;ISI\Q%D d4)— Placebo At 3 months
Gender ratio: 8M/3F 1 lozenge for 30 d) 580 £1.02 Gender ratio: 5M/6F ozenges tor 6.20 £0.87
%allé)fré, M., Tmplant: nM Removal of the prosthesis: MD Eikenella corrodens (log CFU/mL) Implant: n.MD Removal of the prosthesis: MD Eikenella corrodens (log CFU/mL)
Implant with peri-implantitis: At 1 month Implant with peri-implantitis: | ¢ . . 4 At 1 month
] Periodontal Res n.11 Session: n.1 436 4204 448+£299 nll ession: n. 5724112 5.00 + 1.8
’ ’ A h : ' ’ A h
[43] Implant design and type: MD | Type of sample(s): submucosal 3;; :3126 s Implant design and type: MD Type of sample(s): submucosal 4;2 z(fl;g s
RCT Type of abutment: MD Method(s) of sampling collection: Fusobacterium nucleatum Type of abutment: MD Is\i[:;};;)dgs) :rf szgll{)slmg collection: Fusobacterium nucleatum
Type of prosthesis: MD sterile paper points (log CFU/mL) Type of prosthesis: MD paperp (log CFU/mL)
Unclear risk .. . .
Supported restoration: single | Timing of collection after At 1month Supported restoration: single 31;?1?% ?r{ cgtlilectlon after treatment: At 1 month
Sunstar Suisse and crown (n.36); fixed partial treatment: 1 and 3 months 6.78 + 0.97 5.60 +2.92 crown (n.36); fixed partial onths 6.81 + 0.66 6.59 £0.72
BioGaia prosthesis (n.64) Microoreanism identification At 3 months prosthesis (n.64) Microorganism identification At 3 months
. icroorganis entincatio 6.64 +1.18 . technique: RT-PCR 6.94 £ 0.50
Position: MD technique: RT-PCR - Position: MD Tareet: MD -
Mean time after implant Target: MD Peptostreptococcus micros Mean time after implant arget: Deptostreptococcus micros
placement: MD (log CFU/mL) placement: MD (log CFU/mL)
At 1 month At 1 month
4.81 £248 5.30 £ 1.94
5.88 +0.78 6.10 £ 0.61
At 3 months At 3 months
5.32+1.94 5.97 + 0.69
Porphyromonas gingivalis Porphyromonas gingivalis
(log CFU/mL) (log CFU/mL)
At 1 month At 1 month
5.74 £ 3.08 4.75 £3.34
5.20 £2.90 4.81 £3.29
At 3 months At 3 months
5.21 4+ 2.86 491 +343
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Outcome(s) Outcome(s)
Microorganisms Detected Microorganisms Detected
i Test Group Intervention Control Grou Intervention
Studies Before After P Before After
Intervention Intervention Intervention Intervention
Prevotella intermedia (log CFU/mL) Prevotella intermedia (log CFU/mL)
At 1 month At 1 month
Test group: n.11 . . 7.18 +0.88 Control group: n.11 5.67 +2.96
j;;g;j‘fgodﬁiﬁff;e’;fgg’:gigg 6.10+234 Treatment: NSMD + Placebo 643+222
Mean age: 61.7 7.0 1 lozenge for 30 d,) ! At 3 months Mean age: 56.8 9.3 (1 lozenges for 30 d) At 3 months
Gender ratio: 8M/3F 6.06 +2.18 Gender ratio: 5M/6F 547 £291
Galofré, M., .. . Removal of the prosthesis: MD .
20211 é) Té Implant: n.M Removal of the prosthesis: MD Tannerella forsythia (log CFU/mL) Implant: n.MD P Tannerella forsythia (log CFU/mL)
Implant with peri-implantitis: Session: n.1 At 1 month Implant with peri-implantitis: | Session: n.1 At 1 month
] Periodontal Res nl1l o 5.60 + 1.09 n1l 454 + 234
Type of sample(s): submucosal
: 5.46 +1.20 yp p 5.06 & 1.87
[43] Implant design and type: MD Type of sample(s): submucosal At 3 months Implant design and type: MD hod(s) of 1 11 o o
. . 478 +2.45 Method(s) of sampling collection: 4.89 & 2.48
RCT Type of abutmen't: MD gf::§§§;sgyeif;2$gmg collection: - Type of abutment: MD sterile paper points :
Type of prosthesis: MD Treponema denticola (log CFU/mL) Type of prosthesis: MD Treponema denticola(log CFU/mL)
Unclear risk o . Timing of collection after treatment:
Supported restoration: single Eégi;geﬁ:c? grelcdhg‘(,) I;nif;i;s At 1 month Supported restoration: single | 1and 3 months At 1 month
Sunstar Suisse and crown (n.36); fixed partial . 4.04 +£3.26 crown (n.36); fixed partial 373+£3.12
BioGaia prosthesis (n.64) Microorganism identification 3.80 £3.16 At 3 months prosthesis (n.64) Microorganism identification 4334+292 At 3 months
Position: MD technique: RT-PCR 314+£314 Position: MD ;‘;igg?ﬁbRT'PCR 330 +3.26
. . Target: MD L . :
Eﬁggntlgﬁf e Total Bacteria Counts (log CFU/ml) | Miean time after implant Total Bacteria Counts (log CFU/mL)
: placement:
At 1 month At 1 month
9.46 + 0.93 9.26 + 0.66
9.05 £ 1.11 9.31 + 0.67
At 3 months At 3 months
8.96 + 1.10 9.33+0.74
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Table 2. Cont.

Outcome(s) Outcome(s)
Test G Microorganisms Detected Control G Microorganisms Detected
Studies est Group Intervention ontrol Group Intervention
Before After Before After
Intervention Intervention Intervention Intervention
Submucosal/Saliva/Tongue Submucosal/Saliva/Tongue
(log CFU/mL): (log CFU/mL):
A. actinomytemcomitans A. actinomytemcomitans
At 6 weeks At 6 weeks
3.71 + 1.66/ 3.67 +2.30/
3.52+271/ 2.67 +2.45/
350 +£2.11 2.78 +£2.09
. NSMD . 309254/ | A3 fim;fgl/s 374247/ | A3 rgfgg/s
reatment: + powder 3.61 £227 - : . 324 +1.87 - .
air-polishing (Air-N-Go Eas ! | s ass Treatment: NSMD + powder /| a0
Test 19 P g ( Y, 356+ 226 Control 10 lishing (AirN-Co E 2.76 +2.10
estgroup: . Acteon) + Probiotic (Lactobaillus 2.80+2.26% ontrol group: n. ;11r-pc])31$ ing (Air-N-Go Easy) + 2.53 +1.83/
Mean age: 64 £ 11 reuteri, BioGaia AB) At 6 months Mean age: 69 + 9 e At 6 months
Gender ratio: 5M/4F R Lof th hesis: MD 244 +£241/ Gender ratio: 4M/6F Removal of the prosthesis: MD 245+£292/
Laleman, I., emoval of the prosthesis: 3.37 +£2.19/ 236 +2.14%/
2020 Implant: n.MD . 242+244* Implant: n.MD Session: n.1 2.88 +2.06
; Implant with peri-implantitis: Sessionn 1 Fusobacterium nucleatum Implant with peri-implantitis: Fusobacterium nucleatum
Clin Oral Implants Res | | g Type of sample(s): submucosal A6 woke n.10 Type of saglplle(s): submucosal, A6 wooks
, . ’ tongue and saliva wi
[44] Implant design and type: tongue and saliva 6.724+129/ Implant design and type: 669+ 094/
N/D Method(s) of i llection: 6.09 +1.08/ N/D Method(s) of sampling collection: 6.11 £ 0.95/
RCT ethod(s) ot sampling collection: 631 +1.34 sterile paper points; sterile 6.67 £1.12
Type of abutment: N/D sterile paper points; sterile Type of abutment: N/D cotton swab '
High risk P | cotton swab 693 +078/ | At3months b e 6.87 4090/ | At3months
Type of prosthesis: N/D : : Type of prosthesis: N/D . :
617061/ | 684£121/ Timing of collection after treatment: | 6-18 £ 051/ | 687121/
BioGaia AB and . Timing of collection after 6.14 + 1.55 6.35 +£1.20/ . 1mung ot cotlection atter freatment: |- "o 1 6.31 +0.59/
Acteon Supported restoration: n.N/D treatment: 2, 4 and 8 months - : 6.48 + 1.31 Supported restoration: n.N/D | 2,4 and 8 months . : 6.75 + 0.82
Position: N/D Microorganism identification At 6 months Position: N/D Microorganism identification At 6 months
Mean time after implant " ;O.o samsm identiicatio 6.68 = 1.23/ Mean time after implant technique: RT-PCR 6.90 +1.25/
placement: N/D If;_;é?{ue' 6.43 +1.08/ placement: N/D 6.34 £ 0.65/
Target: DNA, 165 rRNA 6.63+123% Target: DNA, 16s rRNA 6.63 +1.22
’ Porphyromonas gingivalis Porphyromonas gingivalis
At 6 weeks At 6 weeks
5.27 +3.10/ 3.49 £3.33/
4.58 +2.65/ 3.27 £291/
338 £1.98* 245 +221
5.13 + 3.14/ At 3 months 3.51 4337/ At 3 months
5.12 + 2.09/ 522 +3.16/ 2.79 & 2.98/ 3.08 £3.48/
3.72 +2.18 478 +£2.74/ 261 + 232 2.93 +2.83/
3.45£2.05% 1.60 £2.17*
At 6 months At 6 months
521 +3.13/ 3.104+3.48/
491 £2.80/ 2.79 £3.08/
3.54 £2.07* 225+245
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Table 2. Cont.

Outcome(s)
Microorganisms Detected

Outcome(s)
Microorganisms Detected

Target: DNA, 16s rRNA

i Test Grou; i Control Grou, i
Studies p Intervention Before After p Intervention Before After
Intervention Intervention Intervention Intervention
Treatment: NSMD + powder . . Treatment: NSMD + powder . .
Test group: n.9 air-polishing (Air-N-Go Easy, Prevotella intermedia Control group: n.10 air-polishing (Air-N-Go Easy) + Prevotella intermedia
Acteon) + Probiotic (Lactobaillus Placebo
Mean age: '64 +11 reuteri, BioGaia AB) Mean age: 69 & 9
Laleman, I. Gender ratio: 5SM/4F Gender ratio: 4M/6F Removal of the prosthesis: MD
2020 o Removal of the prosthesis: MD At 6 weeks At 6 weeks
Implant: nMD . 241+244/ Implant: n.MD Session: n.1 1.35 £2.26/
Clin Oral Implants Res Implant with peri-implantitis: Session: n.1 1.39 +£2.15/ Implant with peri-implantitis: 1.73 +£2.38/
n.9 0.39 £ 1.17* n.10 Type of sample(s): submucosal, 1.81 +2.35
[44] . Type of sample(s): submucosal, tongue and saliva
Implant design and type: tongue and saliva Implant design and type:
RCT N/D At3 th N/D Method(s) of sampling collection: At3 th
Method(s) of sampling collection: | 2.46 +1.97/ months sterile paper points; sterile cotton 2.04 +2.28/ months
T Type of abutment: N/D sterile paper points; sterile cotton 1.72 £2.07/ 153 £2.39*/ T f abutment: N/D swab 1.89 +2.43/ 140 &2.32/
High risk Type of prosthesis: N/D paperpomts 113 +171 1.00 +1.99/ D thosis i ' 1.49 £ 2.40/
yp P : swab . . 044 +130* Type of prosthesis: N/D o ) 1.92 +2.50 142 +233
BioGaia AB and ) ’ ’ Timing of collection after treatment: ’ ’
Acteon Supported restoration: n.N/D Timing of collection after Supported restoration: n.N/D | 2,4 and 8 months
- treatment: 2, 4 and 8 months
Posmor'l: N/D . ) o o At 6 months Position: N/D Micro_organism identification At 6 months
Mean time after implant Microorganism identification 1.06 +2.11* Mean time after implant technique: RT-PCR
lacement: N/D ique: ’ A1/ P 2.02+2.19/
p. technique: 1.59 +2.41/ placement: N/D 145 +2.34/
RT-PCR 044 +131* Target: DNA, 16s rRNA 1:44 n 2:33

Passariello, C.,

Test group: n.64

Mean age: 37.1 + 6.8 y.0.;
2012 range 21-53 y.o.
Gender ratio: 35M/29F

Eur ] Inflamm
Implant: n.MD
[45] Implant with peri-implantitis:
n.64
RCT
Implant design and type: MD
High risk
Type of abutment: MD
No Funding Type of prosthesis: MD

Supported restoration: n.MD

Position: MD
Mean time after implant
placement: MD

Treatment: SMD +
Serratiopeptidase (5 mg/12h/15 d)
+ Systemic AMX-clavulanic acid
(2 g/d) or clindamycin (1.2 g/d)

Removal of the prosthesis: yes
Session: n.1
Type of sample(s): submucosal

Method(s) of sampling collection:
paper points

Timing of collection after
treatment: 6 months

Microorganism identification
technique:

RT-PCR

Target: DNA, 16s rRNA

Pseudomonas aeruginosa (%)

n.12 (18.75%)

At 6 months
n.0 (0%)

Staphylococcus aureus (%)

n.13 (20.3%)

At 6 months
n.2 (1.28%)

Control group: n.64

Mean age: 36.6 & 6.6 y.0.;
range 21-50 y.o.
Gender ratio: 32M/32F

Implant: n.MD

Implant with peri-implantitis:
n.64

Implant design and type: MD

Type of abutment: MD
Type of prosthesis: MD

Supported restoration: n.MD
Position: MD

Mean time after implant
placement: MD

Treatment: SMD + Systemic
AMX-clavulanic acid (2 g/d) or
clindamycin (1.2 g/d)

Removal of the prosthesis: yes
Session: n.1

Type of sample(s): submucosal

Method(s) of sampling collection:
paper points

Timing of collection after treatment:

6 months

Microorganism identification
technique:

RT-PCR

Target: DNA and 16s rRNA

Pseudomonas aeruginosa (%)

n.13 (20.3%)

At 6 months
n.0 (0%)

Staphylococcus aureus (%)

n.11 (17.2%)

At 6 months
n.3 (1.92%)
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Table 2. Cont.

Outcome(s)
Microorganisms Detected

Outcome(s)
Microorganisms Detected

external hexagon

Method(s) of sampling collection:
curette

Total Orange-Complex Bacteria (%)

external hexagon

Method(s) of sampling collection:
curette

Total Orange-Co

i Test Grou Intervention Control Grou Intervention
Studies P Before After P Before After
Intervention Intervention Intervention Intervention
Total Red-Complex Bacteria (%) Total Red-Complex Bacteria (%)
Test group: n.20 Treatment: NSMD + Systemic At 14 days Control group: n.20 At 14 days
MTZ (400 mg 3/d for 14 d) + AMZ 3.5 . 55
Mean age: N/D (500 mg 3/d for 14 d) Mean age: N/D Treatment: NSMD + Placebo
s d tio: N/D At 3 months io: At 3 months
Shibli, J.A., Gender ratio: N/ Removal of the prosthesis: MD 55 Gender ratio: N/D Removal of the prosthesis: MD 8.0
2019 : >32.7 : 24.7 -
Implant: n.MD Implant: n.MD L
Implant with peri-implantitis: | Session: n.5 (NSMD at 3, 6, 9 and At 6 months Implant with peri-implantitis: Session: n.5 (NSMD at 3, 6, 9 and At 6 months
Braz Oral Res .20 12 months) 14.7 .20 12 months) 10.9
4 At 12 months . At 12 months
[46] Implant design and type: Type of sample(s): submucosal 15.0 * Implant design and type: Type of sample(s): submucosal 18.6
RCT machined surface with machined surface with

mplex Bacteria (%)

Undlearrisk Type of abutment: MD 2A2tgl4 days Type of abutment: MD Timing of collection after treatment: 13\7%4 days
Sao Paulo Research Type of prosthesis: MD "tl”lmmg Of,Clo széon agfter d Type of prosthesis: MD 14 d, 3, 6,9 and 12 months
Foundation . reatment: 14 d, 3, 6, 9 an, At 3 months . At 3 months
Supported restoration: n.MD 12 months 04 Supported restoration: n.MD Mi L. e 30.7
453 : 1crqorgamsm identification 51.3 .
Position: MD Microorganism identification At 6 months Position: MD EF chnlg%e: IXID At 6 months
Mean time after implant technique: MD 422 Mean time after implant arget: DN 30.1
placement: N/D Target: DNA placement: N/D
At 12 months At 12 months
45.6 37.7*

Abbreviations: number, “n”; male, “M”; female, “F”; missing data, “MD”; milligram, “mg”; milliliters, “mL”; millimeters, “mm”; picograms, “pg”; nanograms, “ng”; pro re nata, “prn”;

.,

percentages, “%”; logarithm, “log”; Colony Forming Unit, “CFU”; day, “d”; minutes, “min”; Randomized Controlled Trial, “RCT”; non-surgical mechanical debridement, “NSMD”;
surgical mechanical debridement, “SMD”; erbium-doped yttrium aluminium garnet, “Er:YAG”; Aggregatibacter, “A.”; amoxicillin, “AMX”; metronidazole, “MTZ"; chlorhexidine,
“CHX?”; cetylpyridinium chloride, “CPC”; polymerase chain reaction, “PCR”; real time PCR, “RT-PCR”; DeoxyriboNucleic Acid, “DNA”; ribosomial RiboNucleic Acid, “TRNA”; Plaque
Index, “P1”; modified Plaque Index, “mPII”; Full Mouth Plaque Score, “FMPS”; Gingival Index, “Gl”; Probing Depth, “PD”; Clinical Attachment Level, “CAL”; Bleeding on Probing,
“BoP”; modified Sulcus Bleeding Index, “mSBI”; Full Mouth Bleeding Score, “FMBS”; inflammatory exudation, “IE”; Marginal Bone Level, “MBL"; titanium, “Ti”; metalloproteinase,
“MMP”; interleukin, “IL”;Tumor Necrosis Factor, “TNF”; statistically significant difference from baseline, “*”; statistically significant difference between the test and control group, “to,
The study population comprised 432 systemically healthy, non-smoking, partially edentulous subjects (215 subjects from the test groups of the studies and 217 controls), in whom a total
of 492 peri-implantitis sites were treated (246 peri-implantitis-treated sites in both the test and control groups of the studies).
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Participants’ mean age and gender ratio were specified in six studies [37,39,41,43-45]
and amounting to 55.62 for the test group and 55.55 for the control group, with a gender
ratio M:F of 1.57:1 and 1.05:1, respectively.

No data on totally edentulous adult subjects were retrieved, thus limiting the present
microbiological results, which are supposed to be influenced by the coexistence of the
periodontal microbial niche, as later explained.

Dental implant characteristics were described in five studies [38—41,46] concerning the
dental implant design, while the type of implant abutment was not reported in any study.
The reported implant surface was predominantly sandblasted and acid-etched [38-41,46].

One study [38] defined the type of prosthesis restoration: cement-retained fixed metal—
ceramic (n = 24) in both the test and the control group.

One study [43] specified the total number of prosthesis restorations: single crown
(n =36) and fixed partial prosthesis (n = 64) in both the test and the control group.

One study [39] reported the meantime after implant placement of dental implant
treated, which amounted to 7.3 years in the test group and 7.2 years in the control group.

In total, the therapy performed in 273 (56%) peri-implantitis sites was non-surgical
treatment, while in 218 (44%) it was surgical (Figure 4).

A.
Peri-implantitis treatment performed in the 492 peri-implantitis sites treated

BNSMD

B NSMD + airpolishing + probiotics
BErYAG

@ NSMD + airpolishing + diode laser + aPDT
@ SMD + airpolishing + systemic antibiotics 11;2.12%

10; 1.92%

64; 12.26%

97;18.58%

@ SMD + airpolishing + local and systemic antibiotics

@ NSMD + diode laser

B NSMD + airpolishing + diode laser

B NSMD + airpolishing + local antibiotics 64; 12.26%

9;,1.72%

13;2.49%
@ NSMD + systemic antibiotics
NSMD + CHX + local antibiotics + diode laser 40; 7.66%
B NSMD + CHX + local antibiotics + diode laser + aPDT
B SMD + CHX 20; 3.83%
DO SMD + CHX+ diode laser + aPDT
k ; : e 25;4.79%
B SMD + serratioproteinase + systemic antibiotics 20: 3.83%
@ NSMD + probiotics
@ SMD + systemic antibiotics 20; 3.83% 25; 4.79%
O NSMD + airpolishing .
” o, 24; 4.60%
20;3.83%| 120,3.83% (20;3.83% 20;3.83%
B. Non-surgical vs Surgical

Peri implantitis treatment

a Non-surgical peri-implantitis treatment
O Surgical peri-implantitis treatment

Figure 4. (A) Pie chart showing the distribution (numerical and percentage) of peri-implantitis treat-
ment types performed in the 492 peri-implantitis sites treated. (B) Pie chart showing the distribution
(numerical and percentage) of non-surgical vs. surgical peri-implantitis treatments.
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In two studies [38,45], prosthesis restorations were removed before the peri-implantitis
treatment, while one study [40] specified that prosthesis restorations were not removed.

The peri-implantitis treatment was described in six studies as performed in one
session [37,38,42-45], in one study [47] in two sessions, three sessions [42], four sessions [41],
five sessions [46], or six sessions [39].

Submucosal sampling was taken in eight studies [38,39,42—47], and one of these also
performed saliva and tongue sampling [44]. No study reported supra-mucosal sampling.

After peri-implantitis treatment, one study [40] collected the microbiological sampling
after treatment; one study [46] after 14 days; two studies after one month [38,43]; one
study [44] after six weeks; eight studies after 3 months [39-44,46,47]; eight studies after
6 months [37,39-42,44-46]; and three studies after 12 months [37,39,46].

The microorganism identification techniques used were real-time PCR in five stud-
ies [39,41,44,45,47], PCR in three studies [37,38,43], bacterial cultures in one study [40],
and two studies did not define the technique. DNA was the target of the microorganism
identification techniques in five studies [38,39,44-46], and 16s rRNA in two studies [44,45].

There were no microbiological data about healthy peri-implant and periodontal sites,
and treated peri-implant mucositis, gingivitis, and periodontitis sites, preventing comparison.

3.2. Red-Complex Bacteria before and after Peri-Implantitis Treatment

One study [41] reported the percentage of dental implants with peri-implantitis in
which the red-complex bacteria load (Porphyromonas gingivalis, Tannerella forsythia, and
Treponema denticola) was significant at 3 and 6 months. A decrease was observed both in
the test and control group treated with SMD plus air-polishing and local and systemic
antibiotics (the test group did not receive local antibiotics).

Another study [46] registered the percentage proportion of red-complex bacteria in
submucosal peri-implantitis samples. Both NSMD plus systemic antibiotics and NSMD
without adjunctive treatment led to a statistically significant reduction in the percentage
proportion of red-complex bacteria at 14 days and 3 months. However, significant regrowth
of the percentage proportion of red-complex bacteria was observed from 3 months to
1 year in particular in the NSMD without adjunctive treatment group. At 1 year after
peri-implantitis treatment, red-complex bacteria were still in significantly lower percentage
proportions in the test group in comparison with baseline, but not in the control group
despite multiple NMSD sessions.

3.2.1. Porphyromonas gingivalis before and after Peri-Implantitis Treatment

Eight studies [37-41,43,44,47] evaluated the presence and variation of Porphyromonas
gingivalis before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Porphyromonas gingivalis load was significant at 1 month. No statistically signifi-
cant decrease was observed in the test group treated with NSMD plus diode laser, while no
changes were recorded in the control group treated with NSMD.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Porphyromonas gingivalis load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the test group (treated with NSMD plus air-polishing
plus diode laser plus aPDT) and in the control group (treated with NSMD plus air-polishing
plus local antibiotics), at any time except at 12 months for the test group.

One study [41] reported that the percentage of dental implants with peri-implantitis,
in which Porphyromonas gingivalis was significant at 3 and 6 months. Both in the test
and control group treated with SMD plus air-polishing and local and systemic antibiotics
(the test group did not receive local antibiotics) Porphyromonas gingivalis were recorded in
significant counts in no peri-implantitis sites at any time.

Five studies [37,40,43,44,47] specified the Porphyromonas gingivalis counts after different
peri-implantitis treatments and times, as shown in Table S1 in Supplementary File S1.
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The microbiological analysis level shows that Porphyromonas gingivalis had a greater
negative mean absolute deviation from baseline immediately after treatment and thereafter
at three months. The greatest increase was recorded after 1 month.

3.2.2. Tannerella forsythia before and after Peri-Implantitis Treatment

Six studies [37-39,41,43,47] evaluated the presence and variation of Tannerella forsythia
before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Tannerella forsythia load was significant at 1 month. No statistically significant
decrease was observed in the test group treated with NSMD plus diode laser, while no
changes were recorded in the control group treated with NSMD.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Tannerella forsythia load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the test group (treated with NSMD plus air-polishing
plus diode laser plus aPDT) and in the control group (treated with NSMD plus air-polishing
plus local antibiotics), at any time except at 12 months.

One study [41] reported the percentage of dental implants with peri-implantitis in
which Tannerella forsythia was significant at 3 and 6 months. Both in the test and control
group treated with SMD plus air-polishing and local and systemic antibiotics (the test group
did not receive local antibiotics) Tannerella forsythia was recorded in significant counts in
fewer peri-implantitis sites at 3 months, and further decreased at 6 months.

Three studies [37,43,47] specified the Tannerella forsythia counts after different peri-
implantitis treatments and times, as shown in Table S2 in Supplementary File S1.

The microbiological analysis level shows that Tannerella forsythia had a greater negative
mean absolute deviation from baseline after six months. The greatest increase was recorded
after 1 month.

3.2.3. Treponema denticola before and after Peri-Implantitis Treatment

Six studies [37-39,41,43,47] evaluated the presence and variation of Treponema denticola
before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Treponema denticola load was significant at 1 month. No statistically significant
decrease was observed in the test group treated with NSMD plus diode laser, while no
changes were recorded in the control group treated with NSMD.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Treponema denticola load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the control group (treated with NSMD plus air-
polishing plus local antibiotics) at any time, in the test group (treated with NSMD plus
air-polishing plus diode laser plus aPDT) at 3 months.

One study [41] reported the percentage of dental implants with peri-implantitis in
which Treponema denticola was significant at 3 and 6 months. In the test group (treated
with SMD, air-polishing and systemic antibiotics) Porphyromonas gingivalis was recorded
in significant counts in no peri-implantitis sites at any time. In the control group (treated
with SMD plus air-polishing, and local and systemic antibiotics) a decrease was found at
3 and 6 months.

Three studies [37,43,47] specified the Treponema denticola counts after different peri-
implantitis treatments and times, as shown in Table S3 in Supplementary File S1.

The microbiological analysis level shows that Treponema denticola had a greater negative
mean absolute deviation from baseline after three months. The greatest increase was
recorded after 1 month.

Figure 5 shows red-complex bacteria count changes before and after peri-implantitis
treatments.
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Red Complex Bacteria Counts (log CFU/mL)
before and after Peri-implantitis Treatment

8

7

6

5

4 3.86

3.60

3

2

1

0 0.75

Baseline  After treatment 1 month 6 weeks 3 months 6 months 12 months

=#=Porphyromonas gingivalis e#wTannerella forsythia egwTreponema denticola

Figure 5. Red-complex bacteria (Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola)
weighted average counts (log CFU/mL) before (baseline) and after (immediately after treatment/
1 week, 1 month, 6 weeks, 3 months, 6 months, and 12 months follow-up) treatment.

3.3. Orange-Complex Bacteria before and after Peri-Implantitis Treatment

One study [41] reported the percentage of patients with significant orange-complex
bacteria load (Campylobacter (C.) gracilus, C. rectus, C. showae Eubacterium nodatum, Fusobac-
terium (F.) nucleatum nucleatum, F. nucleatum polymorphum, Prevotella interemdia, Prevotella
nigrescens, Peptostreptococcus micros, and Streptococcus costellatus). This percentage remained
unchanged both in the test and control group treated with SMD, air-polishing, local and
systemic antibiotics (the test group did not receive local antibiotics) both at 3 and 6 months.

Another study [46] registered the percentage proportion of orange-complex bacteria in
submucosal peri-implantitis samples. In the test group treated with NSMD plus antibiotics,
there was a significant increase in the percentage proportion of orange-complex bacteria at
3, 6 and 12 months. In the control group treated with NSMD without additional therapies,
a non-significant reduction was recorded at 3 and 6 months.

3.3.1. Campylobacter rectus before and after Peri-Implantitis Treatment

Four studies [38,39,41,43] evaluated the presence and variation of Campylobacter rectus
before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Campylobacter rectus load was significant at 1 month. No change was observed in
the test group treated with NSMD plus diode laser, while statistically significant decreases
were recorded in the control group treated with NSMD.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Campylobacter rectus load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the control group (treated with NSMD plus air-
polishing plus local antibiotics) at any time.

One study [41] reported the percentage of dental implants with peri-implantitis in
which the Campylobacter rectus load was significant at 3 and 6 months. In the test group
(treated with SMD, air-polishing, and systemic antibiotics) and in the control group (SMD,
air-polishing, local and systemic antibiotics), Campylobacter rectus was recorded in signifi-
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cant counts in fewer peri-implantitis sites at 3 months, and a further decrease was found at
3 and 6 months.

One study [43] specified the Campylobacter rectus counts after different peri-implantitis
treatments and times, as shown in Table 54 in Supplementary File S1.

The microbiological analysis level shows that Campylobacter rectus had a greater nega-
tive mean absolute deviation from baseline after 1 month.

No increase was recorded after peri-implantitis treatment.

3.3.2. Eubacterium nodatum before and after Peri-Implantitis Treatment

Three studies [38,39,41] evaluated the presence and variation of Eubacterium nodatum
before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Eubacterium nodatum load was significant at 1 month. Eubacterium nodatum was
registered in no peri-implantitis sites in significant load at baseline or after 1 month, except
in three subjects in the test group (treated with NSMD plus diode laser) at 1 month.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Eubacterium nodatum load was significant at 3, 6, and 12 months. No peri-
implantitis sites registered a significant load at any time, both in the test group (treated with
NSMD plus air-polishing plus diode laser plus aPDT) and in the control group (treated
with NSMD plus air-polishing plus local antibiotics).

One study [41] reported the percentage of dental implants with peri-implantitis in
which the Eubacterium nodatum was significant at 3 and 6 months. Eubacterium nodatum
was registered in no peri-implantitis sites in significant load at baseline or after treatment,
except in the test group (treated with SMD plus air-polishing and systemic antibiotics) at
3 months.

3.3.3. Fusobacterium nucleatum before and after Peri-Implantitis Treatment

Five studies [38,39,41,43,44] evaluated the presence and variation of Fusobacterium
nucleatum before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Fusobacterium nucleatum load was significant at 1 month. Fusobacterium nucleatum
was registered in all peri-implantitis sites in significant load in the test group (treated with
NSMD plus diode laser) and in the control group (treated with NSMD) at any time.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Fusobacterium nucleatum load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the test group (treated with NSMD plus air-polishing
plus diode laser plus aPDT) and in the control group (treated with NSMD plus air-polishing
plus local antibiotics), at any time except at 3 months in the test group.

One study [41] reported the percentage of dental implants with peri-implantitis in
which the Fusobacterium nucleatum was significant at 3 and 6 months. Both in the test and
control group treated with SMD plus air-polishing and local and systemic antibiotics (the
test group did not receive local antibiotics) Fusobacterium nucleatum was registered in all
peri-implantitis sites in significant load in the test and control group at any time.

Two studies [43,44] specified the Fusobacterium nucleatum counts after different peri-
implantitis treatments and times, as shown in Table S5 in Supplementary File S1.

The microbiological analysis level shows that Fusobacterium nucleatum had a greater
negative mean absolute deviation from baseline after treatment. The greatest increase was
recorded after 3 months.

3.3.4. Peptostreptococcus micros before and after Peri-Implantitis Treatment

Three studies [38,41,43] evaluated the presence and variation of Peptostreptococcus
micros before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Fusobacterium nucleatum load was significant at 1 month. No statistically signifi-
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cant decrease was registered in peri-implantitis sites in the test group (treated with NSMD
plus diode laser) and in the control group (treated with NSMD).

One study [41] reported the percentage of dental implants with peri-implantitis in
which the Peptostreptococcus micros load was significant at 3 and 6 months. Both in the test
and control group treated with SMD plus air-polishing and local and systemic antibiotics
(the test group did not receive local antibiotics) Peptostreptoccoccus micros was registered to
decrease at 3 months, and no change was recorded between the third and the sixth months.

One study [43] specified the Peptostreptococcus micros counts after different peri-
implantitis treatments and times, as shown in Table 56 in Supplementary File S1.

The microbiological analysis level shows that Peptostreptococcus micros had a greater
negative mean absolute deviation from baseline after treatment. No increase was recorded
at any time after peri-implantitis treatment.

3.3.5. Prevotella intermedia before and after Peri-Implantitis Treatment

Seven studies [38-41,43,44,47] evaluated the presence and variation of Prevotella inter-
media before and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Prevotella intermedia load was significant at 1 month. An increase was observed
in the test group treated with NSMD plus diode laser, and in the control group treated
with NSMD.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Prevotella intermedia load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the control group (treated with NSMD plus air-
polishing plus local antibiotics) at 3 months.

One study [41] reported the percentage of dental implants with peri-implantitis in
which the Prevotella intermedia was significant at 3 and 6 months. In the test group (treated
with SMD plus air-polishing and systemic antibiotics) and in the control group (treated
with SMD plus air-polishing, and local and systemic antibiotics) Prevotella intermedia was
recorded in significant counts in fewer peri-implantitis sites at 3 months, and a further
decrease was found at 3 and 6 months.

Four studies [40,43,44,47] specified the Prevotella intermedia counts after different peri-
implantitis treatments and times, as shown in Table S7 in Supplementary File S1.

The microbiological analysis level shows that Prevotella intermedia had a greater neg-
ative mean absolute deviation from baseline immediately after treatment and after three
months. The greatest increase was recorded after 1 month.

3.3.6. Prevotella nigrescens before and after Peri-Implantitis Treatment

Two studies [38,41] evaluated the presence and variation of Prevotella nigrescens before
and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Prevotella nigrescens load was significant at 1 month. No statistically significant
decrease was registered in the Prevotella nigrescens load in the test group (treated with
NSMD plus diode laser) and in the control group (treated with NSMD).

One study [41] reported the percentage of dental implants with peri-implantitis in
which Prevotella nigrescens was significant at 3 and 6 months. Both in the test and control
group treated with SMD plus air-polishing and local and systemic antibiotics (the test
group did not receive local antibiotics), a significant decrease in the Prevotella nigrescens
load was registered at 3 and 6 months.

3.3.7. Streptococcus constellatus before and after Peri-Implantitis Treatment

One study [38] evaluated the presence and variation of Streptococcus constellatus before
and after peri-implantitis treatment.

One study [38] reported the percentage of dental implants with peri-implantitis in
which the Streptococcus constellatus load was significant at 1 month. No statistically signifi-
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cant decrease was registered in the Streptococcus constellatus load in the test group (treated
with NSMD plus diode laser) and in the control group (treated with NSMD).

Figure 6 shows orange-complex bacteria count changes before and after peri-implantitis
treatments.

Orange Complex Bacteria Counts (log CFU/mL)
before and after Peri-implantitis Treatment
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Figure 6. Orange-complex bacteria (Campylobacter rectus, Fusobacterium nucleatum, Peptostrepto-
coccus micros, and Prevotella intermedin) weighted average counts (log CFU/mL) before (baseline)
and after (immediately after treatment, 1 month, 6 weeks, 3 months, 6 months, and 12 months
follow-up) treatment.

3.4. Green Complex Bacteria before and after Peri-Implantitis Treatment
3.4.1. Eikenella corrodens before and after Peri-Implantitis Treatment

Two studies [39,43] evaluated the presence and variation of Eikenella corrodens before
and after peri-implantitis treatment.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Eikenella corrodens load was significant at 3, 6, and 12 months. A statistically
significant decrease was observed in the test group (treated with NSMD plus air-polishing
plus diode laser plus aPDT) and in the control group (treated with NSMD plus air-polishing
plus local antibiotics), at any time.

One study [43] specified the Eikenella corrodens counts after different peri-implantitis
treatments and times, as shown in Table S8 in Supplementary File S1.

The microbiological analysis level shows that Eikenella corrodens had a greater negative
mean absolute deviation from baseline after 3 months. No increase was recorded after
peri-implantitis treatment.

3.4.2. Capnocytophaga gingivalis before and after Peri-Implantitis Treatment

One study [39] evaluated the presence and variation of Capnocytophaga gingivalis before
and after peri-implantitis treatment.

One study [39] reported the percentage of dental implants with peri-implantitis in
which Capnocytophaga gingivalis (plus diode laser plus aPDT) and control group (treated
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with NSMD plus air-polishing plus local antibiotics) was registered in all peri-implantitis
sites in significant loads at any time.

3.5. Bacteria Outliers from Socransky Complex before and after Peri-Implantitis Treatment
3.5.1. Aggregatibacter actinomycetemcomitans before and after Peri-Implantitis Treatment

Five studies [39,40,43,44,47] evaluated the presence and variation of Aggregatibacter
actinomycetemcomitans before and after peri-implantitis treatment.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Aggregatibacter actinomycetemcomitans load was significant at 3, 6, and 12 months.
Excluding the baseline, Aggregatibacter actinomycetemcomitans was not found at significant
levels at any site with peri-implantitis and at any time in both the control (treated with
NSMD plus air-polishing plus local antibiotics) and test group (treated with NSMD plus
air-polishing plus diode laser plus aPDT).

Four studies [40,43,44,47] specified the Aggregatibacter actinomycetemcomitans counts
after different peri-implantitis treatments and times, as shown in Table S9 in Supplementary
File S1.

The microbiological analysis level shows that Aggregatibacter actinomycetemcomitans
had a greater negative mean absolute deviation from baseline at one month. The greatest
increase was recorded after 6 weeks.

3.5.2. Parvimonas micra before and after Peri-Implantitis Treatment

One study [39] evaluated the presence and variation of Parvimonas micra before and
after peri-implantitis treatment.

One study [39] reported the percentage of dental implants with peri-implantitis in
which the Parvimonas micra load was significant at 3, 6, and 12 months.

3.5.3. Pseudomonas aeruginosa before and after Peri-Implantitis Treatment

One study [45] evaluated the presence and variation of Pseudomonas aeruginosa before
and after peri-implantitis treatment.

One study [45] reported the percentage of adult subjects with peri-implantitis in which
the Pseudomonas aeruginosa load was significant at 6 months. In the test group, treated with
SMD plus serratiopeptidase and systemic antibiotics, no subjects had a significant load
of Pseudomonas aeruginosa at 6 months after treatment. In the control group treated with
SMD plus systemic antibiotics, a decrease in subjects with a significant load of Pseudomonas
aeruginosa was observed in both groups at 6 months.

3.5.4. Staphylococcus aureus before and after Peri-Implantitis Treatment

One study [45] evaluated the presence and variation of Staphylococcus aureus before
and after peri-implantitis treatment.

One study [45] reported the percentage of adult subjects with peri-implantitis in which
the Staphylococcus aureus load was significant at 6 months. In the test group (treated with
SMD plus serratiopeptidase and systemic antibiotics) and in the control group (treated
with SMD plus systemic antibiotics), a decrease in subjects with a significant load of
Staphylococcus aureus was observed in both groups at 6 months.

3.6. Total Anaerobic Bacteria before and after Peri-Implantitis Treatment

Two studies [40,42] specified the total anaerobic bacteria counts after different peri-
implantitis treatments and times, as shown in Table 510 in Supplementary File S1.

The microbiological analysis level shows that the total anaerobic bacteria counts had
a greater negative mean absolute deviation from baseline after treatment and thereafter
6 months.
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3.7. Total Peri-Implant Microbial Load before and after Peri-Implantitis Treatment

One study [43] specified the total peri-implant microbial load at baseline and one and
three months after various treatments (Table S11 in Supplementary File S1).

The microbiological analysis level shows that the total bacteria counts had a greater
negative mean absolute deviation from baseline after 3 months. The greatest increase was
recorded after 1 month.

Figure 7 summarizes the peri-implantitis-associated microbiota variations after peri-
implantitis treatments.

Treated Peri-implantitis Sites Bacteria Counts (log CFU/mL)
before and after Peri-implantitis Treatment
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Figure 7. Weighted average counts (log CFU/mL) of the bacteria (Campylobacter rectus, Fusobac-
terium nucleatum, Peptostreptococcus micros, Prevotella intermedia, Porphyromonas gingivalis,
Tannerella forsythia, Treponema denticola, Eikenella corrodens, and Aggregatibacter actinomycetem-
comitans) assessed at peri-implantitis sites before (baseline) and after (immediately after treatment/
1 week, 1 month, 6 weeks, 3 months, 6 months, and 12 months follow-up) treatment.

3.8. Quality Assessment

The risk of bias and the quality assessment of the RCTs included in the present
systematic review were reported in Table 512 and in Figure S1 (Supplementary File S2).

4. Discussion

No data on totally edentulous adult subjects were retrieved, thus limiting present
microbiological results, which are supposed to be influenced by the coexistence of the
periodontal microbial niche. Similarly, there were no data about healthy peri-implant and
periodontal sites and treated peri-implant mucositis, gingivitis, and periodontitis sites,
preventing results from being compared.
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All 11 RCTs [37-47] included in this systematic review were relatively recent (from
2012 to 2022), although the search strategy and eligibility criteria did not include year of
publication restrictions. Coherently, only one study [40], published in 2013, used bacterial
cultures to identify microorganisms, while most studies described culture-independent
techniques. This finding may be attributed to the development of omics technologies (e.g.,
metatranscriptomics, metaproteomics, metagenomics, and metabolomics) in recent years,
which have revolutionized microbiological research and generated particular interest in the
study of the human microbiome in health and disease [48,49]. Indeed, these new culture-
independent microbiology laboratory techniques, such as next-generation sequencing
techniques, have made it possible to define the oral microbiome associated with various
health and disease states more accurately and comprehensively [50] and to broaden the
microorganism spectrum previously identifiable only by culture-dependent techniques [51].
Nevertheless, the timing of microbiological analysis was extremely heterogeneous in the
different studies, jeopardizing data.

The study population, consisting of 432 systemically healthy, non-smoking, partially
edentulous subjects with 492 treated peri-implantitis sites, may seem modest, especially
when compared to the estimates of dental implants placed annually and considering
that peri-implantitis is the most common late complication [52], affecting approximately
15-57% of subjects and 8-28% of implants [15]. However, the combination of supra- and/or
submucosal microbiota sampling and microbiologic analysis of the peri-implantitis site(s)
both before (baseline) and after (different time points) treatment should be considered and
the retrieved findings can still provide a comprehensive overview.

Although not confirmed by clinical evidence, as stated by the 6th European Association
for Osseointegration (EAQO) Consensus Conference in 2021 [53], peri-implantitis-associated
microbiota have been linked to the material, implant design [54], and surface characteristics
of dental implants [16-19], at least from preclinical experimental studies on the progression
of untreated peri-implantitis.

Specifically, peri-implant biofilm was proposed to be influenced by the dental implant
abutment material [55], while none of the included studies validated this hypothesis.
As also revealed from the present results, Titanium (alloys) is the most commonly used
material for fabricating dental implant abutments [56], despite the growing demand for
more esthetic restorations, which has led to an increasing use of ceramics or polymers [57].
Nevertheless, Del Rey et al. [57], investigating variations in peri-implant biofilm formation
on different abutment materials under oral conditions, found no significant microbiological
differences in their systematic review [57].

Moreover, only four studies [38-41,46] outlined the design characteristics of dental im-
plants, all of which featured a rough surface predominantly achieved through sandblasting
and acid etching. It is widely acknowledged that a rough surface on dental implants facili-
tates bacterial adhesion and colonization, unlike smoother surfaces [58-60]. Specifically,
surface roughness was shown to significantly influence the initial stages of peri-implant
biofilm formation, namely adhesion and colonization [59,61], while contrasting results
were obtained for the later stages of peri-implant biofilm maturation [58-60]. In fact, some
studies showed an increased microbial load and higher counts of pathogenic bacteria in
mature per-implant biofilm on rougher dental implant surfaces [58,60], while other studies
found no differences in biofilm composition in the later compared to the early stage of the
peri-implant biofilm formation [59].

Moreover, a comparable distribution was observed between NSMD (56%) and SMD
(44%) peri-implantitis treatments, as shown in Figure 4B, when considering the included
RCTs’ test and control groups together. NSMD alone emerged as the most prevalent
treatment modality and was frequently employed across various studies, primarily within
the control group. Nevertheless, despite the considerable heterogeneity in adjunctive
treatments, the notable proportion of SMD proved a homogeneous view of both approaches
regarding microbiological implications.
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Furthermore, none of the studies encompassed resective or regenerative surgical
procedures among SMD approaches to treating peri-implantitis. These surgical procedures
are typically indicated for horizontal or single-walled non-containable bone defects and
vertical or two/three-walled containable defects, respectively [62-67]. Their absence in
the RCTs examined is notable as these procedures have the potential to abruptly and
significantly alter the anatomy of the peri-implantitis site [68], which in turn can change
the microbiological load and composition [62] faster than the other SMD and NSMD
procedures.

4.1. Microbiological Analysis of the Peri-Implantitis-Associated Microbiota
4.1.1. Microbiological Analysis at Baseline before Peri-Implantitis Treatments

All 11 RCTs [37-47] included in the present systematic review had reported the micro-
biological analysis finding at baseline before peri-implantitis treatments.

Fusobacterium nucleatum, Prevotella intermedia, as well as Campylobacter rectus and
Peptostreptococcus micros, belonging to the orange complex, were the most prevalent bacteria
found in the submucosal samples from peri-implantitis sites at baseline [69]. This finding
aligns with previous evidence that some orange-complex bacteria, such as Fusobacterium
nucleatum and Prevotella intermedia, prevail in peri-implantitis sites compared to healthy
peri-implant ones [70].

Anaerobic bacteria of the red complex, which includes Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia, were associated with peri-implantitis dis-
ease [71,72], hypothesized because changes in oxygen tension and nutrient concentration
are associated with increasing pocket depth and could be responsible for the microbiologic
shift [71], and were found second most frequently in the submucosal peri-implantitis sam-
ples before treatment. Conversely, red-complex bacteria were recognized as the leading
species in periodontitis progression [71]. This observation may rely on the fact that peri-
implantitis and periodontitis present distinct microbial ecosystems, each uniquely shaping
the quantitative and qualitative composition of their resident microbiota, with limited
influence from neighboring niches. Notably, peri-implant sites tend to harbor a less diverse
microbiota than periodontal sites, irrespective of their health or disease status. Neverthe-
less, certain bacterial taxa, such as staphylococci, appear particularly characteristic of the
peri-implant niche, and evidence indicates that the microbiota associated with peri-implant
sites tends to increase in complexity as the infection progresses from peri-implant mucositis
to peri-implantitis. Specifically, peri-implant mucositis is believed to play a significant role
in infection advancement, often displaying elevated levels of periodontal pathogens, which
may contribute to establishing a microbiota associated with a heightened risk of harm [73].

As for the outlier bacteria from the Socransky complexes, an earlier study found a ten-
dency for the association of Aggregatibacter actinomycetemcomitans and peri-implantitis, even
if it did not reach a statistically significant level [74]. In contrast to peri-implantitis, the role
of Aggregatibacter actinomycetemcomitans in the previously classified juvenile and localized
aggressive periodontitis is well-established [75]. Indeed, the bacterium is most closely asso-
ciated with the progression of periodontitis, particularly in aggressive forms [75]. However,
in the present systematic review, equal levels of Aggregatibacter actinomycetemcomitans and
Prevotella intermedia were found at baseline.

None of the studies in the present systematic review recorded the presence or change
of Staphylococcus epidermidis. However, for the first time, Carvalho et al. [74] reported
its strongest association with peri-implantitis. The authors suggested that Staphylococcus
epidermidis, which can only colonize the peri-implant tissues and not the dental implant
surface, was found in the biofilm that was free of suppuration when probing peri-implantitis
sites with planktonic infections [74]. This could explain the lack of evidence in our samples,
which were all taken from the submucosal biofilm.
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4.1.2. Microbiological Analysis after Peri-Implantitis Treatment

The results of the present systematic review highlight a marked decrease in Porphy-
romonas gingivalis, Prevotella intermedia, and Aggregatibacter actinomycetemcomitans when
samples were taken immediately after mechanical treatment of peri-implantitis. This find-
ing, evaluated in one study [40], could be related to the fact that both NSMD and SMD
approaches are able to effectively remove the peri-implant biofilm, as expected, and thus
reduce the microbial load at the peri-implant site, independently of adjunctive therapy.

Indeed, in all studies and both test and control groups, NSMD or SMD were performed
alone or in combination with adjunctive treatments, except for 13 peri-implantitis sites
that were treated with Er:YAG alone [42]. In the latter cases, the peri-implant biofilm was
effectively removed by the use of Er:YAG alone without a significant increase in the dental
implant surface temperature, although the same authors recorded better biofilm removal
when Er:YAG was combined with NSMD, also compared to NSMD alone [76].

4.1.3. Microbiological Analysis at 1 Month after Peri-Implantitis Treatment

Two RCTs [38,43] included in the present systematic review reported the microbiologi-
cal analysis finding one month after peri-implantitis treatment.

As conceivable, mechanical debridement, either alone or in combination with addi-
tional treatments, does not eradicate the microorganisms at the peri-implant sites, which
are, in any case, expected to be recolonized [77]. In detail, in partially edentulous adult
patients, crevicular and subgingival areas of natural teeth have been proposed to play a role
as a microbial reservoir for recolonizing the submucosal area around dental implants [77].
In addition, peri-implant pockets were found to be colonized with red and orange-complex
bacteria associated with periodontitis after only one week. This was demonstrated by
Quirynen et al., who compared submucosal biofilm samples collected around dental im-
plants over time with subgingival biofilm samples from the same subjects [78].

Accordingly, one month after (any) peri-implantitis treatment, the submucosal area
was presently found to be recolonized by the red and orange-complex bacteria [78]. Specifi-
cally, Porphyromonas gingivalis and Tannarella forsythia of the red complex, Prevotella interme-
dia, Fusobacterium nucleatum, and Campylobacter rectus of the orange complex, along with Pep-
tostreptococcus micros, were predominant compared to the other species in peri-implantitis
sites of partially edentulous patients, one month after treatment. Since Quirynen et al. [78],
similarly detected Prevotella intermedia, Fusobacterium nucleatum and Peptostreptococcus mi-
cros in the majority of submucosal biofilms collected from healthy peri-implant sites of
partially edentulous subjects early after implant placement, it may be hypothesized that
these bacteria should be considered early colonizers of both healthy and peri-implantitis
dental implant pockets.

In detail, except for Prevotella intermedia, bacteria of the orange complex, which were
more representative of the submucosal biofilm in the peri-implantitis site before treat-
ment, appeared to decrease, although slightly, at one month of peri-implantitis treatment
compared to the baseline.

Conversely, and remarkably, Prevotella intermedia from the orange complex, as well as
Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola from the red complex,
were even elevated one month after peri-implantitis treatment when compared to baseline.

This observation may be due, on the one hand, to the persistence or only discrete im-
provement of pathological conditions favoring dysbiosis in the peri-implant tissues treated
one month earlier and, on the other hand, to the general decrease in the microbial load
after treatment, coupled with the specific metabolic characteristics and virulence factors,
including the adhesion and invasion capabilities of these bacteria, which unexpectedly
increased one month after treatment.

Indeed, it must be considered that none of the studies included in this systematic
review performed resective or regenerative bone surgical treatments, which are associated
with a decrease in peri-implant pocket depth in a shorter time with rapid modifications
in microbiological load and composition [62], as already mentioned. As a counterpart,
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following other SMD and all NSMD approaches, the progressive reduction in peri-implant
pocket dept is expected to take more than three weeks after the restoration of biofilm
control [79]. Therefore, oxygen tensions are still likely to be low in peri-implantitis sites
after one month of peri-implant treatment, continuing to favor the dysbiotic microbiologic
shift, anaerobic species, and red-complex bacteria, along with Prevotella intermedia [73].

In addition, it may also be hypothesized that peri-implantitis treatment, controlling
the biofilm with a general reduction of the total microbial load [40,42,43], reduces the
bacterial species that compete with the red complex ones for the niche of the peri-implant
site [40,43,80], further favoring those with higher virulence, capable of recolonizing the
treated peri-implantitis sites more quickly at the expense of the less virulent ones [39,43]. It
can, therefore, be assumed that the peri-implant biofilm may act as a protective, metaboli-
cally active, and dynamically organized microbial community that competes with, and thus
balances, the predominant pathogens [74,81], exerting a kind of “competitive balancing
effect”. Accordingly, based on the microbiological findings recorded one month after the
treatment [39,43], the qualitative and quantitative reduction of the peri-implant biofilm sub-
sequent to peri-implantitis treatment [40,42,43] and the consequent loss of its “competitive
balancing effect” allowed the red-complex bacteria and Prevotella intermedia, endowed with
greater virulence [82], ability to invade host cells and obligate anaerobic metabolism [82],
to faster recolonize the peri-implant niche at the expense of the other bacteria of the orange
complex and biofilm community species [39,43].

Furthermore, both surgical and non-surgical treatment approaches for peri-implant
mechanical debridement in combination with various chemical and physical adjunctive
treatments may still fail to have a significant impact on tissue-invasive bacterial species
that may persist locally [83].

Indeed, Prevotella intermedia, an obligate anaerobic Gram-negative bacterium, is clas-
sified according to its fimbrial diameter. Prevotella intermedia 17 has type C fimbriae, not
found in other strains, such as Prevotella intermedia 27, which has type D, and Prevotella
intermedia 25611 type A, respectively [82]. The type C fimbriae and the cytoskeletal rear-
rangement of Prevotella intermedia 17 have been associated with the significantly greater
ability of Prevotella intermedia 17 to be internalized in the oral epithelial cells compared to
the other Prevotella intermedia strains [82]. As invasion is an important step in the infection
process, the differentiation of Prevotella intermedia strains found in peri-implantitis sites
may be important to understand the results of the present study, which showed that the
overall highest deviation from baseline was found after one month for Prevotella intermedia.

Porphyromonas gingivalis, an anaerobic Gram-negative bacterium, is also able to invade
gingival epithelial cells to evade the immune system and replicate [84]. This property
is associated with its large fimbriae that, after binding to the 31 integrin on the surface
of the host cells, cause a rearrangement of the actin cytoskeleton bridges to allow in-
ternalization [84]. Once Porphyromonas gingivalis has invaded host cells, it secretes an
ATP-hydrolyzing enzyme to prevent cell apoptosis or necrosis and allow its intracellular
survival [84]. In addition, it can spread from cell to cell without inducing cell death and
spread by evading the immune system [84].

Tannerella forsythia, an anaerobic Gram-negative bacterium, is able to adhere to and
invade host cells due to its fimbriae and surface glycoproteins, which enable adhesion to
lectin-like receptors of host cells and subsequent invasion [85]. The lectin-like receptor is
also present on Fusobacterium nucleatum’s surface, with Tannerella forsythia having an affinity
to form coaggregation in biofilms [85].

Treponema denticola, an obligate anaerobic Gram-negative bacterium, does not possess
specific adhesion structures such as fimbriae [86]. Its ability to adhere to host cells is limited
by unspecific adhesion factors present on the microorganism’s surface [35]. However,
Treponema denticola registered the lowest positive mean deviation at one month compared
to the baseline [86].
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4.1.4. Microbiological Analysis at 3 Months after Peri-Implantitis Treatment

Eight RCTs [39-44,46,47] included in the present systematic review reported the mi-
crobiological analysis finding three months after peri-implantitis treatment.

Three months after peri-implantitis treatment, bacteria of the orange complex, except
Prevotella intermedia, were found in larger quantities than after one month. Therefore, with
due exception, microbiological data from peri-implantitis sites treated three months before
were retraced from the submucosal sampling approximately three months after implant
placement which revealed an enlargement of red and orange bacteria compared to after
one month [78].

Conversely, the bacteria of the red complex, particularly Porphyromonas gingivalis,
were found in lower quantities compared with after one month, probably due to clini-
cal improvements with probing depth reduction at the peri-implant sites treated three
months before.

In addition, a comparison of the bacterial counts between the initial value and three
months after treatment showed that the microbiological values measured after three months
leveled off, except for the bacteria of red complex, Prevotella intermedia and Aggregatibacter
actinomycetmcomitans, which instead recorded a decrease of more than one unit. In fact, for
the other bacteria species, the values at the beginning of the study did not differ by more
than one unit from the values after three months.

4.1.5. Microbiological Analysis at 6 and 12 Months after Peri-Implantitis Treatment

Eight [37,39-42,44-46] and three RCTs [37,39,46] included in the present systematic
review reported the microbiological analysis findings at six and twelve months, respectively.

The microbiological analysis data after twelve months were only found for the mi-
croorganisms of the red complex, while after six months data were also recorded for
Fusobacterium nucleatum, Prevotella intermedia and Aggregatibacter actinomycetemcomitans, but
not for all other bacteria of the orange complex.

Analyzing the development of the microorganisms recorded after six and twelve
months, a clear leveled off in bacterial species can be seen after six months, and then
increased after twelve months compared to the baseline. To deepen these fluctuations, it
is important to remember that in most of the included studies, further peri-implantitis
treatments were performed after the sixth month. Therefore, a leveling off in the analyzed
bacterial species can be observed after six months, despite the retreatment sessions, which
consisted of the NSMD regardless of treatment type performed at baseline.

After twelve months, however, the red complex bacteria increased again due to the
new reformation of peri-implant biofilm. Interestingly, after twelve months (i.e., six months
after retreatment), the red-complex bacterial species, which were the only ones analyzed
at that time, returned to levels comparable, but slightly higher, to baseline. This result is
consistent with the Hakkers et al. [87] study, in which 25 subjects with peri-implantitis
refractory to non-surgical treatments were treated with resective surgery. Although the
authors performed maintenance therapy at three, six, and nine months, they found one
month after the resective surgery that the reduction in peri-implant microbial load after
maintenance therapy was transient and returned to baseline levels after twelve months [87].

4.1.6. Fusobacterium nucleatum the “Outlier of the Biofilm Competitive Balancing Effect”

Five studies [38,39,41,43,44] included in the present systematic review evaluated the
presence and variation of Fusobacterium nucleatum before and after peri-implantitis treatment.

A separate mention must be addressed to Fusobacterium nucleatum, whose prevalence
remained almost unchanged at any time after treatment, probably due to the ability of
the bacterium to invade peri-implant tissues [88], rapidly recolonize treated sites, and not
respond to most peri-implantitis treatments.

Fusobacterium nucleatum, an anaerobic Gram-negative bacterium, is one of the most
prevalent oral and periodontal species, both in health and disease [89], and plays an impor-
tant role in biofilm formation as a bridging microorganism linking the early colonizers to
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the anaerobic secondary colonizers [88]. In addition to promoting coaggregation between
different bacterial species, Fusobacterium nucleatum is also capable of directly invading ep-
ithelial and endothelial host cells [89]. Adherence and invasion are important mechanisms
for the colonization and dissemination of Fusobacterium nucleatum and evasion of the im-
mune system [89]. Indeed, recent evidence has emphasized its ability to evade the immune
system response and resist therapies aimed at treating oral pathologies, inflammatory
disorders, and neoplasms far from the oral cavity [90,91].

Fusobacterium nucleatum also proved to be the most resistant bacterium to tetracy-
cline, metronidazole, erythromycin, and clindamycin administered for the treating peri-
implantitis, probably due to its ability to mediate chemoresistance by modulating au-
tophagy, as demonstrated in squamous cell carcinoma of the esophagus [90].

The microbiological analyses reported in the present systematic review showed a
greater reduction in Fusobacterium nucleatum concentrations at peri-implantitis sites regis-
tered after NSMD plus probiotics compared to other treatments. Accordingly, in studies
where probiotics were used as an adjunct to periodontal treatment, Lactobacillus reuteri
was found to be able to reduce periodontal pathogens, such as Aggregibacter actinomycetem-
comitans, Prevotella intermedia, Fusobacterium nucleatum, and Porphyromonas gingivalis [92].
Similarly, Haukioja et al. [93] found a reduction in periodontal pathogens in the gingival
biofilm due to the coaggregation of Fusobacterium nucleatum and Bifidobacterium.

In summary, peri-implantitis treatment, whether surgical or non-surgical, can effec-
tively reduce the total microbial load, but may also lead to shifts in the bacterial composition
over time, due to the peri-implant biofilm nature of a dynamically and metabolically active
organized microbial community. The rapid recolonization of peri-implant sites by the more
virulent and invasive bacteria is probably associated with the inability of peri-implantitis
treatment to eradicate the bacteria characterized by tissue-invasive properties, which were
the earlier to recolonize the peri-implant sites.

In addition, it must be considered that none of the studies included in this systematic
review performed resective or regenerative bone surgical treatments, which are associated
with a decrease in peri-implant pocket depth in a shorter time with rapid modifications
in microbiological load and composition. Instead, after non-surgical or surgical treatment
without resective or regenerative procedures, the low oxygen tensions re-established in
deep peri-implantitis pockets before their physiological healing favor the recolonization of
the peri-implant sites by anaerobic bacterial species, which by their tissue-invasive nature,
are also the most resistant to peri-implantitis treatment.

Immediately after peri-implantitis treatment, although, as expected, complete eradica-
tion has not been recorded, the peri-implant biofilm goes through a reduction of the total
microbial load, and of the bacterial species that compete with the red complex.

Recordings after one month show recolonization of the peri-implant site, albeit with a
different biofilm composition than at baseline. At one month of peri-implantitis treatment,
except for Prevotella intermedia, the bacteria of the orange complex which were more repre-
sentative of the submucosal biofilm in the peri-implantitis site before treatment, appeared
to decrease, although slightly, compared to the baseline. Conversely, Prevotella intermedia
and the red complex bacteria were elevated compared to the baseline.

Three months after peri-implantitis treatment, except Prevotella intermedia, bacteria of
the orange complex, were found in larger quantities than after one month. Conversely, Pre-
votella intermedia and the bacteria of the red complex, particularly Porphyromonas gingivalis,
were found in lower quantities, probably due to clinical improvements with probing depth
reduction at the peri-implant sites treated three months before. In addition, a comparison
of the bacterial counts between the initial value and three months after treatment showed
that the microbiological values measured after three months leveled off, except for the
bacteria of red complex, Prevotella intermedia and Aggregatibacter actinomycetmcomitans.

Analyzing the development of the microorganisms recorded after six and twelve
months, a clear leveling off in bacterial species can be seen after six months. Interestingly,
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after twelve months, the red-complex bacterial species, which were the only ones analyzed
at that time, returned to levels comparable, but slightly higher, to baseline.

A separate mention must be addressed to Fusobacterium nucleatum, whose prevalence
remained almost unchanged at any time after treatment, probably due to the ability of the
bacterium to invade peri-implant tissues, rapidly recolonize treated sites, and not respond
to most peri-implantitis treatments.

4.2. Strengths, Limitations, and Future Prospectives

To the best of our knowledge, the present systematic review represents the pioneering
effort to characterize short- and long-term changes in peri-implantitis-associated microbiota
subsequent to peri-implantitis treatment and offers valuable insights into the temporal dy-
namics of total biofilm microbial load reduction and fluctuations in predominant pathogenic
species concentrations in treated peri-implant sites, thereby enriching comprehension of
this multifaceted issue.

All RCTs presently included [37-47] were published relatively recently (from 2012 to
2022), notwithstanding the absence of constraints on publication year. Additionally, most
studies employed culture-independent techniques, such as next-generation sequencing,
thus broadening the spectrum of microorganisms previously detectable solely through
culture-dependent methods [50].

Moreover, the exclusion of medically compromised subjects has mitigated, if not
entirely eliminated, potential confounders associated with disorders themselves or med-
ications on peri-implant tissue status, healing, and biofilm accumulation and composi-
tion [7,94]. Similarly, the exclusion of traditional tobacco, heat-not-burn, and vapor smokers
has removed the influence of nicotine, tobacco, heat, and other substances associated with
these habits on peri-implant tissue health, blood perfusion, and biofilm composition [95,96].

Furthermore, the comparable distribution of non-surgical (56%) and surgical (44%)
peri-implantitis treatments, and the absence of studies encompassing resective or regener-
ative surgical approaches to peri-implantitis treatment—approaches capable of abruptly
and significantly altering peri-implantitis site anatomy [97], thereby potentially affecting
microbiological load and composition more rapidly than other techniques—have provided
a uniform perspective for both treatment modalities regarding microbiological implications.

However, microbiological samples from peri-implantitis sites were collected at varying
follow-up intervals across studies, precluding parallel treatment comparisons. Moreover,
the lack of standardized follow-up intervals registered in the included studies created
heterogeneity in the data investigated at each time point, allowing for qualitatively syn-
thesized data, but given their heterogeneity precluding parallel treatment comparisons.
Additionally, the methodological heterogeneity of microbiological analyses, including the
types of microorganisms investigated and the units of measurement utilized, hindered
quantitative analysis of results.

In addition, none of the eleven RCTs reviewed [37-47] specifically collected relevant
data from totally edentulous subjects or differentiated them from partially edentulous
subjects, thereby impeding distinctive characterization and comparison. Nonetheless,
considering that subgingival biofilm in partially edentulous subjects with dental implants
influences microbial colonization of dental implants [98] and that the full mouth extraction
procedure is associated with a reduction in predominant periodontal pathogens over
time [99], future studies should characterize peri-implantitis-associated microbiota before
and after treatment in totally edentulous subjects, and compare supra- and submucosal
microbial profiles with those from partially edentulous subjects.

Additionally, delving into the functional and virulence distinctions among species
strains may directly impact the pathogenicity of the entire microbial community—an area
yet to be extensively explored in peri-implant infections. Researching the ecological triggers
of functional pathogenicity shows promise in refining strategies for risk assessment, preven-
tion, diagnosis, and supportive therapy. Although metatranscriptomic pathways specific to
peri-implantitis were identified, the feasibility of chair-side detection remains challenging.



Microorganisms 2024, 12, 1965

36 of 40

References

Nevertheless, technological advancements offer the potential for targeted interventions
against taxa identified as differentially abundant in peri-implantitis or even in the early
stages of peri-implant mucositis. Preliminary data suggest that specific oxidoreductase or
complement pathway inhibitors could hold therapeutic potential [73].

5. Conclusions

Microorganisms were not eradicated by mechanical debridement, whether used alone
or with supplementary treatments, and recolonization of treated peri-implantitis sites
is expected regardless. However, the peri-implant total biofilm, as well as the red and
orange complex bacteria, was controlled for up to approximately three months immediately
following both surgical and non-surgical approaches.

Prevotella intermedia, Fusobacterium nucleatum, and Peptostreptococcus micros were de-
tected in the majority of submucosal biofilms collected immediately after treatment, as well
as from healthy peri-implant sites shortly after implant placement, suggesting that these
bacteria may act as early colonizers in both peri-implant healthy and peri-implantitis sites.

Despite treatment, Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola
from the red complex, and Prevotella Intermedia from the orange complex, increased one
month after treatment compared to baseline.

While red-complex bacteria decreased at the 3-month follow-up, their levels gradually
returned to baseline by six months, and by twelve months, increased again, likely due to
the reformation of the peri-implant biofilm.

Clinical Significance:

e  Mechanical debridement, whether used alone or in conjunction with supplementary
treatments, failed to eradicate microorganisms from peri-implant sites, which are likely
to be recolonized regardless.

e Immediately following both surgical and non-surgical approaches, the total peri-
implant biofilm, as well as the red and orange complex bacterial load, was controlled
for up to three months. However, the microbiological values of red-complex bacteria
measured at six months gradually returned to baseline.

e Rigorous supportive care and maintenance protocols, including professional mechani-
cal debridement, may be recommended even shortly after peri-implantitis treatment
to control red-complex bacterial levels for up to three months.

e Innovative therapeutic strategies should be considered to effectively manage and
target persistent peri-implantitis pathogens.
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