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Comparison of removal torques between laser-
treated and SLA-treated implant surfaces in

rabbit tibiae

Nam-Seok Kang, Lin-Jie Li, Sung-Am Cho*

Department of Prosthodontics, School of Dentistry, Kyung-Pook National University, Daegu, Republic of Korea

PURPOSE. The purpose of this study was to compare removal torques and surface topography between laser
treated and sandblasted, large-grit, acid-etched (SLA) treated implants. MATERIALS AND METHODS. Laser-
treated implants (experimental group) and SLA-treated implants (control group) 8 mm in length and 3.4 mm in
diameter were inserted into both sides of the tibiae of 12 rabbits. Surface analysis was accomplished using a field
emission scanning electron microscope (FE-SEM; Hitachi S-4800; Japan) under x25, x150 and x1,000
magnification. Surface components were analyzed using energy dispersive spectroscopy (EDS). Rabbits were
sacrificed after a 6-week healing period. The removal torque was measured using the MGT-12 digital torque
meter (Mark-10 Co., Copiague, NY, USA). RESULTS. In the experimental group, the surface analysis showed
uniform porous structures under x25, x150 and x1,000 magnification. Pore sizes in the experimental group were
20-40 mm and consisted of numerous small pores, whereas pore sizes in the control group were 0.5-2.0 mm.
EDS analysis showed no significant difference between the two groups. The mean removal torque in the laser-
treated and the SLA-treated implant groups were 79.4 Ncm (SD = 20.4; range 34.6-104.3 Ncm) and 52.7 Ncm
(SD =17.2; range 18.7-73.8 Ncm), respectively. The removal torque in the laser-treated surface implant group
was significantly higher than that in the control group (P=.004). CONCLUSION. In this study, removal torque
values were significantly higher for laser-treated surface implants than for SLA-treated surface implants. [J Adv

Prosthodont 2014;6:302-8]
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INTRODUCTION

A variety of implant systems have been developed and
adopted over time, and several systems have been improved
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by the addition of distinctive features. Each system has its
own advantages and disadvantages. Implant systems have
been changing continuously to accommodate patients’
needs. Various methods of successful implantation for
osseointegration have been proposed. Proper design, mate-
rial, surface treatment, surgical method, host site and lead-
ing conditions” have all been the parameters of focus in
research on successful implant systems.

The present study was undertaken to compare implant
osseointegration according to the surface treatment method
applied. The surface structure of the implant influences
bone reaction more than any other factor.” Therefore, pre-
vious research focused on increasing the host’s osteoinduc-
tion and biological adaptation. Multiple surface treatments
have been proposed for increasing the success rate of
osseointegration, the amount and quality of bone at the
implant-bone interface.*®

There are many methods for treating the surface of an
implant. The typical method is to spray it with a titanium
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plasma hydroxyapatite (HA) coating, Al,O,, or TiO,, at the
first stage. Afterward, surface roughness is formed by an
HCI/HZSO4—like acid. This is known as the sandblasted,
large-grit, acid-etched (SLA) method. The resorbable blast-
ing media method is used to form surface roughness by
spraying biologically friendly media such as ALO,, TiO, and
HA.? Because of its density, MgO is known to be an influ-
ential factor on the bone’s reaction to an implant.'

SLA creates two types of microscopic rough surfaces:
macro and micro. Macro surfaces are formed by sandblast-
ing and can obtain an ideal stability between bones. Micro
surfaces are formed by acid etching and can promote cell
activity. Thus, SLA has beneficial effects on bone and bio-
compatibility.’

It has been reported that an SLA surface has good bio-
compatibility and forms better-quality bone.'"""* Recent
research has shown that altering the implant surface using a
laser method (i.e., laser-etched implant, LEI) helps to
increase the osseointegration rate.” This type of surface
has also been found to have its own unique surface form.
The laser surface blocks contamination of extraneous fac-
tors and has a high level of surface purity, resulting in cus-
tomized surface roughness. The laser-treated sutface main-
tains a pure, non-contaminated surface with porosity struc-
tures forming over the entire surface. This porosity struc-
ture increases the roughness of the surface, which increases
the strength of osseointegration.'!’

There is a substantial amount of research comparing
these previously available surface treatments discussed
above, but no study has directly compared SLA and laser
surface treatment. Therefore, our aim in the present
research was to compare SLA-treated and laser-treated
implant surfaces.

MATERIALS AND METHODS

The experimental implant was manufactured with the laser
surface treatment method. The control implant was an SLA
implant (Super-line, Dentium, Seoul, Korea). Both implants
were made with the same diameter and design (0 3.4 mm X
8.0 mm)(Fig. 1).

The experimental implant surfaces were treated with
glass fiber in an Nd:YAG laser (Jenoptic AG, Jena, Germany)
with linear motion. Machined titanium implant surfaces
were treated with an Nd:YAG laser with a 15 kHz wave-
length, 10 W rated output, and pulse width of 2 psec.

Glass fiber illuminant in the most accurate focus was
irradiated onto the surface of the implants in a contactless
manner. The focus size was 400 mm in diameter. Every sut-
face was uniformly treated. The speed of implant rotation
corresponded to the speed of illuminant from the intermit-
tent laser.

We performed field emission scanning electron micros-
copy (SEM), whereby the film was examined using a scan-
ning electron microscope (5-4800, Hitachi, Tokyo, Japan).
SEM was used to observe surfaces of both the experimen-
tal and control groups under X25, X150 and %x1,000 magni-
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Fig. 1. Experimental implant (left: laser) and control implant
(right: SLA).

fications. Analyses of surface elements and components
were conducted using energy dispersive spectroscopy
(EDS, Horiba, Kyoto, Japan).

A total of 12 adult New Zealand white rabbits (experi-
mental animal) were used for this experiment. The mean
weight of the rabbits was approximately 3.0 kg before the
first surgery. Each implant was inserted into both sides of
the rabbit tibiae. Six weeks after the installation surgery, the
removal torque rate was measured with a torque meter.

Approval for this study was obtained from the commit-
tee of animal ethics (approval number: KNU 2011-51).
Two milliliters of tiletamine/zolazepam (Zoletil50, Virbac
Korea, Seoul, Korea) per kg and 5 mg of xylazine (Rompun,
Bayer Korea, Seoul, Korea) per kg were injected into the
muscles. Right before the surgery, 2% lidocaine (Yuhan
Corporation, Seoul, Korea) was injected under the skin for
local anesthesia.

Before the surgical procedures, fur was removed on the
distal side of the tibia and the skin was cleaned with a
blended solution of iodine and 75% ethanol. After tissue
incision, the epiphysis area of the tibia was exposed. In the
experimental group, an implant with a laser-treated surface
was inserted into the right tibia, and in the control group,
an implant with an SLA-treated surface was inserted into
the left tibia. The implant protocol was conducted accord-
ing to the manufacturer’s instructions. A cover screw was
used following implant installation. Suturing was done
using 4-0 vicryl sutures.

After the surgery, rabbits were given sufficient healing
time while isolated in a proper environment for 24 hours to
recover fully.

For 3 days, 0.3 mL each of methampyrone (Novin-50,
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Bayer Korea, Seoul, Korea) and butaphosphan (Catosal,
Bayer Korea, Seoul, Korea) were injected intramuscularly.
Six weeks after the surgery, rabbits were sacrificed and mea-
surements were performed.

The bone responses were estimated using a removal
torque test.'”® The removal torque was measured by the
maximum shear stress (Ncm) of the surfaces between the
bone and implant. After sacrifice, the skin of the 10 rabbits
was incised and the soft tissue was elevated. The cover
screws were removed to measure the removal torque. A
digitally operated torque gauge MGT-12 (Mark-10
Corporation, New York, NY, USA) coupled with a specially
devised connector measured the maximum shear stress
causing bone fracture of the bone and implant interface.

CT scanning was conducted after each removal torque
test to visualize the connection between the implant and
cortical bone. Results were evaluated with all samples,
which were confirmed to have been implanted bi-cortically
after scanning with micro-CT. Samples were prepared by
making an 8-mm cut per rabbit on the major axis of the
tibia (Fig. 2). A micro CT (X-EYE 3000, SEC, Suwon,
Korea) with a 160 kvp anode voltages and 200 mm alternat-
ing voltage was used. Results were obtained using the
HARMONY program (DRGEM, Gwangmyeong, Korea)
and icat3D program (Mevisys, Daejeon, Korea).

The removal torque rate was statistically analyzed with
the Mann-Whitney U test (SPSS statistic 17.0, IBM Co.,
Chicago, 1L, USA). Values are shown as means and stan-
dard deviations. The level of significance was P<.05.

RESULTS

The experimental group (Fig. 3A) observed more rough-
ened surface than the control group (Fig. 3B). Therefore,
the experimental group (Fig. 3C) showed significant
amount of rods and cones. The control group (Fig. 3D)
showed porous structure. The pore sizes of experimental
group (Fig. 3E and Fig. 3G) ranged from 24-40 mm, how-
ever that of the control group (Fig. 3F and Fig. 3H) was
0.5-2.0 mm.

Fig. 2. Tibia sample including the inserted implant.
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In the EDS analysis, Ti, O and C were the only three
clements found in the laser-treated implant surfaces. Ti and
C were found in SLA-treated implant surfaces (Fig. 4 and
Fig. 5; Table 1 and Table 2).

Removal torques were measured 6 weeks after the sur-
gery (Table 3).

In the experimental group, the mean torque value of the
laser-treated implant surface was 79.4 Nem (SD = 20.4;
range: 34.6-104.3 Ncm). In the control group, the mean
torque value of the SLA-treated surface implant was 52.7
Ncm (8D = 17.2; range: 18.7-73.8 Ncm). The removal
torque of the laser-treated implant surfaces was significant-
ly higher than that of the SLA-treated implant surfaces (P=
.004).

20~40pm 0.5~2ym

Fig. 3. Experimental and control group implant images
obtained by field emission SEM: (A) Experimental group (x25);
(B) control group (x25); (C) experimental group (x150); (D)
control group (x150); (E) experimental group (x1,000); (F)
control group (x1,000); (G) experimental group (x1,000); (H)
control group (x1,000).
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Fig. 4. Experimental group implant EDS spectrum showed magnification.
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Fig. 5. Control group implant EDS spectrum. Ti and O were observed in SLA-treated implant surfaces.

Table 1. Experimental group implant EDS analysis Table 2. Control group implant EDS analysis
C O Ti C @) Ti
2.73% 26.17% 71.10% 2.28% 0% 97.72%
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Table 3. Removal torque rate (Ncm)

Rabbit Laser SLA
1 34.2 18.7

2 76.0 43.5

3 84.5 45.6

4 80.6 67.5

5 66.0 61.9

6 80.2 36.7

7 104.3 711

8 99.9 60.8

9 103.0 73.8
10 61.9 38.8
11 82.6 60.9
12 death death
Mean 79.4 52.7*
SD 20.4 17.2*

SLA: sandblasted, large grit, acid etched (*P<.05).

All samples were confirmed to have been implanted bi-
cortically after scanning with micro-CT (Fig. 6).

DISCUSSION

The result of this study is consistent with the other study.”

In rabbit experiments, it was concluded that the maximum

removal torque rate increased significantly in laser-treated
implant surfaces."

The reason why laser-treated implant surface showed
higher RTQ could be explained as follows : According to
bone to implant contact from the micro-CT exam of this
study (Fig. 0). The contact length between fixture and bone
were 10.92 mm at the experimental group and 6.75 mm at
the control group is the fixture body. These are the median
values among eleven specimens in each group, the large dif-
ference (10.92 + 0.62 vs 6.75 + 0.71) in the bone-implant
contact between two groups can influence the removal
torque results (Fig. 6).

The surface observations shown in Fig. 4 using field
emission SEM highlights the differences between the sur-
face areas of the two implants. The laser-treated implant
surface had regular porosity structures approximately 40
mm in size over the entire surface. These structures have
microscopic porosity features that play an important role in
widening the external surface area. By contrast, the SLA-
treated implant surface had only 0.5-2.0 mm porosity struc-
tures over the entire surface and there was no microscopic
porosity feature. It means that SLA treatment has less
effect on increasing the surface area than does laser treat-
ment.

The EDS analysis showed that Ti, O and C were the
only three elements found in laser-treated implant surfaces.
Ti and C were found in SLA-treated implant surfaces
(Table 1, Fig. 4), it means laser surface could have thicken
oxide layer than that of SLA surface. According to the
result of EDS analysis of this (Fig. 4 and Fig. 5; Table 1
and Table 2) showed more oxide at laser-treated surfaces

Fig. 6. Micro-CT three-dimensional images using the AutoCAD 2011 (Autodesk, San Rafael, CA, USA). (A) Experimental; (B) control.
The experimental group was observed 10.92 mm, 0.62 mm. The control group was observed 6.75 mm, 0.71 mm. These images were

selected to present contact layer of laser-treated surface as it is not the average but the median value.
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than the SLA-treated surfaces. Because 26.17 % oxygen
ratio mean that there are thick oxide layer were found at the
surface the role.

According to a recent study which focused on nano-
tomograpy or nano-scale geometry,” there are peak and
valley shapes on the threads of the implant, and only the
valleys, but not the peaks, were laser-treated in previous
research. These researchers' proposed that untreated struc-
tures at the peaks provide better resistance against plaque
attacks and peri-implantitis. Indeed, various studies of
laser-treated metal or implant surfaces found improved
osseointegration. However, further research will be needed
to apply laser treatment methods at the nano-scale.

Titanium surface contamination is an important factor
affecting mechanical stability and osteoinduction ability.”**!
There is also a possibility of surface contamination by
extraneous factors during the manufacturing process. A
laser-treated surface can block contamination by extraneous
factors, and has a high level of surface purity, resulting in
customized surface roughness.'®

According to Sennerby’s study,? a healing period of
6-week is sufficient to replace immature bone with lamellar
bone. In the atea of the tibia with a lot of compact bone,
the removal torque value remained unchanged after 6
weeks, which established the appropriate healing time for
rabbits at 6 weeks.?? In addition, in a recent study, laser-
treated surfaces with acid-etched surfaces showed signifi-
cant change over an experimental period of 4 weeks.?
Therefore, for the future research, an experiment period of
4 weeks could be planned for the evaluation of the carly
loading effect of laser-treated surface.

CONCLUSION

Laser-treated implant surfaces had regular porosity struc-
tures, that plays an important role in widening the external
surface area. After evaluating the removal torque rate after
6 weceks, the removal torque comparison showed that the
removal torque of laser-treated implant surfaces was signifi-
cantly higher than that of SLA-treated implant surfaces (P
=.0041)
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