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Abstract 

Background: This study investigated clinical parameters using a new air‑polishing device compared to sonic scaling 
for subgingival biofilm removal during supportive periodontal therapy. The aim was to evaluate noninferiority of air‑
polishing compared to sonic scaling in deeper periodontal pockets with respect to pocket depth (PD).

Methods: In 44 participants, 2 single‑rooted teeth [(PD) ≥ 5 mm] were treated using a split‑mouth design. While a 
new air polishing device with a conical shaped tip was used for the experimental group, sonic scaling was performed 
in the control group. PD, clinical attachment level (CAL), and bleeding on probing (BOP) were recorded at baseline, 
(T0) after 3 months (T1) and 6 months (T2). Pain perception was rated using a visual analog scale (VAS; 0 = no pain, 
100 = maximum pain).

Results: PD and CAL decreased significantly for both groups, while no intergroup differences were found (PD [mean, 
mm] control T0 5.96, T2 4.75; experimental T0 5.96, T2 4.8; intergroup p = 0.998; CAL [mean, mm] control T0 7.38, T2 
5.84; experimental T0 7.28, T2 6.34; intergroup p = 0.368). For BOP, no intergroup differences were found from T0 to T2 
(reduction control 42.5%; experimental 46.5% p = 0.398). Pain perception was significantly lower for air polishing (VAS 
[mean, mm] control 28.8, experimental 12.56; p = 0.006).

Conclusion: None of the two treatment procedures showed inferior clinical effects with regard to PD, CAL and BOP 
with air polishing being more comfortable to patients.

Trial registration The study was registered in an international trial register on August 14/08/2019, before the start of 
recruitment (German Clinical Trial Register number DRKS00017844).

Keywords: Air polishing, Subgingival biofilm removal, Subgingival instrumentation, Supportive periodontal therapy, 
Trehalose
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Background
Air polishing has become an established procedure for 
the removal of subgingival biofilm during supportive per-
iodontal therapy (SPT). Comparable clinical and micro-
biological results have been demonstrated in several 
studies with regard to standard procedures such as ultra/
sonic instrumentation or the use of hand instruments 
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[1–3]. A recent systematic review including 13 clinical 
studies confirmed a comparable efficacy in the control 
of biofilm and reduction of periodontal inflammation 
[4]. The main advantages of subgingival air polishing are 
lower abrasiveness and less time required for treatment 
[5]. In addition, the method was rated as more comfort-
able compared to alternative methods (hand instruments 
or sonic scaling) by the majority of patients in several 
studies [2, 3, 6, 7].

The use of air polishing for subgingival instrumentation 
during a clinical trial was first described by Petersilka 
et al. [8, 9] during two clinical trials. Here, a conventional 
air  polishing device was used with glycine powder, and 
the beam was pointed into periodontal pockets in the 
apical direction. It was shown that in pockets of 3–5 mm, 
air polishing was superior to hand instrumentation with 
respect to the reduction of subgingival biofilm looking 
at CFUs from plaque samples. A study by Flemmig et al. 
[10] also used glycine powder and pointed the beam into 
the periodontal pocket [1]. Here, the efficacy of the treat-
ment was evaluated by extracting and staining the study 
teeth immediately after instrumentation. As a result, suf-
ficient removal of subgingival biofilm could be observed 
for smaller pockets, ≤ 3 mm. Subsequently, Moëne et al. 
[7] introduced a new air-polishing device using a trian-
gular-shaped nozzle with different sideways orientations 
for water and the air-powder beam to reach deeper peri-
odontal pockets and to reduce the risk of emphysema. 
Using this special device in combination with a low-abra-
sive glycine powder, a reduction of bleeding on probing 
(BOP) and subgingival plaque (CFUs) could be shown for 
pockets up to 9 mm over a period of 7 days after subgin-
gival instrumentation. During another clinical trial pub-
lished in 2014, which was assessed in patients during SPT 
with PD of 5–9 mm, the use of the aforementioned device 
combined with erythritol powder was able to show com-
parable reduction of periodontal pockets and bleeding on 
probing compared to the use of ultrasonic scaling over 
a period of 12 months [3]. In addition to erythritol and 
glycine, the disaccharide trehalose is one of the known 
low-abrasive powder substances, for which comparable 
efficacy has been shown in clinical studies [2, 4, 11].

Since evidence for low-abrasive powders has grown 
over the last years, data from clinical studies on different 
devices are scarce. In contrast to the increase in the range 
of products on the market, there are hardly any clinical 
studies on the use of new types of devices. In addition to 
the properties of the powder used and treatment factors 
such as duration, distance to the tooth surface and angle, 
the configuration of the air polishing unit plays a key role 
in the degree of abrasiveness and effectiveness of biofilm 
removal [5]. This topic is important not least because the 
subgingival use of compressed air is always associated 

with the risk of provoking emphysema, especially in areas 
of inflammation or a narrow zone of attached gingiva 
[12]. The development of new nozzles and tips for sub-
gingival use is aimed at achieving optimum redirection 
of the compressed air to the root surface, even in deep 
periodontal pockets up to 9  mm. This reduces the risk 
of emphysema, contrary to an apical streaming direc-
tion, and thus promotes the safety of the application. At 
the same time, it might lead to increased effectiveness by 
pointing more directly on the root surface. Accordingly, 
more trials are needed investigating different devices 
for subgingival air-polishing and comparing different 
procedures.

The aim of this clinical study was to evaluate the use of 
a newly designed air polishing handpiece with a conical-
shaped tip and a round cross section in the use of subgin-
gival instrumentation compared to sonic scaling during 
SPT. Furthermore, the noninferiority of this treatment 
for PD was evaluated. Additionally, the pain perception 
for each method was assessed.

Materials and methods
Ethics approval and informed consent statement
This clinical trial was conducted in accordance with good 
clinical practice guidelines and respected the principles 
of the Declaration of Helsinki on human experimenta-
tion. The Ethical Committee of the University Medical 
Center Freiburg approved the study protocol with a posi-
tive vote (EK No. 188/19). All enrolled participants gave 
their written informed consent on study participation 
and signed a data privacy statement. This report follows 
the criteria of the CONSORT statement [13].

The study was registered in an international trial regis-
ter on 14/08/2019, before the start of recruitment (Ger-
man Clinical Trial Register number DRKS00017844).

Study design
The study was conducted as an examiner-blinded rand-
omized clinical trial over 6  months using a split-mouth 
design. Two nonadjacent single-rooted teeth with a peri-
odontal pocket (5–9 mm) from the same jaw were chosen 
to serve either as the test or control group. While the test 
group received subgingival instrumentation using a new 
air polishing device with a conical shaped tip, the control 
group was treated using sonic scaling. While one blinded 
clinician (ABK) performed all measures, a second clini-
cian (BJW) did subgingival instrumentation using differ-
ent procedures.

It was hypothesized that treatment with the newly 
developed air polishing device and application tip shows 
noninferiority for the parameter pocket depth (PD) com-
pared to treatment with a sonic scaler during SPT. The 
primary endpoint was the change in PD after 6 months. 
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Secondary endpoints were the change in clinical attach-
ment level (CAL), reduction in BOP, the need for retreat-
ment, and pain perception for each method using a visual 
analog scale.

Recruitment
Fifty participants were recruited from patients within 
regular supportive periodontal treatment at the Depart-
ment of Operative Dentistry and Periodontology, Faculty 
of Medicine and Medical Center, University of Freiburg, 
Germany. Recruitment took place between August 2019 
and July 2020.

Inclusion and exclusion criteria
The inclusion of participants was based on the follow-
ing criteria: two nonadjacent teeth in one jaw but dif-
ferent quadrants with persisting periodontal pockets 
(PD ≥ 5 mm and BOP + or ≥ 6 mm, and < 10 mm), regu-
lar SPT (attending their regular SPT sessions depending 
on their individual periodontal risk), and periodontitis 
grade A or B. A maximum of 30% smokers were included. 
The exclusion criteria were systemic antibiotic treatment 
within the study period, periodontal abscesses, suppu-
ration from periodontal pockets, extraction of included 
teeth, severe systemic diseases such as HIV, cancer or 
poorly controlled diabetes mellitus, hemophilia or anti-
coagulation therapy, bisphosphonate antiresorptive ther-
apy, and pregnancy.

Clinical examination
A full-mouth plaque control record (PCR) [14] and mod-
ified sulcus bleeding index(SBI) [15, 16] were collected. 
For both designated teeth, PDs, CAL and BOP at 6 sites 
were recorded at baseline to determine the site with the 
deepest PD in mm and a pressure of approx. 0.2 N using 
a PCP UNC 15 periodontal probe (Hu-Friedy, Chicago, 
Illinois, USA). At these sites, follow-up examinations 
were recorded at 3 and 6 months for PD, CAL, and BOP. 

CAL was measured by recording PD and adding the dis-
tance from the gingival margin to the cementoenamel 
junction in the presence of recessions or subtracting it in 
the presence of swellings or hyperplastic gingiva.

Intervention
In each study participant, one tooth was treated with 
air polishing (experimental group) and one tooth with 
sonic scaling (control group) at baseline. Clinical follow-
up examinations were performed after 3 and 6  months. 
If the respective teeth showed PD > 4 mm or 4 mm and 
BOP + [17], treatment was repeated after 3 months using 
the respective treatment (air polishing or sonic scaling) 
and after 6 months using sonic scaling (Fig. 2). The need 
of retreatment was recorded at each stage and is shown 
in Table  2. Patients did not receive further oral hygiene 
instructions during the study period as they were already 
very well trained in the use of oral hygiene products and 
systematic cleaning within the current phase of SPT.

Experimental group
The experimental group was treated with a newly 
designed air-polishing application tip (Perio  Tip®, Dürr 
Dental SE, Bietigheim-Bissingen, Germany; Fig.  1a) 
in combination with a  MyLunos® air-polishing hand-
piece with Perio nozzle  (MyLunos®Perio air-polishing 
handpiece, Dürr Dental SE, Bietigheim-Bissingen, Ger-
many; Fig.  1b) and trehalose powder  (MyLunos® Perio 
Combi, Dürr Dental SE, Bietigheim-Bissingen, Ger-
many) for 5 s at the assigned site. The conical shaped tip 
with a round cross section shows black markings at 3.5, 
5.5 and 8.5  mm. While the air-powder beam leaves the 
tip through a single lateral opening on the distal aspect, 
water runs out of 6 perforations above the highest mark 
of 8.5 mm. The air-powder spray corridor was limited to 
the distal and apical directions at a 45-degree angle. The 
tip is additionally protected from being pulled off by a 
safety ring, which also ensures a single use only, since it 

Fig. 1 a Air‑polishing handpiece with perio nozzle and powder chamber. b Conical shaped tip with markings at 3.5, 5.5 and 8.5 mm
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Fig. 2 CONSORT flow diagram
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breaks when the tip is taken off the device. The aforemen-
tioned handpiece contains a powder chamber with a fill-
ing capacity of ~ 18 g trehalose powder (Fig. 1b).

Control group
The control group received subgingival instrumentation 
using a sonic device, for at least 5  s at the assigned site 
depending on the extent of the root surface to be treated 
(SONICflex™ with tip Perio long, KaVo, Biberach/Ris, 
Germany).

Pain perception
Shortly before the upcoming treatment at baseline, the 
participants were informed that they would be asked to 
give an assessment of the painfulness immediately after 
the treatment. Their discomfort for each procedure was 
assessed by using a visual analog scale (VAS) from 1 to 10 
(Price et al. [18]). The assessment of pain perception was 
not repeated at other time points, even if retreatment 
was necessary.

Randomization, blinding and statistical analysis
All baseline and follow-up examinations were performed 
by the same experienced calibrated dentist blinded to the 
therapy (ABK). In the course of an intra-examiner calibra-
tion process prior to the study, a reproducibility of 100% 
was achieved tolerating a standard deviation of ± 1 mm. 
Treatment assignment for the two test teeth was rand-
omized by a statistician (KV) by computer generating a 
randomization list. Based on this list, subgingival instru-
mentation was performed exclusively by a second dentist 
(BJW), who found the assigned treatment for each tooth 
in sealed envelopes from the statistician. The order of the 
teeth to be treated was based on the quadrant regardless 
of the procedure they were assigned to. Thus, teeth from 
the 1st and 3rd quadrant were treated before teeth from 
the 2nd and 4th quadrant.

The study was planned as a noninferiority trial for PD 
based on the results of a former study [2]. For the main 
outcome parameter PD, a noninferiority threshold of 
0.4  mm was considered to be appropriate; a previous 
study showed that a standard deviation of 0.8 is realistic. 
This results in a sample size of 50 patients with a total 
of 100 teeth (50 teeth per group) with a power of 80% 
and using a 90% confidence interval. The test for nonin-
feriority was performed for data after 6  months. Here, 
the air  polishing device is considered noninferior if the 
lower value of the 90% confidence interval determined 
by means of the mixed linear model is above the lower 
noninferiority confidence limit. For descriptive analyses, 
relative frequencies, medians, means and standard devia-
tions were computed. For within-group comparisons 
depending on the distribution of the data, paired t-tests, 

Wilcoxon matched-pairs signed-rank tests and McNe-
mars tests were used. Linear mixed models with adjust-
ment for sex, age, smoking status and the corresponding 
baseline value were used to evaluate device differences 
for changes from baseline to the 6-month investigation. 
Corresponding logistic mixed models were used for 
binary data. Statistical analysis was performed per proto-
col using STATA software (StataCorp LT, College Station, 
TX, USA, Version 16.1).

Results
Fifty participants met the inclusion criteria, gave their 
informed consent to participate in the study and received 
examination and treatment at baseline. After 6  months, 
clinical data from 44 participants were collected for 
analysis, while 6 were lost to follow-up for different rea-
sons (Fig. 2). Due to coronavirus pandemic restrictions, 
for one participant, no 3-month data were collected, and 
only the 6-month follow-up could be carried out. For the 
same reason, another patient only received a 3-month 
follow-up. This results in a case number of 44 at both 
follow-up times. Furthermore, sensitivity analyses were 
carried out and led to almost identical results, especially 
without changes for statistical significance. For demo-
graphic data at baseline see Table 1.

Pocket depths and clinical attachment level
Mean PD and CAL decreased for both groups signifi-
cantly with a p ≤ 0.005 for all comparisons (PD T0 vs. 
T1, control − 0.86  mm, experimental − 0.86  mm; T0 
vs. T2, control − 1.23  mm, p T0 vs. T2, experimen-
tal − 1.16  mm, p; CAL T0 vs. T1, control − 1.02  mm, 
experimental − 0.80  mm, T0 vs. T2, control − 1.50, p, 
experimental − 0.86  mm) without any significant inter-
group differences (PD T0 vs. T2 p = 0.983; CAL T0 vs. T2 
p = 0.358; Table 2 and Figs. 3, 4). There were no signifi-
cant group differences for PD or CAL in the analyses of 
changes from T0 to T2 when adjusting for smoking sta-
tus, sex, age and corresponding value at baseline. After 
6 months (T2), 8 healthy periodontal sites (PD ≤ 3 mm) 
were found in the control group (n = 44), and 9 healthy 
periodontal sites were found in the experimental group 
(n = 44). For PD, a group difference of 0.0007 (90% CI 
[− 0.360, 0.362]) was found; hence, noninferiority of the 
air-polishing treatment was shown.

Bleeding on probing
For both groups, a reduction of BOP was found compar-
ing T0 and T1 as well as T0 and T2 (proportion who were 
BOP positive at T0 and negative at T2 control 42.5%; 
experimental 46.5%, p < 0.0001 both groups). There 
were no group differences from T0 to T2 (intergroup 
p = 0.398; Table  2). The logistic mixed model computed 
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an odds ratio for a site to be BOP positive after 6 months 
of 1.437 (95% CI 0.62; 3.333) for the experimental group 
in comparison to the control group, with no significant 
differences between the groups (p = 0.398).

Need for retreatment
Both groups showed a decrease in the percent-
age of teeth that needed retreatment over the study 
period (Table  2). The need for retreatment after 
3  months (T1) and 6  months (T2) did not differ sig-
nificantly between groups (T1 p = 0.688; T2 p = 0.581). 

Additionally, for both groups, there was no significant 
difference in the number of teeth that needed retreat-
ment once (p = 1.000) or twice (p = 0.791) during the 
study period (Table 2).

VAS
The assessment of patients’ pain perception using a visual 
analog scale from 1 to 100 mm (0 = no pain; 100 = maxi-
mum pain) showed a significantly lower pain perception 
for the experimental group using air polishing compared 

Table 1 Demographic data

P50 median, sd standard deviation, min minimum, max maximum

n %

Gender

Male 30 60

Female 20 40

Ethnic group

Caucasian 50 100

Other 0 0

Smoking status

Non‑smokers 36 72

Smokers 14 28

n P50 Mean SD Min Max

Age (years) 50 61.5 61.72 10.99 35 87

Table 2 Main clinical results

PD pocket depth, CAL clinical attachment level, VAS visual analog scale [0–100 mm, 0 no pain/100 maximum pain]; T0 = baseline, T1 = 3 months, T2 = 6 months; 
sd = standard deviation; ∆ = difference to T0; § intergroup difference p < 0.05 (Wilcoxon matched-pairs signed-rank test, McNemar for dichotomous variables), 
intragroup difference p < 0.05 (Wilcoxon matched-pairs signed-rank test, McNemar for dichotomous variables) T0 versus T1(*) and T0 versus T2(**)

Control group Experimental group

Time N Median Mean Sd ∆ (sd) Time N Median Mean Sd ∆ (sd)

PD (mm) T0 50 6 5.69 1.05 T0 50 5.5 5.96 1.12

T1 44 5 5.11* 1.73 − 0.86 (1.25) T1 44 5 5* 1.46 − 0.86 (0.98)

T2 44 4 4.75** 1.67 − 1.23 (1.34) T2 44 5 4.8** 1.5 − 1.16 (1.34)

CAL (mm) T0 50 7 7.38 1.78 T0 50 7 7.28 1.99

T1 44 6 6.25* 2.09 − 1.02 (1.27) T1 44 6 6.32* 1.95 − 0.79 (1.09)

T2 44 6 5.84** 2.20 − 1.50 (1.47) T2 44 6 6.34** 2.19 − 0.86 (1.80)

VAS (mm) T0 50 21 28.75§ 23.58 T0 50 8 12.56§ 14.43

BOP % Positive % Positive

T0 50 90.0 T0 50 98.0

T1 44 52.3* T1 44 59.1*

T2 44 52.3** T2 44 52.3**

Need for retreatment % Positive % Positive

T1 44 90.9 T1 44 86.4

T2 44 75.0 T2 44 81.8
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to the control group using a sonic scaler (p = 0.006, 
Table 2 and Fig. 5).

Plaque control record and sulcus bleeding index
The plaque control record (PCR) and sulcus bleed-
ing index (SBI) were measured as a full-mouth status 
evaluation and did not change significantly (p = 0.067) 
from baseline (T0) to 6  months (T2). PCR decreased 
from a mean of 32.1% (T0, ± 20.2) to 26.7% (T2, ± 22.3), 
p = 0.067. SBI decreased from a mean of 33.2% 
(T0, ± 19.8) to 28.4% (T2, ± 21.0), p = 0.086.

No adverse effects caused by the use of either pro-
cedure (e.g., subcutaneous emphysema, periodontal 
abscess) were observed during the study period.

Discussion
The use of the new air  polishing device and a conical 
shaped application tip for subgingival instrumentation 
during supportive periodontal treatment was found to 
show no significant differences between groups in the 
reduction of PD as the primary outcome. Furthermore, 
the noninferiority of the application was confirmed for 
this parameter. Both treatment modalities showed a 
reduction with regard to PD, CAL, BOP, and the need for 
retreatment over 6 months. These findings correspond to 
several clinical trials in the field of subgingival air polish-
ing during maintenance therapy [2, 3, 19, 20]. A recent 
systematic review summarized and confirmed the effi-
cacy of air polishing treatment in controlling biofilm and 
periodontal inflammation after evaluating 13 randomized 
clinical trials [4]. Within this study, significant improve-
ments in PD were observed in both groups. Compared 
to other studies using air  polishing, here the reduction 
in PD with a mean of 1  mm after 6  months appears to 
be rather high [4]. However, comparable reductions can 
also be found in the literature [20, 21]. This could be 
explained by the fact that the two highest probing depths 
were selected and treated, re-examined after 3  months, 
and treated again if the probing depth was still high. It 
could be shown that a closer treatment interval might 
help to reduce PDs and promotes periodontal stability 
[22]. Moreover, deep PDs generally show greater reduc-
tions in PD compared to low PDs [23]. Thus, the close 
follow-up and retreatment as well as the presence of 
a very high probing depth at baseline could explain the 
supposedly high reduction.

Furthermore, regarding the measurement of pain per-
ception, participants significantly felt more comfortable 
when air polishing was used. These findings confirm the 
broad consensus in the literature that air polishing is 
more comfortable for patients than alternative proce-
dures such as hand instrumentation or ultrasonic instru-
mentation [4, 6]. However, if this effects clinical impact 
remains questionable.

This study adds new evidence to the field of air polish-
ing devices that are designed especially for use in deeper 
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Fig. 3 Boxplots for differences in PD (mm)
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Fig. 5 Pain perception using a visual analog scale (1–100 mm); 
values as means, *p < 0.005 (based on Wilcoxon matched‑pairs 
signed‑rank test)
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periodontal pockets (5–9 mm) where surgical and regen-
erative therapeutic approaches would also be appropri-
ate [24, 25]. To the authors’ knowledge, all comparable 
clinical trials have been conducted with the same product 
thus far (Air  Flow® Master using the Perio-Flow® Nozzle, 
EMS Electro Medical System S.A., Nyon, Switzerland) 
[4]. Although there are several new developments found 
on the market regarding subgingival instrument tips, 
there is no evidence for their use in clinical trials. One 
advantage of the new tip used in this study is its round 
and small diameter, which allows the tip to easily enter 
the periodontal pocket. However, the fact that there is 
only one opening for the powder-air beam at the distal 
aspect of the tip proved to be a disadvantage in handling. 
Posterior areas in particular are difficult to reach at distal 
sites and require a strong rotation of the user’s wrist.

The strength of this study is the use of a split-mouth 
design, which leads to a low risk of bias in patient-related 
factors such as smoking or other factors modulating the 
immune response when comparing the test and control 
groups. However, the fact that only one tooth with the 
highest probing depth per side was selected and followed 
up is a limitation of the study. Due to the particular 
clinical relevance of deep probing depths within SPT, it 
seemed reasonable to focus on these sites. Furthermore, 
a possible carry-over effect due to repeated treatment of 
the same sites cannot be excluded.

The fact that the study plan originally aimed at a maxi-
mum of 20% smokers but ultimately included 30% may 
appear to be a source of bias. However, the smoking pop-
ulation in Europe is reported to be 28% on average [26]. 
Thus, the proportion of smokers among the study partici-
pants appears to be representative.

Furthermore, it might be of concern that the study 
participants did not receive additional oral hygiene 
instructions during the study period. However, clinical 
parameters like PCR and SBI showed ad decrease over 
the study period.

Another clear limitation of this study is the short 
duration of the investigation. As seen in the systematic 
review mentioned before, in 9 out of 13 included stud-
ies, follow-up ended in less than 180 days. To date, only 
one retrospective analysis included follow-up exami-
nations over 5  years during SPT [27]. Here, moderate 
periodontal pockets of mainly < 6.5  mm were treated 
using glycine powder and a conventional air polishing 
device without a special tip for subgingival use. Com-
pared to only mechanical instrumentation using sonic 
scaling and curets there were found equivalent results 
for the reduction of PD. On the other hand, since the 
most comparable studies which included deeper peri-
odontal pockets during SPT showed similar follow-
up examinations at 3 and 6 months, the results of this 

study consolidate the evidence that could be found 
thus far. However, more long-term studies are needed 
to evaluate the effect over a longer period of time in 
deeper periodontal pockets. Furthermore, the addition 
of the assessment of oxidative stress biomarkers would 
be interesting in future studies [28, 29].

SPT is an important prerequisite for the success of 
periodontal therapy, as shown in several fundamental 
studies and a current systematic review [30–34]. In the 
context of evidence-based medicine, it should be noted 
that the recommendation of regular SPT has been 
included in the S3 level of the clinical practice guide-
lines previously released by the European Federation 
of Periodontology [25]. When performing regular sub-
gingival instrumentation over a long-term period, it is 
important to use procedures that ensure effective bio-
film control and simultaneous low substance loss of the 
dental hard tissue. In-vitro studies comparing the loss 
of root substance during different subgingival instru-
mentation procedures indicate that there is greater 
damage to the hard tissue when hand instruments or 
sonic scaling are used [35–37]. Complementary to 
this, comparable results are found for soft tissue dam-
age according to different procedures [38]. Therefore, 
air polishing as a treatment method appears to fulfil 
the current requirements for effective and gentle sub-
gingival biofilm control within SPTs. For regular and 
repeated use over years, however, long-term studies are 
pending and should also be carried out with respect to 
hard substance loss.

Conclusion
For the primary outcome parameter PD noninferior-
ity was shown for both treatment modalities. Secondary 
outcome parameters (CAL, BOP, need for retreatment) 
did not show significant differences for the use of a new 
air polishing device with a conical shaped tip for subgin-
gival periodontal treatment compared to sonic scaling 
during SPT over a period of 6  months. Pain perception 
was significantly lower when air polishing was used.

Abbreviations
BOP: Bleeding on probing; CAL: Clinical attachment level; CFU: Colony forming 
units; PCR: Plaque control record; PD: Probing depth; SBI: Sulcus bleeding 
index; SPT: Supportive periodontal treatment; VAS: Visual analogue scale.

Acknowledgements
Not applicable.

Authors’ contributions
All authors have made substantial contributions to conception and design of 
the study. PRK and had the idea of the study. BJW and ABK have been involved 
in data collection. Data analysis was performed by KV, ABK, EF and JPW. ABK, 
JPW, EF and PRK have been involved in data interpretation. ABK drafted the 
manuscript. All authors read and approved the final manuscript.



Page 9 of 10Kruse et al. BMC Oral Health           (2022) 22:70  

Funding
Open Access funding enabled and organized by Projekt DEAL. The article pro‑
cessing charge was funded by the Albert Ludwigs University Freiburg in the 
funding programme Open Access Publishing. The study was funded by Dürr 
Dental SE. There is no commercial relationship between the source of funding 
and any of the authors.

Availability of data and materials
The datasets are available from the corresponding author on reasonable 
request.

Declarations

Ethics approval and consent to participate
This clinical trial was conducted in accordance with good clinical practice 
guidelines and respected the principles of the Declaration of Helsinki on 
human experimentation. The Ethical Committee of the University Medical 
Center Freiburg approved the study protocol with a positive vote (EK No. 
188/19). All enrolled participants gave their written informed consent on 
study participation and signed a data privacy statement.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Faculty of Medicine and Medical Center, Department of Operative Dentistry 
and Periodontology, University of Freiburg, Hugstetter Str. 55, 79106 Freiburg, 
Germany. 2 Northern Hessia Implant Center, Industriestraße 17A, 34369 Hof‑
geismar, Germany. 3 Faculty of Medicine and Medical Center, Institute of Medi‑
cal Biometry and Statistics, University of Freiburg, Stefan‑Meier‑Strasse 26, 
79104 Freiburg, Germany. 

Received: 8 November 2021   Accepted: 7 March 2022

References
 1. Flemmig TF, Arushanov D, Daubert D, Rothen M, Mueller G, Leroux BG. 

Randomized controlled trial assessing efficacy and safety of glycine pow‑
der air polishing in moderate‑to‑deep periodontal pockets. J Periodontol. 
2012;83(4):444–52.

 2. Kruse AB, Akakpo DL, Maamar R, Woelber JP, Al‑Ahmad A, Vach K. 
Trehalose powder for subgingival air‑polishing during periodontal 
maintenance therapy: a randomized controlled trial. J Periodontol. 
2019;90(3):263–70.

 3. Müller N, Moëne R, Cancela JA, Mombelli A. Subgingival air‑polishing 
with erythritol during periodontal maintenance: randomized clinical trial 
of twelve months. J Clin Periodontol. 2014;41(9):883–9.

 4. Nascimento GG, Leite FRM, Pennisi PRC, López R, Paranhos LR. Use of air 
polishing for supra‑ and subgingival biofilm removal for treatment of 
residual periodontal pockets and supportive periodontal care: a system‑
atic review. Clin Oral Investig. 2021;25(3):779–95.

 5. Petersilka GJ. Subgingival air‑polishing in the treatment of periodontal 
biofilm infections. Periodontol 2000. 2011;55(1):124–42.

 6. Bühler J, Amato M, Weiger R, Walter C. A systematic review on the patient 
perception of periodontal treatment using air polishing devices. Int J 
Dent Hyg. 2016;14(1):4–14.

 7. Moëne R, Décaillet F, Andersen E, Mombelli A. Subgingival plaque 
removal using a new air‑polishing device. J Periodontol. 2010;81(1):79–88.

 8. Petersilka GJ, Steinmann D, Häberlein I, Heinecke A, Flemmig TF. Sub‑
gingival plaque removal in buccal and lingual sites using a novel low 
abrasive air‑polishing powder. J Clin Periodontol. 2003;30(4):328–33.

 9. Petersilka GJ, Tunkel J, Barakos K, Heinecke A, Häberlein I, Flemmig TF. 
Subgingival plaque removal at interdental sites using a low‑abrasive air 
polishing powder. J Periodontol. 2003;74(3):307–11.

 10. Flemmig TF, Hetzel M, Topoll H, Gerss J, Haeberlein I, Petersilka G. Subgin‑
gival debridement efficacy of glycine powder air polishing. J Periodontol. 
2007;78(6):1002–10. https:// doi. org/ 10. 1902/ jop. 2007. 060420.

 11. Kruse AB, Maamar R, Akakpo DL, Woelber JP, Wittmer A, Vach K. Effects of 
subgingival air‑polishing with trehalose powder on oral biofilm during 
periodontal maintenance therapy: a randomized‑controlled pilot study. 
BMC Oral Health. 2020;20(1):123.

 12. Alonso V, García‑Caballero L, Couto I, Diniz M, Diz P, Limeres J. Subcutane‑
ous emphysema related to air‑powder tooth polishing: a report of three 
cases. Aust Dent J. 2017;62(4):510–5.

 13. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 state‑
ment: updated guidelines for reporting parallel group randomised trials. 
Int J Surg. 2011;9(8):672–7.

 14. O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol. 
1972;43(1):38.

 15. Lange D, Plagmann H, Ecenboom A, Promesberger A. Klinische Bewer‑
tungsverfahren zur Objektivierung der Mundhygiene. Dtsch Zahnärztl Z. 
1977;32:44–7.

 16. Mühlemann HR, Son S. Gingival sulcus bleeding—a leading symptom in 
initial gingivitis. Helv Odontol Acta. 1971;15(2):107–13.

 17. Matuliene G, Pjetursson BE, Salvi GE, Schmidlin K, Brägger U, Zwahlen 
M. Influence of residual pockets on progression of periodontitis and 
tooth loss: results after 11 years of maintenance. J Clin Periodontol. 
2008;35(8):685–95.

 18. Price DD, Rafii A, Watkins LR, Buckingham B. A psychophysical analysis of 
acupuncture analgesia. Pain. 1984;19(1):27‑42. https:// doi. org/ 10. 1016/ 
0304‑ 3959(84) 90062‑9.

 19. Hägi TT, Hofmänner P, Salvi GE, Ramseier CA, Sculean A. Clinical outcomes 
following subgingival application of a novel erythritol powder by means 
of air polishing in supportive periodontal therapy: a randomized, con‑
trolled clinical study. Quintessence Int. 2013;44(10):753–61.

 20. Wennström JL, Dahlén G, Ramberg P. Subgingival debridement of perio‑
dontal pockets by air polishing in comparison with ultrasonic instrumen‑
tation during maintenance therapy. J Clin Periodontol. 2011;38(9):820–7.

 21. Cobb CM. Clinical significance of non‑surgical periodontal therapy: an 
evidence‑based perspective of scaling and root planing. J Clin Periodon‑
tol. 2002;29(Suppl 2):6–16.

 22. Ramseier CA, Nydegger M, Walter C, Fischer G, Sculean A, Lang NP. Time 
between recall visits and residual probing depths predict long‑term 
stability in patients enrolled in supportive periodontal therapy. J Clin Peri‑
odontol. 2019;46(2):218–30.

 23. Heitz‑Mayfield LJA, Lang NP. Surgical and nonsurgical periodon‑
tal therapy. Learned and unlearned concepts. Periodontol 2000. 
2013;62(1):218–31.

 24. Briguglio F, Briguglio E, Briguglio R, Cafiero C, Isola G. Treatment of infra‑
bony periodontal defects using a resorbable biopolymer of hyaluronic 
acid: a randomized clinical trial. Quintessence Int. 2013;44(3):231–40.

 25. Sanz M, Herrera D, Kebschull M, Chapple I, Jepsen S, Beglundh T. Treat‑
ment of stage I‑III periodontitis‑The EFP S3 level clinical practice guide‑
line. J Clin Periodontol. 2020;47(Suppl 22):4–60.

 26. WHO—Regional Office for Europe. WHO Health topics‑ Disease preven‑
tion ‑ Tobacco‑ Data and statistics [Internet]. 2015. https:// www. euro. 
who. int/ en/ health‑ topics/ disea se‑ preve ntion/ tobac co/ data‑ and‑ stati 
stics.

 27. Petersilka G, Koch R, Vomhof A, Joda T, Harks I, Arweiler N. Retrospective 
analysis of the long‑term effect of subgingival air polishing in supportive 
periodontal therapy. J Clin Periodontol. 2021;48(2):263–71.

 28. Isola G, Polizzi A, Alibrandi A, Williams RC, Lo GA. Analysis of galectin‑3 
levels as a source of coronary heart disease risk during periodontitis. J 
Periodontal Res. 2021;56(3):597–605.

 29. Isola G, Polizzi A, Santonocito S, Alibrandi A, Williams RC. Periodontitis 
activates the NLRP3 inflammasome in serum and saliva. J Periodontol. 
2022;93(1):135–45.

 30. Axelsson P, Lindhe J. The significance of maintenance care in the treat‑
ment of periodontal disease. J Clin Periodontol. 1981;8(4):281–94.

 31. Becker W, Berg L, Becker BE. The long term evaluation of periodontal 
treatment and maintenance in 95 patients. Int J Periodontics Restorative 
Dent. 1984;4(2):54–71.

 32. Chambrone LA, Chambrone L. Tooth loss in well‑maintained patients 
with chronic periodontitis during long‑term supportive therapy in Brazil. 
J Clin Periodontol. 2006;33(10):759–64.

https://doi.org/10.1902/jop.2007.060420
https://doi.org/10.1016/0304-3959(84)90062-9
https://doi.org/10.1016/0304-3959(84)90062-9
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/data-and-statistics
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/data-and-statistics
https://www.euro.who.int/en/health-topics/disease-prevention/tobacco/data-and-statistics


Page 10 of 10Kruse et al. BMC Oral Health           (2022) 22:70 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 33. Manresa C, Sanz‑Miralles EC, Twigg J, Bravo M. Supportive periodontal 
therapy (SPT) for maintaining the dentition in adults treated for peri‑
odontitis. Cochrane Database Syst Rev. 2018. https:// doi. org/ 10. 1002/ 
14651 858. CD009 376. pub2/ full.

 34. Wilson TG, Glover ME, Malik AK, Schoen JA, Dorsett D. Tooth loss in 
maintenance patients in a private periodontal practice. J Periodontol. 
1987;58(4):231–5.

 35. Drisko CH. Root instrumentation. Power‑driven versus manual scalers, 
which one? Dent Clin North Am. 1998;42(2):229–44.

 36. Ritz L, Hefti AF, Rateitschak KH. An in vitro investigation on the loss of root 
substance in scaling with various instruments. J Clin Periodontol Oktober. 
1991;18(9):643–7.

 37. Drisko CL, Cochran DL, Blieden T, Bouwsma OJ, Cohen RE, Damoulis P. 
Position paper: sonic and ultrasonic scalers in periodontics. Research, Sci‑
ence and Therapy Committee of the American Academy of Periodontol‑
ogy. J Periodontol. 2000;71(11):1792–801.

 38. Petersilka G, Faggion CM, Stratmann U, Gerss J, Ehmke B, Haeberlein I. 
Effect of glycine powder air‑polishing on the gingiva. J Clin Periodontol. 
2008;35(4):324–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/14651858.CD009376.pub2/full
https://doi.org/10.1002/14651858.CD009376.pub2/full

	Subgingival air polishing with trehalose powder during supportive periodontal therapy: use of a conical shaped tip during a randomized clinical trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Ethics approval and informed consent statement
	Study design
	Recruitment
	Inclusion and exclusion criteria
	Clinical examination
	Intervention
	Experimental group
	Control group
	Pain perception

	Randomization, blinding and statistical analysis

	Results
	Pocket depths and clinical attachment level
	Bleeding on probing
	Need for retreatment
	VAS
	Plaque control record and sulcus bleeding index

	Discussion
	Conclusion
	Acknowledgements
	References


