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Abstract

Aim: The present multi-centre randomized clinical trial with 12 months of follow-up
aimed at studying the added effect of sub-marginal instrumentation before surgical
treatment of peri-implantitis.

Materials and Methods: Forty-two patients diagnosed with peri-implantitis were
recruited. After a behavioural intervention phase including oral hygiene instructions,
patients were randomized to either receiving supra- and sub-marginal instrumenta-
tion on their affected implants (control group: 21 patients and 29 implants) or only
supra-marginal instrumentation (test group: 21 patients and 24 implants), before
undergoing surgery. Changes in the deepest probing pocket depth (PPD) with respect
to baseline and a composite outcome of treatment success (no implant loss, no bone
loss > 0.5 mm, no bleeding or suppuration on probing [BoP/SoP], and PPD < 5 mm)
at the 12-month examination were regarded as the primary outcomes of the trial.
Results: At the 12-month examination, changes in the deepest PPD with respect to
baseline amounted to —2.96 mm in the control group and to —3.11 mm in the test
one (MD = —0.16; SE = 0.56; p = .769), while 21.4% of the implants in the control
group and 33.3% in the test group presented treatment success (OR = 1.83;
SE = 1.15; p = .338). With the exception of a longer non-surgical treatment duration
in the control group (differences in = —14.29 min; SE = 2.91; p < .001), no other
secondary (e.g., soft-tissue recession, keratinized mucosa height, and bone level
changes, as well as BoP, SoP, profuse bleeding and implant loss rates) or exploratory
(i.e., early wound healing, aesthetics, surgical and total treatment duration, surgery
difficulty, intra-operative bleeding, and adverse events) outcome demonstrated sta-
tistically significant differences between groups.

Conclusions: The present multi-centre randomized clinical trial did not demonstrate

an added effect of performing sub-marginal instrumentation 6 weeks before the
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1 | INTRODUCTION

Peri-implantitis represents an important health complication associ-
ated with implant dentistry, due to its high prevalence (Derks
et al,, 2016a; Romandini et al., 2019; Vignoletti et al., 2019; Roman-
dini, Lima, et al., 2021b) and to its accelerating progression pattern,
which may finally lead to the loss of the affected implants and restora-
tions (Derks et al., 2016b). Its management is further complicated by
the lack of a clear symptomatology (Romandini, Lima, et al., 2021a)
and by the scarce sensitivity of its diagnostic procedures (Berglundh
et al., 2021; Romandini, Berglundh, et al., 2021), which often result in
its identification when already in moderate/severe forms.

A stepwise therapeutic approach is employed in the management
of peri-implantitis, mirroring the one used in periodontal therapy
(Sanz et al., 2020). After a behavioural intervention phase, including
instructions for self-performed biofilm removal, risk factor control,
and supra-marginal instrumentation, the affected implants undergo
a non-surgical sub-marginal instrumentation phase (Figuero
et al., 2014). This phase is generally performed after the removal of
the restoration under local anaesthesia, and it is accomplished with
the objective of decontaminating the affected implant surfaces and
supra-structures (Figuero et al., 2014). A clinical re-evaluation of
the peri-implant tissues is then performed 4-8 weeks after to
determine whether the endpoints of therapy have been achieved
(i.e., treatment success) or whether a surgical phase is needed,
before introducing the patient into a life-long supportive peri-
implant care (Schwarz et al., 2022).

In the management of periodontitis, this stepwise therapeutic
approach is widely justified since sub-gingival instrumentation fre-
quently achieves the pre-determined endpoints of therapy (Suvan
et al., 2020), thus reducing the need for periodontal surgery to a
minority of selected advanced cases. However, in the case of peri-

implantitis, sub-marginal instrumentation rarely results in residual

periodontology. . TANA 1 D R

surgical treatment of peri-implantitis. Larger clinical trials are however needed to
confirm the present findings (Clinicaltrials.gov: NCT03620331).

clinical trial, disease resolution, non-surgical treatment, peri-implantitis

Scientific rationale for study: There is a need for evidence demonstrating the added effect of sub-
marginal instrumentation prior to the surgical treatment of peri-implantitis, because this pre-

surgical intervention involves longer treatment durations, higher costs, and increased discomfort

Principal findings: With the exception of a longer non-surgical treatment duration in the control

group, no other studied outcome demonstrated statistically significant differences between

Practical implications: Depending on the case characteristics (e.g., need for sub-gingival instru-
mentation to treat periodontitis), clinicians may decide whether to include this pre-surgical pre-
paratory step on a case-by-case basis.

probing pocket depths (PPD) <5 mm and absence of bleeding on
probing (BoP) (Merli et al., 2020; de Waal et al., 2021; Hentenaar
et al., 2021), parameters associated with long-term implant survival
and no further disease progression (Berglundh, et al., 2018;
Carcuac et al., 2020). Therefore, surgical therapy is considered the
gold standard approach for peri-implantitis treatment, especially in
its moderate/severe forms, and the sub-marginal instrumentation
has become an intermediate phase in preparation to surgery rather
than a definitive treatment procedure. Hence some authors have
questioned the value of this preparatory intervention, and several
trials have only employed a supra-marginal instrumentation before
the surgical treatment of peri-implantitis (Carcuac et al., 2016; Cha
et al., 2019). Evidence is therefore needed to verify the added
effect of sub-marginal instrumentation before the surgical treat-
ment of peri-implantitis, because this intermediate intervention
involves longer treatment duration, higher costs, and increased dis-
comfort for patients.

The aim of the present multi-centre randomized clinical trial with
12-month follow-up was to evaluate the added effects of the non-
surgical sub-marginal instrumentation before surgical treatment of

peri-implantitis.

2 | MATERIALS AND METHODS

This manuscript is reported following the Consolidated Standards of
Reporting Trials (CONSORT) 2010 guidelines (Moher et al., 2010).
The protocol of the study was registered in Clinicaltrials.gov
(NCT03620331) and approved by the respective ethical committees
in each of the participating centres (Rome: Prot. n. 24/17; Madrid:
18/041-E; Turin: CS2/676). All the participants were informed in
detail about the study aims and procedures, and provided a written

informed consent before their inclusion in the trial.
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21 | Trial design
The present study was designed as a randomized, clinical, surgeons-,
outcome assessors- and statistician-blinded, multi-centre, superiority

trial with two parallel groups and a 1:1 allocation ratio.

2.2 | Participants

The following three centres equally contributed in providing partici-
pants between January 2018 and September 2019: (1) Section of
Post-Graduate Periodontology, Faculty of Odontology, Complutense
University (Madrid, Spain); (2) Department of Periodontology and
Prosthodontics, “George Eastman™ Dental Hospital, University Policli-
nic “Umberto I” (Rome, ltaly); and (3) Section of Periodontology,
C.L.R. Dental School, University of Turin (Turin, Italy).

Any patient having at least one implant affected by peri-implanti-
tis, being at least 18 years old, and able to sign an informed consent
form was potentially eligible for this trial. Peri-implantitis was defined
as the presence of a peri-implant PPD 26 mm, BoP and/or suppura-
tion on probing (SoP), and radiographically documented marginal bone
loss >3 mm, on implants in function by at least 1 year (Carcuac
et al., 2016). In the absence of reference radiographs at 0-1 year after
loading making possible bone loss assessment (Berglundh et al. 2018;
Renvert et al., 2018), implants had to present a bone level >3 mm.

Primary exclusion criteria were: compromised general health;
inability to attend the study-related procedures; pregnancy or lacta-
tion; chronic use of anti-inflammatory, immune-suppressive, or affect-
ing bone/mucosa drugs; previous peri-implantitis treatment; and
implant mobility.

Before their inclusion in the trial, all potentially eligible patients
received oral hygiene instructions, and implant-supported restorations
not allowing proper access to oral hygiene procedures were corrected.
Untreated periodontitis patients (PPD =4 mm associated with clinical
attachment loss not attributable to other reasons) also received peri-
odontal therapy on their residual dentition without involving study
implants. Smokers were motivated to reduce and possibly quit smok-
ing. Two weeks after completing this behavioural phase, only patients
with a full-mouth plaque score <25% (secondary inclusion criterion)
were finally included in the trial and consecutively assigned to an
envelope for their random allocation to one of the following study
groups:

e Control group: supra- and sub-marginal instrumentation, followed
by surgical therapy 6 weeks later.
e Test group: supra-marginal instrumentation only, followed by sur-

gical therapy 2 weeks later.

2.3 | Study groups specific interventions

An unblinded centre-specific operator (IP, AL, and GB) performed a
full-mouth supra-marginal and supra-gingival instrumentation in both

groups using ultrasonic and hand instruments, followed by the use of
rubber cups and polishing paste. In the same appointment, only
patients of the control group also received a complete non-surgical
sub-marginal instrumentation of the study implants under local anaes-
thesia. In brief, after removing the screw-retained supra-construc-
tions, overdentures, and, when possible, cement-retained implant
restorations, the study implants and their restorations underwent a
deep sub-marginal instrumentation by means of titanium curettes
(Hu-Friedy, Chicago, IL), followed by three irrigations of the peri-
implant pockets with a solution of 0.12% chlorhexidine + 0.05%
cetylpyridinium chloride (DentAid, Barcelona, Spain), and the sub-
marginal application of the same active principles in gel formulation
(DentAid), before reconnecting the removed restorations. Thereafter,
implants of the control group received surgical therapy 6 weeks after
supra- and sub-marginal instrumentation, while the ones of the test
group received the surgical therapy 2 weeks after the supra-marginal

instrumentation.

24 | Surgical therapy

Surgical interventions were carried out in both groups by operators
blinded to the patient allocation (a board-certified periodontist in
Rome and Turin centres, and four postgraduate students in peri-
odontology in the Madrid centre), using the same surgical instru-
ments (Hu-Friedy). After removing whenever possible the implant
restorations, the surgeons were left free to choose what they felt
was the most appropriate surgical approach (access, resective,
reconstructive, combined) according to the individual case character-
istics. As a general rule, intra-bony circumferential defects were
meant to be treated through reconstructive surgery by means of a
bone substitute material (BioOss spongiosa granules, Geistlich AG,
Wolhusen, Switzerland) and a resorbable membrane (BioGide Perio,
Geistlich AG, Wolhusen, Switzerland). Supra-bony defects and non-
circumferential intra-bony defects were meant to be treated by
means of resective surgery with implantoplasty. Finally, combined
defects were meant to be treated by means of a combined approach
(Schwarz et al.,, 2011). Implant surfaces were decontaminated
mechanically using titanium curettes (Hu-Friedy) and chemically
using gauzes soaked with saline serum. Flaps were sutured in order
to allow a non-submerged healing. Implant restorations were recon-
nected either just after the surgery or at the 2-week follow-up exam-
ination, according to the specific clinical situation. The detailed post-
operative care, including the use of a 10-day systemic antibiotic regi-

men, is reported in Appendix.

2.5 | Data collection

2.5.1 | Clinical variables

Clinical variables were collected by three centre-specific outcome
assessors (MR, LPH, and FF), blinded to the patient allocation.
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The following clinical measures were collected at six sites per implant
at baseline, just before surgery, and at 6 and 12 months after surgery:
PPD, peri-implant soft-tissue level from a fixed reference point
(i.e., incisal/cusp edge or restoration margin), BoP, SoP and keratinized
mucosa height (KMH). Whenever possible, peri-implant probing at
baseline was performed after removing the implant-supported resto-
rations. At follow-up visits, probing measurements were carried out
exactly in the same conditions of the baseline examination. Implant
loss (i.e., implant removed or presenting mobility) was also evaluated
at the 6- and 12-month examinations, while the presence of profuse
bleeding after probing (Mombelli et al., 1987) was evaluated at
implant level at the 12-month one. The three centre-specific outcome
assessors were calibrated in person before the start of the trial to
apply the same examination criteria (agreement calculations reported

in Appendix).

2.5.2 | Radiographic variables

Digital standardized long cone intra-oral radiographs were obtained at
baseline and at 2 weeks, 6 months, and 12 months after surgery. One
previously calibrated (agreement calculations reported in Appendix)
and blinded investigator (CL) measured in each radiograph the mar-
ginal bone level using a software program (Autocad 2016 TM, Auto-
Desk Inc.), following a previously established protocol (Romandini,
Lima, et al., 2021b; Romandini, Pedrinaci, et al., 2021).

The inter-thread pitch distance reported by the manufacturer or
the length of the implant was used for the calibration of the apico-
coronal dimension. The marginal bone level was measured, both at
the mesial and distal aspect of each implant, as the vertical distance in
millimetres between the most coronal part of intra-osseous portion of
the implant (i.e., removing the eventual polished collar) and the first
clearly visible contact between the implant surface and the bone, tak-
ing advantage of magnification on a high-definition monitor. The larg-
est value between the mesial and the distal aspect was considered as
the bone level for each implant at each time point. To evaluate bone
level changes, the 2-week follow-up radiograph was taken as refer-
ence in case of pure access or resective approaches (Carcuac
et al., 2016), while the baseline one was considered in case of surger-

ies involving reconstructive procedures.

2.5.3 | Exploratory variables collection methods

Exploratory variables included the assessment on a 100 mm visual
analogue scale (VAS) of early wound healing by the centre blinded
outcome assessors (2 weeks after surgery), self-reported smile aes-
thetics by the patients (baseline, just before surgery, at 6 and
12 months after surgery), and surgery difficulty and intra-operative
bleeding by the blinded surgical operators (just after surgery). More-
over, net (i.e., without considering non-operative stages) active treat-
ment durations (non-surgical appointment, surgery, and total) were

measured and adverse events were collected.
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2.54 | Covariates collection

Several covariates including demographic, medical, and dental history
data, as well as intra-oral and dental chart variables, were also col-
lected to test them as potential confounders. Their assessment
methods are reported in Appendix.

2.6 | Primary, secondary, and exploratory
outcomes

Changes in the deepest PPD with respect to baseline and treatment
success criterion n.1 (no implant loss, no bone loss > 0.5 mm, BoP/SoP—
and deepest PPD < 5 mm; Carcuac et al., 2016) at the 12-month exami-
nation were regarded as the primary outcomes of the trial.

Secondary implant-level outcomes included the changes with respect
to baseline in the deepest PPD (just before surgery and at 6 months), low-
est KMH (just before surgery, at 6 months, and 12 months), and bone
level (at 6 and 12 months). Moreover, the highest site-specific change in
soft-tissue level (i.e., recession) with respect to baseline was considered at
implant level just before surgery, at 6 months, and 12 months. Additional
secondary outcomes included the proportions of study implants exhibit-
ing: BoP, SoP, peri-implant mucosa inflammation (BoP+ and/or SoP-),
and soft-tissue recession >1 mm just before surgery, at 6 months, and
12 months; bone loss > 0.5 mm, bone gain > 0.5 mm, implant loss, and
four additional combinations of clinical and radiographic parameters used
as composite outcomes of therapy (treatment success) at 6 and
12 months; and profuse bleeding at 12 months.

Exploratory patient-level outcomes included the changes with
respect to baseline in self-reported smile aesthetics at 6 and
12 months, and the absolute values of all the remaining exploratory
variables (early wound healing at 2 weeks, treatment durations, sur-

geon VAS, and adverse events).

2.7 | Sample size calculation

Sample size was calculated to detect clinically relevant differences in
both primary outcomes, with a critical level of significance of 0.05, an
80% power, and two-sided hypothesis tests. To detect a difference of
1.0 mm in PPD changes between groups at the 12-month examina-
tion and considering a common SD of 1.0 mm, a minimum sample size
of 34 patients was needed (unpaired t-test). To detect a 35% differ-
ence (humber needed to treat = 3) in treatment success rates (crite-
rion 1) between groups at 12 months, a minimum of 42 patients was
required (chi-squared test). Therefore, a total sample size of 42 partici-

pants (21 in each treatment arm), 14 for each centre, was selected.

2.8 | Randomization and blinding procedures

Randomization and blinding procedures are reported in detail in

Appendix. Briefly, a random permuted blocks randomization list
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stratified by study centre with a 1:1 allocation ratio was generated by
an independent researcher. Notes with the assigned randomized
group (blinded: A or B) were enclosed in sequentially numbered, iden-
tical, opaque, and sealed envelopes.

The investigators involved in the selection and inclusion of the
patient, the surgeons, the outcome assessors, and the statistician
were all blinded with respect to patient allocation. Due to the nature
of the interventions, neither patients nor the centre's non-surgical
treatment operator could be blinded to allocation, but they were
strongly inculcated to not disclose the allocation status at the surgical

appointment and follow-up assessments.

2.9 | Data analysis

Data analysis was performed by a blinded statistician using STATA
version 13.1 software (StataCorp LLC, College Station, TX) and apply-
ing the intention-to-treat principle.

Descriptive key characteristics of the study participants and implants
were summarized: continuous variables were expressed as mean (stan-
dard deviation - SD), while categorical ones as number (percentage—%).

Differences between groups for implant-level variables were ini-
tially tested by multilevel logistic (binary) or linear (continuous) regres-
sion analyses only adjusted for clustering. More than 150 covariates
(including centre) were then tested separately as possible confounders
of the effect of the treatment group on the two primary outcomes
and analyses adjusted for surgical approach (involving or not recon-
structive procedures) were a priori reported. Patient-level variables

were compared by applying crude logistic (binary) or linear

(continuous) regression analyses. Results were expressed as differ-
ences in means (MD) or odds ratios (OR), with standard errors (SE).

All comparisons between groups were carried out using two-
sided hypothesis and an alpha <0.05 level of significance. Treatment
duration variables, which were expected to be possibly indicative of
group allocation, were analysed at the end of data analysis in order to

preserve the statistician blinding.

3 | RESULTS

After screening 90 patients for eligibility, 42 of them (53 implants) were
included in the trial, 21 in each one of the treatment groups (29 implants in
the control and 24 in the test one) (study flowchart reported in Figure 1).
The study population consisted mainly of female patients (61.9%), had a
mean age at baseline of 61.36 (£12.27) years, and the included implants
had a mean baseline bone level of 4.96 (+1.65) mm (Table 1).

All patients received the allocated interventions (including sur-
gery). In one patient from the test group, one implant was removed
during the surgical intervention due to implant fracture. All patients
attended the 2-week examination, but one patient from the control
group did not attend both the 6- and 12-month examinations due to

non-study-related reasons.

3.1 | Primary outcomes

At the 12-month examination, an overall change of —3.03 (£1.96) mm

in the deepest PPD with respect to baseline was observed, being

Assessed for eligibility (n = 90)

Excluded (n = 48)
4 Not meeting inclusion critetia (n = 41)
4 Declined to patticipate (n = 5)

.......................... 4 Other reasons (n = 2)

Randomized (n = 42)

H

E

g

53]

g

g

&

Q

5

: !

“E’ Allocated to intervention (a = 21)

] 4 Received allocated intervention (n = 21)

Ii-" 4 Did not receive allocated intervention (give teasons) (n = 0)

2 :

] Lost to follow-up (give reasons) (n = 0)

2 Discontinued intervention (give reasons) (n = 0)

=

o

[+

-2

2. Analysed (n = 21)

g 4 Excluded from analysis (give reasons) (n = 0)
FIGURE 1 CONSORT 2010 participant flow diagram of the trial

}

Allocated to intetvention (n = 21)
4 Received allocated intervention (n = 21)
4 Did not teceive allocated intervention (give reasons) (n = 0)

—

Lost to follow-up (give reasons) (n = 1):

Argument with the Restorative Department due to non-study
related reasons.

Discontinued intetvention (give reasons) (n = 0)

—

Analysed (n = 21 up to 2-weeks follow-up; n = 20 for 6-
and 12-month follow-ups)
4 Excluded from analysis (give reasons) (n = 1 for 6- and 12-
month follow-up, due to lost to follow-up for non-study
related reasons)
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TABLE 1 General characteristics of the study patients (N = 42) and implants (N = 53)

Patient-level characteristics
Age (years), mean (SD)
Gender, N (%)
Male
Female
Smoking status, N (%)
Non-smokers
Former smokers
Current smokers
Diabetes status, N (%)
No diabetes
Diabetes
Periodontal status (AAP), N (%)
No/mild/moderate periodontitis
Severe periodontitis

Edentulous

Implant-level characteristics
Jaw, N (%)
Maxilla
Mandible
Location, N (%)
Anterior (incisors/canines)
Posterior (premolars/molars)
Implant brand, N (%)
N
S
Other
Unknown
Implant surface, N (%)
Non-modified
Modified
Unknown
Function time (years), mean (SD)
Surgical approach, N (%)
Resective
Combined (resective + reconstructive)
Reconstructive
Open flap debridement
PPD (mm), mean (SD)
BoP-+, N (%)
SoP+, N (%)

Peri-implant mucosa inflammation
(BoP+ or SoP-+), N (%)

Bone level (mm), mean (SD)

Overall (N = 42)
61.36 (£12.27)

16 (38.1)
26 (61.9)

20 (47.6)
15(35.7)
7(16.7)

38 (90.5)
4(9.5)

9(21.4)
28 (66.7)
5(11.9)

Overall (N = 53)

28 (52.8)
25(47.2)

11 (20.8)
42(79.2)

18 (33.9)
17 (32.1)
9(17.0)
9(17.0)

2(3.8)
42(79.2)
9(17.0)
8.32 (+4.05)

17 (32.1)

15 (28.3)
18 (33.9)
3(5.7)

7.66 (£2.16)
51(96.2)
23 (43.4)
53 (100.0)

4.96 (+1.65)

Control
group (N = 21)

63.62 (x11.14)

7(33.3)
14 (66.7)

12(57.1)
8(38.1)
1(4.8)

19 (90.5)
2(9.5)

5(23.8)
14 (66.7)
2(9.5)

Control
group (N = 29)

14 (48.3)
15(51.7)

7(24.1)
22(75.9)

11(37.9)
11(37.9)
3(10.4)
4(13.8)

0(0.0)
25(86.2)
4(13.8)
8.09 (£3.91)

12 (41.4)
7(24.1)
8(27.6)
2(6.9)

7.10 (£1.95)
27(93.1)

13 (44.8)
29 (100.0)

5.02 (+1.51)

Test
group (N = 21)

59.10 (+13.18)

9 (42.9)
12(57.1)

8(38.1)
7(33.3)
6(28.6)

19 (90.5)
2(9.5)

4(19.0)
14 (66.7)
3(14.3)

Test group
(N = 24)

14 (58.3)
10 (41.7)

4(16.7)
20 (83.3)

7(29.2)
6(25.0)
6(25.0)
5(20.8)

2(8.3)

17 (70.9)
5(20.8)
8.60 (+4.28)

5(20.8)
8(33.3)

10 (41.7)
1(4.2)

8.33 (x2.24)
24 (100.0)
10 (41.7)
24 (100.0)

4.89 (+1.83)

Note: Implant brands: N, Nobel Biocare; S, Straumann; other included the following brands: Euroteknika, Sweden & Martina, AstraTech, Biomet 3i, and

Prodent Italia.

Abbreviations: AAP, American Academy of Periodontology case definitio; PPD, probing pocket depth.
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TABLE 2 Clinical and radiographic outcomes of the included implants

PPD change (mm), mean (SD)

Baseline—Surgery
Baseline—6 Months
Baseline—1 Year
Soft-tissue recession (mm),
Baseline—Surgery
Baseline—6 Months

Baseline—1 Year

Soft-tissue recession > 1 mm, N (%)

Baseline—Surgery
Baseline—6 Months
Baseline—1 Year
KMHP change (mm), mean (
Baseline—Surgery
Baseline—6 Months
Baseline—1 Year
BoP+, N (%)
Surgery
6 Months
1 Year
SoP-+, N (%)

Surgery

6 Months
1 Year

Peri-implant mucosa inflammation (BoP+ or SoP+), N (%)

Surgery
6 Months
1 Year
Profuse bleeding, N (%)
1 Year

Bone level change (mm), mean (SD)

Reference®—
6 Months

Reference®—1 Year
Bone loss > 0.5 mm, N (%)
6 Months
1 Year
Bone gain > 0.5 mm, N (%)
6 Months
1 Year
Implant loss, N (%)
6 Months
1 Year

Abbreviations: BoP, bleeding on probing; KMH, keratinized mucosa height; MD, difference in means; NE, not estimable; OR, odds ratio; PPD, probing pocket depth;

SoP, suppuration on probing.

Overall Control

(N =53) group (N = 297)
—0.02 (+1.60) 0.19 (£1.93)
—3.13 (+1.75) —2.98 (+1.77)
—3.03 (+1.96) —2.96 (+1.85)
mean (SD)

0.68 (+1.06) 0.91 (£1.21)
1.84 (+1.48) 2.02 (+1.60)
1.92 (x1.72) 2.30 (+1.94)
10 (18.9) 8(27.6)

29 (56.9) 16 (57.1)

29 (58.0) 16 (59.3)

SD)

0.06 (+0.86) 0.05 (+0.97)
—0.37 (+1.49) —0.32 (+1.49)
—0.33 (+1.44) —0.33 (+1.43)
50 (94.3) 27 (93.1)

44 (86.3) 24 (85.7)

33 (66.0) 20 (74.1)

16 (30.2) 5(17.2)
1(2.0 0(0.0)
5(10.0) 3(11.1)
51(96.2) 27 (93.1)

44 (86.3) 24 (85.7)

33 (66.0) 20 (74.1)

10 (20.0) 6(22.2)
—1.78 (+2.01) —1.77 (¥2.12)
—1.60 (£1.96) —1.54 (+1.89)
3(6.0) 1(3.6)
6(12.0) 3(11.1)

31 (62.0) 15 (53.6)

30 (60.0) 16 (59.3)
1(1.9) 0(0.0)

2(3.9) 1(3.6)

Test
group (N = 24)

—-0.27 (£1.07)
—3.30 (+1.74)
—3.11(x¥2.12)

0.40 (x0.77)
1.63 (+1.33)
1.48 (+1.31)

2(8.3)
13 (56.5)
13 (56.5)

0.06 (+0.73)
—0.43 (+1.53)
—0.33 (x1.49)

23(95.8)
20 (87.0)
13 (56.5)

11 (45.8)

1(4.4)
2(8.7)

24 (100.0)
20(87.0)
13(56.5)

4(17.4)

—1.79 (¥1.92)

—1.67 (+2.08)

2(9.1)
3(13.0)

16 (72.7)
14 (60.9)

1(4.2)
1(4.2)

MD/OR (SE) (only
adjusted for clustering)

MD = —0.46 (0.43) p = .288
MD = -0.33(0.49) p = .503
MD = —-0.16 (0.56) p = .769

MD = —0.49 (0.29) p = .092
MD = —0.31 (0.44) p = .487
MD = —-0.76 (0.49) p = .123

OR =0.11(0.48) p = .615
OR =1.02(1.04) p =.984
OR =0.87(0.87) p = .887

MD = 0.01 (0.23) p = .963
MD = —0.19 (0.44) p = .672
MD = —0.09 (0.44) p = .846

NE
OR =1.03 (4.45) p = .994
OR=0.31(1.29) p=.777

OR = 40.85 (106.20)
p=.154

NE
OR =1.90(7.37) p = .868

NE
OR =1.03 (4.45) p = .994
OR=0.31(1.29)p =.777

OR=1.91(4.73)p=.793

MD = —0.11 (0.65) p = .863

MD = —0.30(0.62) p = .628

OR = 2.70 (3.40) p = .430
OR =1.04 (1.13) p = .969

OR =2.04(8.04) p = .857
OR =1.49(3.88) p =.878

NE
NE

MD/OR (SE) (adjusted for
clustering and surgical
approach)

MD = —0.29 (0.44) p = .502
MD = -0.11(0.49) p = .819
MD = —-0.20 (0.57) p = .972

MD = —0.45 (0.30) p = .136
MD = 0.07 (0.41) p = .864
MD = —-0.49 (0.49) p = .318

OR =0.55(2.23) p = .882
OR =1.87(1.91)p =.541
OR =1.61(1.54)p = .616

MD = 0.03 (0.24) p = .906
MD = —0.36 (0.46) p = 426
MD = —0.31 (0.45) p = .489

NE
NE
NE

OR =17.58(37.77)p = .182

NE
OR =1.23 (4.64) p = .956

NE
NE
NE

OR = 0.52 (0.66) p = .604

MD = 0.76 (0.52) p = .142

MD = 0.38 (0.53) p = .467

OR =4.48 (6.01) p = .264
OR =1.93(1.84) p = .490

OR=0.71(091)p=.791
OR=0.35(0.31)p=.234

NE
NE

?For 6- and 12 months data, the control group included 28 implants; one 6 months radiograph from the test group resulted unreadable, reducing the sample size to

23 implants for 6 months radiographic outcomes.

bFor maxillary implants, only buccal sites were considered.
“Reference radiograph was represented by the initial one in case of implants surgically treated through re-constructive procedures, while by the 2-week post-

operative one for the remaining study implants.
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—2.96 (x1.85) mm and —3.11 (¥2.12) mm in the control and test
groups, respectively. These differences were not statistically signifi-
cant (multilevel model only adjusted for clustering: MD = —0.16;
SE = 0.56; p = .769).

The treatment success criterion n.1 (no implant loss, no bone
loss > 0.5 mm, BoP/SoP— and PPD <5 mm) was present at the
12-month examination in 26.9% of all the study implants, but the ten-
dency for better results in the test group (33.3% vs. 21.4% of the con-
trol) was not statistically significant (OR = 1.83; SE = 1.16; p = .338).

None of the covariates tested as possible confounders influenced

the results of the two primary outcomes.

3.2 | Secondary and exploratory outcomes

3.2.1 | Clinical and radiographic outcomes

Table 2 reports the results on clinical and radiographic outcomes of
the included implants, revealing no statistically significant differences
between groups for any of them.

Peri-implant mucosa inflammation before surgery was observed
in 100.0% of the cases in the test group and 93.1% of the control
group. Indeed, two adjacent implants of the control group, from the
same patient, showed no signs of BoP/SoP before surgery. Since one
of those implants had a PPD = 7 (i.e., not fulfilling the endpoint of
therapy) and the other was located adjacent to it, both implants
underwent surgery. At the 12-month examination, a higher mucosal

inflammation was observed in the control group; however, this

TABLE 3 Treatment success in the included implants

periodontology. . TANA 1 S e

difference was not statistically significant (OR = 0.31; SE = 1.29;
p = .777). Except for this referred case and an additional one, before
and during surgery there was no obvious evidence on whether
patients had previously received the sub-marginal instrumentation.

BoP was present before surgery in 93.1% and 95.8% and at
12 months in 74.1% and 56.5% (OR = 0.31; SE = 1.29; p = .777)
of the implants of the control and test group, respectively. Profuse
bleeding at the 12-month examination was present in 22.2% and
17.4% of the implants of the control and the test groups, respec-
tively (OR = 1.91; SE = 4.73; p = .793). SoP was present before
surgery in 17.2% and 45.8% (OR = 40.85; SE = 106.20; p = .154)
and at 12 months in 11.1% and 8.7% (OR = 1.90; SE = 7.37;
p = .868) of the implants of the control and test groups, respec-
tively. A non-statistically significant higher soft-tissue recession
before surgery was observed in the control group (MD = —0.49;
SE = 0.29; p = .092). At the 12-month examination, this tendency
was still present (MD = —0.76; SE = 0.49; p = .123). Only minor
reductions in KMH were observed during the entire observation
period, without statistically significant differences between
groups (12 months: MD = —0.09; SE = 0.44; p = .846).

An overall mean bone gain of 1.60 (+1.96) mm was observed
between the reference radiograph and the 12-month visit, without
statistically significant differences between groups (MD = —0.30;
SE = 0.62; p = .628). At this examination, 12.0% of the implants
presented a bone loss >0.5 with respect to the reference radio-
graph (OR = 1.04; SE = 1.13; p = .969), while 60.0% of the
implants presented a >0.5mm (OR = 1.49;
SE = 3.88; p = .878).

bone gain

MD/OR (SE) (only
adjusted for clustering)

MD/OR (SE) (adjusted for
clustering and surgical approach)

NE NE
OR =1.83(1.16) p = .338 OR =2.09 (1.38) p = .264

NE NE
OR =1.83(1.16) p = .338 OR =2.09 (1.38) p = .264

OR=0.52(0.31)p=.271 OR = 0.57 (0.35) p = .360

Overall
(N =52) Control group (N = 28) Test group (N = 24)
Criterion n.1: No implant loss, no bone loss > 0.5 mm, BoP/SoP—, PPD < 5 mm, N (%)
6 Months 6(11.8) 4(14.3) 2(8.7)
1 year 14 (26.9) 6(21.4) 8(33.3)
Criterion n.2: No implant loss, no bone loss > 0.5 mm, BoP/SoP—, N (%)
6 Months 6(11.8) 4(14.3) 2(8.7)
1 Year 14 (26.9) 6(21.4) 8(33.3)
Criterion n.3: No implant loss, no bone loss > 0.5 mm, no PPD > 5 with concomitant BoP/SoP+, N (%)
6 Months 33(64.7) 20(71.4) 13(56.5)
1 Year 27 (51.9) 17 (60.7) 10 (41.7)

OR =0.46(0.26) p = .173 OR =0.52(0.30) p = .256

Criterion n.4: No implant loss, no bone loss > 0.5 mm, BoP+ at maximum one site, no SoP, PPD < 5 mm, N (%)

6 Months
1 Year

18(35.3) 8(28.6)
17 (32.7) 7 (25.0)

10 (43.5)
10 (41.7)

1 Year 24 (46.2) 13 (46.4) 11 (45.8)

)
)
Criterion n.5: No implant loss, no bone loss > 0.5 mm, no profuse bleeding, no SoP, PPD < 5 mm, N (%)
)

OR =2.14(2.01) p = 417
OR =2.14 (1.29) p = .205

OR =2.35(2.31) p = .384
OR =2.19 (1.36) p = .205

OR=0.98(0.55)p = OR =0.99 (0.57) p = .989

Note: One 6 months radiograph from the test group resulted unreadable, reducing in this group the sample size to 23 implants for treatment success

outcomes.

Abbreviations: BoP, bleeding on probing; MD, difference in means; NE, not estimable; OR, odds ratio; PPD, probing pocket depth; SoP, suppuration on

probing.
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TABLE 4 Exploratory outcomes (patient-level)

Overall (N = 42)
Early wound healing—VAS (mm), mean (SD)

Control group (N = 21)

Test group (N = 21?) MD/OR (SE)

2 Weeks 59.02 (+27.38) 56.52 (+27.57) 61.52 (+27.64) MD = 5.00 (8.52) p = .561
Self-reported smile aesthetics—VAS change (mm), mean (SD)

Baseline—Surgery 3.61 (+19.78) 1.29 (+21.78) 5.95 (+17.77) MD = 4.67 (6.14) p = .451

Baseline—6 Months —13.61 (x23.99) —17.9 (£26.28) —9.52 (+21.42) MD = 8.38 (7.47) p = .269

Baseline—1 Year —19.05 (+29.28) —23.35 (+29.43) —14.95 (+29.24) MD = 8.45 (9.17) p = .363
Treatment duration (min), mean (SD)

Non-surgical appointment 17.33 (£11.79) 24.48 (+11.68) 10.19 (+6.42) MD = —14.29 (2.91) p < .001

Surgery 84.55 (+30.92) 84.00 (£31.25) 85.10 (+31.35) MD = 1.10 (9.66) p = .910

Total active treatment duration 101.88 (+35.37) 108.48 (+34.38) 95.29 (£35.94) MD = —-13.19 (10.85) p = .231
Surgeon VAS (mm), mean (SD)

Surgery difficulty 52.36 (£29.50) 54.85 (+30.65) 49.85 (+28.85) MD = —5.00 (9.18) p = .589

Intra-operative bleeding 51.74 (+30.90) 52.38 (+28.94) 51.10 (+33.44) MD = —1.29 (9.65) p = .895

Adverse events—probably/possibly related with treatment allocation (other than implant loss), N (%)

1 year 9(21.4)

5(23.8)

4(19.1) OR =0.75(0.57) p = .707

Abbreviations: MD, difference in means; OR, odds ratio; VAS, visual analogue scale.

aFor 6 and 12 months data, the test group included 20 subjects.

In total, two implants (3.9%), one for each group, were lost during
the entire 12-month observation period.

3.2.2 | Treatment success

Table 3 reports the results on treatment success. Depending on the
adopted criteria, treatment success at the 12-month examination was
observed between 26.9% and 51.9% of all the study implants, without

statistically significant differences between groups.

3.2.3 | Exploratory outcomes

Table 4 reports the results on the exploratory outcomes. There were
no statistically significant differences between groups in early
wound healing, self-reported smile aesthetics, surgery difficulty,
intra-operative bleeding, and adverse events. Among the adverse
events, two implants in two patients, both in the test group and
belonging to the same centre, experienced acute re-infection during
follow-up, and consequently a re-intervention was performed
(supra-gingival polishing in one patient and surgical re-intervention
in the second one). However, the total rate of adverse events
probably/possibly related to the allocated treatment group
(e.g., wound dehiscence) did not differ between groups (OR = 0.75;
SE = 0.57; p =.707).

While the surgery duration was similar between the groups
(MD = 1.10 min; SE = 9.66; p = .910), the control group showed a
higher net duration of the non-surgical appointment than the test
group (MD = —14.29 min; SE = 2.91; p <.001); this difference
was still present when considering the total active treatment

duration, but not statistically significant anymore (—13.19 min;
SE = 10.85; p = .231).

4 | DISCUSSION

The findings of this multi-centre randomized clinical trial suggest that
the sub-marginal instrumentation does not provide added benefits to
the outcomes of surgical treatment of peri-implantitis. These results
were not influenced by the employed surgical approach and by more
than the other 150 variables separately tested as possible
confounders.

In the control group, no/minimal changes in clinical parameters
were observed 6 weeks after providing sub-marginal instrumentation.
This finding is consistent with randomized clinical trials analysing the
short-term efficacy of non-surgical treatments of peri-implantitis,
regardless of the employed protocols (Merli et al., 2020; Hentenaar
et al.,, 2021). This concept is also in line with a long-term registry study
showing high rates of disease progression when peri-implantitis is
only treated non-surgically (Karlsson et al., 2019).

At 6 and 12 months after surgery, a PPD reduction of =3 mm has
been observed in both groups. This magnitude of reduction is consis-
tent with most randomized clinical trials evaluating the efficacy of the
surgical treatment of peri-implantitis, irrespective of the implementa-
tion of sub-marginal instrumentation before surgery or the use of dif-
ferent surgical approaches (Carcuac et al., 2016; Isehed et al., 2016;
Jepsen et al., 2016; Hallstrom et al., 2017; Cha et al., 2019; de Tapia
et al., 2019; Polymeri et al, 2020; Renvert et al., 2021; Derks
etal., 2022).

At 6 and 12 months after surgery, an overall soft-tissue reces-

sion of =22 mm has been observed, a value which is higher than



ROMANDINI ET AL.

WILEY_| 2%

in other randomized clinical trials (Renvert et al., 2021; Derks
et al., 2022). Differences in the employed surgical approaches may
possibly explain this discrepancy, because the present study also
included resective surgeries. The post-surgical recession may be
related with the observed decrease in self-perceived aesthetics
reported by the patients included in the present study after
treatment.

At the 12-month examination, an overall 26.9% treatment suc-
cess rate was found. This value is similar or even superior to other tri-
als (Hallstrom et al., 2017; de Tapia et al., 2019; Polymeri et al., 2020;
Renvert et al., 2021; Derks et al., 2022). However, using the same
evaluation criteria, Carcuac et al. (2016) reported a success rate of
45%. Differences in the study interventions provided may possibly
explain this discrepancy.

Despite the difference in treatment duration between patients in
the test versus the control groups may be considered small (=214 min),
it corresponds to net values. In real-life clinical settings, this difference
may be therefore higher (especially in the case of multiple-affected
implants). Moreover, sub-marginal instrumentation requires local
anaesthesia with the related patient discomfort (Schirmer et al., 2018)
and a longer waiting time before surgery. These patient-related disad-
vantages may be clinically less relevant in the case of periodontitis
patients where the same area of the mouth undergoes sub-gingival
instrumentation as part of Step 2 of periodontitis treatment. Other
exploratory outcomes representing possible reasons to carry out sub-
marginal instrumentation, such as early wound healing, aesthetics,
reduction of surgical difficulty, and reduction of intra-operative bleed-
ing, did not show statistically significant differences between study
groups.

The results of this trial answer to a clinically relevant question,
and they are supported by a solid study design (e.g., randomization
procedures, surgeons, outcome assessors and statistician blinding,
allocation concealment). Their generalizability is favoured by the
multi-centre setting. The main limitation of the present study is repre-
sented by the insufficient statistical power to provide a compelling
answer to the study question, because the observed SD for PPD
changes resulted higher than the one expected as part of the sample
size calculation. Additional limitations worth mentioning include the
lack of blinding of patients and non-surgical operators (due to the
intrinsic nature of the tested interventions), the different levels of
experience of the involved operators, and the standardization of the
sub-marginal instrumentation protocol in the control group (with the
aim of preserving the internal validity of the study). Potentially, differ-
ent results may be observed when employing different protocols of

sub-marginal instrumentation.

5 | CONCLUSIONS

The present multi-centre randomized clinical trial did not demonstrate
an added effect of performing sub-marginal instrumentation 6 weeks
before the surgical treatment of peri-implantitis. Larger clinical trials

are however needed to confirm the present findings.
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