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Abstract
Objectives: The objective of this study is to investigate the outcomes following 
non-surgical therapy of peri-implantitis (PI) with or without adjunctive diode laser 
application.
Materials and methods: A double-blinded randomized controlled clinical trial was 
carried out in 25 subjects with 25 implants diagnosed with PI. Following curettage 
of granulation tissue, test implants (T) were treated with adjunctive application of a 
diode laser for 90 s (settings: 810 nm, 2.5 W, 50 Hz, 10 ms), while at control implants 
(C) non-activated adjunctive diode laser was applied. The entire treatment procedure 
was performed at days 0 (i.e., baseline), 7 and 14. The primary outcome measure was 
change in mean pocket probing depth (PPD). Clinical and microbiological outcomes, 
as well as host-derived inflammatory markers were evaluated at baseline, 3 and 
6 months, while radiographic outcomes were assessed at baseline and at the 6-month 
follow-up.
Results: No statistically significant differences with respect to baseline patient char-
acteristic were observed. After 6 months, both test and control implants yielded sta-
tistically significant PPD changes compared with baseline (T: 1.28 and C: 1.47 mm) but 
without statistically significant difference between groups (p = .381). No statistically 
significant changes in peri-implant marginal bone levels were detected (p = .936). No 
statistically significant differences between test and control implants were observed 
with respect to microbiological and host-derived parameters (p > .05). At the 6-month 
follow-up, treatment success was observed in 41.7% (n = 5) of test and 46.2% (n = 6) 
of control patients, respectively (p = .821).
Conclusion: Repeated adjunctive application of diode laser in the non-surgical man-
agement of PI failed to provide significant benefits compared with mechanical instru-
mentation alone.
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1  |  INTRODUC TION

Following the last Consensus Conference on periodontal and peri-
implant diseases, peri-implantitis was defined as a pathological con-
dition around dental implants characterized by inflammation in the 
peri-implant connective tissue and progressive loss of supporting 
bone (Schwarz et al., 2018). Peri-implantitis is a disease with grow-
ing incidence (Derks & Tomasi, 2015; Rokn et al., 2017; Romandini 
et al.,  2021; Schwarz et al.,  2017) that, if left untreated, leads to 
implant loss. The etiological factors of peri-implant infections are 
similar to those involved in periodontal diseases (Heitz-Mayfield & 
Lang,  2010). Consequently, the goals of peri-implantitis treatment 
must be the resolution of peri-implant soft tissue inflammation and 
stabilization of the bony attachment (e.g., the level of osseointegra-
tion) (Javed et al., 2013). This can only be achieved under the con-
dition that the majority of bacterial biofilms and hard deposits are 
eliminated on the implant surface to obtain a biologically acceptable 
surface conducive to wound healing (Aoki et al., 2015).Conventional 
non-surgical treatment procedures of peri-implant lesions showed 
limited predictability (Heitz-Mayfield & Mombelli,  2014; Karring 
et al., 2005; Renvert et al., 2008, 2009; A. Roccuzzo et al., 2021). On 
the other hand, surgical interventions, whether resective (Carcuac 
et al.,  2020; Heitz-Mayfield et al.,  2018) or reconstructive (M. 
Roccuzzo et al., 2020, 2021), yielded more promising clinical and ra-
diographic outcomes (Tomasi et al., 2019). Irrespective of the proce-
dure applied (i.e., surgical vs. non-surgical), decontamination of the 
implant surface is of paramount importance (Koo et al., 2019) even 
though it is much more challenging when compared with the decon-
tamination of natural root surfaces (Wong et al., 2017). To increase 
implant surface decontamination, several adjunctive tools have been 
proposed and investigated both in pre-clinical and clinical studies 
such as the use of photodynamic therapy (Romanos et al.,  2006; 
Romanos & Nentwig, 2008) and lasers (Bach et al., 2000; Schwarz, 
Bieling, et al.,  2006; Schwarz et al.,  2003; Schwarz, Nuesry, 
et al.,  2006; Sculean et al.,  2005). Positive outcomes in terms of 
changes in pocket probing depth (PPD), bleeding on probing (BoP) 
and suppuration were reported in a 2-year follow-up single group 
retrospective study (Mettraux et al.,  2016). In that study, implant 
sites were treated with soft tissue curettage to remove the granu-
lation tissue followed by repeated application of diode laser with a 
wave length of 810 nm (Mettraux et al., 2016). More recently, com-
parable treatment outcomes were obtained following non-surgical 
mechanical therapy of peri-implantitis alone or with adjunctive 
diode laser application with a wave length of 940 nm (Alpaslan Yayli 
et al., 2022).

However, as reported in a best evidence review from the 
American Academy of Periodontology (Lin et al., 2018), the magni-
tude of the adjunctive benefits of laser application seems to be lim-
ited to short-term changes in BoP.

Therefore, the aim of the present randomized clinical trial was 
to investigate the adjunctive effects of diode laser application in the 
non-surgical management of peri-implantitis following a 6-month 
healing period.

2  |  MATERIAL S AND METHODS

The study protocol was submitted to and approved by the Ethical 
Committee of the Canton of Bern (KEK), Switzerland (Nr.: 2019-
01163). The investigation was conducted according to the revised 
principles of the Helsinki Declaration (2013), and signed informed 
consent was obtained from each patient before entering the study. 
The trial was registered at Clini​calTr​ials.gov (NCT04565886).

2.1  |  Study design and study group allocation

The present study was designed as a prospective, double-blinded, 
randomized, controlled, clinical trial with a parallel design of 6-
month duration. The study flow chart is reported in Figure 1. Data 
are reported according the Consolidated Standards of Reporting 
(CONSORT) guidelines. Patients were randomly allocated to the 
test and control groups following randomization tables, while treat-
ment allocation was concealed by using opaque envelopes which 
were labelled with the patient study number and opened immedi-
ately after local anesthesia administration by an external investiga-
tor not involved in the non-surgical intervention or in the outcome 
evaluations.

2.2  |  Hypothesis

The null-hypothesis (H0) was that no statistically significant differ-
ence with respect to the mean change in PPD following non-surgical 
therapy with adjunctive diode laser application would be detected 
compared with mechanical instrumentation and non-activated diode 
laser application.

2.3  |  Study population

Subjects attending or referred to the Department of Periodontology 
at the University of Bern, Bern, Switzerland, were consecutively 
screened for recruitment. One experienced investigator (G.E.S.) 
evaluated the subjects and was responsible for the patients' enroll-
ment process following the assessment of the inclusion and exclu-
sion criteria.

2.4  |  Inclusion criteria

•	 Male and female patients aged ≥18 years.
•	 Patients in systemic health or with controlled medical conditions.
•	 Patients with healthy or treated periodontal conditions reha-

bilitated with cemented or screw-retained implant-supported 
prostheses.

•	 Tissue level (TL) implants with an SLA surface (Straumann Dental 
Implant System, Institute Straumann AG, Basel, Switzerland) 

http://clinicaltrials.gov
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supporting single-unit crowns (SUCs) or fixed dental prostheses 
(FDPs).

•	 PPD > 5 mm.
•	 Presence of bleeding on probing (BoP) and/or suppuration.
•	 Radiographic evidence of crestal bone loss ≥2 mm based on peri-

apical radiographs following delivery of the final restoration.
•	 Implant-supported prostheses accessible for self-performed 

plaque control.
•	 Presence of at least 2 mm of keratinized and attached mucosa 

(KM).

2.5  |  Exclusion criteria

•	 Systemic diseases that could interfere with the treatment out-
come (e.g., uncontrolled diabetes mellitus, chemotherapy, etc.).

•	 Previous peri-implantitis treatment.
•	 Implant mobility.
•	 Full-Mouth Plaque Score (FMPS) > 25%.
•	 Full-Mouth Bleeding Score (FMBS) > 25%.
•	 Cigarette smoking >10 cig./day.
•	 Intake of antibiotics in the previous 3 months.

2.6  |  Intervention

Instructions on the use of manual or power-driven toothbrushes and 
interdental brushes were provided during the screening session.

As previously reported (Mettraux et al., 2016), following deliv-
ery of local anesthesia (Ubistesin Forte; 3M ESPE), the implant sur-
faces were debrided from hard deposits (i.e., cement excess and/
or calculus) using titanium curettes and the inflamed peri-implant 
soft tissue wall was curetted with stainless steel curettes (Deppeler 
SA). Following mechanical debridement, the pockets around the 
implants were rinsed with sterile saline solution. At test implants, 
adjunctive diode laser (settings: 810 nm, 2.5 W, 50 Hz, 10 ms) was 
applied 3 × for 30 s (i.e., 90 s per appointment) using a 0.4 mm thick 
fiber (WhiteStar, Orcos Medical AG, Küsnacht, Switzerland) under 
permanent sterile saline irrigation. The decontamination procedure 
of the implant surface with diode laser included the systematic 
movement of the laser tip along the submucosal implant surface in 
a vertical and horizontal scanning way. After 4–5 s, the laser tip was 
checked for blood coagulation in order to prevent heat generation. 
In cases of blood coagulation, the tip of the fiber was cut off with a 
scissor. The laser was consequently activated for 4–5 s followed by 
2–3 s of standby mode.

F I G U R E  1  Study flow-chart

Assessed for eligibility (n=38) 

Excluded (n=8) 
♦ Not meeting inclusion criteria (n=6) 
♦ Declined to participate (n=2) 
♦ Other reasons (n=0) 

Analysed (n=12) 
♦ Excluded from analysis (give reasons) (n=0) 

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

Discontinued intervention (give reasons) (n=0) 

Unwilling to attend follow-up examination (n=2) 

Allocated to intervention (n=15) 
♦ Received allocated intervention (n=15)
♦ Did not receive allocated intervention (give 

reasons) (n=0)

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

Discontinued intervention (give reasons) (n=0) 

Unwilling to attend follow-up examination (n=1) 

Allocated to intervention (n=15) 
♦ Received allocated intervention (n=15)
♦ Did not receive allocated intervention (give 

reasons) (n=0)

Analysed (n=13) 
♦ Excluded from analysis (give reasons) (n=0) 

p

Randomized (n=30) 
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At control implants, non-activated adjunctive diode laser was 
applied. The entire treatment procedure, including mechanical de-
bridement, was performed at days 0 (= baseline), 7 and 14. Adjunctive 
antiseptics or adjunctive systemic/local antibiotics were not prescribed.

2.7  |  Supportive peri-implant care

Supportive care consisting of oral hygiene monitoring and supramu-
cosal prophylaxis by means of carbon fiber curettes and rubber cup 
with polishing paste was provided at the 3- and 6-month follow-ups. 
In cases of suppuration or increase in PPD by ≥2 mm after 3 and 
6  months, rescue treatment was provided. This consisted of sub-
mucosal instrumentation with carbon fiber curettes, irrigation with 
sterile saline solution and adjunctive diode laser application 3 × for 
30 s (settings: 810 nm, 2.5 W, 50 Hz, 10 ms) according to the rand-
omization table.

2.8  |  Clinical and radiographic outcomes

Evaluation of the clinical parameters was performed at baseline (T0), 
after 3 (T1) and 6 months (T2) following completion of therapy, while 
the peri-implant marginal bone level changes were evaluated before 
treatment and the 6-month follow-up. The following clinical vari-
ables were recorded by the same blinded and calibrated examiner 
(A. St.) using a graduated manual periodontal probe (PCP-UNC 15; 
Hu-Friedy®, Chicago, IL, USA). The applied probing force ranged 
from 0.15 to 0.25 N.

•	 plaque index (PII) (O'Leary et al., 1972);
•	 BoP, evaluated dichotomously with either presence/absence of 

bleeding within 30 s following probing;
•	 suppuration on probing (SoP), with either presence/absence of 

suppuration after probing and
•	 peri-implant PPD, measured from the mucosal margin to the bot-

tom of the probable pocket and evaluated at six sites per implant 
(i.e., disto-buccal, mid-buccal, mesio-buccal, mesio-lingual/pala-
tal, mid-lingual/palatal, disto-lingual/palatal).

The implant-supported restorations were not removed prior to the 
assessment of the clinical parameters nor for delivery of treatment.

2.9  |  Radiographic assessment

The radiographic assessment was performed following the method-
ology proposed by Schmid et al.  (2020, 2021). Analog radiographs 
from intraoral dental films (Kodak Ultraspeed DF 58—Eastman 
Kodak Company, New York, USA) were scanned and digitized using 
Microtek TMA 1600 and Microtek ScanPotter (settings on Mac OS 
X: 1600 dpi, Diafilm, Format.tif). Subsequently, each radiographic 

image was calibrated and evaluated by means of the software 
ImageJ (National Institutes of Health, Bethesda, MD, USA). Based on 
the fact that all patients were rehabilitated with Straumann Tissue 
Level implants, the known distance between two implant threads 
(e.g., 1.25 mm) × 3 (1.25 mm × 3 = 3.75 mm) was used to calibrate the 
radiographs. Following identification of the mesial and distal edge 
of the implant shoulder, a line was drawn between these two points 
and used as landmark. Measurements of the mesial and distal bone 
levels were taken from these 2 points perpendicular to the con-
necting line to the first bone to-implant contact (BIC). In order to 
accurately identify the true radiographic linear distance IS-BIC, the 
height of the supracrestal machined neck (i.e., 2.8 mm for standard 
implants and 1.8 mm for standard plus implants) was subtracted 
from the measured values. All positive values were defined as bone 
gain while bone loss was defined by negative values. All radiographic 
measurements were assessed in duplicate by two blinded and cali-
brated examiners (J.-C.I and S.K.).

2.10  |  Treatment success

Treatment success was considered a scenario with PPD ≤ 5 mm with 
absence of BoP or PPD ≤ 4 mm irrespective of presence/absence of 
BoP and no further marginal bone loss detectible between baseline 
and 6 months (Blanco et al., 2022; Carcuac et al., 2016). All patients 
whose implants did not meet the success criteria were informed and 
additional treatment was offered according to their needs.

2.11  |  Crevicular fluid sampling and analysis

Peri-implant crevicular fluid (PICF) samples for quantification of the 
host-derived biomarkers interleukin-1beta (IL-1b), IL-10 and matrix-
metalloproteinase-8 (MMP-8) were collected by means of sterile 
paper strips (Periopaper, Oraflow Inc., Smithtown, NY, USA). PICF 
samples were collected from a determined site (e.g., site with the 
deepest PPD at the baseline examination) around each experimental 
unit. The implant was first isolated with cotton rolls and a saliva ejec-
tor and then, air-dried. The paper strips were placed at the entrance 
of the crevice and left in place for 30 s. Subsequently, the paper strips 
were placed into a screw top plastic vial and placed immediately into 
dry ice. Paper strips were stored at −80°C until assayed. Samples 
were eluted at 4°C overnight into 700 μl phosphate-buffered saline 
containing proteinase inhibitors (Sigma-Aldrich, St Louis, MO, USA), 
a day before analysis. After being centrifuged at 400× g for 4 min, 
the paper strips were removed and 100 μl aliquots of the superna-
tant were used. The concentrations of total MMP-8, IL-1β and IL-10 
were determined using commercially available enzyme- linked im-
munosorbent assay kits (R&D Systems Europe Ltd., Abingdon, UK) 
according to the manufacturer's instructions. The detection levels 
of the kits ranged from 1 pg/site for IL-1β and IL-10 to 50 pg/site for 
MMP-8.
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2.12  |  Submucosal bacterial sampling and analysis

Following crevicular fluid sampling, biofilm sampling was performed 
at the same site. Sterile paper points were inserted until the bot-
tom of the pocket. The samples were placed in separate Eppendorf 
tubes and forwarded to microbiological analysis. DNA was extracted 
using the Chelex method. Then, two multiplex-real-time qPCR runs 
were performed. The first run quantified Aggregatibacter actinomy-
cetemcomitans, Porphyromonas gingivalis, Tannerella forsythia and 
Treponema denticola and the second run Fusobacterium nucleatum 
and Campylobacter rectus. PCR amplifications were carried out as de-
scribed recently (Jentsch et al., 2020). The results are given as bacte-
rial counts log10.

2.13  |  Data analysis

Sample size calculation was performed considering PPD change as 
the primary outcome variable. More specifically, assuming a mean of 
1.0 mm PPD difference between study groups and a standard devia-
tion in PPD of 0.9 mm in each group at the 6-month follow-up (de 
Tapia et al., 2019; Schwarz et al., 2010), 12 experimental subjects 
and 12 control subjects were needed to reject the null hypothesis 
with an alpha error of 0.05 and a beta error of 0.2 and a statisti-
cal power of 80%. In order to compensate for attrition over the 
6-month follow-up, 15 patients/group were allocated to interven-
tion. Each patient contributed with one dental implant only and was, 
therefore, considered as the statistical unit. Descriptive analysis was 
performed providing absolute and relative frequencies for categori-
cal variables and mean, standard deviation, 95% confidence inter-
vals or medians, for continuous variables. Normal distribution of the 

quantitative measures was checked by Shapiro–Wilk's test. Two-
sample t-test was used to compare means of normally distributed 
parameters between both implant groups and paired t-test was used 
for intra-groups over time comparisons. For non-normally distrib-
uted parameters, Mann–Whitney's and Wilcoxon's tests were used 
respectively. All multiple post-hoc comparisons were corrected by 
Bonferroni's criteria. Chi-square independence, Fisher's exact test 
and two-sample t-test were used to assess the association between 
sociodemographic and implant characteristics by group. The assess-
ment of the linear radiographic measurements by two examiners 
yielded a Cohen's kappa coefficient of 0.72 across all radiographs. 
The calculated inter-examiner agreement with Dahlberg's d test was 
0.23 and 0.29 mm at mesial and distal sites, respectively and the 
intra-class correlation coefficient (ICC) was 0.92 and 0.90 providing 
a very high level of reproducibility of the performed radiographic 
measurements. All the tests were two-tailed and the level of signifi-
cance was set at 5%. The statistical analysis was performed with a 
commercially available dedicated software (SPSS 15.0, Chicago, IL, 
USA).

3  |  RESULTS

3.1  |  Subject accountability

Thirty-eight patients were assessed for their eligibility prior to en-
tering the study. Of these, 8 patients were excluded: 6 because 
they did not meet the inclusion criteria, while 2 were not willing to 
participate (Figure 1). Consequently, 30 patients with 30 implants 
were enrolled and randomly allocated to test or control group, re-
spectively. The last treatment appointment took place in May 2021. 

Total Test group
Control 
group p-value

Number of patients 25 12 13

Number of implants 25 12 13

Age, mean ± SD 64.0 ± 12.9 67.3 ± 12.2 61.0 ± 13.2 .232 (t-test)

Gender

Male, number (%) 13 (52) 6 (50) 7 (53.8) .848 (χ2)

Female, number (%) 12 (48) 6 (50) 6 (46.2)

Tobacco

Smokers ≤10 cig./day, 
number (%)

5 (20) 3 (25) 2 (15.4) .645 (Fisher's 
exact test)

Never smokers, number (%) 20 (80) 9 (75) 11 (84.6)

Implant position

Maxilla, number (%) 11 (44) 5 (41.7) 6 (46.2) .821 (χ2)

Mandible, number (%) 14 (56) 7 (58.3) 7 (53.8)

Screw or cemented

Screw retained, number (%) 9 (36) 4 (33.3) 5 (38.5) 1.000 (Fisher's 
exact test)Cemented, number (%) 16 (64) 8 (66.7) 8 (61.5)

Note: p-values obtained from Chi-square test, Fisher's exact test and two-sample t-test.

TA B L E  1  Sociodemographic data at 
baseline (T0)
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Five patients, 3 from the test group and 2 from the control group 
not anymore willing to take part to the study, did not attend the 
6-month follow-up examination and therefore were excluded from 
the final analysis.

3.2  |  Study participants characteristics

Baseline characteristics of the 25 participants attending the 6-
month follow-up are displayed in Table  1. The mean age of the 
participants was 67.3 ± 12.2 and 61.0 ± 13.2 years (p  =  .232) for 
test and control group, respectively. Five patients in the test group 
and 3 in the control group (p  =  .645) were current smokers. All 
the included patients had a history of treated periodontitis. With 
respect to the implant position (i.e., maxilla vs. mandible) and type 
of retention of the restorations (i.e., screw vs. cemented), none of 
these parameters showed statistically significant differences be-
tween groups (p > .05). No rescue treatment was provided at any 
follow-up visit.

3.3  |  Clinical outcomes

The clinical outcomes over the study period are reported in Table 2. 
No adverse events such as pain and swelling were reported by any 
patient during the whole observation period.

At T0 (i.e., baseline), all the investigated variables did not sta-
tistically significantly differ between test and control groups 
(p > .05). At T1 (i.e., 3 months) and T2 (i.e., 6 months), mean PPD 
changes both in the test and control group showed statistically 
significant reductions compared with baseline (T1: 1.13 mm ± 0.80, 
−1.54 mm ± 0.51; T2: −1.28 mm ± 0.70; −1.47 mm ± 0.68) but not be-
tween groups (p > .05).

BoP values failed to change statistically significantly both at T1 
and T2 in the test and control group (T1: −9.7% ± 36.5; −19.2% ± 21.3; 
T2: –15.3% ± 30.5; −15.4% ± 31.5) (p > .05). Implants in the test group 
displayed a statistically significant reduction in SoP (50.0% ± 52.2, 
p =  .028) after 3 months (T1). However, within (p =  .650) and be-
tween (p = .728) both groups, no statistically significant differences 
were observed at the 6-month follow-up.

3.4  |  Radiographic outcomes

At T0, no statistically significant difference (p > .05) with respect 
to the average mesial/distal bone levels was observed between 
test and control groups. At the 6-month follow-up, the mean bone 
level (BL) was −2.05 mm ± 0.95 in the test and −2.02 mm ± 0.59 
in the control group (p  =  .922), respectively. The mean BL 
changes recorded at the deepest site of each implant (BLd) was 
0.11 mm ± 0.72 in the test and 0.08 mm ± 0.30 in the control group 
respectively (p = .876). Details of the radiographic measurements 
are reported in Table 3. TA
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3.5  |  Treatment success

At the final 6-month evaluation, treatment success was observed in 
41.7% (n = 5) of test and 46.2% (n = 6) of control patients, respec-
tively (p = .821) (Table 4).

3.6  |  Host-derived biomarkers outcomes

The biomarker levels of Il-1β and IL-10 did not change over time nei-
ther in the test nor in the control groups. In the test group, a de-
crease in the levels of MMP-8 was observed from T0 to T1 (p = .169) 
and from T0 to T2 (p  =  .028). A statistically significant difference 
in the biomarker levels between test and control groups was never 
recorded at any time point (Table 5).

3.7  |  Microbiological outcomes

A statistically significant difference in selected bacterial counts be-
tween test and control groups was not observed at any timepoint. 
At T1 to T0, counts of P. gingivalis, T. forsythia, F. nucleatum and C. 
rectus decreased in the test group and of P. gingivalis, T. denticola 
and F. nucleatum in the control group, respectively (p < .05). Only 
the counts of F. nucleatum were statistically significantly lower 
(p = .028) in the control group when comparing the timepoints T0 
to T2 (Table 6).

4  |  DISCUSSION

The aim of the present randomized controlled trial (RCT) was to as-
sess the adjunctive effect of repeated applications of diode laser to 
treat peri-implantitis lesions by means of a non-surgical approach. 
The outcomes failed to detect any statistically significant difference 
in clinical, radiographic and microbiological outcomes after 6 months 
of follow-up. Therefore, the null hypothesis could not be rejected.

Comparable treatment outcomes were recently obtained fol-
lowing non-surgical mechanical therapy of peri-implantitis alone or 
with adjunctive diode laser application (Alpaslan Yayli et al., 2022). It 
should, however, be pointed out, that adjunctive diode laser with a 
higher wavelength (i.e., 940 nm) was applied in that study (Alpaslan 
Yayli et al., 2022).

Despite the recently published large body of evidence on 
the different treatment modalities to re-establish healthy peri-
implant conditions (Bianchini et al.,  2019; Monje et al.,  2020; 
Ramanauskaite et al.,  2018; A. Roccuzzo et al.,  2021), only few 
studies investigated the non-surgical adjunctive efficacy of a diode 
laser to treat peri-implantitis (Lin et al.,  2018). More specifically, 
only one RCT with a split-mouth design (Arısan et al., 2015) includ-
ing 10 patients and 48 implants reported data comparable with 
those obtained in the present investigation. When focusing on the 
magnitude of PPD reduction, the 6-month results of the present 
study revealed a greater improvement compared with those re-
ported by Arisan et al.  (2015). A plausible explanation might be 
the higher baseline PPD values in the present study (i.e., 5.40 mm 
test and 5.29 mm control) compared with those reported by Arisan 
et al. (i.e., 4.71 mm test and 4.38 mm control) (Arısan et al., 2015). 
Indeed, a strict correlation between the magnitude of PPD reduc-
tion following peri-implantitis treatment irrespective of the inter-
vention provided (i.e., surgical/non-surgical) and the initial PPD has 
been demonstrated (Monje et al., 2021).

One of the major concerns on the use of diode laser is the risk 
of heat development with consequent damage of the peri-implant 
hard and soft tissues. The results of the present study confirm those 
previously published by Mettraux et al.  (2016). Indeed, no adverse 
events such as pain and swelling were reported by the patients, indi-
cating that peri-implant tissues hotspots could be avoided.

Peri-implant bleeding after gentle probing is a clinical finding 
difficult to be properly interpreted (Monje et al.,  2021). Several 
anatomic and technical factors might lead to the clinical misinter-
pretation of bleeding on probing as a sign of trauma to the soft 
tissues instead of true mucosal inflammation (Hashim et al., 2018). 
Consequently, it is nowadays widely accepted that the evaluation 
of the efficacy of the treatment of peri-implantitis should include 
a composite outcome (Sanz & Chapple, 2012). In the present study, 
41.7% of test and 46.3% of control implants were defined as success 
at the 6-month follow-up. These results are consistent with those 
of recent publications following non-surgical treatment of peri-
implantitis and reporting similar percentages of treatment success 
(i.e., approximately 50%) (Nart et al., 2020) thus underling the chal-
lenges faced to achieve disease resolution. Nevertheless, it has to 
be emphasized that the results of the present study revealed that 
additional surgical treatment could be avoided in approximately half 
of the cases by means of non-surgical therapy, irrespective of the 
adjunctive application of a diode laser.

TA B L E  4  Treatment success

Total Test group Control group p-value

Number of patients 25 12 13

Number of implants 25 12 13

Success

No, number (%; 95% CI) 14 (56; 34.9–75.6) 7 (58.3; 27.7–84.8) 7 (53.8; 25.1–80.9) .821 (χ2)

Yes, number (%; 95% CI) 11 (44; 24.4–65.1) 5 (41.7; 15.2–72.3) 6 (46.2; 19.2–74.9)

Note: p-values obtained from Chi-square test. 95% CI computed with exact binomial distribution.
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With respect to mean peri-implant marginal bone level changes, 
no statistically significant differences were detected in the two 
groups, at the 6-month follow-up examination. This might be related 
to the short observation period (i.e., 6 months) to detect consider-
able bone level changes (De Waal et al., 2021; Merli et al., 2020). 
On the other hand, a recent 12-month study evaluating the adjunc-
tive use of systemic metronidazole to the non-surgical treatment of 
peri-implantitis reported positive results in terms of radiographic 
bone gain (2.33 mm vs. 1.13 mm), suggesting a correlation between 
antibiotics intake and the higher bone fill (Blanco et al.,  2022). 
Nevertheless, it must be emphasized that the radiographic assess-
ment of the present study revealed that none of the treated sites 
experienced progressive peri-implant marginal bone loss.

Even-though the application of diode laser leads to a prompt de-
crease in microbial load, it has been previously demonstrated that 
re-colonization of the implant surfaces occurs very fast following 
treatment (Dostalova & Jelinkova,  2013). Our results corroborate 
this finding, indicating that at the 3- and 6-month follow-up ex-
amination no relevant differences in bacterial counts were noticed 
between the test and the control group. A few bacterial species 
were selected for microbiological analysis in the present study. As 
shown in studies analyzing the whole microbiome relative higher 
amounts of P. gingivalis, T. forsythia and F. nucleatum are found in 
peri-implantitis lesions when compared with peri-implant health (Al-
Ahmad et al., 2018). In addition, the effects of non-surgical therapy 
of peri-implantitis on bacterial counts are reported in different ways. 
Adjunctive systemic metronidazole reduced the counts of P. gingi-
valis and T. forsythia up to 6 months, whereas there was no effect 
without antibiotics (Blanco et al., 2022). In a study by our group, P. 
gingivalis, F. nucleatum and T. forsythia were found in decreased pro-
portions 6 and 12 months after adjunctive application of local mino-
cycline or photodynamic therapy (Bassetti et al., 2014). In that study, 
the levels of IL-1β and MMP-8 decreased only in the local antibiotics 
group (Bassetti et al., 2014). In the present study, no major positive 
effects on microbiological and host-derived parameters were ob-
served, irrespective of adjunctive diode laser application.

Unlike the majority of the published studies for the non-surgical 
treatment of peri-implantitis (Blanco et al., 2022; Nart et al., 2020), 
where several implant types and implant surfaces were pooled 
and treated, this study evaluated the outcomes of submucosal me-
chanical instrumentation with or without diode laser application 
on implants with the same surface characteristics, consequently 
eliminating this important confounding factor. Indeed, recent data 
suggested a plausible link between implant surface characteristics 
and the chances of successfully treating peri-implantitis lesions (M. 
Roccuzzo et al., 2017, 2020, 2021). Nevertheless, it has to be pointed 
out that the generalizability of the results of the present study to im-
plants with different micro- and macro-designs characteristics might 
be questionable.

The present study has some limitations including the relatively 
small sample size and the short-term follow-up (i.e., 6 months). In 
addition, the evaluation of a larger number of bacterial species and 
host-derived biomarkers may have provided additional relevant TA
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information. Furthermore, it has to be stated that the main focus 
of this study was set on PPD changes and that the assessment of 
peri-implant soft tissue margin changes (i.e., mucosal recession) was 
lacking, even though the presence of at least 2 mm of keratinized 
and attached mucosa at all treated implants sites at the latest fol-
low-up might provide an indirect information on the quality of the 
peri-implant soft tissue conditions.

In conclusion, within their limits the present results have shown 
that the repeated adjunctive application of diode laser in conjunc-
tion with non-surgical mechanical treatment of peri-implantitis, 
failed to provide significant benefits compared with mechanical in-
strumentation alone.
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