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A B S T R A C T

Objective: To assess the impact of mechanical decontamination using rotary brushes on the surface topography, 
elemental composition, roughness, and wettability of titanium implant surfaces.
Methods: Four commercially available rotary brushes were used: Labrida BioClean Brush® (LB), i-Brush1 (IB), 
NiTiBrush Nano (NiTiB), and Peri-implantitis Brush (PIB). Seventy-five titanium discs with sandblasted, large- 
grit, acid-etched (SLA) surfaces were randomly assigned to five groups (n = 15): LB, IB, NiTiB, PIB, and a 
control group. Each disc was treated for 60 seconds with the respective rotary brush according to the manu
facturer’s instructions. Surface morphology was analysed using Scanning Electron Microscopy (SEM), surface 
elemental composition with Energy Dispersive X-ray (EDX), surface roughness via optical profilometry, and 
wettability with a droplet shape analyser.
Results: SEI analysis revealed morphological changes, including scratches, flattening, and loose titanium particles 
in the IB, PIB, and NiTiB groups, whereas the LB group preserved the original surface morphology. SEM-EDX 
analysis showed that LB, PIB, and NiTiB groups closely match the control elemental composition. However, IB 
groups showed significantly different composition. Surface roughness values in the IB, PIB, and NiTiB groups 
differed significantly from the control (p < 0.05), whereas the LB group had comparable roughness values 
(p > 0.05). Contact angle measurements indicated enhanced wettability in IB, PIB, and NiTiB groups (p < 0.05), 
while the LB group exhibited values comparable to the control (p > 0.05).
Significance: Mechanical decontamination of implant surfaces utilising rotary brushes can alter implant surface 
properties.

1. Introduction

Dental implant placement has become a routine clinical procedure 
for replacing missing teeth, with high predictability and long-term sur
vival rates [1,2]. However, the prolonged functional lifespan of dental 
implants inevitably increases the probability of developing prosthetic 
and biological complications in patients [3–6]. Peri-implantitis is one of 
the most frequent biological complications affecting the soft and hard 
tissue surrounding the dental implant [4–7]. It is widely recognised that 
bacterial colonisation on the implant surface as an adherent biofilm is 
the primary etiological factor for peri-implantitis [8–10]. The treatment 
modalities for managing peri-implantitis are broadly categorised into 

non-surgical and surgical therapies [11,12]. Both modalities involve 
implementing surface decontamination techniques to eliminate the 
adherent biofilm and calculus on the implant surface. Numerous ap
proaches have been proposed to decontaminate the implant surface, 
including mechanical, chemical, laser, electrolysis, and implantoplasty 
[13]techniques. Mechanical debridement is advocated in numerous 
clinical protocols and recommended in the clinical practice guidelines 
for the prevention and treatment of peri-implant diseases [11–15]. The 
mechanical tools used to decontaminate the implant surface should 
eliminate soft and hard deposits without producing detrimental changes 
on the implant surface [16,17]. It is well known that surface properties 
such as surface roughness, surface free energy, and chemical 
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composition influence cellular responses and bacterial colonisation 
[18–22]. Osteogenic cells and bacteria favour attachment to moderately 
rough surfaces [23–25]. On the other hand, epithelial and gingival cells 
have a better affinity toward smooth surfaces [26,27]. Implant surfaces 
are also modified to improve their chemical composition, surface 
charge, and surface energy, which are crucial for cell attachment and 
protein adsorption [28,29]. Therefore, any surface alteration following 
mechanical debridement may affect the subsequent desired cellular re
sponses and bacterial adhesion. Different tools are used to decontami
nate the implant surface mechanically, such as plastic and metal 
curettes, ultrasonic scalers, and air-abrasive systems. The effects of 
utilising these tools to decontaminate implant surfaces have been eval
uated in the literature [16,30,31]. Plastic curettes and ultra-sonic scalers 
with plastic tips were found ineffective in debriding the implant surface, 
and plastic remnants were detected on the surface[16,31]. On the other 
hand, metal curettes and ultrasonic scalers with metal tips have been 
shown to be effective in debriding the implant surface. However, their 
use results in significant surface alteration[16,31]. Air-abrasive systems 
are effective in debriding implant surfaces with minimal alterations; 
however, concerns regarding restoring surface biocompatibility exist in 
the literature [30,32–35]. The treatment of peri-implantitis has limited 
predictability due to incomplete surface decontamination attributed to 
the complex implant surface topography, including macro and micro 
features [36,37]. Recently, dental professionals are increasingly using 
rotary brushes for decontaminating implant surfaces [38–41]. It is 
believed that rotary brushes are composed of gentle bristles that better 
adapt to the implant surface and can decontaminate implant surfaces 
efficiently with minimal or no surface alterations [42]. According to 
clinical evaluations, rotary brushes are safe for treating peri-implantitis; 
however, their influence on implant surface characteristics remains 
inadequately explored [43–47]. Additionally, the existing literature 
compares the effect of rotary brushes to other mechanical tools yet lacks 
a direct comparison between different rotary brushes. The aim of this 
study is to compare the surface alteration caused by four commercially 
available rotary brushes used to decontaminate titanium implant sur
faces. The specific objectives were to assess: i) surface damage qualita
tively (visual and SEM); ii) surface elemental composition changes 
(SEM-EDX analysis); iii) changes in surface roughness; and iv) wetta
bility. The null hypothesis is that the use of rotary brushes for implant 
surface decontamination does not alter implant surface properties.

2. Materials and methods

2.1. Titanium substrate preparation

Machined titanium discs (Grade 5 Ti 6Al-4V; Zimmer Biomet, Bar
celona, Spain) of 14.5 mm diameter and 2 mm thickness were used as 
titanium substrates. Discs were sandblasted for 30 s using aluminium 
oxide particles of 150 microns in size. Following sandblasting, discs 
were acid etched in a boiling mixed solution of hydrochloric acid (37 wt 
%), sulfuric acid (98 wt%), and ultrapure water for 5 minutes. Discs 
were cleaned sequentially in an ultrasonic bath using ultrapure water, 

pure acetone, and pure ethanol; then rinsed with ultrapure water and 
dried at room temperature. The prepared discs were moderately rough 
(Sa (average roughness) 1.5 μm) with a Sandblasted, Large-Grit, and 
Acid-Etched (SLA) surface Fig. 1.

2.2. Decontamination groups

Four commercially available rotary brushes were used in this study, 
as shown in Table 1 and Fig. 2. All prepared SLA discs (n = 75) were 
randomly divided into four decontamination groups and a control 
(n = 15). Each disc was instrumented for 60 s under copious irrigation 
following the manufacturers’ guidelines. The average force in this 
experiment was similar to that applied in a clinical setting.

2.3. Surface characterisation

2.3.1. Surface morphology
The gross surface alterations were observed by the naked eye and 

photographed (EOS 600D, CANON, Japan). The topographic surface 
evaluation was performed using a Field Emission Scanning Electron 
Microscope (FE-SEM)(Quanta FEG 250, FEI Company, Hillsboro, Ore
gon, USA). The discs did not require any coating and were mounted on 
SEM stubs with conductive carbon adhesive discs (Agar Scientific Ltd, 
Essex, England, UK). The evaluation was conducted at variable magni
fications operating in high vacuum mode, at an accelerating voltage of 
20 kV, an emission current of 148 µA, and a working distance of 10 mm. 
Images were obtained using a secondary electron detector (SED). Mi
croscopy was performed on five discs of each group.

Fig. 1. Gross view of titanium discs. (A) Machined titanium disc. (B) Titanium disc after sandblasting. (C) Titanium disc with SLA surface.

Table 1 
Experimental rotary brushes and manufacturers’ information.

Name Abbreviation Manufacturer Bristles 
material

Instrumentation

Labrida 
BioClean®

LB Labrida AS, 
Oslo, Norway

Marine 
polymer

Brush was soaked 
in a saline for 
2 mins. Discs 
instrumented at 
1000 rpm1 in a 
probing motion.

i-Brush1 IB Neo Biotech, 
Seoul, 
Republic of 
Korea.

Stainless 
steel

Discs instrumented 
at 5500 rpm2 in a 
unidirectional 
movement.

NiTiBrush 
Nano

NiTiB HANS, 
Gyeonggi, 
Republic of 
Korea.

Nickel- 
titanium

Discs instrumented 
at 800 rpm3 in a 
unidirectional 
movement.

Peri- 
implantitis 
brush

PIB SOWDANE, 
Mainland, 
China.

Titanium Discs instrumented 
at 2000 rpm in a 
unidirectional 
movement.

1 A midrange was chosen for the recommended rotational speed (< 2000).
2 A midrange was chosen for the recommended rotational speed (2000–9000).
3 A midrange was chosen for the recommended rotational speed (600–1000).
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2.3.2. Surface elemental composition
The surface elemental composition was determined using Energy- 

Dispersive X-ray Spectrometry (SEM-EDX; X-Max, Oxford Instruments, 
Oxford, England). The measurements were performed at 20 kV, with a 
working distance of 10 mm, at 1kx magnification. Images were captured 
and mapped using specialised software (Aztec 3.3, Oxford Instruments, 
Oxford, England). Five discs of each group were evaluated at five 
random areas on each disc (n = 125, 25 measurements per group) to 
identify the elemental composition and calculate their atomic weight 
(wt%).

2.3.3. Surface roughness
A 3-D optical surface profilometer (TopMap Micro.View, Polytech, 

Baden-Württemberg, Germany) was used to assess the surface rough
ness. Before measurement, the discs underwent ultrasonic cleaning in 
ultrapure water to remove any loose particles on the surface resulting 
from the mechanical brushing. The evaluation was carried out on five 
discs of each group, and measurements were obtained from five random 
areas of each disc (n = 125, 25 measurements per group). Each surface 
scan covered an area of 392.63 × 290.43 µm, and surface values were 
determined using a Gaussian filter with a cut-off length of 0.04 µm. 
Surface roughness parameters were then calculated using specialised 
software (TMS 4.2, Polytech, Baden-Württemberg, Germany). The sur
face was analysed using three-dimensional parameters, as suggested by 
Wennerberg and Albrektsson [48], following ISO standards (ISO 
25178–2:2012):

(Sa): arithmetical mean height; (Sz): maximum height; (Ssk): skew
ness; (Sku): kurtosis; (Sdq): root mean square gradient; and (Sdr): 
developed interfacial area ratio.

2.3.4. Surface wettability
To evaluate the surface wettability, a droplet shape analyser (Drop

ometer, Droplet Lab, Canada) was employed to determine the contact 
angles. An automated dispenser, preloaded with ultrapure water, was 
utilised to deposit a droplet of 3 µl onto each treated surface at an 
ambient temperature of 23 ◦C. After 5 s of depositing the water droplet, 
digital images were captured. The images were analysed using dedicated 
software that utilises a polynomial fit to calculate the contact angle on 
the right and left sides. Contact angle measurements were taken from 

five discs in each group, with five repeat measurements obtained for 
each disc (n = 125, 25 measurements per group). The mean contact 
angle was then computed for each group to yield a representative value 
for analysis.

2.4. Statistical analysis

The required sample size was calculated using G*Power software (V. 
3.1.3; Heinrich Hein University, Germany) based on a pilot study to 
achieve a 90 % power probability with significance set at 0.05. There
fore, five samples/ per group for surface roughness, wettability, and 
elemental composition were chosen. The obtained data were analysed 
using statistical software (SPSS 29.0; IBM SPSS Statistics Inc., Chicago, 
IL, USA). Data were tested for normality and homogeneity of variance 
using the Shapiro-Wilk and Levene’s tests, respectively. Normality as
sumptions were violated, hence the differences among the decontami
nation groups were investigated using the Kruskal-Wallis followed by 
Dunn-Bonferroni pairwise multiple comparison tests (p < 0.05). To 
investigate the association between surface roughness parameters, 
Spearman’s rank correlation coefficient (rs) was computed.

3. Results

3.1. Surface morphology

3.1.1. Visual inspection
The gross view of titanium discs following treatment with the 

brushes is depicted in Fig. 3. Upon examination, the LB group exhibits 
faint marks of mechanical brushing; however, the changes are not 
distinguishable from the control group. On the other hand, the IB, NiTiB, 

Fig. 2. Rotary brushes used in this study. (A) Labrida BioClean® (LB), (B) i- 
Brush1 (IB), (C) NiTiBrush Nano (NiTiB), (D) Peri-implantitis Brush (PIB).

Fig. 3. Gross view of titanium discs following mechanical instrumentation.
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and PIB groups show significant macroscopic surface alterations in the 
form of surface scratches. The degree of surface scratching varies among 
the groups, where IB and PIB groups show noticeable surface scratches, 
while these are less evident in the NiTiB group.

3.1.2. SEM
The secondary electron images (SEI) of all decontamination groups 

are presented in Fig. 4. The control group displays the characteristic 
honeycomb-like structure of the SLA surface. The LB group resembles 
the control with minimal changes. Conversely, IB, NiTiB, and PIB groups 
exhibit significant surface alterations. Flattened, island-like features 
replace portions of the honeycomb structure. These islands appeared 
scattered randomly in IB, NiTiB, or directionally aligned in PIB. Higher 
magnification reveals scratches on the flattened areas, consistent with 
brush rotation. Debris, likely abraded titanium particles, is observed on 
IB, NiTiB, and PIB surfaces. All groups display a mix of flattened areas 
and remaining honeycomb structures, with decreasing visibility of the 
original features in this order: CTR = LB > NiTiB > IB > PIB.

3.2. Surface elemental composition

SEM-EDX identifies the presence of titanium (Ti), aluminium (Al), 
vanadium (V), and oxygen (O) as the key elemental components of the 
control SLA surface. Fig. 5 shows the average atomic weights (wt%) for 
these elements across all decontamination groups. LB, PIB, and NiTiB 
groups closely match the control composition, with minor fluctuations 
in element percentages. LB has a slight rise in carbon (C) content, while 
PIB and NiTiB show minor increases in titanium (Ti) concentration. 
Nickel (Ni) is present in trace amounts in the NiTiB group. In contrast, 
the IB group notably differs in elemental composition. SEM-EDX of the 
surfaces instrumented with IB reveal the presence of cobalt (Co), chro
mium (Cr), and molybdenum (Mo) as predominant elements on the 
surface, alongside iron (Fe), carbon (C), aluminium (Al), and traces of 
silicon (Si).

3.3. Surface roughness

Results for surface roughness parameters (Sa, Sz, Ssk, Sku, Sdq, and 
Sdr) are summarised in Table 2. The Kruskal-Wallis test indicates sig
nificant differences among the decontamination groups across all 
roughness parameters (p < 0.001). The Dunn-Bonferroni post hoc test 
was then applied. For Sa, the LB group shows similar measurements to 
the control (p > 0.05), while the IB, NiTiB, and PIB groups have 
significantly lower values (p < 0.05). The IB group has the most pro
nounced reduction (CTR = 1.51 ± 0.02, IB = 0.92 ± 0.16), with the 
following trend: CTR = LB > NiTiB > PIB > IB. Regarding Sz, the LB 
group is similar to the control (p > 0.05), whereas the IB, NiTiB, and PIB 
groups exhibit significantly lower values (p < 0.05), with comparable 
reductions among these three groups. For Ssk, the LB group matches the 
control (p > 0.05), but the IB, NiTiB, and PIB groups have significantly 
lower values (p < 0.05). The IB group has the greatest reduction (CTR =
− 0.25 ± 0.07, IB = − 1.08 ± 0.41), with the trend: CTR = LB > PIB 
> NiTiB > IB. In terms of Sku, the LB and NiTiB groups are similar to the 
control (p > 0.05), while the IB and PIB groups have significantly higher 
values (p < 0.05). For Sdq, the NiTiB group match the control 
(p > 0.05), whereas the LB group has higher values, and the IB and PIB 
groups have significantly lower values (p < 0.05). The Sdq values follow 
the trend: LB > CTR = NiTiB > PIB > IB. Regarding Sdr, the LB group 
has higher values than the control (p < 0.05), while the IB, NiTiB, and 
PIB groups have significantly lower values (p < 0.05). The IB group has 
the greatest reduction in Sdr (CTR = 120.82 ± 4.23, IB = 68.79 
± 16.53), with the trend: LB > CTR > NiTiB > PIB > IB. There was a 
strong positive correlation between Sa and Sdr (rs = 0.891, p < 0.001).

3.4. Surface wettability

Results for the contact angle measurements (θ) are presented in 
Table 2 and Fig. 6. The Kruskal-Wallis test indicated significant differ
ences between the decontamination groups (p < 0.001). Further anal
ysis showed that the LB group’s contact angle was similar to the control 
(p > 0.05). In contrast, the IB, NiTiB, and PIB groups exhibited signifi
cantly higher wettability (p < 0.05) compared to the control, indicated 
by their significantly lower contact angles. The IB and PIB groups 
reduced the contact angle to a similar extent, while the NiTiB group 
reduced it to a lesser degree.

4. Discussion

In our study, four rotary brushes used for mechanical decontami
nation were tested on titanium samples with SLA surface to assess the 
effects on surface morphology, topography, elemental composition, and 
wettability. The null hypothesis was rejected.

4.1. Surface morphology

Our study shows that mechanical instrumentation using rotary 
brushes can induce significant surface alterations, such as scratches, 
flattening and deformation of the honeycomb structure. The scratches 
and grooves created by brushes could lead to plaque attachment and 
make calculus formation easier. These observations of surface defor
mation are not unique findings, and similar observations have been re
ported in the literature [49–52]. The extent of deformation seems to be 
related to the brush bristles material and design. In our study, PIB results 
in the most extensive surface damage, which is attributed to the tuft-like 
brush design incorporating many metallic bristles. The IB and NiTiB 
produced moderate surface damage due to fewer bristles in IB and the 
pointed tip design in NiTiB. In contrast, minimal surface alterations were 
observed with LB as its bristles were made of a soft marine polymer.

During SEI evaluation, titanium particles were observed over the 
titanium surfaces instrumented with IB, NiTiB, and PIB. These are likely 
to be wear particles generated as a direct effect of the mechanical 
instrumentation. In line with our findings, Lollobrigida et al. reported 
the presence of titanium particles on the titanium surfaces after using a 
titanium brush for instrumentation [52]. Emerging evidence suggests 
that titanium particles released from the implant surface may contribute 
to undesirable biological events, such as the development of 
peri-implantitis and osteolysis[53,54].

4.2. Surface elemental composition

Titanium implants are typically constructed from commercially pure 
titanium (cpTi) or titanium alloys. Among these, cpTi is predominantly 
used because of its excellent biocompatibility and lower cost. However, 
grade V titanium alloys, such as Ti 6Al-4V, are frequently favoured for 
their superior mechanical properties [55]. In our experiment, we 
selected the Ti 6Al-4V alloy because various commercial implants with 
SLA surfaces are constructed from the same alloy, and this experiment 
aims to investigate the effect of different rotary brushes on SLA titanium 
surfaces.

The implant surface elemental composition is mainly influenced by 
the bulk material used for the fabrication of the implant. Despite this, 
the surface composition may vary due to surface reactivity and selective 
elements display [56]. The corrosion resistance of titanium implants 
stems from titanium’s affinity toward oxygen, which results in the for
mation of a thin layer of titanium oxide that protects the underlying bulk 
material from the environment [57]. The implant surface chemical 
composition is also modified to influence cellular responses to favour 
rapid and uneventful osseointegration [58]. Therefore, alterations in the 
implant surface elemental composition following mechanical decon
tamination may impact the implant corrosion resistance and the 
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Fig. 4. SEI of titanium surfaces after mechanical instrumentation. The blue arrows indicate the flattened portions and direction in which the mechanical instru
mentation was performed. The yellow arrows demonstrate loose, abraded titanium particles. Magnification scale bar 500μm, 100 μm, 50 μm (from left to right).
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re-osseointegration process. In this experiment, we find various con
taminants on the instrumented titanium surfaces. In the LB group, 
higher carbon and oxygen content are observed on the instrumented 
surfaces due to the detachment and breakage of brush bristles during 
instrumentation. The surfaces of the IB group exhibit a unique elemental 
composition due to the stainless steel bristles of the brush, which deposit 
its contents on the surfaces during instrumentation. Stainless steel 
components such as cobalt (Co), chromium (Cr), molybdenum (Mo), and 
iron (Fe) are detected on the surfaces of the IB group. Likewise, nickel 
(Ni) is present on titanium surfaces treated with NiTiB, reflecting the 
nickel-titanium alloy composition of the brush bristles. During the 
instrumentation process in the NiTiB and PIB groups, loose titanium 
particles are produced, possibly leading to the slightly elevated titanium 
levels in these groups. The decontamination process and the bristle 
composition seem to influence the surface elemental composition of the 
decontaminated titanium surfaces.

4.3. Surface roughness

The use of rotary brushes has been indicated, by some authors, as a 
protocol with high decontamination potential that does not lead to 
significant surface roughness changes [59–61]. In our experiment, we 
observed that rotary brushes altered the surface roughness, resulting in a 
smoothening effect that makes the SLA titanium surface less rough. In 
line with our observation, many authors reported smoother titanium 
surfaces after using titanium brushes for mechanical decontamination
[50,51,62–64]. This alteration in surface roughness can modify cellular 
responses, which could negatively impact the re-osseointegration pro
cess [65,66]. The trend in surface smoothening is closely related to the 
rotation speed used during instrumentation. The IB produced the 
smoothest surface among the decontamination groups, which can be 
explained by the high rotation speed of 5500 rpm. On the other hand, 

the PIB and NiTiB reduced surface roughness to a lesser extent due to the 
lower rotation speeds of 2000 and 800 rpm, respectively. In contrast to 
our findings, Park et al. found that instrumenting titanium surfaces with 
titanium brush did not change the surface roughness [61]. This differ
ence in the effect can be attributed to the instrumentation protocol used, 
where a rotation speed of 300 rpm was used for 30 s in the study 
mentioned above, while a higher speed was used in our experiment for 
60 s.

4.4. Surface wettability

Material surface wettability has recently received more attention in 
dental implant applications as a feature impacting osseointegration. 
Implants with high-energy surfaces are believed to promote interactions 
with the biological environment, facilitating rapid osseointegration 
[56]. In our study, we find that all metallic brushes enhance surface 
wettability and render the titanium surfaces more hydrophilic, con
firming the findings of previous reports [49–51]. Interdependencies 
exist among implant surface properties; thus, modifying one property 
results in the alteration of others [67]. Based on this, it is plausible to 
find that IB had the greatest impact on surface wettability because it has 
significantly changed surface topography and elemental composition. 
Using metallic rotary brushes for implant surface decontamination 
represents a potential biological benefit as it improves implant surface 
wettability. However, most of the clinically marketed dental implants 

Fig. 5. Graphical representation of average atomic weights (wt%) of elemental 
composition after mechanical instrumentation.

Table 2 
Topographical characterisation by roughness parameters and wettability (θ◦).

Group Sa (μm) Median 
(Range)

Sz (μm) Median 
(Range)

Ssk (μm) Median 
(Range)

Sku Median 
(Range)

Sdq (μm) Median 
(Range)

Sdr (%) Median 
(Range)

Contact angle (θ◦) Median 
(Range)

CTR 1.53 (0.12)A 20.96 (15.39)A − 0.25 (0.60)A 3.40 (0.86)A 2.39 (0.48)A 121.10 (20)A 84.8 (21.0)A

LB 1.49 (0.21)A 20.74 (9.03)A − 0.26 (0.22)A 3.35 (0.53)A 2.69 (.02)B 134.99 (38.56)B 85.9 (17.0)A

IB 0.88 (0.57)B 17 (13.43)B − 1.14 (2.02)B 6.88 (5.32)B 1.81 (.93)C 63.27 (61.32)C 67.45 (12.50)B

NiTiB 1.41 (0.28)C 17.16 (12.60)BC − 0.75 (0.53)C 3.46 (1.29)A 2.32 (0.49)A 103.47 (26.93)D 81.0 (18.3)C

PIB 1.28 (0.23)D 18.81 (11.98)BD − 0.54. (.99)D 3.98 (5.87)C 2.17 (0.34)D 90.08 (20.35)E 65.3 (25.7)BD

P- 
valuea

< 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

a Kruskal-Wallis with Dunn-Bonferroni post hoc tests, *p < 0.05.
For each column, cells with different superscript letters indicate significant statistical differences between the decontamination groups (p < 0.05).

Fig. 6. Representative images of surface wettability employing water droplets.
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are hydrophobic, and the impact of enhancing the implant wettability 
on re-osseointegration is still unclear [56,58,68].

This study has certain limitations. Firstly, titanium discs were used 
instead of dental implants to ensure more precise surface characterisa
tion, as working on implants with screw threads can be challenging. 
Additionally, only SLA titanium surfaces were examined, potentially 
limiting the applicability of our findings to other implant surfaces.

5. Conclusion

Mechanical decontamination of implant surfaces utilising rotary 
brushes can alter implant surface properties. The brush material, design, 
and decontamination parameters, such as rotational speed, influence 
their effect on implant surface properties. i-Brush1, NiTiBrush Nano, and 
peri-implantitis brushes induced significant alterations in titanium 
implant surface properties, while Labrida BioClean brush demonstrated 
minimal impact on surface properties.
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