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Influence of the 3-D Bone-to-Implant
Relationship on Esthetics
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There are biologic limits of the soft tissue dimension around implants; therefore,
the limiting factor for the esthetic result of implant therapy is the bone level at
the implant site. Clinicians must focus on the 3-D bone-to-implant relationship to
establish the basis for an ideal and harmonic soft tissue situation that is stable
over a long period. In some situations, missing bone is a limiting factor for esthet-
ics; in others, it is possible to regenerate new bone around implants. As a certain
amount of bone resorption occurs around implants as soon as the implant is in
contact with the oral environment, the distance between an implant and adjacent
tooth, as well as the distance between two implants, is as important as the bone
volume on the buccal side of the implant head and in the papillary area, especial-
ly for the long-term result. This article discusses the 3-D bone-to-implant relation-
ship and its influence on soft tissue esthetics around implants. (Int J Periodontics
Restorative Dent 2005;25:113-119.)
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To achieve an ideal esthetic result
with implants, many parameters are
of importance. The correct posi-
tioning of the implant is one of the
key factors, together with the estab-
lishment of the optimum volume of
hard and soft tissues. The optimal
implant position is in the center of
the tooth to be replaced, 1.5 to 2.0
mm more palatal than the expected
buccal emergence profile at the gin-
gival margin of the crown. What is
more difficult to define is the ideal
hard and soft tissue volume around
the implant head that can guarantee
the presence of an interproximal
papilla and an esthetically stable
mucosal margin over time.

The natural thickness of the
connective tissue overlying the
bone around implants (buccal side)
is within a narrow range between
2.8 and 3.8 mm.’> The height
of the interproximal soft tissues
between natural teeth, as well
as between a natural tooth and an
implant, ranges from 3.5 to 5.0
mm.®? The soft tissue dimension
between implants is not known
from the scientific point of view, but
it seems to be similar.
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Fig 2a
implant head demonstrates the formation
of horizontal biologic width after 2 years of
loading.

Circumferential crater around

The presence of bone is the first
determining factor for the soft tissue
contour. Therefore, clinicians clearly
have to focus their interest on the
volume of bone to achieve ideal
esthetic results.

The presence of a papilla
depends on the following factors:
the level of the bone, volume of the
connective tissue, and proximal sup-
port of the crowns. When one con-
siders the situation of an implant next
to a tooth, the presence of the papilla
is mainly determined by the bone
attachment on the tooth side®'° (Fig
1), whereas the presence of a papilla
between two implants depends on
the amount of existing bone in the
interproximal area. If there is suffi-
cient soft tissue volume, its height

Fig 1a (left) Clinical appearance of papil-
lae next to ideally placed single implant.

Fig 1b (right) Superimposed radiograph-
ic and clinical images of the same restora-

tion demonstrate that the papilla is mainly
determined by bone attachment on tooth

side.

Fig 2b  Thickness that bone on buccal side of implant should have to support gingival

margin despite horizontal crater formation.

can be increased by applying pres-
sure interproximally,' but only minor
improvements can be expected.

In this context, it is important to
take into consideration that a certain
amount of bone resorption occurs
around implants as soon as the
implant is in contact with the oral
environment. On average, the first
bone-to-implant contact is about 1.5
to 2.0 mm below the implant shoul-
der'? shortly after implant exposure.
This bone resorption occurs not only
in a vertical but also in a horizontal
direction (Fig 2), as pointed out by
Tarnow et al.’® The mean horizontal
bone loss is 1.3 to 1.4 mm. With this
knowledge in mind, the ideal three-
dimensional implant-to-bone rela-
tionship can be described.

Single-tooth implant
Single tooth: Mesiodistal view

Because of the horizontal bone loss
described above, the distance
between an implant and a tooth
should not be less than 1.5 mm. If
this minimum distance is not main-
tained, the attachment on the tooth
side will undergo resorption; this will,
in turn, cause a reduction or loss of
the interproximal papilla.™ The more
apical the implant is placed, the big-
ger the distance between the
implant and tooth has to be because
of the triangular shape of the bone
loss.
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Single tooth: Buccolingual view

The 1.5-mm-wide crater will also
appear on the buccal side of the
implant head. Therefore, to avoid
losing bone height, the bone thick-
ness should be at least 2 mm, prefer-
ably 4 mm.> If this amount of bone
is not available, part of the buccal
bone plate will be lost after remod-
eling, with the consequence of a
high risk of soft tissue recession.
Such a large amount of bone on the
buccal side of the implant head does
not exist normally and has to be cre-
ated with augmentation procedures
in almost every esthetically demand-
ing case (Fig 3). This means that,
even if an implant is placed into the
existing bone without leaving any
threads exposed, bone augmenta-
tion will still be needed.

Two adjacent implants

Adjacent implants: Mesiodlistal
view

If the distance between two implants
is less than 3 mm, the interproximal
bone level is expected to be more
apical than the implant shoulder and
therefore exhibit a reduced or
nonexistent papilla. A distance of 3
mm between two implants will result
in an interproximal bone height at
most at the level of the implant
shoulder. This situation (especially
in highly scalloped cases) will still
result in a deficit of the papilla
because, in such cases, the implant
shoulder is usually positioned more
apical than the bone attachment of

Fig 3a Ideal amount of bone needed to accommodate circumferential crater without loss
of height in buccal mucosal margin; dotted line = original degree of buccolingual resorp-
tion of edentulous crest prior to bone augmentation.

Fig 3b  Original buccal bone profile at time of implant placement (left) and time of
implant exposure (right) as a result of bone augmentation procedure carried out at stage-
one surgery.

Fig 3c  Clinical appearance of restored
implant in right central incisor position
2 years after exposure.

COPYRIGHT © 2005 BY QUINTESSENCE PUBIISHING CQ, INC

PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORN|,
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. olume 25, Number 2, 2005



116

Fig 4a
implants is only 3 mm, the interproximal
bone level expected cannot be more coro-
nal than the implant shoulder. Therefore,
even in this situation, papilla will be
reduced in height.

If the distance between two

the adjacent teeth (Fig 4). Only if
the implant-to-implant distance is
greater than 3 mm can the inter-
proximal bone peak be maintained
above the implant shoulder. The
more apical the implants are placed,
the greater the implant-to-implant
distance has to be because of the tri-
angular shape of the bone loss.
Unfortunately, it is often not possible
to establish the required distance
between two implants in the esthetic
zone because of lack of space.
Sufficient bone volume on the buc-
cal side in the papillary area can help
in such a situation, as described
below.

Fig 4b  Radiographic (left) and clinical appearance (right) of completed restorations 1 year

after implant exposure.

Adjacent implants: Bucco-
lingual view

On the buccal side of the implants,
as described for single-tooth
replacement, a bone thickness of 2
mm, preferably 4 mm, is required.
This is the necessary prerequisite to
maintain the peri-implant mucosal
margin in a stable manner over time.
In cases where the interimplant dis-
tance cannot be established as
required, however, the interproximal
papilla may not have a bone peak to
support its buccal portion, as
described above. A way to com-
pensate for the lack of interproximal

bone caused by the reduced dis-
tance between two implants is to
add an extra volume of bone on the
buccal side of the papillary area. This
extra bone volume can maintain and
support the interproximal soft tissue
over a long period (Fig 5).

Possible implant-abutment
design improvements

In view of the situations described
above, it is desirable to avoid the
vertical and horizontal bone resorp-
tion. There are two possible solu-
tions under investigation.
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Fig 5a When the distance between two
adjacent implants is 3 mm or less, it is
important to have proper thickness of
bone on buccal side of interproximal peak;
dotted line = original degree of buccolin-
gual resorption of edentulous crest prior to
bone augmentation.

Fig 5¢

Clinical appearance of completed
restorations 1 year after implant exposure.

Fig 6 Four-mm-diameter abutment
placed on 5-mm-diameter implant dlis-
tances contaminated interface from bone;
thus, degree of bone resorption is limited.
Even if two implants are positioned close
to each other, thanks to platform-switching
concept, interproximal bone height is not
reduced after 1 year.

Fig 5b  Distance between two 4-mm-
diameter implants is about 3 mm, not
enough to guarantee the presence of
proper soft tissue papilla. Guided bone
regeneration technique has been used to
augment thickness of buccal bone across
entire crest.

Fig 5d  Superimposed radiographic and
clinical images demonstrate relationship
between bone and soft tissues and the
presence of bone peak coronal to
implants’ shoulders despite the interim-
plant distance of about 3 mm.
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One solution requires the use
of an implant design in which the
shoulder follows the natural bone
level circumferentially at a distance
of about 1.5 mm above the bone
level, ie, the scalloped implant.'®
This implant is designed mainly to
avoid bone loss in the interimplant
area (papillary area). Long-term
results will have to prove that the
bone between two scalloped im-
plants placed at a distance of 3 mm
or less will not be resorbed over
time. The disadvantage of such a
design is the possible exposure of
the implant collar if bone resorption
occurs anyway.

Another solution involves the
concept of platform switching, which
seems to be more promising. This is
based on the observation that, when
the interface between the implant
shoulder and abutment is moved
horizontally away from the bone,
bone resorption does not occur (Fig
6). This might be the result of dis-
tancing the contaminated microgap
away from the bone. So far, only clin-
ical experience of several years, but
no scientific study, supports this
hypothesis. The disadvantage of this
concept is the fact that if normally
sized abutments are to be used,
wide-diameter implants have to be
placed; this is not possible in many
clinical situations. If, instead, regu-
larly sized implants are used, small
abutments would be necessary; in
case of the replacement of a central
incisor, for example, this may com-
promise the emergence profile. The
platform-switching concept allows
one to maintain the bone height
around the implants and still use the

entire space down to the bone level
prosthetically, which is not possible
with scalloped implants.

Conclusion

To achieve a long-lasting, ideal
esthetic result with implants in light
of the circumferential bone resorp-
tion around the implant heads that
has to be expected, the thickness of
the bone on the buccal side of an
implant should be at least 2 mm. As
this is often not the case, most clin-
ical cases will therefore need a bone
augmentation procedure. For a
papilla between two adjacent im-
plants to be established, the inter-
implant distance has to be more
than 3 mm. Alternatively, an addi-
tional bone volume on the buccal
side of the papilla is required. The
platform-switching concept seems
to be a promising strategy to reduce
or eliminate bone loss around the
implant, especially in those cases
where the ideal anatomic relation-
ships do not exist, but scientific data
have yet to be elaborated.
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