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Occlusal considerations in implant
therapy: clinical guidelines with
biomechanical rationale
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Abstract: Due to lack of the periodontal ligament, osseointegrated implants, unlike natural
teeth, react biomechanically in a different fashion to occlusal force. It is therefore believed
that dental implants may be more prone to occlusal overloading, which is often regarded as
one of the potential causes for peri-implant bone loss and failure of the implant/implant
prosthesis. Overloading factors that may negatively influence on implant longevity include
large cantilevers, parafunctions, improper occlusal designs, and premature contacts. Hence,

it is important to control implant occlusion within physiologic limit and thus provide

optimal implant load to ensure a long-term implant success. The purposes of this paper are

to discuss the importance of implant occlusion for implant longevity and to provide clinical

guidelines of optimal implant occlusion and possible solutions managing complications
related to implant occlusion. It must be emphasized that currently there is no evidence-
based, implant-specific concept of occlusion. Future studies in this area are needed to clarify
the relationship between occlusion and implant success.

Occlusal overload is often regarded as one
of the main causes for peri-implant bone
loss and implant/implant prosthesis fail-
ure. Studies have suggested that occlusal
overload may contribute to implant bone
loss and/or loss of osseointegration of suc-
cessfully integrated implants (Adell et al.
1981; Rosenberg et al. 1991; Quirynen
et al. 1992; Rangert et al. 1995; Isidor
1996, 1997; Miyata et al. 2000). In con-
trast, others believed that peri-implant
bone loss and/or deosseointegration are
primarily associated with biological com-
plications such as peri-implant infection
(Tonetti & Schmid 1994; Lang et al.
2000). They questioned the causality of
occlusal overloading for peri-implant tissue
loss due to insufficient scientific evid-
ences. However, it needs to be stressed
that occlusal overload can cause mechan-
ical complications on dental implants and

implant prostheses such as screw loosening
and/or fracture, prosthesis fracture, and
implant fracture, eventually leading to
compromised implant longevity (Schwarz
2000).

Unlike natural teeth, osseointegrated
implants are ankylosed to surrounding
bone without the periodontal ligament
(PDL), which provides mechanoreceptors
as well as shock-absorbing function
(Schulte 1995). Moreover, the crestal bone
around dental implants may act as a ful-
crum point for lever action when a force
(bending moment) is applied, indicating
that peri-implant tissues could be more
susceptible to crestal bone loss by applying
force. Literature has reported that the
clinical success and longevity of dental
implants can be achieved by biomechan-
ically controlled occlusion (Rangert et al.
1989, 1997; Adell et al. 1990; Misch



1993). Hence, it is essential for clinicians
to understand inherent differences between
teeth and implants and how force, either
normal or excessive force, may influence
on implants under occlusal loading.

Currently, scientific evidence with re-
gard to implant occlusion is insufficient,
limited to mainly in vitro, animal, and
retrospective studies (Taylor et al. 2000).
Therefore, the purposes of this paper are to
discuss the importance of implant occlu-
sion for implant longevity and to provide
clinical guidelines of optimal implant oc-
clusion based on the currently available
literature. In addition, possible solutions
managing complications related to implant
occlusion are proposed.

Implant occlusion

Differences between teeth and implants
The biophysiologic differences between a
natural tooth and endosseous dental im-
plant are well known, but potential bio-
mechanical characteristics derived from the
differences remain controversial (Rangert
et al. 1991; Cho & Chee 1992; Lundgren
& Laurell 1994; Schulte 1995; Glantz &
Nilner 1998). Differences between teeth
and dental implants are summarized in
Table 1.

The fundamental, inherent difference
between the tooth and implant is that an
endosseous implant is in direct contact
with the bone while a natural tooth is
suspended by PDL. The mean values of

axial displacement of teeth in the socket
are 25-100 pum, whereas the range of mo-
tion of osseointegrated dental implants
has been reported approximately 3-5um
(Sekine et al. 1986; Schulte 1995). PDL is
functionally oriented toward an axial load,
which leads to the physiological-functional
adjustment of occlusal stress along the axis
of the tooth and periodontal-functional
adaptability to changing stress conditions
(Lindhe & Karring 1998). Furthermore, the
tooth mobility from PDL can provide
adaptability to jaw skeletal deformation or
torsion in natural teeth (Schulte 1995).
However, dental implants do not possess
those advantages due to the lack of PDL.
Upon load, the movement of a natural
tooth begins with the initial phase of perio-
dontal compliance that is primarily non-
linear and complex, followed by the sec-
ondary movement phase occurring with
the engagement of the alveolar bone
(Sekine et al. 1986). In contrast, a loaded
implant initially deflects in a linear and
elastic pattern, and the movement of the
implant under load is dependent on elastic
deformation of the bone. Under load, the
compressibility and deformability of PDL
in natural teeth can make differences in
force adaptation compared with osseointeg-
rated implants. To accommodate the
disadvantageous kinetics associated with
dental implants, gradient loading was sug-
gested (Misch 1993; Schulte 1995). A nat-
ural tooth moves rapidly 56-108 um and
rotates at the apical third of the root upon a
lateral load (Parfitt 1960), and the lateral

Table 1. Comparison between tooth and implant
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force on the tooth is diminished immedi-
ately from the crest of bone along the root
(Hillam 1973). On the other hand, the
movement of an implant occurs gradually,
reaching up to about 10-50um under a
similar lateral load. In addition, there is
concentration of greater forces at the crest
of surrounding bone of dental implants
without any rotation of implants (Sekine
et al. 1986). Richter (1998) also reported
that a transverse load and clenching at
centric contacts resulted in the highest
stress in the crestal bone. The studies sug-
gested that the implant sustains a higher
proportion of loads concentrated on the
crest of surrounding bone.

In natural teeth, PDL has neurophysio-
logical receptor functions, which transmit
information of nerve ends with correspond-
ing reflex control to the central nervous
system. The presence or absence of the
PDL functions makes a remarkable differ-
ence in detecting early phase of occlusal
force between teeth and implants (Schulte
1995). Jacobs & van Steenberghe (1993)
evaluated occlusal awareness by use of
the perception of an occlusal interference.
They found that interference perceptions of
natural teeth and implants with opposing
teeth were approximately 20 and 48 um,
respectively. In another study (Mericske-
Stern et al. 1995), oral tactile sensibility
was measured by testing steel foils. The
detection threshold of minimal pressure
was significantly higher on implants than
on natural teeth (3.2 vs. 2.6 foils). Similar
findings were also reported by Himmerle

Tooth

Implant

Connection

Proprioception

Tactile sensitivity High Low
(Mericske-Stern et al. 1995)

Axial mobility 25-100 um 3-5um
(Sekine et al. 1986; Schulte 1995)

Movement phases Two phases One phase

(Sekine et al. 1986)

Movement patterns
(Schulte 1995)

Fulcrum to lateral force
Load-bearing characteristics

Periodontal ligament (PDL)

Periodontal mechanoreceptors

Primary: non-linear and complex
Secondary: linear and elastic

Primary: immediate movement
Secondary: gradual movement

Apical third of root (Parfitt 1960)
Shock absorbing function

Osseointegration (Branemark et al. 1977), functional

ankylosis (Schroeder et al. 1976)

Stress distribution

Signs of overloading

PDL thickening, mobility,
wear facets, fremitus, pain

1990)

Osseoperception

Linear and elastic
Gradual movement

Crestal bone (Sekine et al. 1986)
Stress concentration at crestal bone (Sekine et al. 1986)

Screw loosening or fracture, abutment or prosthesis
fracture, bone loss, implant fracture (Zarb & Schmitt
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et al. (1995) in which the mean threshold
value of tactile perception for implants
(100.6g) was 8.75 times higher than that
of natural teeth (11.5 g). From the results of
the above studies, it can be speculated that
osseointegrated implants without perio-
dontal receptors would be more susceptible
to occlusal overloading because the load-
sharing ability, adaptation to occlusal force,
and mechanoperception are significantly
reduced in dental implants.

Overloading factors of implant occlusion

A large cantilever of an implant prosthesis
can generate overloading, possibly resulting
in peri-implant bone loss and prosthetic
failures (Lindquist et al. 1988; Quirynen
et al. 1992; Shackleton et al. 1994). Duyck
et al. (2000) reported that the loading posi-
tion on fixed full-arch implant-supported
prostheses could affect the resulting force
on each of supporting implants. When a
biting force was applied to the distal canti-
lever, the highest axial forces and bending
moments were recorded on the distal im-
plants, which were more pronounced in
the prostheses supported by only three im-
plants as compared with prostheses with
five or six implants. In a series of studies, it
was found that closing and chewing forces
increased distally along the cantilever
beams when occluding with complete den-
ture and decreased distally when occluding
with fixed partial dentures (Falk et al.
1989, 1990; Lundgren et al. 1989). The
displacement of complete denture during
function might create heavy occlusal con-
tacts on the posterior cantilever segment.
This finding suggested that simultaneous
occlusal contacts along the prosthesis were
significant, and the number and distribu-
tion of occlusal contacts on cantilever seg-
ments should be controlled carefully with
the opposing complete denture. Interest-
ingly, Lindquist et al. (1988) noted more
peri-implant bone loss at the anterior im-
plants in patients treated with mandibular
fixed implant-supported prostheses with
distal cantilevers. Later, the same group
reported that peri-implant bone loss was
mainly correlated with poor oral hygiene
and smoking, not with occlusal overload
(Lindquist et al. 1996, 1997). Currently,
the correlation between implant bone loss
and overloading induced by cantilevers re-
mains unanswered. However, it cannot be
disregarded that a cantilever, especially a
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long cantilever, may introduce a larger
force on the implant prosthesis, depending
on the position and direction of force,
which may result in overloading on sup-
porting implants. Regarding a cantilever
length, a clinical study demonstrated that
long cantilevers ( > 15 mm) induced more
implant-prosthesis failures as compared
with cantilevers shorter than 15mm
(Shackleton et al. 1994). The results of
the above studies indicated that a shorter
cantilever length is more favorable for the
success of mandibular fixed implant-
supported prostheses, particularly critical
for the prosthesis supported by less number
of implants.

Several studies have reported that para-
functional activities (bruxism, clenching,
etc.) and improper occlusal designs are
correlated with implant bone loss/failure,
implant fractures, and prosthesis failures
(Falk et al. 1989, 1990; Naert et al. 1992;
Quirynen et al. 1992; Rangert et al. 1995).
Naert et al. (1992) speculated that overload
from parafunctional habits seemed to be
the most probable cause of implant loss and
marginal bone loss after loading. They also
emphasized that the frequent occurrence of
distal implant loss, eight out of 12 cases
evaluated, might reflect the necessity of
optimal spreading of implants, short canti-
levers, and a proper occlusal design. Ran-
gert et al. (1995) evaluated 39 fractured
implant cases. Most of implant fractures,
35 out of 39 (90%), occurred in the poster-
ior area, and most of prostheses, 30 out of
39, were supported by one or two implants
with cantilever in association with heavy
occlusal forces such as bruxism. In this
study, in-line placement, leverage factors
(cantilever), and bruxism or heavy occlusal
force were suggested as the possible causes
of implant fracture. Quirynen et al. (1992)
reported that excessive marginal bone loss
and/or implant loss were found in patients
with lack of anterior contacts, the presence
of parafunctional activities, and full-fixed
implant-supported prostheses in both jaws.
The retrospective study suggested a corre-
lation between occlusal overloading result-
ing from those factors and severe marginal
bone loss and/or loss of osseointegration. In
contrast, in a prospective 15-year follow-up
study, no notable correlation was found
between implant marginal bone loss and
load-related factors, such as bite force and
cantilever length (Lindquist et al. 1996).

The different results between the above
studies might have been attributed to in-
dividual variability of the patients and
prosthetic condition and differences in oc-
clusal designs. Falk et al. (1990) reported
that the occlusal design (the number and
distribution of occlusal contacts) had a
major influence on the different force dis-
tribution between a cantilever segment and
implant-supported area, increasing local
forces significantly on the cantilever unit.
In summary, it is implied that heavy oc-
clusal force and undesirable distribution of
occlusal contacts may be factors of over-
loading, thus possibly leading to higher
susceptibility to implant bone loss, implant
fractures/loss, and prosthesis failures.

Loss of osseointegration and excessive
marginal bone loss from excessive lateral
load provided with premature occlusal con-
tacts were demonstrated in several animal
studies (Isidor 1996, 1997; Miyata et al.
2000). In non-human primate studies, it
was observed that five out of eight im-
plants lost osseointegration due to excess-
ive occlusal overloading after 4.5-15.5
months of loading (Isidor 1996, 1997).
Among the three remaining implants, one
showed severe crestal bone loss and the
other two showed the highest bone-
implant contact and density. The results
suggested that implant loading might have
significantly affected the responses of peri-
implant osseous structures. However, it
should be noted that the loss of osseointe-
gration observed might have been attri-
buted to the unrealistically high-occlusal
overload used in the study. Similar studies
were performed in monkeys with different
heights of hyperocclusion, 100, 180, and
250 um (Miyata et al. 1998, 2000). After 4
weeks of loading, bone loss was observed in
180 and 250 pm group, not in the 1ooum
group. The results of these studies sug-
gested that there would be a critical height
of premature occlusal contacts on implant
prostheses for crestal bone loss. Hoshaw
et al. (1994) applied an excessive controlled
cyclic load (330 N/s, 500 cycles, 5 days) on
implants in canine tibia. Significant bone
resorption and less mineralized bone per-
centage were observed in loading group
compared with non-loading group. Another
study demonstrated that excessive dy-
namic loading (73.5 Nem bending mo-
ment and total 2520 cycles for 2 weeks)
on implants placed in rabbit tibia caused



crater-like bone defects lateral to implants
(Duyck et al. 2001). Contradictory to the
findings from the above studies, some
studies have demonstrated that overloading
did not increase marginal bone loss (Asi-
kainen et al. 1997; Hiirzeler et al. 1998).
The difference observed between the stud-
ies may be attributed to different magni-
tude and duration of applied force. Also, it
should be noted that direct application of
the findings from the animal studies to
humans requires caution. Nonetheless, it
can be speculated that occlusal overload
may act as one of the factors causing
marginal bone loss and implant failure.

Bone quality has been considered the
most critical factor for implant success at
both surgical and functional stages, and it is
therefore suggested that occlusal overload
in poor-quality bone can be a clinical con-
cern forimplant longevity (Lekholm & Zarb
1985; Misch 1990a). In human studies,
higher failures of implants were observed
in bone with poor quality (Engquist et al.
1988; Jaffin & Berman 1991; Becktor et al.
2002). Jaffin & Berman (1991) reported
that 35% of implants placed in poor bone
quality (i.e. posterior maxilla) failed at the
second-stage surgery. However, it should
be noted that all of the implants evaluated
were Branemark implants with a smooth
pure-titanium surface, which is considered
less favorable for poor quality bone (Co-
chran 1999). Some studies reported that
higher implant failures in maxillary over-
dentures were attributed to poor bone qual-
ity of the maxilla (Engquist et al. 1988;
Quirynen et al. 1992; Hutton et al. 1995).
In addition to poor bone quality, unfavor-
able load direction may have contributed
to higher failure rates in the maxilla (Jemt
& Lekholm 1995; Blomqvist et al. 1996;
Raghoebar et al. 2001; Becktor et al. 2002).
Esposito et al. (1997) found that late failure
of implants did not show any infectious
factor in histological evaluation. The com-
bination of poor bone quality and overload
was considered to be the leading cause for
the late implant failure.

Misch (1990b) proposed that progressive
bone loading can permit development time
for load-bearing bone at bone-to-implant
interface and provide bone with adaptabil-
ity to loading via a gradual increase of
loading. He further described that the pro-
gressive bone loading could be attained by
the practice of increasing occlusal load over

a time period of 6 months. Appleton et al.
(1997) also noted that progressively loaded
implants had increased bone density as
well as reduced amounts of crestal bone
loss. These findings suggest that extended
healing time and carefully monitored load-
ing may be needed in poor quality bone.

From the above studies, it can be specu-
lated that (1) the amount of stress and the
quality of the bone are related to implant
longevity; (2) occlusal overloading, possibly
resulting from large cantilevers, excessive
premature contacts, parafunctional activ-
ities, improper occlusal designs, and/or
osseointegrated full fixed prostheses in
both jaws, can be a limiting factor for
implant longevity (Table 2); (3) Even dis-
tribution of occlusal contacts avoiding oc-
clusal interferences and increasing number
of implants may significantly reduce oc-
clusal overload on implants and implant
prostheses; and (4) poor quality bone may
be more vulnerable to occlusal overloading,
which can be reduced by extended healing
time and carefully monitored loading (e.g.
progressive or delayed loading).

Types and principles of implant occlusion

The types and basic principles of implant
occlusion have largely been derived from
occlusal principles in tooth restoration.
Three occlusal concepts (balanced, group-
function, and mutually protected occlu-
sion) have been established throughout
clinical trials and conceptual theories
(Pameijer 1983; Santos 1985; Hobo et al.
1989). All of the concepts may have max-
imum intercuspation (MIP) during habitual
and/or centric occlusion. First of all, bilat-
eral balanced occlusion has all teeth con-
tacting during all excursions. It is primarily

Table 2. Possible overloading factors

Overextended cantilever
e >15mm in the mandible
(Shackleton et al. 1994)
e >10-12mm in the maxilla
(Rangert et al. 1989; Taylor 1991)
Parafunctional habits/Heavy bite force
Excessive premature contacts
e >180pum in monkey studies
(Miyata et al. 2000)
e >100um in human
(Falk et al. 1990)
Large occlusal table
Steep cusp inclination
Poor bone density/quality
Inadequate number of implants
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used in complete denture fabrication
(Stuart 1955). In group-function occlusion,
posterior teeth contact on the working side
during lateral movements, without balan-
cing side contacts. This occlusion is used
primarily with compromised canines in
order to share lateral pressures to posterior
teeth instead of the canine (Schuyler 1959).
Mutually protected occlusion has posterior
teeth protection in habitual and/ or centric
occlusion via posterior contacts in MIP
while light contacts on anterior teeth and
anterior guidance during all excursions.
This occlusal scheme is based on the con-
cept that the canine is a key element of
occlusion avoiding heavy lateral pressures
on posterior teeth (D’Amico 1958). It has
been considered a convenient and reason-
able type of occlusal scheme for prosthetic
rehabilitation, even though scientific evi-
dence does not yet provide its clinical
advantages (Pameijer 1983). These occlusal
concepts (i.e. balanced, group-function,
and mutually protected occlusion) have
been successfully adopted with modifica-
tions for implant-supported prostheses
(Adell et al. 1981; Chapman 1989; Hobo
et al. 1989; Naert et al. 1992; Lundgren &
Laurell 1994; Wismeijer et al. 1995; Mer-
icske-Stern et al. 2000). Furthermore,
implant-protected occlusion has been
proposed strictly for implant prostheses
(Misch & Bidez 1994). This concept is
designed to reduce occlusal force on im-
plant prostheses and thus to protect im-
plants. For this, several modifications from
conventional occlusal concepts have been
proposed, which include providing load
sharing occlusal contacts, modifications
of the occlusal table and anatomy, correc-
tion of load direction, increasing of implant
surface areas, and elimination or reduction
of occlusal contacts in implants with
unfavorable biomechanics. Also, occlusal
morphology guiding occlusal force to the
apical direction, utilization of cross-bite
occlusion, a narrowed occlusal table, re-
duced cusp inclination, and a reduced
length of cantilever in mesio-distal and
bucco-lingual dimension have all been sug-
gested as factors to consider when estab-
lishing implant occlusion (Chapman 1989;
Hobo et al. 1989; Lundgren & Laurell
1994; Misch & Bidez 1994; Misch 1999a).

Basic principles of implant occlusion
may include (1) bilateral stability in centric
(habitual) occlusion, (2) evenly distributed
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occlusal contacts and force, (3) no interfer-
ences between retruded position and cent-
ric (habitual) position, (4) wide freedom
in centric (habitual) occlusion, (5) anterior
guidance whenever possible, and (6) smooth,
even, lateral excursive movements without
working/non-working interferences. Along
with evenly distributed occlusal contacts,
bilateral occlusal stability provides stability
of the masticatory system and a proper
force distribution (Beyron 1969). This can
reduce the possibility of premature con-
tacts and decrease force concentration on
individual implants. In addition, wide free-
dom in centric can accomplish more favor-
able vertical lines of force and thus
minimize premature contacts during func-
tion. Weinberg (1998) recommended con-
tinuous 1.5 mm flat fossa area for wide
freedom in centric in the prosthesis based
on his clinical experience. In addition,
Gibbs et al. (1981) found that anterior or
canine guidance decreased chewing force
compared with posterior guidance. Quiry-
nen et al. (1992) reported that lack of
anterior contacts in an implant-supported
cross-arch bridge created excessive mar-
ginal bone loss in posterior implants. The
anterior or canine guidance could minimize
potentially destructive forces in posterior
implants. In addition to the advantage of
the anterior guidance, smooth and even
lateral working contacts without cantilever
contacts in the posterior region may be
preferred to provide proper force distribu-
tion and to protect the anterior region
(Chapman 1989; Engelman 1996). It was
suggested that working-side contacts
should be placed as anteriorly as possible
to minimize the bending moment (Lundg-
ren & Laurell 1994).

Hobkirk & Brouziotou-Davas (1996)
evaluated masticatory force patterns of
two occlusal schemes (balanced occlusion
and group-function occlusion) with various
foods in mandibular implant-supported
prostheses. The mean peak masticatory
force and load rate were lowest when eating
bread and highest when chewing nuts, and
the values of the mean peak masticatory
force and load rate were lower with ba-
lanced occlusion compared with group-
function occlusion upon chewing nuts
and carrots. The study suggested that ba-
lanced occlusion might be more protective
than group-function occlusion. However,
Wennerberg et al. (2001) observed that
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occlusal factors in mandibular implant-
supported prostheses opposing complete
dentures did not influence patient satisfac-
tion and treatment outcomes. It is implied
that occlusal schemes may be less crucial
factors of implant overloading than the
number and position of occlusal contacts
on implant prostheses.

Developing tooth morphology to induce
axial loading is an important factor to
consider when constructing implant pros-
theses. The axial loading on thread-type
implants can be distributed well along the
implant-bone interface, and the cortical
bone can resist the compressive stress fa-
vorably (Reilly & Burstein 1975; Misch
1993; Rangert et al. 1997). A flat area
around centric contacts can direct the oc-
clusal force in an apical direction. Weinberg
(1998) claimed that cusp inclination is one
of the most significant factors in the pro-
duction of bending moment. The reduction
of cusp inclination can decrease the resul-
tant bending moment with a lever-arm
reduction and improvement of axial load-
ing force. Kaukinen et al. (1996) investi-
gated the difference of force transmission
between 33° and o° cusps. The mean
initial breakage force of the 33° cusped
specimens was 3.846 kg while the corres-
ponding value of the o° cuspless occlusal
design specimens was 1.938 kg. This result
suggests that the cusp inclination affected
the magnitude of forces transmitted to
implant prostheses. In summary, a reduced
cusp inclination, shallow occlusal ana-
tomy, and wide grooves and fossae could
be beneficial for implant prostheses.

The diameter and distribution of im-
plants and harmonization to natural teeth
are important factors to consider when
deciding the size of an occlusal table. Typ-
ically 30-40% reduction of occlusal table
in a molar region has been suggested, but
any dimension larger than the implant
diameter can create cantilever effects and
eventual bending moments in single-
implant prosthesis (Misch 1993; Rangert
et al. 1997). A narrow occlusal table re-
duces the chance of offset loading and
increases axial loading, which eventually
can decrease the bending moment (Rangert
et al. 1997; Misch 1999a). Misch (1999a)
described that a narrow occlusal table also
improves oral hygiene and reduces risks of
porcelain fracture. He further described
that the posterior maxillary region with

buccal bone resorption may enforce palatal
placement of implants compared with the
position of natural teeth. Normal occlusal
contour on the palatally placed implant
may create a significant buccal cantilever
in a biomechanically poor environment
(heavy bite, poor bone, and poor crown/
implant ratio). In this case, the utilization
of cross-bite occlusion can avoid the buccal
cantilever and increase the axial loading
(Misch 1993; Weinberg 1998).

Force distribution between implants and
natural teeth in a partially edentulous re-
gion can be accomplished with serial and
gradient occlusal adjustments (Lundgren &
Laurell 1994). Due to the non-significant
mobility during initial tooth movement
(3—5 um), implants may absorb all heavy
biting force because natural teeth can be
intruded (2 5—50 pum) easily with any occlu-
sal force. Misch (1993, 1999a) proposed
that occlusal adjustments could be per-
formed by the elimination of mobility
difference between implants and teeth un-
der heavy bites. This approach may evenly
distribute loads between implants and
teeth. Over the years, natural teeth have
positional changes in vertical and mesial
direction while implants do not change
their positions. In addition, enamel on the
tooth wears more than porcelain on im-
plant restorations. The positional changes
of teeth may intensify the occlusal stress
on implants. In order to prevent the poten-
tial overloading on implants from the posi-
tional changes, re-evaluation and periodic
occlusal adjustments are imperative (Dario
1995; Rangert et al. 1997; Misch 1999a).

Clinical applications

Occlusion on full-arch fixed prostheses

For full-arch fixed implant prostheses,
bilateral balanced occlusion has been suc-
cessfully utilized for an opposing complete
denture, while group-function occlusion
has been widely adopted for opposing nat-
ural dentition. Mutually protected occlu-
sion with a shallow anterior guidance was
also recommended for opposing natural
dentition (Chapman 1989; Hobo et al.
1989; Wismeijer et al. 1995). Bilateral and
anterior—posterior simultaneous contacts
in centric relation and MIP should be
obtained to evenly distribute occlusal force
during excursions regardless of the occlusal



scheme (Chapman 1989; Quirynen et al.
1992; Lundgren & Laurell 1994). In
addition, smooth, even, lateral excursive
movements without working/non-working
occlusal contacts on cantilever should be
obtained (Lundgren & Laurell 1994; Engel-
man 1996). For occlusal contacts, wide
freedom (1-1.5mm) in centric relation
and MIP can accomplish more favorable
vertical lines of force and thus minimize
premature contacts during function (Be-
yron 1969; Weinberg 1998). Also, an-
teriorly placed working contacts were
advocated to avoid posterior overloading
(Hobo et al. 1989; Taylor 1991). When a
cantilever is utilized in a full-arch fixed
implant prosthesis, infraocclusion (100 pm)
on a cantilever unit was suggested to re-
duce fatigue and technical failure of the
prosthesis (Lundgren et al. 1989; Falk et al.
1990). Implant prostheses with less than
15 mm cantilever in the mandible demon-
strated significantly better survival rates
than those with longer than 15 mm canti-
lever (Shackleton et al. 1994). On the other
hand, less than 10-12 mm cantilever was
recommended in the maxilla due to unfa-
vorable bone quality and unfavorable force
direction compared with the mandible
(Rangert et al. 1989; Taylor 1991; Rodri-
guez et al. 1994). Wie (1995) found that
canine guidance occlusion increased a po-
tential risk of screw joint failure at the
canine site due to stress concentration on
the area.

Occlusion on overdentures

For the occlusion on overdentures, it has
been suggested to use bilateral balanced
occlusion with lingualized occlusion on a
normal ridge. On the other hand, mono-
plane occlusion was recommended for a
severely resorbed ridge (Lang & Razzoog
1992; Wismeijer et al. 1995; Mericske-
Stern et al. 2000). Although there has
been consensus that bilateral balance oc-
clusion can provide better stability of over-
dentures (Engelman 1996), there are no
clinical studies which demonstrate the
advantages of bilateral balanced occlusion
for overdenture occlusion compared with
other occlusal schemes. Recently, Peroz
et al. (2003) performed a randomized, clin-
ical trial comparing two occlusal schemes,
balanced occlusion and canine guidance, in
22 patients with conventional complete
dentures. The results of the assessment

using a visual analog scale revealed that
canine guidance was comparable to ba-
lanced occlusion in denture retention, es-
thetic appearance, and chewing ability.

Occlusion on posterior fixed prostheses
Anterior guidance in excursions and initial
occlusal contact on natural dentition will
reduce the potential lateral force on os-
seointegrated implants. Group-function oc-
clusion should be utilized only when
anterior teeth are periodontally compro-
mised (Chapman 1989; Hobo et al. 1989;
Misch & Bidez 1994). During lateral ex-
cursions, working and non-working inter-
ferences should be avoided in posterior
restorations (Lundgren & Laurell 1994).
Moreover, reduced inclination of cusps,
centrally oriented contacts with a 1-
1.5 mm flat area, a narrowed occlusal table,
and elimination of cantilevers have been
proposed as key factors to control bend
overload in posterior restorations (Weinberg
1998; Curtis et al. 2000). In a recent in vivo
study, it was reported that narrowing the
bucco-lingual width of the occlusal surface
by 30% and chewing soft food significantly
reduced bending moments on the posterior
three-unit fixed prosthesis (Momeburg &
Proschel 2003). The study also suggested
that soft diet and reduction of the bucco-
lingual, occlusal surface need to be consid-
ered in unfavorable loading conditions,
such as immediate loading, initial healing
phase, and/or poor bone quality.

Wennerberg & Jemt (1999) described
that additional implants in the maxilla
could provide tripodism to reduce overload-
ing and clinical complications. Also, axial
positioning and reduced distance between
posterior implants are important factors to
decrease overloading (Belser et al. 2000).
The utilization of cross-bite occlusion with
palatally placed posterior maxillary im-
plants can reduce the buccal cantilever
and improve the axial loading (Misch
1993; Weinberg 1998). If the number, posi-
tion, and axis of implants are questionable,
natural tooth connection with a rigid at-
tachment can be considered to provide
additional support to implants (Rangert
et al. 1991; Belser et al. 2000; Naert et al.
2001).

Occlusion on single implant prosthesis
The occlusion in a single implant should be
designed to minimize occlusal force onto
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the implant and to maximize force distribu-
tion to adjacent natural teeth (Misch 1993;
Lundgren & Laurell 1994; Engelman 1996).
To accomplish these objects, any anterior
and lateral guidance should be obtained in
natural dentition. In addition, working and
non-working contacts should be avoided in
a single restoration (Engelman 1996). Light
contacts at heavy bite and no contact at
light bite in MIP are considered a reasonable
approach to distribute the occlusal force on
teeth and implants (Lundgren & Laurell
1994). Like posterior fixed prostheses, re-
duced inclination of cusps, centrally ori-
ented contacts with a 1—-1.5 mm flat area,
and a narrowed occlusal table can be util-
ized for the posterior single tooth implant
restoration (Weinberg 1998; Curtis et al.
2000). Wennerberg & Jemt (1999) claimed
that centrally oriented occlusal contacts in
single molar implants were critical to re-
duce bending moments attributable to
mechanical problems and implant fractures.
Increased proximal contacts in the posterior
region may provide additional stability of
restorations (Misch 1999b). Two implants
for a single molar have been utilized and
demonstrated less screw loosening and
higher success rates (Balshi et al. 1996).
However, the placement of two implants
in a limited space is a challenging proce-
dure, and difficulty in oral hygiene and
prosthetic fabrication may develop. Instead
of two implants in a single molar area, a
wide-diameter implant with proper position
and axis in a molar area could be a better
option to reduce surgical and prosthetic
difficulties and to improve oral hygiene
and loading condition (Becker & Becker
1995; Chang et al. 2002). The occlusal
guidelines in various clinical situations are
summarized in Table 3.

Potential complications and solutions

Implant overloading attributes clinical com-
plications such as screw loosening, screw
fractures, fractures of veneering materials,
prosthesis fractures, continuing marginal
bone loss below the first thread along the
implant, implant fractures, and implant
loss (Zarb & Schmitt 1990; Jemt & Le-
kholm 1993; Wennerberg & Jemt 1999;
Schwarz 2000). These complications can
be prevented by application of sound bio-
mechanical principles such as passive fit of
the prosthesis, reducing cantilever length,
narrowing the bucco-lingual/mesio-distal
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Table 3. Occlusal guidelines

Clinical situations

Occlusal principles

Full-arch fixed prosthesis .

Overdenture .

Posterior fixed prosthesis .

Single implant prosthesis .

Poor quality of bone/Grafted bone .

Bilateral balanced occlusion with opposing
complete denture

Group function occlusion or mutually
protected occlusion with shallow anterior
guidance when opposing natural dentition

No working and balancing contact on
cantilever

Infraocclusion in cantilever segment (100 um)

Freedom in centric (1-1.5 mm)

Bilateral balanced occlusion using lingulized
occlusion

Monoplane occlusion on a severely resorbed
ridge

Anterior guidance with natural dentition

Group function occlusion with compromised
canines

Centered contacts, narrow occlusal tables, flat
cusps, minimized cantilever

Cross bite posterior occlusion when necessary

Natural tooth connection with rigid
attachment when compromised support

Anterior or lateral guidance with natural
dentition

Light contact at heavy bite and no contact at
light bite

Centered contacts (1-1.5 mm flat area)

No offset contacts

Increased proximal contact

Longer healing time
Progressive loading by staging diet and
occlusal contacts/materials

‘ Implant occlusion ]

Increase support area \

Improve force direction I |

Reduce force magnification

Bone quality
» Extended healing time
* Progressive loading
Bone quantity
e Implant number
e Implant diameter
 Implant length
 Implant surface

Occlusal morphology
 Flat central fossa
« | Cusp inclination

« | Occlusal table

* Along implant axis
¢ Centered contacts

Occlusal contacts
* Position
* Distribution
Types of Prosthesis
« Cantilever length |
¢ Cross bite
* Splinting
Implant position

Fig. 1. Factors to consider in implant occlusion.

dimension of the prosthesis, reducing cusp
inclination, eliminating excursive contacts,
and centering occlusal contacts (Zarb &
Schmitt 1990; Jemt & Lekholm 1993;
Rangert et al. 1997, Wennerberg & Jemt
1999; Schwarz 2000). Furthermore, chan-
ging the type of prostheses and adding more
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implants are sometimes recommended
(Cooper & Moriarty 1997).

Summary

The objectives of implant occlusion are to
minimize overload on the bone-implant

interface and implant prosthesis, to main-
tain implant load within the physiological
limits of individualized occlusion, and
finally to provide long-term stability of
implants and implant prostheses. To ac-
complish these objectives, increased sup-
port area, improved force direction, and
reduced force magnification are indispens-
able factors in implant occlusion (Fig. 1).
In addition, systematic, individualized
treatment plans and precise surgical/
prosthodontic procedures based on bio-
mechanical principles are prerequisites for
optimal implant occlusion. Implant occlu-
sion should be re-evaluated and adjusted, if
needed, in a regular basis to prevent from
developing potential overloading on dental
implants, thus providing implant longev-
ity. Currently, there is no evidence-based,
implant-specific concept of occlusion. Fu-
ture studies in this area are needed to
clarify the relationship between occlusion
and implant longevity.
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Résumé

Vu l’absence de ligament parodontal, les implants
ostéointégrés, contrairement aux dents naturelles,
réagissent biomécaniquement d’une maniere différ-
ente aux forces occlusales. Les implants dentaires
seraient alors plus aptes a supporter la surcharge
occlusale qui est souvent considérée comme une des
causes potentielles de la perte osseuse paroimplan-
taire et de ’échec des protheses sur implants. Les
facteurs de surcharge qui pourraient influencer né-
gativement la longévité implantaire comprennent
des porte-a-faux étendus, des parafonctions, des
dessins occlusaux impropres et des contacts préma-
turés. Il est donc important au niveau des implants
de controler I'occlusion dans une limite physiologi-
que et donc d’apporter une charge implantaire opti-
male qui permette un succes implantaire a long
terme. Les buts de ce manuscript ont été de discuter
I'importance de l'occlusion implantaire dans la
longévité implantaire et d’apporter des guides clin-
iques de l’occlusion implantaire optimale et des
solutions possibles pour arranger les complications
en relation avec l'occlusion implantaire. Aucune
étude basée sur 1’évidence ayant un concept spécifi-
que de l'occlusion au niveau des implants n’existe



actuellement. Davantage d’études dans ce domaine
sont nécessaires afin de clarifier la relation entre
occlusion et succeés en implantologie.

Zusammenfassung

Weil ihnen das parodontale Ligament fehlt reagieren
osseointegrierte Implantate biomechanisch auf okk-
lusale Krifte anders als natiirliche Zihne. Man
glaubte daher, dass Zahnimplantate anfilliger auf
okklusale Uberlastungen sind. Sie wurde somit auch
als eine der Hauptursachen fiir den periimplantiren
Knochenverlust und den Misserfolg von Implanta-
ten und implantatgetragenen Rekonstruktionen
genannt. Faktoren, die zu einer Uberlastung fithren
konnen und die sich negativ auf die Langzeitprog-
nose von Implantaten auswirken kénnen sind grosse
Extensionsglieder, Parafunktionen, unsaubere Okk-
lusionsgestaltung und Vorkontakte. Daher ist es
wichtig, dass kontrolliert wird, ob die Okklusion
der Implantate innerhalb der physiologischen Gren-
zen liegt, um so eine optimale Implantatbelastung
und einen Langzeiterfolg fiir die Implantate zu
garantieren. Die Ziele dieser Arbeit sind, die Wich-
tigkeit der Implantatokklusion fiir den Langzeiter-
folg eines Implantates zu besprechen, klinische
Richtlinien fiir eine optimale Implantatokklusion
herauszuarbeiten und mogliche Losungen zur Be-
herrschung von okklusionsbedingten Problemen bei
Implantaten zu entwickeln. Es muss mit Nach-
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