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Abstract 

Background A variety of interventions have been explored in the non-surgical management of peri-implantitis. In 
spite of extensive testing of various study protocols, effective treatments largely remain unavailable. The objective of 
the present 12-month single-centre, examiner-masked, randomized controlled clinical trial was to explore whether 
a low-abrasive erythritol air-polishing system produces added clinical benefit when used adjunctive to conventional 
non-surgical management of peri-implantitis and to record any associated patient-centered outcomes.

Methods Forty-three patients with mild to severe peri-implantitis including at least one implant either received 
ultrasonic/curette subgingival instrumentation and erythritol air-polishing (test) or ultrasonic/curette instrumentation 
only (control) at baseline and at 3, 6, 9, and 12 months. Probing depth (PD), bleeding on probing (BoP), dental plaque, 
suppuration (SUP), crestal bone level (CBL), and peri-implant crevicular fluid (PCF) were recorded at baseline, 6 and 
12 months. Visual Analogue Scale (VAS) scores were collected immediately following subgingival interventions at all 
time-points.

Results A reduction in PD was observed from baseline to 6 months for the test (p = 0.006) and control (p < 0.001) and 
from baseline to 12 months for the control (p < 0.001). No intergroup differences were observed for primary outcome 
variables PD or CBL over time (p > 0.05). At 6 months, a intergroup difference in PCF was observed in favor of the test 
(p = 0.042). Moreover, a reduction in SUP from baseline to 6 and 12 months was observed in the test (p = 0.019). Over-
all, patients in the control group experienced less pain/discomfort compared with the test (p < 0.05), females report-
ing more pain/discomfort than males (p = 0.005).

Conclusions This study confirms that conventional non-surgical management of peri-implantitis produces limited 
clinical improvement. It is shown that an erythritol air-polishing system may not produce added clinical benefits 
when used adjunctive to conventional non-surgical management. In other words, neither approach effectively 
resolved peri-implantitis. Moreover, the erythritol air-polishing system produced added pain/discomfort particularly in 
female patients.

Trial registration The clinical trial was prospectively registered in ClinicalTrials.gov with registration NCT04152668 
(05/11/2019).
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Background
Peri-implantitis is characterized as a peri-implant 
mucosal inflammatory lesion coupled with progressive 
loss of supporting alveolar bone induced due to local 
accumulation of microbial biofilm [1, 2]. Early inter-
vention appears critical to regain peri-implant mucosal 
health and arrest further implant bone loss [2, 3]. Hence, 
several non-surgical and surgical treatment protocols 
have been proposed, however, with limited clinical ben-
efit [4, 5]. The primary objective of non-surgical treat-
ment is to facilitate patient daily biofilm removal and 
professional decontamination of the implant disrupting 
biofilm formation and removing calculus. As surgical 
management of peri-implantitis is in general the advo-
cated therapeutic intervention, peri-implantitis patients 
should be carefully monitored in a supportive care pro-
gram including professionally administrated biofilm 
removal. Nevertheless, present non-surgical treatment 
appear unpredictable with time-limited benefit [6].

Several approaches for implant surface decontamina-
tion, including titanium curettes, air abrasive devices, 
ultrasonic devices, oscillating brushes, and lasers have 
been evaluated [7]. Air-polishing disrupts biofilm forma-
tion producing a fine jet of compressed air, water, and 
fine powder particles. Recent generations air-polishing 
devices have been equipped with low-abrasive glycine [8, 
9], trehalose [10] or erythritol powders [11–14], coupled 
with a nozzle for submucosal peri-implant delivery [10, 
15–18]. Erythritol is a non-toxic, chemically neutral, and 
completely water-soluble polyol produced by the reduc-
tion of erythrose [19]. The powder is non-caloric, has a 
high gastrointestinal tolerance, and does not increase 
blood glucose or insulin levels [20]. The Commercially 
available erythritol has a mean particle size of 14 µm with 
low abrasiveness [21]. Studies comparing conventional 
mechanical debridement with erythritol air-polishing in 
periodontitis patients, have reported similar results in 
supportive periodontal therapy (SPT) relative to clinical 
and microbiological outcomes [18, 22]. Such observa-
tions are also reflected in systematic reviews reporting 
that air-polishing systems as a monotherapy are compa-
rable to conventional therapy in patients undergoing SPT 
in single- and multi-rooted teeth [23, 24].

In vitro studies may suggest that erythritol appears 
more effective than previous agents [21, 25]. In addition, 
the submucosal nozzle extends the application of air-pol-
ishing to reach deep submucosal implant sites to disrupt 
biofilm formation with minimal implant surface distor-
tion [21]. Favorable clinical outcomes of air-polishing 
powder therapy of peri-implantitis have been observed 
[26, 27]. Compared with conventional treatment, higher 
patient satisfaction, improved time efficiency, with-
out adverse events have been reported [28]. However, 

a recent 12-month randomized controlled trial (RCT), 
indicated that erythritol air-polishing as monotherapy 
had limited effect on subgingival decontamination of per-
iodontal furcation defects compared with conventional 
mechanical debridement [29]. No prospective studies 
have reported on benefits of repeated submucosal decon-
tamination of peri-implantitis lesions over 12  months 
using a low-abrasive erythritol air-polishing system as 
an adjunct to conventional mechanical instrumentation. 
We hypothesize that repeated submucosal instrumenta-
tion with a low abrasive erythritol air-polishing has an 
adjunctive decontamination effect compared with con-
ventional non-surgical therapy.

Therefore, the primary objective of this RCT is to 
assess whether erythritol air-polishing produces an 
adjunctive effect to conventional non-surgical treatment 
of peri-implantitis in a cohort of maintenance patients, 
performed every third month over 12 months. A second 
objective is to evaluate if such adjunctive treatment influ-
ences patient comfort.

Methods
The study protocol and informed consent following 
the Helsinki Declaration of 1975 (version 2008) was 
approved by the Medical Research Ethics Committee 
(2019/30233), University of Bergen, Norway. The clini-
cal trial was prospectively registered in ClinicalTrials.gov 
with registration NCT04152668 (05/11/2019). The study 
was conducted as a single-masked RCT. Prior to inclu-
sion, participating patients read and signed the informed 
consent after the investigators had provided a thor-
ough explanation of the study procedure and its associ-
ated risks and benefits. All methods were carried out in 
accordance with relevant guidelines and regulations. The 
CONSORT guidelines for reporting RCTs were followed.

Pre‑study calibration and training
Prior to initiation of study, a calibration exercise was 
performed to document intra-examiner reproducibility 
for primary outcome variables probing depth (PD) and 
peri-implant crestal bone level (CBL). In a sample of 10 
patients with a total of 19 implants, PD (six sites/implant; 
mesio-buccal, mid-buccal, disto-buccal, mesio-lingual/
palatal, mid-lingual/palatal, disto-lingual/ palatal) and 
CBL (two sites/implant; mesial and distal on standard-
ized intraoral radiographs) were measured twice at each 
implant one day apart. PD was measured without remov-
ing the prosthetic restoration since both cemented and 
screw-retained fixed prosthesis were included. Intraclass 
correlation coefficients (ICCs) were calculated separately 
for each site. ICC for the agreement ranged between 
0.90 and 1.00 for both PD and CBL [30]. The calibration 
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exercise did not include the secondary outcome variable 
bleeding on probing (BoP).

The operator was trained in the proper use of the lat-
est version of the air-polishing device (AIRFLOW® One, 
EMS, Nyon, Switzerland) using 10 patients.

Sample size
In a previous study, sample size estimation based on 
changes in PD around teeth, a difference of 0.5 mm was 
considered clinically relevant [31]. Standard deviation of 
the difference between repeated PD measurements from 
the intra-calibration exercise was calculated to 0.5  mm. 
A power analysis based on 43 subjects with the level of 
significance (α) set to 5%, resulted in 93% power to detect 
a true difference of 0.5 mm. For the present study deal-
ing with implants, we consider a difference of 1  mm to 
be clinically relevant, and assume a standard deviation of 
1 mm. Further, a 20% drop-out from baseline to follow-
up was anticipated. By including 43 patients (23 in test 
and 20 in control), the calculated statistical power is 89%.

Study subjects
The study subjects were recruited among patients in 
maintenance care program in a private dental clinic, 
Stavanger, Norway, from December 2019 through 
November 2020. Eligible subjects were healthy adults, 
age 20–85  years, who had received one or more den-
tal implants that had been in function for more than 
12 months and restored with an adequate prosthetic res-
toration. The inclusion criterium was diagnosis of peri-
implantitis on at least one dental implant based on the 
definition from the consensus report of workgroup 4 of 
the 2017 World Workshop [32]. Because baseline data 
were available peri-implantitis diagnosis was based on 
(I) progressive bone loss beyond initial bone remodeling 
(CBL loss ≥ 2  mm), (II) increased PD compared with 
previous examinations in at least one site around the 
implant (PD ≥ 4 mm), and (III) presence of bleeding and/
or suppuration on gentle probing [33] Initial full mouth 
or experimental site-specific dental plaque scores were 
not an inclusion criterium. Staging of periodontitis of the 
included patients was performed according to the 2017 
classification [34].

Exclusion criteria were surgical treatment of peri-
implantitis within the last 6  months (previous surgical 
management of peri-implantitis was not an exclusion 
criterium), inflammation around the implant without 
evidence of bone loss or with CBL loss < 2  mm, mainte-
nance care therapy within 3  months before initiation of 
the study, and use of systemic antibiotic within 6 months. 
Subjects with diabetes mellitus, cancer, HIV/AIDS, acute 
infections, liver or kidney dysfunction/failure, a history 
of non-compliant behavior, periapical peri-implantitis, 

implant fracture, ceramic implants, current pregnancy 
or breast-feeding, allergy to erythritol, and deficient fixed 
prosthesis were also excluded [3]. Smoking habits were 
subjectively reported and registered, but smoking was not 
an exclusion criterium as smokers are also candidates for 
dental implants. Smokers were current smoker and non-
smokers were never smoker or former smoker who has 
not smoked in the last 5 years.

Randomization and treatment
Following baseline examination, included patients were 
block- randomized to either receive subgingival ultra-
sonic/curette instrumentation and the erythritol powder/
air-polishing system (test) or conventional ultrasonic/
curette instrumentation only (control). Block-size for 
the randomization was set to 10. The computer-gener-
ated lists were printed and packed in opaque envelopes 
marked by randomization numbers. Prior to treatment 
interventions, the sealed envelopes containing group 
allocation, were opened by the operator (AS). Author 
ML, masked to treatment assignments, performed all 
clinical and radiographic recordings. Operator AS, 
unaware of previously recorded data, performed peri-
implant crevicular fluid (PCF) sampling and all treat-
ments, which were performed at baseline and repeated at 
3, 6, 9, and 12 months.

Pre-treatment, each patient rinsed for one minute 
with a mouthwash, a combination of chlorhexidine 
and hydrogen peroxide, intended to reduce potential 
COVID-19 transmission [35]. Implants in both test and 
control groups were instrumented with titanium curettes 
(Langer and Langer, Rønvig, Denmark) and an ultra-
sonic device (Piezotome, Acteon, Bordeaux, France) with 
a titanium tip (Implant protect kit, Acteon, Bordeaux, 
France), power set at 75% using water coolant. Care was 
taken applying the titanium tip with a tangential move-
ment to protect the implant surface structure. Implants 
in the test group additionally received a low abrasive 
erythritol powder (Air-flow® Plus, EMS, Nyon, Switzer-
land; particle size 14  µm) delivered from a PerioFlow® 
handpiece equipped with an airflow unit (Airflow One®, 
EMS, Nyon, Switzerland). The handpiece was fitted with 
a nozzle designed for submucosal peri-implant delivery, 
directing the air jet perpendicular to the implant sur-
face from the tip of the nozzle (PerioFlow®nozzle, EMS, 
Nyon, Switzerland). Implants in the control group were 
polished using polishing paste delivered with a rotating 
rubber cup. Treatments were carried out without local 
anesthesia and time limits. Instrumentation ended when 
the operator considered the implant surfaces free from 
supra- and submucosal deposits. Treatment times were 
not recorded.
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Following treatment of test and control implants, 
remaining teeth and implants in the control group were 
treated with ultrasonic and hand-instruments and pol-
ished using polishing paste and rubber cup. In the test 
group, the remaining teeth and implants were treated 
with ultrasonic and hand- instruments and the low-abra-
sive erythritol powder.

Based on the percentage tooth and implant surfaces 
with visible plaque, the patients received individualized 
oral hygiene instruction at each appointment. At the end 
of the study, each patient was re-enrolled in an individu-
ally tailored maintenance care program in which site-
specific adjunctive therapy including surgical treatment 
was continuously considered.

Clinical and radiographic recordings
Prior to treatment, the following clinical parameters were 
collected at baseline and at 6, 12 months by author ML 
masked to treatment assignments:

1. PD: distance (mm) from the implant mucosal mar-
gin to the probable base of the pocket at six sites per 
implant (mesio-buccal, buccal, disto-buccal, disto-
palatal/lingual, lingual/palatal, mesio-lingual/palatal).

2. BoP: bleeding on gentle probing to the base of the 
pocket at six sites per implant (mesio-buccal, buc-
cal, disto-buccal, disto-palatal/lingual, lingual/palatal, 
mesio-lingual/palatal).

3. Full mouth plaque scores recorded as the percent-
age tooth and implant surfaces with a visible plaque 
at four sites per tooth/implant (mesial, distal, buccal, 
and lingual/palatal) following staining with disclos-
ing solution. As a supplement, the probe was used to 
record presence or absence of plaque at test and con-
trol sites.

4. Width of keratinized mucosa at baseline as the dis-
tance (mm) from the mid-buccal mucosal margin to 
the mucogingival junction at each implant.

5. Presence of suppuration (SUP) after gentle probing to 
the base of the pocket at six sites per implant (mesio-
buccal, buccal, distobuccal, disto-palatal/lingual, lin-
gual/palatal, mesio-lingual/palatal.

Clinical recordings were performed using a plas-
tic replacement tip (Colorvue™ Probe, Hu-Friedy, Chi-
cago, IL, USA) with 3–6-9–12  mm markings connected 
to a satin surfaced steel handle (Colorvue™ Prote Han-
dle (PH6), Hu-Friedy, IL, USA). CBL was recorded from 
intraoral digitalized radiographs captured using custom-
ized radiographic holders (Eggen-holder) and long-cone 
parallel technique [36]. The Eggen-holder was customized 
applying a polyvinyl siloxane impression material. Radio-
graphic images were considered suitable for measurements 

if the whole implant was included in the image. CBL was 
defined as the distance (mm) between the implant shoul-
der and the first bone-implant contact (BIC). The distance 
from the implant shoulder (platform) to the mesial and 
distal BIC was measured by using a software image-pro-
cessing program (DIGORA, Soredex, Helsinki, Finland). 
Known dimensions of the implant (length and diameter) 
were used to scale each radiographic image and thus allow 
accurate measurements [37]. The radiographic recordings 
were performed under 7X magnification [38].

Crevicular fluid recordings
Peri-implant crevicular fluid (PCF) was collected at base-
line, 6, and 12 months [39]. Briefly, sample sites were iso-
lated with cotton rolls, carefully cleaned for supragingival 
plaque, and air-dried. A perio paper strip was then gently 
placed 1–2  mm inside the orifice of the site and left in 
place for 30  s. Next, the perio strip was placed into the 
Periotron 8000® (Harco, Tustin, CA, USA) previously 
calibrated to estimate the volume of PCF collected.

Patient‑centered outcomes
VAS recordings were used to estimate postoperative 
patient pain/discomfort during test and control treat-
ment [40, 41]. Scorings were performed at baseline and 
at 3, 6, and 12 months post-instrumentation immediately 
following completion of instrumentation on a horizontal 
line measuring 100  mm, scores 0 = “completely dissatis-
fied/painful/uncomfortable” and 10 = “completely satis-
fied/without pain/comfortable” [42]. Prior to therapy, 
patients were queried about pain to rule out pre-existing 
pain/discomfort unrelated to study treatments.

Two different VAS scores were registered separately for 
the following questions:

VAS1: How satisfied are you with today’s treatment?
VAS2: Did you experience the treatment as painful/
uncomfortable?

Statistical analysis
Data was entered into MS-Excel, proofed for entry 
errors, and imported into Stata (Stata version 17, Stata-
Corp LLC, College Station, TX, USA). All data analyses 
were performed by a statistician (SAL) at Bergen Univer-
sity who had not participated in data collection or pro-
cessing. Primary outcome variables were PD (mean of six 
sites/implant) and CBL loss (mean of mesial and distal 
recordings). Plaque, BoP, SUP, PCF, and VAS scores were 
defined as secondary outcome variables. Additionally, PD 
was dichotomized as < 6 mm and ≥ 6 mm and analyzed as 
a categorical variable.
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Descriptive statistics were calculated separately for 
the two groups at different time points at baseline, 
and at 6 and 12 months. Chi-square tests were used to 
identify differences for categorical variables at baseline, 
while t-tests were applied for continuous variables. To 
test changes over time and differences between groups, 
adjusted multivariable regression analyses, including 
robust variance estimates to adjust for repeated (mul-
tiple) observations for each individual, were applied. 
The continuous outcomes were analyzed using lin-
ear models, while categorical variables were analyzed 
using logistic regression models. Regression analyses 
including other potential risk factors were performed 
to explore if any of these predicted the outcome vari-
ables. P-values less than 0.05 were considered statisti-
cally significant.

Results
Of 294 patient charts that were screened from October 
2019 to May 2020, 48 met the inclusion criteria and were 
clinically examined (Fig. 1). Three patients were excluded 
during the clinical examination due to PD < 4  mm (i.e., 
a reduction in PD compared with previous records) and 
two patients declined to participate. Of the 43 patients 
included (62 implants), 23 were block randomized to 
the test group and 20 to the control group. In total, 40 
patients (57 implants) completed the 12-month study 
and were included in the statistical analysis. Two patients 
(three implants) were excluded due to implant fracture 
and mobility by the 3-month examination. One patient 
with two implants declined to return to follow-up visits 
due to cost. No adverse events were reported. The mean 
age of the study group was 65.1 years, range 33–83 years. 

Fig. 1 Flowchart of study
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Details of age, gender, smoking habits, stage of periodon-
titis, implant location, brand, years in function, implant 
length, width of keratinized mucosa, and type of crown/
bridge connection of the test and control groups respec-
tively are specified in Table1. There were no intergroup 
differences at baseline for any of these variables.

Clinical outcomes
Table  2 depicts between-group differences and changes 
over time at implant level. Mean PD was significantly 
reduced between baseline and 6 months for both groups 
(test, p = 0.006, control, p < 0.001), but not between 6 
and 12  months. Between baseline and 12  months, only 
mean PD for control was significantly reduced (p < 0.001). 
Between baseline and 12 months, the reduction in mean 

PD for control was significantly larger than for test (-0.6 
and -0.3, respectively; p = 0.029). For the proportion of 
sites with PD ≥ 6 mm, a statistically significant decrease 
was detected over time for both groups from baseline to 
6 months (control 41.1% to 31.9%; p = 0.001; test 45.6% to 
34.6%; p < 0.001) and from baseline to 12 months (control 
41.1% to 32.1%; p = 0.011; test 45.6% to 38.0; p = 0.002). 
No overall difference in the change between the groups 
was observed (p = 0.775; Fig. 2). No significant changes in 
mean CBL loss were observed over time for either group 
or between groups (all p > 0.05).

Mean PCF volume decreased significantly between 
baseline and 6  months for both groups (test, p < 0.001; 
control, p = 0.002). Similar significant decreases were 
observed between baseline and 12 months (test, p < 0.001; 
control, p = 0.002). Between baseline and 6  months and 
baseline and 12 months, reductions in PCF for test were 
significantly larger than for control (-43.0 and -26.6-; 
p = 0.042:-38.3 and -20.6; p = 0.037, respectively).

For visible plaque, no changes over time were observed 
for either group (all p > 0.05). In contrast, the propor-
tion of BoP was significantly reduced between baseline 
and 6  months and between baseline and 12  months for 
both groups (all p < 0.001). The proportion of SUP was 
significantly reduced between baseline and 6  months 
and between baseline and 12 months for test only (both, 
p = 0.019).

Patient pain/discomfort outcomes
Following instrumentation, no intra- or intergroup dif-
ferences were observed regarding satisfaction with treat-
ment (VAS1) at any observation interval (Table 3). Pain/
discomfort (VAS2) scores at baseline, 3, 6, and 9 months 
were all significantly elevated (less pain/discomfort) for 
control compared with the test (p-values ranging from 
0.005 to 0.040), no group differences were discerned at 
12  months. Between 6 and 12  month and baseline and 
12  months, VAS2-values showed a greater increase for 
the test than for the control (0.79 and -0.33; p = 0.008: 
1.39 and -0.39; p = 0.005, respectively). The regression 
analysis revealed that females reported more pain and 
discomfort (p = 0.005).

Discussion
The objective of this 12-month, examiner-masked, rand-
omized, controlled clinical trial was to explore whether 
a low-abrasive erythritol air-polishing system offers 
adjunctive clinical effects to conventional non-surgical 
treatment of peri-implantitis, and secondly, to evaluate 
patient-centred outcomes using VAS. In short, the obser-
vations herein indicate that both treatment approaches 
support clinical improvements. For both groups, a sig-
nificant reduction in PD was observed from baseline to 

Table 1 Patient and implant characteristics

Variable Test n = 23 
(31 implants)

Control n = 20 
(31 implants)

P

Mean age, years 65,8 ± 11.6 64,5 ± 13.6 0.722

Sex 0.172

 Female 14 (61%) 8 (40%)

 Male 9 (39%) 12 (60%)

Smoking 0.541

 Smoker 4 (17%) 5 (25%)

 Non-smoker 19 (83%) 15 (75%)

Stage of periodontitis 0.191

 Stage I/Stage II 7 (30%) 10 (55%)

 Stage III/Stage IV 16 (70%) 10 (45%)

Location 0.224

 Maxilla 22 (71%) 26 (84%)

 Mandibula 9 (29%) 5 (16%)

Brand 0.412

 Straumann 12 (39%) 8 (26%)

 Brånemark/Nobel Biocare 17 (55%) 22 (71%)

 Another system 2 (6%) 1 (3%)

Years in function 0.392

 < 5 years 6 (20%) 2 (7%)

 5 – 10 years 8 (26%) 9 (29%)

 10 – 15 years 7 (22%) 11(35%)

 > 15 years 10 (32%) 9 (29%)

Implant length 0.554

 < 10 mm 1 (3%) 2 (7%)

 ≥ 10 mm 30 (97%) 29 (93%) 0.576

Keratinized mucosa width

 < 2 mm 10 (32%) 8 (26%)

 ≥ 2 mm 21 (68%) 23 (74%)

Crown/bridge connection 0.587

 Screw-retained 20 (65%) 22 (71%)

 Cemented 11 (35%) 9 (29%)
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6 months, but at 12 months only for the control group. 
CBLs showed no change over time for either group. BoP 
was significantly reduced from baseline to 12 months for 
both treatments. Following instrumentation, less discom-
fort and pain was reported from the control group and 
significantly less by males.

At implant sites with peri-implantitis, PD is correlated 
with bone loss and therefore serves as a relevant sur-
rogate for disease severity [32]. PD recordings around 
implants are influenced by probing errors [43], grade 
of inflammation [44], PD severity, and probing force 
[45]. Further, PD recordings around implants with peri-
implantitis might be unprecise since the supracrestal col-
lagen fibers are oriented parallel to the implant surface, 
allowing the probe to penetrate close to alveolar bone 
[45]. Despite potential confounding factors, increased PD 
compared with previous recordings comprise part of the 
World Workshop case definitions of peri-implantitis [32]. 
Therefore, we defined PD in addition to CBL loss beyond 
initial bone remodeling, as primary outcome variables.

Both test and control sites showed significant reduc-
tion in PD from baseline to 6 months, but at 12 months 
only for control sites with significant between-group dif-
ferences. To date, no studies have reported on erythritol 
air-polishing as an adjunctive therapy to conventional 
non-surgical treatment of peri-implantitis in a cohort of 
maintenance patients. A recent RCT, comparing erythri-
tol air-polishing as monotherapy with piezoelectric ultra-
sonic scaling in non-surgical treatment of peri-implantitis, 
reported no significant intergroup treatment differences 
for clinical peri-implant parameters as PD, suppuration 
on probing, and plaque score at a 3-month observation 
[26]. Fourteen patients, four in the airpolishing group and 
10 in the ultrasonic group were followed over 12 months. 
Reported 3-month observations are partly congruent with 
our 6-month findings revealing no intergroup differences. 
The exact reason for observing a significant intergroup 
difference at 12 months and not at 6 month in the present 
study is hard to pinpoint possibly reflecting a pronounced 
inflammatory response in the test group expressed as a 
higher percentage BoP and SUP [46].

Table 2 Implant level recordings at baseline, and at 6 months and 12 months and change (Δ) from baseline and 6 months for clinical 
parameters

PD Probing depth, CBL Crestal bone level in mm, and PCF Peri-implant crevicular fluid in µL are presented as mean values and SEM, while Plaque, BoP  Bleeding on 
probing, and SUP Suppuration as percentages and OR Odds ratios

Baseline P 6 months P 12 months P Δ0‑6 P Δ6‑12 P Δ0‑12 P

Mean PD
 Test 4.5 ± 0.10 4.1 ± 0.10 4.2 ± 0.11 -0.4 ± 0.12 0.006 0.1 ± 0.10 0.415 -0.3 ± 0.13 0.107

 Control 4.4 ± 0.10 3.9 ± 0.09 3.8 ± 0.09 -0.5 ± 0.09 < 0.001 -0.1 ± 0.08 0.702 -0.6 ± 0.07 < 0.001
 Difference 0.1 ± 0.22 0.704 0.2 ± 0.24 0.410 0.4 ± 0.27 0.138 0.1 ± 0.14 0.428 0.2 ± 0.13 0.116 0.3 ± 0.14 0.029
Mean CBL
 Test 3.6 ± 0.22 3.3 ± 0.18 3.5 ± 0.21 -0.3 ± 0.28 0.611 -0.1 ± 0.08 0.328 -0.2 ± 0.30 0.881

 Control 3.1 ± 0.20 3.0 ± 0.23 3.4 ± 0.27 -0.1 ± 0.21 0.861 0.4 ± 0.21 0.186 0.3 ± 0.16 0.259

 Difference 0.5 ± 0.46 0.320 0.3 ± 0.43 0.488 -0.0 ± 0.52 0.960 -0.2 ± 0.35 0.648 -0.3 ± 0.22 0.222 -0.4 ± 0.34 0.210

PCF
 Test 89.5 ± 5.8 46.5 ± 5.2 51.1 ± 5.8 -43.0 ± 4.6  < 0.001 4.6 ± 4.7 0.627 -38.3 ± 6.7 < 0.001
 Control 76.3 ± 5.9 49.7 ± 6.0 55.7 ± 5.9 -26.6 ± 6.4 0.002 6.0 ± 4.7 0.463 -20.6 ± 4.9 0.002
 Difference 13.1 ± 8.6 0.134 -3.2 ± 9.2 0.727 -4.6 ± 10.1 0.650 -16.4 ± 7.8 0.042 -1.4 ± 6.6 0.835 -17.8 ± 8.2 0.037

OR0-6 OR6-12 OR0-12

Plaque (%)
 Test 45.2 19.2 34.6 0.29 0.125 2.22 0.535 0.64 0.753

 Control 54.8 38.7 45.2 0.52 0.554 1.30 0.927 0.68 0.763

 Odds ratio (OR) 0.68 0.508 0.38 0.188 0.64 0.479 0.56 0.487 1.71 0.584 0.95 0.945

BoP (%)
 Test 59.7 37.8 36.5 0.41 < 0.001 0.95 0.947 0.39 < 0.001
 Control 58.1 32.3 32.3 0.34 < 0.001 1.00 0.999 0.34 < 0.001
 Odds ratio (OR) 1.07 0.807 1.28 0.455 1.20 0.480 1.19 0.522 0.95 0.825 1.13 0.637

SUP (%)
 Test 32.3 7.7 7.7 0.18 0.019 1.00 0.999 0.18 0.019
 Control 16.7 6.5 6.5 0.34 0.210 1.00 0.999 0.34 0.210

 Odds ratio (OR) 2.38 0.218 1.21 0.858 1.21 0.858 0.51 0.427 1.00 0.999 0.51 0.427
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At baseline the proportions of sites with PDs ≥ 6 was 
within both groups above 40%. Over time a significant 
reduction was observed at 6 months followed by a slight 
relapse at 12 months particularly in the test group (from 
35 to 38%). These findings together with rather high BoP 
at 12  months (test 37% and control 32%) underline the 
limitations of non-surgical interventions and that neither 
treatment approach effectively resolve peri-implantitis. 
Our observations are thus in support of retrospective 
[5] and prospective [26] analysis concluding that surgi-
cal treatment might be indicated for a significant num-
ber of peri-implantitis patients. CBL stability is essential 
for defining peri-implant health and predicting disease 
progression [32, 47]. The present study revealed that 
CBL was stable over time, thus demonstrating that con-
ventional mechanical instrumentation with or without 
erythritol air-polishing may successfully preserve CBL 
during 12-month of supportive implant therapy. Similar 
findings are reported by others [48], indicating that none 
of the non-surgical decontamination approaches of peri-
implantitis are preferred.

In the present study, both interventions induced a 
significant reduction in the inflammatory surrogates. 
Improvement in secondary outcomes BoP and PCF 
have been reported previously comparing air-abrasives 
devices and conventional mechanical debridement [9, 49, 
50]. Whereas present study showed a significant reduc-
tion in BoP for both groups, they found a significantly 
greater reduction in BoP in the air-abrasive group at 3 

and 6  months concluding that neither control (ultra-
sonic) nor test (air-abrasive device) may effectively 
resolve peri-implantitis [26]. PCF provides an early indi-
cation of patients at risk for peri-implantitis and implant 
loss [51, 52]. Inflammatory exudate leaking out into PCF 
reflects the nature of the inflammatory lesion [53, 54]. In 
the present study, PCF was significantly reduced for both 
groups, between baseline and 6  months and between 
baseline and 12  months. At both observation intervals, 
the reductions were increased in the test group compared 
with the control. However, there were no changes in PCF 
for either group between 6 and 12  months, corrobo-
rating the notion that non-surgical treatment of peri-
implantitis is unpredictable [6]. A retrospective study of 
304 implants with peri-implantitis reported the preva-
lence of SUP to be 28% at implant level, and that grades 
of SUP were associated with peri-implant bone loss and 
increased PD [46]. Increased tissue inflammation may 
influence healing response, and implants diagnosed 
with SUP are more frequently associated with a distinct 
microbiome compared with implants without [55].

Non-surgical dental implant biofilm disruption 
appears insufficient intervention in patients with less 
than optimal oral hygiene [56]. In the present study, at 
12 months, plaque scores averaged 35% and 45% for the 
test and control, respectively. All patients had a previ-
ous history of regular maintenance and the implants 
had been exposed to numerous instrumentations. Less 
than ideal compliance may thus be explained by loss 

Fig. 2 Proportion of sites ≥ 6 mm for the test and control group at baseline, 6 months, and 12 months
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of motivation after years of comprehensive periodontal 
and implant therapy. Also, it appears more challenging 
to obtain clinical resolution in residual than in previ-
ously untreated lesions [22, 29]. Further, nine patients 
(22,5%) were smokers with long-term negative effect 
on mucosal, periodontal, and peri-implant soft-tissue 
inflammation and loss of CBL [57].

Previous reports showing enhanced effects of air-
abrasive treatment have been limited to teeth [12, 18]. 
One in  vitro study showed that erythritol may alter 
the microstructure and metabolomic profile of the 
biofilm composed of Streptococcus gordonii and Por-
phyromonas gingivalis [58]. Moreover, a more effective 
biofilm reduction in addition to bactericidal effects 
of erythritol on pathogenic bacteria have also been 
observed [59–61]. Due to the complexity of the den-
tal implant micro/macro structure, the disruption of 
the biofilm over the exposed threads might be insuffi-
cient for clinical resolution and demands further study 
to optimize clinical protocol, delivery system, as well 
as agents for submucosal delivery. The same challenge 
applies also for non-surgical instrumentation with tita-
nium curettes. In agreement with a systematic review 
and meta-analysis [62], despite clinical improve-
ments, a complete resolution of inflammation was not 
achieved by any of the treatment approaches.

For both groups, minor pain/discomfort (VAS2) was 
reported, with significantly less pain/discomfort experi-
enced in control group at baseline, 3, 6, and 9 months. 
The difference vanished at 12 months, as after 6 months 
the VAS scores for the test group decreased whereas 
continued to increase in the control. In the test group 
the percentage of implants diagnosed with SUP at base-
line was 32.3, whereas the corresponding percentage in 
the control group was 16.7. Thus, a higher proportion 
of SUP at baseline in the test group, possibly reflect-
ing a higher degree of peri-implant mucosal inflamma-
tion, may partly explain the increased pain/discomfort 
reported up to 9 months in this group. A previous RCT 
also reported on pain/discomfort following air polishing 
and ultrasonic scaling [26], however, a closer between 
studies comparison is prohibited due to that in this RCT 
local anesthesia was used as needed during interven-
tions. In the present study, females perceived more pain 
and discomfort than males also reported by Seymour 
et al. finding females experiencing more post-operative 
pain than males [63].

Strength and limitations
This study was conducted as an RCT. A pre-study calibra-
tion exercise and proper training in the use of the latest 

version of the air-polishing device were performed. The 
statistical power of study was estimated to 89%. Included 
patients were block randomized to either test or control 
treatments to ensure an equal number of patients in each 
group prohibiting the occurrence of systemic differences 
between treatment groups [64]. Patient and implant 
characteristics at baseline were balanced as no significant 
between-group differences were detected. All patients 
were re-treated at 3-month intervals ensuring compli-
ance with oral hygiene regime and regular treatments.

We acknowledge that the present RCT is not exempt 
from limitations. PD was measured without remov-
ing the prosthetic restoration since both cemented and 
screw-retained fixed prosthesis were included. This 
may affect clinical assessments, especially in the pos-
terior area [65]. No microbiological samplings were 
performed, and inflammatory PCF markers were not 
qualitatively analyzed. High quality clinical studies have 
shown that the biofilm in peri-implantitis contains a 
more complex microbial composition compared to peri-
odontitis and several bacteria species are identified as 
peri-implantitis specific pathogens [66]. Further, no true 
control group was included. However, to date no non-
surgical protocol seems to be the gold standard in the 
treatment of peri-implantitis.

Conclusions and clinical implications
The observations reported indicate that ultrasonic/
curette subgingival instrumentation with and without 
erythritol air-polishing support clinical improvements. 
Over a 12-month period, both treatments prevented 
further bone loss, but did not adequately arrest inflam-
mation. Thus, neither treatment approach effectively 
resolves peri-implantitis. A significant inter-treatment 
difference in PD was observed in favor of ultrasonic/
curette instrumentation over 12  months. Following 
instrumentation, less discomfort and pain were reported 
in the control group. Future RCTs based on more power-
ful datasets and with longer follow-up periods are needed 
to draw clear conclusion about the efficiency of erythritol 
air-polishing alone or in combination with other non-
surgical therapies. Moreover, in advance identification 
of potential patients characteristics increasing the prob-
ability of successful non-surgical peri-implantitis therapy, 
would be of immense importance. Overall, the results 
highlight a demand for effective non-surgical protocols 
for decontamination of dental implants diagnosed with 
peri-implantitis and that surgical management might 
be indicated for a significant number of peri-implantitis 
patients.
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