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Abstract

Purpose: The aim of this study was to investigate the response of osteogenic cell lineage and gingival fibroblastic
cells to different surface treatments of grade IV commercially pure Titanium (cpTi) disks.

Material and methods: Grade IV cpTi disks with different surfaces were produced: machined (M), sandblasting (B),
sandblasting and acid subtraction (NP), and hydrophilic treatment (ACQ). Surface microtopography characteristics
and chemical composition were investigated by scanning electron microscopy (SEM) and energy dispersive x-ray
spectrometry (EDS). Adhesion and proliferation of SC-EHAD (human surgically-created early healing alveolar defects)
and HGF-1 (human gingival fibroblasts) on Ti disks were investigated at 24 and 48 h, and osteogenic differentiation
and mineralization were evaluated by assessing alkaline phosphatase (ALP) activity and alizarin red staining, respectively.

Results: No significant differences were found among the various surface treatments for all surface roughness
parameters, except for skewness of the assessed profile (Rsk) favoring M (p = 0.035 ANOVA). M disks showed a slightly
higher (p > 0.05; Kruskal-Wallis/Dunn) adhesion of HGF-1 (89.43 ± 9.13%) than SC-EHAD cells (57.11 ± 17.72%). ACQ
showed a significantly higher percentage of SC-EHAD (100%) than HGF-1 (69.67 ± 13.97%) cells adhered at 24 h. SC-
EHAD cells expressed increased ALP activity in osteogenic medium at M (213%) and NP (235.04%) surfaces, but higher
mineralization activity on ACQ (54.94 ± 4.80%) at 14 days.

Conclusion: These findings suggest that surface treatment influences the chemical composition and the adhesion and
differentiation of osteogenic cells in vitro.

Clinical relevance: Hydrophilic surface treatment of grade IV cpTi disks influences osteogenic cell adhesion and
differentiation, which might enhance osseointegration.
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Introduction
Osseointegration was originally defined as a direct union
between vital bone and a functioning metal implant at
optical microscopy [1]. Since then, dental implants have
significantly evolved, especially in surface treatment,
aiming at improving the quality and/or speed of osseointe-
gration [2, 3]. Osseointegration is influenced by varying pa-
rameters, including material, design, surface properties,
surgical technique, and bone quality [1, 4]. A modification
of implant surface topography has been considered as an
essential parameter contributing to the success of dental
implants [2]. A major part of implantology research focuses
on the development of surface modifications that would be
able of improving the biologic characteristics of titanium [5,
6]. Considering that, new surfaces of dental implants were
developed to improve biological cell responses, guiding the
differentiation of stem cells in osteoblasts and enhancing
osseointegration [7]. Material biocompatibility is intimately
related to cell behavior [8, 9]. Implant surface microtopo-
graphy influences adhesion, proliferation, differentiation,
and extracellular matrix synthesis by osteoblasts and other
cells [9–15]. Surface roughness also influences the behavior
of osteoprecursor cells by stimulating proliferation and in-
ducing differentiation into osteoblasts [16–19] and bone
growth at implant threads, which may affect the process of
osseointegration [6, 20–26]. Popular treatments of implant
surfaces, increasing roughness, include blasting and/or acid
etching, as well as addition of nanoparticles and rising
under protection with N2, followed by storage in NaCl
solution [7, 27]. These modifications affect cell behavior,
improving the adsorption of proteins, and favoring osteo-
blastic cells differentiation [7, 28, 29]. The effects of titan-
ium surface topography in the behavior of osteoblasts are
associated to adhesion-related cell function [7, 30]. Re-
cently, the granulation tissue present in surgically cre-
ated bone defects in the jaws of humans after 21 days of
healing was isolated and characterized in vitro for the
first time, and this granulation tissue removed from hu-
man surgically created early healing alveolar defects
(SC-EHAD cells) demonstrated osteogenic properties
[31]. Cells exhibited a spindle-shaped morphology at
earlier passages, changing to a cuboidal one at later
passages. Alkaline phosphatase (ALP) activity and
mineralization were observed both in conventional and
osteogenic medium. Fresh samples of SC-EHAD tissue ex-
hibited CD34− and CD45−phenotypes, while SC-EHAD
cells at later passages exhibited, besides that, a CD105−,
CD166−, and collagen type I+ phenotype. These findings
suggest that SC-EHAD is a possible source of progenitor
cells [31]. However, the properties of this human cell
lineage when cultivated on different implant surfaces are
yet unknown. Considering that, the aim of this study is to
investigate the response of SC-EHAD cells to different
grade IV cpTi disks surface treatments.

Material and methods
Titanium discs and surface preparation
Grade IV cp Ti disks, 6.0 mm × 2.0 mm (Neodent®,
Curitiba, Brazil) with the following surface treatments,
were used:

1) Machined (M)
2) Sandblasted (B—subtraction with silicon,

aluminum, and titanium oxide creating abrasion on
disks surface)

3) Sandblasted and acid etched (combination:
hydrofluoric, nitric, and sulfuric acid)
(NP—Neoporos®, surface)

4) Sandblasted, acid etched, and immersed in 0.9%
sodium chloride (ACQ—Acqua®, surface), were used.

Surface analysis
Disks surfaces were examined by scanning electron mi-
croscopy, at × 500 magnification in a high resolution
scanning electron microscopy (Machining Technology
Laboratory, School of Engineering, São Paulo State
University. Bauru, Brazil). Roughness characteristics
were examined in SEM photomicrographs by SurfCharJ
plugin (available for download at: http://imagej.nih.gov/
ij/), which measures roughness parameters according to
ISO 4287/2000: Ra (arithmetical mean deviation), Rq
(root mean square deviation), Rku (kurtosis of the
assessed profile), Rsk (skewness of the assessed profile),
Rv (lowest valley), Rp (highest peak), and Rt (total height
of the profile). The chemical composition of titanium
disks was investigated by energy dispersive x-ray de-
tector (EDS). One sample of each group was analyzed in
three different locations to detect the chemical compos-
ition in order to detect possible differences between
regions.

Cell culture
After approval of the Committee of Ethics in Research
(CAAE 32274414900005417), SC-EHAD cells were ob-
tained from two systemically healthy individuals, non-
smoking, 40 and 45 years old males who signed the consent
form for newly forming bone graft technique during peri-
odontal treatment of deep infrabony periodontal pockets
and furcation lesions, as described the treatment protocol
by Passanezi and co-authors in 1989 [32]. Briefly, a 10-mm
height × 3.5mm diameter surgical defect was created at the
alveolar ridge with a cylindrical diamond bur under copious
irrigation, as previously method described [31–33]. After
21 days [32], defects were re-opened, the granulation tissue
present in the healing defects was collected with a Lucas
curette, and a portion of the material was transferred to a
Falcon tube containing Dulbecco’s minimal essential
medium (DMEM, Sigma-Aldrich, USA), 20% fetal bovine
serum (FBS, Sigma-Aldrich, USA), 200U/mLG potassium
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penicillin, 200mg/mL streptomycin sulfate, and 20 μg/mL
amphotericin B (Sigma-Aldrich, USA), allowing the estab-
lishment of primary culture of osteoblasts after centrifuga-
tion of the fine dissected fragments for 3min and
positioning in 25 cm2 tissue flasks containing DMEM sup-
plemented with 20% FBS and 2% antibiotic-antimycotic so-
lution. The option to collection of SC-EHAD after 21 days
after creation of defect was based on the clinical applica-
tions already proposed [32].
Human gingival fibroblasts (HGF-1), used as positive

controls for comparisons, were obtained from two sys-
temically healthy, non-smoking volunteers submitted to
a gingivectomy by internal bevel incision (n = 1) and a
free gingival graft (n = 1) procedure. The tissue removed
during surgical procedures was positioned in Falcon
tubes containing DMEM (Eagles minimal essential
medium) supplemented with 20% FBS (fetal bovine
serum) and 2% antibiotic-antimycotic solution, and
transported to cell culture lab to the establishment of
primary culture. Tissue fragments were finely dissected
in Petri dishes containing saline buffer (PBS) and 2%
antibiotic-antimycotic solution. Cell separation was per-
formed by mechanical-enzymatic process by submersion
of tissue fragments in trypsin solution at 37 °C followed
by centrifugation for 3 min. This process was repeated
once, and the resultant cell pellet was re-suspended in
DMEM supplemented with 20% FBS and 2% antibiotic-
antimycotic solution. Cells were allowed to expand in
humidified atmosphere containing 5% CO2 at 37

°C until
reaching subconfluency (approximately 80% of cultivable
area covered by cells); when cells were detached with
trypsin solution (Sigma-Aldrich, USA) and transferred to
progressively greater tissue flasks until experimental pro-
cedures were performed, the cell sources were pooled to
HGF-1 lineage group.

Adhesion and proliferation assays
5 × 104 cells in 50 μl of DMEM were platted on 5 disks/
group (SC-EHAD or HGF-1) in 96-well plates. Four
hours after platting, 200 μl of culture medium was added
in each well, completely covering the disks. Samples
were fixated after 24 h (adhesion assay) and 48 h (prolifer-
ation assay) with Karnovsky solution (6% glutaraldehyde
and 4% paraphormaldehyde in 0.2M cadodylate buffer)
and post-fixated with 2% osmium tetroxide in cacodylate
buffer at 4 °C for 2 h. After dehydration in graded alcohols,
samples were immersed in 100% hexametildisilazane
(HMDS) at room temperature for 24 h, air-dried, and
sputter-coated with gold for examination by scanning
electron microscopy (SEM). From each specimen, 2 pho-
tomicrographs were obtained (central and a randomly
selected peripheric area) at × 500 magnification.
Each photomicrograph was coded and analyzed by a

blinded examiner for assessing the area covered by cells.

After calibration of the image size, a grid was super-
posed on SEM images in an image analysis software
(ImageJ®, NIH, Bethesda, USA) software, and the area
without cells was determined and expressed as % of the
total disk area. Additionally, cell adhesion and prolifera-
tion were analyzed on each image, by a blinded exam-
iner, using an index from 0–5 (Table 1).

Differentiation and mineralization assays
SC-EHAD and HGF-1 cells were cultured on the disks
and plastic (negative control) at an initial density of 7 ×
103 cells in 24-well plates. After initial adhesion (4 h) in
standard medium, cells were cultivated in standard and
osteogenic medium. The osteogenic medium was ob-
tained by supplementation of standard medium with 10
mM β-glicerophosphate (Sigma, USA) and 50 μg/ml as-
corbic acid. The assays were performed in triplicates.
Alkaline phosphatase (ALP) was determined in pool
after 14 days. The culture medium was discarded, and
cells were twice washed with saline solution and lysed by
adding 100× Triton solution. ALP was observed at lysed
cells using 25 μl of the sample added in 200 μl of p-
nitrophenol phosphate. Total protein measurements
were performed according to Bradford method. The op-
tical density was read at 405 nm in a spectrophotometer
(FLUOstar Optima microplate reader, BMG, Leicester,
UK). ALP activity (U/ml) was normalized according to
protein measurements for each sample.
Alizarin red staining was performed after 14 and 28

days of culture of SC-EHAD and HGF-1 cells on the dif-
ferent substrates in triplicates at initial density of 5 × 104

cells in osteogenic and standard culture media, as de-
scribed before. The culture medium was discarded; con-
fluent cell layers were washed with PBS at 37 °C, fixated
with 4% formalin solution, and again washed with PBS.
The disks were stained with alizarin red S (2%, pH 4.2,
Merck). Images of the disks were captured with stereo-
microscope and processed in Image J to determine the
percentage of area showing mineralized nodules stained
by alizarin red.

Statistical analysis
Data were analyzed in Graph Pad Prism 6.0 for Mac,
adopting a significance level of 5% (α = 0.05) for all tests.
Comparisons of roughness characteristics among groups

Table 1 Index of cell adhesion and proliferation

Score Characteristics

0 No cells adhered

1 < 50% area covered by cells

2 50–<75% area covered by cells

3 75–100% area covered by cells

4 100% area covered by cells + formation of a second cell layer
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were performed by ANOVA post hoc Tukey. The per-
centage of area covered by cells and index of cell adhe-
sion and proliferation were compared by non-parametric
Kruskal-Wallis post hoc Dunn at the different periods.
Inter-group analysis of alizarin red staining was per-
formed by non-parametric Kruskal-Wallis post hoc
Dunn, and intra-group analysis was performed by
non-parametric Wilcoxon test. Differences in ALP ac-
tivity and mineralization assay were assessed with the
Wilcoxon test.

Results
Surface characteristics
No differences in roughness were found among groups
regarding all parameters, except for Rsk (p < 0.05;
ANOVA post hoc Tukey; Table 2). Surface characteris-
tics are presented in SEM photomicrographs (Fig. 1),
while the 3D-plot surface characteristics of the different
surfaces are illustrated in Fig. 2. The chemical compos-
ition performed by EDS was resulted in weight percent-
age (weight %), and Fig. 3 showed each surface found. M
and NP surface were composed by titanium only (100%);
B surface showed the presence of titanium (62.13%),
aluminum (10.78%), and oxygen (27.09%); and ACQ sur-
face showed presence of titanium (61.99%), sodium
(15.84%), and Chlorum (22.17%).

Adhesion and proliferation assays
24 hours
ACQ and B surfaces were covered at 100% by SC-EHAD
cells (Figs. 4 and 5). M surfaces showed 57.11% ±
17.72%, and NP surfaces showed 63.87% ± 7.23% area
covered by SC-EHAD. ACQ surfaces showed 69.67% ±
13.97% area covered by HGF-1, and B surfaces were cov-
ered at 100%. M surfaces showed 89.43% ± 9.13% and
NP surfaces showed 69.77% ± 13.97% area covered by
HGF-1.

48 hours
Significant differences in the area covered by cells were
found only for SC-EHAD on ACQ surfaces (p = 0.03;
Wilcoxon) when compared with areas covered by HGF-
1 (Fig. 5). Significant differences between the area occu-
pied by cells at 24 and 48 h were observed only for SC-
EHAD on ACQ surfaces (p = 0.03; Wilcoxon). A signifi-
cant smaller area occupied by HGF-1 (p < 0.01; Kruskal-
Wallis) and SC-EHAD (p < 0.005; Kruskal-Wallis) was
observed in B than in NP and ACQ (Fig. 5).

Adhesion and proliferation index
SC-EHAD
A higher prevalence of score 4 was observed for groups
B and ACQ compared to groups M (median 2.0) and NP
(median 2.0) at 24 h. At 48 h, significant differences were
found between M (median 2.5) and NP (median 2.0)
compared to B (median 4.0) and ACQ (median 4.0) sur-
faces. Significant differences between scores of HGF-1
and SC-EHAD cells cultivated on ACQ surfaces were
found at 24 and 48 h. No significant intra-group differ-
ences were found between 24 and 48 h (Table 3).

HGF-1
A higher prevalence of score 4 was observed at B com-
pared to NP (median: 2.5) and ACQ (median: 2.0) sur-
faces at 24 h. No significant differences were found
between groups B and M (median: 3.0). Similar results
were observed after 48 hours and there were no signifi-
cant intra-group differences between 24 and 48 hours
(Table 3).

Alizarin red staining
Mineralized nodules were observed at all surfaces at the
different periods of investigation (Fig. 6). Comparative
analysis between groups by Kruskal-Wallis post hoc
Dunn showed significant differences in SC-EHAD culti-
vated on M (31.45% ± 1.51%) and ACQ (54.94% ±
4.80%) at 14 days. No significant differences were ob-
served between groups at 28 days. Intra-group analysis
by Wilcoxon test showed no differences in the percent-
age of mineralization observed at 14 and 28 days for any
surface (Table 4).

ALP activity
SC-EHAD and HGF-1 cells were expressed in all sur-
faces as well as on the plastic (negative control) (Fig. 7).
SC-EHAD cells expressed increased ALP activity in
osteogenic medium at M (213%) and NP (235.04%) sur-
faces, while decreased activity was observed at B
(79.05%) and ACQ (68.37%) surfaces (Fig. 7). SC-EHAD
cells cultivated on standard medium expressed a slightly
increased ALP activity only at ACQ (112.17%), while M
(90%), B (78.26%), and NP (48.86%) showed decreased

Table 2 Roughness parameters analyzed by SurfCharJ plugin
(ImageJ, NIH, USA) [Sample length 100 μm, surface leveling]

M B NP ACQ

Rq 0.1289 0.1482 0.1956 0.1616

Ra 0.0983 0.1104 0.1574 0.1252

Rsk 1.9698* 1.5975 0.6909 1.3361

Rkv 13.4801 3.5427 0.1222 2.4683

Rv – 0.2893 – 0.2174 – 0.4170 – 0.2591

Rp 1.9496 0.8084 0.6484 1.1277

Rt 2.2388 1.0258 1.0653 1.3867

Rc – 0.0046 0.0012 0.0009 – 0.0030

*Significant differences between M, B, NP, and ACQ (p = 0.035)
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Fig. 1 SEM photomicrographs. Titanium disks with machined (M), sandblasted (B), Neoporos® (NP), and Acqua® (ACQ) surfaces

Fig. 2 3D surface plot. a M, b B, c NP, and d ACQ groups obtained by Interactive 3D, Surface Plot plugin (ImageJ, NIH, USA)
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Fig. 3 EDS analysis. Chemical composition of titanium disks with different surface treatment. a M. b B. c NP. d ACQ

Fig. 4 SEM photomicrographs of HGF and SC-EHAD cell adhesion and proliferation. SEM images of HGF-1 and BG-1 cells cultivated on M, B, N,P
and ACQ surfaces after 24 and 48 h of culture (× 500 magnification)
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ALP activity. HGF-1 cells expressed a slight decrease in
ALP activity at ACQ (85.44%) surfaces and a slight in-
crease at NP (117.49%), while similar ALP activity was
observed at M (99.59%) and B surfaces (100.4%) (Fig. 7).

Discussion
This study has investigated the response of osteopro-
genitor and fibroblastic cells to different cp Ti surface
treatments. According to the methods used, the adhe-
sion and osteoblastic differentiation of SC-EHAD cells
were influenced by moderately rough surfaces (B and
ACQ). Hydrophilic surfaces (ACQ) were more likely to
favor the adhesion of osteoblasts than fibroblasts. These
findings are supported by increased osteogenic activity
in vivo favoring earlier osseointegration [13, 30, 34].
Chemical composition of grade IV cp Ti disks was in-

fluenced by surface treatment. ACQ disks showed traces
of Na and Cl at surface. Chemical treatment of titanium
surfaces alters its surface properties, such as topography,
structure, chemical composition, surface energy, and
wettability, the last ones being related to a better
surface-biological environment interaction [27].

Depending on surface roughness characteristics, cells
may assume different phenotypes. Osteoblast-like cells
express roughness-dependent phenotypic features, such
as readily adhesion to rougher microtopography and a
more differentiated morphology [12, 35]. A better adhe-
sion of SC-EHAD cells were observed at ACQ hydro-
philic surfaces, which could be associated to the stage of
cell differentiation related to surface characteristics [33,
35–38]. Focal adhesion may be seen when a randomly
rough surface is created by grit-blasting or acid subtrac-
tion; by the other side, some cells may see the grooves
as a smooth surface, depending on the degree of rough-
ness [38]. These might explain differences in studies,
since roughness parameters vary from one study to
another.
The stage of cell differentiation may be investigated by

ALP and mineralization activity. The gene of ALP is an
early marker of cell differentiation into osteoblasts that
characterizes the beginning of mineralization activity,
while bone sialoprotein gene is considered as a late
marker [30, 37]. The expression of ALP increases with
variations of surface microtopography, together with

Fig. 5 Percentage area of the disks covered by cells (mean ± standard deviation) at 24 and 48 h, according to groups. Equal symbols in columns
HGF-1 represent *significant differences between groups B and NP, ACQ, and M (p < 0.01; Kruskal-Wallis post hoc Dunn). Equal symbols in
columns SC-EHAD represent +significant differences between M and groups B and ACQ (p < 0.001; Kruskal-Wallis post hoc Dunn); **significant
differences between NP and groups B and ACQ (p < 0.001; Kruskal-Wallis post hoc Dunn)

Table 3 Adhesion (24 h) and proliferation (48 h) index of HGF-1 and SC-EHAD cells at the different surfaces [median (mean ±
standard-deviation)]

HGF-1 SC-EHAD

24 h 48 h 24 h 48 h

M 3.0a (3.0 ± 0.0) 3.0a (3.0 ± 0.0) 2.0a (1.80 ± 0.78) 2.5a (2.50 ± 0.52)

B 4.0a,b (4.0 ± 0.0) 4.0a,b (3.90 ± 0.31) 4.0b (3.9 ± 0.31) 4.0b (4.0 ± 0.0)

NP 2.5a,c (2.40 ± 0.69) 3.0a,c (2.70 ± 0.48) 2.0c (2.10 ± 0.31) 2.0a (2.10 ± 0.56)

ACQ 2.0a,c (+) (2.30 ± 0.67) 3.0a,c (++) (2.70 ± 0.48) 4.0b (+) (4.0 ± 0.0) 4.0 b (++) (3.90 ± 0.31)

Different letters (a,b,c) in columns mean significant differences between groups M, B, NP, and ACQ (p < 0.05; Kruskal-Wallis post hoc Dunn). Equal symbols in rows
mean significant differences between cell types: (+) HGF-1 vs. SC-EHAD cultivated on ACQ disks at 24 h; (++) HGF-1 vs. SC-EHAD cultivated on ACQ disks at 48 h (p
< 0.05; Kruskal-Wallis post hoc Dunn). No differences between 24 h and 48h were found in any of the groups (p > 0.05)
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other proteins, such as bone sialoprotein, osteopontin,
and osteocalcin, all of which are involved with the devel-
opment of a bone [39].
The influence of NP and ACQ surfaces in the differenti-

ation of immortalized osteoblasts was recently investigated
[36] and suggested that ACQ resulted in decreased cell
viability and adhesion compared with NP or plastic (nega-
tive control). On the other side, cells cultivated on ACQ
surfaces expressed increased ALP activity and total pro-
tein, suggesting increased cell differentiation [36]. In
agreement with our findings, also other studies [31, 33, 37,
40] using MSC cells have shown increased proliferation
and higher ALP activity, bone sialoprotein expression, and
mineralization, especially at an early observation period
(14 days), on ACQ surfaces comparing with NP surfaces.
Differences could be explained by the different cell

lineages used in the studies. While Soares et al. [36] used
an immortalized osteoblasts cell lineage, others [30, 40,
41] have used MSCs (mesenchymal stem cells). We have
established a primary culture of bone granulation tissue
removed from healing alveolar sockets 21 days after its
creation, as previously described [27–29]. Studies have
shown that the tissue present in healing sockets at the
third to fourth week is rich in woven bone and immature
osteoblasts [37, 42–45]. SC-EHAD cell characteristics sug-
gest its osteoprogenitor nature [31].
Our findings suggest that ACQ and B surfaces exerted

more influence in cell differentiation than the addition
of β-glicerophosphate and ascorbic acid in conventional
medium. Pivodova et al. [46] have also observed a de-
crease in the expression of ALP activity after 72 h, which
could indicate that roughness parameters are important

Fig. 6 Mineralization activity of SC-EHAD cells at 14 days in the different groups. a Standard medium. b Osteogenic medium. *Squared images
represent ¼ of disk surface

Table 4 Percentage of mineralized area produced by SC-EHAD cells at the different surfaces, according to culture media and
periods of investigation [median (mean ± standard-deviation)]

14 days 28 days

DMEM Osteogenic DMEM Osteogenic

M 31.56%a (31.45% ± 1.51%) 35.64%a (38.11% ± 4.29%) 37.20%a (36.63% ± 1.12%) 36.05%a (41.65% ± 10.23%)

B 48.69%a,b (45.17% ± 6.61%) 45.69%a (45.80% ± 4.45%) 52.18%a (49.40% ± 6.54%) 54.92%a (54.40% ± 3.84%)

NP 35.33%a,b (34.38% ± 4.57%) 35.35%a (36.97% ± 10.08%) 19.11%a (26.68% ± 13.39%) 33.30%a (41.59% ± 24.42%)

ACQ 56.16%b (54.94% ± 4.80%) 62.93%a (65.68% ± 17.52%) 57.71%a (64.00% ± 20.69%) 51.55%a (54.96% ± 10.49%)

Equal letters in columns represent no significant differences between groups; different letters in columns represent significant differences between groups (p <
0.05; Kruskal-Wallis post hoc Dunn)
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in cell behavior. Osteoblast-like cells decrease specific
ALP activity as the surface roughness increases [35].
Different methods can be used to investigate surface

roughness characteristics, including atomic force micros-
copy [47], confocal microscopy [47, 48], scanning elec-
tron microscopy [49, 50], optical profilometer [3, 49, 51],
and light interferometer [50, 52]. Surface roughness is
influenced by the topographic orientation (anisotropic or
isotropic), with horizontal orientation determining a
smoother surface although not influencing BIC or
torque removal in rabbits’ tibiae [53]. Investigating sur-
face characteristics at photomicrographs could eliminate
variations related to the direction of surface roughness
measurement. Although not ideal for tridimensional
measurements, roughness parameters were investigated
by the ImageJ plugin SurfCharJ, a software initially de-
veloped to the analysis of supercalendered papers in
which surface representations are horizontally aligned by
subtracting a regression plane from surface [54]. This
software was found to be more suitable than other
mathematical software for quantitative analysis of sur-
face roughness of titanium alloys structures, providing
information on global and local roughness analysis, gra-
dient analysis, domain segmentation, surface leveling,
and directional analysis [55].
To the current knowledge, dental implant surface

characteristics were not investigated by this software.
Due to technical problems during experimental procedures,
roughness parameters were investigated by SurfCharJ. We
found different values of roughness parameters from those
reported in literature, which does not allow a direct com-
parison with other studies. However, it allows a comparison
between groups to identify smoother (M) and rougher im-
plants (NP). Additionally, no significant differences between

groups were observed, except for Rsv parameter. These
findings are in agreement with another study which,
employing a different methodology, showed minimal differ-
ences in surface roughness between NP (Sa = 1.44 ±
1.15 μm) and ACQ (Sa = 1.26 ± 0.17 μm) surfaces [56]. No
significant differences between groups can be found unless
using high magnification (× 5000) images. At this magnifi-
cation, a nanometric reticular surface was observed in
hydrophilic surfaces [33]. According to manufacturer, ACQ
surface is moderately rough, with Sa = 1.4–1.8 μm and Sz =
15 μm.
Our findings showed as well that HGF-1 with greater

values of adhesion and proliferation on M and B surface.
The surface geometry of smooth titanium discs could in-
fluence the behavior of fibroblast orientation and attach-
ment of human gingival fibroblasts in vitro [57], and it is
related with the mechanism of substratum curvature of
fibroblasts cells orientations [58].
Within the limits of this study, it could be observed

that moderately rough surfaces favor adhesion, prolifera-
tion, and differentiation of human osteoblastic progeni-
tor cells as well as human gingival fibroblasts. Further,
in vitro and in vivo studies are necessary to better evalu-
ate surface treatment properties and its influence on
osteogenesis and percentage of bone-to-implant contact.

Conclusions
Moderately rough, hydrophilic surfaces of grade IV cp
Ti disks influence osteoprogenitor cell adhesion, prolif-
eration, and differentiation in osteoblasts.
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