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Abstract

Introduction: This study highlights the importance of maintaining dental implants, par-
ticularly in the context of peri-implantitis. It emphasizes the need for dental hygienists to
choose appropriate instruments that will not damage implant surfaces while effectively
cleaning them. Materials and Methods: The research involved in vitro tests using 4 ultra-
sonic inserts for peri-implant mechanical instrumentation on one machined and one etched
healing abutment, with a focus on how these instruments affect surface roughness. For
each insert, four surface roughness measurements were recorded on each abutment. The
data were then analyzed in two separate designs, one for the machined abutments and one
for the etched abutments. The significance of the factors was determined by analyzing them
using an ANOVA test. Results: The study found significant effects of surface treatment
and instrument type on surface roughness parameters. Instrumentation tended to alter
the roughness of machined surfaces more than etched ones, with notable differences in
performance among the various inserts. Discussion: The results suggest that surface treat-
ment has a more substantial impact on roughness than the choice of instrument. Future
studies are encouraged to explore other parameters related to bacterial biofilm retention
and the potential release of material from non-metallic inserts. Conclusions: Key findings
include that surface treatment significantly influences surface roughness and that specific
instruments can either increase or decrease roughness based on the type of surface.

Keywords: dental implant; dental hygiene; perimplantitis; implant surface

1. Introduction

The widespread use of dental implants has improved patients” quality of life [1,2].
However, significant issues regarding implant maintenance, related to peri-implantitis,
have emerged over the years [3-5].

Therefore, updating professional hygiene techniques is crucial for long-term implant
maintenance.

When managing implant-prosthetic patients, it is essential to make an informed choice
of instruments for professional hygiene of peri-implant sites, both for the treatment of
peri-implant disease and for maintaining healthy implants [6,7].

With healthy implants, the hygienist will often have to deal directly with machined
surfaces.

In clinical practice, however, the increasing incidence of peri-implant disease forces us
to focus attention on the treatment of surfaces that should not normally be exposed in the
oral cavity.
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In fact, modifications to the implant surface aimed at promoting better osseointegra-
tion through increased roughness (modification of the microtopography) and chemical
passivation (modification of the chemical structure) of the implant surface are now the
norm [8,9]. However, if exposed, these surfaces can more easily lead to plaque accumula-
tion and consequent loss of peri-implant tissue volumes. It is therefore necessary to know
the surfaces to be treated and the most suitable instruments to do so [10], as is already the
case for the treatment of prosthetic surfaces [11].

Based on the type of implant surface to be treated and the health of the implant, the
dental hygienist must therefore choose the most suitable instrument for professionally
cleaning that implant site. The suitability of the instrument depends not only on its ability to
remove soft and hard deposits from the implant site, but also on its degree of invasiveness
towards the peri-implant tissues and the implant surfaces to be treated [12,13].

Over time, both manual and mechanical techniques have been proposed for treating
implant surfaces, with different instruments and materials being proposed.

The literature consistently establishes that instruments for professional peri-implant
hygiene should be made of a working insert material other than steel, in order to avoid
profound alteration of the implant surface, which would lead to greater retention of bacterial
biofilm, resulting in a greater risk of peri-implant disease [14-17].

Today’s market offers multiple options for mechanical and manual instruments, both
for maintenance and for the treatment of pathological sites.

While it is known that metal instruments damage implants, the comparative effects of
newer polymer inserts on different surface topographies are not well understood.

The aim of the study is to compare in vitro the degree of aggressiveness of some of the
main instruments used for professional implant surface hygiene by evaluating the degree
of alteration in the roughness of the treated surfaces, both machined and roughened.

2. Materials and Methods
2.1. Materials

In vitro instrumentation was performed by a single operator using Healing Abutments
(HAs) specifically designed for this research, both machined and etched (Megagen, Seoul,
Republic of Korea), and applied to a simulation Typodont (Typodont, Kavo Dental, Biberach,
Germany) (Figure 1). This simulated the need to work on both healthy implant surfaces
and those with tissue loss.

Figure 1. Simulation typodont with smooth and etched healing abutments.

In particular, four inserts for peri-implant mechanical instrumentation mounted on
ultrasonic devices (Mectron CombiTouch, Mectron, Carasco, Italy) were analyzed:
Acteon Satelec perioSoft (autoclavable carbon composite) (Figure 2);

EMS Pl insert (autoclavable PEEK) (Figure 3);
Mectron Tip IC1 (autoclavable PEEK tip on ICS insert) (Figure 4);
Cavitron SofTip (disposable plastic tip) (Figure 5).
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Figure 2. Acteon Satelec perioSoft.

Figure 3. EMS Pl insert.

-3 TERMINALE IC1

-3 INSERTO BASE ICS

Figure 4. Mectron Tip IC1.

Figure 5. Cavitron SofTip.

For each insert, two healing abutments were instrumented: one machined and
one etched.
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2.2. Working Protocol

The protocol used in this research was as follows:

e  Screwing of the healing abutment (HA) onto a model reproducing a lower dental
arch (Typodont);

e  Continuous circumferential instrumentation for 1 min over the entire surface of the
HA (two HAs with each insert, first the machined and then the etched). The ultrasonic
device was set to perio-scaler mode, power 3, irrigation 3 (Figure 6).

Figure 6. Subsequent instrumentation of the machined and etched healing abutments.

e Immediate, individual, and manipulation-free packaging of all instrumented HAs;
e  Shipping to the DIME (Department of Mechanical, Energy, Management, and Trans-
port Engineering) of the University of Genoa.

The samples for analysis arrived at the laboratory properly packaged and were re-
moved from the bags immediately before analysis, without the need for preparation, thus
minimizing handling and contact with the surfaces.

A preliminary analysis of both the machined HAs and an etched HA was performed
using a stereoscopic optical microscope (MZ6, Leica, Wetzlar, Germany), obtaining images
at 20x magnification.

The roughness parameters for evaluating the degree of alteration of the implant surface
following instrumentation were detected using the TalyScan 150 profilometer (Taylor
Hobson Ltd., Leicester, UK) (Figure 7), a laser roughness meter equipped with automated
software that calculates the surface elevation variations of the analyzed material through
the reflection of the laser beam on the surface itself; in particular, four different surface
portions of each HA were analyzed, detecting a point cloud with an area of 200 x 200 units,
spaced 5 microns apart (total area 1 mm x 1 mm).

The roughness parameters detected and analyzed were:

Sa (arithmetic mean roughness);

Sq (mean square roughness);

Sp (maximum peak height);

Sv (maximum valley depth);

St (Sp + Sv);

SSk: Asymmetry of the density function with respect to the mean line, a parameter
related to the height distribution according to the following values:

- SSk =0 (symmetry with respect to the midline, i.e., the same density of valleys
and peaks);

- SSk > 0 (deviation below the midline, i.e., a more open profile with a greater
density of valleys);
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- SSk < 0 (deviation above the midline, i.e., a fuller profile with a greater density
of peaks);

e  Sku: Kurtosis of the roughness profile, a parameter related to the sharpest/obtuse
shape of the peaks and valleys according to the following values:
- Sku =3 (normal distribution);
- Sku > 3 (acute height distribution);
- Sku < 3 (obtuse height distribution);

e Sz (maximum roughness averaged over 5 peaks and 5 valleys).

Figure 7. Talyscan 150 Profilometer.

Data Analysis

An Excel table was created summarizing all the parameters measured on all HAs, i.e.,
on four surface portions each (Table 1).

Data analysis was performed in collaboration with the DIME Department of the
University of Genoa using Design-Expert software (Stat-Ease, Minneapolis, MN, USA).

A number of experiments were conducted following the principle of Design of Experi-
ments, which is a set of statistical techniques aimed at identifying the statistical significance
of a set of factors of interest on one or more objective functions.

In this specific case, two factors of interest were identified:

e Type of surface treatment of the healing abutments;
e Type of insert used.

For each of these factors, different experimental levels were identified:

e  Two levels for the surface treatment: machined and etched;
e Five levels for the insert:

- Level 1: Non-instrumented HA (used as a control level);
- Level 2: HA instrumented with Satelec perioSoft;

- Level 3: HA instrumented with EMS PI;

- Level 4: HA instrumented with a Mectron IC1;

- Level 5: HA instrumented with a Cavitron sofTip.
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Table 1. Roughness parameters measured on all HAs surfaces.

. PARAMETERS
A bu‘;ﬁ:ﬁ:‘fH o CODE  SURFACES — " g Sp Sv St sk sk Sz
(um) (um) (um) (um) (um)
1 5.66 7.52 15.2 24.4 396  —11  3.99 37.9
HA machined not 2 5.05 6.84 197 207 405  —0273  3.69 39.2
instrumented 3 5.68 7.67 2 235 455  —0179 348 437
4 3.29 4.49 12 16.4 284  —0.658 401 27.4
1 2.61 33 13.9 143 282 00385 32 25.8
2 3.08 3.94 243 14.9 392 0.905 5.1 23.9
HA etched not instrumented 3 297 407 28.1 13.3 414 0899  7.37 28.6
4 2.38 2.95 9.64 12.3 219  —0.164 287 21.1
1 6.46 8.86 25.8 314 571 —0899 448 55.9
HA machined 2 3.56 4.69 16.1 16.2 323 0144 346 29.6
IS>§IT<‘1E0L§SFT AL 3 6.17 7.75 19.8 25.2 45 0222 273 40.1
4 411 5.28 12.6 174 30 078 338 28.9
1 2.01 2.57 112 117 228 00959 343 20.3
HA etched 2 2.66 345 2.2 137 358 0305 445 30.8
lsjg%ggn AM 3 5.73 6.71 21.2 189 401  -0118 207 35.5
4 2.82 3.59 17.9 16 33.9 0.13 3.42 29.4
1 5.24 7.12 13.6 25 385  —129 458 37
HA machined o 2 7.43 10.3 24.9 342 501 0927 4.4 54.8
EMS PI 3 5.6 7.35 135 25.9 394 118 436 37.2
4 6.19 8.64 23 322 544 —0.687 441 50.4
1 2.41 3.02 10.6 145 251  —0.00148 3.04 22.8
HA etched . 2 2.34 2.97 13.3 12.1 254 0162 326 23.2
EMS PI 3 2.15 2.73 109 14.1 249 00139  3.32 21.9
4 2.37 3.01 119 12 239  —0195 317 22
1 5.24 7.25 19 25.2 441 —101 453 40
HA machined o 2 5.6 7.18 157 378 534 —0721 326 344
MECTRON IC1 3 6.6 8.4 29.4 254 548  —0258  2.85 18.6
4 3.09 3.97 19.2 157 349  —0.00288 3.52 32
1 2.36 2.96 144 13.6 281 00849 3.1 23.2
HA etched . 2 2.8 2.84 123 104 227 00555  3.04 20.1
MECTRON IC1 3 2.36 2.97 11.8 137 255 000816 3.7 2.7
4 2.43 3.04 11.6 114 23 00668 295 21.8
1 2.48 3.14 132 17.2 304 00274 336 23.1
HA machined 2 3.11 3.92 20.7 14.1 347 0245 348 28.6
gg;/TIITIFON bL 3 3.23 411 18.8 21.2 40  —0067 35 345
4 455 6.4 20.1 2.5 027 0377 417 39.6
1 251 3.14 12.2 12,6 248  —0128 298 224
HA etched 2 242 3.06 133 126 259 0334 3.8 21.3
gg;’TIIT;{ON bM 3 2.03 2.59 10.6 107 214 0209 327 19.3
4 2.55 3.14 115 10.6 21 0161 278 21




Appl. Sci. 2025, 15, 12598 7 of 15

The eight amplitude parameters measured by the profilometer (Sa, Sq, Sp, Sv, St, SSk,
Sku, Sz) were considered as output variables (or objective functions).

Researchers began by conducting a two-factor factorial design using four replicates for
each experimental combination to investigate the significance of the individual factors ana-
lyzed and any interaction (combined effect of the two factors on the experimental response).

The data were then analyzed in two separate designs: one for the machined treatment
and one for the etched treatment.

The significance of the factors was determined by analyzing them using an ANOVA test.

3. Results

With the preliminary investigation using a stereoscopic optical microscope, the fol-
lowing 20 x magnification images of the instrumented and non-instrumented HA were
obtained (Figures 8-12).

Figure 8. Machined (left) and etched (right) non-instrumented healing abutments.

Figure 9. Machined (left) and etched (right) Has instrumented with Satelec perioSoft.

Figure 10. Machined (left) and etched (right) HAs instrumented with EMS PL

Figure 11. Machined (left) and etched (right) HAs instrumented with Mectron IC1.
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Figure 12. Machined (left) and etched (right) HAs instrumented with Cavitron SofTip.

Statistical analysis revealed a significant effect of the two factors of interest (surface
treatment and insert) on all the objective functions analyzed (parameters detected by the
profilometer) with the exception of the Sp parameter, which was consequently omitted in
subsequent study phases.

Among the functions that showed a significant effect of the factors, we focused on the
analysis of the parameters Sa and Sq (arithmetic mean and quadratic mean roughness), as
they are the most commonly used to define surface roughness.

A similar trend was found for these functions, which is why the results for the Sa
objective function only are reported below, comparable to those obtained for Sq.

In the ANOVA table for the Sa objective function (Figure 13), the total variability (Core
Total) is divided into variability explained by the factors (Model), a significantly larger
share, and variability due to error (Pure Error).

ANOVA FOR SELECTED FACTORIAL MODEL
Response 1: Sa

P-value F-value Mean square | Df Sum of squares
Model <0.0001 10.02 7.99 9 71.94 significant
A-Insert 0.0651 2.50 2.00 4 7.98
B-Surface treat- | <0.0001 68.82 54.92 1 54.92
ment
AB 0.0581 2.59 2.07 4 8.27
Pure error 0.7980 28 22.34
Cor total 37 94.29

Figure 13. ANOVA table referring to the objective function Sa (2-factor design).

The two-factor ANOVA revealed that surface treatment (machined vs. etched) was
the most significant factor (p < 0.0001), accounting for the majority of the variance in Sa
values (Figure 13).

In turn, the variability explained by the factors is divided between the two factors
analyzed (A—insert; B—surface treatment) and their interaction (AB).

From this two-factor design, it is clear that the treatment factor (B) absorbs the majority
of the explained variability; that is, it is the predominant factor in explaining the variability
of the objective function under consideration (Sa), followed by the interaction (AB) and
finally by the insert factor (A), which therefore present a weak significance compared to the
treatment factor.

A graph generated by the software (DeltaLog, Genova, Italy) (Figure 14) showing
the roughness scale (Sa) on the y-axis and the two levels of the treatment factor on the
x-axis shows that the objective function Sa (as is also the case for the Sq parameter) exhibits
significantly lower values when switching from machined to etched surface treatment,



Appl. Sci. 2025, 15, 12598

9of 15

regardless of whether the HA is instrumented or not and regardless of the insert used for
that instrumentation.
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Figure 14. Graph showing the roughness scale (Sa) on the y-axis and the two levels of the surface
treatment factor on the x-axis (machined and etched).

Only when using the Cavitron is the roughness of the machined surface made compa-
rable to that of the etched surface; that is, the Cavitron sofTip insert reduces the roughness
on the machined surface but not on the etched surface.

Another graph (Figure 15), showing the roughness scale (Sa) on the y-axis and the
different levels of the insert factor on the x-axis, allows for a two-by-two comparison of the
levels of the factors of interest.
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Figure 15. Graph of Sa behavior in the two-factor design.

It is therefore evident that the machined treatment (red line) shows a significant
variation in roughness at some levels compared to the control level (uninstrumented HA).

In particular, it can be stated that levels 3 (HA instrumented with an EMS Pl insert) and
5 (HA instrumented with a Cavitron sofTip insert) show a statistically significant difference
compared to the control level, with an increase (the former) and a decrease (the latter) in
the Sa objective function, respectively.

As for the etched treatment, however, this graph does not show any variability among
the various levels of the insert factor; that is, it does not appear that the various inserts
determine a significant variability in the Sa objective function compared to the control
level (uninstrumented HA). However, it is important to remember that this graph reports
the results of the two-factor design, in which the treatment factor is significantly more
significant than the insert factor, which is why its significance could mask that of the less
representative factor, namely the insert.

This concept is also evident from the different scales of Sa in the graphs for the two-
factor design (approximately 2.5-7.5 microns) compared to those generated based on the
single designs (approximately 2.1-2.8 microns (Figures 16 and 17). These graphes, in fact,
highlight a greater variability in the Sa parameter with changes in level (i.e., based on the
instrumentation insert used) in the machined treatment than in the etched one. In other
words, the machined surface is more susceptible to changes in the Sa and Sq parameters
than the etched one.
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Figure 16. Behavior of Sa in the single-factor machined design.
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Figure 17. Behavior of Sa in the single-factor etched design.

For this reason, it is interesting to show the results obtained from the data analysis
using the two separate designs for the machined and etched treatments.

The results of the single project on the machined treatment (Figure 16) confirm the
same trend in variability for the two levels highlighted in the two-factor design, i.e., an
increase in Sa with the use of EMS PI and a decrease in Sa with the use of Cavitron sofTip.

The significance of the insert factor in the etched treatment emerges in the single-factor
design (Figure 17), which highlights:

e A greater significance of the Satelec level compared to the others, with an increase in
Sa; that is, the Satelec perioSoft insert would appear to determine an increase in the
surface roughness of an etched HA;

e Alow but still significant significance of the EMS level, with a decrease in Sa; that is,
the EMS Pl insert would appear to determine a decrease in the surface roughness of
an etched HA.

4. Discussion

The results obtained were compared both visually, using profilometer images, and
numerically through statistical data analysis.

Preliminary analysis using an optical microscope showed that the uninstrumented
HA analyzed originally exhibited turning grooves of uneven depth and imperfections
transverse to the turning grooves themselves, or were generated by interference during
the industrial manufacturing process. This evidence had already been observed in other
similar in vitro studies and provides guidance for a better industrial protocol, aimed at
producing surfaces that were as “smooth” and uniform as possible [18].

The study was conducted by an operator who, although experienced, inevitably
produced a statistical bias, determined by the variation in inclination and pressure applied
to the instruments. On the other hand, the use of an operator for the instrumentation
allowed for obtaining conditions, and therefore results, more similar to those that actually
characterize the phenomenon studied.

However, it is hoped that in the future, instrumented surfaces will be studied using a
mechanical arm, which determines constant movement in terms of amplitude, inclination,
and pressure, thus eliminating the human variable, so that the results can be compared
with those obtained with an operator’s instrumentation.
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It would also be useful to include a titanium insert in a future study, thus completing
the range of materials currently on the market and providing a broader overview.

An important future research perspective arises from the need to find a microtopo-
graphic parameter suitable for measuring the degree of bacterial biofilm retention on an
analyzed surface. Specifically, noting that the parameters considered in this study (Sa
and Sq) varied in the opposite way to what was expected, we began to consider the other
parameters detected by the profilometer, which, together with Sa and Sq, contribute to
describing surface micromorphology.

The value of the SSk parameter, for example, defines a fuller surface profile (negative
5Sk), meaning one with a greater distribution of ridges compared to valleys, or a more
empty surface profile (positive SSk), meaning one with a wider distribution of valleys. It is
therefore hypothesized that the latter surface conformation may be more plaque-retentive,
as it provides greater protected space (valleys) than the former, which features wider peaks
where bacterial biofilm is less retentive and more exposed to the intraoral environment.

Another interesting future research hypothesis is to demonstrate, through chemical
analysis of treated surfaces, the release of material particles from some non-metallic inserts.

Specifically, from the data collected in this research, we hypothesize that the two
inserts that decreased surface roughness, or rather, may have released particles that filled
the voids, resulting in a decrease in the Sa parameter, were:

e  Most significantly, the Cavitron sofTip insert on a machined surface, bringing the
Sa parameter to a level comparable to that of an etched surface, which is essentially
significantly lower than the machined ones;

e  Less significantly, but still significantly, the EMS PI insert on an etched surface.

We wondered whether this decrease was due to the filling of the wide, deep, long,
and parallel valleys typical of the microtopography of machined surfaces in the case of the
Cavitron sofTip insert, and the small and numerous valleys typical of the micromorphology
of etched surfaces in the case of the EMS PI.

It can be hypothesized that the material composing the EMS P1 tip (PEEK) has a greater
capacity to modify the implant surface. Conversely, the material of the Cavitron SoftTip
(disposable plastic tip) appears to be less aggressive toward the implant surface. This
concept contrasts with the idea reported in the literature [19-21] that plastic instruments
should not be used only on etched surfaces, while their use on machined surfaces is safe.

Although the literature [22,23] attributes greater plaque retention to a higher degree
of surface roughness, the machined surface appears to have a greater roughness than the
etched surface. We can hypothesize that surface roughness does not appear to be the
discriminating parameter between a potentially more plaque-retentive surface and one that
is less so, but this statement should be the subject of further in vivo evaluations related to
the study of plaque accumulation on implant surfaces exposed in the oral cavity.

5. Conclusions

This research remains to be validated through clinical studies. However, we can draw
some conclusions, which we summarize point by point for convenience:

(1) Surface treatment (machined or etched) affects the variability of the average surface
roughness (arithmetic and quadratic) to a much greater extent than the type of insert
used for instrumentation.

(2) Etching the surface after turning significantly decreases the average surface roughness,
resulting in an average roughness of the etched surface half that of the machined
surface, regardless of instrumentation, with the exception of instrumentation with the
Cavitron sofTip, which makes the roughness of the machined surface comparable to
that of the etched surface.
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(3) During instrumentation, the machined surface is more susceptible to modifications in
terms of Sa/Sq parameters than the etched surface.

(4) Instrumentation on machined HA significantly changes the average surface roughness
only when using EMS PI inserts, which increases the surface roughness, and Cavitron
SofTip, which decreases it, bringing it to values similar to those of an etched surface.

(5) Instrumentation on etched HA significantly changes the average surface roughness
only when using EMS Pl inserts, which decreases the surface roughness, and Satelec
perioSoft, which increases it.

We can hypothesize that clinically, based on the data from this study, the instruments
that cause the least alteration to machined surfaces are Satelec PerioSoft and Mectron
IC1. Meanwhile, for the treatment of rough surfaces, the least aggressive instrument
appears to be the Cavitron SoftTip. Of course, further in vivo studies are needed to support
these hypotheses.
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