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Abstract

Objectives: The purpose of this study was to evaluate the effects of air polishing with
sodium bicarbonate and erythritol powders on surface roughness and morphological
changes in titanium abutments.

Methods: A total of 45 grade V titanium discs were divided in three groups: Group A
(Control) air polished with air/water; Group B, air polished with sodium bicarbonate
powder; and Group C, air polished with erythritol powder. After air polishing, the
samples' roughness (S,) in micrometres were analysed with an optical profilometer.
The samples' surface morphology study was conducted via scanning electronic micro-
scope (SEM). Data were described using mean and standard deviation of roughness
values (S,). Inferential analysis was performed using the ANOVA multiple comparison
test followed by Tukey's post hoc test. Both tests used a 5% level of significance.
Results: After air polishing, average roughness of group A, B and C were 0.036, 0.046
and 0.037 um, respectively, with statistically significant differences between groups
A and B (p<0.05). No statistically significant differences were found between group
A and group C, as well as between group B and C (p>0.05). As for the morphology
analysis, damages to the titanium surface were only observed in group B.
Conclusions: The study indicates that air polishing with erythritol powder maintains
titanium abutment integrity better than sodium bicarbonate, which increased surface
roughness and caused damage. Erythritol is preferable for minimizing surface altera-

tions and maintaining morphological stability.
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1 | INTRODUCTION

Implant-supported prosthodontic rehabilitations, whether by
single implant crowns, partial bridges or full-arch prostheses, is
well-documented in the literature and is a treatment option in the
rehabilitations of edentulous spaces.*™

The mucosa surrounding the implant is called peri-implant mu-

cosa and is formed during the healing process following implant or

© 2024 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

abutment placement.® On the other hand, osseointegration occurs
when hard tissues form a contact with the implant surface to ensure
its stability.® Peri-implant connective tissue has clinical and histolog-
ical characteristics that are in part similar to those of a natural tooth
supracrestal connective tissue of the periodontium. However, the
major difference is observed in the cellular composition and fibre
orientation. The connective tissue surrounding the implant is in di-

rect contact with the titanium surface and consist of collagen fibres
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that originate from the periosteum of the alveolar bone crest. They
have a parallel orientation to the implant surface, in contrast to the
attachment to the connective tissue of the teeth, which is in a per-
pendicular direction to the root cementum.’

Peri-implant diseases present themselves in two forms, peri-
implant mucositis and peri-implantitis. In 2011, it was defined that
bleeding on probing (when a force of <0.25N in applied) is the key
parameter in the diagnosis of peri-implant mucositis, whereas peri-
implantitis is characterized by changes in bone level observed radio-
graphically in addition to the increase in probing depth, concomitant
with the presence of bleeding. Suppuration may also be present.®

The inflammatory response when biofilm is present appears to
be similar in peri-implant mucositis and gingivitis; however, if per-
sistent, the inflammatory response may be more pronounced in peri-
implant tissues, as the extent and infiltration is more widespread,
and may reach bone tissues due to the structural differences be-
tween each of the complexes.” This, adding to the reduced vascular-
ization and cellular response in the peri-implant connective tissue,
represents more susceptibility to disease initiation and progress.*°
Currently, the prevalence of peri-implant disease is still a controver-
sial topic and is quite variable between studies.!* A meta-analysis in
2015 reported a prevalence of mucositis of 43% (19%-65%) and of
peri-implantitis of 22% (1%-47%)."

The maintenance of peri-implant tissues is crucial for implant and
prosthodontic longevity; however, to date, there is no consensus
about the interval between these appointments.’®'* During those
appointments for implant maintenance, several instruments can be
used to remove biofilm from the areas around implants, abutments
and prosthetic crowns such as ultrasonic scalers, gracey curettes,
plastic and carbon curettes, rubber cup and polishing with air pow-
der. The choice should be related to their effectiveness and the bal-
ance between the advantages and disadvantages of their use.*>%°

The devices with a combination of water, compressed air and fine
powder particles are an alternative for periodontal maintenance.'”?°
This technology started with the use of powders based on sodium
bicarbonate, initially with particles of 250pum, and was considered
a highly abrasive material, leading to risks in its use on soft tissues,
hard tissues and even restorative materials, as it resulted in a per-
ceptible surface wear.?*?7 Erythritol was introduced more recently
and is used worldwide as a food additive and artificial sweetener,
non-toxic, having the ability to be water soluble. Due to this and the
fact that it also has antiseptic characteristics, it is recommended for
supra and subgingival plaque removal.?%??

Some polishing powders are safe and effective in removing oral
biofilm, others promote the formation of roughness and irregu-
larities on the surface of titanium after air polishing, leading to an
greater accumulation of bacterial biofilms.*

In order to contribute to the knowledge on implant maintenance,
an in vitro study was designed by the researchers aiming to evaluate
the effects of air polishing with sodium bicarbonate and erythritol
powders on surface roughness and morphological changes in tita-
nium abutments, after being used for 10s at a distance of 3mm and
at an angle of 45°.

FIGURE 1 Titanium discs.

2 | STUDY POPULATION AND
METHODOLOGY

The sample size for the study of surface roughness (S, was
calculated using the Snedecor Cochran formula: n=1+2C(s/d)?.%° A
size treatment effect of 0.93 was assumed based on a similar study,**
an alpha of 5% and a beta value of 20%. The result was a sample size
of 15 titanium discs per group, 45 titanium discs in total.

Fourty-five titanium discs grade V with 8mm in diameter and
5mm of thickness were used as specimens (Figure 1).

All the titanium discs had the same treatment of cutting and pol-
ishing with the objective of achieving a surface similar to the ones
of the prosthetic titanium abutments. The protocol for polishing the
samples was followed exactly the same for all specimens. During this
procedure, the specimens were examined under the microscope to
check that there were no scratches or flaws in the polish. Therefore,
and because there was a control group (polished with air and water),
which is considered not to cause damage to the titanium surface, the
S, was not measured prior to the different surface treatments.

The specimens were divided randomly into three groups, of 15
specimens each, that received different surface treatments, Group
A: water and air; Group B: water, air and sodium bicarbonate; and
Group C: water, air and erythritol. All the air powders used in the
study as well as the device used for blasting were from the brand
EMS (Electro Medical Systems, Switzerland).

The device used for the surface treatment was the AirFlow
Prophylaxis Master, with the same distance of work (3mm), angle
(45°) and time (10s). The time was controlled using a stopwatch,
and the distance and angle were kept by a support that hold both
the titanium disc and the device (Figure 2). The application of sur-
face treatment was done at the clinic of the Faculdade de Medicina
Dentéria at the Universidade de Lisboa.

Before and after the treatment, the samples were submerged
in an 70% alcohol ultrasonic bath for 180s. Previously to the anal-
ysis in the optic profilometer and scanning electronic microscope,
the discs were cleaned using a swab with 100% alcohol and then
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FIGURE 2 Support that allows fixing the parameters, distance (3mm) and angle (45°), of blasting of the specimens. (A) Wooden Base; (B)
Clamp; (C) Titanium Disc; (D) Protractor; (E) Spring Clamp; (F) Device Handle.

TABLE 1 Descriptive statistics, mean roughness (S,) and
standard deviation, of the three groups under study (air/water,
sodium bicarbonate and erythritol).

Mean Standard
n (S,, pm) deviation (SD, pm)
Air/water 15 0.0361 0.0074
Erythritol 15 0.0376 0.0099
Sodium bicarbonate 15 0.0462 0.0132

submerged again in a 70% alcohol ultrasonic bath to remove any de-
bris. This analysis was performed at Instituto Superior Técnico at the
Universidade de Lisboa.

The surface roughness (S,) was evaluated in all the titanium discs
using an Optic Perfilometer (Filmetric, Profilm 3dR, EUA). Two evalua-
tions were performed in each specimen with 20x ampliation and a field
of view of 1x0.85mm and the mean S, of each sample was obtained.

Surface morphology was analysed using a scanning electron mi-
croscope (phenon proX Gé desktop). Three discs of each group were
randomly chosen, and two images of the surface were taken, with
1000x and 2000x ampliation.

Roughness data were analysed with the software SPSS (IBM
SPSS statistics, version 27.0). The descriptive analysis of the results
includes the mean and standard deviation of the roughness values
(§,). The inferential analysis was performed using the ANOVA multi-
ple comparison test followed by a Tukey's post hoc test, or an equiv-
alent nonparametric test depending on data normality analysis. The

significance level was 5%.

3 | RESULTS
3.1 | Surface roughness (S,)—Optic perfilometer
After air polishing the titanium discs with the different powders

under study, the roughness values were obtained using optical

profilometry.

After analysing the roughness of the 15 specimens from each
of the three groups, it was found that (Table 1) the average for the
group air polished with air/water was 0.03609 um with a standard
deviation of 0.00738 um; the group air polished with Erythritol had
a mean of 0.03757um with a standard deviation of 0.00992um;
and the group air polished with sodium bicarbonate had a mean of
0.04615 pm with a standard deviation of 0.01324 um.

From the ANOVA analysis, there is a significant difference among
the groups (p=0.025). The Tukey's post hoc test was performed to
check which group or groups had a statistically significant difference
found by ANOVA and was able to detect a statistically significant
difference between specimens from the air/water and sodium bi-
carbonate air polishing groups with p=0.031 and 95% confidence
interval (-0.193314, -0.0007772).

3.2 | Surface morphology—SEM

The analysis of the surface morphology after air polishing of the ti-
tanium discs with the different polishing powders under study was
performed by viewing the images obtained by scanning electron mi-
croscopy technique.

Figures 3-5 show the images obtained by scanning electron mi-
croscopy at 1000x and 2000x of the groups air polished with air/
water, sodium bicarbonate and erythritol, respectively. These show
the changes in the surface morphology of the titanium discs of the
three groups analysed.

In Figure 3, where we can see the surface of the air/water air-
polished titanium discs (grey surface), the visible spots in the image
correspond to the presence of some dirt residues, resulting from the
handling of the specimens. There seem to be no scratches or damage
that had been caused by the air/water air polishing.

Figure 4 represents the surface of the titanium discs air polished
with sodium bicarbonate (grey surface). There are some scratches
and some damage.

These correspond to the irregularities observed on the sur-

face of the specimens, being well visible mainly in the image with
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FIGURE 3 SEM images 1000x e 2000x (specimen of the air/water air polished group).

FIGURE 4 SEM images 1000x e 2000x (specimen of the sodium bicarbonate air polished group).

magnification of 2000x, which meets the increased roughness also
found in this group.

In Figure 5, it is possible to find the presence of some dirt res-
idues on the titanium surface (grey surface). Additionally, the sur-
face of the specimens seems not to have been damaged by the air
polishing with erythritol powder, the images being similar to those

presented in the air/water air polished group, presented in Figure 3.

4 | DISCUSSION

Although there is no robust clinical evidence on which modality is
best to effectively treat peri-implant mucositis and peri-implantitis,?
several in vitro tests demonstrate that air powders have equal or
superior decontamination power when compared with other types
of treatment.®*** The use of low particle size powders creates less
damage to titanium surfaces than other methods, and it is an effec-
tive technique in decontamination, both supragingival, for pockets
up to 5mm and also in cases where a surgical approach through flap
opening is required.>®> Nevertheless, there is still no consensus re-
garding the best powder to be used.%

As far as roughness is concerned, most studies on this subject
have used R, to characterize it. However, with the evolution of tech-
niques and the possibility of measuring S, it proved to be a more
reliable and precise measure in the 3D study of surfaces,! since it is
a three-dimensional measure.®’

The results of the present study match those obtained in a 2019
study®®; however, comparisons need to be made with some caution
as the roughness in S, was analysed on the titanium surface of im-
plants in two areas, at the implant neck and at the thread, different
from that performed in the present study, which was aimed at as-
sessing the roughness of abutments, so the control values of the two
studies are initially different. In the study by Matsubara, the groups
air polished with glycine and erythritol showed very slight increases
in the roughness of titanium. In that same study, the sodium bicar-
bonate group was the only product that caused statistically signifi-
cant changes in the surface, as observed in this study, increasing the
roughness value.®®

As previously stated, most studies similar to the present one
does not use S, but R,. However, the findings are similar, that is, so-
dium bicarbonate causes a greater increase in roughness than eryth-
ritol/glycine, although sometimes this change is not statistically
significant.31'38'40

A 2019 study aimed to compare air polishing with glycine and
sodium bicarbonate compared with a control group air polished with
air/water, found that only sodium bicarbonate caused statistically
significant changes, with p<0.05, at the level of roughness, as ob-
served in the present study, although the measure used was Ra.31

With the roughness values obtained in the present study, sodium
bicarbonate made the surface of titanium rougher, and this change
was statistically significant when compared with the air/water air
polished group. Despite this, the erythritol group had a mean value
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FIGURE 5 SEM images 1000x e 2000x (specimen of the erythritol air polished group).

very close to the air/water group, and no statistically significant dif-
ferences were found, which goes against the perception that powders
of lower abrasiveness cause less damage to the titanium surface.

The results of the roughness analysis using the optical pro-
filometer agree with the results obtained for the analysis of the
surface morphology with the scanning electron microscope. The
surface of the titanium was clearly more damaged in the group in
which sodium bicarbonate was used. The surfaces of the erythri-
tol air polished group resembled the air/water air-polished con-
trol group much more. Thus, the higher S, values observed in the
group in which the specimens were air polished with bicarbonate
powder are correlated with the images acquired by scanning elec-
tron microscopy, since they show the presence of larger craters
and surface damage when compared with the control and the
erythritol-treated group. In the case of specimens, air polished
with erythritol powder, the roughness mean did not present sta-
tistically significant differences in relation to the control group,
agree with the images obtained by scanning electron microscopy,
showing practically no damage on the titanium surface. With the
roughness values obtained in this study, we were able to see that
sodium bicarbonate made the titanium surface rougher, and this
change was statistically significant when compared to the air/
water group. Despite this, we found that the erythritol group had
an average very close to the air/water group, with no statistically
significant differences found, which is in line with the perception
that fewer abrasive powders seem to cause less damage to the ti-
tanium surface. Looking at the microscopy images, we can see that
the group air-polished with sodium bicarbonate have more pro-
nounced scratches and damage on their surface when compared
to the other two groups, which are very similar to each other.

When comparing the results of the present study with the exist-
ing literature, it is possible to see that studies which analysed SEM
images are not consensual on this subject. Some studies show that

there are differences in images between the air power used®¢-3¢%7

and others show no differences.*™**

The increased roughness of the titanium surface used in implants
and abutments may facilitate the accumulation of biofilm, which may
contribute to the onset of peri-implant diseases.** It is not possible,
however, to conclude which roughness limit may contribute con-

cretely to biofilm accumulation, that is, it has not yet been defined

which is the roughness value from which there is actually a greater
facility in plaque accumulation to values that may be harmful.
Further studies in this area are necessary to conclude the impact of
these powders of different abrasivities and also their effectiveness
in biofilm removal.

We found three more recent systematic review on the area of
study. The first, from 2019, shows us that air polishing can remove
contamination without damaging the surfaces, but sodium bicarbon-
ate tended to damage more the surface compared with lower size
particles, as found in this present study.**

Abdulbagi and colleagues found that erithrytol powder can be
used to substitute hand and ultrasonic instrumentations, with good
outcomes in clinical attachment levels. The erithrytol was also bet-
ter tolerated by patients compared with conventional treatments.*

Other, not completely related with this study, found that air pol-
ishing with lower size particles was associated with less discomfort
during the non-surgical debridement, what is also an advantage for
the use of this type of powders.*

The findings of this study highlight the critical need for careful
selection of air-polishing powders in the maintenance of titanium
dental implants and abutments. The significant differences observed
in the surface roughness of titanium specimens treated with sodium
bicarbonate compared to those treated with air/water and erythritol
underscore the potential for air-polishing powders to impact implant
longevity and health. Specifically, the detrimental effects of sodium
bicarbonate on titanium surfaces, as evidenced by SEM imaging,
suggest that powders with lower granulometry, such as glycine and
erythritol, should be preferred to minimize damage and the risk of
dental plaque formation.

However, the clinical relevance of these findings must be tem-
pered by the recognition of the study's limitations. The in vitro na-
ture of the research, the use of a single type of air-polishing machine,
a specific configuration, and one brand of powder may limit the gen-
eralizability of the results. To comprehensively understand the impli-
cations of air-polishing on titanium implant surfaces, further studies
should explore a broader array of conditions, including the use of
different air-polishing machines, brands of powder, application an-
gles and blasting durations. Such research is essential to develop
evidence-based guidelines for the maintenance of dental implants,
ultimately improving patient outcomes.
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5 | CONCLUSION

Based on this study's findings, air polishing with sodium bicarbonate
significantly increases the surface roughness of titanium abutments
and causes morphological damage. Conversely, erythritol powders
are more suitable for air polishing titanium abutments because
they maintain the original surface properties, thus preserving their

integrity and preventing damage.

6 | CLINICAL RELEVANCE

6.1 | Scientific rationale for the study

Oral health professionals must select the best prophylaxis air
powder for titanium implants and abutments. Studies suggest that
finer powders cause less damage.

6.2 | Principle findings

There are statistically significant differences in surface roughness
between titanium treated with air/water and sodium bicarbonate,
unlike the erythritol-treated group. Electron microscopy shows
more damage with sodium bicarbonate compared with control and

erythritol groups.

6.3 | Practical implications
Finer-grained powders such as glycine and erythritol are preferable
for air polishing titanium to prevent surface roughness and

subsequent plaque formation, enhancing implant maintenance.
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