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ABSTRACT

Background: The treatment planning phase of implant prostheses is dependent on the restorative dentist's
knowledge and experience in prosthetic dentistry. Clinically, for implant prostheses, natural occlusal concepts
can be applied. However, a natural tooth has a support design i.e. periodontal ligament that reduces the forces to
the surrounding crest of bone compared to the same region around an implant. If biomechanical stresses are
likely to increase in a clinical condition, occlusal mechanisms to decrease the stresses should be implemented by
the dentist and an occlusal scheme should be developed that minimizes risk factors and allows the restoration to
function in harmony with the rest of the stomatognathic system. Implant-protected occlusion is proposed as a
way to overcome mechanical stresses and strain from the oral musculature and occlusion, by avoiding initial and
long-term loss of crestal bone surrounding implant fixtures. Implant-protected occlusion can be accomplished by
factors like decreasing the width of the occlusal table, increasing the surface area of implants, reducing the
magnification of the force and improving the force direction. The dentist can minimize overload on bone-implant
interfaces and implant prostheses, maintain an implant load within the physiological limits of individualized
occlusion, and ultimately provide long-term stability of implants and implant prostheses by following above
mentioned factors.
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INTRODUCTION the same.23 Studies proved that occlusal load was
one of the primary contributing factors. This
resulted in the concept of a restoration driven
implant, rather than an implant driven
restoration.4>6 Occlusal restorative concepts that

Rehabilitation of missing teeth with
prosthesis has undergone a series of changes over
the years. Various treatment options considered are
removable partial dentures, complete dentures,
fixed partial dentures and overdentures. The quest
for replacements as close to natural teeth as
possible resulted in the development of implants.!

have evolved through complete denture and fixed
tooth supported reconstruction are having to be
rethought with the continuing development and
advances in implant dentistry.” Occlusion specific to
implants is termed as Implant Protective Occlusion.
This scheme reduces the forces at the crestal

Gradually, with the increase in the number of
implant cases, an increased number of failure rates
were also reported. An increase in failed implants
led to an introspection of the various reasons for

bone/implant interface. The basis of this concept is
formed by the biomechanical principles. The force
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magnification, direction of force and implant
position relative to arch or location are blended
together for a consistent approach to implant
reconstruction.8 The primary goal of Implant-
Protective occlusion is to maintain the occlusal load
transferred to the implant within the physiologic
limits of each patient.! This articles aims to provide
an overview on implant occlusal principles and
considerations that will help the restoring dentist to
focus on extending the service life of the restoration
and the connecting abutments.

DISCUSSION

Occlusion can be defined as ‘the act of
closure or state of being closed or shut off.
Unfortunately the term denotes a static
morphologic tooth contact relationship in dentistry.
However the term should have the concept of a
multi factorial relationship between the teeth and
the other components of masticatory system in its
definition.® An ideal occlusion is an occlusion
compatible with the stomatognathic system
providing good esthetics and efficient mastication
without creating physiologic abnormalities. Five
concepts important for an ideal occlusion had been
described by Dawson (1974):

1. Stable stops on all the teeth when the condyles
are in the most superior posterior position (Centric
Relation)

2. An anterior guidance that is in harmony with the
border movements of the envelope of function.

3. Disclusion of all the posterior teeth on the
balancing side.

4. Disclusion of all the posterior teeth in protrusive
movements.

5. Non-interference of all posterior teeth on the
working side with either the lateral anterior
guidance or the border movements of the condyles.?

An appropriate occlusal pattern can be
found based on the above criteria though there is no
one occlusal pattern for all individuals. Three ideal
occlusal schemes have been stated that are accepted
and recognized, that describe the manner in which
the teeth should and should not contact in various
functional and excursive positions of the mandible.
These include balanced occlusion, group function
occlusion and mutually protected occlusion.?
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DIFFERENCE BETWEEN NATURAL TEETH AND
IMPLANT?0

Differences between natural tooth and
endosseous dental implants under occlusal loading
are summarized below (Table 1). The basic
difference between endosseous dental implants and
natural teeth is that a natural tooth has a support
design that reduces the forces to the surrounding
crest of bone compared to the same region around
an implant. A dental implant is in direct contact
with the bone through osseointegration while a
natural tooth is suspended by the periodontal
ligament (PDL). The PDL distributes occlusal
stresses away along the axis of natural teeth and
absorbs shocks. However, an endosseous dental
implant lacks those advantages of the PDL and
connected to the bone by osseointegration.

OVERLOADING
OCCLUSION

FACTORS OF IMPLANT

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.11213 The possible
overloading factors are summarized below4:

- Parafunctional habits

- Excessive premature contacts

- Large occlusal table

- Inadequate number of implants
- Steep cusp inclination

- Poor bone density

- Overextended cantilever.

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.15

Misch et al.l® proposed that progressive bone
loading provide bone with adaptability to loading
via a gradual enhancement of loading and can
permit development time for load-bearing bone at
bone-to-implant interface. Progressive bone loading
can be attained by the practice of increasing
occlusal load over a time period of 6 months.
Appleton et all?” also noted that progressively
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loaded implants had reduced amounts of crestal
bone loss as well as increased bone density. These
findings suggest that extended healing time and
carefully monitored loading may be needed in poor
quality bone.

IMPLANT PROTECTIVE OCCLUSION

The implant protective occlusion should be
followed and the guidelines for that are as:

Premature occlusal contacts

During maximum intercuspation and centric
occlusion, no occlusal contacts should be

Mittal R et al.

premature, especially in implant supported
prosthesis.

Timing of occlusal contacts

The initial occlusal contact should account for the
difference in vertical movement or else the implants
will sustain greater loads than the adjacent teeth.
Prior to implant reconstruction, occlusion should be
evaluated for any pre maturities and these should
be corrected. Thin articulating paper (less than
25um) is used under light tapping force for initial
implant occlusal adjustment in centric occlusion.

Natural Tooth

Implant

Connection

Periodontal ligament (PDL)

Osseo integration , functional ankylosis

Proprioception

Periodontal mechanoreceptors  Osseoperception

Tactile sensitivity High

Low

Axial mobility 25-100 mm

3-5mm

Movement phases
and complex

Two phases Primary: non-linear One phaselinear and elastic

Secondary: linear and elastic

Movement patterns

Primary: immediate movement  Gradual movement

Secondary: gradual movement

Fulcrum to lateral force Apical third of root Crestal bone

Load-bearing characteristics  Shock absorbing function Stress concentration at crestal bone

Stress distribution

PDL thickening, mobility,
wear facets, fremitus, pain

Screw loosening or fracture,
abutment or prosthesisfracture,

Signs of overloading

Table 1: Natural teeth vs implant.

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.’> 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

bone loss, implant fracture

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.1819

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, 65%
weaker in shear stress and 30% weaker in
tension.2? The magnitude of shear stress on the
implant is increased as occlusal load applied at an
angle which subsequently affects the physiologic
limit of compressive and tensile stress on bone
thereby reducing the strength of bone. Therefore
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primary component of occlusal load should be not
be directed at an angle or following the angulation
of an abutment post but should be directed along
the long axis of implant body, Angled abutment
should be used only to improve the path of insertion
of prosthesis or for esthetic results.

Crown cusp angle

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

Crown height

The original anatomical crown is often shorter
than the implant crown height, even in Division A
bone. Crown height may act as a vertical cantilever
with a lateral load and a magnifier of stress at the
implant to bone interface.15

Occlusal contact position

Within the diameter of the implant, the ideal
primary occlusal contacts in implant prosthesis will
reside within the central fossa. Within 1mm of the
periphery of the implant, secondary occlusal contact
should remain 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.

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. The chance of offset loading
and increases axial loading can be reduced by a
narrow occlusal table, which eventually can
decrease the bending moment.’522 [n Division A
maxillary ridge, implant can be placed under the
central fossa region, here mandibular buccal cusp is

Mittal R et al.

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.

CONCLUSION

The  osseointegrated implants lack
mechanoreceptors and a shock absorbing function
because they are ankylosed to the surrounding bone
without the periodontal ligament. One of the main
causes for peri-implant bone loss and
implant/implant prosthesis failure is occlusal
overload. Many clinical complications such as screw
loosening or fracture, prosthesis fracture,
continuing marginal bone loss, implant fracture, and
implant loss may be attributed to implant overload.
By application of biomechanical principles such as
reducing the cantilever length, passive fitting of
prostheses, narrowing the buccolingual / mesio
distal dimensions of the prosthesis, reducing cusp
inclination, eliminating excursive contacts, and
centering occlusal contacts, these complications can
be prevented.!® Implant occlusion should be
adjusted periodically and re-evaluated to prevent
them from developing potential overloading clinical
sequelae, thus providing implant longevity.14

CONFLICT OF INTEREST

No potential conflict of interest relevant to this
article was reported.

REFERENCES

1. Jacob SA, Nandini VV, Nayar S, Gopalakrishnan
A. Occlusal principles and considerations for
the osseointegrated Prosthesis. Journal of
Dental and Medical Sciences 2013;3(5):47-54.

170



JRA

10.

11.

12.

Journal of Research and

Advancement in Dentistry

Weinberg LA, Kruger B. A Comparison of
implant prosthesis loading with four clinical
variables. Int ] Prosthodont 1995; 8:421-433.

Gunne ], Rangert B, Glantz PO, Svensson A.
Functional loads on Freestanding and
Connected Implants in Three-unit Mandibular
Prostheses opposing complete dentures: An In
Vivo Study: Int ] Oral Maxillofac Implants
1997;12:335-34.

Barbier L, Evert S. Adaptive Bone Remodeling
around Oral Implants under axial and nonaxial
loading conditions in the dog mandible: Int ]
Oral Macxillofac Implants 1997; 12: 215-223.

Richter EJ. In Vivo horizontal Bending
Moments on Implants: Int ] Oral Maxillofac
Implants 1998; 13:232-244.

Stegaroiu R, Kusakari H, Nishiyama S,
Miyakawa O. Influence of Prosthesis Material
on stress distribution in bone and implant : A
3-Dimensional Finite Element Analysis. Int ]
Oral Maxillofac Implants 1998; 13:781-790.

Gross MD. Occlusion in implant dentistry. A
of the
determinants and current concepts. Australian
Dental Journal 2008; 53:(1 Suppl): 60-68.

review literature of prosthetic

Taylor TD, Belser U. Prosthodontic
considerations. Clin Oral Impl Res 2000:11

(Suppl):101-107.

Jambhekar S, Kheur M, Kothavade M, Dugal R.
Occlusion and Occlusal Considerations in
Implantology. Indian Journal Of Dental
Advancements 2010; 2(1): 125-130.

Chen YY, Kuan CL, Wang YB.
occlusion: biomechanical considerations for
] Dent Sci

Implant

implant-supported prostheses.
2008; 3(2):65 -74.

Lindquist LW, Rockler B, Carlsson GE. Bone
resorption around fixtures in edentulous
patients treated with mandibular fixed tissue-
integrated prostheses. ] Prosthet Dent 1988;

59:59-63.

Quirynen M, Naert I, van Steenberghe D.
Fixture design and overload inuence marginal

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Mittal R et al.

bone loss and fixture success in the Branemark
system. Clin Oral Implants Res 1992;3:104-11.

Shackleton JL, Carr L, Slabbert JC, Becker PJ.
Survival of fixed implant supported Prostheses
related to cantilever lengths. ] Prosthet Dent
1994;71:23-26.

Dhanasekar B, Aparna IN, Mall N, Garg A.
Occlusion in Implant Dentistry-Issues and

Considerations. ] Oral Health Comm Dent
2012;6(2)91-96.

Misch CE. Occlusal considerations of implant
supported prosthese. In: Misch CE. eds.
Contemporary implant dentistry. 2nd ed.
St.Louis: Mosby 1999:609-28.

Misch CE. Endosteal implants for posterior
single tooth replacement: alternatives,
indications, contraindications, and limitations.
] Oral Implantol 1999;25:80-94.

Appleton RS, Nummikoski PV, Pigmo MA, Bell
FA, Cronin R]. Peri-implant bone changes in
response to progressive osseous loading. ]
Dent Res 1997;76(special issue):412.

Ranger B, Krogh PH, Langer B,et al. Bending
overload and implant fracture: a retrospective
clinical analysis. Int ] Oral Maxillofac Implants
1995;7:40-44.

Akca K, Iplikcioglu H. Finite element stress
analysis of the effect of short implant usage in
place of cantilever extensions in mandibular
posterior  edentulism. ] Oral Rehab
2002;29:350-56.

Reilly DT, Burstein AH. The elastic and
ultimate properties of compact bone tissue. ]
Biomech 1975;80:393-405.

Weinberg LA. Reduction of implant loading
with therapeutic biomechanics. Implant Dent
1998;7:277-85.

Rangert BR, Sullivan RM, Jemt TM. Load factor
control for implants in the posterior partially
edentulous segment. Int ] Oral Maxillofac
Implants 1997;12:360-70.

171



