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The aim of this study was to test the nano-hydroxyapatite powder decontamination
method on intraorally contaminated titanium discs and to compare this method

with current decontamination methods in the treatment of peri-implantitis.
Contaminated discs were assigned to six treatment groups (n = 10 each):
titanium hand curette; ultrasonic scaler with a plastic tip (appropriate for titanium);
ultrasonic scaler with a plastic tip (appropriate for titanium) + H,O,; short-term
airflow system (nano-hydroxyapatite airborne-particle abrasion for 30 seconds);
long-term airflow system (nano-hydroxyapatite airborne-particle abrasion

for 120 seconds); Er:YAG laser (120 mJ/pulse at 10 Hz). There were also two
control groups (n = 10 each): contaminated disc (negative control) and sterile
disc (positive control). Scanning electron microscopy, energy-dispersive x-ray
spectroscopy, and dynamic contact angle analysis were used to determine the
most effective surface-treatment method. The highest percentage of carbon (C)
atoms was observed in the negative control group, and the lowest percentage
of C atoms was found in the long-term airflow group, followed by the short-
term airflow, laser, ultrasonic + H,O,, ultrasonic, and mechanical groups. When
the groups were examined for wettability, the lowest contact angle degree was
observed in the long-term airflow, short-term airflow, and laser groups. Nano-
hydroxyapatite and laser treatments for detoxifying and improving infected
titanium surfaces may show the most suitable results for reosseointegration.
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Peri-implantitis is an inflammatory
process that is characterized by
bleeding, suppuration, and bone
loss, and it affects the soft and hard
tissues surrounding functioning im-
plants.-* There are some risk factors
for development of peri-implantitis,
such as poor oral hygiene, smoking,
and history of periodontitis.* One or
more of these factors lead to inflam-
mation and degradation of the sur-
face properties and biocompatibility
of dental implants.> Although peri-
implantitis and periodontitis have
similar characteristics, they differ in
some aspects,%’ and the treatment
of these two diseases also varies. It is
possible to restore the infected sur-
face of the cementum in periodontal
inflammation by cleaning and detox-
ifying the cementum with mechani-
cal or chemical methods; however,
detoxification of the implant sur
face is more challenging because
of surface roughness. Biofilm re-
moval alone is not sufficient for the
reestablishment of the biocompat-
ibility of titanium surfaces in implant
surface treatment. Hydrophilic and
biocompatible initial implant surface
properties should be restored.
Different surface decontamina-
tion methods are often seen in the
literature.®-'° Decontamination tech-
niques aim to eliminate calcified or
bacterial deposits from the implant
surface, restoring the implant appro-
priately for reosseointegration.n2
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Fig 1 Acrylic appliance with five titanium
discs attached.

The methods used in the literature
are mainly mechanical (involving the
use of curettes made of metal, tita-
nium, or carbon; ultrasonic scalers;
or the use of an airborne-particle
abrasion system) and chemical in-
terventions (involving the use of
chemicals, citric acid, chlorhexidine,
and hydrogen peroxide), as well as
laser treatments (including interven-
tions with ErYAG and Er,CrYSCG
lasers).3-'5 Several studies have re-
ported that airborne-particle abra-
sion systems and laser treatments
may create an appropriate environ-
ment for reosseointegration rather
than leading to changes on the im-
plant surface.'¢-8

The major biologic step in the
osseointegration phase of dental
implants is cell adhesion at the in-
terface between the host tissue and
the implant. The anticipated struc-
tural and functional union of the
implant with living bone is mostly
influenced by the surface proper-
ties of the implant. The success of
a dental implant depends on the
chemical, physical, mechanical, and
topographic characteristics of its
surface. The influence of surface
topography on osseointegration is

associated with the duration of the
healing processes.”?® A hydrophilic
implant surface allows for better
wettability and is manifested by
the formation of a well-organized
thrombus surrounding the implant.
The wettability of the hard surfaces
can be evaluated by measuring the
contact angles and free surface en-
ergy.?! The contact angle is defined
as the angle of intersection of a line
that is tangent to the liquid and a
line tangent to the surface with the
liquid. This angle demonstrates the
characteristics of the substances
in the implant system because the
surface tension of the liquid and the
surface energy of the solid structure
can be modified by certain proper-
ties such as roughness. The wetta-
bility of the surface is increased with
decreasing contact angles.??

The aim of the present study
was to test the nano-hydroxyapatite
(nano-HA) powder decontamination
method on intraorally contaminated
titanium discs and to compare this
method with current decontamina-
tion methods in the treatment of
peri-implantitis.

Materials and Methods

The protocol of the study was ap-
proved by the Bolu Abant lzzet
Baysal University Clinical Research
Ethics Committee (no: 2017/75). For
in vivo biofilm formation, acrylic ap-
pliances (Essix C+ Plastic, Dentsply
Sirona) containing five sterile, Grade
5 titanium discs (N = 70; SLA sur-
face, OmniTech) with a 2-mm thick-
ness and 10-mm diameter were
used in the present study by 14

volunteers (7 men and 7 women).
Volunteers were included in the
study if they had good systemic
health, no antibiotic treatment in the
last 12 months, no signs of inflam-
mation of periodontal tissues, no
smoking, and a good level of oral hy-
giene. All participants gave written
informed consent before the study-
related procedures were carried out.
The discs were placed in the appli-
ances with their test surfaces facing
the intraoral cavity and were applied
to the palatal region (Fig 1). The vol-
unteers used the appliances in their
maxillae during a period of 48 hours.
The appliances were not used dur-
ing eating or drinking.” During this
period, the teeth were not brushed
with toothpaste, but mechanical
cleaning was performed using water
and a toothbrush. At the end of the
48-hour period, the discs were taken
out of the appliances with care.

The contaminated discs were
assigned to seven groups (n = 10
each; Table 1):

*  Group 1: titanium hand curette
for 120 seconds (Titanium IMP
Scaler mini five 1/2, Hu-Friedy)

*  Group 2: ultrasonic scaler
with a polyether ether ketone
(PEEK) fiber tip appropriate for
titanium (Instrument Pl, EMS)
for 120 seconds

*  Group 3: ultrasonic scaler with
a PEEK fiber tip appropriate
for titanium (Instrument PI) for
120 seconds + 3% H,O, for
30 seconds

*  Group 4: short-term airflow
system (nano-HA airborne-
particle abrasion; EMS Airflow
S2, Hu-Friedy) for 30 seconds
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Table 1 Comparison of Contact Angle Measurements by Group

Groups

No. Description n Mean SD Minimum Maximum P
1 Titanium hand curette 10 74.6250 11.10904 59.00 85.00

2 Ultrasonic scaler with PEEK fiber tip 10 71.2222 4.94413 64.00 82.00

3 Ultrasonic scaler with PEEK fiber tip + 3% H,O, 10  70.5000 5.42481 65.00 77.00

4 Short-term airflow (30 s) 10 76.5556 5.41089 68.00 83.00

5 Long-term airflow (120 s) 10 67.7778 5.76146 60.00 77.00

6 Er:YAG laser (120 mJ/pulse at 10 Hz) 10  68.2500 7.59229 56.00 77.00

7 Negative control (contaminated disc) 10 89.4000 9.44987 75.00 98.00 .005*
8 Positive control (sterile disc) 10 74.3750 3.54310 70.00 80.00

SD = standard deviation; PEEK = polyether ether ketone.

Measurements are given in degrees.
*Statistically significant (P < .05).

*  Group 5: long-term airflow
system (nano-HA airborne-
particle abrasion; EMS
Airflow S2) for 120 seconds

¢ Group 6é: ErYAG laser
(120 mJ/pulse at 10 Hz) for
120 seconds

*  Group 7: contaminated disc
(negative control)

¢ Group 8 (n = 10): sterile disc
not used by any volunteers
(positive control)

Instruments were applied by
mimicking an intraoral approach
with an approximately 30-degree
angle. In the current study, com-
mercially obtained nano-HA pow-
ders (calcium phosphate tribasic
34%-40% Ca, No. 36731, Alfa Aesar;
Cal0(OH)2(PO4)6)) were used as the
abrasive material. X-ray diffactrom-
etry (XRD), Fourier transform infra-
red (FTIR), and scanning electron
microscopy (SEM) analyses of these
powders—performed in a previous
study? by one of the authors—have
proved that these nano-HA pow-
ders have a needle-like shape about
40 nm in width and 150 nm in length.

One investigator (K.G.) performed all
treatment procedures in the same
session to assure the reproducibility
of the treatments. The negative con-
trol group and the processed test
groups were examined under SEM.
The investigator who performed
the analysis (L.K.) was blinded to the
treatment procedures.

SEM Analysis

The topographic analysis and chemi-
cal composition investigation of all
specimens were performed using
SEM (Quanta 450 FEG, FEI). Pre-
treatment SEM photos of the sterile
titanium discs were taken to allow
the comparison of before- and after-
treatment differences on the surface
of the discs. The discs were treated
so that four groups of discs were
prepared as follows: sterile titanium
discs, erythrosine-stained titanium
discs, biofilm-coated titanium discs,
and biofilm-coated and erythrosine-
stained titanium discs. After treating
all samples, posttreatment SEM pho-
tographs of the samples were taken.

The magnification powers used in the
photographs were 50, 500, 1,000,
and 2,000. The surface alterations
were examined and compared. SEM
images were evaluated in regard to
similarity rate using MATLAB pro-
gram (version R2017a, MathWorks)
by histogram comparing method.
As the “similarity” value approaches
zero, the similarity between the com-
pared visuals increases.

Energy-Dispersive X-Ray
Spectroscopy Analysis

An energy-dispersive x-ray spectros-
copy (EDS) analysis was performed
for quantitative analysis of the ti-
tanium surfaces (Octane Plus,
Quanta 450 FEG). From each group,
three samples were examined to
determine the chemical composi-
tion of the surface. Three different
regions of each sample were exam-
ined. Spectroscopy of the emitted
x-ray photons was performed with
a Bruker detector with an energy
resolution of approximately 123 eV
at a working distance.
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Dynamic Contact Angle
Analysis

An Attension Theta Lite optical ten-
siometer (Biolin Scientific) equipped
with an automatic drop deposition
system, a high-speed video camera,
and software were used to measure
the advancing and receding contact
angles (CAs) of the drops of distilled
water. A Hamilton syringe with a
volume of 1 mL was used to form
liquid droplets. All CA values were
reported with a standard deviation
of = 3 degrees. All measurements
were conducted under normal at-
mospheric conditions and at room
temperature. Hydrophilicity and CA
hysteresis were examined by tensi-
ometry using the Wilhelmy meth-
od by means of an electrobalance
(Sigma 70, Biolin Scientific). The ther-
modynamic interrelations between
the detected forces and CAs were
noted. If the electrobalance detect-
ed different forces at the immersion
and emersion times of the samples,
the resulting difference in the ad-
vancing and receding CAs would be
the CA hysteresis. The immersion
velocity was set to 10 mm/minute
for all experiments, and the immer-
sion depth was 15 mm. All multiloop
experiments were repeated at least
four times at room temperature.

Statistical Analyses

Descriptive values of the data were
calculated as means, standard de-
viations, minimums, and maximums.
The homogeneity of the variance of
the groups was examined by Levene
test. When the variances were ho-

mogeneous, Kruskal-Wallis test was
used to compare the groups. When
variances were not homogeneous,
Welch test was used to compare
groups. The different groups were
determined by nonparametric Dunn
post hoc test or Games-Howel post
hoc test. The statistical significance
level was set at P < .05, and the
SPSS program (version 25, IBM) was
used for the calculations.

Results

SEM Analysis

In the mechanical treatment group,
it was observed that the surface was
flattened irregularly and contained
crater-shaped halls.

In the laser treatment group,
plaque elimination occurred as it
did in the long-term airflow group.
Minor changes, including small re-
gions of flattening, were also ob-
served in the laser treatment group.

Nano-HA particles were ob-
served in the short- and long-term
airflow groups. A rough surface
structure closely resembled the
original surface structure. The au-
thors saw virtually no residual im-
plant surface roughening material in
the long-term airflow group.

In the negative control group,
a biofilm layer developed and cov-
ered the surface of the titanium disc,
hiding its rough surface structure.

In the ultrasonic and ultrasonic
+ H,QO, groups, wide and flat regions
neighboring irregular groove-like
craters were observed on the tita-
nium surface. Some residual mate-
rial was present in the center of the

flat areas. It was assumed that the
PEEK probe wore out and caused
the presence of this material (Fig 2).

Comparison of SEM images in
terms of similarity rate was calculat-
ed with the histogram method, and
the best similarity rate was found in
the laser treatment group (Table 2).

EDS Analysis

The EDS analysis results revealed
that calcium and phosphorus ions
in the short- and long-terms air-
flow groups were present in differ-
ent amounts compared to that of
the other groups. In the long-term
group, there were more calcium and
phosphorous ions than in the short-
term group. The highest percentage
of carbon atoms was observed in the
negative control group, and the low-
est percentage of carbon atoms was
found in the airflow groups, followed
by the laser, ultrasonic + H,0,, ultra-
sonic, and mechanical groups. The
highest atomic percentages of tita-
nium were present in the short- and
long-term airflow groups. The atom-
ic percentage of titanium was lower
in the negative control group due
to plaque formation. Oxygen levels
were variable on the surfaces (Fig 3).

CA Measurement

As the CA degree increased, the
wettability decreased proportion-
ally. When the groups were exam-
ined for wettability, the lowest CA
degrees were observed in the short-
term airflow, long-term airflow, and
laser groups (Table 1 and Fig 4).
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Fig 2 SEM photos of SLA-surface
titanium discs. (a) Group 1. (b) Group 2.
(c) Group 3. (d) Group 4. (e) Group 5.
(f) Group 6. (g) Group 7. (h) Group 8.

Discussion

In the present study, the authors
investigated the effects of differ-
ent surface treatment methods on
peri-implantitis by performing SEM
and EDS analyses and measuring
CAs. Although several studies are
available in the literature that com-
pare detoxification methods that
use titanium discs,”% to the best of
the authors’ knowledge, there are
no studies that use SEM and EDS
analyses of CA measurements. In
the present study, the SEM images

revealed flattening, deformation,

and residual material on the titani-
um surfaces in the titanium curette,
ultrasonic PEEK, and ultrasonic +
H,0O, groups. In the airflow and la-
ser groups, the rate of deformation
on the rough surface was lower,
and the structure of the surfaces
resembled the original ones more
closely. Nano-HA particles were
seen in the short- and long-term
airflow groups. The presence of
nano-HA particles on the surface
may provide an advantage in terms
of reosseointegration, as nano-HA
has specific properties, such as the
ability to chemically bond to bone,

Table 2 Comparison of SEM
Images: Similarity Rate

by Histogram Method

Group Mean similarity rate

0.003355
0.000994
0.001363
0.000517
0.000561
0.000258
0.002257
8 0

N o R W N

As the similarity value approaches 0, the
similarity between the visuals compared
increases.
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that do not cause any toxicity or
inflammation. EDS analyses showed
that all detoxification methods were
effective in eliminating plaques. The
most effective methods were found
to be the airflow methods, followed
by the laser, ultrasonic, ultrasonic +
H,O,, and titanium curette methods.

In this study, carbon was ob-
served in all study groups, but the
lowest carbon ratio was observed in
the long-term airflow group, with-
out any use of carbon curettes. It
is suggested that the carbon ob-
served in the study originated from
plaques.
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Fig 3 EDS analysis of the chemical content
- i of the samples. (a) Group 1. (b) Group 2.
" (c) Group 3. (d) Group 4. (e) Group 5.
(f) Group 6. (g) Group 7. (h) Group 8.
- § u -V CT

In an in vitro study conducted
by Tastepe et al,” EDS analysis re-
vealed titanium ions at high rates
in all study groups. In the control
group, the EDS analysis revealed
carbon, silicium, and sulphur. The
authors associated this condition
with the formation of saliva and bio-
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Fig 4 CA measurements for all groups.
(a) Group 1. (b) Group 2. (c) Group 3.
(d) Group 4. (e) Group 5. (f) Group 6.
(g) Group 7. (h) Group 8.

film, which was similar to the findings
of the present study. Tastepe et al
observed calcium and phosphorous
ions in the HA group and HA + TCP
airborne-particle abrasion group.”
Hydrophilicity is a major factor
for the initial stabilization of a throm-
bus and the formation of fibrin
induced by a healthy titanium struc-
ture around implants. This factor is
why implant surfaces are required to
be specifically clean and hydrophil-
ic. Studies in the literature support
this information.?*2® A clean titani-
um surface will allow thrombocytes
to be activated more efficiently, and
it will allow the formation of fibrin
to surround the implant in minutes.
Gamal et al®® used nano-HA and

87.16°

blood on peri-implantitis—affected
surface conditioning with citric acid
and saw improved clot adhesion to
titanium implant surfaces. This study
used nano-HA as clot-blended graft
material.??

The present study demonstrat-
ed that, after decontamination, the
hydroxyapatite long-term group
developed the most effective hy-
drophilicity on the implant surfaces
contaminated with plaque. The la-
ser group developed a favorable
degree of hydrophilicity on the sur-
face as well.

Lee et al’ also evaluated the CA
of contaminated titanium surfaces
after mechanical treatment alone or
combined with chlorhexidine irriga-

tion, as well as mechanical treatment
combined  with  ultrasonication.
Those authors found that both
methods showed a high CA and low
hydrophilicity and were insufficient
to remove all bacterial products.
Additionally, the authors concluded
that residual bacterial products on
implant surfaces may reduce hydro-
philicity and further prevent the at-
tachment of osteoblasts.

In their study on surface im-
plants with peri-implantitis, Rosen et
al*® also found that mechanical de-
contamination methods were insuf-
ficient for reosseointegration, and
they tried to develop a new pro-
tocol for decontamination of peri-
implantitis surfaces.
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In the present study, treatment
with nano-HA in combination with
a Z-minute-long airflow provided
a much better hydrophilic surface
compared to the 30-second-long
airflow application. Therefore, the
present authors are of the opinion
that further studies should give im-
portance to the method, duration,
and mode of application of decon-
tamination to remove all bacterial
products as well as the reosseointe-
gration of bone.

In a study by Tastepe et al, os-
teoconductive power (hydroxyapa-
tite) powder was applied with an
airborne-particle abrasion system.3!
These authors showed the cleaning
effect of infected implant surfaces
both in vitro and ex vivo. This meth-
od preserved the surface morpholo-
gy, except for micro-hydroxyapatite
particles embedded in titanium.
This modified surface seemed to im-
prove the osteoconductive proper-
ties because of buried HA particles.
Additionally, remaining osteocon-
ductive powder particles (hydroxy-
apatite and calcium phosphate) are
supposed to create a modified im-
plant surface and to stimulate bone
growth towards the implant sur-
face.®' In another study that evaluat-
ed the disc surfaces roughened by
hydroxyapatite but not by nano-HA,
Tastepe et al observed the inadver-
tent formation of pointed edges,
creating a more irregular surface
structure.” Therefore, these authors
used microparticles of hydroxyapa-
tite (5 pm) to avoid any damage to
the titanium surface. When the par-
ticles hit the surface, they crashed
into small pieces and indwelled to
deep grooves.

In the literature, some airborne-
particle abrasion powders, such as
amino acid glycine, erythritol, and
glycine, have been used and were
found to be more effective than
mechanical treatment procedures
in peri-implantitis treatment.32-3 In
the present study, the authors want-
ed to use a powder that included
similar ingredients with bone. One
of the aims of this study was to cre-
ate a surface similar to bone. Bone
consists of about 60% hydroxyapa-
tite. The inorganic component of
bone is made of the small plate-
shaped hydroxyapatite crystals (20
to 50 nm long, 15 nm wide, and 2
to 5 nm thick).3 So, after treatment,
the residual nano-HA particles may
mimic bone. Nano-HA was used in
the present study, and the particles
were observed on the surfaces of
the tested specimens and enhanced
wettability by creating a bioactive
surface.
et alP® concluded
that increased bone formation was
found with the nano-HA-coated
titanium implants compared to un-

Meirelles

coated implants after 4 weeks of
healing, according to histologic re-
sults. This study showed that early
bone formation was dependent on
the nano-HA, and these results sup-
port the hypothesis of the present
study.®

Conclusions

This study had various limitations.
Dental implant surfaces have differ-
ent surface textures and screws, and
this makes them difficult to clean.
Additionally, surgical sites may be

difficult to reach, which can com-
plicate the cleaning of the titanium
surface. Also, the test samples used
were contaminated with supragin-
gival plaque, which may show dif-
ferences from plaque formation of
peri-implant pocket. In vivo studies
may be useful for shedding light on
these methods.

Within the limitations of the
study, it was found that the most
appropriate methods for detoxi-
fying and improving the surfaces
of infected implants to become
more suitable for clot adhesion and
wound stabilization were airborne-
particle abrasion systems (nano-HA
powder) and laser treatments. How-
ever, the authors cannot claim that
either method improved the sur-
faces to achieve a structure similar
to that of the surface at the time of
the implant. Further studies are re-
quired to investigate the renovation
of the implant surface intraorally in
harmony with and without harming
the surrounding tissues. In addition,
future clinical trials with Grade IV
and Grade V dental implants will
contribute to the clarification of the
subject.
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