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ABSTRACT

Background and Purpose: Titanium (Ti) surface roughness and surface hydrophilicity are key factors to regulate osteogenic
cell responses during dental implant healing. In detail, specific integrin-mediated interactions with the extracellular
environment trigger relevant osteogenic cell responses like differentiation and matrix synthesis via transcriptions factors.
Aim of this study was to monitor surface-dependent osteogenic cell adhesion dynamics, proliferation, and specific osteo-
genic cell differentiation over a period of 7 days.

Materials and Methods: Ti disks were manufactured to present smooth pretreatment (PT) surfaces and rough sandblasted/
acid-etched (SLA) surfaces. Further processing to isolate the uncontaminated TiO, surface from contact with atmosphere
provided a highly hydrophilic surface without alteration of the surface topography (modSLA). Tissue culture polystyrene
(TCPS) served as control. Human osteogenic cells were cultivated on the respective substrates. After 24 hours, 48 hours, 72
hours, and 7 days, cell morphology on the Ti substrates was visualized by scanning transmission electron microscopy. As a
marker of cellular proliferation, cell count was assessed. For the analysis of cell adhesion and differentiation, specific gene ex-
pression levels of the integrin subunits B1 and ov, runx-2, collagen type Io. (COL), alkaline phosphatase (AP), and osteocalcin
(OC) were obtained by real-time RT-PCR for the respective time points. Data were normalized to internal controls.

Results: TCPS and PT surfaces preserved a rather immature, dividing osteogenic phenotype (high proliferation rates, low
integrin levels, and low specific osteogenic cell differentiation). SLA and especially modSLA surfaces promoted both cell
adhesion as well as the maturation of osteogenic precursors into post-mitotic osteoblasts. In detail, during the first 48
hours, modSLA resulted in lowest cell proliferation rates but exhibited highest levels of the investigated integrins, runx-2,
COL, AP, and OC.

Conclusion: Our results revealed a strong synergistic effect between submicron-scale roughness and surface hydrophilicity
on early osteogenic cell adhesion and maturation.
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INTRODUCTION

In modern dental implantology, one key task is to
enhance the implant healing cascade in order to achieve
early and stable osseointegration. Accordingly, innova-
tive surface modifications aim to promote respective
responses of surrounding osteogenic host cell popula-
tions. Up to now, because of its high biocompatibility
and promising physicochemical properties, titanium
(Ti) is a very favorable substrate to develop and test
surface modifications.'” Generally, Ti surface modifica-
tions are addressed to topographical properties and
chemical composition.

Well-established methods for ablative roughening
of implant surfaces are sandblasting and acid etching.
Although sandblasting of Ti substrates produces micron
scale roughness, acid-etching or combination of the two
methods (SLA: sandblasted, acid-etched) even results in
submicron scale topography.* Recent in vitro studies have
shown the impact of these topographic surface modifi-
cations on osteogenic cell attachment, spreading, gene
expression, and cytokine release">° but in most cases only
for selected time points or over a short period of time.

Another material property that can influence cell
behavior is surface hydrophilicity.” One approach to
obtain hydrophilic, highly energetic surface is to isolate
the uncontaminated (titanium dioxide) TiO, surface
from contact with atmosphere. Compared with conven-
tional SLA surfaces, these modified surfaces (modSLA)
have been proven to enhance protein adsorption® and to
promote a differentiated osteogenic phenotype, whereas
cell proliferation decreased.” These in vitro findings —
however on short time periods not more than a few days
— are consistent with animal studies showing improved
soft tissue and hard tissue integration and mechanical
stability for dental implants initially presenting hydro-

912 a5 well as with clinical obser-

philic surface properties
vations indicating enhanced implant stability."

Like for all mesenchymal cells, sufficient osteogenic
cell adhesion to the biomaterial is mandatory precondi-
tion for further cellular proliferation, differentiation,
and matrix synthesis. Whereas initial cell attachment
is based on rather unspecific cell-substrate interactions,
true cell adhesion displays complex interactions
between extracellular ligands and specific cellular recep-
tors with high impact on further intracellular signal
transduction." Integrin receptors are transmembrane
heterodimers consisting of non-covalently associated o

and 3 subunits. The subunits ; and o, have affinity to
extracellular matrix proteins like fibronectin, collagen
(COL), and osteonectin via the RGD tripeptide
sequence.” Integrin-mediated outside-in-signalling
has been shown to regulate osteogenic cytoskeleton
organization and gene expression."”'® Furthermore,
during osteoblast/substrate interactions, the expression
of these adhesion molecules is modified according to
distinct surface characteristics.'

The osteoblastic lineage is characterized by a
defined sequence of proliferation and maturation stages.
Although immature osteoprogenitor cells show a
comparable high proliferative activity, cell proliferation
decreases in subsequent maturation stages up to post-
mitotic mature osteoblasts.'”'® A variety of respective
“phenotypic genes” have been identified with COL and
alkaline phosphatase (AP) expressed during early osteo-
genic differentiation, followed by subsequent transcrip-
tion of non-collagenous bone matrix proteins like
osteopontin (OPN) and finally osteocalcin (OC)."

Specific transcription factors have been shown to
direct immature marrow stromal cells toward mature
osteoblasts. Runt-related gene 2 (runx-2) has been iden-
tified as an essential transcription factor for osteogenic
cell differentiation with “sequential” expression of the
runx-2-regulated phenotypic genes like COL, ALP, OPN
and OC.***

Aim of the study was to monitor osteogenic cell
morphology and proliferation dynamics as well as spe-
cific gene expression levels for cell adhesion and runx-
2-related cell differentiation on (1) rather smooth, (2)
submicron scale structured, and (3) additionally modi-
fied hydrophilic Ti surfaces over a time period of 7 days.

MATERIALS AND METHODS

Substrates

Surface-modified Ti disks were supplied by the Institut
Straumann (Basel, Switzerland). One-millimeter-thick
sheets of grade 2 unalloyed Ti (ASTM F67 “Unalloyed Ti
for surgical implant applications”) were punched to
15 mm in diameter. The methods used to prepare SLA
and modSLA surfaces out of smooth pretreatment (PT)
Ti disks have been reported previously.’

Prior to use, PT and SLA disks were washed, soni-
cated, and sterilized in an oxygen plasma cleaner (PDC-
32G, Harrick Plasma, Ithaca, NY, USA). The modSLA
disks were produced by rinsing SLA disks under



nitrogen protection to prevent exposure to atmosphere
during processing, and then stored in a sealed glass
tube under nitrogen-containing isotonic NaCl solution,
followed by gamma irradiation (25 kGy) over night for
sterilization. These procedures did not alter surface
topography or roughness parameters. Recent topo-
graphic investigations revealed a mean peak to valley
roughness (R,) of 40 nm for the smooth PT surface and
identical R, values of 3.2 um for the SLA and modSLA
surfaces, respectively. In contrast to the PT and SLA
surfaces, modSLA processing resulted in significantly
less carbon contamination and an extremely hydrophilic
surface.>*’ Tissue culture polystyrene (TCPS) served as
a control group.

Cell Culture

A commercial hipbone-derived osteoblastic cell line,
human osteoblasts (PromoCell, Heidelberg, Germany)
was cultivated on TCPS using standard osteoblast culti-
vation medium, consisting of fetal calf serum (Gibco
Invitrogen, Darmstadt, Germany), Dulbecco’s modified
Eagle’s medium (D-MEM, Gibco Invitrogen), dexam-
ethasone (100 nmol/L, Serva Bioproducts, Heidelberg,
Germany), L-glutamin (Gibco Invitrogen), and strepto-
mycin (100 pg/mL, Gibco Invitrogen). Cells were pas-
saged at regular intervals depending on their growth
characteristics using 0.5% trypsin (Seromed Biochrom
KG, Berlin, Germany). For the experiments, a defined
number of cells (45.000/cm?®) out of the fourth passage
were applied to the respective substrates (TCPS, PT, SLA,
modSLA), using the same cultivation medium. Cultiva-
tion was proceeded at 37°C in a constant humidified
atmosphere of 95% air and 5% CO..

Cell count and reverse transcription polymerase
chain reaction (RT-PCR) experiments were carried out
after 24 hours, 48 hours, 72 hours, and 7 days. Cells were
released from the surface by incubation with 0.5%
trypsin with ethylenediaminetetraacetic acid for 5
minutes, followed by gentle tapping to remove remain-
ing cells. The reaction was stopped by adding culture
medium, followed by two steps of centrifugation to
remove remaining trypsin out of the cell suspension.

RNA Isolation

After detaching the cells from the respective surfaces,
cells were transferred into a tube and recentrifuged for
5 minutes at 1.800 rpm. Total RNA was isolated using
the RNeasy kit (Qiagen, Hilden, Germany) following
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the manufacturer’s instructions. Cell pellets were
lysed by addition of 350 uL Qiagen Buffer RLT and
B-mercaptoethanol. Cell lysates were transferred into the
QIAshredder and homogenized by centrifugation at
13.000 rpm for 2 minutes. After addition of 350 uL of
70% ethanol, the homogenized lysate was applied to an
RNeasy spin column placed in a 15 mL centrifuge tube
and centrifuged for 15 seconds at 10.000 rpm. After addi-
tion of 350 uL Qiagen Buffer RW1 with subsequent cen-
trifugation for 15 seconds at 10.000 rpm, RNase-free
DNase set (Qiagen, Hilden, Germany) was added for 15
minutes to avoid DNA-contamination, followed by addi-
tion of Buffer RW1 and centrifugation. Columns were
washed twice in 500 uL Buffer RPE at 10.000 rpm for 15
seconds and 2 minutes, respectively. Subsequently, the
isolated RNA was eluted in 50 UL of RNase-free water and
stored at —20°C until photometric measurement.

Photometric RNA Measurement

Concentration of the isolated RNA was assessed by
the NanoDrop spectrophotometer (peqLab, Erlangen,
Germany). RNA concentration was adjusted to 25 ng/uL.

Quantitative Real-Time RT-PCR

PCR was carried out using a 25 UL final reaction volume
containing of 1.0 uL isolated RNA (concentration:
25 ng/ul), 7.0 uL H,O, 13.0 uL one-step SYBR Green
RT-PCR mix (Bio-Rad, Hercules, USA) and 4 uL of
primer (sense and antisense, concentration: 20 pg/mL)
employing the MJ MiniOpticon Real Time PCR-System
(Bio-Rad, Hercules, USA). The one-step RT-PCR mix
already contained all necessary reagents both for reverse
transcription and for polymerase chain reaction like
reverse transcriptase, heat stable DNA-polymerase,
nucleotids, the fluorescent dye SYBR Green I as well
as an optimized buffer. The oligonucleotides used as
primers (synthesized by MWG-Biotech AG, Ebersberg,
Germany) are summarized in Table 1. The RNA was
reverse transcribed into cDNA at 50°C for 10 minutes,
followed by inactivation of the reverse transcriptase at
95°C for 5 minutes. Then, the targets were amplified by
multiplex (40 cycles) PCR with thermal cycling param-
eters of 56°C for 30 seconds (primer annealing), 72°C
for 30 seconds (complementary strand synthesis), fluo-
rescence signal reading, and 95°C for 10 seconds (DNA
denaturation). For each investigated surface and time
point, assays were run in triplicate. According to
the method of Pfaffl,”> transcription levels of the
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TABLE 1 Oligonucleotide Primer Sequences for the Real-Time Reverse Transcription Polymerase Chain

Reaction. The Accession Numbers Refer to Gene-Database “Nucleotide” of the National Center for
Biotechnology Information (http://www.ncbi.nIm.nih.gov/).

Gene Accession Number Primer Sequence Amplicon Size (bp)

Integrin 3, NM_002211 sense: agt ttg ctg tgt gtt tgc tc 214 bp
antisense: gcc tct ggg att ttc tat gt

Integrin o, NM_002210 sense: ttg ttt cag gag ttc caa ga 186 bp
antisense: tga aga gag gtg ctc caa ta

Runx-2 NM_004348 sense: ccc acg aat gea cta tcc 37 bp
antisense: gga cat acc gag gga cat

Collagen Ia. NM_000088 sense: aga act ggt aca tca gca ag 431 bp
antisense: gag ttt aca gga agc aga c.

Alkaline Phosphatase NM_000478 sense: tac gag ctg aac agg aac aa 296 bp
antisense: ctt ctt gtc tgt gtc act c.

Osteocalcin NM_199173 sense: gca aag gtg cag cct ttg tg 45bp
antisense: ggc tcc cag cca ttg ata cag

B-Actin NM_001101 sense: gga gca atg atc ttg atc tt 204 bp
antisense: cct tcc tgg gea tgg agt cct

GAPDH NM_002046 sense: aaa aac ctg cca aat atg at 277 bp

antisense: cag tga ggg tct ctc tct tc

BP = base pair; GAPDH = glycerin-aldehyd-3-phosphat-dehydrogenase; runx-2 = runt-related gene 2.

investigated genes of interest were normalized to those  Statistical Analysis

24,25

of two housekeeping genes. In a preliminary

For each tested surface and given time point, three assays
investigation, the housekeeping genes f-actin and
(GAPDH)

were identified as suitable for the investigated surfaces

' were run for the assessment of the cell number as well as
glycerin-aldehyd-3-phosphat-dehydrogenase for the assessment of gene expression via real-time
RT-PCR, leading to independent data for the respective

and cell line by employing the software geNorm (http:// e points. Because of the small sample size, only

www.medgen.ugent.be/~jvdesomp/genorm/).** descriptive statistical methods were applied. Results

Assessment of Osteogenic Cell Morphology: were shown in vertical bar charts (mean values with

Scanning Transmission Electron Microscopy
(STEM) Studies

standard deviations).

STEM was employed to visualize osteogenic cell mor-

RESULTS

phology on the different Ti surfaces for the respective

time points (24 hours, 48 hours, 72 hours, and 7 days). Osteogenic Cell Morphology

In brief, cells were prepared as follows: cells were fixed in
1.5% paraformaldehyde/1.5% glutaraldehyde in phos-
phate buffer for 2 hours and post-fixed in 1.0% osmium
tetroxide/1.5% ferricyanide for 2 hours, followed by
dehydration by an ethanol gradient and embedded in
Lemix Epoxy Resin (TAAB Laboratories Equipment Ltd,
Aldermaston, UK). Ultrathin sections (60-90 nm) were
stained with uranyl acetate and Reynold’s lead citrate.”
Images were acquired using a FEI/Philips CM120 trans-
mission electron microscope (FEI Europe, Eindhoven,
Netherlands).

In general, the smooth PT surface (R, 40 nm) resulted in
a larger and more flattened osteogenic phenotype, com-
pared with the rough SLA and modSLA surfaces (R,
3.2 um). After 24 hours, cells on all three Ti surfaces
were well attached with a flat morphology and develop-
ment of lamellipodia (PT > SLA > modSLA). Whereas
the SLA surface showed more elongated cells, the
modSLA surface exhibited rather roundish, small cells.
After 48 hours and 72 hours, cell number increased for
all three surfaces (PT = SLA > modSLA) with cell accu-
mulation especially on the SLA and modSLA surfaces.
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Figure 1 Representative scanning transmission electron microscopy images of osteogenic cells cultivated on the different titanium

surface modifications (500-fold magnification).

For the rough SLA and modSLA surfaces, cell parts like
lamellipodia bridging the surface pits were frequently
observed. After 7 days, both for the PT surface as well as
for the SLA surface, a significant increased cell number
was observed, leading to an almost confluent cell layer
on the PT surface. For the modSLA surface, multiple
small cell nests were observed (Figure 1).

Cell Adhesion

Besides descriptive scanning electron microscopy to
monitor osteogenic cell attachment, cell adhesion

dynamics were quantified by assessment of gene expres-
sion levels of the integrin B, and integrin o, subunits.
For the modSLA surface, integrin [3; expression was
moderately enhanced after 24 hours and strongly
enhanced after 48 hours, compared with the other sur-
faces (TCPS, PT, SLA) that showed almost identical
expression levels during the whole observation period
(Figure 2). For the modSLA surface, integrin o, expres-
sion was strongly enhanced after 24 hours and 48 hours,
compared with the other surfaces. After 24 hours, the
SLA surface resulted in moderately enhanced expression
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Figure 2 Integrin 3, gene expression levels for the respective
surfaces and investigated time points, normalized to the internal
controls B-actin and GAPDH (mean values out of triplets, error
bars: standard deviations). GADPH = glycerin-aldehyd-3-
phosphat-dehydrogenase; PT = pretreatment; TCPS = tissue
culture polystyrene.

levels, compared with the TCPS and PT surfaces; after 72
hours, integrin o, expression was slightly enhanced on

the SLA surface, compared with the other surfaces
(TCPS, PT, modSLA; Figure 3).

Cell Proliferation

All investigated surfaces promoted continuous cell
growth over 7 days (Figure 4). Whereas basically no dif-
ferences of the cell numbers for the TCPS, PT, and SLA
surfaces could be observed, the modSLA surface resulted
in lowest cell proliferation.

Cell Differentiation

For the modSLA surface, gene expression of the tran-
scription factor runx-2 was strongly enhanced after 24
hours and 48 hours and moderately enhanced after 72
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Figure 3 Integrin o, gene expression levels for the respective
surfaces and investigated time points, normalized to the internal
controls B-actin and GAPDH (mean values out of triplets, error
bars: standard deviations). GADPH = glycerin-aldehyd-3-
phosphat-dehydrogenase; PT = pretreatment; TCPS = tissue
culture polystyrene.
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Figure 4 Cell counts for the respective surfaces and investigated
time points (mean values out of triplets, error bars: standard
deviations). PT = pretreatment; TCPS = tissue culture
polystyrene.

hours, compared with all other surfaces. For the SLA
surface, runx-2 expression was enhanced after 24 hours,
compared with the TCPS and PT surfaces (Figure 5).
The early differentiation markers COL type Io. and AP
showed almost identical gene expression profiles: after
24 hours, a strongly enhanced expression could be
detected for the modSLA surface, compared with all
other surfaces. For the SLA surface, an enhanced COL
and AP expression compared with the TCPS and PT
surfaces could be detected as well after 24 hours. After 48
hours, expression of COL and AP was still moderately
increased for the modSLA surface, compared with all
other surfaces. After 72 hours, COL and AP expression
was slightly increased for the SLA surface, compared
with the modSLA surface and stronger increased com-
pared with the TCPS and PT surfaces (Figures 6 and 7).
For the modSLA surface, gene expression of the late
differentiation marker OC was strongly increased after

Runx-2
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Figure 5 Runx-2 gene expression levels for the respective
surfaces and investigated time points, normalized to the internal
controls B-actin and GAPDH (mean values out of triplets, error
bars: standard deviations). PT = pretreatment; TCPS = tissue
culture polystyrene.
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Figure 6 Collagen type Iow gene expression levels for the
respective surfaces and investigated time points, normalized to
the internal controls B-actin and GAPDH (mean values out of
triplets, error bars: standard deviations). GADPH = glycerin-
aldehyd-3-phosphat-dehydrogenase; PT = pretreatment;

TCPS = tissue culture polystyrene.

24 hours compared with the other surfaces. After 24
hours, OC expression was slightly increased for the SLA
surface, compared with the TCPS and PT surfaces. After
48 hours, for the modSLA surface, OC expression was
slightly increased compared with the SLA surface and
strongly increased compared with the TCPS and PT sur-
faces. After 48 hours, for the SLA surface, OC expression
was slightly increased compared with the PT surface and
strongly increased compared with the TCPS surface.
After 72 hours and 7 days, for the SLA and modSLA
surfaces, OC expression was moderately increased com-
pared with the TCPS and PT surfaces (Figure 8).

DISCUSSION

Today, the insertion of endosseous dental implants has
become a major treatment alternative for the functional

Alkaline Phosphatase
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Figure 7 Alkaline phosphatase gene expression levels for the
respective surfaces and investigated time points, normalized to
the internal controls B-actin and GAPDH (mean values out of
triplets, error bars: standard deviations). GADPH = glycerin-
aldehyd-3-phosphat-dehydrogenase; PT = pretreatment;

TCPS = tissue culture polystyrene.
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Figure 8 Osteocalcin gene expression levels for the respective
surfaces and investigated time points, normalized to the internal
controls B-actin and GAPDH (mean values out of triplets, error
bars: standard deviations). GADPH = glycerin-aldehyd-3-
phosphat-dehydrogenase; PT = pretreatment; TCPS = tissue
culture polystyrene.

rehabilitation of fully or partly edentulous jaws. Prom-
ising long-term results for well-established treatment
sites with optimum bone quality, such as the interfo-
raminal region of the lower jaw,”® have led to a con-
tinuous expansion of indications and introduction of
more offensive treatment protocols like implantation
into augmented areas, immediate implantation follow-
ing tooth extraction and/or immediate loading of dental
implants.”? Furthermore, patients with limitations of
tissue homeostasis and integrity like after radiation
therapy to the head and neck region or with impaired
bone remodeling and repair capacity because of meta-
bolic disorders or systemic medication (e.g., bisphos-
phonates) have been identified as challenging collectives
for the treatment with dental implants.****

Accordingly, modern Ti implant surfaces have to
meet the requirements of high biocompatibility with
optimal responses of adjacent osteogenic cell popula-
tions. Especially surface modifications like (micro-)
roughness and enhanced free surface energy are in the
focus of scientific interest. Aim of the present study was
to monitor the relevant osteogenic cell attributes adhe-
sion, proliferation, and differentiation on, respectively,
surface modified titanium substrates over a comparable
long period of time (7 days).

As already stated in the introduction, specific
integrin-mediated osteogenic cell adhesion serves as
indispensable precondition for subsequent cellular
attributes like proliferation and differentiation.'* Fur-
thermore, for osteogenic cells, the integrin subunits [3;
and o, have been shown to trigger effects of cytokines
like bone morphogenetic protein 2. In our study, the
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hydrophilic modSLA surface resulted in markedly
increased gene expression levels of these integrin sub-
units during the first 48 hours, thus arranging the cells
for respective differentiation stimuli.

In contrast, cell proliferation was lowest for the
modSLA surface with approximately half the cell count
at the end of the observation period, compared with
the other investigated surfaces. These results are con-
sistent with those of Zhao and and colleagues, who
indicated a reverse relation between surface hydrophi-
licity and initial cell proliferation.”” At the end of the
observation period, our scanning electron microscopy
studies identified almost confluent cell layers of com-
parable large-sized cells for the PT surface, whereas
especially the modSLA surface resulted in multiple
non-confluent aggregates of rather small osteogenic
cells.

In accordance with Liu and colleagues," we investi-
gated the runx-2-dependent early osteogenic differen-
tiation markers COL type Io. andAP as well as the late
differentiation marker OC, whose expression is also
highly controlled by runx-2 levels.** In bony tissue, COL
plays a pivotal role both for overall mechanical stability
as well as for osteogenic cell adhesion, proliferation, and
further differentiation.”® AP plays an important regula-
tory role during matrix mineralization.””*® OC, which is
only synthesized by mature osteoblasts, is directly asso-
ciated with bone matrix mineralization as well.”**” Our
results revealed enhanced expression levels of the tran-
scription factor runx-2 as well as for the differentiation
markers COL, AP, and OC especially for the modSLA
surface, followed by the SLA surface. Interestingly, an
explicit increase (of the RNA levels) of these markers
could be detected only during the first 48 hours with
subsequent adaptation to the values of the TCPS and PT
surfaces until day 7. For the interpretation of mRNA
expression levels, it has to be kept in mind that varying
mRNA translation and degradation kinetics as well as
post-transcriptional mRNA modifications could result
in differing protein levels."' As a consequence, additional
long-term monitoring of respective protein levels would
be of great interest as well.

However, our results indicate a synergistic effect
between submicron-scale roughness and surface hydro-
philicity on early osteogenic cell adhesion and differen-
tiation. In general, during the first 48 hours, the SLA
surface promoted cell adhesion and differentiation more
than the smooth PT surface. This effect was potentiated

by additional surface modifications
(modSLA).

In a recent animal study, Omar and colleagues

hydrophilic

assessed early in vivo gene expression of peri-implant
bone tissue via quantitative PCR both for anodically
oxidized and for machined titanium implants.*>*
Within the first 24 hours, they found higher levels of
the integrin subunits B; and o, on the anodically oxi-
dized Ti surface.*” After several days, they found signifi-
cant higher AP levels (after 3 and 6 days) as well as
higher OC levels (after 6 days) for the anodically oxi-
dized Ti surface. Furthermore, the oxidized Ti surface
revealed a higher amount of mesenchymal-like cells.*
Except the cell count, these in vivo findings stand in line
with our own in vitro results for the SLA and especially
modSLA surface, indicating rapid recruitment, adhe-
sion, and osteogenic cell differentiation for activated,
highly biocompatible Ti surfaces.

Under physiological conditions, the osteogenic cell
population forms a rather heterogeneous collective
with a majority of immature and inactive progenitors
that bear the potential to differentiate into mature
osteoblasts — in case of appropriate stimuli like during
normal bone remodeling or fracture repair. Thereby,
these immature cells pass the stages of extensive prolif-
eration, limited proliferation, and post-mitotic matrix
synthesis.'”** Our results indicate that the TCPS and PT
surfaces tend to preserve a rather immature, dividing
osteogenic phenotype, whereas SLA and especially
hydrophilic modSLA surfaces seem to promote the
maturation of osteogenic precursors into post-mitotic
osteoblasts.

CONCLUSION

In summary, our study highlights the potential of Ti
surface modifications to promote the healing of dental
endosseous implants. Specific integrin-mediated inter-
actions with the extracellular environment trigger con-
secutive intracellular signal transduction and relevant
osteogenic cell responses like differentiation and matrix
synthesis. The combination of submicron scale rough-
ness and hydrophilicity synergistically promotes osteo-
genic cell adhesion and maturation in order to enhance
implant healing also in compromised host tissues.
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