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Abstract

Aim: The aim of this single-blind RCT was to evaluate the adjunctive clinical and mi-
crobiological effect of systemic amoxicillin (AMX) plus metronidazole (MTZ) to non-
surgical treatment of peri-implantitis.

Material and methods: Patients (N = 62) with peri-implantitis were randomly as-
signed to receive full-mouth mechanical debridement and decontamination and use
of chlorhexidine (control group) or combined with antibiotic therapy of AMX/MTZ
(test group). Primary outcome was change in bleeding score from baseline (T;) to 3-
month follow-up (T,). Secondary parameters were plaque, suppuration, PPD, CAL,
bone level, microbiology, adverse events and need for additional surgery. Data were
analysed with linear multiple regression analysis.

Results: 57 patients with 122 implants completed 3-month follow-up. Both groups
showed major clinical improvements at T, in both peri-implant and periodontal pa-
rameters. However, no significant differences were observed between both groups
for any of the primary or secondary parameters.

Conclusions: Systemic antibiotic therapy of AMX/MTZ does not improve clinical and
microbiological outcomes of non-surgical peri-implantitis treatment and should not
be routinely recommended. Although complete disease resolution may be difficult to
achieve, meticulously performed full-mouth non-surgical treatment, achieving a high
level of daily oral hygiene and healthy periodontal tissues, can significantly improve

the starting position of the subsequent (surgical) peri-implantitis treatment phase.
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Clinical relevance

Scientific rationale for study: The beneficial clinical effects of adjunctive systemic antibiotics to
non-surgical periodontal therapy have been well documented. However, studies on the use of
systemic antibiotics for treatment of peri-implantitis are scarce and inconclusive.

Principal findings: Adjunctive systemic antibiotic therapy of amoxicillin and metronidazole does
not improve clinical and microbiological outcomes of non-surgical peri-implantitis treatment.
Practical implications: Systemic amoxicillin plus metronidazole should not be routinely used for
non-surgical peri-implantitis therapy.
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1 | INTRODUCTION

Peri-implantitis is a plaque-associated pathological condi-
tion, characterized by inflammation in the peri-implant mucosa
and subsequent progressive bone loss (Berglundh et al., 2018).
Treatment of peri-implantitis aims to reduce the infectious
challenge posed by the biofilm on the implant surface, to allow
resolution of inflammation and preservation of supporting
bone. Progression of peri-implantitis appears to be faster than
periodontitis (Berglundh et al., 2018), and hence, treatment of
peri-implantitis may be considered more challenging. While me-
chanical debridement alone may be sufficient for treatment of
peri-implant mucositis, alternative or adjunctive measures seem
indicated for treatment of peri-implantitis (Schwarz et al., 2015).
Increased probing depth, structure of the implant surface, its
screw-shaped design and unfavourable shape of the suprastruc-
ture may hinder adequate non-surgical mechanical debridement
(Renvert & Polyzois, 2018). Furthermore, peri-implant pockets
may be recolonized by pathogens from supra- and subgingival
biofilms on teeth or other oral surfaces. This may advocate a
treatment strategy aimed at reduction of total periodontal and
peri-implant bacterial load by full-mouth cleaning and disinfec-
tion and use of antimicrobial agents.

In periodontitis, the concept that full-mouth ecological
change (suppression of periodontal pathogens and recoloniza-
tion of the biofilm by host-compatible species) is necessary to
re-establish periodontal health has led to widespread use of anti-
microbial agents (Feres et al., 2015). Well-documented evidence
shows that beneficial changes in subgingival microbial composi-
tion achieved with scaling and root planing can be considerably
improved by adjunctive use of systemic antibiotics, more specif-
ically metronidazole or metronidazole plus amoxicillin and that
these microbiological benefits are accompanied by important
clinical improvements (Feres et al., 2015) However, in terms of
disease progression, the role of systemic amoxicillin plus metroni-
dazole may be less clear. It has shown to lead to a small absolute,
although statistically significant, reduction in future attachment
loss and may subordinate to the effect of proper mechanical de-
bridement and modification of behavioural risk factors (Harks
et al., 2015).

Unfortunately, evidence on adjunctive use of systemic antibi-
otics in non-surgical treatment of peri-implantitis is scarce and in-
conclusive. Few cohort studies and one RCT have been published,
suggesting that non-surgical treatment involving systemic antibiot-
ics can improve microbiological and clinical parameters (Mombelli &
Lang, 1992; Stein et al., 2017; Lifares et al., 2019; Nart et al., 2020),
but maybe no better than mechanical non-surgical treatment alone
(Shibli et al., 2019).

The aim of the present study was to evaluate the adjunctive
effect of systemic amoxicillin (AMX) plus metronidazole (MTZ)
to full-mouth non-surgical peri-implantitis treatment. The null
hypothesis of no differences between treatment strategies was
tested.

997
EE ey

2 | MATERIAL AND METHODS

2.1 | Trial design

This study is a single-centre, single-blind, controlled, parallel-group
study with balanced randomization (1:1) and superiority design,
evaluating adjunctive clinical and microbiological effects of systemic
amoxicillin plus metronidazole to combined full-mouth non-surgical
peri-implantitis and periodontitis treatment (mechanical debridement

and use of chlorhexidine (CHX)). Follow-up time was three months.

2.2 | Participants

Eligible participants were adults referred for treatment of peri-
implantitis to The Hague Clinic for Periodontology, the Netherlands.
Peri-implantitis was defined as marginal bone loss 22 mm combined
with bleeding and/or suppuration on probing and peri-implant prob-

ing depth 25 mm. Exclusion criteria were as follows:

- History of local radiotherapy to head and neck region;

- Pregnancy and lactation;

- Uncontrolled diabetes (HbA1c>7% or >53 mmol/mol);

- Mononucleosis infectiosa;

- Organic neurological disorders;

- Use of antibiotics during last 3 months;

- Known allergy to AMX/MTZ/CHX;

- Long-term use of anti-inflammatory drugs;

- Full edentulism;

- Incapability of performing basal oral hygiene measures due to
physical or mental disorders;

- Implant function time <2 years

- Implants placed in augmented autogenous bone from the crista
iliac region;

- Implants with bone loss exceeding 2/3 of the implant length;

- Implant mobility;

- Previous non-surgical peri-implantitis treatment (scaling or curet-

tage) during the last 6 months or surgical treatment.

Written informed consent was obtained from all participants before
entering the trial. The study took place between August 2012 and July
2019 andwas approved by the Institutional Review Board of the University
Medical Center Groningen, the Netherlands (METc2012.311). Clinical
trial registration was done at www.ClinicalTrials.gov (NCT04149327),
and CONSORT guidelines were followed (Schulz et al., 2010).

2.3 | Intervention

All patients received full-mouth mechanical cleansing of implants and
teeth in one to five sessions by experienced dental hygienists. Implants
were supra- and submucosally cleaned using an air polisher with sub-
gingival tip (EMS Air-flow® with erythritol-based powder containing
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chlorhexidine (14 pm, Air-Flow® Powder PLUS, EMS) and ultrasonic
instruments (PL1 and PL2 instruments, EMS Piezon®; only on exposed
screw threads, never on smooth implant surfaces). Teeth were supra-
and subgingivally cleaned using ultrasonic instruments (EMS Piezon®)
and hand instruments (Hu-friedy).

During each treatment session, patients received indi-
vidualized oral hygiene (re-) instructions of tooth brushing
with an electric toothbrush, use of interdental brushes (at im-
plants in combination with 1% chlorhexidine gel (Corsodyl®,
GlaxoSmithKline)) and use of floss (at implants only, Oral-B® su-
perfloss, Proctor & Gamble Company or Meridol® floss, Colgate-
Palmolive Company).

Prior to each session, patients rinsed their mouth with 0.12%
CHX +0.05% cetylpyridinium chloride (CPC) mouthrinse during 30 s
(Perioaid, Dentaid SL). At the final session, all previously cleaned areas
were re-examined and again cleaned. After the final session, all pa-
tients used 0.12% CHX +0.05% CPC mouthrinse (Perioaid, Dentaid
SL) twice daily during 30 s for 2 weeks (Feres et al., 2012). Test group
patients additionally used systemic amoxicillin and metronidazole
(500/500 mg, 3 times daily for 7 days).

2.4 | Outcomes

Primary outcome parameter was change in peri-implant full-mouth
bleeding score (peri-implantitis BS, %) from baseline (T,) to 3-month
follow-up (T;).

Secondary clinical outcomes were changes from baseline to
3 months in peri-implant and periodontal full-mouth plaque scores
(PS, %), suppuration scores (SS, %), mean probing pocket depths
(PD), mean (relative) clinical attachment levels (CAL) and mean peri-
implant bone levels (BL).

Other secondary outcomes parameters included the following:
change from T, to T, in detection frequency of 7 periodontal bacte-
rial species, number of patients at T, with adverse events and num-
ber of patients in need for additional surgery at implants at T.

241 | Clinical parameters

All clinical parameters were scored at six sites per implant/teeth at
T, and T,. Presence of plague was assessed visually by using a den-
tal probe and scored as either present or absent. PD was assessed in
mm using a Hu-Friedy® PCPUNC156 periodontal probe. Subsequent
bleeding and/or suppuration on probing was scored as present or ab-
sent. Recession of the marginal gingiva at teeth was determined by
measuring the distance from the top of the marginal gingiva to the
cemento-enamel junction with a periodontal probe. CAL at teeth was
calculated by taking the sum of PD and recession. Location of the
marginal mucosa at implants was determined by using a transparent
template fabricated on a dental cast. The distance from the marginal
mucosa to the transparent template was measured with a periodontal
probe. The “relative” CAL at implants was calculated as the sum of PD
and location of the mucosa.

Change in BL around implants was assessed on standardized digital
radiographs (Planmeca Prostyle Intra) taken with long-cone paralleling
technique and individualized film holders (individualized with silicone
bite blocks). BL measurements were done at the two approximal im-
plant sites using DICOM software (Dicomworks 1.0). The distance
from the first visible bone-to-implant contact to a fixed, reproducible
reference point was measured. Radiographs were calibrated using the
known implant dimensions as reference values. The mean of all mea-

surements within one patient was calculated.

2.4.2 | Microbiological parameters

For microbiological assessment, two pooled samples were taken at
the four peri-implant and periodontal sites with the least favourable
conditions using sterile paperpoints. Microbial samples were ana-
lysed using quantitative polymerase chain reaction. Presence and
numbers of Aggregatibacter actinomycetemcomitans, Porhyromonas
gingivalis, Prevotella intermedia, Tannerella forsythia, Parvimonas micra,

Fusobacterium nucleatum and Treponema denticola were determined.

2.4.3 | Other parameters
Adverse events related to the treatment were evaluated at T, using
a questionnaire with visual analogue scales (VAS). The need for ad-
ditional surgical peri-implantitis treatment was scored at T, and was
based on clinical judgement of the examiner.

All examinations were performed by one experienced periodon-
tist (TV).

2.5 | Sample size

No data were available for estimation of the effect size of non-surgical
treatment of peri-implantitis combined with systemic antibiotics.
Therefore, results from a comparable study on periodontitis (Winkel
et al., 2001) were used (Cohen's d = 1, difference in change from
baseline between control and test group in mean bleeding index = 0.2
(SD 0.2)). For the present study on peri-implantitis, a medium effect
size (Cohen's d = 0.5, f> = 0.33) was assumed. Sample size estimates
(G*Power, Version 3.1; University of Kiel (Faul et al., 2009)) showed
that 48 patients would give a power () of more than 80% with a signif-
icance level (@) of .05 using two-sided linear multiple regression with
6 predictor variables (therapy, baseline value, number of treatment
sessions, smoking (2 dummy variables) and full-mouth plaque score at
T,). To compensate for patient withdrawal and losses to follow-up, a
minimum sample size of 60 patients was chosen, that is 30 per group.

2.6 | Randomization

Patients were randomly assigned to the study groups using a com-
puter generated randomization list with permuted block design
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(fixed block sizes of 4). No stratification was performed. A researcher
not involved in patient enrolment, examination or treatment (YdW)
transferred this randomization list to identical, sequentially num-
bered, non-transparent envelopes by putting either one recipe (for
mouthrinse) or two recipes (for mouthrinse and antibiotics) into the
envelopes. The weight of the envelopes and the number of sheets
in the envelopes were kept identical, thus ensuring that treatment
allocation could not be revealed. The envelopes were irreversibly
sealed, only to be opened by the dental hygienist who had per-
formed the treatment, immediately after the last treatment session.
The patients received the recipe(s) and were instructed accordingly
by the dental hygienist. Thus, patients and dental hygienist were
aware of treatment allocation (after completion of the mechanical
treatment), but the outcome assessor (TV) and data analyst were

kept blinded to allocation.

2.7 | Statistical methods

For full-mouth BS, PS and SS, the percentage of sites with positive
scores of all included implants, respectively all teeth, were com-
bined. For the outcome variables PD, CAL and BL, mean scores
were calculated of all measurements of all included implants and

Enrollment
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all teeth respectively. Patient level response variables were calcu-
lated by taking the difference between T, and T; measurements.
Normally distributed data were tested with linear multiple regres-
sion analyses. Baseline (T,) values, number of treatment sessions,
full-mouth plaque score at T, (continuous variables) and smok-
ing (dichotomous variables) were a priori identified as potential
confounders. For each outcome variable, two analyses were per-
formed. With the crude analysis, the effect of the intervention
was determined, while controlling for baseline value. In the ad-
justed analysis, the other potential confounders were additionally
included in the model.

Non-normally distributed data (peri-implant SS, periodontal
SS and adverse event VAS scores) were analysed with the Mann-
Whitney U test. Differences in PD reductions between control and
test group for initially shallow (<3 mm), moderate (4-6 mm) and deep
(27 mm) peri-implant and periodontal pockets were analysed with
the independent-samples t test. Within-group differences in detec-
tion frequency of single bacterial species between T, and T, were
analysed with the McNemar test, and between-group differences at
T, with the Fisher's exact test.

Data were analysed according to the intention-to-treat principal,
with a significance level (a) of .05, using IBM® SPSS® Statistics 23
(version 23.0.0.3, IMB).

Assessed for eligibility (n=70)

Excluded (n=8)

+ Not meeting inclusion criteria (n=3)
+ Declined to participate (n=3)

+ Lost during initial treatment, before
allocation (n=2)

A4

Randomized (n= 62)

!

A Y

Allocated to control-group

Allocated to test-group

FIGURE 1 Flow-diagram

Allocation

Follow-up

Analysis

(n=32 patients, 68 implants)
+ Received allocated intervention (n=32)
+ Did not receive allocated intervention (n=0)

(n=30 patients, 75 implants)

+ Received allocated intervention (n=28)

+ Did not receive allocated intervention
(n=2, refused to take prescribed antibiotics)

Lost to follow-up
+ Did not show up for final examination (n=2)

Discontinued intervention

+ Not meeting inclusion criteria (antibiotics use
within 3 months before treatment, as noticed
during the final examination (n=1))

Lost to follow-up
+ Did not show up for final examination (n=1)

Discontinued intervention
+ Withdrawal of consent due to adverse events
(hallucinations) (n=1)

A 4

A 4

Analysed for primary and secondary
outcomes, intention to treat analysis
(n=29 patients, 64 implants)

Analysed for primary and secondary
outcomes, intention to treat analysis
(n=28 patients, 68 implants)
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3 | RESULTS TABLE 1 (Continued)
Characteristics Control Test
The flow of the participants throughout the different phases of the MIS 4(59) 000
study isillustrated in Figure 1. In total, 62 patients with 143 implants Neobiotech 000 34.0)
with peri-implantitis were allocated. Baseline characteristics of the Nobel Biocare 16 (23.5) 24.(32.0)
included patients are shown in Table 1. Two patients allocated to Straumann 14 (20.6) 13(17.3)
the test group refused to take the prescribed antibiotics. However, Zimmer Biomet 5(7.4) 7(9.3)
according to the intention-to-treat analysis, these patients were still Type of restoration; n implants involved (%)
Single crown 42 (61.8) 39 (52.0)
TABLE 1 Baseline characteristics of included patients/implants Implant supported fixed partial 22 (32.4) 32(42.7)
denture
Characteristics Control Test Implant-teeth supported fixed partial 0(0) 4 (5.3)
Number of patients 32 30 denture
Age (years; mean (SD)) 53.5(11.2) 60.0 (10.4) Overdenture 4(5.9) 0(0)
Gender; M(male), F(female) M 12,F 20 M 15,F 15 Screw- or cement-retained restoration; n implants involved (%)
Smoking; n patients (%) Screw-retained 18 (26.5) 20 (26.7)
Never smoking or quit smoking >1 year 19 (59.4) 22(73.3) Cement-retained 50(73.5) 55(73.3)
o Implants placed in maxilla or mandible; n implants (%)

Quit smoking <1 year ago 3(9.4) 1(3.3) Maxilla 45 (66.2) 37 (49.3)
Current smoking 10 (31.3) 7(23.3) Mandible 23(33.8) 38(50.7)
Daily alcohol consumption; n patients (%) 18 (56.3) 15(50.0) Implants partially placed in augmented bone/bone substitute; n implants

Daily medication intake; n patients (%) 15 (46.9) 14 (46.7) (%)
If yes, number of medications daily 1.9 (1.1) 1.8(0.7) Yes 17 (25.0) 21 (28.0)
(mean (SD)) No 43(63.2)  38(50.7)
Diabetes; n patients (%) 2(6.3) 1(3.3) Uil emm 8(11.8) 16 (21.3)
Periodontal classification; n patients (%)
Localized, stage |, grade A 4(12.5) 1(3.3)
Localized, stage Il, grade A 0 1(3.3) analysed in the test group. One patient in the test group suffered
Generalized, stage |, grade A 16.9) 0 from hallucinations after using antibiotics for one day. This patient
Generalized, stage Il grade A 8(25.0) 10(33.3) discontinued the intervention, but also withdrew consent and was
Generalized, stage Il, grade B 5(15.6) 3(10.0) therefore regarded as drop-out. Test group patients were on average
GeneralizedistagellibizradelB 9{28.1) 9{30.0) older than control group patients (60.0 + 10.4 vs. 53.5 + 11.2 years,
ctenelired sk 1 pada © 2 2 p = .021) and had a higher proportion of implants in the mandibula
EEISEHEE - SER I GEER C S <l (50.7% vs. 33.8%, p = .042). A small majority of the patients had mild/
Allimplants moderate periodontitis (stage | or |l periodontitis, 53.2%) as opposed
Total number of implants (range) 75 (1-5) 93 (1-10) to severe periodontitis (stage Il or IV, 46.8%), with no differences
Clinical diagnosis; n implants (%) between control and test group.
Heélfh i EelFer S.u?puration) ) ) e Descriptive statistics of clinical outcomes at T, and T, and mean
Penl;ml:znbtomn:clzzl:)ls(BOP/SuPpuratlon’ e SR differences are shown in Table 2. This table only includes patients
Peri-implantitis with complete follow-up (57 patients with 132 implants). Mean bone
Excluded because placed in iliac crest 0(0) 3(3.2) loss is based on 55 patients and 122 implants, since radiographs of
bone 10 implants were qualitatively insufficient for appropriate measure-
Explantation only possible treatment 3(4.0) 1(1.1) ments. Outcomes of the statistical analyses are depicted in Table 3.
option No significant differences between control and test group were ob-
Implants allocated to treatment 68(90.7) 75 (80.6) served for any of the clinical parameters, both for peri-implant and
Alsese slinas periodontal parameters. Only for initially deep periodontal pockets
Nisfellic Fuetiyon (e (e ezn (S0, B9 elens (27 mm), a significantly greater reduction in pocket depths was seen
Range 3.0-279 2:6-20.9 between T, and T, for the test group versus the control group (see
Implant brand; n implants (%) Table 4).
Alpha-Bio Tec 6(6.8) 0(0) Results from the microbiological analyses are depicted in
Caml.og 1{1.5) (.0 Table 5. There were no significant differences between both groups
Dentium . 2(29) 0 at T, neither for implants nor for teeth. Detection frequencies of
Dentsply Sirona 20(29.4) 24 (32.0)

(Continues)

most bacterial species, both at implants and teeth and in the control
and test group, were lower at T, than at T, except for 4 out of 7
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TABLE 2 Descriptive statistics of clinical parameters

Control group (n = 29)
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Test group (n = 28)

N =57 [ T,

Peri-implantitis parameters
BS Mean % (SD) 94.66 (9.42) 55.47 (31.60)
PS Mean % (SD) 42.11(30.89) 6.88(14.72)
SS Median % (IQR) 8.33(16.67) 0.00(0.00)
PD Mean (SD) 5.82(1.42) 4.42(1.38)
CAL (relative) Mean (SD) 12.45(2.36) 11.49 (2.01)
BL? Mean (SD) 3.03(1.24) 3.08(1.32)

Periodontal parameters

BS Mean % (SD) 48.80(21.53)  20.51 (15.60)
PS Mean % (SD) 43.89 (23.94) 17.69 (22.36)
§9 Median % (IQR) 0.00 (0.00) 0.00 (0.00)
PD Mean (SD) 3.22(0.70) 2.53(0.68)
CAL Mean (SD) 3.80(1.34) 3.28(1.50)

A T, T, A
-39.20(32.31) 85.96(19.32)  47.37(30.43)  -38.59 (29.60)
-35.23(32.67) 42.35(28.02) 8.20(13.28)  -34.15(27.60)
0.00 (16.67) 8.33(16.67) 0.00 (5.56) -6.90(12.83)
-1.40(0.80) 5.63(1.24) 3.96(1.21) -1.67(0.82)
-0.96 (1.01) 12.35(1.68) 11.39 (1.62) -0.97(0.93)
-0.04 (0.20) 2.65(1.61) 2.70(1.65) -0.06 (0.17)
-28.29 (16.36) 44.93(19.12)  14.40(9.28) -30.53 (16.55)
-26.20 (24.97) 36.40(19.37)  10.35(9.80) -26.05 (20.49)
0.00 (0.00) 0.00 (0.00) 0.00 (0.00) -1.06 (4.01)
-0.70(0.37) 3.22(0.64) 2.39(0.48) -0.84(0.44)
-0.52(0.40) 3.91(0.99) 3.32(0.87) -0.60 (0.45)

Abbreviations: BL, bone level; BS, bleeding score; CAL, clinical attachment level; PD, probing pocket depth; PS, plaque score; S, suppuration score.

2n = 28 in control group, n = 27 in test group.

TABLE 3 Mean differences in clinical outcomes between control and test group

Crude model®

Adjusted model®

Outcome variable p 95%Cl

Peri-implantitis parameters

BS -3.724 -20.531; 13.082
SS¢

PD -.309 -0.717;0.100
CAL (relative) -.030 -0.497;0.436
BL -0.027 -0.124;0.071

Periodontal parameters

BS -4.665 -10.262; 0.932
SS¢

PD -.141 -0.332; 0.049
CAL -.071 -0.299; 0.157

Note: The reference category for intervention effect is the control group.

p-Value p 95%Cl p-Value
.659 .028 -17.567; 17.622 997
.509

136 -.338 -0.779;0.103 130
.896 -.173 -0.652; 0.305 470
.586 -.01 -0.111; 0.091 .841
.100 -1.777 -5.861; 2.307 .386
746

142 -.146 -0.339; 0.046 133
.534 -111 -0.337;0.116 .332

Abbreviations: BL, bone level; BS, bleeding score; CAL, clinical attachment level; PD, probing pocket depth; SS, suppuration score.

2Adjusted for baseline value.; PAdjusted for baseline value, number of treatment sessions, smoking and full-mouth plague score at T,.; “Analysed with

Mann-Whitney U test.

species at implants in the control group (equal or higher detection
frequency). However, the reductions between T, and T, were not
significant, with the exception of number of patients positive for
T. denticola in the test group.

Percentages of patients with no, mild, moderate or severe ad-
verse events related to the use of antibiotics and/or mouthrinse
and corresponding median VAS scores are depicted in Figure 2. No
significant differences were observed between both groups. Other
adverse events reported (not in questionnaire) were pain in the ears,
toothaches and globus sensation (control group) and vaginal yeast
infection and vaginal dryness (test group).

At 3-month follow-up, it was decided that 29 out of 57 patients
(13 control group and 16 test group patients) required no immediate
further treatment and could continue with the follow-up programme
(Supportive Periodontal Therapy, SPT, every 3-6 months). For 8 of these
patients (3 control group and 5 test group), decisions on further (surgical)
treatment were postponed to the re-evaluation at 6 months because
doubts existed regarding its necessity. Twenty patients (11 control group
and 9 test group) were scheduled for a surgical treatment, including 2
patients who required explantation of 1 of their implants. Eight patients
(5 control group and 3 test group) were scheduled for non-surgical re-
treatment, mainly due to insufficient oral hygiene and/or compliance.
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TABLE 4 Mean change in probing pocket depth between T, and T, for initially shallow, moderate and deep peri-implant and periodontal

pockets
Mean pocket depth reduction
N =57 Baseline pocket depth Control group (n = 29) Test group (n = 28) p-Value
Peri-implant pockets <3 mm -0.10 (0.86) 0.37 (0.80) .099
[3(2)n=17 [4@3)n=19
4-6 mm 1.07 (1.00) 1.29(0.86) 407
[7 @)];n=26 [8(8);n=26
27 mm 2.42(1.23) 3.19 (1.53) .054
[5@);n=25 [4(3);n=26
Periodontal pockets <3 mm 0.36 (0.32) 0.47 (0.23) 135
[94 (32)]; n = 29 [92 (30)]; n = 28
4-6 mm 1.24(0.52) 1.33(0.45) .513
[40 (20)]; n = 29 [37 (15);n = 28
>7 mm 2.78(1.37) 3.75(1.23) .025%
[6@);n=19 [5(7);n=20

Significant difference between test and control group (Independent-Samples T test); [..] = mean number of pockets (SD); n = number of patients.

TABLE 5 Number of patients with selected periodontal pathogens and mean log-transformed counts (SD) for the control and test group

at T,and T; at IMPLANTS and TEETH

IMPLANTS TEETH
Control (n = 29) Test (n = 28) Control (n = 29) Test (n = 28)
N =57 il i T, T, T, 12 iy 12
Aa n 4 3 1 0 1 2 1 0
Mean counts (SD) 6.08(0.36)  6.07(1.85) 7.51 8.51 4.81(0.14) 6.80
Pg n 13 15 15 12 15 13 16 12
Mean counts (SD) 6.29 (1.09) 5.46(1.88) 6.98(1.11) 5.98(2.22) 6.03(1.49) 5.41(1.66) 6.84(1.57) 4.48(1.43)
Pi n 20 17 14 11 19 18 16 12
Mean counts (SD) 5.13(1.26) 5.23(1.61) 5.47(1.22) 3.99(2.02) 5.26(1.55) 4.72(1.31) 5.35(1.38) 3.34(1.85)
Tf n 26 28 28 25 28 26 28 25
Mean counts (SD) 5.82(0.94) 5.26(1.71) 6.22(0.90) 5.32(0.93) 5.67(1.21)  5.19(1.05) 6.33(0.94) 4.09 (1.60)
Pm n 28 29 28 26 29 27 28 24
Mean counts (SD) 513(0.94) 4.71(1.15) 5.14(0.79) 4.55(0.81)  4.85(0.86) 4.48(1.19) 5.08(0.66) 4.31(1.22)
Fn n 29 28 28 27 29 28 28 27
Mean counts (SD) 5.65(0.92) 5.31(1.23) 5.78(0.84) 5.11(0.86) 5.58(0.78) 5.01(1.30) 5.81(0.80) 4.93(1.06)
Td n 13 14 19 117 14 10 19 10°
Mean counts (SD)  4.96(1.13)  4.39(1.57) 519(0.75) 4.64(0.80) 4.68(1.45) 4.46(1.20) 5.27(1.17) 3.96(1.44)

Abbreviations: Aa, A. actinomycetemcomitans; Fn, F. nucleatum; Pg, P. gingivalis; Pi, P. intermedia; Pm, P. micra; Td, T. denticola; Tf, T. forsythia.

*Significant change from baseline p < .05 (McNemar test). There were no significant differences between both groups at T, neither for implants nor

for teeth (Fisher's exact test).

4 | DISCUSSION

The present study shows that systemically administered AMX plus
MTZ in conjunction with a meticulously performed full-mouth non-
surgical peri-implantitis treatment does not generally lead to bet-
ter clinical and microbiological results than non-surgical treatment

alone. Thus, the null hypothesis of no difference has to be accepted.

Only initially deep peri-implant pockets may benefit form systemic
AMX + MTZ (p = .054, borderline significance), but probably not to
such an extent that surgical follow-up treatment can be avoided.
Our peri-implantitis treatment results are similar to Shibli
et al. (2019) who also found no beneficial clinical and microbiologi-
cal effects of adjunctive systemic AMX + MTZ (500 mg + 400 mg,
three times daily for 14 days) to non-surgical treatment of severe
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median VAS (IQR) control test median VAS (IQR)  p-value
confusion/sleepiness I emonozymm. 0915
fever o o¥ .. 0.730
headache 0w oA o) 0.718
dizziness Ha oY) 0.586
hot flashes HToNo®2)e 0.368
skin rash/itching ENoNos).. 0.209
stomach ache I N oo 0.873
diarrhea | o) 0.163
vomitting/throwing up oo 0976
nausea N Ee o) 0.927
metal taste B . o os)s 0739
disturbed taste perception EE T o 0.769
teeth/prosthesis discoloration N | oT @) 0.066
tongue discoloration Il I oNos).  0.291
mouth dryness N s mols(me)M 0.502
mouth itching TnoNe®2)m. 0524
burning tongue Nl Y o2 0.757
swollen (salivary) glands I B OO 0.729
pain H s oS 0.872
0% 100% 0%

® no (VAS<1)

mild (1-4)

® moderate (4-7) m severe (7-10)

FIGURE 2 Percentage of patients with no, mild, moderate and severe adverse events related to the treatment and median VAS scores

(IQR)

peri-implantitis. However, our results for periodontitis are somewhat
different than regularly seen for systemic antibiotics in periodontitis
treatment (Feres et al., 2015; Jepsen & Jepsen, 2016). The clinical
benefits of adjunctive MTZ or MTZ plus AMX in periodontitis have
been well established in a large number of RCTs and systematic re-
views. These benefits are especially true for aggressive compared to
chronic periodontitis and in deep compared to moderately deep pock-
ets (Feres et al., 2015; Harks et al., 2015; Jepsen & Jepsen, 2016). The
benefits of systemic antibiotics on initially deep periodontal pockets
could be confirmed in the present study, but were not generalizable to
full-mouth scores. This discrepancy may be explained by the fact that
patients were selected on presence of peri-implantitis and not on pres-
ence of periodontitis. Consequently, degrees of periodontitis varied
between patients, from localized mild to generalized severe periodon-
titis, resulting in substantially lower full-mouth baseline pocket depths
(8.22 £ 0.7 mm) than generally observed in RCTs reporting specifically
on periodontitis (range 3.6-4.4 mm) (Winkel et al., 2001; Matarazzo
et al., 2008; Silva et al., 2011). In contrast, baseline peri-implant pock-
ets in the present study (5.71 + 1.4 mm) were much deeper, reflecting
severe grades of peri-implantitis, comparable to Shibli et al. (2019).
One of the limitations of the present study is the short follow-up
period of 3 months, making it impossible to evaluate “true” end points
of therapy, such as implant/tooth loss and prevention of disease
progression (Tomasi & Wennstrom, 2017). However, it was deemed
ethically unacceptable to withhold patients their necessary (surgical)
follow-up treatment if problems persisted at the 3 month evalua-
tion. In addition, one may question the added value of the outcome
parameter bone level change, as measured on radiographs three
months after treatment. Although no large changes in bone levels
were expected and observed, these radiographs were deemed useful
for identification of cases with rapidly progressive bone loss and for
decision-making on the subsequent treatment phase.

Sample size calculation for the present study was based on
data from a study on periodontal and not peri-implant treatment.
Although wide margins were applied, one may argue whether there
was enough power to detect relevant differences. To facilitate a
correct interpretation of the results, a post hoc power analysis was
performed. Based on the explained variance (R squared), the power
of the “crude” regression model (2 predictors) for the primary out-
come variable peri-implantitis BS was 46% and for the “adjusted”
regression model (6 predictors) 78%. For peri-implantitis PPD, the
power was 86% for the “crude” model and 87% for the “adjusted”
model. Although post hoc power analyses have to be interpreted
with caution, the present study appears to have sufficient power for
detecting relevant differences, underlining the outcome of no bene-
ficial effects of systemic AMX + MTZ in non-surgical peri-implantitis
treatment.

The reason for this lack of beneficial effects is as of yet not clear.
It could be speculated that this is due to specific histopathological
and immunological characteristics of peri-implantitis (Berglundh
et al., 2011), such as absence of a periodontal ligament, limited vas-
cularization and lack of dento (“implanto”)-gingival fibres. These
characteristics may explain why implant tissues seem less capable in
controlling inflammation than periodontal tissues (Buser et al., 1992;
Lindhe et al., 1992; Berglundh et al., 1994, 2011). The poor vascular
supply, especially in the supra-alveolar area apical of the junctional
epithelium, may also be responsible for an antibiotic concentration
too low to be effective and significantly affect the peri-implant
microbiota.

In addition, controversy exists regarding the specific role of bac-
teria in peri-implant disease initiation. Instead of primarily being the
result of a true infection, it has been speculated that (initial) marginal
peri-implant bone loss is merely the result of a dis-balanced foreign
body reaction related to compromised implant, prosthodontics and
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patient factors (Qian et al., 2012; Albrektsson et al., 2014, 2017.
Secondary to an already compromised situation (marginal bone loss,
induced immune response), an infection may then develop. Open-
ended microbiome studies have shown that the microbiomes associ-
ated with periodontitis and peri-implantitis show major differences
(Kumar et al., 2012; Dabdoub et al., 2013; Lafaurie et al., 2017;
Sahrmann et al., 2020). The microbiome in peri-implantitis seems as-
sociated with predominantly non-cultivable Gram-negative species
and is not associated with a uniform microbial profile. A limitation
of the present study is that targeted periodontal microbiological in-
vestigations were used, both for teeth and implants, providing an
incomplete picture of the potential changes in composition of the
peri-implant and periodontal microbiome. Although the investigated
periodontal species may be considered marker species for periodon-
titis (Griffen et al., 2012), their role in peri-implantitis onset, progres-
sion and/or treatment outcome is not clear.

However, regardless of the composition and complexity of the
peri-implant microbiome and the discussion whether a microbial in-
fection is the primary etiological factor or a secondary complication,
it is generally accepted that anti-infective measures aimed at dis-
turbance/removal of the implant biofilm are mandatory for achiev-
ing treatment success. Yet, adequate subgingival biofilm removal is
more challenging for implants than for teeth, due the screw-shaped
implant design, rough surface and/or unfavourable shape of the
suprastructure. Bacteria in (undisturbed) biofilms, as compared to
planktonic bacteria, display an increased tolerance of antimicrobial
agents (Marsh, 2005), which may cause adjunctive systemic an-
tibiotics to be less effective. Additionally, in trying to remove the
implant biofilm there is the risk of damaging the implant surface.
In vitro studies have shown that released titanium particles have
the potential to induce severe inflammatory responses in macro-
phages and stimulate osteoclastogenesis (Eger et al., 2017). In ad-
dition, greater levels of dissolved titanium have been detected in
submucosal plaque around implants with peri-implantitis compared
with healthy implants (Safioti et al., 2017) and titanium dissolution
products have been shown to act as a modifier in the peri-implant
microbiome structure and diversity (Daubert et al., 2018), both in-
dicating an association between titanium dissolution products and
peri-implantitis. A limitation of the present study is the fact that,
amongst other methods and instruments, ultrasonic metal tips were
used for debridement of rough implant parts, causing a high risk for
implant surface abrasion. Although treatment was always concluded
by using an air polisher and no exacerbations were seen immediately
after treatment, there is the possibility that remaining titanium par-
ticles could have negatively influenced the results.

One may speculate that, since adequate implant biofilm removal/
disruption is more easily achieved during a surgical procedure, sys-
temic antibiotics may be of value then. However, the two available
RCTs on this topic have either shown no clinical benefits (azithro-
mycin, 250 mg x 2 at day of surgery +250 mg x 1 per day during 4
additional days) (Hallstrom et al., 2017) or only a positive effect in a
subgroup of implants with modified surfaces (AMX 750 mg x 2 per
day, during 10 days) (Carcuac et al., 2016). In the present study, many

different implant types and surfaces were included, making it impos-
sible to determine the influence of implant surface topography on
treatment outcomes. This heterogeneity may be considered a limita-
tion of the study, but on the other hand it may reflect the complexitiy
of the implant patient population in general.

Since peri-implantitis is difficult to treat successfully, one may
argue that all available means should be incorporated in the treat-
ment plan. However, the phrase “there's no harm in trying” does not
hold true for antimicrobial agents. Systemic antibiotics may cause
(serious) adverse events, may interact with other drugs leading to
comorbidity, may increase proliferation of antimicrobial resistance
and may cause superinfections and overgrowth of opportunistic
pathogens difficult to eradicate (Verdugo et al., 2016).

The risk for bacterial resistance is increased when sufficient dis-
ruption of the submucosal biofilm cannot be achieved. In vitro anal-
ysis of submucosal peri-implantitis biofilm specimens has shown that
peri-implantitis patients indeed frequently yield submucosal bacte-
rial pathogens resistant to individual therapeutic concentrations of
clindamycin, amoxicillin, doxycycline or metronidazole, however,
only rarely to both amoxicillin and metronidazole (Rams et al., 2014).

The negative impact of antimicrobial agents on the normal pro-
tective microflora may cause a shift from a symbiotic ecosystem into
a dysbiotic ecosystem, allowing overgrowth of superinfecting op-
portunistic bacteria, viruses and yeast, such as Staphylococcus aureus
or Epstein-Barr virus (EBV) (Verdugo et al., 2016). Indiscriminative
antibiotic administration may thus induce a cascade of microbiologi-
cal shifts that could support escalation of peri-implantitis. Antibiotic
susceptibility testing of bacterial pathogens and identification of op-
portunistic microorganisms could help to minimize these risks and
may aid in selection of antimicrobial therapy for peri-implantitis pa-
tients (Rams et al., 2014; Verdugo et al., 2016).

Despite the fact that adjunctive systemic AMX + MTZ does not
seem to enhance outcomes of non-surgical peri-implantitis ther-
apy, meticulously performed full-mouth mechanical therapy itself,
including a thorough control of self-performed oral hygiene, does
significantly improve clinical peri-implant parameters. Complete dis-
ease resolution (no BoP, PPD<5 mm) was rarely achieved, but more
than half of the patients required no immediate further treatment
and continued with the aftercare programme. This observation
supports the notion that treatment of peri-implantitis should start
with a non-surgical treatment phase. Since peri-implantitis is rarely
a solitary disease, but virtually always accompanied by some form of
periodontal disease, a full-mouth approach is preferred, combining

treatment of implants and remaining dentition.

5 | CONCLUSION

Within the limitations of this study, it can be concluded that ad-
junctive systemic antibiotic therapy of AMX and MTZ does not
improve clinical and microbiological outcomes of non-surgical peri-
implantitis treatment and should therefore not be routinely recom-
mended. Complete disease resolution may be difficult to achieve,
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but a meticulously performed full-mouth non-surgical treatment,
achieving a high level of daily oral hygiene and healthy periodontal
tissues, can significantly improve the starting position of the subse-

quent (surgical) treatment phase.
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