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1  |  INTRODUC TION

Dental implants have shown to be a safe and reliable treatment 
approach for the rehabilitation of partial and full edentulous 

patients, demonstrating high long- term survival rates (Papaspyridakos 
et al., 2018). However, dental implants are not free from complications, 
and peri- implant diseases (peri- implant mucositis and peri- implantitis) 
are a frequent finding (Jung et al., 2012; Pjetursson et al., 2012).
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Abstract
Objectives: This in vitro investigation was aimed to evaluate the cleaning ability of 
four mechanical devices designed for decontaminating implant surfaces.
Material and methods: Ninety- six implants were coated with permanent ink and in-
serted into 3D- printed resin blocks simulating three different intraosseous defect con-
figurations (types Ib, Ic, and Ie). The four tested mechanical decontamination devices 
(air- polishing with glycine powder, rotating titanium brush, polyetheretherketone 
[PEEK]- coated ultrasonic tip, and stainless steel ultrasonic tip) were randomly applied 
onto the 5 mm exposed implant surface. Standardized photographs were taken from 
a frontal perspective and with a 30° angle coronally and apically to the implant axis. 
The area with remnant ink on the implant surface was calculated.
Results: Although none of the groups achieved complete ink removal, air- polishing 
with glycine and titanium brushes demonstrated a higher cleaning ability when com-
pared with ultrasonic devices either with standard or PEEK tips for all three defect 
configurations. For the three tested models, the best cleaning ability in all groups was 
shown on implant surfaces without facing an intraosseous wall. Titanium brush was 
the most effective when the intraosseous walls existed. Cleaning effectiveness dimin-
ished in the threads located in the apical third, especially when using air- polishing and 
ultrasonic devices.
Conclusions: Titanium brushes and air- polishing devices were more effective in re-
moving artificial biofilm using this in vitro model, although their effectiveness was 
influenced by the presence of the intrabony component.
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Peri- implantitis is a pathological condition, characterized by in-
flammation in the peri- implant connective tissue and progressive loss 
of supporting bone (Schwarz et al., 2018). Its estimated prevalence 
ranges from 22 to 28% (Derks & Tomasi, 2015; Renvert, Lindahl, & 
Persson, 2018; Romandini et al., 2021) and clinically, this disease is 
characterized by the presence of clinical signs of inflammation, such 
as bleeding on probing with or without suppuration, increased prob-
ing depth over time compared to previous measurements, and the 
existence of progressive radiographic bone loss, what usually results 
in part of the implant surface exposed and, hence, more vulnera-
ble to potential bacterial contamination (Renvert, Persson, Pirih, & 
Camargo, 2018).

Although it is well known that different risk indicators and 
risk factors may modulate the incidence of peri- implantitis (Heitz- 
Mayfield, 2008; Serino & Hultin, 2019), its etiology is infectious, 
caused by the accumulation of a biofilm on the implant/abutment 
surface what elicits an inflammatory response, which in some 
implants lead to bone loss (Daubert & Weinstein, 2019; Schou 
et al., 1992). Due to this fact, the main therapeutic goal in the treat-
ment of peri- implantitis is to remove the biofilm and decontam-
inate the exposed implant surface (Mombelli & Lang, 1994) with 
the purpose of preventing further recolonization (Heitz- Mayfield & 
Mombelli, 2014). Despite the use of different physical and mechan-
ical methods to remove the biofilm and decontaminate the affected 
implant surface, the nonsurgical treatment of peri- implantitis sites 
has demonstrated limited efficacy and seldom disease resolution 
(Figuero et al., 2014; Renvert et al., 2008), although recently, non-
surgical treatment strategies combining mechanical and chemical 
therapies have shown promising results that need to be confirmed 
by controlled clinical studies (Estefania- Fresco et al., 2019; Linares 
et al., 2019; Nart et al., 2020). The surgical treatment of peri- 
implantitis based on a thorough implant surface decontamination is 
currently the preferable treatment approach, although its efficacy 
may be influenced by the anatomy of the bony lesion and the ability 

of current decontamination methods to fully access the affected im-
plant surface (Ramanauskaite et al., 2016).

When applied nonsurgically, the method of decontamination 
used may be influenced, beyond its inherent efficacy, by the pres-
ence of the prosthetic rehabilitation, the implant macroscopic 
design (size of the treads and interthread distance), the implant 
microsurface topography (roughness) (Sanz- Martin et al., 2021; 
Steiger- Ronay et al., 2017) and the operator experience and 
ability (de Waal et al., 2016; Ruhling et al., 2002). When applied 
surgically, the accessibility of the decontamination method to 
the implant surface will improve, although its relative efficacy 
may be influenced by the anatomy of the bony lesion (Claffey 
et al., 2008).

Two types of peri- implant osseous lesions have been defined 
as associated with peri- implantitis sites: intraosseous (Class I de-
fects) and supracrestal (Class II defects). Within the intraosseous 
lesions, depending on the number of walls present and the mor-
phology of the defect, five categories have been defined (Classes 
Ia- e) (Schwarz et al., 2007), which may influence the access of the 
different decontamination methods to remove the biofilm and cal-
culus from the affected implant surfaces (Meyle, 2012; Subramani 
& Wismeijer, 2012). In fact, in vitro studies simulating crater- shaped 
intrabony peri- implantitis defects (Class Ie) have shown that de-
pending on the angle of application of the decontamination method, 
its efficacy was significantly affected (Keim et al., 2019; Sahrmann 
et al., 2015; Sahrmann et al., 2021; Steiger- Ronay et al., 2017). 
However, our understanding on the impact of the defect anatomy 
in the relative efficacy of mechanical implant surface decontamina-
tion is still limited. It was, therefore, the objective of this in vitro 
study to determine the decontamination effectiveness of four types 
of mechanical instruments (ultrasonic devices with stainless steel or 
PEEK- coated tips, titanium brushes, and air- polishing devices) when 
systematically applied on three different defect configurations 
(types Ib, Ic, and Ie).

F I G U R E  1  Virtual design of the defect models (a– c) and the decontamination methods used: air- abrasive device (d), titanium brush (e), 
PEEK ultrasonic tip (f), stainless steel ultrasonic tip (g).
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2  |  MATERIAL AND METHODS

2.1  |  In vitro model design

Blocks, of about 20 × 20 × 15 mm in dimension, were virtually de-
signed (AutoCAD, Autodesk), based on the classification of peri- 
implant defects (Ib, Ic, and Ie,) as described by (Schwarz et al., 2007). 
Once designed, ninety- six blocks were 3D printed (Formlabs2, 
Formlabs) using gray resin material (Gray Resin, Formlabs) (Figure 1). 
Ninety- six 4- mm- diameter and 13- mm- length implants (NeodentⓇ 
TitamaxTI, Institut Straumann AG) were used. The characteristics 
of this implant include a distance between threads of 0.6 mm and a 
sandblasted and acid- etched surface (Sa = 1,4– 1,8 μm; Sz = 15 μm) 
(NeoporosⓇ, Institut Straumann AG). Implants were submerged in a 
recipient with blue permanent ink (StaedtlerⓇ Lumocolor) fully cov-
ering the implant surface. Once dried for 48 h, the implants were 
inserted into the blocks mimicking peri- implant defects, with 5 mm 
of their surface exposed within the intraosseous defect (Figure 2). 
The procedures of the present study were carried out following the 
suggested recommendations on the need to standardize guidelines 
for in vitro studies (Krithikadatta et al., 2014) while these guidelines 
(CRIS Statement) are still under development. Ethics approval was 
not required for this in vitro study.

Four different decontamination methods commonly used in the 
treatment of peri- implantitis were selected:

• Air- polishing device using a 25 μm glycine powder and set at full 
power with irrigation (Air- Flow® system with Perio Prophylaxis 
Powder®, E.M.S. Electro Medical Systems) (Group 1: AF)

• Rotating brush with titanium bristles placed in a low- speed hand-
piece set at 800 rpm with irrigation (Straumann TiBrush®, Institut 
Straumann AG) (Group 2: TB)

• Polyetheretherketone (PEEK) coated ultrasonic tip, set at full 
power with irrigation (PI Instrument®, E.M.S. Electro Medical 
Systems; Nyon, Switzerland) (Group 3: PI)

• Stainless steel ultrasonic tip, set at full power with irrigation (PS1 
tip, E.M.S. Electro Medical Systems) (Group 4: US)

The exposed surface of the implants within the blocks was 
treated with each decontamination device (24 implants per group) 
for 2 min by a single operator.

After this treatment, the implants were carefully removed from 
the resin block and placed in a purpose- made photographic stent 
consisting of a metallic structure with a contra- angle handpiece, 
which allowed the implant rotating 360°. The camera was mounted 
at 31 cm from the implant surface and standardized photographs 
were taken at frontal view (0°) and at 30° angulation from the lon-
gitudinal implant axis, thus allowing for coronal and apical views, as 
reported in previous similar in vitro studies (Sahrmann et al., 2013; 
Sahrmann et al., 2015; Steiger- Ronay et al., 2017). Photographs 
were also taken at the buccal, mesial, distal, and lingual sides of each 
implant.

All photographs were taken with a camera Nikon D90 (NIKON) 
using a lens Tamron Macro 90 mm (TAMRON) and a flash lighting 
system (YongNuo YN685 Flash, YONGNUO). The camera setting 
parameters were ISO 100, aperture f32, and exposure 1/250. Once 
all the photographs were digitalized and calibrated with an image 
software (Adobe Photoshop CC 2019, Adobe Inc), a 5 mm square 

F I G U R E  2  Dental implants inserted into the different defect configurations of the 3D- printed resin blocks.
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area of interest was created delimitating the treated exposed sur-
face (Figure 3), and the areas with remnant ink on the implant sur-
face were detected and measured (Adobe Photoshop CC 2019, 
Adobe Inc) (Figure 4).

2.2  |  Statistical analysis

Data were expressed as the percentage area of residual ink with 
respect to the total surface of interest measured. Normality of data 
distribution was tested using Kolmogorov– Smirnov and Shapiro– 
Wilk tests. Means and standard deviations of the percentages of 
the surface presenting residual ink were calculated. Bonferroni 
corrections were performed for multiple comparisons. The alpha 
error was set at 0.05. Differences between different defect sides 
and instruments were tested by the two- way ANOVA test. All the 
tests were calculated using the SPSS software (IBM Statistics V20.0, 
IBM).

3  |  RESULTS

None of the treated surfaces demonstrated complete ink removal, 
however, the percentage of residual ink was different depending on 
the device used and the type of defect. In addition, the different 
implant surfaces (buccal, mesial, distal, and lingual) showed different 
percentages of ink removal in each type of defect. Table 1 depicts 
the relative effect of the different decontamination methods used 
according to the type of defect. Depending on the accessibility to 
the exposed implant surface on the different types of peri- implant 
defects, three scenarios were constructed and the relative effect of 
the tested decontamination methods was evaluated (Figure 5).

Scenario 1: Buccal dehiscence with direct vision and access to the 
implant surface (buccal surface of defects “Ib” and “Ic”).

In this scenario, all cleaning devices demonstrated the highest 
decontamination activity. However, titanium brushes (90.86% ± 5.60 
(Ib); 88.03% ± 8.11 (Ic)) and air- polishing (87.06% ± 2.79 (Ib); 
88.66% ± 8.46 (Ic)) demonstrated the highest effect, being 

F I G U R E  3  Picture samples from 
different points of view of the implants 
treated with different devices. AF group 
(a), TB group (b), PI group (c), US group (d).

(a)

(b)

(c)

(d)
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F I G U R E  4  Digital evaluation of the 
remaining ink by isolating the stained 
areas after determining the region of 
interest.

TA B L E  1  Residual ink of the different groups (mean ± SD) expressed in percentage, analyzed from a frontal view (0°) in buccal, mesial, and 
distal sides on simulated defects types B, C, and E

BUCCAL MESIAL DISTAL LINGUAL

DEFECT “B” AF 12.94 ± 2.79 14.04 ± 4.09 13.50 ± 5.47

TB 9.14 ± 5.60 10.91 ± 3.34 12.84 ± 4.57

PI 50.61 ± 7.74 52.75 ± 9.63 58.15 ± 5.12

US 42.62 ± 7.55 57.74 ± 5.89 48.17 ± 3.18

AF- TB 3.80 3.13 0.66

AF- PI −37.67* −38.70* −44.64*

AF- US −29.68* −43.69* −34.66*

TB- PI −41.46* −41.84* −45.31*

TB- US −33.47* −46.83* −35.32*

PI- US 7.99 −4.99 9.98

DEFECT “C” AF 11.34 ± 8.46 7.74 ± 4.98 7.24 ± 2.58 8.43 ± 3.00

TB 11.97 ± 8.11 13.05 ± 7.81 15.74 ± 8.19 18.07 ± 6.18

PI 56.69 ± 6.67 63.53 ± 10.39 67.99 ± 4.53 74.76 ± 6.45

US 46.45 ± 16.27 60.57 ± 5.73 61.34 ± 7.49 65.30 ± 9.32

AF- TB −0.63 −5.31 −8.50 −9.64

AF- PI −45.35* −55.79* −60.74* −66.33*

AF- US −35.11* −52.84* −54.10* −56.87*

TB- PI −44.72* −50.48* −52.24* −56.68*

TB- US −34.48* −47.53* −45.59* −47.22*

PI- US 10.24 2.96 6.65 9.46

DEFECT “E” AF 12.00 ± 7.14 11.37 ± 7.14 11.01 ± 6.02 12.50 ± 5.45

TB 9.71 ± 5.86 12.68 ± 10.29 11.10 ± 8.49 9.99 ± 6.71

PI 65.13 ± 30.56 66.37 ± 31.27 68.70 ± 28.88 68.44 ± 29.65

US 63.70 ± 4.76 61.30 ± 6.77 64.04 ± 5.62 63.25 ± 2.78

AF- TB 2.29 −1.31 −0.08 2.51

AF- PI −53.13* −55.00* −57.69* −55.94*

AF- US −51.70* −49.92* −53.02* −50.76*

TB- PI −55.42* −53.69* −57.61* −58.45*

TB- US −53.99* −48.61* −52.94* −53.27*

PI- US 1.43 5.08 4.67 5.19

Note: Differences between groups are also presented. *Comparison between groups on each side (ANOVA test) with p < .05.
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significantly better (p < 0.001) than ultrasonic devices with either 
stainless steel (57.38% ± 7.55 (Ib); 53.55% ± 16.27 (Ic)) or with PEEK 
tips (49.39% ± 7.74 (Ib); 43.31% ± 6.67 (Ic)).

The analysis from the coronal view showed similar results for AF 
and TB, both significantly better than PI and US (p < .001) (Table 2). 
From the apical view, the efficacy of AF diminished, being signifi-
cantly lower than TB (p = .038), which was significantly more effi-
cient than both PI (p < .001) and US (p < .001) (Table 3).

Scenario 2: Buccal dehiscence with frontal access to the interproxi-
mal surfaces (mesial and distal surfaces of defects “Ib” and “Ic”).

TB and AF demonstrated similar activity and both significantly 
better compared with US and PI (p < .001).

In this scenario, when the access to the interproximal walls of the 
defect was narrower (type b defect), the TB was the most efficient 
(89.09% ± 3.34 (mesial); 87.16% ± 4.57 (distal)). Similar to scenario 1 
the apical analysis of the implant surface depicted a lesser effect for 
AF, which left significantly more residual ink than TB on both mesial 
(p = .019) and distal (p = .039) sides. Also TB was significantly supe-
rior compared to PI (p < .001) and US (p < .001) (Table 3).

When the access to the interproximal space was wider (type c 
defect), the AF group demonstrated the highest decontamination 
effect (92.26% ± 4.98 (mesial); 92.76% ± 2.58 (distal)). Both AF and 
TB demonstrated significantly higher activity when compared to PI 
and US (p < .001).

Scenario 3: Vertical access when the implant surface was facing a 
defect wall (lingual surface of defect type “c” and all surfaces of defect 
type “e”)

In the frontal and coronal analyses, AF and TB performed sim-
ilarly in both types of defects, with significantly better activity 
(p < .001) when compared to US and PI. In the apical analysis, TB 

demonstrated a significantly better effect compared with PI and US 
in both types of defects (p < .001) and a significantly better effect 
when compared to AF in type “c” defect (p < .001).

4  |  DISCUSSION

The results from the present in vitro study clearly show that both 
the defect configuration and the method of mechanical debride-
ment significantly influenced the relative activity to decontaminate 
the stained implant surfaces. Although no single method achieved 
complete removal of the ink, titanium brushes (TB) and, air- polishing 
devices (AF group) demonstrated the best cleaning ability, in com-
parison with steel or peek ultrasonic tips (US and PI group) in all de-
fect types. The best results were achieved when the access to the 
implant surface was direct (no presence of defect wall) and in these 
areas, differences among decontamination methods were small. 
During the surgical treatment of peri- implantitis sites, when the 
presence of bony walls may compromise the access to the exposed 
implant surfaces, this intraosseous component may be eliminated 
by removing the bony walls as it is done in resective surgery or re-
constructed as it is aimed in regenerative surgery. However, in both 
surgical approaches surface decontamination is a determinant factor 
in the outcome (Chan et al., 2014; Renvert et al., 2012).

In this study, the presence of defect walls, as shown in the re-
sults from the different scenarios, clearly influenced the effect of 
the used mechanical debridement method. Previous “in vitro” stud-
ies have mainly used supracrestal or circumferential defects with 
angulations between 30° and 90°, where the access to the implant 
surface is similar to all areas of the implant, and hence, these models 

F I G U R E  5  Comparison by groups and defect types of remnant ink on implant surface after decontamination.
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do not test appropriately the influence of the defect anatomy (Keim 
et al., 2019; Ozkan Karaca & Tunar, 2021; Sahrmann et al., 2013; 
Sanz- Martin et al., 2021; Tuchscheerer et al., 2021). Other factors 
that have shown to influence biofilm removal include the macro-
scopic implant design or the thread configuration. A recently pub-
lished in vitro study showed that a better cleaning effect occurred in 
implants with a reverse buttress and threads with wide interthread 
distance, compared to implants with a smaller thread pitch (Sanz- 
Martin et al., 2021).

The use of titanium brushes in this in vitro study demonstrated 
the highest relative cleaning activity resulting in residual ink sur-
faces between 9.14% and 18.07%. These results are better than 
those recently reported by an in vitro study (ranging between 39 
and 48% (Sanz- Martin et al., 2021), although in this study only one 

type of defect configuration (circumferential) was used. It has been 
shown that this mechanical method can reduce the roughness of 
the implant surface (Cha et al., 2019) and its use has been rec-
ommended for decontamination during peri- implantitis surgery 
(Renvert & Polyzois, 2015). Different investigations have eval-
uated its efficacy as a decontamination method during surgical 
therapy. In preclinical studies, the use of titanium brushes in peri- 
implantitis experimental models has resulted in a higher degree of 
disease resolution (Carral et al., 2016) and greater marginal bone 
level gain, compared with the control group where the brush was 
not used (Vigano et al., 2019). Similarly, in clinical trials, the ad-
junctive use of titanium brushes for chemical treatment resulted 
in greater probing depth reductions (de Tapia, Valles, et al., 2019; 
Toma et al., 2019).

TA B L E  2  Residual ink of the different groups (mean ± SD) expressed in percentage, analyzed from a 30° coronal point of view in buccal, 
mesial, and distal sides on simulated defects types B, C, and E

BUCCAL MESIAL DISTAL LINGUAL

DEFECT “B” AF 12.28 ± 5.63 12.43 ± 7.94 15.85 ± 6.09

TB 12.85 ± 4.58 13.26 ± 4.62 12.69 ± 6.76

PI 48.36 ± 10.11 49.49 ± 12.01 53.29 ± 9.83

US 33.25 ± 7.63 42.65 ± 7.71 40.62 ± 11.95

AF- TB −0.58 −0.83 3.15

AF- PI −36.09* −37.06* −37.45*

AF- US −20.98* −30.21* −24.77*

TB- PI −35.51* −36.23* −40.6*

TB- US −20.4* −29.39* −27.93*

PI- US 15.11* 6.84 12.67

DEFECT “C” AF 10.72 ± 5.62 11.56 ± 8.42 9.96 ± 6.45 13.74 ± 7.07

TB 11.43 ± 6.55 11.43 ± 7.3 11.75 ± 4.4 12.79 ± 5.36

PI 52.51 ± 13.06 53.62 ± 6.74 58.64 ± 6.9 64.05 ± 7.04

US 49.03 ± 16.8 63.95 ± 8.36 61.58 ± 7.68 72.68 ± 7.39

AF- TB −0.71 0.13 −1.79 0.95

AF- PI −41.79* −42.07* −48.68* −50.31*

AF- US −38.31* −52.39* −51.62* −58.94*

TB- PI −41.08* −42.2* −46.89* −51.26*

TB- US −37.6* −52.52* −49.83* −59.89*

PI- US 3.48 −10.32 −2.94 −8.63

DEFECT “E” AF 6.69 ± 3.5 9.09 ± 6.78 9.41 ± 5.03 15.16 ± 11.9

TB 9.16 ± 4.2 9.36 ± 2.23 10.27 ± 2.76 8.07 ± 2.68

PI 65.45 ± 5.25 64.32 ± 3.84 65.67 ± 8.3 67.41 ± 4.28

US 57.71 ± 6.53 56.48 ± 10.37 57.94 ± 6.47 56.84 ± 8.27

AF- TB −2.47 −0.28 −0.86 7.08

AF- PI −58.76* −55.23* −56.26* −52.25*

AF- US −51.02* −47.4* −48.53* −41.68*

TB- PI −56.29* −54.96* −55.41* −59.33*

TB- US −48.55* −47.12* −47.67* −48.76*

PI- US 7.74 7.84 7.74 10.57

Note: Differences between groups are also presented. *Comparison between groups (ANOVA test) with p < .05.
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Air- polishing devices have also shown a relative high cleaning 
effect on the implant surface, with percentages of residual ink 
ranging between 7.24% (±2.58) and 14.04% (±4.09), which is in 
agreement with two similar investigations reporting 5.0% (±1.40) 
and 16.10% (±3.70), respectively (Ozkan Karaca & Tunar, 2021). 
In this study, AF showed significantly better results than ultra-
sound tips, irrespective of the defect type. This advantage of 
air- polishing systems may be clinically relevant, since this me-
chanical decontamination method causes minimal affectation of 
the implant surface (Cha et al., 2019; Iatrou et al., 2021). However, 
this relatively high cleaning activity has not been homogenously 
reported in similar in vitro studies. While in some investigations 
(Keim et al., 2019) its use was associated with minimal amounts 
of residual ink (between 0.13% and 8.26%) (Tuchscheerer 
et al., 2021), others have reported amounts between 59.27% and 

77.01% (Sanz- Martin et al., 2021. This heterogeneity can be ex-
plained by the different methods used in the different investiga-
tions, such as the type of ink or the evaluation method used to 
report the results.

Ultrasonic devices are probably the mechanical method most 
used by dental professionals in daily practice for implant surface 
debridement, both in the surgical and nonsurgical treatment of 
peri- implantitis. However, the results from the present investiga-
tion showed that irrespectively of the tip material (steel or peek), 
its relative cleaning effect was inferior to titanium brushes or air- 
polishing systems. Depending on the type of defect, the residual ink 
area after ultrasonic instrumentation ranged between 42.62% and 
65.30%. These results are similar to those reported when used in 
circumferential intraosseous defects (between 24.97% and 48.05%) 
(Sanz- Martin et al., 2021), although other in vitro studies have 

TA B L E  3  Residual ink of the different groups (mean ± SD) expressed in percentage, analyzed from a 30° apical point of view in buccal, 
mesial, and distal sides on simulated defects types B, C, and E

BUCCAL MESIAL DISTAL LINGUAL

DEFECT “B” AF 30.63 ± 9.08 36.69 ± 8.66 34.62 ± 10.44

TB 13.2 ± 5.99 17.42 ± 10.06 16.48 ± 16.58

PI 54.42 ± 6.08 57.84 ± 8.69 57.37 ± 8.57

US 36.85 ± 11.46 49.96 ± 9.87 42.47 ± 11.77

AF- TB 17.43* 19.28* 18.14*

AF- PI −23.8* −21.15* −22.75*

AF- US −6.22* −13.27* −7.85

TB- PI −41.23* −40.43* −40.89*

TB- US −23.66* −32.54* −25.99*

PI- US 17.57* 7.88 14.9

DEFECT “C” AF 31.48 ± 16.79 32.86 ± 18.43 27.63 ± 17.04 33.49 ± 13.25

TB 12.66 ± 4.62 9.97 ± 5.23 10.98 ± 3.69 11.65 ± 3.47

PI 50.6 ± 11.87 57.18 ± 8.39 57.4 ± 8.01 64.36 ± 9.72

US 53.17 ± 15.14 68.65 ± 7.29 68.56 ± 6.17 77.02 ± 7.04

AF- TB 18.81* 22.88* 16.65 21.84*

AF- PI −19.12* −24.32* −29.77* −30.87*

AF- US −21.69* −35.79* −40.92* −43.53*

TB- PI −37.93* −47.2* −46.42* −52.71*

TB- US −40.51* −58.68* −57.57* −65.37*

PI- US −2.58 −11.47 −11.15 −12.66

DEFECT “E” AF 19.93 ± 7.8 22.72 ± 15.03 18.49 ± 9.74 23.13 ± 10.95

TB 8.5 ± 3.1 10.26 ± 6.28 10.5 ± 5.26 11.13 ± 4.64

PI 67.12 ± 6.05 65.52 ± 5.71 68.23 ± 7.33 68.52 ± 6.18

US 63.41 ± 8.44 59.88 ± 10.28 66.32 ± 7.75 60.27 ± 10.33

AF- TB 11.43 12.46 7.99 12

AF- PI −47.19* −42.8* −49.75* −45.39*

AF- US −43.48* −37.15* −47.84* −37.15*

TB- PI −58.62* −55.26* −57.73* −57.39*

TB- US −54.91* −49.61* −55.82* −49.14*

PI- US 3.71 5.65 1.91 8.25

Note: Differences between groups are also presented. *Comparison between groups (ANOVA test) with p < .05.
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shown a higher cleaning activity (reporting between 15.9% and 21% 
of residual ink (Sahrmann et al., 2015), or between 11.4% and 19.69% 
(Keim et al., 2019)).

Furthermore, the macroscopic and microscopic effects of ul-
trasonic devices on the implant surface characteristics have been 
evaluated in different investigations, demonstrating that steel tips 
significantly damage the surface topography (Hakki et al., 2017; 
Sahrmann et al., 2021; Sanz- Martin et al., 2021). Although changes 
in the shape and material of the tip may reduce these side effects, 
still these ultrasonic tips cause more surface alterations, com-
pared to air- polishing devices, especially in the thread area (Cha 
et al., 2019), which may favor bacterial recolonization (Louropoulou 
et al., 2012). Conversely, in clinical studies, the use of ultrasonic 
with a plastic tip demonstrated a greater therapeutic improvement 
than the air- polishing device with glycine powder in the treatment 
of mucositis (Blasi et al., 2016). This reveals that factors such as 
the access to hygiene allowed by the prosthetic restoration and 
supragingival plaque control by the patient can probably influence 
the subsequent behavior of the peri- implant tissues (de Tapia, 
Mozas, et al., 2019).

The results from the present study should be interpreted with 
caution, mainly due to the in vitro nature of this investigation using 
ink as an artificial biofilm, since the potential effect of the tested 
cleaning devices may be different when applied on implant sur-
faces contaminated with calculus and complex biofilms within the 
peri- implantitis lesions. However, the design of this investigation 
was aimed not only to assess the relative cleaning activity of these 
mechanical devices, but to assess how they could reach the af-
fected surfaces depending on the defect morphology and area of 
application.

5  |  CONCLUSIONS

Although none of the tested devices achieved complete elimina-
tion of the surrogate biofilm from standard implant surfaces, irre-
spective of the type of defect, titanium brushes, and air- polishing 
devices demonstrated a similar cleaning effect, being both signifi-
cantly better than ultrasonic devices, irrespective of the tip mate-
rial. All devices performed better when there was direct access to 
the affected surface and left more remnant ink when the surface 
was part of a narrow intraosseous defect and on the apical side of 
the threads.
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