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Abstract: The main objective for developing implant surface modifications is to promote osseointegration, with
faster and intimate contact bone formation. The purpose of this study is to assess histologically and
histomorphometrically the role of surface characteristics and manufacturing technique of two unique dental implant
systems. The first one relies on engraving the titanium surface using laser to produce nano-sized grooves, while the
second depends on selective laser-sintering technique as an additive prototyping method. Twelve New Zealand
white mature male rabbits weighting 2.5- 4 kg were selected. Each rabbit received two implants, one in each tibia.
Tapered internal Biohorizons implant (TIB) was placed in the right limb; whilst on the contralateral side Internal hex
Tixos (IHT) was selected. Six rabbits were sacrificed after 4 weeks then the others after 8 weeks for histological and
histomorphometrical assessment. The mean area percent filled by bone trabeculae 4 weeks post-operatively was
greater in the TIB group (62.31+ 13.38) compared to the IHT group (59.38+12.15) with no statistically significant
difference (p=0.7263). On the contrary, eight weeks post-operatively, the area percent of bone trabeculae was
greater in the IHT group (90.66+2.87) compared to the TIB group (83.3£3.92). With statistically high significant
difference (p=0.0095). Advances in the laser technology as a manufacturing tool leads to highly improved implant
surface treatment and so enhanced oseointegration. According to the current study, the implant surface roughness
created by selective laser sintering provided better environment for osseointegration than that produced by
engraving microgrooves on titanium surface by nano-laser ablasion.
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1. Introduction or surface modifications, or both, affect
The biocompatibility of implant material in osseointegration. ~ Thus,  manufacturers  have
the human body is related to the interaction between continuously developed new implants macro-design
living cells and material of the implant surface and surface treatment using clinical trials and
(Huang et al., 2005 and Faria et al., 2003). investigations (Barewal et al., 2003 and Cooper,
Titanium and its alloys are widely used for 2000). Most surface modifications of clinically
orthopedic and implant dentistry because of their available oral implants employ techniques that
low-density, good mechanical properties (elastic increase surface roughness, compared with the
modulus, toughness and fatigue strength) and machined titanium surface. This roughness results to
biochemical inertness (Ellingsen, 1998). surface irregularities with different forms, shapes and
However, the difference in stiffness value sizes. Thus, most of these roughened surfaces are
between titanium and bones is undesirable and may produced either by coating, blasting or abrading
lead to damaging resorption through stress-shielding methods using different material particles and/or by
phenomenon (Turner et al., 1986).Stiffness of a metal chemical methods (Esposito et al., 2005, Esposito et
is determined by its Young’s modulus as well as its al., 2002, Esposito et al., 2007 and Esposito et al.,
area of moment inertia, that is far higher than that of 2003).
cortical bone in case of dental implants (Reilly et al., The microtopographic profile of dental
1974 and Rho et al., 1999). implants is defined for surface roughness as being in
Beside implant shape (macro-scale), surface the range of 1-10um. This range of roughness
properties on micro and nanometric scale could affect maximizes the interlocking between mineralized
the formation of adjacent bones. These surface bone and the surface of the implant (Biela et al., 2009
properties (composition, energy and topography) are and Geblinger et al., 2010). In addition, a theoretical
interrelated and very difficult to decide how coatings approach suggested that the ideal surface should be
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covered with hemispherical pits approximately
1.5pm in depth and 4pm in diameter (Martinez et al.,
2009). Surface profiles in the nanometer range play
an important role in adsorbing proteins, adherence of
osteoblastic cells and thus enhancing
osseointegration. Subsequently, this nano-surface is
essential for osteoblastic cell adhesion and rapid bone
apposition. On the other hand, the optimal surface
nano-topography for selective adsorption of proteins
is unknown and difficult to generate reproducible
surface roughness in the nanometer range with some
surface treatments as chemical treatment (Asaoka et
al., 1985, Yue et al., 1984 and Okazaki et al., 1991).

Recently, the development of direct laser
metal sintering (DLMS) has substantially broadened
the application of titanium alloys in the dental field
and so allowed implants to be produced more
economically than by traditional techniques. Among
the several direct metal forming techniques, selective
laser-sintering (SLS) offers great potential benefits in
the field of the biomaterials. SLS has the capability to
directly build three-dimensional (3D) metallic
components from metal powder with minimal or no
post-processing requirements (Lifland and Okazaki,
1993 and Yang et al., 2008).

Deckard and Beaman (1988) were pioneer
by using the selective layer laser sintering process.
They directly fuses a localized region of a thin layer
of metal powder by applying a high-energy focused
laser beam in accordance with a sliced 3D computer
aided design (CAD) model. Accordingly, through
rapid prototyping technique, it is possible to create
dental implants from three-dimensional CAD model.

The purpose of this study is to assess
histologically and Histomorphometrically the role of
surface characteristics and manufacturing technique
of two unique dental implant systems. The first
system relies on engraving the titanium surface using
laser to produce nano-sized grooves while the second
system depends on selective laser-sintering technique
as an additive prototyping method.

2. Material and Methods
a- Experimental model

This experiment was conducted on a total of
twelve New Zealand white mature male rabbits
weighting 2.5- 4 kg. The animals were housed in
separate cages in temperature - controlled rooms and
were fed on standard food and had free access to tap
water. The animals were cared for according to the
guidelines of the local Ethics Committee of the
Animal Research at the Faculty of Medicine, Cairo
University, which approved the project before the
beginning of the experiments.
Each rabbit received two implants, one in each tibia;
the implant in the right limb was Tapered internal
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Biohorizons (TIB) (Tapered Internal dental implant
system, Biohorizons Co., USA), whilst on the
contralateral side was Internal hex Tixos (IHT)
(Internal hex, Leader Italia Srl., Italy).

b- Surgical procedure

Rabbits were anaesthetized intramuscularly

with a mixture of Xylazine (Chanazine, Chanelle
Pharmacuetical, Ireland) 5mg/kg body weight and
ketamine hydrochloride (Ketamine, Pharmazeutische
Proparate, Germany) 30 mg/kg body weight.
Once general anesthesia was established, the medial
aspects round the proximal tibia were shaved and the
skin was carefully swabbed with mixture of iodine
and 70% ethanol. A 30 mm incision was made along
the medial aspect of the proximal tibia and the wound
advanced down to and through the periosteum. A
subperiosteal dissection was then advanced up to the
inferior attachment of the knee joint capsule and
laterally to the full extent of the flat medial bone
surface.

Under continuous irrigation with sterile
saline, the implants installation procedure in tibiae
bone was carried out according to the manufacturer’s
instructions. The prophylactic administration of
procaine  penicillin  (Wyeth  Pharmaceuticals,
Parramatta, New South Wales.) 60 000 units/kg
intramuscularly was commenced during the surgery
and continued for three postoperative days to reduce
the potential for wound infection.

c- Animal sacrifice

Six rabbits were sacrificed after 4 weeks
then the others after 8 weeks for histological and
histomorphometrical studies using an intramuscular
injection of 60 mg/ml’/kg body weight sodium
phenobarbitone ( Phenobarbitone, Fawns & McAllan
Pty Ltd, Melbourne, Victoria).

d- Histological Examination

The tibia were dissected and fixed in 10 percent
normal saline for 48 hours. After that time, the
specimens were decalcified with a 50 percent formic
acid and 20 percent sodium citrate solution for 6
weeks. After eighteen days of decalcification, the
implant was removed from the bony tissue by an
incision following the implant long axis. Following
fixation and decalcification, the bone was embedded
in paraffin; serial 6-pm sections were obtained and
stained with Hematoxylin and eosin (H & E) and
Masson's trichrome.

e- Measuring of the area percent of bone trabeculae

The area percent of bone trabeculac was
estimated using Leica Quin 500 analyzer computer
system, (Leica Microsystems, Swizerland). The
cursor was used to outline the areas of bone
trabeculae, which were then masked by a blue binary
color that could be measured by the computer. The
image analyzer is calibrated automatically to convert
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the measurement units (pixels) produced by the
image analyzer program into actual micrometer units.
The area percent of bone trabeculae was estimated in
5 different fields in each slide using magnification
(x100), (Fig.1). Mean values and standard deviation
were calculated for each group.
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Figure 1. Copy of the display seen on the monitor of
the image analyzer revealing areas of bone trabeculae
in THT group (8 weeks post-operatively) covered by a
blue binary color that could be measured by the
computer system.

Statistical analysis:

The data obtained from computer image
analysis were presented as mean and standard
deviation (SD), tabulated and statistically analyzed.
Student’s t test was used for statistical analysis of the
difference between groups. P value > 0.05 was
considered statistically significant

3. Results
I-Four weeks post-operatively

In the Tapered internal Biohorizons (TIB)
group, four weeks post-operatively, loose connective
tissue, including capillary angiogenesis, was
predominant around the implants’ sites. Newly
formed bone appearing in the form of irregular
trabecule of circular or oval shapes could also be
observed at the interface between the implant site and
the original bone. Indentations demarcating the
irregularities in the surface of the implant were still
noted in the original bone. Viability of both the
newly formed and the original bone was
demonstrated by the presence of osteocytes entrapped
in lacunae inside the bone trabecule, in addition to
osteoblasts bordering their surface (Fig 2, 3, 4&5).
In Internal hex Tixos (IHT) group, 4 weeks post-
operatively, dense mature collagen fibers
characterized by their parallelism were observed
around the implant site. These fibers were supplied

2203

by tiny dispersed blood capillaries. Irregular newly-
formed bone trabeculae enclosing viable osteocytes
were bordering the implant site. Vascular marrow
was noted within the newly formed trabeculae and at
the interface between the newly-formed and the
original bone (Fig 6, 7, 8&9).

ii- Eight weeks post-operatively

In the Tapered internal Biohorizons (TIB)
group, eight weeks post-operatively, irregular newly
formed bone trabeculae attempted to fill the gap
between the implant and the original bone. The
viability of these trabeculae was confirmed by the
presence of entrapped osteocytes within this osteoid
tissue. Moreover, osteoblastic rimming indicated
their continuous deposition. Reversal lines denoting
the rhythmic pattern of deposition of the newly
formed osteoid tissue were also demonstrated.
Dilated blood vessels and extravasated red blood
cells were seen inbetween the newly formed bone.
Regular collagen deposition of variable densities was
also detected (Fig.10, 11, 12 &13).

In Internal hex Tixos (IHT) group, 8 weeks
post-operatively, numerous regular parallel newly
formed bone trabeculae bordered the implant site.
Entrapped osteocytes were noted inside these

trabeculae, while osteoblasts rimmed their border.
The newly formed osteoid trabeculae were separated
by parallel collagen fibers supplied by blood
capillaries. Dilated blood vessels filled the marrow
spaces between the newly-formed and the original
bone (Fig.14, 15, 16 &17).
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Figure 2. Photomicrograph of TIB group, 4 weeks
post-operatively revealing the formation of
connective tissue and predominant capillary
angiogenesis around the implant site (I). The
indentations (arrows) related to the surface of the
implant are noted in the original bone (NB) that
bordered the implantation site (H&E x100).
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Flgure 3. Photomicrograph of TIB group, 4 Weeks
post-operatively revealing the presence of vascular
connective tissue around the implant site (I). Irregular
oval and rounded bone trabeculae (arrows) are
formed in the interface between the implantation site
and the original bone (OB) (H&E x200).
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Figure 4. Photomlcrograph of (TIB) group at 4 weeks
revealing thin trabeculae of newly formed bone
(arrows) stained blue- green with Masson's trichrome
bordering the implant site (I). Original bone (O)
stained red is seen at the periphery (Masson's
trichrome x100).
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Flgure 5. Photomlcrograph of (TIB) group at 4 Weeks
revealing thin trabeculae of newly formed bone
(arrows) stained blue- green with Masson's trichrome
bordering the implant site (I). Original bone (O)
stained red is seen at the periphery (Masson's
trichrome x200).

Flgure 6. Photomlcrograph of (IHT) group, 4 weeks
post-operatively revealing the presence of dense
fibrous connective tissue (F) around the implant site.
Irregular newly-formed bone trabeculae enclosing
viable osteocytes (arrows) were bordering the fibrous
tissue. Vascular marrow (M) separated the newly-
formed osteoid tissue from the original bone (OB),
(H&E x100).
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(IHT) group, 4 weeks post-operatively revealing the
presence of parallel dense collagen fibers (F)
supplied by tiny blood capillaries. Irregular newly-
formed bone trabeculae (arrow), enclosing vascular
marrow border the implant site, (H&E x200).

>
o # e, 0% <%
Figure 8. Photomicrograph of (IHT) group at 4 weeks
revealing newly formed bone stained blue- green
with Masson's trichrome and enclosing viable
osteocytes (arrows) intermingled with calcified
original bone stained red. Marrow spaces of variable

size are also demonstrated (M), (Masson's trichrome
x100).
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Figure 9. Photomicrograph of (IHT) group at 4
weeks revealing small trabeculae of newly formed
bone  (N) stained blue- green with Masson's
trichrome intermingled with calcified original bone
(O) stained red (Masson's trichrome x200).
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Figure 10. Photomicrograph of TIB group, 8 weeks
post-operatively revealing the presence of dilated
blood vessels and regular parallel collagen fibers (C)
around the implant site (I). Viable osteocytes (arrow)
are enclosed in the irregular thin newly formed bone
trabeculae (NB) that attempt to fill the interface
between the implantation site and the original bone
(OB) (H&E x100) .
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Figure 1. Higher magnification photomlcrograph of
TIB group, 8 weeks post-operatively illustrating the
dilated blood vessels (B), the extravasated red blood
cells and the regular parallel collagen fibers (C)
present at the interface between the original bone
(OB) and the newly formed bone trabeculac (NB).
Numerous osteocytes (arrow) are enclosed in the
newly formed trabeculae (H&E x200).

Figure 12. Photomicrograph of (TIB) group at 8
weeks revealing trabeculae of newly formed un-
calcified bone (N) stained blue- green with Masson's
trichrome bordering the implant site (I). Original
bone (O) stained red is also demonstrated (Masson's
trichrome x100).
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Flgure 13. Photomlcrograph of (TIB) group at 8
weeks revealing thin trabeculae of newly formed
bone (N) stained blue- green with Masson's trichrome
bordering the implant site (I). Original bone (O)
stained red is also demonstrated (Masson's trichrome
x200).

Flgure 14. Photomlcrograph o (IHT) group, 8 Weeks
post-operatively revealing the presence of irregular
loose connective fibers (F) around the implant site.
Irregular newly-formed bone trabeculae enclosing
viable osteocytes (arrow) are seen. Dilated blood
vessels (B) are demonstrated at the interface between
the newly-formed and the original bone (OB), (H&E
x100)
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Figure 15. Photomicrograph of (IHT) group, 8 weeks
post-operatively illustrating loose fibrous connective
tissue (F) at the vicinity of the implant. Thin
elongated newly-formed bone trabeculae enclosing
viable osteocytes (arrows) and separated by parallel
collagen fibers are bordering the implant site (H&E
x200)
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Figure 16. Photomicrograph of (IHT) group at 8
weeks revealing newly formed bone stained blue-
green with Masson's trichrome and enclosing viable
osteocytes (arrows) bordering the implant site (I) and
intermingled with calcified original bone (O) stained
red (Masson's trichrome x100).
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previous
photomicrograph of (TIB) group at 8 weeks revealing
trabeculae of newly formed un-calcified bone stained
blue- green with Masson's trichrome . Variable sized
marrow spaces (arrows) are also demonstrated
(Masson's trichrome x200).

Figure 17. Higher magniﬁcaio of the

Statistical results
I-Comparison between TIB and IHT
Histomorphometric estimation of the mean
area percent filled by bone trabeculae 4 weeks post-
operatively was greater in the TIB group (62.31+
13.38) compared to the IHT group (59.38+12.15).
Unpaired Student’s t test revealed that the difference
was not statistically significant (p=0.7263).
On the contrary, eight weeks post-operatively, the
area percent of bone trabeculaec was greater in the
IHT group (90.66+2.87) compared to the TIB group
(83.3£3.92). Unpaired Student’s t test revealed that
the difference was statistically high significant
(p=0.0095) (Table 1, Fig. 18)

Table 1. Values of area % filled by bone trabeculae
and statistical significance of the different between
both groups at each observation period (unpaired
Student’s t test)

4 weeks 8 weeks
Values TIB IHT TIB IHT
Mean 62.31 | 59.38 83.3 90.66
Std Dev 13.38 | 12.15 3.92 2.87
Std Error | 5.982 | 5435 | 1.754 | 1.281
Max 80.682 | 79.669 | 89.534 | 95.559
Min 42.665 | 44.944 | 78.054 | 87.147
2-s Range | 53.502 | 48.614 | 15.69 | 11.462
t value 0.3625 3.3878
P value 0.7263 0.0095%*

** Statistically high significant



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

Mean area % of bone trabeculae
100 83.266 90.66
.308 59.378
50 ." \ ',' 1
) [N W

Figure 18. Mean area percent filled by bone
trabeculae in both groups

II- Change by time in bone trabeculae in both groups

Both the TIB and IHT groups exhibited an
increase in the area percent occupied by bone
trabeculae throughout time. Student’s t test revealed
that the difference in the mean area % throughout the
experiment (four and eight weeks post-operatively)
was very statistically significant in the TIB group
(0.0098**) and IHT groups (0.0005**) indicating an
enhancement of bone formation throughout time. The
percent increase was greater in the IHT group
(52.86%), compared to the TIB group (33.69%),
(Table 2, Fig.19-20).

Table (2) Change by time in mean area % of bone
trabeculae of each group and statistical significance
of the difference (Paired Student’s t test)

TIB IHT
4 8 4 8

weeks | weeks | weeks weeks
Mean 62.31 83.3 59.38 90.66
Std Dev 13.375 | 3.923 | 12.153 | 2.865

% increase 33.69% 52.68%

t value 3.3673 5.6017
P value 0.0098** 0.0005%*

** Statistically high significant

Change in area% of bone trabeculae
by time
100

80 A
60 /

40
20

4 weeks 8 weeks

——TIB -#-IHT

Figure 19. Change by time in area % of bone
trabeculae in both groups

2208

52.68
60 -
3 33.69
S 40 -
£
g 20 -
E; —
0 ¥ T ¢
TIB IHT

Figure 20. Percent increase in area % filled by bone
trabeculae throughout the experiment

4. Discussions

Advances in laser technology open new
gates for manufacturing unique products in the dental
field. Laser energy is highly focused, precisely
penetrative and power controlled. These advantages
enabled laser to be used in SLS, which is one of the
rapid prototyping manufacturing technique. SLS
technique allowed the manufacturer to build the
implant fixture totally from titanium alloy powders.
In addition, laser was used in another innovative
manufacturing technique called computer-controlled
laser ablasion technique. This technique is named
commercially laser-lok  microchannels, which
consists of precise three-dimensional microstructures
formed by a nanolaser (Aljateeli and Wang, 2013 and
Nevins et al., 2008).

The target of the present study was to clarify
the efficiency of such new manufacturing techniques
in producing suitable implant surface for optimal
osseointegration. Accordingly, two implant systems
were selected; each of them depends on one of the
studied technology. The results of the recent study
exhibited statistically significant changes in
trabecular bone percent between times within the
same group. This finding supports the great success
of these surface roughness techniques in implant
dentistry. It was also agreed with the several animal
studies promoted to follow osseointegration (Novaes
et al., 2002, Steigenga et al., 2004, Grew et al., 2008,
Gatto et al., 2010, Traini et al., 2008 and Grizona et
al., 2002).

This finding confirmed the studiesconducted
by Karageorgiou and Kaplan (2005) and Ryan et al.,
(2006) regarding the optimal implant surface for
osseointegration. They added that 0. mm seems to
be the minimum pore size required for bone
ingrowth. There was a consensus that pore sizes
range (0.1 and 0.4 mm) are suitable for bone
ingrowth. Thus, SLS offers surface topography that
could not be created by available manufacturing
technique nowadays. It is characterized by
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intercommunicating cavities that mimics the bone
structure that is difficult to prepare through
conventional surface treatment. In addition,
researchers recognized that it also resemble bone
characteristics on mechanical aspect where the
modulus of elasticity of the implant surface is closer
to the trabecular bone (Raspanti et al., 2007).

SLS technique performs sufficient porosity
required for osseointegration. Researches clarified
that porosity is essential to enhance diffusion of
nutrients and blood flow, allow cell growth and
differentiation, and so permit ideal scaffold
environment (Mangano et al., 2006). Additionally,
the pore size and interconnectivity promote and
control of both bone ingrowth and diffusion of
physiological nutrients and gases. They also promote
removal of metabolic waste and by-products
(Mangano et al., 2006).

The intensive porous microstructure with
interconnected porous networks is imperative for 3D
uniform cell distribution, survival and migration in
vivo. (Jamil et al., 2009 and Myron et al., 2008).
These entire outcomes could be the results of the high
percentage of trabecular bone contact seen for group
II (IHT).

The collar area of group I incorporated the
laser-lok technology that also promoted the
osseointegration and revealed the results seen for this
group. Animal studies compared the osseointegration
of the laser microtextured implant collar to the
machined collar. The machined collar demonstrated
osteoclastic activity with increased saucerization. In
contrast, there was an intimate adaptation of the bone
to the laser microtextured collar as well as evidence
of limited epithelial down-growth and connective
tissue attachment to the laser microtextured collar.
Twelve-micron grooves showed the best potential
for inhibition of fibrous tissue growth relative to
bone cell growth. Preciously, 8-um  grooves
showed the most effective inhibition of epithelial
cell migration across these grooves( Myron et al.,
2008, Grew et al., 2007 and Frenkel et al.,
2002).Similarly, Boyan and Schwartz (2000), in
vitro study, suggested specific surface microstructure
spacing and height ranges for optimal cell response.
Other dental implant systems have advertised groove-
textured surfaces at the coronal aspect of the implant.
However, these grooves are substantially larger (200
to 250 um) and on a cellular level, represent surfaces
that do not modulate osteoblastic morphology as
effectively as the Laser-Lok (8-12pum) microchannels
(Boyan et al., 2000 and Zinger et al., 2005).

These surfaces were found to ideally control
orientation of attached cells, prevent cell migration
perpendicular to the microgrooves, and substantially
inhibit fibroblast growth by inhibiting cell spreading.
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Specifically, 12-um grooves showed the best
potential for inhibition of fibrous tissue growth
relative to bone cell growth, and 8-um grooves
showed the most effective inhibition of cell migration
across the grooves, in effect acting as a migration

barrier. Thus, organization and orientation is
considered the main power of this technology
promoting the ideal size for cell adherence,

organization and proliferation. Accordingly, the use
of nanolaser is compulsory to engrave the highly
delicate grooves of laser-lok (Zinger et al., 2005).

Moreover, the results of the trabecular bone
percent between groups showed non-significant
difference at 4 weeks, changed to be highly
significant at 8 weeks. The laser-lok implant surface
treatment showed a mean value equal (83.3 %) versus
(90.66 %) for the SLS implant at 8 weeks. This
finding could be claimed to the great difference in
surface areas at which each treatment were applied. It
is clear that the SLS implant surface treatment of
group II covers approximately all the implant surface
merged in bones. On the other hand, laser-lok
grooves cover about 3 mm length at the collar while
the remaining surface was Resorbable Blast Textured
(RBT) body, which is out of the focus of the present
study (Soboyejo et al., 2005).It should also be
mentioned that neither laser-lok is used to cover an
implant surface totally nor limiting the study to the
collar area will be logic. Thus, this study deals with
the laser-lok product available as a whole not just
their outcome on the collar area.

It could be also hypothesized that 4 weeks
post-opertively was not enough to investigate the
amount of bone formation on the implant surface. In
contrast, 8 weeks was sufficient to distinguish
significantly this difference. This hypothesis relies on
the fact that the delayed loading protocol has the
highest clinical rate of success among other loading
protocol. It was proved that 4 months in human
mandibular arch and 6 months for maxillary arch
were recommended time to enable maximum
osseointegration
(www.biohorizons.com/taperedinternal.aspx).
Delayed loading protocol gives satisfactory chance
for bone formation, organization and integration.
(Misch, 2008). Similarly, the 8 weeks period in the
selected animal may represent the delayed loading
and so maximize the overall results. The present
study was designed to entail the tibial bone that
constituted mainly compact cortical bone, with a
structure comparable to that of human. Hence, the
tibia was considered an ideal model for mandibular
bone (Chong-Hyun and Dong-Hoo, 1994).

Although the animal studies allow more
controlled and organized media for research, further
clinical studies should be conducted to augment the



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

results of this study. Actually, the clinical studies
provide several circumstances to be incorporated to
enrich the study such as loading and soft tissue
evaluation at the collar area.

Advances in the laser technology as a
manufacturing tool leads to highly improved implant
surface treatment and so enhanced oseointegration.
According to the current animal study, the implant
surface roughness created by selective laser sintering
provided better environment for osseointegration than
that produced by engraving microgrooves on titanium
surface by nano-laser ablasion.
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