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Factors Influencing the Preservation of the
Periimplant Marginal Bone

Frederic Hermann, DDS*, Henriette Lerner, DDS, 1 and Ady Palti, DDSt

umerous techniques within sur-
N gical hard-tissue and soft-tissue

management are available today
to assist in achieving an ideal aesthetic
treatment result. The current view is that
the long-term preservation of healthy
periimplant tissues is of primary impor-
tance for ensuring function and esthetics
over an extended period. The following
parameters play a significant role: (a)
considerations of biologic width; (b) the
concept of platform switching; (c) im-
plant design in the cervical region: (d)
nanoroughness; (e) fine threads; (f) in-
sertion depth; (g) abutment design; and
(h) the avoidance of microlesions in the
periimplant soft tissue created by the
exchange of various secondary pros-
thetic components.

A stable bone level around the
implant neck is a prerequisite for
achieving support and, hence, long-
term optimal and stable gingival con-
tours. This is especially so with regard
to the interdental papillae in the ante-
rior region.! It is important to consider
all the possible factors that may exert
an influence within this sensitive re-
gion when designing an implant treat-
ment plan to achieve an optimized
functional/esthetic treatment outcome.

Biologic Width

The clinical term biologic width
denotes the dimensions of periodontal
and periimplant soft-tissue structures
such as the gingival sulcus, the junc-
tional epithelium, and the supracrestal
connective tissues. According to
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Esthetic outcomes cannot be at-
tributed to a single parameter. Rather,
as this article shows, they are the re-
sult of a number of important factors,
especially in the esthetic zone. An un-
derstanding of the meaning of biologic
width, of the integration of the
platform-switching concept into im-
plant treatment facilitates the preser-
vation of a stable marginal bone level
around the implant neck. This stable
bone then serves to support the soft
tissue, determining the long-term es-
thetic and functional treatment out-
comes stability.

The following points should be
noted: (1) A prefabricated post that
can be used both as a temporary post
and as the definitive abutment helps to
avoid a frequent replacement of sec-
ondary components, provided that the
3-dimensional position of the implant
is correct. It prevents a repeated de-
struction of the connective-tissue at-

tachment on the biologic width, which
would carry with it the risk of bone
resorption. (2) A special implant and
abutment design (a ledge and integra-
tion of the biologic width/tapered
shape of the post) facilitates nonsurgi-
cal lengthening and thickening of the
periimplant soft tissue. This leads to
the establishment of a wider and more
resistant zone of connective tissue. (3)
A microrough and nanorough tita-
nium surface extending to the implant
shoulder in conjunction with the
platform-switching concept provides
osseous integration along the entire
length of the implant. A fine thread
optimally distributes the masticatory
forces in the region of the implant
neck, avoiding further bone loss in this
region. (Implant Dent 2007;16:165—
175)

Key Words: biologic width, platform-
switching, implant macro, micro- and
nanodesign

Tarnow et al,? the bone facing the oral
cavity is invariably covered by perios-
teal tissue, connective tissue, and epi-
thelial tissue, all of which may vary in
thickness. The original studies of the
“dentogingival complex” can be
traced back to Gottlieb,> to which
Orban and Kohler* returned many
years later. Gargiulo et al’ examined
the dimensions of these tissues in dead
human bodies. One year later, in 1962,
Cohen® defined the clinical concept of
biologic width to include the dimen-
sions of the epithelial and connective
tissue attachments. The definition of
the dentogingival complex addition-
ally includes the vertical dimension of
the gingival sulcus.
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According to measurements con-
ducted by Gargiulo et al,’ the average
biologic width (from the base of the
sulcus to the alveolar bone margin) is
2.04 mm, of which 0.97 mm is epithe-
lial attachment and 1.07 mm is con-
nective tissue attachment. These
dimensions, however, are in no way
static but subject to interindividual
variation (from tooth to tooth and from
patient to patient)® and will also vary
according to gingival types and im-
plant concepts.

Numerous studies have shown
that bone resorption around the im-
plant neck does not start until the im-
plant is uncovered and exposed to the
oral cavity. This invariably leads to
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Fig. 1. Attachment of hemidesmosomal fi-
bers to the nanorough abutment surface.
Stabilization and nonsurgical soft-tissue aug-
mentation thanks to the abutment’s tapered
shape.

bacterial contamination of the gap be-
tween the implant and the superstruc-
ture.””'® Bone remodeling will
progress until the biologic width has
been created and stabilized. Not only
does this width progress apically,
along the vertical axis, but according
to studies conducted by Tarnow et al,?
there is also a horizontal component
amounting to 1-1.5 mm. This is the
reason to maintain a minimum dis-
tance of 3 mm between 2 implants and
platform switching in the esthetic re-
construction zone in order to obtain
intact papillae and stable interimplant
bone. Fig. 1 is a schematic represen-
tation of the principle of integrating
the biologic width and platform
switching into the surgical/prosthetic
treatment concept.

Figs. 2 and 3 demonstrate the in-
traoperative inclusion of biologic
width considerations during implant
surgery. The implant used (Revois;
Curasan AG, Kleinostheim Germany)
has a microrough and nanorough sur-
face extending to the implant shoul-
der, accommodating biologic width by
featuring a prepared margin 1.9 mm
above the shoulder (Fig. 3). This inte-
grated distance takes into account the
average formation of biologic width
around implants. The special parallel-
ing post available for this implant
assists in ascertaining the optimal in-
sertion depth and the correct distance
from adjacent teeth or implants. The
diameter of this paralleling post is the
same as that of the definitive abut-
ment; its height is 1.9 mm (Fig. 2).
Equally important is the distance be-
tween the implant and the tooth, as
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first defined by Tarnow et al'! in 1992
and modified in 2003,'> and the dis-
tance between the bony base of the
papilla and the contact point of the
superstructure. Only if all these points
are observed can we expect the inter-
dental space to be filled in completely,
leading to an optimal esthetic
outcome.

The Platform-Switching Concept

The platform switching effect was
first observed in the mid-1980s. At the
time, larger-diameter implants were
often restored with narrower abut-
ments (Ankylos Densply, Friadent,
Germany; Astra-Zeneca, Sweden; Bi-
con, Boston), as congruent abutments
were often still unavailable. As it later
turned out, this was a remarkable
coincidence.

The abutments used with conven-
tional implant types are generally
flush with the implant shoulder in the
contact zone. With many implant sys-
tems, this results in the formation of
microcracks between the implant and
the abutment. Numerous studies!*!
have shown that bacterial contamina-
tion of the gap between the implant
and the abutment adversely affects the
stability of the periimplant tissue. If
above-average axial forces are exerted
on the implant, a pumping effect may
ensue (depending on the positive in-
ternal/external connection at the inter-
face) that may then result in a flow of
bacteria from the gap, provoking the
formation of inflammatory connective
tissue in the region of the implant
neck. Ericsson et al’ coined the term
distance-sleeve-associated infiltrated
connective tissue to describe this phe-
nomenon. They interpreted this to be a
biological protective mechanism
against the bacteria residing in the
microcrack, explaining the plaque-
independent bone loss of approxi-
mately 1 mm during the first year.
This bone loss may result in a reduc-
tion of the marginal bone level in both
the vertical and the horizontal dimen-
sions. The entire process must be seen
as a bacterial infection occurring nat-
urally on transgingival implants and
on submucosally placed implants as
they are exposed, in both cases as a
result of the communication with the
oral cavity.”!0 If the microcrack is lo-
cated close to the bone, the creation of
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the biologic width will occur at the
expense of the bone.>!6-13

The platform-switching concept
requires that this microcrack be placed
away from the implant shoulder and
closer toward the axis in order to in-
crease the distance of this microcrack
from the bone.!~2! This generally im-
plies the use of a reduced-diameter
abutment (Figs. 1 and 4). The implant
used has a standard abutment diameter
of 3.05 mm. With implant diameters
of 3.8, 4.3, and 5.0 mm, the abutment
margin runs between 0.375 and 0.975
farther axially than the circumference
of the implant. According to the mi-
crobiological considerations outlined
above, this delivers a measure of pro-
tection for the marginal bone.

The preservation of the periim-
plant bone is particularly important in
the esthetic zone and in areas with a
limited bone supply. Here the objec-
tive is to avoid provoking an addi-
tional postprosthetic bone loss and to
preserve the long-term stability of the
bone and soft tissue alike.

Implant Design in the Cervical Region:
Nanoroughness, Fine Threads, and
Insertion Depth

Conventional implant types gen-
erally feature a smoothly polished cer-
vical region that may vary in width.
As a result of the radiologic and his-
tologic studies conducted by Hermann
et al,'>** there is awareness of the
implications of the position of the im-
plant shoulder on crestal bone resorp-
tion. The relative positions of the
interface between the implant shoulder
and the abutment and the transition
zone from the smooth to the rough
implant surface, respectively, to the
alveolar ridge are of eminent impor-
tance. The literature mentions a dis-
tance of 3.6 mm in the mandible and
4.1 mm in the maxilla between the
point of first bone-to-implant contact
and the implant shoulder for ITI
(Straumann, Switzerland) standard
implants (2.8 mm) with this neck con-
figuration.? Current trends in implant
design favor a reduction or elimination
of the smoothly polished segment. In
newer implants, the rough segment
was extended 1 mm coronally. Here
the biologic width created was re-
duced to an average of 2.19 mm after
32 months.? Therefore, it is to be ex-



pected that the biologic width will be
reduced by limiting the width of the
smoothly polished cervical region.
However, if the smooth segment is
inserted below the bone level, the
bone will resorb all the way down to
the rough-to-smooth transition line.
Moreover, it was shown that the
amount of bone loss also depends on
the nature of the adjacent structures
(cantilever situation, implant, natural
dentition). The biologic width in
2-piece implant systems invariably
starts at the implant-abutment inter-
face. Depending on the positive fit of
the internal or external connective in-
terface, this microcrack might provoke
bone loss to an extent that will vary,
depending on the insertion depth of
the implant.'

Our experience with an implant
design of the most recent generation
that has continuous microrough and
nanorough surface extending to the
implant neck and a fine thread in the
cervical region (Fig. 6) has shown that
the crestal bone level was stabilized in
numerous clinical cases. Integrating
the platform-switching concept in the
presence of a completely rough im-
plant surface played a central role in
moving the microcrack on the implant
platform more closely to the implant
axis, counteracting bone resorption
tendencies.

Implants with a continuous micro-
rough and nanorough titanium surface
extending to the implant neck facili-
tate osseointegration along the entire
length of the implant, involving the
entire implant surface. A fine thread in
the cervical region results in func-
tional loads being transmitted to the
adjacent bony structures, supporting
the formation of trabecular bony struc-
tures and stabilizing the region in
question. Complete bony coverage of
the entire implant surface can be at-
tained upon successful osseointegra-

. . . — . N tion if the platform-switching concept
II:|g g E/lheokgwg j(he 3f—dmens||ontal pgstlr‘ilor‘w,tusmgtj %areltllttefllzmg po‘fti.‘ t is implemented.

ig. 3. Macrodesign of an implant and the integrated platform-switching concept. : . : .
Fig. 4. Revois implant with a rough titanium surface extending to the implant shoulder, When inserting implants in a
integrated platform switching, and a fine thread around the implant neck. r.educed—bone enVIronment,. an addi-
Fig. 5. Radiological control prior to impression-taking showing the multifunctional precision tional advantage of the fine thread
post. around the implant neck becomes

Fig. 6. Radiological situation at the 1-year follow-up. The marginal bone level is preserved. manifest: the thread stabilizes the
implant in the presence of an under-
prepared osteotomy (implant bed
preparation), contributing to the
achievement of primary stability. This
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Fig. 7. Planned immediate implementation, with immediate restoration in the region of tooth
21. Multiple apical resections have been performed. Note the perforation of the soft tissue.
Fig. 8. Determining the alveolar dimensions and showing the thin soft tissue on the buccal

area.

Fig. 9. After using a pilot drill 2-mm @, a nonablative cavity preparation using the osteotome
technique to increase primary stability has been performed.
Fig. 10. Inserted osteotome to keep the prepared implant bed clear; bone augmentation using
B-TCP (Cerasorb M; Curasan AG, Kleinostheim, Germany).

in turn may help reduce the length of
time for the healing phase.

Abutment Design and the Avoidance of
Microlesions: Radiologic Follow-Up

The radiologic follow-up images in
Figs. 5 and 6 impressively demonstrate
the effect of platform switching. Follow-
ing immediate placement of an implant
(Revois 3.8/13 mm; Curasan AG) in the
region of tooth 45, a transgingival heal-
ing mode using a narrower healing cap
was selected. Following a healing phase
of 4 months, an impression was taken
using a multifunctional precision post
that, if the 3-dimensional position of the
implant is correct, doubles as a defini-
tive post, i.e., it will not be removed
(Fig. 6). The 1-year follow-up radio-
graph shows that the periimplant mar-
ginal bone has clearly been preserved
(Fig. 5).

By analogy with the results of
Abrahamsson et al,?® an additional re-
placement of secondary components at
the time of insertion of the prosthetic
superstructure, which would carry a
risk of additional marginal bone loss,
can therefore be avoided. Studies have
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shown that micromovements associ-
ated with the replacement of the sec-
ondary components (violation of the
established biologic width) may result
in an apical migration of the epithelial
tissue around the implant neck, with
more bone resorption and a reduction
of the marginal bone level as a
consequence.

Berglundh et al*’ concluded from
the results of their studies that a reac-
tion takes place between the connec-
tive tissue and the titanium-oxide
surface of the abutment, a reaction that
they termed connective-tissue integra-
tion. Cochran et al?® demonstrated the
adhesion of epithelial cells and fibro-
blasts to rough and smooth titanium
surfaces. The results indicated that a
connective-tissue attachment could
help avoid the apical proliferation of
the epithelial tissue on titanium
surfaces.

The results from periodontal
structural biology, regarding the for-
mation of a long junctional epithelium
after root planing, whose apical prolif-
eration is limited by connective-tissue
fibers inserting on the surface, can
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also be applied to the periimplant sit-
uation. A good connective-tissue at-
tachment to the titanium surface of the
implant/abutment could prevent apical
proliferation of the epithelial tissue.
However, if the connective-tissue at-
tachment process is disturbed by
plaque accumulations or by exchang-
ing secondary components (healing
caps, posts, etc), this will facilitate
apical migration of the epithelial tissue
all the way down to the bone, with the
concomitant risk of additional bone
resorption.

Consequently, a surgical/aesthetic
concept should be devised that facili-
tates the creation of a permanent
connective-tissue attachment to limit
the proliferation of epithelial tissue.
The first step would be a reduction in
the number of traumatic events, such
as surgical procedures or the replace-
ment of secondary components, and
implementation of an efficient mode
of plaque control.

The multi-functional precision
post of the implant system used (Re-
vois; Curasan AG) has a reduced di-
ameter of 3.05 mm (compared to the
implant diameter of 3.8 mm), which
relocates the biologic microcrack in-
ward toward the implant axis and
reduces the amount of distance-sleeve-
associated infiltrated connective tissue
formed. Additional nonsurgical thick-
ening of the soft tissue is caused by the
tapered shape of the post and its tulip
profile as the prepared ledge 1.9 mm
above the implant shoulder is ap-
proached (Figs. 1, 4, 5, and 6). Fig. 6
shows the situation directly before the
impression was taken, whereas Fig. 5
shows the situation 1 year after inser-
tion of the prosthetic reconstruction.
The standardized radiologic follow-
ups clearly show the preservation of
the interdental bone, which is located
at the level of the prosthetic platform.
It should be noted that this effect is not
created by platform switching alone
but is the result of the combination of
all the factors previously described.

The influence of additional pa-
rameters on the functional and esthetic
long-term results of implant therapy
will be discussed in the next installa-
tion of this series of articles titled
“Parameters of Esthetics.” This is
intended be able to integrate many cri-
teria and documented results into im-
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Fig. 11. Final position of the Revois implant with final abutment. Checking the insertion

position.

Fig. 12. Preparation of an absorbable membrane (Epi-Guide; Curasan AG, Kleinostheim,

Germany) to cover the soft-tissue perforation.

Fig. 13. Postoperative situation after suture adaptation. The soft-tissue perforation has been
closed. Note the patient’s crown, which is in nonocclusion (—50 um).
Fig. 14. Soft tissue situation after 12 months: compared to the initial thickness, an addition of

3 mm.

Fig. 15. Patient situation after 12 months, with the natural tooth.

plant therapy in the esthetically sensi-
tive anterior region to achieve optimal
long-term treatment outcomes. These
criteria include:

1. Anatomy: bone volume/bone
quality®

2. Mucosal quality: type/thickness®*>!

3. Condition of the adjacent teeth:
classification of Palacci®

4. Distances to the adjacent teeth:
Tarnow relations?!!12

5. Biologic width and the platform-
switching concept®*-*

6. Implant design: macro-/micro-/
nanolevel design and implant di-
mensions®’

7. Abutment design: macro-/micro-/
nanolevel®

8. Augmentation procedures: type/
materials/membranes®

9. Surgical procedure: soft-tissue
management/point of time of in-
sertion**~42; implant insertion

depth!3222543; time of loading/
time of restoration

10. Prosthetic procedure: frequency of
secondary-component replacement®

11. Suturing techniques: materials

12. Provisional restorations: abutment
materials/abutment shapes; crown
materials/crown shapes

13. Definitive restorations: abutment
materials/abutment shapes; crown
materials/crown shapes

14. Patient compliance: oral hygiene/
smoking/nutrition/recall intervals

CONCLUSION

For long-term esthetic results with
implant restorations, the following pa-
rameters are important:

e Implant position following the lit-
erature concerning distance be-
tween implants or implants and
natural teeth.
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e Implant design and macro-,
micro-, and nanostructures play
an important role in maintaining
the bone and soft tissue in the
initial positions.

e Platform switching in combina-
tion with a final abutment inserted
the day of implant placement
(nonocclusal restoration) can be
useful to obtain and maintain the
long-term result concerning the
biological width.

Clinical Case

Figs. 7 through 15 exemplify our
procedure by showing a clinical case.
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Einflussfaktoren fiir den Erhalt des periimplantiren mar-
ginalen Knochens
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ZUSAMMENFASSUNG: Asthetische Behandlungsergeb-
nisse sind nicht einem einzelnen Parameter zuzuordnen,
sondern, wie in diesem Artikel gezeigt, Resultat einer Reihe
von Einflussfaktoren, denen vor allem in der #sthetischen
Zone eine entscheidende Bedeutung zukommt. Das Verstind-
nis um die Bedeutung der Biologischen Breite und die Inte-
gration des Konzeptes des “platform switching” in die
implantologische Behandlung ermoglichen es, ein stabiles
marginales Knochenniveau am Implantathalsbereich zu er-
reichen. Diese knocherne Stabilitdt stellt die Stiitze des
Weichgewebes dar und determiniert somit das &sthetische
und funktionelle Behandlungsergebnisse langfristig.

Dabei gilt es folgende Punkte zu beachten:

1. Ein prifabrizierter Pfosten, der sowohl als provisorischer,
wie als endgiiltiger Pfosten verwendet werden kann,
ermoglicht es bei optimaler 3-D Positionierung des Im-
plantates, ein hdufiges Auswechseln der Sekundérteile zu
vermeiden. Dies bietet die Moglichkeit, eine erneute Zer-
storung des bindegewebigen Attachments und der Biolo-
gischen Breite mit der Gefahr der Knochenresorption zu
vermeiden.

2. Ein spezielles Implantat- und Pfostendesign (Stufe mit
Integration der Biologischen Breite/Verjiingung des Pfos-
tens) ermdoglicht eine nicht-chirurgische Verlingerung und
Verdickung der periimplantiren Weichgewebe, wodurch
eine breitere und wiederstandsfiahigere Bindegewebszone
etabliert werden kann.

3. Eine mikro- und nanorauhe Titanoberfldche bis zur Im-
plantatschulter verbunden mit dem Prinzip des “platform
switching” ermdoglicht die ossére Integration der gesamten
Implantatlinge. Ein Feingewinde fiihrt zur optimalen
Verteilung der Kaukrifte im Implantathalsbereich mit der
Vermeidung weiteren Knochenverlustes in dieser Region.

SCHLUSSELWORTER: Biologische Breite, platform-
switching, Makro-,Mikro- und Nano-Design des Implantates
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Pardametros de la estética: Parte 1

Factores que influencian la preservacion del hueso mar-
ginal periimplante

ABSTRACTO: Los resultados estéticos no pueden atribuirse a
un solo pardmetro. En cambio, como lo demuestra este articulo,
es el resultado de un niimero de factores de importancia, espe-
cialmente en la zona estética. Un entendimiento del significado
de ancho bioldgico, o la integracién del concepto de cambio de

plataforma en el tratamiento con implantes facilita la preserva-
cién de un nivel estable de hueso marginal alrededor del cuello
del implante. Este hueso estable luego sirve para apoyar el tejido
suave, determinando el resultado estable del tratamiento funcio-
nal y estético a largo plazo.

Deberan notarse los siguientes puntos:

1. Un poste prefabricado se puede usar como un poste tem-
poral y como el pilar definitivo ayuda a evitar un frecuente
reemplazo de los componentes secundarios, siempre que
la posicién tridimensional del implante sea correcta. Pre-
viene una destruccién repetida del contacto del tejido
conectivo en el ancho bioldgico, que ocasionaria el riesgo
de la reabsorcién del hueso.

2. El disefio de un pilar e implante especial (un borde e
integracion de la forma cénica/ancho biolégico del poste)
facilita el alargamiento no quirtirgico y espesamiento del
tejido suave periimplante. Esto lleva al establecimiento de
una zona mas amplia y resistente de tejido conectivo.

3. Una superficie de titanio micro dspera y nano aspera que
se extiende hasta el hombro del implante junto con el
concepto de cambio de plataforma ofrece la integracion
Osea a lo largo de toda la longitud del implante. Una rosca
fina 6ptimamente distribuye las fuerzas masticatorias en la
regién del cuello del implante, evitando una mayor pér-
dida del hueso en esta region.

PALABRAS CLAVES: ancho biolégico, cambio de plat-
aforma, disefio macro, micro y nano del implante
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Parametros de Estética: Parte 1

Fatores que Influenciam a Preservagdo do Osso Marginal
do Periimplante

RESUMO: Resultados estéticos ndo podem ser atribuidos a
um tnico pardmetro. Ao contrdrio, como este artigo mostra,
eles resultam de inimeros fatores importantes, especialmente
na zona estética. Uma compreensao do significado da largura
bioldgica, da integragdo do conceito de mudanca de plat-
aforma no tratamento do implante facilita a preservacdo de
um nivel de osso marginal estdvel em torno do colo do
implante. Este osso estdvel serve entdo para suportar o tecido
mole, determinando os resultados estéticos e funcionais do
tratamento de longo prazo.

Os seguintes pontos devem ser observados:

1. Um pino pré-fabricado que pode ser usado tanto como
pino tempordrio como suporte definitivo para evitar sub-
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stitui¢do freqiiente de componentes secundarios, contanto
que a posi¢do tri-dimensional do implante esteja correta.
Ele previne a destrui¢do repetida do attachment do tecido
conjuntivo na largura biolégica, o que carregaria com ele
o risco de reabsor¢do do osso.

2. Um design especial de implante e suporte (uma saliéncia
e integracdo da largura biol6gica/forma afunilada do pino)
facilita o alongamento e espessamento ndo-cirtrgico do
tecido mole do periimplante. Isso leva ao estabelecimento
de uma zona mais larga e mais resistente de tecido con-
juntivo.

3. Uma superficie de titdnio micro-rugosa e nano-rugosa
estendendo-se até a plataforma do implante em conjuncio
com o conceito de mudanca de plataforma proporciona
integragdo dssea ao longo de toda a extensao do implante.
Um fio fino distribui otimamente as forcas mastigadoras
na regido do colo do implante, evitando perda adicional de
0ss0 nesta regiao.

PALAVRAS-CHAVE: largura bioldgica, mudanca de plat-
aforma, macro, micro e nano-design de implante
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Ilapamempuor scmemuxu: ywacmo 1

d)axmopbt, sausrowyue Ha COXpanenue lcpaeeoﬁ Kocmu
60KpYy2 umnaanmama

PE3IOME: scretuyeckue pe3yjabTaTbl HE MOTYT ObITh
00yCIIOBJIEHbl KakKUM-1100 opHuM mnapameTpoM. Kax
[OKa3aHO B JaHHOU CTaTbe, 3TO CKOPEE pe3ylbTaT

feficTBUS  LEJOoro psfa BaXHbIX (PaKTOpPOB, B
OCOOEHHOCTH B acTeTmdeckon obOmactu. [loHmManme
3HaYeHUs] OMOJOTMYECKOW IIUPHUHBI, MPUMEHEHUS
KOHLENIUU IepekatoyeHus mniatdopmbl  (platform-
switching concept) B JIeUeHUN C UCTIOJIL30BAHUEM UMILIIaH-
TaTa CHOCOOCTBYET COXPAHEHHMIO YCTOWYMBOTO YPOBHS
KpaeBOll KOCTH BOKpPYT IIEHKH WMIJIaHTaTa. Y CTOM-
4YuBasi KOCTb CIYXKUT OHOPOHM [JjIsl MSITKHUX TKaHEM,

onpenesist CTaOMIILHOCTH TOJTOBPEMEHHOTO
QCTECTUYECCKOI'O n (bYHKIII/IOHaJII)HOFO pe3yabTaTa
JICUCHUS.

HGOGXOHI/IMO OTMETUTH CIIEAYIOININE MOMEHTBI:

1. T'oroBeIlt TITU(]T, KOTOPHIA MOXKET HCIOTH30BATHCS
KaK BPeMEHHbBII ITUPT, TaK U OKOHYATEIbHAs Cylpac-
TPYKTypa, TMoMoraeT wu30exaThb YacTOW 3aMeHbI
BCIIOMOTATENbHBIX 3JIEMEHTOB IPH YCIOBHHU, YTO HM-
MJaHTaT [PAaBWIBLHO YCTAHOBIEH B TPEXMEPHOM
OTHOILIEHUU. DTO NMPEROTBPAILLAET YacTOe pa3pylleHue
COINEeIMHUTEILHOTKAHHON CBS3KM Ha OHOJIOrMYECKOM
LIUPHUHE, KOTOPOE CBSI3aHO C PUCKOM pe30pOLUU KOCTH.

2. CrneuuanpHasl KOHCTPYKUMS HMMIUIAaHTaTa M Cylpac-
TPYKTYpbI ((paHen u uHTErpanusi OMOJIOrUYECKON HIUp-
WHbI /KOHWYecKass ¢opMa mTH(Ta) CIOCOOCTBYET
HEXUPYPrUUe€CKOMY YAJIMHEHUIO U YTOJIIECHUIO MSTKHUX
TKaHell BOKPYI HUMIUIaHTaTa. OTO BefeT K opmu-
poBaHWiO 0oJjiee IMHUPOKON W YCTOWYHMBOW 30HBI
COEIMHUTENBHON TKAHU.

3. TuTaHoBas MOBEPXHOCTb C MUKPOIIEPOXOBATOCTbIO U
HaHOUIEPOXOBATOCTbIO, MPOAOJIKAIOLIAsICA [0 yCTyIa
UMIlJIaHTaTa, B COYCTAaHUU C KOHHGHHI/Ieﬁ MEPEKITIOYCHUA
n1aTopMbl 00€CIIeYnBaeT OCCEOMHErpalyio MO BCei
JJIMHE WMIUIaHTaTa. Menkas pe3b0a ONTUMAIbHO
pacnpefenseT KeBaTeJbHble YCUIusl B 001acTu MIEHKU
AMIUIAHTaTa, HE JONyCKasl fajJbHENIIEeH MOTEpH KOCTHON
Macchbl Ha 3TOM y4yacTKe.

K/IWYEBBIE CJ/IOBA: Owuonornueckasi IINPHHA,
NepeKTIoYeHne MIaT(OPMbl, MaKpO-, MUKPO- U HAaHOJI-
M3ailH UMILIaHTaTa
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