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Abstract: Oral dysfunction due to peri-implantitis and shortened life of implants has become a major
concern. Self-care and removal of oral biofilms by professional mechanical tooth cleaning (PMTC)
are indispensable for its prevention. However, if the surface roughness of the implant is increased, it
may result in the adhesion of biofilm in the oral cavity. Therefore, the PMTC method can serve for
long-term implant management. Calcium carbonate (CaCOs) has been used as a cleaning method for
implant surfaces; however, there is concern that the implant surface roughness could increase due
to particle collision. Therefore, in this study, to establish a blasting cleaning method that does not
adversely affect the implant surface, a new blasting cleaning method using agar particles was devised
and its practical application examined. When the simulated stains were blasted with white alumina
(WA) abrasive grains and CaCOj3 particles, the simulated stains were almost removed, the surface
roughness changed to a satin-finished surface—which was thought to be due to fine scratches—and
the surface roughness increased. Most of the simulated stains were removed on the surface of the
sample blasted with glycine particles and agar particles. Conversely, the gloss of the sample surface
was maintained after cleaning, and the increase in surface roughness was slight.

Keywords: oral implants; peri-implantitis; abutment; professional mechanical tooth cleaning; agar
particle; blasting; surface roughness

1. Introduction

Implant treatment is an indispensable option for the prosthetic treatment of tooth
defects, and patients’ need for this treatment is very high [1,2]. Pure titanium and titanium
alloys are the main implant materials used. Titanium surfaces are biocompatible and have
excellent mechanical properties, and when implanted in a living body, cause osseointegra-
tion with bone, making it useful as a biomaterial. Unlike natural peri-dental soft tissue,
the peri-implant soft tissue does not have a sealing structure and is fragile. Therefore, the
mucosa around the implant has a high risk of infection. If inflammation occurs around the
implant, the spread of inflammation is much faster than with natural teeth, and the risk of
peri-implantitis and the implant itself falling off is very high [3-5].

Despite the progress of implant treatment, peri-implantitis is becoming an increasingly
frequent concern in dental clinics. Peri-implantitis is an inflammatory lesion caused
by periodontal disease bacteria that infect the area around the implant [6-8]. Chronic
infections, similar to chronic periodontitis, are characterized by redness, swelling of the
peri-implant mucosa, and destruction of the peri-implant bone [9-11]. Bacteria that are
frequently detected in chronic periodontitis activity are detected in the implant body that
has developed peri-implantitis. The presence of oral bacteria during implant placement
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affects biofilm formation on the surface of the implant body. Therefore, the biofilm present
in the subgingival plaque and periodontal pockets of the remaining teeth can be a medium
of bacteria that colonize the body of the newly placed implant [12-15].

Currently, the main techniques used to treat peri-implantitis include chemother-
apy. Initial lesions can be resolved by mechanical cleaning of the implant body [16-19].
Chemotherapy for the treatment of peri-implantitis can cause side effects [20,21]. Currently,
there is no cure for peri-implantitis. Although each treatment has its risks, treatment of
peri-implantitis is defined as the removal of tartar and plaque on the surface of the implant
body. Methods for cleaning the contaminated implant body include mechanical cleaning
with a scaler, chemical cleaning with phosphoric acid, laser, and plasma treatment [22,23].
Unlike natural teeth, the hardness of the implant surface is soft, so the quality of cleaning
varies depending on the skill of the doctor. Therefore, in patient management to achieve
long-term use of implants, it is necessary to establish effective professional mechanical tooth
cleaning (hereinafter referred to as PMTC) that can prevent the onset of peri-implantitis.

This study proposes a blasting cleaning method for dentists and dental hygienists
to perform PMTC regardless of their skill differences [24-26]. Currently, a method for
removing plaque by blasting of tricalcium phosphate (3-TCP) particles onto plaque con-
taining periodontal pathogenic bacteria adhering to the surface of the abutment is being
studied [27-31]. However, there is concern that the surface roughness of the abutment can
increase owing to particle collisions. Increased surface roughness of the abutment increases
the adhesion of biofilm and exacerbates peri-implantitis [32-34]. Therefore, the focus of
this study is on soft and gentle agar particles in living organisms.

The purpose of this study is to analyze the effects of various particles, such as agar
particles, on the surface of implant materials. The development of a new PMTC method
that can be easily performed without damaging the implant surface, regardless of the skill
of the dentist, can be expected.

2. Materials and Methods
2.1. Effect of Difference in Jet Particles on Titanium Surface
2.1.1. Sample Preparation

Pure titanium test pieces were machined from 6 mm thickness JIS Type 2 pure titanium
sheets. A rectangular test piece was ground with dimensions of 10 x 15 mm using a surface
grinding machine and diamond wheel (5D140, Asahi Diamond Industrial Co., Ltd., Tokyo,
Japan). In addition, the initial arithmetic mean surface roughness, Ra, of the test piece
before blasting was adjusted and polished so that Ra ~ 0.05 pm.

2.1.2. Injection Device and Injection Particles

Figure 1 shows the outline of the blasting equipment. The blasting equipment is
a device for blasting particles onto a test piece using compressed air. It uses the same
suction method as the clinical device. The particles used in this study were: 3-TCP particles
(Taihei Kagaku Sangyo Co., Ltd., Osaka, Japan), white alumina particles (WA particles, Fuji
Seisakusho Co., Ltd., Tokyo, Japan), calcium carbonate particles (CaCOj3 particles, Maruo
Calcium Co., Ltd., Akashi, Japan), agar particles (Ina agar type S-6, Ina Food Industry Co.,
Ltd., Nagano, Japan), and glycine particles (Organic Synthetic Chemicals Industry Co.,
Ltd., Tokyo, Japan) (Figure 2).

2.1.3. Experimental Methods

The experimental evaluation used arithmetic mean surface roughness Ra, maximum
height roughness Rz, glossiness, and surface observation. The target roughness was the
arithmetic mean surface roughness Ra = 0.2 um and Rz = 1.8 um or less. According to
Rimondini et al. [35], when the arithmetic mean surface roughness Ra of the titanium
surface was 0.21 um or less and the maximum height roughness Rz was 1.780 um or less,
the plaque adhesion to the titanium surface in the oral cavity was suppressed. A stylus-
type surface roughness meter (Mitutoyo Co., Ltd., Kawasaki, Japan, SURFTEST SJ-400,
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and Tokyo Seimitsu Co., Ltd., Tokyo, Japan, Surfcom FLEX-50A) was used to measure
the surface roughness and cross-sectional curve. The arithmetic mean surface roughness
and maximum height roughness were measured ten times for each test piece, and the
average value was calculated. Glossiness was measured using a glossiness meter (HORIBA,
Ltd., Kyoto, Japan, high-gloss checker 1G-410, Gs (60°)). Glossiness measurement is a
newly devised measurement for evaluating the esthetics of titanium surfaces. An optical
microscope (KEYENCE CORPORATION, Osaka, Japan, VHX-700F) was used for surface
observations. After obtaining the initial surface roughness of the machined flat surface
test piece of pure titanium, the surface roughness and glossiness were measured, and
the surface was observed. Then, an oil-based pen was applied to the titanium surface
as a simulated stain. Each particle was blasted (blasting pressure 0.2 MPa, distance to
the sample, 20 mm) into the test piece while changing the injection time (5, 10, and 30 s).
After blasting, the test piece was washed with tap water to remove particles adhering to
the surface, and surface roughness measurements, glossiness measurements, and surface
observations were performed.

Hopper

Particle

Compressed air

-—

Nozzle

/

— Hopper

Figure 1. Blasting equipment.

100.0 im

Figure 2. SEM images of particles. The particles used in this study were: 3-TCP particles (a), white
alumina particles (b), calcium carbonate particles (c), agar particles (d), and glycine particles (e).
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2.2. Effect of Different Agar Particles on the Titanium Surface
2.2.1. Effect of Different Sizes of Agar Particles on the Dirt on the Titanium Surface

Based on the results of the first experiment, agar blasting was performed using five
types of particles (Figure 3), where S-6 was powdery and had an average diameter of
102 pm, WH-706 was spherical with an average diameter of 87 um, WH-707 was scaly
and had an average diameter of 105 pm, and WH-708 was a fine powder with an average
diameter of 8 um. For the test piece, titanium was used as a model for the implant abutment.
The surface roughness Ra was adjusted to 0.09 pm < Ra < 0.10 pm. An oil-based marker
(Zebra Co., Ltd., Tokyo, Japan, Hi-McKee MO-150-MC) was used as the simulated plaque
stain. Oil-based markers are widely used in dentistry.

100.0pm

Figure 3. SEM images of agar particle are shown. S-6 is powdery and has an average diameter of
102 um, WH-706 is spherical and has an average diameter of 87 um, WH-707 is scaly and has an
average diameter of 105 um, and WH-708 is a fine powder and has an average diameter of 8 um.

Using a diamond wheel (SDC140, Asahi Diamond Industrial Co., Ltd., Tokyo, Japan)
and a surface grinding machine, the pure titanium test piece was machined into a rectangu-
lar test piece of about 15.0 mm x 10.0 mm X 6 mm, and the surface of about 15.0 mm x 10.0
mm was used as the test surface. The arithmetic average roughness Ra of the test piece was
adjusted to 0.09 pm < Ra < 0.10 pm using # 240 to # 3000 water-resistant abrasive paper
(FUJISTAR: manufactured by Sankyo Rikagaku Co., Ltd., Saitama, Japan). Subsequently,
agar particles were blasted onto the test surface using the blasting equipment while keeping
the blasting conditions constant. After the blasting, surface roughness and glossiness were
measured, and the surface of the test piece was observed using an optical microscope.

2.2.2. Effect of Different Sizes of Agar Particles on the Tartar Model on the
Titanium Surface

Tartar was examined as a factor involved in peri-implantitis. For the calculus model,
which is a calculus, calcium carbonate was attached to the surface of the test piece using the
underwater thermal substrate method, as described by Takagi et al. [36]. Contrex (Contrex®
Nestlé, Vevey, Switzerland) was placed in an electric kettle (Tiger Corporation, Tokyo,
Japan, PDR-G221W) and heated to about 90 °C. Next, titanium was connected to an electric
circuit where the voltage was 5.0 V and the current was 0.40 A. The energized titanium
was immersed in heated Contrex for approximately 9 h to deposit a calcified film on the
surface of the test piece. Agar particles were injected into the tartar model under blasting



Materials 2021, 14, 6805

50f 14

conditions. Cleaning by the blasting of each agar particle was evaluated by observing the
surface of the test piece before and after blasting.

2.3. Statistical Analysis

Each measurement was performed three times and statistical analyses were performed
by one-way analysis of variance. When a significant difference was found, the Mann-—
Whitney U Test was used. The significance level was <5%.

3. Results
3.1. Effect of Difference in Jet Particles on Titanium Surface

Images of the titanium surface before and after 10 s blasting of WA particles, CaCOs
particles, and 3-TCP, are shown in Figure 4. It was noted that the ink was cleaned when
all the particles were blasted, however, the entire test surface later changed to roughed
surface upon blasting with WA and CaCOj particles, resulting in a loss of glossiness. In the
-TCP injection, it was confirmed that part of the test surface changed to a satin-finished
surface, and the surface changed. The cross-sectional curves before blasting and after 10 s
of blasting of each particle are shown in Figure 5. It was confirmed that the surfaces of all
particles were greatly roughened. Figure 6 shows the change in surface roughness. It was
confirmed that the surface roughness increased significantly under all conditions. From
this, the target roughness Ra = 0.2 um was greatly exceeded, yielding to the concern about
plaque adhesion. Figure 7 shows the changes in the glossiness. In the blasting of WA and
CaCO;s particles, the glossiness was almost zero. Although (3-TCP had a small decrease in
glossiness compared with other particles, it had a large decrease considering that some of
the particles changed to a satin-finished surface, which affected the esthetics.

Before injection 10 minutes after injection

(a)

(b)

(©)

v

Figure 4. Images of the titanium surface before and after 10 s blasting of 3-TCP (a), CaCOj3 particles
(b), and white alumina particles (c).
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Figure 5. The cross-sectional curves before blasting and after 10 s blasting of each particle are shown:
(a) before blasting, (b) after blasting of 3-TCP, (c) after blasting of WA particle, (d) after blasting of
CaCOj; particle. It can be confirmed that the surface of all particles was greatly roughened.

0.8
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Figure 6. The changes in surface roughness are shown. It was confirmed that the surface roughness
increased significantly under all conditions. From this, the target roughness Ra = 0.2 um was greatly
exceeded, and there is concern about plaque adhesion.
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Figure 7. The changes in glossiness are shown. In the blasting of WA particles and CaCOj particles,
the glossiness shows almost zero. Although B-TCP has a slight decrease in glossiness compared with
other particles, it has a significant decrease. Considering that a part of the particles has changed to a
satin-finished surface, it affects the aesthetics.

It was confirmed that the ink was cleaned when all the particles were blasted. However,
it was confirmed that the entire test surface was changed to a satin-finished surface by
the blasting of WA particles and CaCOj particles, and the gloss was lost. In the 3-TCP
injection, it was confirmed that a part of the test surface had changed to a satin-finished
surface, and the surface changed.

Figure 8 shows images of the titanium surface before and after the blasting of agar
and glycine particles. It was confirmed that the ink was cleaned when the agar particles
and glycine particles were blasted. In the blasting of agar particles, ink remained on the
edge of the test piece. However, the areas where the particles impacted were sufficiently
cleaned; this constituted no major issue. In addition, the test surface remained glossy and
had only a little effect on esthetics. Figure 8 shows the cross-sectional curves. There was
almost no change in the surface area before and after blasting. Figure 9 shows the change
in surface roughness. Figure 9 shows that the increase in surface roughness was slight
and well below the target roughness Ra = 0.2 um, so even if agar particles and glycine
particles were blasted, the effect on the surface texture of the abutment would be a little.
Figure 10 shows the changes in glossiness. After blasting, glossiness was reduced to a small
extent. As shown in Figure 8, gloss remained on the injection surface, and the changes
were merely visible. Therefore, it was considered that agar particles’ blasting has almost
no effect on esthetics.

3.2. Effect of Different Sizes of Agar Particles on the Dirt on the Titanium Surface

Figures 11 and 12 show the arithmetic mean surface roughness Ra and the glossiness
of the test piece surface for each simulated stain, respectively. When a small size agar comes
into contact with air, the particles stick to each other and tend to form small aggregates
such as WH-708 and WH-709. Therefore, it was found that the surface roughness of the test
piece was large, and the glossiness was lowered; thus, it was not suitable for cleaning. As
shown in Figure 13, red indicates carbon. A very small amount of carbon was confirmed
on the surface after polishing and before adhesion. After blasting WH-706, some carbon
remained after polishing compared with before adhesion. Compared with the other four
types of agar, the amount of carbon after blasting was the lowest. The black part is a color
unrelated to the element and is an image displayed only with carbon.
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Figure 8. Images of the titanium surface before and after 10 s blasting of: (a) agar, and (b) glycine
particles, are shown. The cross-sectional curves before blasting and after 10 s blasting of each particle
are shown: (c) before blasting, (d) after blasting of agar, (e) after blasting of glycine particle.
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Figure 9. The changes in surface roughness are shown. The increase in surface roughness is slight
and well below the target roughness Ra = 0.2 um, so even if agar particles and glycine particles are
blasted, the effect on the surface texture of the abutment is very small.

400 @Bagar @glycine

Glossiness

0 5 10 30
Blasting time T(s)

Figure 10. The changes in glossiness are shown. After blasting, glossiness is reduced, but the rate of
reduction is low. Gloss remains on the blasted surface, and changes cannot be visually confirmed.
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Figure 11. The arithmetic mean roughness Ra of the test piece surface for each simulated stain is
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Figure 12. The glossiness of the test piece surface for each simulated stain is shown.

(a) (©)

Before injection After injection Before injection After injection

(d)

Before injection After injection Before injection After injection

Figure 13. Elemental analysis images before and after agar particle blasting are shown: (a) S-6, (b); WH-706, (c); WH-708,
(d); WH-709 polishing compared with before adhesion. Compared with the other four types of agar, the amount of carbon
after blasting was the lowest.
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3.3. Effect of Different Sizes of Agar Particles on the Tartar Model on the Titanium Surface

Figure 14 shows the surface of the test piece before and after the formation of the tartar
model, and before and after the blasting of 25 g agar particles. Figure 15 shows a tabletop
scanning electron microscope (SEM) image of the surface of the test piece before and after
the formation of the tartar model and the surface analysis image. From Figures 14 and 15,
it was confirmed that calcium carbonate was attached by the underwater thermal substrate
method. In addition, from Figure 14, it was confirmed visually that calculus, which is a
tartar model, was removed. Figure 15 reveals that Ca shown in brown before blasting was
not seen after blasting, but Ti was seen in the entire figure after blasting; thus, the removal
of the tartar model could be confirmed by elemental analysis [34]. As shown in Figure 15,
the Ra after blasting in the blasting of particle WH-706 was slightly smaller than that before
injection. Ra increased when other particles were blasted.

(@

(b)

(©)

Figure 14. The images of the surface of the test piece before and after the deposition of the tartar
model and before and after the blasting of the agar particles, are shown. (a) is the sample surface
(polished surface) before the tartar model was deposited, (b) is the sample surface of tartar model,
and (c) is the sample surface after the blasting by WH-706.

Before injection After injection

(@

Before injection After injection

(b)

Figure 15. (a) is an SEM image before and after the tartar model deposition, (b) shows SEM images
after deposition (tartar model) and after blasting with agar particles by WH-706. Brown in the figure
represents Ca, blue represents Mg, light blue represents Na, and green represents Ti.
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4. Discussion

Peri-implantitis is a reversible inflammation localized to the soft tissue around the
implant. This is thought to be due to biofilm present in the tissue surrounding the implant
and has symptoms similar to those of the original periodontitis [1-10]. However, peri-
implantitis requires appropriate treatment because of the rapid and widespread infiltration
of inflammatory cells compared with periodontitis. Peri-implantitis is caused by a bacterial
infection associated with biofilm adhesion. Therefore, it is important to remove biofilm
on the surface of the implant material during the treatment of peri-implantitis. This study
aimed to develop a PMTC method for treating peri-implantitis by applying various particles
using blasting equipment, regardless of the skill of dentists and dental hygienists. Although
simulated dirt removal was achieved in all particle groups and the effect of blasting was
confirmed, the surface roughness of the test pieces in the WA and CaCOj3 groups increased.
These particles may increase the surface roughness of the implant body. On the other hand,
in the glycine and agar groups, the increase in surface roughness was small, and the effect
on the surface texture was considered to be small. Moreover, when the shapes of the agar
particles were compared, the cleaning results of WH-706, which had an almost spherical
shape, showed the best results with the agar particles. Furthermore, it was clarified that
agar blasting was also useful for the tartar model created on the titanium surface.

Bacterial adhesion is observed when the surface of the implant body falls off, for
a patient with peri-implantitis [32-34]. It has been reported that titanium surfaces are
the most prone to biofilm adhesion, although they depend on the metal material used
in the dental prosthesis [37-39]. Numerous reports have shown that roughened pure
titanium implant materials induce early adhesion of bone marrow cells and achieve early
osseointegration [40-42]. Notwithstanding, it has been clarified that titanium implants
becomes a hotbed for bacterial adhesion; thus, it is essential to develop a cleaning system
that removes the biofilm on the implant surface without damaging the implant surface [43].
Air-abrasives using each particle are attracting attention as a method of periodontal treat-
ment and professional care for patients with peri-implantitis [44]. 3-TCP particles that
have been studied using the PMTC method [45] have a Vickers hardness of HV 400 and a
density of 3.14 g/cm?®. WA particles have a proven track record of being used as a blasting
material for caries treatment with a Vickers hardness of HV 2000 and a density of 4 g/cm3.
CaCOg particles are used as blasting particles for cleaning the tooth surface, are contained
in some commercially available toothpastes, and are widely used in the dental field. It
has a Vickers hardness of HV 300 and a density of 2.71 g/cm?. It was confirmed that the
ink was cleaned when all the particles were blasted. However, the entire test surface was
changed to a satin-finished surface by the blasting of WA and CaCOj particles, and the
gloss was lost. In the 3-TCP blasting, it was confirmed that a part of the test piece surface
changed to a satin-finished surface, and the surface roughness changed. It was confirmed
that the surface roughness increased significantly under all the conditions.

Thus, the target surface roughness Ra = 0.2 um was greatly exceeded, and plaque
adhesion was a concern. From this, it was confirmed that the surface of the pure titanium
abutment was scratched after blasting particles. In the blasting of WA and CaCOs particles,
the glossiness was almost zero, and it was confirmed that the esthetics of the test surface
was greatly reduced considering that the test surface changed to a satin-finished surface.
Although the decrease in the glossiness of 3-TCP was small compared with other particles,
it was significantly reduced, and it was considered that 3-TCP affects the esthetics, consid-
ering that some of the particles have changed to a satin-finished surface. From the above
results, it was found that the surface roughness was greatly increased when conventional
particles were blasted, which also affected the esthetics. It was confirmed that the ink was
cleaned when the agar particles and glycine particles were blasted. In the blasting of agar
particles, ink remained on the edge of the test piece. However, the areas where the particles
impacted were sufficiently cleaned; this was not a major problem. In addition, the test
piece surface remained glossy, and the effect on the esthetics was almost negligible. As the
increase in surface roughness was small and well below the target roughness Ra = 0.2 pm,
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it was considered that the effect of blasting agar particles and glycine particles on the
surface texture of the abutment was negligible. After blasting, the glossiness was reduced,
but the rate of decrease was low. The blasted surface remained glossy, and the changes
were merely visible. Therefore, agar blasting almost did not affect the esthetics. Glycine is
used as a food additive, has high biocompatibility, and is safe. It has been reported that the
cleaning surface is highly smooth, but the cleaning power is weak; therefore, the focus of
this work was on agar particles.

Agar with a small particle size of WH-708 and WH-709 tended to form small aggre-
gates because the particles could stick to each other when exposed to air. Therefore, it
was found that the surface roughness of the test piece was increased, and the glossiness
was decreased; thus, it was not suitable for cleaning. When the results of the elemental
analysis were considered, the surface of JIS Type 2 pure titanium after polishing with
water-resistant abrasive paper contained a large amount of titanium (green), and almost
no carbon could be confirmed. After that, when an oil-based marker was attached, a large
amount of carbon (red) contained in the oil-based marker was observed. A very small
amount of carbon was confirmed on the surface after polishing and before adhesion; on the
surface after blasting WH-706, more carbon was removed than before adhesion. Compared
with the other four types of agar, the amount of carbon after blasting was the lowest. It was
also considered that tartar could be removed by agar blasting into the abutment cleaning.
Among them, it was found that cleaning results with the agar particles WH-706 were
particularly excellent. This was because the shape of agar particles are almost spherical,
and it seems that the shape is suitable for cleaning. Thus with the spherical shape, when
agar particles were impacted with the tartar model by blasting, a uniform force could be
applied regardless of the direction of the particles’ motion, so more tartar could be removed.
With non-spherical particles, the force applied to the tartar model becomes non-uniform in
the direction of the particles that come into contact with it, leading to an increase in surface
roughness. Therefore, spherical agar particles were considered to be the best shape for
cleaning. Agar is a biocompatible food and is a soft particle that does not easily damage
the abutment. In addition, because of its low cost, it is expected to be used as a PMTC
method for peri-implantitis.

Compared with other particles, it was confirmed that agar particles blasting could
remove stain and tartar. In particular, it was confirmed that when the shape of the agar
particles was spherical, the change in surface roughness was small, and in addition to being
able to hold implants that are difficult for plaque to adhere to, it was possible to remove
more tartar. Therefore, it is believed that agar particles are effective for implant cleaning
and can be applied to tooth surface cleaning and flap surgery. In the future, it is expected
that agar blasting will be conducted as PMTC by verifying the cleaning effect by in vivo
evaluation and downsizing the blasting equipment for clinical application.

5. Conclusions

The following conclusions were obtained as a result of blasting using multiple particles
to develop a new PMTC that can easily be performed regardless of the skill of the dentist
without damaging the implant surface. Conventionally-used blastings of WA particles,
CaCOj; particles, and 3-TCP, showed an increase in surface roughness and a decrease in
glossiness, which adversely affected pure titanium, which is the material for implants. This
may cause an increase in plaque adhesion to the abutment surface and is considered to
be a concern as particles to be used for PMTC. In the injection of agar particles, which
was devised as a new particle, no increase in surface roughness was observed, and there
was a slight decrease in glossiness. Because a wide range of cleaning was possible on the
rectangular test piece, cleaning can be performed regardless of the skill of the dentist.
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