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Introduction

Background: In the osseointegration of dental implants, the implant surface properties have
been reported to be some of the most important critical factors. The effect of implant's surfaces
created by resorbable blast media (RBM) followed by laser ablation on bone tissue reactions
was examined using the removal torque test and histomorphometric analysis.

Methods: Two types of dental implants, RBM-laser implants (experimental group) and RBM im-
plants (control group) (CSM implant system, Daegu, Korea; L=6 mm, diameter=3.75 mm) were
placed into the right and left distal femoral metaphysis of 17 adult rabbits. Six weeks after
placement, removal torque was measured and histomorphometric analysis was performed.
Results: The mean removal torque was 24.0£10.2 Ncm and 46.6+16.4 Nem for the control and
test specimens, respectively. The experimental RBM-laser implants had significantly higher re-
moval torque values than the control RBM implants (p=0.013). The mean values of total and cor-
tical bone to implant contact (BIC) were respectively 46.3+10.8% and 65.3+12.5% for the exper-
imental group, and 41.9+£18.5% and 57.6+10.6% for the control group. The experimental
RBM-laser implants showed a higher degree of total and cortical BIC compared with RBM
implants, but there was no statistical significance (p=0.482, 0.225).

Conclusion: The removal torque and BIC of the test group were higher than those of the control
group. In this study, the surface treatment created by RBM treatment followed by laser ablation
appears to have a potential in improving bone tissue reactions of dental implants.
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factors are critical to the success of dental implant treatments:

the mechanical properties of the implant material, the implant
Osseointegrated dental implants have been widely accepted design, the implant surface configuration, the quality of the
as the method for the functional and esthetical restoration of host tissue, the surgical technique, and the loading pattern [5].
missing teeth. Their successful long-term stability has been Implant surfaces treated with resorbable blast media (RBM) have

reported in a large number of clinical studies [ 1-4]. The following a higher removal torque and superior interfacial bone contact
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than machined implants, providing more benefits on early bone
formation and initial stability [6-9]. Laser processing has been
reported to be a new method for treating implant surfaces to
produce a high degree of purity with sufficient roughness for
good osseointegration [10].

The purpose of this study was to evaluate the synergistic
potential of implant surfaces created by RBM treatment followed
by laser ablation (RBM-laser implants) on bone tissue reactions
compared to routine RBM surface-treated implants (RBM
implants).

Materials and methods

1. Implant surface preparation

Thirty-four commercially pure titanium (Ti) dental implants
(CSM implant system, Daegu, Korea) were used. The implants
were 6 mm long with an outer diameter of 3.75 mm.

First, the 34 implants, which included the control group (17
implants), were blasted with 10 pm hydroxyapatite (HA) powder
using an Index Type Auto Blast M/C (Korea Shot Blast Co., Ltd,
Siheung, Korea). Thereafter, only 17 implants, the experimental
group, were modified by laser ablation. A Nd: YAG laser
(JENOPTIK Laser Optik Systeme GmbH, Jena, Germany), 15
kHz laser beam (10 W, 2 psec in pulse width) was used.

2. Experimental design

Thirty-four implants (L=6 mm; d=3.75 mm) were placed in the
femurs of the rabbits (17 animals) and evaluated after 6 weeks
of healing. As the experimental and the control groups, each
implants were placed respectively in the right and the left femurs
of the same rabbits.

3. Surgical procedures

Permission was obtained from the Bioethics Committee for
Animal Experimentation of the Yeungnam University College
of Medicine (permission no. YUMC-2009-021) and the animal
experiments were carried out in accordance with the guidelines.
(1) Seventeen adult white rabbits, weighing 2.8-3.3 kg, were
used. (2) Prior to surgery, the operation site was cleaned with a
mixture of iodine and 75% ethanol. The femoral metaphysis was
exposed by a full thickness flap and the bone was denuded. The
sites were prepared with progressive drilling under saline cooling,
The test and control implants were placed in each of the distal
femoral metaphysics on the right and left sides, respectively. (3)
Immediately after surgery, the rabbits were kept in separate cages.
(4) They were allowed post-surgical full-weight bearing and
movement. Six weeks after surgery, the animals were sacrificed.
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4. Scanning electron microscope

A topographic evaluation was performed by field emission
scanning electron microscopy (FE-SEM, Hitachi S-4300 and
2DX-350, Tokyo, Japan) to compare surface structure on both
implant groups. The peaks, valleys and flanks were measured in
two implant samples. A x500 magnification was used. Energy
dispersive spectrometry (EDS) was used to evaluate the surface’s

chemical composition.

S. Surface roughness

Surface roughness was measured on thread-tops, flanks and
valleys-selected at random on the implant surface-using an
Optical Profiler (Wyko N'T8000, Veeco, Tucson, AZ, USA).
It was calculated as arithmetic average height (Ra), root mean
square height (Rq), maximum height (Rt), and developed
surface ratio (Sdr).

6. Removal torque test

The removal torque of the implants was measured using a manual
torque gauge (MGT12, Mark-10 Corporation, NY, USA). The
result was recorded measuring the maximum removal torque at
which fracture occurred between the implant and the bone. The
anticlockwise movement to remove the implant was performed

trying to avoid forces in directions different from the vertical.

7. Histomorphometrics
Histologic specimens including the implant and its surrounding
tissue were obtained and observed under natural and fluorescent
light using an optical microscope (BX-51T, Olympus, Tokyo,
Japan). A fluorescent marker (tetracycline) was injected
intramuscularly to the animals at 4 and S weeks after placement.
Digital images with magnifications of X20 and x100 were
captured using a digital camera. Measurements, such as the
entire length of the implant, length of bone to implant contact
(BIC) and degree of BIC were calculated using software
(iMTechnology, Daejeon, Korea) analyses of digital optical

microscopy images at X20 magnification.

8. Statistical analysis

Statistical analyses of removal torque, total BIC and cortical
BIC values between the two groups were performed using the
Wilcoxon rank sum test (SPSS version 14.0; SPSS Inc., Chicago,
IL, USA). A p-value <0.05 was considered significant.

Results

1. Scanning electron microscope
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The surface morphology of the specimens was observed by FE-
SEM. Images of both original samples (fixture) and removed,

torqued samples (fixture) were taken at magnifications X500
(Figs. 1,2).

Fig. 1. FE-SEM image of the RBM-laser sample (original
magnification, x500). RBM-laser implant (experimental group)
reveals precise porous structures dispersed uniformly throughout
the implant surfaces. These porous structures are about 20-40 um
in size. FE-SEM, field emission-scanning electron microscopy; RBM,
resorbable blast media.

" 15.0kv x500 100um

Fig. 2. FE-SEM image of the RBM sample (original magpnification,
x500). RBM implant (control group) also reveals precise porous
structures, however, these dispersed irregularly and its size is only
1-5 um. FE-SEM, field emission-scanning electron microscopy;
RBM, resorbable blast media.

The RBM-laser implants (experimental group) showed
distinct porous structures dispersed uniformly over the implant’s
surface. These porous structures were approximately 20-40
um in size (Fig. 1). The RBM implants (control group) also

https://doi.org/10.12701/yujm.2019.00094

showed pronounced porous structures but these were irregularly
dispersed and their size was only 1-5 um (Fig. 2).
Figs. 3, 4 present the results of the EDS analysis. EDS analyses

of the RBM implants showed considerable surface contamination

with oxygen (O). The RBM-laser implants showed a clean
surface with Tiand O peaks.

ul Scale 23 cts Cursor: 3.306 (1 cfs) ke

Fig. 3. EDS spectrum of the control RBM treated implant. The EDS
analysis of RBM implant showed considerable surface contamination
with several foreign elements. EDS, energy dispersive spectrometer;
RBM, resorbable blast media; Ti, titanium; O, oxygen.

ull Scale 23 cts Cursor; 3.306 (0 cis) ke

Fig. 4. EDS spectrum of the experimental RBM-laser treated
implant RBM-laser implant showed a clean surface with Ti and O
peaks. EDS, energy dispersive spectrometer; RBM, resorbable blast
media; Ti, titanium; O, oxygen.

2. Surface roughness analysis

The surface roughness was measured using an Optical Profiler
(Wyko NT8000, Veeco). In the experimental group, the Ra at
the top, valley and incline was 9.96 pym, 6.78 pm, and 6.97 ym,
respectively. The Rq at the top, valley and incline was 12.07 pum,
9.00 pm, and 8.68 pm, respectively. The Rt at the top, valley and
incline was 72.83 pm, 72.80 pm, and 63.29 pm, respectively. In
the control group, the Ra at the top, valley and incline was 1.08
pm, 0.87 pm, and 1.19 pm, respectively. The Rq at the top, valley
and incline was 1.41 pym, 1.14 pm, and 1.53 pm, respectively. The
Rt at the top, valley and incline was 18.74 ym, 16.26 ym, and
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22.45 pm, respectively. The Sdr was 230.76% and 55.00% for the

experimental and control groups, respectively (Table 1).

Table 1. Surface roughness and developed surface ratio (Sdr) of the
control and experimental group samples

Surface roughness Ra(um)  Rq(um)  Rt(um)  Sdr (%)
RBM-laser
Top 9.96 12.07 72.83
Valley 6.78 9.00 72.80 230.76
Incline 6.97 8.68 63.29
RBM
Top 1.08 1.41 18.74
Valley 0.87 1.14 16.26 55.00
Incline 1.19 1.53 22.45

Surface roughness value (Ra, Rq, Rt) and developed surface ratio
(Sdr) of the control and experimental samples.
RBM, resorbable blast media; Ra, arithmetic average height
of surface roughness; Rq, root mean square height of surface
roughness; Rt, maximum height of surface roughness; Sdr,
developed surface ratio of surface roughness.

3. Removal torque measurement
Table 2 shows the removal torque values obtained 6 weeks
after implant placement. The mean removal torque in the
experimental and control group was 46.6£16.4 Ncm, 24.0+10.2
Ncm, respectively.

Statistical analysis of the removal torque revealed that the
experimental RBM-laser implant values were significantly higher
than those of the control RBM implants (p=0.013).

Table 2. Results of removal torque between the experimental and
control groups after 6 weeks of healing

Samol ( it | Left ue?
ample expgergrl?pe)nta (control group) p-value

No.1 35.7 29.4

No.2 247 9.8

No.3 58.9 372

No.4 73.4 16.9

No.5 48.9 12.8

No.6 287 18.1

No.7 53.1 28.4

No.8 20.7 215

No.9 40.8 41.2

No.10 41.3 251

Mean+SD (Ncm)  46.6+16.4 240+10.2 0.013

RBM-Ilaser implant was statically significant superior to the re-
moval torque test (p=0.013).

SD, standard deviation; RBM, resorbable blast media.

a]p<0.05 between the groups by Wilcoxon rank sum test.
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4. Histomorphometric analysis
In the experimental group, newly formed bone on the rough
surface of the implant was observed indicating a favorable BIC.
Fluorescence microscopy observations revealed a faint
fluorescent signal along part of the subperiosteum. This means
that the newly formed, peri-implant bone consists of mature
bone gently remodeled (Fig. 5) with ongoing bone formation, as
expected at 4 or 5 weeks after surgery. There are no cementing

lines or lamellar bone present. In the control group, newly

formed bone into the peri-smooth implant surface was also

Fig. 5. Histological image of the experimental group after 6 weeks
of healing (left image, original magnification, x20; A-D, original
magnification, x100). On the optical microscopic observation,
favorable bone to implant contact by newly formed bone into
the peri-implant rough surface was observed (A, B). On the
fluorescence microscopic observation, the fluorescent line was seen
faintly in some of subperiosteum (C, D).

Fig. 6. Histological image of the control group after 6 weeks of
healing (left image, original magnification, x20; A-D, original
magnification, x100). On the optical microscopic observation,
newly formed bone into the peri-smooth implant surface was
also observed but was observed that fibrous tissue development
went, so a bony union was lost partially (A, B). On the fluorescence
microscopic observation, the fluorescent line was seen near the
peri-implant surface (C, D).
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observed, which means a relatively favorable BIC. On the other
hand, vessel development occurred and a bony union was
partially lost. On fluorescence microscopy, a fluorescent line was
observed near the peri-implant surface, suggesting that a new
bone apposition had progressed (Fig. 6).

Six weeks after surgery, the mean values of total BIC were
46.3+10.8% for the experimental group and 41.9+£18.5% for the
control group (Table 3). And the mean values of cortical BIC
were 65.3+12.5% for the experimental group and 57.6£10.6% for
the control group (Table 4). Implants with RBM-laser surfaces
showed a higher degree of total and cortical BIC compared to
RBM implants; however, this difference did not reach statistical
significance (p=0.482,0.225).

Table 3. Total BIC of the experimental and control groups after 6
weeks of healing

( RBM-laser I RBM e
exp;errc;rlTpe)nta (control group) p-value
Total BIC (%) 383 374
419 22.5
314 20.2
64.1 36.9
44.2 60.0
53.5 70.7
50.5 453
Mean = SD (%) 46.3+£10.8 41.9+185 0.482

The RBM-laser implant exhibited higher degree of total BIC, but
there was no statistical significance (p=0.482).

BIC, bone to implant contact; SD, standard deviation; RBM,
resorbale blast media.

a]p<0.05 between the groups by Wilcoxon rank sum test.

Table 4. Cortical BIC of the experimental and control groups after
6 weeks of healing

RBM-laser

(expgerr(;rl?;)ntal (cont}:cﬁl\grou 0) p-value”

Cortical BIC (%) 76.1 66.2

73.7 65.6

39.5 44.5

67.9 420

63.4 65.5

73.6 64.6

62.8 54.7
Mean + SD (%) 65.3+12.5 57.6+£10.6 0.225

The RBM-laser implant exhibited higher degree of cortical BIC, but there
was no statistical significance (p=0.225).

BIC, bone to implant contact; SD, standard deviation; RBM, resorbale
blast media.

a’p<0.05 between the groups by Wilcoxon rank sum test.
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Discussion

Our results indicated that part of the research hypothesis
could be accepted. This study showed that the experimental
RBM followed by laser treatment achieved a higher removal
torque than that of the control RBM implants. Removal
torque measurements are used as biomechanical indicators of
osseointegration of implants. A positive correlation was observed
between the removal torque of the implant and the amount
of BIC [11], a higher removal torque might be interpreted as
improved osseointegration [12].

RBM surface blasting with coarsely ground calcium phosphate
gives the implant’s surface a coarse appearance without leaving
residues. RBM implants have shown significantly higher removal
torque values and BIC percentages than machined implants
[7,8,13]. Also, laser-treated implants achieve higher removal
torque values than machined implants [ 12].

The RBM implants showed 0.5-3.0 pm porous structures
that were dispersed irregularly throughout the implant surface,
whereas the RBM-laser implants had many 20-40 ym porous
structures dispersed uniformly over the implant surface. These
coarse porous structures contained hundreds of fine porous
structures within them, which play an important role in the
growth of bone tissue around the implant surface area. This
indicates that active bone appositions with strong bone-to-
implant attachment were achieved on the RBM-laser implant
surfaces, which might be the reason for their higher removal
torque.

The degree of surface titanjium contamination determines
the mechanical stability and the osseoconductive quality of the
implant [14]. Laser processing had been reported to produce
implant’s surfaces with a high degree of purity [10].

EDS analyses of the RBM implants showed considerable
surface contamination with several foreign elements. However,
RBM-laser implants showed less contamination with Ti and O
peaks. This showed that RBM-laser treatment of the implant’s
surface led to a surface roughness with a higher degree of purity
than that of RBM implants.

Faeda et al. [15] reported that the surface roughness of laser-
treated implants was 1.38+0.23 um, which was ten times higher
than that of machined implants. Wennerberg et al. [16] reported
that screw-shaped implants with an average surface roughness
of about 1.5 pm were found to be optimal for bone growth,
based on removal torque test experiments. In contrast, Renold
et al. [17] found that an optimal surface roughness for bone
attachment was in the range of 3.62 to 3.90 ym. Other studies
state that the optimal surface roughness of laser-treated implants
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remains unknown [18] and that optimal roughness values may
differ depending on the surface modification employed on the
implant [19].

Surface roughness was measured at the top, valley and
incline using an Optical Profiler (Wyko NT8000, Veeco). The
experimental group revealed a considerably higher surface
roughness than the control group. This suggests that a higher
surface roughness increased the implant’s surface area and
affected the bone-implant bonding. Moreover, considering
the correlation between surface roughness and Sdr, the surface
roughness of the experimental group increased significantly
compared to the control group. This was attributed to the
porous structures resulting from the surface treatment process
of the experimental implants. In addition, the increased surface
roughness of the RBM-laser implants leads to greater mechanical
shear strength, resulting in the need of a higher torque for the
implant to be removed.

Surface modifications through a range of processes have
resulted in increased BIC and biomechanical bone bonding
compared to the smooth surface of machined implants [5,20,21].
Interfacial bone formation may also be promoted by a roughened
surface, as a significantly greater percentage of BIC has been
observed adjacent to micro rough titanium surfaces, compared
to the percentage of BIC observed on machined or polished
titanium surfaces [22].

In this study, the RBM-laser-treated surfaces had a higher
BIC than the control RBM surfaces. However, these differences
were no statistically significant. Nevertheless, the experimental
group showed higher total BIC than the control group. This
might indicate that RBM-laser-treated surfaces acquire a more
convenient surface topography.

Laser treatment of implants has been demonstrated to be a
fast, clean, and easy method for implant’s surface modification
[23]. Rong et al. [ 18] reported that laser-treated and acid-etched
surfaces had better osteoconductivity than laser-treated surface.
Recently, it was demonstrated that associating laser-treated
implants with HA coatings could reduce the implant’s healing
period [15]. Also, implant’s surfaces produced by dual treatment
with laser etching and microarc oxidation resulted in enhanced
bone responses compared to those obtained using pure titanium
machined implant surfaces [24].

Within the limitation of this study, the experimental group
showed a higher percentage BIC and removal torque (p=0.013),
favorable surface roughness. Therefore, RBM followed by laser
surface treatment can promote a favorable osseointegration.
Nevertheless, further studies of RBM and laser-treated surfaces
are still needed.
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