
Randomised Controlled Trial

Dental Implants

Int. J. Oral Maxillofac. Surg. 2019; 48: 962–970
https://doi.org/10.1016/j.ijom.2018.12.012, available online at https://www.sciencedirect.com
The impact of implant abutment
surface treatment with TiO2

on peri-implant levels of
angiogenesis and bone-related
markers: a randomized
clinical trial
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Abstract. The goal of this randomized, blinded, split-mouth controlled clinical trial
was to assess the influence of abutment surface treatment on tissue healing.
Fifteen patients received two implants distributed randomly to two groups: test
(TiO2 abutment surface), control (standard abutment surface). Levels of
epidermal growth factor (EGF), bone morphogenetic protein 9 (BMP-9),
endothelin 1 (ET-1), fibroblast growth factor (FGF), placental growth factor
(PlGF), and vascular endothelial growth factor (VEGF) were quantified in the
peri-implant fluid after 3, 14, 30, and 60 days. Inter-group comparisons indicated
higher levels of EGF, BMP-9, ET-1, FGF, and PlGF in the test group after 30 days
(P < 0.05). PlGF levels were also higher in the test group after 60 days. In the test
group, intra-group analysis revealed different levels of ET-1 and FGF between
days 3 and 30, and days 3 and 60 (P < 0.05); furthermore, VEGF levels were
significantly higher on day 60 than on day 3 (P < 0.05). In the control group,
intra-group analysis demonstrated significantly different levels of ET-1, FGF, and
PlGF between days 3 and 60 and of PlGF between days 14 and 60 (P < 0.05). In
conclusion, abutment surfaces treated with TiO2 influenced the levels of
angiogenesis and bone-related markers.
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After prosthetic loading, peri-implant
bone loss of up to 2 mm is considered
physiological, and its mechanism is de-
fined as multifactorial (micro-gap, biolog-
ical space, surgical trauma, implant
position with respect to the bone crest,
type of connection between implant and
abutment, and cervical area design, among
others)1–3. The success of long-term
implants depends on preservation of the
alveolar bone crest height, and loss of this
height in the region of the first implant
thread should not exceed 0.1 mm per
year4–6.
Although an annual loss of 0.1 mm is

considered acceptable, methods to avoid
this have been studied. Implant surface
treatment has been proposed to reduce
peri-implant bone loss, and positive out-
comes have been observed regarding bone
integration7,8. In addition, platform-
switched abutments have proven to be
effective in maintaining bone and soft
tissue levels in the cervical region of
implants9. Additionally, preclinical and
clinical studies have begun to investigate
the role of surface treatment in the cervical
region of implants, and have reported
conjunctive tissue attachment, a reduction
of microbial colonization, and a reduction
of peri-implant bone loss10–12.
Recently, Gehrke and Neto assessed a

different approach13. These authors
assessed the effect of surface treatment
with titanium dioxide (TiO2) of a 1-mm
collar on the intermediate abutment of
implants inserted in rabbits in comparison
with smooth-surface abutments. The his-
tological results revealed greater bone
volume in the region of the bone crest
adjacent to the abutment that had received
the surface treatment, showing the great
potential for biological sealing in this
critical region of the implant–abutment
interface.
With respect to molecular and cellular

aspects, the literature indicates that sur-
face treatment influences the processes of
protein adsorption, platelet attachment
and homeostasis, activation of the com-
plement system, inflammation, and
osteogenesis14–19. The roughness of the
abutment surface could help in the che-
mo-attachment of platelets and the forma-
tion of a denser fibrin clot, resulting in a
greater velocity of bone integration20.
Previous studies have reported the ef-

fect of micro�textured implant surfaces
treated with growth factors on the attach-
ment, distribution, orientation, and growth
of osteoblasts and fibroblasts21. It was
observed that the micro�texture con-
trolled the direction of bone growth, sug-
gesting that this type of texture could
favour the insertion of soft tissue and bone
tissue through the control of cell attach-
ment, proliferation, and differentiation21.
In addition, Simmons et al. observed that
the presence of these textures stimulated
tyrosine phosphorylation and the expres-
sion of messenger RNA for fibronectin,
which is important in the adhesion be-
tween non�epithelial cells and the extra-
cellular matrix22. In vivo and in vitro
studies have found that treated surfaces
promote less formation of fibrous tissue
and greater integration of bone tissue with
metal surfaces22, and prevent apical mi-
gration of epithelial cells23.
Taking into consideration the positive

effects of surface treatment at the molec-
ular and cellular levels, as described
above, as well as the promising histologi-
cal results obtained in the study conducted
by Gehrke and Neto13, it would be inter-
esting to determine the effect of surface
treatment of intermediate abutments at the
molecular level clinically. Such an inves-
tigation could be performed by analysing
the local levels of important markers of
angiogenesis and osteoblastogenesis in the
peri-implant fluid during the initial phases
of peri-implant bone regeneration. These
molecules are important markers in the
tissue regeneration process. The analysis
of their release pattern could significantly
elucidate the possible benefits of treated
abutments and indicate whether abutment
surface treatment could lead to a greater
potential for bone formation and biologi-
cal sealing in the area of the abutment–
implant interface.
Thus, the goal of this clinical laboratory

study was to evaluate the impact of TiO2
treatment at the intermediate abutment
surface of Morse cone connection
implants on initial bone and peri�implant
tissue regeneration, by means of enzyme
immunoassay analyses.

Materials and methods

Population

The population of this prospective, ran-
domized, blinded, split�mouth controlled
clinical trial was recruited from patients
who sought dental treatment at Paulista
University, São Paulo, Brazil, between
August 2015 and January 2017. The clini-
cal procedures and assessments were con-
ducted between November 2015 and
March 2017. The statistical analysis of
the data was performed in June 2017.
Fifteen patients were selected, 11 female
and four male; they were aged between 23
and 63 years. This study was approved by
the Research Ethics Committee of Paulista
University and was designed based on the
CONSORT statement.

Inclusion and exclusion criteria

The inclusion criteria were patients with
bilateral absence of lower posterior teeth,
extractions performed at least 4 months
before the treatment, minimum bone
height of 9 mm, minimum thickness of
6 mm, healthy periodontal status, and
age between 18 and 65 years.
The presence of any systemic disease

that could interfere with bone regeneration
(diabetes, arthritis, hypothyroidism, hy-
perparathyroidism, and osteoporosis) and
the use of medications that contraindi-
cated the performance of surgical proce-
dures or that could alter bone regeneration
around implants (e.g., anti�inflammatory
and bisphosphonate drugs) were consid-
ered exclusion criteria.
All participants were informed about

the nature of the study and the potential
risks and benefits of their participation,
and all signed an informed consent agree-
ment.

Experimental groups

All patients received two implants, one on
each side of the mandible. After insertion
of the implants, they were distributed to
the following groups by means of a com-
puter�generated list (managed by S.P.P.):
control group, in which a conventional
intermediate abutment (smooth surface)
was used (Fig. 1A); test group, in which
a 1.5�mm collar of the intermediate abut-
ment was surface�treated with TiO2
(Fig. 1B).
The treatment of implant abutment sur-

faces blasted with TiO2 particles (50–
100 mm) was conducted by the manufac-
turer (Implacil de Bortoli, São Paulo,
Brazil); this was followed by ultrasonic
cleaning with alkaline solution Riozyme
IV-E Neutro Gold (Indústria Farmacêutica
Rioquı́mica, São José do Rio Preto,
Brazil), washing with distilled water,
and scouring using maleic acid. Each
abutment was prepared, packaged, and
sterilized according to the same proce-
dure, as required for the packaging of
implants24.
Gehrke et al. characterized the surfaces

using a scanning electron microscope
(SEM) and energy dispersive spectrosco-
py (EDS)24. For the smooth surface, the
SEM images revealed a surface with
smooth grooves caused by the cutting tool
during machining. For the treated surface,
topographical uniformity was observed,
with the presence of deep grooves and a
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Fig. 1. Photographs of the abutments used in this study. (A) Control group: conventional
intermediate abutment with a smooth surface. (B) Test group: intermediate abutment with a 1.5-
mm collar surface-treated with TiO2.
regular microrough surface. The treated
surface also presented rounded edges due
to acid conditioning, and residues of the
blasting particles were observed in the
high-magnification images. Concerning
the EDS evaluation, a surface with a high
concentration of titanium was observed in
both groups, and other metal ions were not
identified. Regarding the analysis of sur-
face roughness, the roughness data point
mean (standard deviation) values were
0.159 (0.033) mm for the smooth surface
and 0.699 (0.056) mm for the treated
surface. Another characteristic, the wetta-
bility (mean value of the contact angle
over different times of water drop), was
also evaluated. The authors reported that
on the smooth surface, the contact angle
showed a continuous, almost linear de-
crease at different times. On the treated
surface, the contact angle did not change,
remaining stable. The wetting area was
greater (27.2%) on the smooth surface.

Installation of implants

All surgeries and postoperative follow-up
examinations were performed by the same
surgeon (A.L.S.O.) at the Dentistry Clinic
of Paulista University, São Paulo, Brazil.
All patients received two Morse cone
connection implants in one stage (Implacil
de Bortoli), which had their prosthetic
platform positioned 2 mm below the bone
crest after the installation of the implants
with insertion torque varying from 30 to
45 N. Hexagonal conical abutments and
conical abutment protectors (Implacil de
Bortoli) were installed.
For the procedure, the area was anaes-

thetized and then a mucoperiosteal flap
was raised after incision in the centre of
the bone crest. The preparation of the bed
was conducted according to the protocol
recommended by the manufacturer. The
intermediate implants, with and without
surface treatment, and abutment protec-
tors were subsequently installed. Uninter-
rupted sutures were performed using 4–0
nylon (Nylon, Ethicon, Somerville, NJ,
USA). Amoxicillin (2 g administered
1 hour before the procedure), sodium
dipyrone (500 mg every 6 hours for 2 days
postoperative), and mouthwash with
0.12% chlorhexidine digluconate (every
12 hours for 7 days postoperative) were
prescribed.

Assessment of the profile of markers

related to osteoblastogenesis and

angiogenesis

A blinded examiner performed the collec-
tion of peri-implant fluid in each group,
using filter paper strips (PerioPaper; Ora-
flow, Plainview, NY, USA), on days 3, 14,
30, and 60 after installation of the
implants, as described above25. The levels
of mediators of osteoblastogenesis (epi-
dermal growth factor (EGF), bone mor-
phogenetic protein 9 (BMP-9), and
endothelin 1 (ET-1)) and angiogenic fac-
tors (fibroblast growth factor (FGF), pla-
cental growth factor (PlGF), and vascular
endothelial growth factor (VEGF)) were
determined using a specific kit
(HAGP1MAG–12K; Millipore Corpora-
tion, Billerica, MA, USA) and measured
with a multiplex instrument (MAGpix;
MiraiBio, Alameda, CA, USA), following
the manufacturers’ instructions.
Briefly, a 96-well plate was pre-wetted

with washing buffer. After discarding the
wash buffer, microsphere magnetic beads
coated with monoclonal antibodies against
the different target analytes were added to
the wells. Samples and standards were
added to the wells and incubated overnight
at 4 �C. The wells were washed using a
magnetic manifold, and a mixture of bio-
tinylated secondary antibodies was added.
After incubation for 1 h, streptavidin con-
jugated to the fluorescent protein R-phy-
coerythrin (streptavidin–RPE), was added
to the beads and incubated for 30 min.
After washing to remove the unbound
reagents, sheath fluid was added to the
wells, and the beads (minimum of 50
per analyte) were analysed in the MAGpix
instrument. Samples were diluted with the
kit diluents. The dilution was taken into
consideration when calculating the con-
centration of each substance with a stan-
dard curve, prepared using the standard
proteins in the kit. The standard curve
range used was 2.7–2000 pg/ml for
EGF, BMP-9, and ET-1; 13.7–
10,000 pg/ml for FGF and VEGF; and
1.4–1000 pg/ml for PlGF. The samples
were analysed individually, and the levels
were estimated using a polynomial curve
(xPONENT software, Millipore Corpora-
tion). The results were adjusted for the
volume of peri-implant crevicular fluid for
each implant and the values were
expressed in picograms per millilitre
(pg/ml).

Statistical analysis

The number of patients included in the
study was based on previous studies that
had found significant differences in the
levels of bone, angiogenic, and inflamma-
tory markers in peri-implant fluid25–27.
Initially, the data were submitted to tests
for normality (Kolmogorov–Smirnov
test). Subsequently, the data were submit-
ted to two-way analysis of variance
(ANOVA)/Tukey test. The analyses were
performed using SAS 9.1 software (SAS
Institute Inc., Cary, NC, USA), consider-
ing each implant as an experimental unit;
a was set at 5%.

Results

Initially, 62 patients were selected; how-
ever, 47 were then excluded because they
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did not meet the inclusion criteria. Hence,
15 individuals were included in the study.
No patient withdrew from the study during
the experimental stage (Fig. 2). Among the
15 patients included, 11 were female
(73.3%) and four were male (26.7%).
The average age of the patients was
40 � 10.41 years (range 23–63 years).

Levels of osteoblastogenic and

angiogenic markers

Analysis of the results indicated a signifi-
cant difference between the groups, with
higher levels of EGF, BMP-9, ET-1, FGF,
and PlGF in the test group at 30 days
following implant installation
(P < 0.05). In addition, PlGF levels were
also higher in the test group at 60 days
following the procedure (P < 0.05). The
intra-group analysis indicated significant
differences in ET-1 and FGF levels be-
tween days 3 and 30, and between days 3
and 60, in the test group (P < 0.05); fur-
thermore, there was also a difference in
VEGF levels in the test group between
days 3 and 60 (P < 0.05). With respect to
the control group, there was a significant
difference in ET-1, FGFand PlGF, levels
between days 3 and 60 (P < 0.05). Addi-
tionally, significant differences in PlGF
concentration were observed between
days 14 and 60 in the control group
Fig. 2. Flowchart of the study showing the pat
selection of individuals for the study phase.
(P < 0.05). The results are illustrated in
Fig. 3.

Discussion

A greater amount of bone tissue and bone
integration of the prosthetic abutment
could favour biological sealing of the
implant–tissue interface, thus promoting
bone crest stability. A previous study used
an animal model to compare the effect of
an abutment with a treated surface and the
effect of an abutment with a smooth sur-
face, and showed that surface treatment
favoured the stability of the peri-implant
crestal bone13. However, to date, there
appears to be no evidence in humans that
treatment of the prosthetic abutment sur-
face could influence bone regeneration
and optimize bone integration of the pros-
thetic implant abutment.
This study investigated the effect of

surface treatment of the prosthetic abut-
ment on osteoblastogenic and angiogenic
markers. In general terms, the results in-
dicated that the treatment of the abutment
surface influenced the levels of vascular
and bone mediators released during the
initial stages of peri�implant bone regen-
eration.
Interestingly, the levels of EGF, BMP-

9, ET-1, FGF, and PlGF were higher in the
presence of the abutment collar treated
with TiO2 at 30 days following the inser-
ients enrolled in the pre-study phase and the
tion of the implants and abutments. These
growth factors are expressed during the
regeneration and development phases, and
their local availability could contribute to
the acceleration of the regeneration pro-
cess, given that these markers have an
effect on regeneration, chemical attrac-
tion, proliferation, and cell differentiation
into osteoblasts28. Bhardwaj and Webster
observed increased proliferation of osteo-
blasts and reduced bacterial proliferation
on a surface treated with TiO229. Thus, the
presence of the collar treated with TiO2

seems to have a positive effect on the
release of these factors, producing a
favourable environment for bone regener-
ation and vascular neoformation.
Higher EGF concentrations were ob-

served in the test group than in the control
group at 30 days following implant instal-
lation. EGF is related to osteoblast differ-
entiation and mineralization, as well as
DNA synthesis, and is directly associated
with rapid tissue regeneration after inju-
ries30. It is a marker found in osteoblasts,
osteoclasts, and endothelial cells31. An in
vitro study found covalent immobilization
of EGF in TiO2 nanotubes, demonstrating
that the number and activity of mesenchy-
mal cells increased significantly in the
presence of this molecule32. The results
of the present study showed that TiO2

promoted greater release of EGF, indicat-
ing osteoblastic activity in the initial re-
generation stages.
On the other hand, EGF is also related to

the induction of growth and proliferation
of mesenchymal and epithelial cells, with
stimulation of granulation tissue forma-
tion and angiogenesis. When this marker
invades the blood vessels, it plays an
important role in tissue regeneration, since
it stimulates vascular permeability and
tissue proliferation. This phenomenon
suggests that EGF is important in the
regeneration process, because its actions
on angiogenesis and osteoblastogenesis
appear to be linked during the initial pe-
ri-implant bone regeneration phases33,34.
In this way, the treatment of surfaces with
TiO2 seems to stimulate angiogenesis
through the release of EGF and could thus
favour bone regeneration and integration.
In addition to the increased EGF levels, a

greater concentration of ET-1 was also
observed at 30 days after the procedure.
EGF is among the factors that regulate the
function of ET-135. ET-1 is a vasoactive
mediator with important function for cellu-
lar proliferation, angiogenesis, apoptosis,
and migration of diverse cell lines36,37. This
mediator binds to cellular receptors on sur-
faces and activates signalling pathways that
regulate mesenchymal cell behaviour, such
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Fig. 3. Levels of epidermal growth factor (EGF), bone morphogenetic protein 9 (BMP-9), endothelin 1 (ET-1), fibroblast growth factor (FGF),
placental growth factor (PlGF), and vascular endothelial growth factor (VEFG) (pg/ml) in the peri-implant fluid in the test and control groups. (A)
EGF: *significant difference between the groups (two-way ANOVA/Tukey, P < 0.05); there was no difference in the intra-group analysis (two-
way ANOVA/Tukey, P > 0.05). (B) BMP-9: *significant difference between the groups (two-way ANOVA/Tukey, P < 0.05); there was no
difference in the intra-group analysis (two-way ANOVA/Tukey, P > 0.05). (C) ET-1: *significant difference between the groups (two-way
ANOVA/Tukey, P < 0.05); ysignificant difference between day 3 and day 60 for the test group intra-group analysis (two-way ANOVA/Tukey,
P < 0.05); zsignificant difference between day 14 and day 60in the control group intra-group analysis (two-way ANOVA/Tukey, P < 0.05). (D)
FGF: *significant difference between the groups (two-way ANOVA/Tukey, P < 0.05); ysignificant difference between day 3 and day 30 in the test
group intra-group analysis (two-way ANOVA/Tukey, P < 0.05); zsignificant difference between day 3 and day 60 for both groups in the intra-
group analysis (two-way ANOVA/Tukey, P < 0.05). (E) PlGF: *significant difference between the groups (two-way ANOVA/Tukey, P < 0.05);
ysignificant difference between day 14 and day 60 in the control group intra-group analysis (two-way ANOVA/Tukey, P < 0.05); zsignificant
difference between day 3 and day 60 in the control group intra-group analysis (two-way ANOVA/Tukey, P < 0.05). (F) VEGF: ysignificant
difference between day 3 and day 30 for the test group intra-group analysis (two-way ANOVA/Tukey, P < 0.05); there was no difference in the
inter-group analysis (two-way ANOVA/Tukey, P > 0.05).
as Ca2+ calmodulin-dependent protein ki-
nase, mitogen-activated protein kinase
(MAPK), phosphatidylinositol 3-kinase
(PI3K), and protein kinase C (PKC)38.
Mesenchymal cells treated with ET-1

exhibited increased expression of VEGF
and angiopoietins 2 and 4, and increased
migration and formation of blood vessels
of endothelial cells39. ET-1 is also known
as a growth factor that stimulates hyper-
trophy, as well as tissue and cell prolifer-
ation, including epithelial cells40 and
fibroblasts41–43. Therefore, TiO2 treat-
ment was found to stimulate angiogenic
activity and it can be thesized that this
treatment can also stimulate mesenchymal
cell proliferation and differentiation dur-
ing the peri-implant regeneration process.
ET-1 also has positive effects on bone

regeneration. Mice with an ET-1 deficien-
cy exhibited craniofacial abnormalities,
with poor development of the mandible,
low bone mass, and cardiovascular abnor-
malities44,45. ET-1 plays a role in regulat-
ing bone metabolism through the
stimulation of bone formation44, increases
the proliferation of osteoprogenitor cells,
and promotes their differentiation into
mature osteoblasts46–48. In addition, ET-
1 has been shown to promote greater bone
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formation in animal models, with higher
density and bone trabeculae47. Therefore,
it is suggested that the high levels of ET-1
in the test group were related to higher
osteogenesis activity and, possibly, higher
density of the neoformed bone.
Among the markers assessed, only

VEGF did not exhibit higher levels in
the presence of the treated abutment col-
lars. VEGF is an important growth factor
in the angiogenesis process, related to
differentiation into osteoblasts, chondro-
blasts, and osteoclasts49–51. Interestingly,
this lack of higher VEGF levels was cor-
related with the higher levels of ET-1,
which is the only cytokine that has an
inhibiting effect on VEGF, reducing both
the expression of messenger RNA and
protein secretion in a dose-dependent
and time-dependent manner48,51.
On the other hand, it has also been

found that ET-1 induces VEGF synthesis
in immortalized pre-osteoblasts52, sug-
gesting that this molecule could play a
key role in angiogenesis during the bone
regeneration and remodelling process. The
mechanisms by which this regulation
occurs are not yet known. However, it is
believed that the reduction of VEGF levels
due to ET-1 is important to avoid uncon-
trolled angiogenesis (which might result in
vascular tumours or hemangiomas53,54)
and promote a spatial and temporal link
between angiogenesis and bone forma-
tion55.
BMPs are members of the transforming

growth factor beta (TGF-b) family and
play an important role in bone formation
and the differentiation of undifferentiated
mesenchymal cells56. BMP-9 is one of the
bone morphogenetic proteins with the
highest osteogenic activity, and promotes
the differentiation of mesenchymal cells
into osteoblasts57,58. The results of the
present study indicate that TiO2 treatment
promoted the release of BMP-9. This
demonstrates the occurrence of osteoblas-
tic activity in the early phase of peri-
implant regeneration, favouring biological
sealing in the region of the abutment
through bone formation.
Another important result is related to

the FGF level. This growth factor has a
pleiotropic effect on the development of
different cells and organs, as evidenced
via in vitro and in vivo studies59,60. It is a
protein produced by fibroblasts, endothe-
lial cells, and osteoblasts61,62, with a mi-
togenic effect on the same cell types. It
induces angiogenesis and stimulates the
proliferation and migration of endothelial
cells and the expression of proteases,
growth factors, and integrins involved in
angiogenesis63. FGF also influences bone
development, remodelling, and regenera-
tion64,65. In addition, FGF plays a role in
the proliferation of precursor cells, pro-
moting osteoblast proliferation66,67, and
induces recruitment, formation, differen-
tiation, and resorption activity68. This
growth factor appears to play an important
role in bone turnover, regulating bone
formation and resorption. Therefore, the
higher level of this marker in the test group
at 30 days demonstrates that the treatment
of the intermediate abutment surface stim-
ulated the release of this grow factor,
favouring peri-implant bone remodelling.
Another relevant result found in the

present study concerns the levels of PlGF,
which is an angiogenic factor related to
bone formation and regeneration69. This
marker increases the proliferation, migra-
tion, and survival of endothelial cells70,71,
and stimulates fibroblast proliferation72,73.
PlGF has been regarded as an important
growth factor for bone regeneration, func-
tioning in the initial phase of the inflam-
matory and post-trauma angiogenesis
process, and in the proliferation and dif-
ferentiation of mesenchymal cells74. In
addition, an in vivo and in vitro study
found toxicity of TiO2 nanoparticles in
lung epithelial cells, which showed in-
creased PlGF levels (amount of mRNA
and protein)75. Hence, higher levels of
PlGF in the presence of the abutment
collars treated with TiO2 indicate greater
angiogenic and bone regeneration activity
in this group.
Histological studies have demonstrated

that connective tissue around titanium or
zirconia abutments exhibits a parallel ori-
entation of the fibres and that epithelium
adhesion to the polished surface of the
implants is only promoted by hemidesmo-
somes76. Clinical studies conducted in
animal models, using implants with a 1-
mm laser-microtextured collar, demon-
strated a perpendicular orientation of the
fibres towards the abutment, with fibre
insertion mimicking Sharpey’s fibres10,77.
Interestingly, some authors have sug-
gested that laser treatment of surfaces
inhibits apical migration of the
epithelium10,77–79.
In vitro studies have found a stimulatory

effect of TiO2 particles, including the
induction of human fibroblasts and undif-
ferentiated mesenchymal cells, suggesting
that TiO2 can increase cell integration80,81.
In addition, an increase in type 1 collagen
secretion and fibronectin synthesis by gin-
gival fibroblasts has been observed, which
promotes initial adhesion and consequent-
ly leads to improved soft tissue adhe-
sion81. Although no histological analysis
was performed in the present study, it
could be hypothesized that the behaviour
of fibres and epithelial tissue around the
abutment collars treated with TiO2 would
be similar to the behaviour described
above, given that TiO2 exhibits this stim-
ulatory effect on important molecules and
cells related to regeneration.
Some studies have attempted to find

methods to promote greater stability of
the peri-implant bone crest and to ensure
a greater bone tissue height and greater
and faster bone integration. A study con-
ducted on animals found higher bone tis-
sue height (70% higher than for machined
collars) and greater stability of bone crest
in the presence of treated collars13. Simi-
larly, from a molecular perspective, the
data obtained by analysing the peri-im-
plant fluid in the present study demonstrat-
ed that the abutments treated with TiO2

had additional benefits in comparison to
machined abutment surfaces due to the
release of vascular and bone mediators.
The results of this study suggest that

osteoblastic and angiogenic activities are
predominantly observed in the initial
phases of peri-implant regeneration, tak-
ing into account the higher levels of EGF,
BMP-9, ET-1, FGF, and PlGF in the peri-
implant fluid during this period. Of note,
these osteoblastic and angiogenic activi-
ties were observed in the early phase (30
days postoperative), which may suggest an
acceleration in the bone formation process
around the abutment and consequently
faster biological sealing of the implant–
abutment interface.
A limitation of this study is the small

number of patients included in the trial.
Twenty patients were considered eligible
for the study. However, five did not wish
to undergo the procedures. However, the
split-mouth design represents a powerful
tool for the comparison of treatments, due
to the increased efficiency of the statistical
tests and statistical power. This is because
most of the variability among patients is
excluded from the intervention effect and
each subject is its own control82,83. Be-
sides, as well as the present study, previ-
ous studies performed by this research
group using the same methodology and
similar number of patients were able to
determine statistical significance25–27.
Although the molecular findings of this

study may help elucidate the mechanisms
involved in peri-implant tissue regenera-
tion in the early phases of bone integration
in the presence of treated intermediate
abutment surfaces, further studies are re-
quired to determine the behaviour of these
tissues after the establishment of function
(prosthetic loading), considering the levels
of bone tissue (radiographic stability), the
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patterns of pro- and anti-inflammatory
cytokine release, and the microbiological
profile over time. In addition, other types
of treatments should be assessed and com-
pared to determine the best effect and the
best clinical management.
The results of this study suggest some

biological mechanisms that could help
explain the positive effects promoted by
the treatment of intermediate abutment
surfaces with TiO2. These findings may
also improve our understanding of the
vascular–bone modulation that occurs
around implants through surface treat-
ment, and thus enable better clinical strat-
egies that could help preserve the peri-
implant bone crest. In conclusion, the
treatment of intermediate abutment sur-
faces with TiO2 modulated the release of
bone, angiogenesis, and tissue regenera-
tion markers.
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