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Abstract
Objective
The objective of this study was to investigate the effect of sandblasted,
large-grit, acid-etched (SLA) implant surfaces treated with titanium
dioxide (TiO,) microparticles on the implants’ stability and resistance to

reverse torque.

Materials and methods

Six rabbits received 24 cylindrical dentalimplants and were placed in two
groups (n = 3 per group): control group, with smooth surfaces; and test
group, with the SLA surface treated with TiO, microparticles. All of the
animals were sacrificed after four weeks. Half of the implants (one per
animal from each group) were used to test removal torque values and half
of them were used for the histological analysis.

Results
Reverse torque was significantly different between the groups (p = 0.0001).
The histological analysis showed higher degrees of bone organization in
surface samples from the test group.
Conclusion

Results indicate that blasting implant surfaces with TiO, particles is an
appropriate treatment option, with minimal risk of contamination by
residual debris from the procedure.

Keywords

Implant surface, osseointegration, removal torque, titanium dioxide micro-
particles.
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Introduction

Per-Ingvar Brénemark, a Swedish professor,
demonstrated that osseointegration of titanium
implants is such that the bone remains in close
contact with the implant surface without any
intervention by the connective tissue, although
the titanium dioxide (TiO,) layer interacts direct-
ly with the bone tissue.! The physical and chem-
ical features of titanium, particularly its intrinsic
properties, such as biocompatibility, low specif-
ic weight, high strength—weight ratio, low mod-
ulus of elasticity, and excellent corrosion resis-
tance, are favorable for the manufacture of
dentalimplants.? Furthermore, titanium surfaces
can be modified in an attempt to enhance their
biological properties.® Such modifications are
achieved by adding a coat consisting of different
types of bioactive substances, by removing por-
tions of the external layer with the use of blasting
materials of different particle sizes, or by apply-
ing chemical treatments and/or physical ones,
such as laser.* Among these, blasting and acid
etching have been the most widely used. In ad-
dition, their combination has shown improved
biological activity of titanium surfaces in terms
of implant osseointegration relative to smooth
(machined) surfaces.®

The modification of the implant surface can
thus have benefits regarding the response of the
surrounding bone tissue, accelerating the healing
process and/orimproving the quality of the newly
formed bone.>” Studies have shown that osseo-
integration is related to microgeometric features,
such as the degree of surface roughness, and to
factors such as the physical and chemical prop-
erties of surfaces.”® Rough surfaces were found
to stimulate osteoblastic gene expression and to
enhance bone formation and bone implant fixa-
tion.> 1 While an associated inflammatory re-
sponse was reported," the overall success rate
was satisfactory, with the majority of implants
yielding good osseointegration and stability one
year after surgery.”?

Dental implant manufacturers have de-
veloped and marketed implants with several
types of chemical and physical surface treat-
ments.” However, there is still no consensus on
what the optimal conditions for periimplant bone
growth are. It is known that bone response can
be influenced by implant surface topography at
the micrometer level, and it has been hypothe-
sized that a nanometric surface can also have an
effect. Notwithstanding, the mechanisms be-

hind an optimal bone response to a given type of
surface still remain largely unknown.

Surfaces known as SLA (sandblasted, large-
grit, acid-etched) are produced by blasting with
microparticles of some materials followed by acid
etching. Alumina is one of the most widely used
materials, but some authors have highlighted
some features of alumina blasting that could
compromise osseointegration (e.g., particle de-
tachment during the healing process and absorp-
tion by the surrounding tissues).” The presence
of alumina residues on implant surfaces due to
the manufacturing process has been regarded as
a potential risk, compromising long-term osseo-
integration.’® ™ Alternatively, TiO, is used as a
blasting material and has shown interesting re-
sults in experimental studies. Particularly,
TiO,-blasted implants were associated in humans
with a significant enhancement of bone-to-
implant contact (BIC) when compared with ma-
chined surfaces.’®2° Under unfavorable clinical
conditions, such as in the presence of poor-quality
bone, fast and predictable osseointegration would
be beneficial, allowing prosthetic rehabilitation. In
the case of insufficient bone quantity or anatomi-
callimitations, or in the presence of local and sys-
temic conditions that could compromise long-
term osseointegration, implants with a rough
surface show better bone apposition and BIC than
do those with smooth surfaces.?"?? Therefore, the
aim of the present in vivo study was to evaluate
the behavior of surfaces shortly afterimplantation
by measuring removal torque and analyzing his-
tological parameters.

Materials and methods

Twenty-four cylindrical self-tapping implants
with internal hexagon packaged and ready for
sale were used for in vivo testing. Twelve implants
with a machined surface (Fig. 1) were used in the
control group (C group). Twelve implants with
surfaces sandblasted with 50-150 pm TiO,
microparticles ata 5 atm pressure for 1min, ultra-
sonically cleaned with an alkaline solution, rinsed
in distilled water and then conditioned with
maleic acid (Fig. 2) were used in the test group
(T group). The implants (Implacil De Bortoli, Sao
Paulo, Brazil) were 4 mm in diameter and 8 mm
in length.

Six mature New Zealand white rabbits were
used in this study. This study was approved by
the Ethics Committee (#004-09-2015) of the
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Figs. Ta-c

(c) Image of the implant used
as control (C group), with
smooth surface.

(b & c) SEM images of the
surface at 1,000x and 5,000x
magnification.

Figs. 2a—c

(c) Image of the implant used
as test (T group), with SLA
surface.

(b & c) SEM images of the
surface at 1,000x and 5,000x
magnification.
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Figs.3& 4

Implant surface sandblasted with titanium dioxide microparticles

Itapiranga Faculty of Veterinary Medicine, Itapi-
ranga, Brazil. The rabbits were anesthetized by
intramuscular ketamine (35 mg/kg; Agener
Pharmaceutica, Brazil). Thereafter, a muscle re-
laxant (Rompum 5 mg/kg, Bayer, Brazil) and a
tranquilizer (Acepran 0.75 mg/kg, Univet, Brazil)
were injected intramuscularly. Additionally, TmL
of local anesthetic (3% prilocaine-felypressin,
Astra, Mexico) was injected subcutaneously at
the site of surgery to improve analgesia and con-
trol bleeding. A skin incision with a periosteal flap
was used to expose the bone in the proximal tibia.
The preparation of the bone site was done with
burs under copious saline irrigation. Two implants
were inserted into the tibial metaphysis of each
rabbit (Fig. 3), one most proximal at 5 mm from
the articulation and the other 10 mm to the distal,
thus avoiding differences in bone typology in this
area. The implant position was randomized for
each animal at www.randomization.com. The
tibia was chosen as the implant site because it
provides easier surgical access. The implant in-
sertion was performed by hand with a torque of
< 20 N until locking of the implant in the oppo-
site cortical portion of the osteotomy, as part of
the implant shoulder just out in relation to the
top of the cortical bone crest, thereby avoiding
excessive compression of the bone due to implant
design. The periosteum and fascia were sutured
with catgut and the skin with silk. Postoperati-
vely, a single dose of 600,000 IU of benzathine
penicillin (Benzetacil, Eurofarma Laboratdrios,
Rio de Janeiro, Brazil) was used. After surgery,
the animals were placed in individual cages with
12-h cycles of light, controlled temperature
(21°C), and food and water ad libitum. No com-
plications or deaths occurred in the postoperati-
ve period. All of the animals were euthanized
after four weeks using an intravenous overdose

of ketamine (2 mL) and xylazine (1mL). A total of
24 implants were retrieved. The implants of all
right tibiae were immediately analyzed using a
torque-testing machine (CME, Técnica Industrial
Oswaldo Filizola, Guarulhos, Brazil), which was
fully controlled by DynaView Torque Standard/
Pro M software (Fig. 4).

All of the implants of the left tibiae were used
for histological analysis and were placed in 10%
formalin after removal and taken to the Biotecnos
Laboratory (Santa Maria, Brazil). After the fixati-
on period, they were dehydrated in an ascending
series of alcohols and embedded in glycol met-
hacrylate resin (Technovit 9100 VLC, Kulzer,
Hanau, Germany) to produce undecalcified sec-
tions. Undecalcified cut and ground sections that
contained the central part of each implant and
had a final thickness of 15 pm were produced
using a macro-cutting and -grinding system (Iso-
met 2000, Buehler, Braunschweig, Germany).
The sections were stained with picro-sirius-
hematoxylin, and histomorphometric analysis
was then carried out. The specimens prepared
for the analysis of the tissue around the implant
were examined under a light microscope (EOS
200, Nikon, Tokyo, Japan). After digitizing the
phase of each specimen under a light microsco-
pe, the percentage of bone-to-implant contact
(BIC%) was measured using the Image Tool soft-
ware for Microsoft Windows (Version 5.02).
BIC% was calculated as the percentage of the
total length of bone in direct contact with the
implant surface, from the first crestal bone con-
tact to the most apical contact.

The statistical analysis was performed using
the t-test for comparison between groups. Two
correlation measurements were used to assess
the relationship between the groups: Pearson's
correlation coefficient (with -1< R < 1; when Riis
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Fig.3
Image of the implants inserted
into the tibia.

Fig. 4
Image of the computerized

torque machine used in the
removal torque test.



Fig.5
Removal torque values (N cm)
at four weeks in both groups.

Implant surface sandblasted with titanium dioxide microparticles
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group

T group

close to * 1 this indicates that the variables are
correlated; however, the relationship is linear)
and Spearman’s rank correlation coefficient,
similar to Pearson's correlation coefficient, with
-1< R < 1. This measurement was more compre-
hensive because we assessed whether the rela-
tionship between the variables was nonlinear.
All of the tests were performed using specific
software (MedCalc, MedCalc Software, Belgi-
um). The level of significance was set at a = 0.05.

Results

The surgical procedures were uneventful and all
of the animals presented appropriate healing
within the first weeks after surgery. Inspections
made during two postoperative weeks indicated
no infection orinflammation. The biomechanical
tests indicated osseointegration of all of the im-
plants, but torque after four weeks was higher
inthe T group (71.0 £13.4 N cm; median of 73.5)
than in the C group (54.5 =10.0 N cm; median
of 56.5). The mean * standard deviations and
the statistical comparison are presented in
Figure 5. The paired statistical tests showed that
torque was significantly higher in the T group
than in the C group at four weeks (p < 0.0001).

BIC% was higherinthe T group (64.8 + 7.4%;
median of 66.0) after four weeks than in the
C group (50.4 £ 7.9%; median of 49.5). These

36 Volume 2| Issue 4/2016 Journal of

data and statistical significance (p = 0.0005) are
shown in Figure 6. The new bone formed around
the implants in the C group was not completely
mineralized (Fig. 7). In the T group, however,
better organization and mineralization were
found after four weeks (Fig. 8) and there was
better stimulation of the medullary bone portion
(Fig. 9).

The Kolmogorov—-Smirnov test identified that
only the BIC% of the T group had nonparametric
data. Thus, the correlation between reverse
torque and BIC% (machined) was determined by
Pearson's correlation coefficient (R = -0.52;
p = 0.08; 95% ClI [-0.84-0.07]), whereas the
correlation between reverse torque and BIC%
(treated) was determined by Spearman'’s corre-
lation coefficient (R = 0.08; p = 0.79; 95% Cl
[-0.51-0.62]). The statistical data are summari-
zed in Table 1.

Discussion

Over the past decades, several in vivo studies
have examined the effect of implant surfaces on
bone healing and apposition.?2* Modifications
in implant surface morphology and roughness
were initially attempted to hasten host response
to implants and to increase the level of mechan-
ical interlock between the bone and implant
surface, thus improving initial stability and sub-
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Fig. 6 = Fig. 6
BIC values (%) at four weeks
in both groups.

Figs.7a &b

Histological images showing
bone maturation and
mineralization in the C group
after four weeks, with new
bone formation around the
implants showing incomplete
mineralization. (a) 200x and
(b) 400x magnification.
Staining with picro-sirius-
hematoxylin.

Figs.8a &b

Histological images showing
bone maturation and
mineralization in the T group
after four weeks, with more
advanced new bone formation
around the implants in the
new bone organization areas.
(a) 100x and (b) 400x
magnification. Staining with
c group T group picro-sirius-hematoxylin.

- p:ulmﬂs -

Percentage of bone-to-implant contact.

10

Figs.7a &b

Figs.8a &b

Journal of | Volume 2| Issue 4/2016 37
Oral Science & Rehabilitation



Implant surface sandblasted with titanium dioxide microparticles

C group

Fig.9

Histological images showing
bone maturation and the BIC
after four weeks. There was
visibly better stimulation of
the medullary bone portion in
the T group in comparison to
the C group (yellow arrows).

Table1

Mean *+ SD and median
(reverse torque and BIC%)
values at baseline and at
eight weeks.

T group

Reverse torque (N cm) BIC (%) Coefhcler.lt of
Groups correlation
Mean £ SD Median Mean £ SD Median
Control 54.5+10.0 56.5 50.4+7.9 49.5 0.08
Test 71.0+£13.4 735 64.8+74 66.0 0.79
P-value < 0.00007" 0.0005"

* Between-group comparisons (Wilcoxon's test; significance level: p < 0.05).

sequent stress dissipation during functional load-
ing.25:26

Histological investigations have shown that
the surface texture created by blasting leads to
greater BIC than that of machined surfaces,?
which is a desirable response, as it allows impro-
vement of the overall biomechanics of the
system. Blasting the implant surface with gritting
agents made of materials other than alumina may
change the surface composition and implant bio-
compatibility.?® Abrasive blasting increases sur-
face roughness and metal surface reactivity.”®

38 Volume 2| Issue 4/2016 Journal of

With the use of a blasting material such as alu-
mina, a potential risk of contamination by rem-
nants of blasting particles, with dissolution of
aluminum ions into the host tissue, cannot be
excluded.? It has been reported that aluminum
ions may inhibit normal differentiation of bone
marrow stromal cells and normal bone depositi-
on and mineralization,?-3" and aluminum has
been shown to induce net calcium efflux from
the cultured bone.®> Moreover, aluminum may
compete with calcium during the healing of the
implant bed. Aluminum has been shown to ac-

Oral Science & Rehabilitation

Fig.9

Table 1
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cumulate at the mineralization front and in the
osteoid matrix itself.*® Therefore, other alterna-
tive sandblasting methods were developed in
order to roughen the implant surface, such as
the use of resorbable particles based on calci-
um?®* and Ti0,,% % both of which are unproble-
matic if small residues remain after surface tre-
atment procedures.

The effects of sandblasting the implant sur-
face with titanium oxide as an alternative to
aluminum oxide have been investigated previ-
ously.!® 20:27.28,37-40 The research protocols took
into account biomechanical (removal torque),
interfacial and histological analyses, as well as
histomorphometric and microhardness measu-
rements. Only one study observed and analyzed
specimens using both scanning electron micros-
copy (SEM) and histomorphometry, as well as
the removal torque test, in dogs.®’ This study
demonstrated that implants blasted with TiO,
particles had a better anchorage than implants
with a machine-produced surface, in spite of
there being no difference in BIC.*’

Animal models are essential in providing phe-
nomenological information on biological reacti-
onto endosseous implants.*' The removal torque
test is among the in vivo mechanical tests com-
monly used to evaluate the strength of the in-
teraction between the bone and implant surfa-
ce.*>%* High resistance to implant removal
encountered during these tests indicates good
integration between the bone and implant sur-
face, or in the case of porous materials, a high
degree of bone ingrowth into the pores of the
implant.** The present study evaluated the
extent of osseointegration and the character-
istics of the bone around the surface within four
weeks after implantation.

Previous research has shown that surface
characteristics influenced BIC, with statistically
significant differences on different implant sur-
faces.*' Histomorphometric and removal torque

measurements are two representative tests used
to assess the nature of the implant—tissue inter-
face.* In this study, both surface biocompatibi-
lity and osteoconductive properties were confir-
med by the biomechanical tests. Such
interaction was more pronounced for the textu-
red surface compared with the machined one,
indicating a possible synergistic interaction of
the mechanical interlock between the bone and
implant surface and higher bone formation com-
pared with the machined surface. The reverse
torque values may appear rather high even for
implants with a machined surface. This has to
do with the experimental model chosen. In fact,
the cortical bone of rabbit tibia is very compact
and may firmly interlock with the implants. Ho-
wever, the aim of the present study was not to
estimate parameter values that could be direc-
tly transferred to patients, but to compare two
different surfaces using both in vitro and in vivo
approaches. The results confirm that TiO,-blas-
ted surfaces allow for greater osteoconductivity
and accelerated bone formation compared with
machined surfaces and are therefore recommen-
ded for anticipated loading protocols.

Conclusion

Despite the limitations of this study, TiO, blast-
ing displayed a positive effect on osseointegra-
tion and on the biomechanical features of the
implants. The histological results confirmed the
hypothesis that the SLA surface using blasting
with TiO, microparticles positively affects the
osseointegration of titanium dental implants.
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