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Abstract
Objectives The objective of this study was to assess, by
histomorphometric analysis, the degree of bone apposition
on two types of dental implant’s surfaces: a novel implant that
combines Al2O3 abrasive particle blasting with thermochem-
ical treatment (ContacTi), compared to a standard surface
treatment obtained by sandblasting and acid etching (shot
blasting).
Materials and methods Twelve minipigs were used, placing
the studied implants in the maxillae, and divided into three
groups according to the time of sacrifice: 2, 4, and 8 weeks
after implant placement. Histological and histomorphometric
analyses were performed following standardized tissue poly-
merization, cutting, and staining and examined under optical
and high-resolution electron microscope.
Results For all measurements, the novel surface presented
higher levels of osseointegration as compared to the shot
blasting surface. Bone to implant contact (BIC) in the maxillae
for ContacTi presented values of 49.02, 83.20, and 85.58% at
2, 4, and 8 weeks, respectively, significantly higher compared
to the shot blasting surface values of 39.32, 46.53, and

46.20% for the same time points. Bone area density (BAD)
presented values of 26.52, 61.21, and 59.50% for ContacTi
surface implants and 22.95, 36.26, and 49.50% for the shot
blasted surface implants. Signs of osteoconductivity were ob-
served in the ContacTi surfaces at 2 weeks.
Conclusions The ContacTi surface achieved a faster growth
of hard tissues around the implants, when compared to the
shot blasting surface, and for all evaluated histomorphometric
parameters, the values were higher at all measured time points.
Clinical relevance ContacTi could be a new surface improv-
ing the osseointegration in oral implantology.
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Introduction

In the field of dental implants, researchers are currently en-
deavoring their efforts in achieving surfaces that will guide
tissue to a greater and faster osseointegration. Surface mor-
phology and characteristics have been shown to have a great
impact in the different stages of osseointegration [1, 2].
Therefore, over the last 25 years, attempts have been made
to improve bone apposition through increasing the surface
microroughness or by improving its chemical interaction with
the early stages of bone healing. For this purpose, various
techniques have been applied, such as acid etching,
sandblasting, oxidization, or coatings, among others, as well
as their combinations, achieving an improvement in
osseointegration when compared to non-treated smooth im-
plants [3, 4].

The surface of dental implants can be modified by tailoring
several parameters, such as wettability, chemical composition,
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zeta potential, texture, or topography, which have a direct
impact on cellular interaction with the implant and the site of
implantation, which is mediated by the cellular adhesion, pro-
liferation, and differentiation. Actually, these cellular process-
es are of crucial importance, where surface characteristics are
essential in order to obtain a determined cellular response in
the bone-implant interface, directly affecting the growth and
quality of the formed bone [5–8].

Recently, a surface treatment for dental implants based on
gritblasting or sandblasting with alumina particles and subse-
quent acid etching, which is known as the Shot Blasting®
surface (Klockner Implant System, SOADCO SL, Andorra),
allows obtaining a microroughened surface. This surface has
demonstrated excellent clinical results by significantly in-
creasing the bone to implant contact (BIC) area as compared
to an untreated surface [9, 10].

The seek for improving the bone formation at the implant
interface resulted in the development of new generations of
implant surfaces by the implementation of different physical
and biochemical treatments, which are able to modify the
surface at a nanoscale level, which has the ability to induce
cellular differentiation towards osteogenesis [11]. Therefore,
different techniques have been used in order to achieve bioac-
tive surfaces such as anodizing or coating with CaP (apatite)
by different methods such as sol-gel deposition, evaporation,
or electrophoresis among others; these methods are capable of
speeding up the osseointegration process when compared to
traditional smooth surfaces [12–15]. Bioactive surfaces are
those around which new bone formation is produced, charac-
terized by presenting on its surface, besides the different de-
grees of roughness, bioactive molecules, or growth factors that
induce bone formation. In order to achieve this bioactivity, the
coating of an implant surface with a CaP layer has received
much attention due to its resemblance with natural bone and
has demonstrated improved implant osseoconductivity, accel-
erating early bone healing, due to its fast protein adsorption.

In order to achieve this coating, several techniques have
been tested, although the most well-known and widely used
is the one proposed by Kokubo [16], consisting in an alkaline
immersion process, thermal treatment, and subsequent biomi-
metic treatment through immersion in a simulated body fluid.
The result is the formation of an apatite layer that allows the
interaction with the underlying bone and hence accelerating
the integration process [17, 18].

Following this process performed by Kokubo, a surface
treatment designated as ContacTi® (Klockner Implant
System, SOADCO, Andorra) was designed in a two stage
treatment of the titanium, followed by an alumina particle
sandblasting. This process allowed obtaining an optimal
microroughness for the adhesion, proliferation and differenti-
ation of human osteoblastic cells, and a subsequent treatment
(alkaline immersion and thermal treatment) based on the pre-
viously cited technique [16], which conferred the bioactivity

[19]. This surface has demonstrated, in vitro, the formation of
a hydroxyapatite layer when immersed in a simulated body
fluid [20, 21].

The present work has the objective of assessing by
histomorphometric analysis the degree of bone apposition on
implant external surface, comparing two different types of
surfaces, one obtained by sandblasting and acid etching (shot
blasting) and the novel treatment that obtains the ContacTi
surface, tested in different time intervals.

Materials and methods

Surface treatment

In this study, two different surface treatments were evaluated.
The first surface was a titanium surface treated by
sandblasting and acid etching, coded as shot blasting, while
the second treatment to obtain the new bioactive surface, cod-
ed as ContacTi, was obtained by a two-stage technique.
Initially, the process began with sandblasting with abrasive
alumina particles over the titanium surface, followed by chem-
ical and thermal treatment similar to the one described by
Kokubo et al. [16]. The process consists on the immersion
of the metal in a 10-ml 5 M NaOH solution at 60 °C for
24 h, then rinsed with distilled water and dried at 40 °C for
24 h and finally submitted to a thermal treatment in a tubular
furnace at 600 °C for 1 h.

Dental implants

All implants used in this study were Essential Cone (Klockner
Implant System, Soadco, Andorra) with 4-mm diameter and
8 mm of length, 1.5-mm machined polished collar, and sur-
face treatment according to its experimental group (ContacTi
or shot blasting).

Implant roughness was evaluated according to the recom-
mendations described by Wennerberg and Albrektsson on to-
pographic evaluation for dental implants [3, 4]. A white light
interferometer microscopy (Wyko NT1100, Veeco) was used
to quantify the surface roughness of each implant. The surface
analysis area was 189.2 × 248.7 μm2 for the smooth control
surfaces and 459.9 × 604.4 μm2 for all the micro-rough sur-
faces. Data analysis was performed withWyko Vision 232TM
software (Veeco, USA). A Gaussian filter was used to separate
waviness and form from the roughness of the surface. Cut-off
values, λc = 0.8 mm, for ShotBlasting, and ContacTi surfaces
and λc = 0.25mm for control surfaces were applied, according
to previous tests [9]. The measurements were made in three
different surfaces of each type of surface treatment to charac-
terize the amplitude and spacing roughness parameters Ra and
Pc, respectively.. Ra (the average roughness) is the arithmetic
average of the absolute values of the distance of all points of
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the profile to the mean line. Pc is the number of peaks in the
profile per length of analysis. Ra and Pc were calculated by
averaging the values of all individual profiles that were evenly
distributed along the surface analyzed. A scanning electron
microscope (SEM, JSM 6400, Jeol, Japan) was used to qual-
itatively analyze the surface topography of the implants before
being implanted.

Animal model

The present study was carried out in maxillae of 12 six-year-
old female minipigs in the Córdoba University’s Servicio
Centralizado de Animales de Experimentación located in the
Campus de Rabanales and approved by the University of
Seville Ethics Experimentation Committee (MED2016-01-
324). All requirements and regulations for animal experimen-
tation, according to the Spanish and European Union, were
fulfilled.

Teeth extractions of each animal were performed 4 months
before the surgical implantation. After teeth extraction, hem-
orrhages were spontaneously resolved.

Radiographic pictures of the maxilla of each animal were
taken 1 day before the surgeries were performed to assess
appropriate bone regeneration, to discard the presence of root
residues, and to plan the location of the dental implants during
surgery.

The animals were fed with a liquid and powder-based food
diet throughout the study and submitted to oral prophylaxis,
by means of an aseptic technique, 3 weeks before the exper-
imental surgeries.

In vivo implantation

A total number of 48 implants were placed by a surgeon with
more than 10 years of experience in oral implantology and
highly experienced in the described implants. Manufacture’s
guidelines for implant placement were followed. This animal
model and procedures have been validated in previous studies
[22–24]. Figure 1 shows relevant images of the surgical pro-
cedure, showing the teeth extraction (Fig. 1a), the removed
teeth (Fig. 1b), the root canal cleaning (Fig. 1c), and the dental
implant placement (Fig. 1d).

Animal feeding was suspended the night before the sur-
gery. The animals were pre-anesthetized with xylazine hydro-
chloride and ketamine and maintained with gaseous anesthetic
(5% isoflurane–oxygen). Hydration was maintained by infu-
sion of a Ringer lactate solution. They were also monitored by
measuring heart and breathing frequencies. The study
consisted of two surgeries as described below.

During the first intervention, posterior teeth of the 12 pigs
were carefully extracted from both sides of the maxilla—bi-
cuspids and molars. For this purpose, a wide incision was
performed with the elevation of a full thickness flap, followed
by a careful osteotomy in order to obtain a sufficient edentu-
lous maxilla for the placement of two implants in the subse-
quent second surgical stage.

Once the surgery was finished, buprenorphine hydrochlo-
ride was administrated for pain management and amoxicillin
for infection prevention. Animal follow-ups were performed,
controlling edema, dehiscence, and possible infections.

After the 4-month healing period, each animal received
four implants with each of the surface finishings. Two

Fig. 1 Surgical procedure
showing a teeth extraction, b
extracted teeth, c drilling the bone
for the implantation, d dental
implant placement
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implants of each type were alternately placed in each of the
two maxillae quadrants. Consequently, 16 dental implants
were analyzed for each implantation time (8 ShotBlasting
and 8 ContacTi). These implants were placed in the edentu-
lous maxilla of each minipig. The manufacture’s guidelines
for implant placement were followed accordingly to a semi-
submerged technique, completely covered by skin, in such a
manner that the machined polished collar was placed
completely supraosseous with a distance between them of at
least 4 mm. Healing abutments of 2-mm height were placed,
and after irrigation with a sterile saline solution, the surgical
incision was closed by primary intention with synthetic poly-
amide interrupted sutures, Supramid® 4–0.

Animal sacrifice

Each group was sacrificed at different time points as already
previously described: 2, 4, and 8 weeks after the second sur-
gery. Euthanasia was performed by overdose of sodium pen-
tothal perfused in the carotid arteries, mixed with 5% glutar-
aldehyde and 4% formaldehyde at a pH of 7.2.

Sample processing

This study was performed in such a way that the histopathol-
ogist entrusted with the histomorphometric analysis was un-
aware of which type of implant surface was being evaluated in
each animal. After euthanasia, 16-mm-thick block sections
including implants, alveolar bone, and surrounding mucosa
were collected by cutting with an irrigated diamond-saw
(Accutom 50, Struers, Germany) and radiographed. The spec-
imens were thoroughly rinsed in sterile saline solution and
immersed in buffered 10% formol solution. The tissue blocks
were fixed for 5 days in the 10% formol solution, dehydrated
in ethanol solutions (70, 80, 96, and 100% alcohol for 3 days
each), and embedded into molds (Exact 41440-4150, Exact
Apparetabau GmbH, Germany) in a photopolymerizable resin
(Technovit 7200 VLC, Sulzer, Germany) using a polymeriza-
tion unit (Exact 520-530, Exact Apparatebau GmbH,
Germany). Activation of the polymerization of the resin was

achieved by irradiation with yellow and blue light for 12 h.
Sample processing was performed with the sawing and grind-
ing technique described by Donath and Breuner [25], using an
EXAKT system (Exact Vertriebs, Norderstedt, Germany) and
methylmetacrilate (MMA) as the inclusion medium.

The embedded implants were cut (Accutom 50, Struers,
Germany) midaxially in a buccal-lingual plane into sections
of approximately 200 μm thick, and further treated using the
cutting-grinding technique to obtain a final polished 50-μm-
thick section. Sections were then stained with toluidine blue
(Toluidine Blue O, Fisher Scientific, USA) for 20 min.

Sample analysis

The histopathologic and histometric analysis were performed
with a digital camera system (DP12, Olympus, Japan) at-
tached to a light microscope (BX51, Olympus, Japan) and
an image analyzer software (MicroImage 4.0, Olympus,
Japan). × 80 images were taken from end to end of the bottom
part of the implant collar. More than 500 samples were studied
by optical microscope. Polished sections were examined un-
der a high-resolution scanning electron microscope (SEM,
JSM-6400, Jeol, Japan) using retro-dispersed electrons to dif-
ferentiate in greater detail bone from the surface of the im-
plant. Back-scattered electrons allowed determining differ-
ences based on atomic numbers, clearly showing the calcified
tissue and bone-implant contact. The resolution used in the
current study was of 8 nm. This technique is the most sensitive
in order to evaluate and quantify the two parameters analyzed:

BIC (bone to implant contact): amount of mineralized
bone that is in intimate contact with the implant surface.
This is a length value and therefore a two-dimensional static
variable.

& BAD (bone area density): amount of mineralized bone
arranged both in trabeculae and osteons in relation to the
total area of tissue in the space between two spirals (bone
area per total area). This is also a two-dimensional
variable.

Fig. 2 Sanning electron images
of a titanium dental implant
surface treated with shot blasting
and acid etching, b surface treated
with shot blasting and thermo-
chemical treatment obtaining
sodium titanate
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Data analysis

Statistical analysis was performed by the Department of
Statistics of the Faculty of Dentistry, University of Seville,
using the IBM SPSS 20.0 statistical package for Windows.
Average and standard deviations were analyzed by groups,
and multiple comparison tests were carried out to determine
statistical significance (established at p < 0.05).

Average and standard deviations were determined overall
and by groups. For the comparison of the numerical variables
between groups, a one factor ANOVA was applied, or a one
factor ANOVA with Welch correction (in variance heteroge-
neity), or the Kruskal-Wallis non-parametric test (in case of
non-normal distributions); when these tests were significant,
multiple comparison tests were used (DMS, Tamhane,
Bonferroni).

Results

The surfaces of dental implants after shot blasting and
ContacTi treatments are shown in Fig. 2. The roughness of
dental implants with shot blasting was 3.1 ± 0.4 μm, and the
surface roughness with ContacTi was 3.5 ± 0.3 μm, not pre-
senting significant differences among them. This implied that

the formation of sodium titanate did not affect the roughness
of the implants treated by shot blasting. For all the time points
and conditions studied, samples showed a normal macroscop-
ic anatomy. There was normal bone tissue in contact with all
implants, not presenting any signs of fibrosis or inflammation.
.

Table 1 specifies the values obtained in terms of BIC% and
BAD%, in the different measured time points of the study. The
percentage of BIC for the ContacTi surface was higher com-
pared to the shot blasting surface in all measurements, pre-
senting statistical significant differences between the two dif-
ferent surfaces at 4 and 8 weeks.

The highest percentage of BIC corresponded to the new
surface at 8 weeks, being superior to 85%. Figure 3 graphical-
ly collects comparative average BIC values between the two
surfaces in the different time points. The percentage of BAD
for the ContacTi surface was higher to the shot blasting sur-
face in all measurements, with statistically significant differ-
ences between surfaces at 4 and 8 weeks. The highest value
corresponded to the ContacTi surface at the 4 weeks, with
61.2%. Figure 4 graphically represents the average BAD
values at the different time points.

Histological samples allowed assessing the interaction be-
tween the implant and the surrounding bone. At low

Table 1 BIC and BAT values throughout the study

Average BIC % (SD) Average BAT % (SD)

2 weeks 4 weeks 8 weeks 2 weeks 4 weeks 8 weeks

Shot blasting (n = 8) 39.32 ± 2.48 46.53 ± 9.81 46.20 ± 3.54 22.95 ± 0.88 36.28 ± 4.62 49.08 ± 2.02

ContacTi (n = 8) 49.02 ± 26.3 83.20 ± 8.12* 85.58 ± 3.81* 26.55 ± 4.32 61.23 ± 11.91* 59.54 ± 8.68*

B*^ indicates significant differences at the different time point (p < 0.05)

Fig. 4 Average values for bone area density, BAD (%), for both surfaces
at the diferent times (* statistical difference p < 0.5)

Fig. 3 Average values for bone to implant contact, BIC (%), for both
surfaces at diferent times (* statistical difference p < 0.5)
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magnifications, it was possible to observe the drilling grooves
and primary contact with the implant threats (Fig. 5). For both
treatments, the contact between the bone and the implant in-
creased and the integration between the implant and the bone
seemed higher in the ContacTi-treated surfaces compared to
the shot blasting surfaces. At higher magnifications, at the 2-
week time point, the ContacTi surface already showed imma-
ture bone formation, exhibiting contact osteogenesis, with
new bone growth from the implant to the surrounding mature
bone (Figs. 6 and 7). Figure 7 shows that osteoblastic actions
take place at the interface of the implant indicated with red

arrows, showing the osteogenic capacity of the bone lining
cells, which induce the formation of new bone. In the shot
blasting surface, only contact between the implant spirals
and surgical drilling grooves was observed. The old bone
and new bone were clearly visible with the back-scattered
images, showing in darker color the new bone (NB, indicated
with arrows) and the old bone (OB) in a lighter gray color.
Figure 8 shows the quantification of new bone formed for
each implant, showing that the amount of NB in the
ContacTi samples was higher at 2 weeks than the shotblasted
samples, presenting 37 and 17%, respectively.

Fig. 5 Macroscopic representative scanning electron images of both surfaces—shot blasting (SB) and ContactTi (CT), at the different times (2, 4, and
8 weeks)

Fig. 6 Highmagnification representative scanning electronmicroscopy images of both surfaces—shot blasting (SB) and ContactTi (CT), at the different
times (2, 4, and 8 weeks)
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After 4 weeks, the shot blasting surface continued to show
the drilling grooves and primary contact, with some initial
secondary contact. The ContacTi surface showed great
osteoconductivity, with the presence of large amounts of im-
mature bone growing from the implant surface, as well as
bone remodeling due to the mechanical stimulation (Fig. 6).
At this time point, the amount of NB increased for the
shotblasted up to 24%, while the amount of ContacTi NB
increased up to 59% (Fig. 8).

After 8 weeks, the ContacTi-treated implants presented a
large amount of lamellar tissue deposited in the implant
interthread gaps. The contact base that forms the bone exten-
sion with the implant surface was much greater than the thick-
ness of the bone trabecula from which it originates. There was
a large amount of mature lamellar tissue (type II) and little
vascular space, therefore indicating a high level of maturity

and bone quality, which indicated advanced stage bone re-
modeling. The amount of NB after 8 weeks was 47 and 55%
for the shotblasted and ContacTi, respectively (Fig. 8). The
shot blasting surface showed a slower maturation process
(Fig. 9). It is worth highlighting that in the ContacTi samples
at 8 weeks shown in Fig. 9, there seems to be the presence of
osteoclastic actions, resorbing old bone, as shown by the
Howship’s lacunae indicated with red arrows, which tend to
resorb old bone forming islets of new bone. The control sam-
ples presented lower signs of osteoclastic actions.

Discussion

Titanium is inherently bioinert which hinders the stimulation
of the surrounding bone in order to achieve greater and faster
bone regeneration. In order to overcome this issue, the coating
of the implant with some sort of osteoconductive calcium
phosphate such as apatite—the bone’s mineral phase—was
thought as a possible improvement for this problem, as it
could improve the implant’s performance immediately after
its insertion, by interacting with the native bone and facilitate
a quick bone regeneration around the mineral layer [26, 27].
Over the past years, various attempts have been made to cover
the implant with this mineral, applying a thick layer over the
implant surface by a plasma spray process or by electrodepo-
sition [28, 29]. However, in-depth characterization of the de-
posited calcium phosphate demonstrated that these techniques
lead to the degradation, fragmentation, and mechanical failure
of the coating with medium and long-term implant failure
[30]. For this type of surface deposition of HA, a fast primary
osseointegration occurs which is then followed by the disso-
lution of the coating, which in turn results in a significant gap
between the implant and the bone, producing mobility and
implant failure. It has been previously shown that the presence
of calcium ions on the surfacewhichmay induce the formation

Fig. 8 Histological image
quantification of total bone at
each time point for the two
different surfaces, showing in
dark gray new bone formed and in
light gray the old bone

Fig. 7 Histological image representative of ContactTi surface, obtained
with SEM. Two-week section of the maxilla. Osteoblastic actions of
osteogenic cells lining at the interface of the implant are indicated with
red arrows
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of HA, rather than the deposition of HA nanocrystals or the
presence of a hydrophilic rough surface, may enhance bone
apposition on the early stages of bone remodeling to a higher
extent [31, 32]. Therefore, we consider that the novel ContacTi
surface solves the aforementioned problems, by forming a
crystalline apatite layer with higher chemical and mechanical
stability, forming a chemical bond to the titanium to avoid
fractures and debondings. The treatment with a strong alkaline
solution results in the formation of sodium titanate, which is
negatively charged, that allows, when reacting with calcium
cations and phosphate anions, the formation of an apatitic
calcium phosphate layer, which densifies with the thermal
treatment.

The increased efficiency of the novel ContacTi surface has
been demonstrated in the present study by comparing the re-
sults with another surface, the shot blasting surface, which has
been extensively used and tested with several years of clinical
experience. ContacTi surface histomorphometric data were
clearly superior to the shot blasting surface in all measurements
of this study, showing that the percentage of BIC was 10%
higher at 2 weeks (49 vs 39%), 37% higher at 4 weeks (83
vs 46%), and 39% higher at 8 weeks (85 vs 46%). Regarding
BAD, the data presented superior values for the new surface,
presenting a 3.6% higher value at 2 weeks (26 vs 22%), 25% at
4 weeks (61 vs 36%), and 10% at 8 weeks (59 vs 49%).

The previously stated data shows that the new ContacTi
surface presents an improved performance in the
osseointegration process when compared to the classical
surface, accelerating and achieving better results in the
histomorphometric parameters. These results could evi-
dence that the apatite layer formed over the implant surface
when in contact with the surrounding bone has an adequate
surface roughness achieved by the formation of bone like
material on its surface, promoting osteoblastic migration,
bonding, proliferation, and differentiation. Several previ-
ous studies have shown results that are in agreement with
the findings in the present study, in which it was stated that

an increased surface roughness stimulates osteogenesis and
changes the expression of integrin and cellular growth fac-
tor [23, 33–36].

Several studies have performed histomorphometric analy-
sis in animal models to assess the behavior of new surfaces
with respect to peri-implant bone healing. It is worth
highlighting that the different sizes and metabolisms of the
different animal models make comparison as general guide-
lines although differences are expected [33]. Gahlert et al. [34]
in 2012 compared the tissue response of acid etched zirconia
(ZrO2) implants to a sand blasting and acid etching surface
(SLA) that served as experimental control. BAD values were
60.4% at 4 weeks, 65.4% at 8 weeks, and 63.3% at 12 weeks,
while BIC values were 70, 67.1, and 68.3% for the same time
points for the experimental group. The values of our study for
the bioactive surface were similar regarding the BAD values,
but presented much higher BIC values at 4 and 8 weeks (83.2
and 85.5%).

One of the most studied surfaces in the last years has
been the SLActive (Institut Straumann AG, Basel,
Switzerland), which is a modification of the classically
obtained sand blasted and acid etch surface (SLA), submit-
ted to a nitrogen atmosphere to avoid the contact of passive
air elements to come in contact with implant surface and
stored in a isotonic saline solution, achieving the hydrox-
ylation of the titanium oxides without changes in the sur-
face topography with increased wettability. Buser et al.
[23] implanted the mentioned implants in a minipig animal
model, showing BIC values significantly higher at 2- and
4-week time points than the control SLA surface with
values of 49.3, 81.9, and 78.4% at 2, 4, and 8 weeks, re-
spectively. These values match ours at 2 and 4 weeks, with
the result for ContacTi of 85.5% at 8 weeks versus 78.4%
achieved in the cited study. It is noteworthy that in this
study, at 8 weeks, BIC values were equal for both surfaces.
Since the topography was the same, the authors concluded
that difference in favor of the SLActive rested in the

Fig. 9 Histological images of both surfaces—shot blasting (SB) and ContactTi (CT)—obtained with SEM. Eight-week section of the maxilla. Red
arrows indicate osteoclastic actions resorbing old bone, as shown by the Howship’s lacunae
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chemical changes of the surface. A similar study was un-
dertaken by Schwarz et al. [35], obtaining a BIC value of
74% for the modified SLActive surface while the standard
surface achieved a value of 56%. However, at 12 weeks,
this difference was reduced without any statistical signifi-
cance (84 vs 76%). The results therefore indicated that the
modified bioactive surface improved bone apposition only
in the initial integration stages. The difference surface
properties between the SLA and SLactive were clearly in-
dicating the effect of the surface roughness and surface
hydrophobicity in the initial periods of bone recovery, de-
spite at longer time points (8 weeks), the differences are
not significant [36, 37]. This was also related with a higher
ability of the implant to induce the formation of new bone,
showing that ContacTi allows an enhanced new bone for-
mation and these values are slightly higher than those
showed in the literature at short times, although the values
tend to be similar at longer time points [38].

The ContacTi surface achieved a faster growth of hard
tissues around the implants, when compared to the shot
blasting surface, and for all evaluated histomorphometric
and histological parameters, the values were higher after 4
and 8 weeks. Similarly, this surface showed osteoconductive
behavior with bone growth from the implant surface in the
first 2 weeks, although other studies showed direct bone
growth at 3 days after placement [39, 40–43]. All this could
be consequence of the stimulating effect that the surface treat-
ment on the bone growth, which can be attributed to the for-
mation of the hydroxyapatite layer on its surface after place-
ment in the bone tissue with contact with body fluids, as dem-
onstrated by Aparicio et al. [19].

These results are very encouraging, but before being clinical-
ly tested, new animal model studies should be carried out eval-
uating shorter time points and relating the histomorphometric
results with different clinical variables, such as implant stability.
After adequate clinical trials in order to validate these results,
shorter loading times can be proposed as well as its use in
situations of maximum demand, such as immediate loading in
poor quality bones.

Conclusions

The new blasted, alkaline-etched, and thermally treated sur-
faces produced micro-rough and bioactive implants that accel-
erated bone tissue regeneration in the bone bed at short time
periods of implantation in comparison with control implant
tested. This new surface can rapidly stimulate (a) bone nucle-
ation directly on the implant surface and (b) bone growing
from the implant surface. We consider that ContacTi implants
are good candidates to be used in short-term loading clinical
scenarios.
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