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The role played by implant surfaces during the
healing and the maintenance of soft tissue

Abstract

In the last twenty years dental research deeply studied the interaction between bone and
implant surface, in order to understand and positively affect the osseointegration process.
The important item deal with is the interaction between implant surface and soft tissues,
though about that few papers are available. The aim of this paper is to deepen the nature of
these interactions with the help of main scientific database and in particular of a series of
articles produced by Department of fixed prosthodontics of University of Genova.
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Discussion

Dental literature shows a relevant interest about the properties of
implantsurfaces and molecularmechanisms which occuratthe interface
between bone and peri-implant soft tissues. To evaluate the biological
behaviour of the host’s tissues at the interface with the implant we
need to consider fixture microtopography and its superficial chemical
structure. Dental implants present diverse superficial morphologies.
At the beginning of modern dental implantology only smooth surfaces
known as “machined surfaces” were available. Later researchers
designed rough surfaces with the aim of increasing the contact area
between bone and implant so that a sort of micromechanical retention
was established (Table 1) finally, it was evident that superficial
roughness not only affects the dimension of the area dimensions but
can become a modulating tool for cell activity and differentiation.
In vitro research demonstrated that microscopic topography of the
implant surface could play a leading role in osteoblastic activity and
differentiation. Cells of mesenchimal origin interact, through the focal
adhesion of their cytoskeleton, wit proteins which are absorbed on a
titanium surface. This process of adhesion is activated by integrin,
which are adhesive proteins allowing adhesion of cells to a substrate.
The number and the distribution of these contact points can affect the
cell’s genic expression. So it is clear how microtopography can affect
shape, pattern of migration and differentiation of cells.! Different
processes which are used to modify a surface topography also affect
the chemical structure of the surface itself. In detail, the pro-cess of
acid etching purifies an implant surface through removal of titanium
external layers and with them of most of carbonium remnants which
are left as sediment after titanium turning. A paper by Morra et al.?
showed a high percentage of carbonium present on the machined
surface of a smooth fixture-66% compared to a fixture which is
processed with a double acid etching; in this case they recorded a lower
percentage of Ca-42,2% The implant Nanotite (Biomet 3i) shows a
further reduction of the percentage of superficial carbonium (35,1%).?
It is made of a titanium alloy Ti6Al4V and consequently on its surface

there is a high content of Alluminum (0,6%), Calcium and P due to
the release of nanocrystals of Calcium Phosfate on the surface, which
is a peculiar feature of this implant. Unfortunately there is a lack of
interest in the interaction be-tween modified surfaces and peri-implant
soft tissues and so few papers on the subject are available. From this
literature we learn that connective tissue and the epithelium can create
a bond with the titanium of the implant surface suggesting that good
health and resistance to peri-implant disease could be thanks to this
state of “tissue integration”. During the Nineties researchers thought
that rough surfaces could allow a bacterial adhesion 25 times higher
than machined ones and so favour the onset of periimplantitis. They
also assumed in consequence that a sort of reduced roughness was
essential to delay the appearance of plaque and its maturation. Baldi
et al.* evaluated soft tissue reaction to smooth and rough surfaces; this
was performed in vivo using special healing screws whose surface
was rough. In detail, after insertion of Full Osseotite implants (with
no smooth collar), abutments with an etched surface were screwed
on; the other group had Osseotite implants, with a smooth collar,
onto which traditional smooth abutments were screwed. Through
this procedure the authors believed they had simulated a peri-implant
recession; whereas actually the two evaluated surfaces were not only
in contact with bone but also with peri-implant soft tissues and were
freely exposed in the oral cavity (Table 2). The Anova test did not
show any statistical difference in bone reabsorption considering the
two study groups; even in the population of fully etched implants
they recorded less bone re-absorption com-pared to the population
of hybrid implants with a smooth collar, after 24 and 36 months
following surgery. From this paper we learn that fully etched implants
allow long term maintenance of bone integrity even when immediate
loading protocols are applied, in this case coupled with the Columbus
Bridge prosthetic protocol (Table 3 & 4) (Figure 1-4). Therefore fully
etched surfaces positively affect bone healing around implants and
this effect prevails against that of a higher plaque retention which
occurs when some implant threads are exposed in the oral cavity.>'?
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Table | Most common implant surface treatment

Modifing process of implant surface

Turning
Sandblasting
Oxidation

Etching
Apposition
Nanotechnologies

Bioengineering

Machined surfaces

ALO

,0, ZrOZ;TiOZ; SiC
Galvanic bath
HF;HCI; H_SO,
Plasma-spray; HA

nanometric surface changes

surface ability of interaction with surrounding biologic substratum

Table 2 Surface composition (% atomic) obtained by XPS analysis
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Table 3 Values in millimeters; M, mesial site; D, distal site

Campione C o Ti N S Si P Ca Al Cl
Machined 66, | 22,3 8,6 0,6 1,8 0,6
Osseotite 42,2 33,5 18, 1 0,8 05 2,1 04 04
Full Osseotite 42,2 36,6 18,8 0,9 0,1 I 1 0,3
NanoTite 35,1 34,9 6,4 0,5 0,7 7,5 14,3 0,6

Full osseotite implants Osseotite implants

Time M D Media M D Media

T, 0,57 0,44 0,5 0,69 0,22 0,45

T, 1,39 1,3 1,35 1,35 1,23 1,29

T, 1,52 1,3l 1,41 1,69 1,47 1,58

T, l,6 1,48 I,54 ,66 1,63 1,65

Figure | Osteoblasts after 6 hours of culture on a Osseotite surface (double

acid etch surface).

Figure 2 Osteoblasts after 24 hours of culture.
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Figure 4 Periimplant bone misuration.
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Figure 3 Osteoblasts after 72 hours of culture.
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