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Improvement of Epidermal Adhesion by Surface 
Modification of Craniofacial Abutments

Martin Klein, MD, DMD1/Thomas Hohlfeld, DMD2/Petra Moormann, PhD3/Horst Menneking, MD, DMD4

Craniofacial implants may present peri-implant inflammation because there is no close adhe-
sion of the epithelium to abutments and because of bacteria infiltrating the subcutaneous tis-
sue through the gap. Therefore an attempt was made to improve adhesion of epithelium to abut-
ments. In an in vitro model, adhesion of epithelial cells (HaCat cells) to nonmodified and 3
modified Brånemark System abutment surfaces was quantified. It was found that more cells
were adherent in sequence at silicone-coated surfaces, sandblasted surfaces, and collagen-
coated (Types I and IV) surfaces than on nonmodified abutments. It was concluded that it is pos-
sible to improve epidermal adhesion to abutments through modification of abutment surfaces.
(INT J ORAL MAXILLOFAC IMPLANTS 2000;15:247–251)
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Implant-anchored facial prostheses fabricated with
silicone or polymethyl methacrylate offer coverage

of facial defects with secure retention and good
esthetics. Abutments are connected to the osseointe-
grated implants and carry the frameworks in the
form of bars or magnets that retain facial prostheses.1
The abutments penetrate the skin permanently.
Around the abutments is a problem zone, where
inflammation may occur2,3 (Fig 1). The causative fac-
tors in this situation are: (1) thickness of peri-implant
tissue, (2) mobility of peri-implant skin, (3) nonadhe-
sion of skin to abutments, (4) accumulation of bacte-
ria, and (5) the patient’s hygiene.

These factors have been addressed in various
ways. The thickness of peri-implant tissue can be

altered by reducing it surgically to a minimum. In
most cases, the implants can be placed in immobile
skin areas, and the patient’s hygiene can be opti-
mized by giving precise instructions for reducing
bacteria and the nutritional supply of the bacteria.

This study was performed in an attempt to solve
the problem of the nonadhesion between skin and
abutments. Attachment of keratinocytes to the abut-
ment was sought by testing different modified abut-
ment surfaces to prevent bacterial invasion of the
peri-implant gap. An in vitro model was developed,
to enable quantification of the adhesion of HaCat
cells to the modified abutment surfaces.

MATERIALS AND METHODS

Eighty craniofacial abutments from the Brånemark
System (Nobel Biocare, Göteborg, Sweden) with a
diameter of 4.5 mm and a length of 4.0 mm were
used. Abutments with a nonmodified (polished) sur-
face were compared with 3 surface modifications:
sandblasted, silicone-coated, and collagen A–coated
(containing 95% collagen I and 5% collagen IV).
With the exception of the nonmodified abutment
surface, the abutment types with surface modifica-
tions were manufactured especially for this assay. All
3 surface modifications were first sandblasted (Wid-
der 100, Sapi, Noerdlingen, Germany) with 100- to
200-µm grain.

1Maxillofacial Surgeon, Maxillofacial Surgery, Charité, Campus
Virchow Clinic, Medical Faculty of the Humboldt University,
Berlin, Germany.

2Dentist, Maxillofacial Surgery, Charité, Campus Virchow Clinic,
Medical Faculty of the Humboldt University, Berlin, Germany.

3Chemist, Maxillofacial Surgery, Charité, Campus Virchow Clinic,
Medical Faculty of the Humboldt University, Berlin, Germany.

4Assistant Professor, Maxillofacial Surgery, Charité, Campus Vir-
chow Clinic, Medical Faculty of the Humboldt University, Berlin,
Germany.

Reprint requests: Dr Martin Klein, Maxillofacial Surgery, Charité,
Campus Virchow Clinic, Medical Faculty of the Humboldt Univer-
sity, Augustenburger Platz 1, 13353 Berlin, Germany. Fax:
++49(0)30-450 55901.

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



248 Volume 15, Number 2, 2000

KLEIN ET AL

One third of the abutments thus treated remained
in this condition. Another third was modified fur-
ther with a coating of silicone, consisting of a primer
(Wacker Priming Coat G790, Ottobrunn/Riemer-
ling, Germany) and an air-drying silicone coating
(Rehau 1511/THF 14, Rehau, Germany). The rest
of the sandblasted abutments were coated with colla-
gen A (containing 95% collagen I and 5% collagen
IV, Biochrom AG, Berlin, Germany). The collagen
was applied by submerging the abutments for 1 hour
at 37°C in 100 µL of a solution containing 50 µg
collagen A.4,5

The conditions for cultivating the abutments in
96-well plates dictated halving the abutments. For
every surface type, 20 abutment halves were tested.
Before each run, they were cleaned mechanically by

using a fine brush (Elmex Interdental Brush, Wybert,
Loerrach, Germany) and ultrasonic cleaner (Sonorex,
Bandelin, Berlin, Germany). They were then steril-
ized. All abutments underwent “glow discharge”
treatment (Ar, atmosphere at 1 bar, Plasma Cleaner
Sterilizer PDC-32G, Harrick, Ossining, NY) to
increase surface tension.6 Twenty abutment halves
per surface type were put into 96 micro titer plates
(Falcon 3072, Becton, Dickinson and Co, Franklin
Lakes, NJ) with the outer surface facing up (Fig 2).

The cell type used in this study was an immortal-
ized (transformed) cell line of human keratinocytes
(HaCat cells). This cell line is not tumorigenic. In
the first test, every well was filled with 2 � 104

HaCat cells. This corresponded to a cell density of
40% of the well bottom surface with reference to
the data given by the producer, indicating the maxi-
mal possible number of cells per well bottom surface
(Fig 3). A concentration of 2 � 104 HaCat cells per
well and 3 days of cultivation were selected to study
the behavior of cells with respect to their adhesion
and their reproduction on the abutment surface.

After 3 days of incubation at 37°C, 5.0% CO2
atmosphere, and submersion in 200 T nutrition
solution (RPMI 1640, PAA-Laboratories GmbH,
Linz, Austria), the abutments were rinsed with a
buffer solution (Dulbeccos phosphate buffered
saline, Biochrom) to remove the nonadhering or
dead cells. The HaCat cells adhering to the abut-
ments were removed with a trypsin solution (0.05%
trypsin plus 0.02% EDTA in PBS, Biochrom).
From 5 abutments of each surface modification, the
cells collected were counted in a Neubauer count-
ing chamber under a microscope (Olympus CK 2,

Fig 1 Abutment with bar demonstrating
peri-implant inflammation.

Fig 2 Abutments in 96-well plate.

Fig 3 Study protocol.
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Tokyo, Japan). The counting results of 5 abutments
had to be taken to reach a higher level of statistical
certainty. The means were calculated with all the
numbers of 1 surface modification.

To ensure that all adhering cells had been
removed and were not still adhering to the inner
surface of the abutments, the abutments were
stained with trypan-blue. This control step showed
that all adhering cells had been detached and no
cells remained on the undesired surfaces of the
abutments. By visual control, the existence of cells
under the abutments could be excluded as well.

This test was repeated with 4 � 104 HaCat cells
per well, corresponding to a cell density of 80% of
the well bottom surface. In this run the cells were
incubated for 1 day. This run was performed to see
how well the cells behaved with respect to their
adhesion when they were cultivated with double
density for only 1 day. With this run it was possible
to investigate only the instant adhesion of the
applied cells.

The statistical analysis was performed with the
Student-Newman-Keuls test with significance level
of P < .05.

RESULTS

The run with 2 � 104 cells/well (corresponds to
40% cell density at the beginning of a run) showed
the least number of cells adhering to the abutments
with the nonmodified surface. There were 1.2 times
more adherent cells counted on the surfaces that
had been coated with silicone. The abutments that
had been sandblasted showed 2.3 times more cells
than those with the nonmodified surface. The high-
est cell count was taken from the surfaces that had

been sandblasted and coated with collagen A. Here,
4 times more cells adhered than on the nonmodified
abutments (Fig 4).

The run was repeated with 4 � 104 HaCat
cells/well (corresponds to an 80% cell density at the
beginning of a run). Analysis of the results showed the
same ranking order for the 4 abutment types. Related
to the nonmodified surfaces, surfaces sandblasted and
coated with silicone showed 1.6 times more adhering
cells. Surfaces that were only sandblasted showed 2.1
times more cells than the nonmodified abutments.
Surfaces sandblasted and coated with collagen A
showed 3.4 times more cells, the highest quantities
among the modified surfaces (Fig 5).

Both assays showed that the nonmodified abut-
ment surfaces provided the least possibility for cell
adherence. This may be improved by roughening
the surface. No essential improvement was obtained
by applying a silicone coating to the roughened sur-
face. The greatest adherence of the HaCat cells to
the abutments was achieved by sandblasting the
abutments and applying a collagen coating.

The statistical analysis of the results in the 40%
run showed significant differences between all sur-
faces except that of the nonmodified to the silicone-
coated abutments. The statistical analysis of the
results in the 80% run showed significant differ-
ences between all surfaces.

DISCUSSION

The nonadherence of peri-implant tissue to abut-
ments is a reason for the formation of a peri-
implant gap. This gives bacteria the opportunity to
invade this space, and peri-implant inflammation
around craniofacial implants may occur. Abutment

Fig 4 Results after 3 days (40% cell density). P = nonmodified;
S = sandblasted; S + Si = sandblasted and silicone-coated; S +
Col A = sandblasted and collagen A–coated.

Fig 5 Results after 1 day (80% cell density). P = nonmodified; S
= sandblasted; S + Si = sandblasted and silicone-coated; S + Col
A = sandblasted and collagen A–coated.
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surfaces were modified to improve the adherence of
keratinocytes to abutments in the hope of obtaining
a more stable connection.

Sandblasted abutments were used because studies
have demonstrated the enhanced adhesion of cells
to roughened surfaces.7 The present result, with
sandblasted surfaces with twice as many cells adher-
ing, conforms with the earlier observation that
physical surface modifications enhance the adher-
ence of cells. The reason for this is that the physical
modification of the abutments (sandblasting) leads
to a magnification of the surface. This provides a
greater possibility for cells to find adherence by
forming a cell morphology that adapts to these sur-
face irregularities.

The silicone surface modification was chosen
because silicone surfaces had been tested to facili-
tate keratinocyte adhesion.8 Of the different bioma-
terials examined, silicone rubber showed the most
favorable results with respect to the quantitative
analysis of the cell-covered substrate surface, as well
as cytomorphologic findings.8 The reason for the
slight improvement of cell adhesion in this study
may be that the silicone surface offers only a small
increase in opportunities for cells to interdigitate
between the micro structures, compared with a pure
titanium surface. Furthermore, there was no specific
recognizable adherence mechanism.

Collagen A–coated surfaces were used because
some investigators had tested these matrix proteins
in similar studies before. Donaldson and Mahan
reported that epidermal cells showed attachment,
spreading, and migration on collagen surfaces.9

Scharfetter-Kochanek et al demonstrated the influ-
ence of HaCat cell migration by collagen I.10 Clark
et al had the same results.11 The collagen A–coated
(95% collagen I plus 5% collagen IV) abutments
reached the highest count. This can be attributed to
their biologic impact on the cells of the soft tissue
and epithelium. These molecules are able to inten-
sify the adhering mechanism of cells, because colla-
gen is the main component of the basal lamina of
the epithelium. The cells are able to make a con-
nection between extracellular collagen and mem-
brane proteins, so that an intense adherence results.

Cell adhesion was tested in a cell culture model,
and the cell type used in this study was an immortal-
ized (transformed) cell line of human keratinocytes
(HaCat cells). This is a nontumorigenic cell line.
Nühlen and Grosse-Siestrup declared keratinocytes
as the most important cells in the connection
between skin and abutment.12 Use of dermal speci-
mens of human origin is limited by the difficulties in
obtaining this tissue type and the technical difficul-
ties involved in its laboratory cultivation. Skin speci-

mens of mammals are easier to obtain but have the
same difficult cultivation, since they tend to be colo-
nized by unwanted microorganisms and fungi. For
the laboratory work, preference was therefore given
to a freely reproducible 1-cell culture of a trans-
formed (tumor) cell line. It must be mentioned that
the optimization of cells for laboratory experiments
entails more and more differences in cell origin char-
acteristics.13,14 An important difference is the
reduced or nonexisting contact inhibition by adjacent
cells. Final preference was given to the HaCat cells.

Both kinds of keratinocyte adhesion—the adhe-
sion during cell reproduction and the adhesion under
“overcrowded” conditions—were supported by the 3
surface modifications. But it was assumed that com-
petition for adherence-stimulating surfaces may
occur between desired and undesired cell species. For
example, extracellular matrix proteins such as colla-
gen stimulate not only wanted cell species. Holgers
et al could prove that fibronectin enhanced the
adherence of Staphylococcus aureus to the abutment
surface.15 This germ is the most important patho-
genic one in peri-implant inflammation.16

It can be deduced from the in vitro model that
clear improvement of the adhesion of HaCat cells
to abutments is possible by modifying the surface
physically or biochemically. In the authors’ estima-
tion, the chemical modification (silicone) is of no
use and should not be included in further studies.
Results of the physically and biochemically modi-
fied surfaces are promising. Further physical modi-
fication of the surface and coating with other extra-
cellular matrix components should be tested with
this method in vitro.17

A histologic sign for tight cell contact (for exam-
ple, mucosa-tooth) is the existence of hemidesmo-
somes.18 Holgers et al could not find any hemides-
mosomes in keratinocytes around nonmodified
abutments.3 Further studies must be pursued to
establish whether modified abutment surfaces form
hemidesmosomes.

Moreover, it has to be verified in clinical tests
that better adhesion of single cells in vitro leads to
better adhesion of the abutments to skin and so to a
reduced degree of inflammation in vivo.

REFERENCES

1. Menneking H, Klein M. Epithetische Versorgung von
Gesichtsdefekten. Munch Med Wochenschr 1996;43:
704–707.

2. Holgers KM, Thomsen P, Tjellström A, Ericson LE,
Bjursten LM. Morphological evaluation on clinical long-
term percutaneous titanium implants. Int J Oral Maxillofac
Implants 1994;9(6):689–697.

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



The International Journal of Oral & Maxillofacial Implants 251

KLEIN ET AL

3. Holgers KM, Thomas P, Tjellström A, Ericson LE. Elec-
tron microscopic observations on the soft tissue around clin-
ical long-term percutaneous titanium implants. Biomaterials
1995;16(2):83–90.

4. O’Keefe EJ, Payne RE, Russell N, Woodley DT. Spreading
and enhanced motility of human keratinocytes on
fibronectin. J Invest Dermatol 1985;85:125–130.

5. Woodley DT, Bachmann PM, O’Keefe EJ. Laminin inhibits
human keratinocyte migration. J Cell Physiol 1988;136:
140–146.

6. Baier RE, Meyer AE. Implant surface preparation. Int J Oral
Maxillofac Implants 1988;3(1):9–19.

7. Brunette DM. The effects of implant surface topography on
the behavior of cells. Int J Oral Maxillofac Implants 1988;3:
231–246.

8. Knabe C, Grosse-Siestrup C, Hunder A, Ziemann A. A
computer-assisted in-vitro biomaterial test for percutaneous
devices using human keratinocyte cultures. J Mater Sci
Mater Med 1997;8:577–582.

9. Donaldson DJ, Mahan JT. Keratinocyte migration and the
extracellular matrix. J Invest Dermatol 1988;5:623–628.

10. Scharffetter-Kochanek K, Klein CE, Heinen G, Mauch C,
Schaefer T, Adelmann-Grill BC, et al. Migration of a human
keratinocyte cell line (HACAT) to interstitial collagen type I
is mediated by the alpha2beta1-integrin receptor. J Invest
Dermatol 1992;98(1):3–11.

11. Clark RAF, Folkvord JM, Wertz RL. Fibronectin, as well as
other extracellular matrix proteins, mediate human ker-
atinocyte adherence. J Invest Dermatol 1985;84:378–383.

12. Nühlen U, Grosse-Siestrup C. Keratinocyte cell cultures for
testing polymers for percutaneous devices. In: Lemm W
(ed). The Reference Materials of the European Communi-
ties. Results of Hemocompatibility Tests. Dordrecht: Kluwer
Academic Publishers, 1992:217–225.

13. Freshney RI. Introduction. In: Freshney RI (ed). Culture of
Epithelial Cells. New York: Wiley-Liss, 1992:1–24.

14. Ausprunk DH, Knighton DR, Folkman J. Vascularization of
dermal neoplastic tissues grafted to the chick chorioallantois:
Role of host and preexisting graft blood vessels. Am J Pathol
1975;79(3):597–618.

15. Holgers KM, Paulsson M, Bjursten LM, Tjellström A,
Ljungh Å. Selected microbial findings in association with
percutaneous titanium implants. Int J Oral Maxillofac
Implants 1994;9(5):565–570.

16. Holgers KM, Paulsson M, Tjellström A, Bjursten LM. Clin-
ical, immunological and bacteriological evaluation of adverse
reactions to skin-penetrating titanium implants in the head
and neck region. Contact Dermatitis 1992;27:1–7.

17. Nickoloff BJ, Mitra RS, Riser BL, Dixit VM, Varani J. Mod-
ulation of keratinocyte motility. Am J Pathol 1988;132(3):
543–551.

18. Schroeder HE, Listgarten MA. Fine structure of the devel-
oping epithelial attachment of human teeth. In: Wolsky A
(ed). Monographs in Developmental Biology, ed 2, vol 2.
Basel: Karger, 1977.

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.


