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Abstract

An increasing trend towards
implantation in complex

cases is beginning to emerge
in dental implantology. As a
result of advances in surgical
techniques, implants today
can be inserted with primary
stability even where there is an
extensive lack of hard and soft
tissue. The long-term stabil-
ity of the implants inserted is,
however, influenced consider-
ably by the osseointegration
and periointegration process.
Faced with this, numerous
current research efforts aim at
modifying the implant surfaces
by ablative and additive proce-
dures in order to optimise the
healing processes.

Introduction

The use of endosseous, dental
implants is a firmly estab-
lished procedure today for the
masticatory functional reha-
bilitation of patients following
tooth loss [22]. Success rates
of more than 95% have been
described for observation pe-

Perio-

riods of more than 5 years [4].
A trend towards implantation

in complex cases is beginning
to emerge because of the
increasing average age of the
population with a concomitant
increase in multi-morbidity in
dental implantology. As a result
of the concurrently increas-

ing demand for quality of life
there is an increased need

for aesthetically attractive,
implant-supported restorations.
The locoregional hard and soft
tissue conditions are equally
significant for the successful
insertion of implants.

A sufficient vertical and trans-
verse amount of bone (vertical:
maxilla > 10 mm, mandible =
7 — 10 mm; transverse maxilla
and mandible =4 -6 mm) is a
basic requirement for anchor-
ing an implant so that it has
primary stability in the local
available bone [9]. Bone struc-
ture augmentation concepts,
such as sinus floor elevation
[28] or augmentation and graft-
ing osteoplasty [33], however,
enable implants to be provided
where there is an extensive
lack of bone. A particularly
difficult situation here is the
severely atrophic maxilla. With

g b odguad Hils
zlaad¥l flog aliall
Guadl J9ala

ale b Gl a3 b 33l
slan¥ i€y Al 30
oolayl Juadl slia Lae g3l dalall
e sl Bale] M aalall
Ula o Lllas Llia g 55

Lola oo Llally 3930 LY
g9 it dad e (s slute J<iny

ol g (o daaS s O
Glhle g & 53ne 5l 5o sac
Sl g ool by ol

pal b s 5 e Upuaal

(stall o sanll clall) Linis se

alo Vo=V Lawll elall ale »

elall ( yixall audll

() alo V —£ Lol elall
il pand oy Liel dlliag
el BaelBe i) Jio galiall
ol auilly wanill 1 (YA)
(YY) aey) alpall andall il
g 305) el Lila] el s
& oS ool dlia 5 Lewie
Uls dlia Gala JSiyy . alaall
old sole s usay Ay dro
oo galaall gaiatll el a
aaay (S5 plae (o dyalie pgals

(ool a3 yall el Huall

plaall (o 1,81 LS (s elld e

oaalall

Ol g 55 sa Jaall slaayl Ty
S ool Budaall YL
patill i€y dpiall p 5,50 ale
O s daalyall sl i
ol Sl e By ppaall uyé
S ol dlia IS ol a
Ll 5l 5 sa s Llaall EausYl
g B il g o550 wa ¥ yshe
gl Lgals <y 3las el
cloti¥l slilacy saliall

lia d¢alsal g .periointegration
Sagae &g Bue el yal a3 LS
ol Jasas N Gugs Ll
LLaYl o Lia olilans ¢ 550
it alslae J gl ol o

Lasda

Obs lalall aliadl Jlaatuly
Wu a3 a3 gl g g3

elliy Llla g 68 U<y Leslalae
el Lk s Jials sule
(YY) OB 1085 ay s yall
780 So ST Ll Juss oIS
ol g (uadd Lagy 23ll 5 3801 3
porkall g 55 Lol 9els s (2)
ey Budaall YA S Al
aLyYl e Hlae¥l Jars ol



Dental Implantology

German
Medical

dgalall

Journal =iy

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Fig. 1: Management of extensive lack of bone in the maxilla following explantation. To improve the vertical and horizontal amount of
bone the patient received a sinus floor elevation as well as onlay grafting of autogenous, avascular bone grafts from the iliac crest bilat-
erally. Insertion of 8 dental implants (BEGO Semados RI; diameter 3.75 mm, length 15 mm) was performed after a time interval of 14
weeks. Implants were uncovered 6 months after implant insertion using the vestibuloplasty with free gingival grafts from the hard pal-
ate (a, b, c). Following prosthodontic rehabilitation using an implant retained zirconia bridge harmonization of the profile from treatment
start (d) until end of treatment (e) was achieved. Furthermore, a significant improvement in the en face (f) and intraoral esthetics (g) was

achieved.
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augmentation osteoplasty with
autologous, monocortical bone
transplants of the anterior illac
crest, however, a sufficient
amount of bone can normally
be made to anchor endosseous
implants so that they have
primary stability (Fig. 1, 2).

As far as soft tissue is con-
cerned, a sufficient amount
of keratinised gingiva is an
essential determining factor
for a successful implant [12].
According to Berglundh and
Lindhe's recommendations,
this should not be less than
a minimum width of 3 mm
around the implant [2]. With
long-standing edentulism in
particular, there is normally only

a narrow band of keratinised
gingiva persisting the alveolar
ridge area. A sufficiently wide
"attached gingiva” can be
made by the free graft of a mu-
cosa transplant from the hard
palate. In this case, the palatal
donor site normally heals with-
out any complications [11].

Regardless of surgical manage-
ment, the surface composition
of the implant, however, influ-
ences osseointegration and
peri-implant soft tissue heal-
ing. The following article gives
an overview of the impact of
modifications to the implant
surface on osseointegration
and peri-implant soft tissue
healing.

oliall £ Los¥l e aalall
ool

! pailas

pabll i aSlias suaty
3ot sl g Il S Sy
NIRRT HIENR
gl sill palie o(YY)

ol ol b (b g3 sl
L 5all SA asdy 8 sun se
s paball 7 glai arundS (Say
§omorias OeeiS !
Albrektsson and Wennerberg
Lishid s le gana gl I
dac il 7 glaull () spadall
Giall 7 gl (Y .(S,<0.5um)

Tyaliall o palall bay ) Lpaian (S
Jyaadl JEIL 5 L3030 Llalal
1305 (Y V JS8) Saall oLl e
T e Yl any 3aY1 5
555 oanall e Gls Bsa
PR E AR LTINS PHE S 0K
g zlad maasl (508 Jole
aile iy olyis 55 Coaun g (VY)
Berglundh and Lindhe's laidd
oo Tl G e JaY o oay
(Y) pakall Yoo alo¥

ol el G Sl Ak
goorall paball o S 3 L
bl 7 LWl e 5 lld g
Jsale sa 0l il plasi

553 Il sl oy kel
o @ Mans 550 Jga Lole



Dental Implantology

Surface Characterization

The characteristics of an
implant surface are largely
determined by their topography
and their chemical composi-
tion [31]. The most important
surface topographical param-
eter in dental implantology

is that described by the S,
value, roughness. According to
Albrektsson and Wennerberg,
implant surfaces can be divided
into 4 groups according to their
roughness: 1) smooth surfaces
(S, < 0.5 um), 2) slightly rough
surfaces (S, = 0.5 -1 pm), 3)
moderately rough surfaces

(S, =1-2upm)and 4) rough
surfaces (S, > 2 pm), [1]. Each
surface modification changes
both the topography and the
composition [13].

Osseointegration

The surgical trauma caused

by inserting implants triggers
complex, biological interactions
at cellular and molecular level.
The healing of the cancellous
bone takes place here in 3
partially overlapping phases: 1)
osteoconduction, 2) new bone
formation and 3) remodelling
[5].

Osteoconduction, the recruit-
ing of osteogenic stem cells
for the implant surface is

the most important phase of
endosseous bone healing [15].
The implant surface adsorbs
fibrinogen which acts as an
“adapter” for the adhesion of
thrombocytes [3]. For their part
the thrombocytes are activated
on the implant surface and
release various osteogenic
growth factors. Fibrinogen is
cleaved proteolytically into fi-
brin, which forms a temporary,
three dimensional network
around the implant. As a result
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of the activated growth factors
secreted by the thrombocytes,
osteogenic stem cells move
along the fibrin scaffold to the
implant surface. This migra-
tion causes a retraction of the
temporary fibrin matrix [25].

The new bone formation phase
that follows this is character-
ised by the progressive deg-
radation of the organic bone
matrix by osteogenic cells
starting on the implant surface
and continuing towards the pe-
riphery. Then the mineralisation
of the matrix takes place as a
result of calcium phosphate
being deposited.

When the first two phases of
osseous healing are complete,
a firm biological bond between
the implant and the bones is
formed and osseointegration is
complete. In the subsequent
remodelling phase a higher
organisation of the peri-implant
bone is achieved by resorptive
processes [6].

Influence of Surface Modifi-
cations on Osseointegration
The influence of the roughness
of the surface on osseointegra-
tion was thoroughly investi-
gated. It was established that
the roughness influenced the
osteoconduction process in
particular (Fig. 3). As the rough-
ness increased, an enlarge-
ment of the implant surface
occurred with a subsequent
increase in the fibrinogen ad-
sorption capacity and activation
rate of the thrombocytes. In
addition, the fibrin scaffold is
more firmly anchored to rough
surfaces [24].

There is general agreement
that implants with smooth (S_
< 0.5 pym) and slightly rough
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Fig. 2: Management of extensive lack of bone in young patients. Pre-operatively the patient presented with an extensive oligodon-
tia (a) with vertical atrophy of both jaws (b) and concomitant reduction of the height of the lower third of the face (c) as a result, ec-
todermal dysplasia. After augmentation of the bony bed, inserting endosseous implants and providing implant-supported bridges

and single crowns (d, e) harmonisation of the profile (f) and the perioral area (g) was achieved.
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surfaces (S, =0.5-1 pm)
display worse osseointegra-
tion than implants with mod-
erately rough (S, =1-2 um)
and rough surfaces (S_ > 2
pum). Furthermore, better bone
apposition was exhibited on
moderately rough surfaces
than on rough surfaces [31].
As, however, each roughening
of the surface also leads to a
change in its chemical compo-
sition, it is not clear whether
the effects observed are due
to a change in the roughness
or the concomitant change in
composition [13].

Various organic and inorganic
coatings were developed in
order to optimise the chemi-
cal composition of the implant
surface. The coating of im-
plants with extracellular matrix

peptides (e.g., collagen) was
evaluated several times in
animal experiments with the
aim of improving osteocon-
duction (Fig. 3). In accordance
with a current European As-
sociation of Osseointegration
(EAQ) agreement, no basic
improvement in osseointegra-
tion is, however, assumed as
a result of coating the surface
with peptide sequences of the
extracellular matrix [13]. Bio-
activation by growth factors,
such as Bone Morphogenic
Protein (BMP)-2, is probably
likewise ineffective. As BMP-2
also causes bone loss, such

a coating may even reduce
osseointegration [13]. Implants
with a thin calcium phosphate
(CaP) coating were introduced
in order to improve bone
mineralisation in the new bone
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formation phase (Fig. 3) [8].
In animal experiments, such
implants show improved os-
seointegration compared with
uncoated controls. However,
there are still no confirmatory
clinical studies [13].

Peri-Implant Soft Tissue
Healing — Periointegration

As for osseous healing, soft
tissue healing is also divided
into 3 overlapping phases: 1)
Inflammatory phase, 2) Prolifer-
ative phase and 3) Remodelling
phase [26]. In the inflammatory
phase the wound is repopu-
lated by macrophages and
polymorphonuclear leukocytes.
This phagocytic cell debris pro-
tects against microbial contam-
ination and secretes growth
factors. These stimulate the
proliferation of fibroblasts, the
formation of a new epithelial
cover and the generation of
vessels in the area of the
wound. The proliferative phase
of wound healing gives way to
the remodelling phase. In this
phase, apoptosis of the major-
ity of the fibroblasts occurs and
a fibre-rich, peri-implant scar
tissue is formed at the implant
emergence profile [27].

Influence of Surface Modifi-
cations on Periointegration
While a large number of animal
experiment and clinical studies
investigate the impact of modi-
fications on osseointegration,
up till now there has only been
scanty data on the importance
of the implant surface for
healing and consolidating the
mucosa in the implant emer-
gence profile.

In a study using animal ex-
periments, we investigated the
impact of the surface rough-
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remadelling
new bone formation
anarganic coating,
e.g. calcium
osseocanduction phosphate [CaP)

ofganis coating with afgankc coating with
extracellular mabrix growth factors
proteins

| roughness l

Fig. 3: Summary of the impact of surface topography and composition on the
partial stages of osseointegration. Surface roughness and coating with organic
factors such as extracellular matrix proteins or BMP-2 affect the osteoconduc-
tion processes whereas inorganic coatings help new bone to form.
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ness of the implant shoulder
on peri-implant inflammation
parameters with transmucosal
healing implants. After a period
of 12 weeks, a mild inflam-
matory reaction was evident
histologically in the area of the
mucosal emergence profile of
the smooth shoulder, however,
a severe inflammatory reaction
was evident in the emergence
area of the moderately rough
surface (Fig.4).

Moreover, the effect of a bio-
activation of the transmucosal
implant area on soft tissue
healing was investigated.
Faced with the central role

of the glycoprotein laminin

5 within the scope of the
adhesion process of the oral
mucous membrane epithelium
to the implant surface, Werner
et al. combined a laminin 5
derivative with titanium. In
vitro experiments with human
oral epithelial cells showed an
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Fig. 4: Histological representation of inflammation reactions in the peri-implant mucosa. 12 months after implantation
and transmucosal healing, mild inflammation was evident around emergence profile of the smooth implant shoulder (a),
whereas there was a strong indication of inflammation of the peri-implant tissue in the area of the moderately rough

shoulder (b). HE stain, original magnification: 400x.

CAL” u}cl;.a” £ Liual pLimJ &J‘)_“
@\Mwl‘fﬁuldpuwn

increased proliferation in the
functionalised group compared
with the control. These results
were confirmed by the data

in a pilot study on dogs [32].
As well as epithelial adhesion,
neovascularisation also has

a significant importance for
adequate soft tissue heal-

ing. The vascular endothelial
growth factor (VEGF), a heparin
binding glycoprotein, is one

of the most important media-
tors for angiogenesis in wound
healing [23]. As a result of its
short half life of 9 hours in the
tissue, a topical application

in protein form is inefficient
[29]. A possible system for

the delayed release of VEGF is
the extracorporeal transfection
of autologous fibroblasts and
their re-plantation in the area of
the wound as part of an invivo
tissue engineering approach.
For this technique, an improve-
ment in the new vessel forma-
tion rate [19] without detect-
able local or systemic side
effects [18] has already been
found in the rat model.

Conclusions

Using the available data from
animal experiments and clinical
studies, currently no “ideal”
implant surface in relation to a
functionally and aesthetically
satisfying, long-term result

can be defined. As far as the
surface topography is con-
cerned, however, moderately
rough surfaces (S, =1 -2 ym)
in the area of the bone contact
are preferable whereas smooth
surfaces (S, < 0.5 um) in the
area of the emergence pro-
file should be favoured. With
regard to the composition, no
practical recommendation can
be derived from recent litera-
ture.
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