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It is of fundamental importance for prosthodontic and orthodontic applications
that there is a short osseointegration time of dental implants without inflamma-
tion of the surrounding tissue. In addition to the chemical properties of the
implant material, the surface morphology is an equally critical parameter. The
objective of this work was to study the effect of two simple surface treatments
on the survival and proliferation of fibroblasts.
Three groups of orthodontic miniscrews (Mondeal®) were used. One group was
given an airflow (EMS, Schweiz) treatment, the second was sand-blasted in the
area of the threading and a third group served as a control. After preparation
sterilised screws were cultured in vitro with fibroblasts (L-929). The metabolic
cell activity on the implant surface was determined after 24, 48 and 120 hours
using the alamarBlue assay and a count of DAPI labelled fibroblasts was per-
formed with a fluorescence microscope.
After 24 hours, but not at 48 hours and 120 hours, the metabolic activity of the
fibroblasts was slightly decreased for the airflow screw group. Generally, no
significant difference was found regarding metabolic activity and proliferation
of fibroblasts within the different groups.
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INTRODUCTION
As a result of both its mechanical properties,

which provide sufficient stability under mechanical
loading, and its excellent biocompatibility, titanium
has been the material of choice for medical and den-
tal implants for a considerable time [1].

Successful placement of dental implants depends
on short osseointegration times and as little inflam-
mation as possible in the surrounding tissue [1, 2].

Currently two different techniques are applied
to improve the osseointegration. One is surface

modification with chemical/biochemical means and
the other approach uses controlled formation of
defined surface structures [2].

To initiate osseointegration the surface of a den-
tal implant needs to be colonised with various inter-
acting cells and molecules [7].

Following implant placement a thin layer of tissue
can usually be found between the titanium surface
and the alveolar bone (contact osteogenesis) [3, 4].

For orthodontic applications the request to load
the implant shortly after placement requires fast
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colonisation of the implant surface and as little inflam-
mation as possible in the surrounding tissue. It is known
that the surface structure of the implant is one critical
parameter for this process to succeed and a certain
surface roughness appears to be of advantage [5, 6].
The objective of this work was to study in vitro the
effect of two different surface treatments of titanium
implants on the colonisation rate with fibroblasts.

MATERIAL AND METHODS

AlamarBlue assay

In the study three groups of orthodontic miniscrews
(Mondeal®) were used. One group was given an air-
flow treatment (EMS, Schweiz) [2], for the second the
threads were sand-blasted [3] and a third served as
control group [1]. Subsequently all screws (autoclaved)
were incubated (37°C, 5% CO2) with fibroblasts (L-929,
1 × 105 Zellen) in four well culture plates.

The survival rate/metabolic activity of the fibro-
blasts was measured 24 h, 48 h and 120 h after in-
cubation using the alamarBlue assay. The alamar-
Blue assay can be used to quantify the proliferation
rate of cells and the relative toxicity of a test sub-
stance. AlamarBlue is a growth indicator which is
soluble in water. The assay is based on the natural
metabolic activity of the cells chemically reducing
the alamarBlue indicator. Analysis was performed
photometrically at two different wavelengths
(570 nm and 630 nm).

Fluorescence cell labelling

The surface colonisation was determined by flu-
orescence cell labelling. After incubation with fibro-
blasts (L-929) for 4 h, 24 h and 45 h miniscrews were
rinsed with phosphate buffer and fixated with meth-
anol. The screws were air-dried and labelled with
DAPI, a fluorescent dye which binds to the DNA. In
this way all cell nuclei at the implant surface were
labelled and the number per unit area counted us-
ing a fluorescence microscope.

RESULTS
In all groups the incubation with the miniscrews

did not negatively affect the survival of the fibro-
blasts in comparison with cells cultured without im-
plants. After 24 h the cells on the sand-blasted sur-
face showed a slightly but not significantly higher
metabolic activity. Generally, no significant differ-
ences were seen between the groups at 24 h, 48 h
and 120 hours of culture (Fig. 1, 3).

As seen in Figure 2, the number of cells visual-
ised at the implants increased in time, indicating

fibroblast proliferation in all groups. The increase
in cell number was significant for all implants after
45 hours of culture. However there was no signifi-
cant difference in cell number between the three
groups, even after 45 hours of culture

CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION
The survival and metabolic activity of fibroblasts

was not reduced in either of the test groups. The
steady increase in the amount of cells on implants
indicates that the cells (L-929) proliferate well on all
the surfaces investigated.

In summary, the simple methods of surface
treatment tested did not result in a significantly
higher number of fibroblast on the implants.
Complementing studies using osteoblasts, which
are of greater importance for the osteointegra-
tion of implants, should be carried out to further
investigate the potential for achieving a better
and quicker colonisation of implant surfaces treat-
ed with these simple methods.

Figure 1. The time course of the metabolic activity of L-929 cells
grown on differently treated implants in comparison with cells
grown on untreated implants measured using the alamarBlue assay.

Figure 2. Number of DAPI labelled fibroblasts at differently treat-
ed implant surfaces (1 untreated; 2 airflow; 3 sand blasted) at
4 h, 16 h, 24 h and 45 hours of in vitro culture.
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