Crown-to-implant ratio: A misnomer

The term “crown-to-implant ratio” is commonly
used in dental implant prosthodontics. It was modi-
fied from “crown-to-root ratio” in fixed prosthodon-
tics. Ante’s law discussed the root support of natural
teeth used as abutments for a fixed partial denture,
stating that “the total periodontal membrane area
of the abutment teeth must equal or exceed that
of the teeth to be replaced”l; however, this theory
was not evidence-based. In this context, a longer
root length, multiple roots or a wider root diameter
would all be favourable characteristics for improv-
ing biomechanical support of a fixed partial denture
on teeth.

It is a well-established fact that the supporting
interface of a tooth root is vastly different to a den-
tal implant. Natural teeth have a periodontal mem-
brane with fibres that insert into the root cementum
and surrounding alveolar bone. Under function,
these fibres transmit occlusal loads to the sup-
porting alveolar bone. As such, a longer tooth root
would resist displacement and provide a greater
surface area for load distribution.

Osseointegrated dental implants are supported
by a direct connection with the surrounding jaw-
bone. Various stress analysis studies (finite element,
strain gauge) on models replicating dental implants
in bone have all shown that load distribution occurs
primarily around the neck region, with minimal
stress below this area.2"> The maximum bone stress
is virtually constant, independent of implant length.
If the stress distribution is concentrated in the first
4to 6 mm of supporting bone, then placing a longer
implant (i.e., 12 mm instead of 8 mm) would not
improve the crown-to-implant ratio. If the denom-
inator in this ratio (implant length) becomes less
relevant beyond the neck area, then the term
“crown-to-implant ratio” is a misnomer.

The focus of this discussion should be on the
numerator of the equation, crown-to-abutment
height. As the dimension of the crown-to-abutment
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height increases, there is a greater risk of biomech-
anical complications. This is especially the case
with off-axis loading of the crown or prosthesis. A
moment load (M), produced by off-axis forces, is the
product of the applied force (F) x the moment arm
distance (d). The distance (d) is measured from the
implant platform to the applied load. Occlusal load-
ing of the implant crown cusps and working or bal-
ancing contacts would produce a moment or torque
on the implant abutment connection. This magni-
fied load can result in technical complications such
as abutment screw loosening or breakage and even
implant neck fracture.

In the past, it was theorised that greater loads
and higher stresses around the implant neck could
cause marginal bone loss; however, systematic
reviews on crown-to-implant ratio have not shown
a strong correlation between a high crown-to-
implant ratio and marginal bone loss.®2 This find-
ing can be explained by the response of bone to
loading. Wolff’s law stated that bone will adapt to
the loads under which it is placed.19 Under higher
loads, adaptive changes occur to increase bone
remodelling and formation (density). Frost’s mech-
anostat theory established that bone overload
results in bone gain (higher density) rather than
bone loss.1! This can explain radiographic studies
on short implants that show increased radiodensity
as a function of time.12,13

The use of shorter dental implants (< 8 mm) in
an atrophic ridge may result in a greater crown-
to-abutment height. As the focus should be on
crown-to-abutment height, the clinician should
be cautious when this measurement approaches
15 mm.14-17 Several measures may be taken to
improve the biomechanical profilein this situation.
The use of a tissue level implant will decrease the
crown-to-abutment height and provide a wider
platform for crown support. Splinting adjacent
implants will better resist moment loading. The
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occlusion should be adjusted to minimise contacts
that produce off-axis loads. Night-time wear of bite
guards may also be prescribed for patients with
parafunctional habits.

The use of short dental implants has been
shown to be an effective alternative to vertical
bone augmentation for the placement of longer
implants.18 Clinicians should understand that
crown-to-abutment height is more important
than implant length in avoiding technical com-
plications. Increasing implant length does not
appear to decrease biological or technical prob-
lems around dental implants restored with greater
crown-abutment heights. As such, we should con-
sider replacing the term “crown-to-implant ratio”
with “crown-to-abutment height” in discussions
on this important topic.
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