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ABSTRACT

The goal of any prosthetic procedure must include the establishment of a functional occlusion. It is known that natural
teeth have periodontal ligament receptors that protect the teeth from excessive occlusal forces, which can cause trauma
to supporting tissues and bone. Although many factors are involved in the neuro-muscular reex actions in natural teeth,
there are no specic defense mechanisms against occlusal forces in implant-supported prosthesis. Complications (prosthetic
or bony support) reported in follow-up studies underline occlusion as one of the determining factors for success or
failure of implants.
Keywords: Implant protective occlusion, Occlusion, Occlusal schemes.
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INTRODUCTION
ue to absence of periodontal liga
ment, osseointegrated implants,
unlike natural teeth, react
biomechanically in a dissimilar 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. It needs to be stressed
that occlusal overload can cause mechanical
and clinical complications on dental im-

D

plants and implant prostheses such as screw
loosening, screw fracture, fracture of veneering material, prosthesis fracture, and
continual marginal bone loss, implant fracture and even implant loss.
DIFFERENCES BETWEEN TEETH AND
IMPLANTS (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 periodontal ligament (PDL). The pres-

Table 1: Comparison between tooth and implant
Tooth
Periodontal ligament

Implant
Osseointegration
functional ankylosis

Mobility

Variable (anterior teeth
more than posterior)

None

Proprioception

PDL mechanoreceptors

Osseoperception

Movement
Apical
Lateral

Initially 28µm
56-108µm

No initial movement
10-50µm

Fulcrum to lateral force

Apical 3rd of root

Crestal bone

Cross section

Not round

Usually round

Diameter

Larger

Narrow

Overloading

Wear facets, abfraction,
cold sensitivity

Screw loosening,
screw fracture,
prosthesis fracture

Connection
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ence of PDL around natural teeth acts as a
viscoelastic shock absorber and significantly
reduces the amount of stress transmitted
to the bone, especially at the crestal region
(1). Compared with a tooth, the direct bone
interface with implant is not as resilient, so
the energy imparted by an occlusal force is
not dissipated partially but rather transmits a higher intensity force to the contiguous bone.
The mean values of axial displacement of
teeth in the socket are 25–100 µm, whereas
the range of motion of osseointegrated
dental implants has been reported approximately 3–5 µm(2,3). PDL is functionally
oriented toward an axial load, which leads
to the physiological–functional adjustment
of occlusal stress along the vertical axis of
the tooth and periodontal-functional
adaptability to changing stress conditions
(4). Furthermore, the tooth mobility from
PDL can provide adaptability to jaw skeletal deformation or torsion in natural teeth
(3). 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
periodontal compliance that is primarily
nonlinear and complex, followed by the
secondary movement phase occurring with
the engagement of the alveolar bone (2).
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. To accommodate the disadvantageous kinetics associated with dental implants, gradient loading was suggested(3,5).
A natural tooth moves rapidly 56–108 µm
and rotates at the apical third of the root
upon a lateral load (6), and the lateral force
on the tooth is diminished immediately
from the crest of bone along the root (1).
On the other hand, implant does not exhibit a primary immediate movement but
a secondary movement occurs gradually,
reaching up to about 10–50 µm under a
similar lateral load which is related to the
viscoelastic bone movement. In addition,
there is a concentration of greater forces at
the crest of surrounding bone of dental
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implants without any rotation of implants
(2, 7). A transverse load and clenching at
centric contacts results in highest stresses
in the crestal bone.
The width of almost every natural tooth is
greater than the width of the implant used
to replace the tooth. The greater the width
of a transosteal structure, the lesser the
magnitude of stress transmitted to the
surrounding bone. The cross sectional
shape of the natural tooth at the crest is
biomechanically optimized to resist lateral
loads, implants however are almost round
in cross section, which is less effective in
resisting lateral bending loads thereby concentrating loads in the crestal region (8). In
addition, the size of implant is decided by
existing bone volume rather than amount
and direction of forces.
The elastic modulus of tooth is closest to
bone compared to the available implant
biomaterials. Hence under similar loading
conditions, implant generates greater
stresses and strain at the crest of bone than
natural tooth.
The precursor signs of a premature contact or occlusal trauma on natural teeth are
reversible and include hyperemia and occlusal or cold sensitivity (9) which do not
occur with endosteal implants. The magnitude of stress may cause bone
microfractures, which place the surrounding bone in pathologic loading zone causing bone loss and may lead to mechanical
failure of prosthetic or implant components (10).
In natural teeth, PDL has neuro-physiological receptor functions, which transmit information of nerve endings with corresponding reflex control to the central nervous system. The presence or absence of
the PDL receptor function makes a remarkable difference in detecting early phase of
occlusal force between teeth and implants.
Jacobs and van Steenberghe (11, 12) evaluated occlusal awareness by the perception
of an interference and reported that when
teeth oppose each other, an interference is
perceived at approximately 20µm. An implant opposing a natural tooth detects in-

terference at 48µm and opposing implant
interference is perceived at 64µm. However,
when tooth opposes implant overdenture,
the awareness is at 108µm. Because of the
decreased occlusal awareness of implants,
adaptive responses like deviation from arc
of closure, closure in a position other than
centric occlusion is not perceived. Moreover, the premature contacts are often on
smaller areas and on inclines of the posterior teeth, therefore a greater angled stress
is generated to implant-bone interface.
Clinical evidence of occlusal trauma on
natural teeth includes enamel wear facets,
stress line, cervical abfraction including an
overall increase in periodontal membrane
thickness, increased radio opacity around
teeth as observed in radiographs. These
signs are rarely seen in the implant prosthesis, thus fewer signs are present to warn
the practitioner to reduce the stress on the
support system.
It can be speculated that osseointegrated
implants without periodontal 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 (FIGURE 1)
The occlusal forces generated are influenced
by parafunction, masticatory dynamics,
tongue size, implant arch position and location. A large cantilever of an implant
prosthesis can generate overloading, possibly resulting in peri-implant bone loss
and prosthetic failures (13, 14, 15). When a
biting force is applied to the distal cantilever, the highest axial force and bending
moments are recorded on the distal implants, which are more pronounced in the
prostheses supported by only three implants 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 denture and
decreased distally when occluding with
fixed partial denture (16, 17). The displacement of complete denture during func-
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Falket al (17) reported that the occlusal design (the number and distribution of occlusal contacts) had a major influence on
the different force distribution between a
cantilever segment and implant-supported
area, increasing local forces significantly on
the cantilever unit. It is implied that heavy
occlusal force and undesirable distribution
of occlusal contacts may be factors of overloading, thus possibly leading to higher
susceptibility to implant bone loss, implant
fractures/loss, and prosthesis failures.
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 concern for implant longevity (18,19).

Figure 1: Possible overloading factors
tion might create heavy occlusal contacts
on the posterior cantilever segment. This
finding suggested that simultaneous occlusal contacts along the prosthesis were
significant, and the number and distribution of occlusal contacts on cantilever segments should be controlled carefully with
the opposing complete denture. Regarding a cantilever length, a clinical study demonstrated that long cantilevers (15mm) in-

duced more implant-prosthesis failures as
compared with cantilevers shorter than
15mm, (15) this is particularly critical for
the prosthesis supported by less number
of implants.
Parafunctional activities (bruxism, clenching, etc.) and improper occlusal designs are
correlated with implant bone loss/failure,
implant fractures, and prosthesis failures.

Mischet al. (20) proposed that progressive
bone loading can permit development time
for load-bearing bone at bone-to-implant
interface and provide bone with adaptability to loading via a gradual enhancement
of loading. He further described that the
progressive bone loading could be attained
by the practice of increasing occlusal load
over a time period of 6 months.
Appletonet al (21) 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 loading may be needed in poor quality bone.
OCCLUSAL CONSIDERATIONS FOR
IMPLANT PROSTHESIS (FIGURE 2)
Premature occlusal contacts
No occlusal contacts should be premature
during maximum intercuspation and centric occlusion, especially in implant supported prosthesis.

Figure 2: Occlusal consideration
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Timing of occlusal contacts
Due to initial difference in vertical movement of natural tooth and implant, the
initial occlusal contact should account for
this difference or else the implants will sustain greater loads than the adjacent teeth.
Occlusion should be evaluated for any pre
maturities prior to implant reconstruction
and these should be corrected. For initial
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implant occlusal adjustment in centric occlusion, thin articulating paper (less than
25µm) is used under light tapping force.
The implant prosthesis should barely contact and the adjacent teeth should exhibit
greater initial contacts. Once the equilibration with light force is completed, heavier
occlusal forces should be applied in which
there should be similar intensity of contacts on implant crown and adjacent teeth
thereby sharing the load equally (19). Complete arch implant supported prosthesis in
one or both arches does not require a difference in a light and heavy occlusal forces.
Anterior teeth exhibit greater apical and lateral movements; therefore the occlusal adjustment in this direction is more critical to
implant success and survival.
Influence of surface area
Mechanical stress is defined as the force
magnitude divided by the cross sectional
area over which that force is applied Wider
implants have greater area of bone contact
at the crest compared to narrower implant,
thus reducing the mechanical stresses. Stress
and strain magnitude can also be reduced
by placing additional implants in the region of concern or splinting the implant
crowns to increase the area of support.(22,23)

Developing tooth morphology to induce
axial loading is an important factor to consider when constructing implant prostheses. Weinberg (25) claimed that cusp inclination is one of the most significant factors in the production of bending moment. The reduction of cusp inclination
can decrease the resultant bending moment
with a lever-arm reduction and improvement of axial loading force.

Implant body orientation and bone
mechanics
Implants are designed for long axis load
which generates greater proportion of
compressive stress than tension or shear
stress. It has been reported that cortical
bone is strongest in compression, 30%
weaker in tension and 65% weaker in shear
stress (24). Occlusal load applied at an angle increases the magnitude of shear stress
on the implant which subsequently affects
the physiologic limit of compressive and
tensile stress on bone thereby reducing the
strength of bone. Therefore primary component of occlusal load should be directed
along the long axis of implant body, not
at an angle or following the angulation of
an abutment post. Angled abutment
should be used only to improve the path
of insertion of prosthesis or for esthetic
results.

Implant crown contour
Once the teeth are lost, edentulous ridge
resorbs in a medial direction for maxilla
and lingually for mandibular arch, therefore endosteal implants are usually placed
more lingual than their natural predecessors. The diameter and distribution of
implants and harmonization to natural
teeth are important factors to consider
when deciding the size of an occlusal table.
A narrow occlusal table reduces the chance
of offset loading and increases axial loading, which eventually can decrease the bending moment (19,26).

Crown cusp angle
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Crown height
The implant crown height is often longer
than the original anatomical crown, even
in Division A bone. Crown height with a
lateral load may act as a vertical cantilever
and a magnifier of stress at the implant to
bone interface (19).
Occlusal contact position
The ideal primary occlusal contacts in implant prosthesis will reside within the diameter of the implant within the central
fossa. Secondary occlusal contact should
remain within 1mm of the periphery of
the implant to decrease moment loads.
Marginal ridge contacts should be avoided
as these may be the most damaging as these
create cantilever effects and bending moments.

In Division A maxillary ridge, implant can
be placed under the central fossa region,
here mandibular buccal cusp is the dominant occluding cusp. The facial cusp of
maxillary crown should remain similar to
the original tooth for proper esthetics but
should remain out of occlusal contact.
With further resorption of maxillary arch

to Division B, C, D bone the maxillary palatal cusp becomes the primary contact area.
In mandibular Division A bone, the implant is located under the central fossa,
whereas in Division B, the implant is located under the lingual cusp region of preexisting natural tooth. The lingual contour
of mandibular implant crown is usually
kept similar to original natural dentition
to prevent tongue biting during function.
However, no occlusal contacts occur on lingual cusp. The buccal contours of the crown
are contoured to reduce the occlusal table
and offset loads on the implant.
TYPES AND PRINCIPLES OF IMPLANT
OCCLUSION
The primary goal of an occlusal scheme is
to maintain the occlusal load that has been
transferred to implant body within the
physiologic limits of each patient. 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 occlusion) have been
established throughout clinical trials and
conceptual theories (27,28,29).
Bilateral balanced occlusion has all teeth
contacting during all excursions. It is primarily used in complete denture fabrication (30). In group-function occlusion, posterior teeth contact on the working side during lateral movements, without balancing
side contacts. This occlusion is used primarily with compromised canines in order
to share lateral pressures to posterior teeth
instead of the canine (31). Mutually protected occlusion has posterior teeth protection in habitual and/ or centric occlusion
via posterior contacts in maximum
intercuspation (MIP), while light contacts
on anterior teeth and anterior guidance
during all excursions. This occlusal scheme
is based on the concept that the canine is a
key element of occlusion avoiding heavy
lateral pressures on posterior teeth (32).
Implant-protected occlusion has been proposed strictly for implant prostheses (8).
This concept is designed to reduce occlusal
force on implant prostheses and thus to
protect implants. For this, several modifi-
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cations from conventional occlusal concepts
have been proposed, which include providing load sharing occlusal contacts, modifications of the occlusal table and anatomy,
correction 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 crossbite occlusion, a narrowed occlusal table,
reduced cusp inclination, and a reduced
length of cantilever in mesio-distal and
bucco-lingual dimension have all been suggested as factors to consider when establishing implant occlusion (33).
BASIC PRINCIPLES OF IMPLANT
OCCLUSION MAY INCLUDE
 Bilateral stability in centric (habitual) occlusion,
 Evenly distributed occlusal contacts
and force,
 No interferences between retruded position and centric (habitual) position,
 Wide freedom in centric (habitual) occlusion,
 Anterior guidance whenever possible,
 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 (34). The axial
loading on threaded implants can be distributed well along the implant–bone interface, and the cortical bone can resist the
compressive stress favorably. A flat area
around centric contacts can direct the occlusal force in an apical direction (26). Force
distribution between implants and natural teeth in a partially edentulous region
can be accomplished with serial and gradient occlusal adjustments (35). Due to the
non-significant mobility during initial
tooth movement, implants may absorb
all heavy biting force because natural teeth
can be intruded easily with any occlusal
force. Mischet al. (19,20) proposed that occlusal adjustments could be performed by
the elimination of mobility difference between implants and teeth under heavy oc-
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clusion. 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 implant restorations. The
positional changes of teeth may intensify
the occlusal stress on implants. In order to
prevent the potential overloading on implants from the positional changes, reevaluation and periodic occlusal adjustments are imperative (19,26,36).
CLINICAL APPLICATIONS
Occlusion on full-arch fixed prostheses
For full-arch fixed implant prostheses, bilateral balanced occlusion has been successfully utilized for an opposing complete
denture, while group-function occlusion
has been widely adopted for opposing
natural dentition. Mutually protected occlusion with a shallow anterior guidance
was also recommended for opposing natural dentition (29,33). 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.
In addition, smooth, even, lateral excursive movement without working/nonworking occlusal contacts on cantilever
should be obtained. When a cantilever is
utilized in full-arch fixed implant prosthesis, infraocclusion on a cantilever unit is
suggested to reduce fatigue and technical
failure of the prosthesis.
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, monoplane occlusion was recommended for a
severely resorbed ridge.
Wennerberg and Jemt (37) described that
additional implants in the maxilla could
provide tripodism to reduce overloading
and clinical complications. Also, axial positioning and reduced distance between posterior implants are important factors to
decrease overloading (38). The utilization
of cross-bite occlusion with palatally placed

posterior maxillary implants can reduce the
buccal cantilever and improve the axial loading (19,25).
Occlusion on posterior fixed prostheses
Anterior guidance in excursions and initial
occlusal contact on natural dentition will
reduce the potential lateral force on
osseointegrated implants. Group-function
occlusion should be utilized only when
anterior teeth are periodontally compromised (8,29,33). During lateral excursions,
working and non-working interferences
should be avoided in posterior restorations
(35). 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.
Occlusion on single implant prosthesis
Anterior and lateral guidance should be
obtained in natural dentition; in addition,
working and non-working contacts should
be avoided in a single restoration (39). 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. Two implants for a
single molar have been utilized and demonstrated less screw loosening and higher
success rates (40). However, the placement
of two implants in a limited space is a challenging procedure, and difficulty in oral
hygiene and prosthetic fabrication may be
encountered. Instead of two implants in a
single molar area, a wide-diameter implant
ideally positioned and axis in a molar area
could be a better option to reduce surgical
and prosthetic difficulties and to improve
oral hygiene and loading conditions.
CONCLUSION
The objectives of implant occlusion are to
minimize overload on the bone–implant
interface and implant prosthesis, to maintain implant load within the physiological
limits of individualized occlusion, and finally to provide long-term stability of implants and implant prostheses. To accomplish these objectives, increased support
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area, improved force direction, and reduced
force magnification are indispensable factors in implant occlusion. In addition, systematic, individualized treatment plans and
precise surgical/ prosthodontic procedures
based on biomechanical principles are prerequisites for optimal implant occlusion.
Implant occlusion should be re-evaluated
and adjusted periodically to prevent them
from developing potential overloading
clinical sequelae, thus providing implant
longevity.
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