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I N T R O D U C T I O N


T

he introduction of osseointegrated implants in the early 1980’s altered the way in which partially and fully edentulous patients were treated prosthetically. The treatment planning phase of implant prosthesis is dependent on the restorative knowledge and experience of the dentist in prosthetic dentistry.  Although implant locations are somewhat dependent on the oral anatomy and bone configuration of the patient, the final design of the prosthesis is influenced by the dentist's knowledge of implant dentistry and past clinical experience. Predictability and long term success depends on several factors - proper selection of patient and implant aseptic and atraumatic surgical procedures, adequate no-load healing period, correct prosthodontic reconstruction and proper follow up care.

In an evaluation published by the Swedish government, the prosthodontic phase was cited as the most critical aspect for an implants long term success. Implant Prosthodontics deals not only with the technical aspects of fabrica
ting supported prosthesis but also with proper application of occlusal principles for implant selection and placement,  and for the prosthetic phase of treatment. The development of an appropriate occlusion plays an important role in the success of both the implant and prosthesis attached to it.

Occlusion is critical for implant longevity because of the nature of the attachment of the bone to the titanium-surfaced implant. In the natural dentition, the periodontal ligament has the capacity to absorb stress or allow for tooth movements but the bone implant interface, seemingly, has no capacity to allow movement of the implant. Any stress from occlusion must be borne totally by the interface.  If the occlusal force exceeds the capacity of the interface to absorb stress, the implant will fail.

Occlusal forces must be transmitted down the long axis of the implant to eliminate the destructive lateral torqueing forces that can result in implant failure. The prosthesis must be fabricated as accurately as possible in order to achieve long term success.  The prosthesis should be connected firmly to the fixtures so that any occlusal stresses generated are transmitted directly to the surrounding base.

The development of occlusal concepts should be in harmony with the rest of the stomatognathic system. Thus, according to English, “Accurate occlusion is essential to the long term success of implant treatment. Implants cannot bail out our faulty occlusion.”

T h e    i m p o r t a n c e    o f 

o c c l u s i o n

S

ignificance of Occlusion on the Osseointegrated Implant

Natural teeth have periodontal ligament receptors which protect the teeth and periodontium from excessive occlusal forces; excess forces can cause trauma to supporting bone. Although many factors are involved in the neuromuscular reflex actions in natural dentition, there are no specific defence mechanisms against occlusal forces in osseointegrated implants. In this clinical situation, a poorly restored occlusion on osseointegrated implants could result in deleterious effects to the prosthesis and supporting bone. Osseointegrated implants have shown high standards of success but these success rates depend on following sound prosthodontic principles.  These results are not only possible by following a meticulous surgical protocol, but also depend on understanding concepts of occlusion. This knowledge is especially critical when considering fully bone anchored prosthetic treatment.

Parafunctional habits such as bruxism which generates six times the bite strength in natural dentition , or a long-term decrease in vertical dimension can result in unfavourable effects on muscles supporting the craniomandibular structures. The unfavourable effects include undesirable loads transferred to the temporomandibular joint structures. A high incidence of bone resorption is observed in bruxism patients. This suggests that abnormal lateral forces contribute to excess bone loss. 

With the osseointegrated implant system, the prosthesis is connected firmly to supporting fixtures such that any occlusal stresses generated are transmitted directly to the surrounding bone. Therefore, attention should be directed to potential occlusal stresses. The prosthesis must be fabricated as accurately as possible in order to achieve long-term success, and occlusion should be a key factor to the overall success rate.

Jemt described a significant improvement in occlusal forces generated such as masticatory efficiency and masticatory speed, with placement of an osseointegrated implant-supported overdenture instead of a complete denture in edentulous patients. The overdenture prosthesis provided more stability and retention. The studies indicate better efficiency with the osseointegrated prostheses versus conventional removable prostheses .

Haraldson compared masticatory forces and maximum occlusal pressures in patients with natural dentition and with osseointegrated implant supported prostheses, and found no significant differences.  He suggested that in patients with osseointegrated implant-supported prostheses, occlusal forces are controlled through neuromuscular mechanisms via masticatory muscles .

Albrektsson, et al.,  in 1986 emphasised the need to distribute the load mainly over the areas supported directly by fixtures.  The need to minimise horizontal forces created by premature contacts or steep cusps was suggested. 

Impact Forces

With osseointegrated implants, fixtures and bone are attached intimately without a cushioning mechanism present. The occlusal forces generated are transmitted through the prosthesis directly to the supporting bone. After fixture installation, initial fixation is checked using a percussive test; a clear metallic sound can indicate fixation and direct contact with bone. This bony fixation is considered semi-permanent. If aggressive occlusal forces are transmitted, there might be harmful effects to surrounding bone. Potential impact forces such as premature occlusal interferences, should be eliminated during prosthesis fabrication. 

A sudden force occurs when the mandible closes with high velocity and power, referred to as an impact force. This type of force can have destructive affects on the prosthesis, implant components such as the abutment, fixture, and connecting screws, as well as destructive to supporting bone. To help alleviate the potential impact forces, the teeth should contact simultaneously when the mandible closes into maximum inter-cuspation. Natural teeth can function effectively from this position. Based on calculations of the theoretical stress-bearing capabilities, significant differences were seen between forces generated by patients with fully bone anchored prostheses, natural dentition, and complete dentures. 

Optimum Occlusion for  Osseointegrated Implants

Little research is available studying optimum occlusion for the osseointegrated implants. Lekholm  in 1983 stated that with poor occlusion, loads and stresses are distributed unevenly resulting in bone resorption and  fixture mobility. To distribute the loads and stress, a balanced occlusion has been used in osseointegration prostheses. Although from an occlusion point-of-view, sharing loads is important through a balanced occlusion, the lateral loads can be destructive to fixtures and surrounding bone. In a balanced occlusion, occlusal contacts are distributed throughout posterior teeth during all eccentric movements. The working and nonworking contacts generate lateral loads on posterior teeth. These same lateral loads can affect the rigid components of the implant system, especially the fixture-bone interface. So a balanced occlusion is not suggested as the occlusal scheme of choice for a fully bone anchored prosthesis.

Jemt  in 1986 described that when osseointegrated implants are used in short-span fixed partial dentures and single tooth replacements, the occlusion should be distributed in maximum intercuspation and all cusp interferences should be eliminated in eccentric positions. This is an accepted concept for natural dentition and can be applied to osseointegrated implant treatment. This is especially important when considering occlusion for a fully bone anchored prosthesis. The fixtures are interconnected by the framework and stresses are distributed to all fixtures located in the anterior region. When lateral loads are applied to posterior areas during eccentric movements, there is a tendency to overstress the fixtures. For this reason, disclusion is preferred to a balanced occlusion.

Conversely, occlusal forces during maximum intercuspation are directed vertically and forces are transmitted in the same manner to all fixtures. The fixtures integrated into bone are within a certain mesiodistal region and the prosthesis is designed to have cantilever extensions that can resist fulcrum forces through a lever effect. From calculations, loads on the cantilever are absorbed vertically within normal limits and transmitted to the fixtures. Therefore, the occlusal forces transmitted are not harmful even though they are also transmitted through the cantilever regions during maximum intercuspation.

There is a tendency for occlusal forces generated during eccentric movements to create loads in a horizontal direction, with increasing forces toward the distal sections. To avoid destructive lateral forces, the occlusal forces should be shared by anterior teeth. The occlusal force on a canine is approximately one-eighth less the force on a second molar as stated by Guichet  in 1970. The stress generated on fixtures in the anterior region is less even with applied horizontal loads. Therefore, occlusion for an osseointegrated prosthesis should be very similar to optimum occlusion in natural dentition.

Gnathological Principles

The gnathological approach to clinical treatment emphasises recording mandibular movement with a device such as a pantograph, and emphasises harmony between the temporomandibular joint, teeth, and muscles. The pantograph is fixed to the maxilla and mandible using clutches. It has been difficult to fix clutches in edentulous patents however for osseointegrated implant treatment, fixtures can be used to anchor the clutches. There are unknown factors involved such as movement of a clutch when fastened to fixtures, that can affect the accuracy of mandibular movement measurements; but if a lightweight pantograph such as the computer pantograph is used, accurate measurement may be possible.

A standard technique suggests clutch fabrication on mounted casts in an articulator, then adjusting the articulator settings after measuring mandibular movement. The relationship between the maxillary and mandibular working casts will be distorted if articulator settings are changed after the casts are mounted. Therefore, the working casts should be mounted in centric relation after all articulator adjustments have been completed. In the prosthetic procedures for osseointegrated implant treatment, make certain to have two sets of casts, one for clutch fabrication and the other set used for working casts. The following gnathological procedures are : 

1. Measurement of vertical dimension and centric jaw relation records.

2. Location of the transverse horizontal axis. 

3. Facebow record. 

4. Mounting casts in the articulator, (first set). 

5. Clutch fabrication.

6. Intraoral clutch insertion.

7. Computer pantograph measurement of eccentric movements.

8. Setting the adjustable articulator.

9. Mounting master casts in the articulator. (second set).

10. Computing anterior guidance.

11. Incisal table adjustment in the articulator.

12. Fabrication of the prosthesis.

13. Remount procedures.

14. Delivery.

15. Functional occlusal examination of the prosthesis.

1. An understanding of implant supported prosthetic occlusion is comprehended by some basic principles derived from the knowledge of natural and prosthetic occlusion:-

1. Occlusal forces on natural teeth are controlled by the patient in response to propioception . Since natural periodontal ligament mediated propioception does not occur with implants. Its protective influence is lost in determining mandibular velocity and displacement. This means that occlusal forces on implant supported prostheses must be carefully designed and exactly accomplished than for tooth supported prostheses.

2. No single occlusal scheme can be used for every type of restoration. The purpose and mechanism of complete denture occlusion is very different from that of  a single crown restoration. For implant supported prostheses the occlusal scheme must be suited to the purpose and location of the restoration.

3. Whether the implant supported prostheses will occlude with natural dentition or tissue supported prostheses is of critical interest, as each of these exerts a different range of forces on both functional and resting movements.

4. The natural resorption pattern of edentulous bone is almost never parallel to the ideal occlusal plane of the dentition . In determining abutment height and position not only adequacy of interarch space but also the plane of occlusion must be considered as it is impossible to achieve an optimal occlusal scheme with a disrupted or incorrectly oriented plane of  occlusion.

5. Establishment of stable jaw relationships with maximum intercuspal contacts that are bilaterally  identical.

6. Establishment of “ freedom in centric” in the overall occlusal scheme.

7. Elimination of any interference  between the maximum intercuspal position and the retruded contact position.

8. Provision of harmonic free mandibular movement with light tooth contact during both lateral and protrusive contacts.

In all phases of prosthodontic rehabilitation the occlusal scheme must be designed to meet the requirements of its oral situation . When and implant supported prostheses replaces a single tooth in a an otherwise intact dental arch occlusion should be designed like that of tooth supported single restoration . This is generally done to include tripoidal centric occlusal  contacts to prevent movement or supra eruption of the opposing natural tooth. The implant supported natural crowns should follow the guidance of natural teeth in working relationships similar to other fixed restorations bounded  by intact natural teeth.

Canine conclusion can be used in cases where the natural canine is present and is periodontally strong . when canines are to be replaced by implant supported prostheses that occlude with natural teeth or other implant supported by natural teeth. Prostheses is preferred to avoid  loading a single supporting fixture during disclusion. Group function occlusion provides occlusal contact in  centric position and in working movements , but complete disclusion in balancing position.

B I O M E C H A N I C A L 

C O N S I D E R A T I O N S    O N  

O S S E O I N T E G R A T E D   I M P  L A N  T S 

A

s the bone is strongest under compressive forces, less strong to tensile forces and significantly weak to shear forces, the occlusal design should aim at reducing the tensile stresses and eliminating shear forces whenever possible.

An axial load over the long axis of an implant distributes more compressive stresses compared with tensile or shear forces.  The greater the angle of the load, applied to the implant long axis, the greater is the compressive, tensile and shear stresses.  Thus, along with the amount of stress increasing with an angled load, the type of stress converts to more tensile and shear components.  As bone is stronger in compression, the negative effects of angled loads is enhanced.  Because horizontal or lateral loads cause an increase in the amount of tension or shear forces at the crest of the ridge, these loads must be reduced within the occlusal scheme, especially in mechanical systems which increases in force, as cantilevers or crowns with greater crown-implant ratios.  Lighter occlusal contacts are placed on cantilevers as a primary compressive force on a unilateral cantilever portion of a F.P.D. also applies considerable shear and tensile stresses to the most distant abutment.


The angle of the force to the bone affects the physiologic limit of compressive and tensile strength of bone.  An angled load, i.e., force applied at a 300 angle increases the amount of stresses around the implant body, transforms a greater percentage of the force to the tensile and shear force, and reduces bone strength in compression and tension.  The surrounding implant body stress is least, and the strength of the bone the greatest under axial load to the implant body.  Axial loading of the implant is especially important when the intensity and duration of force increases i.e., in parafunction.  Occlusal designs should therefore include axial loads to implant bodies, and when not possible should incorporate mechanisms to decrease the negative effects of lateral loads.
Splinted Implants

Factors considered important to decrease the effects of horizontal loads which cause tension and shear stresses on the crest of the ridge include implant diameter, the number of implants supporting the prostheses and distributing the load. It is important to have an adequate surface area support. Whenever, the lateral force components increase in amounts direction or duration of application, the number of implants splinted in the region should also increase.  As lateral loads frequently increase in the anterior region of the mouth during mandibular excursion more splinted implants are therefore placed here to dissipate the resulting crestal stresses.

Wider implants have a greater area of bone contact at the crest than narrow implants, resulting in less compressive and tensile forces.  Narrow root form implants have less surface and cause greater stresses at the crest of the ridge. Thus when narrow implants are used in regions which receive greater forces, additional splinted implants are indicated to compensate for their narrow design and help decrease and distribute the load over a broader region. When forces are increased in intensity, duration or both as in parafunction, ridge augmentation may be required to place wider implants to compensate for the increased load. The prostheses can be modified to reduce occlusal loads from a fixed restoration to a removable prostheses. This is especially important when nocturnal parafunction is present, and the restoration may be removed to eliminate the condition.  Some stress relieving element may be included in the removable restoration, to allow the soft tissue to help dissipate the loads.

Reduced Occlusal Table Concept

The wider the occlusal table, the more frequently offset contacts occur during mastication or parafunction. Wider root font implants offer a broader area for axial contacts and transmit less forces at the transosteal sites under offset loads than narrow plate form or root form implanted.  The narrower the implant body, the greater the importance of occlusal table width and axial loading the implant body. Thus, faciolingual dimensions of the occlusal table on which contacts are placed is directly related to the width of the implant body.


The amount of force used to penetrate the food bolus during mastication is also related to occlusal table width. The wider the occlusal table, the greater is the force needed to masticate. Therefore, narrow occlusal tables may be used in any unaesthetic region of the mouth. As bone loss occurs at the expense of the facial contour, of the bone, the occlusal table should be decreased in width from the facial aspect and not from the lingual.  This allows the more medial implant to receive a more axial load.  If the occlusal table can not be decreased due to esthetics, the opposing arch is decreased from the facial, add small surface contacts with greater cusp angles are used to improve the masticatory efficiency.


Thus, the occlusal table should be no wider than the implant root to minimise occlusal loads on the implant fixtures. Equal widths of the occlusal table of an implant crown and of the implant root permit optimal transmission of the stresses along the fixture. A wide occlusal table on a narrow implant root transmits concentrated stresses along the implant fixture to the supporting osseous structures, which may resorb.

The most common region in which esthetics modify the reduced occlusal table concept is in a maxillary implant reconstruction. The esthetics of the buccal cusps should not be compromised by a reduction in occlusal table width, even when the implant is placed to the lingual aspect of the ridge. The occlusal width remains identical for ideal esthetics from the buccal cusps.  Narrow occlusal tables are desirable in the mandibular arch to direct occlusal forces over the maxillary implant body. As a result, maxillary implants require the buccal cusps of opposing natural mandibular teeth (or crowns or implants) to be reduced to eliminate the offset load in centric relation occlusion. The maxillary buccal cusp may then be retained for esthetics. but the functional occlusal table is reduced. The distal half of the first molar and / or the entire second molar is of ten in crossbite to improve the direction of forces, when esthetics is not a concern.

Occlusal Forces

Natural teeth have a greater stress relieving element than implants, particularly under lateral forces. If healthy anterior teeth or natural canines are present, the occlusal scheme uses those teeth to distribute the horizontal loads during mandibular excursions.

The stomatognathic system elicits less force when the posterior segments are not in contact. Therefore, whether the anterior segment is teeth supported or implant supported, the posterior components should be discluded in all lateral excursions when opposing fixed dentitions. The resultant lateral forces are distributed solely to the anterior segments of the jaws to decrease the quantity of force against the anterior and posterior dentition.  This also eliminates all lateral forces on posterior implants. 

Therefore, whenever fixed partial dentures are seated upon dental implants, it is usually possible to achieve interference occlusal relationships with either canine guidance or group function. It has been demonstrated that muscle activity is reduced with canine guidance, also referred to as cuspid protected occlusion. However, this situation is not commonly observed, except in young patients. Group function is more often observed in elderly patients. With this type of occlusion, it is also possible to achieve a harmonious balance of all involved structures including the musculature, the TMJ, the teeth and their occlusal anatomy.

In implant retained, mucosa brone overdentures in the maxilla and/or mandible, stabilisation of the prostheses during neutral function in the posterior segments demands a fully equilibrated occlusal scheme (bilaterally balanced occlusion).

Natural Teeth and Implants

The success of a rigid fixated implant splinted to natural teeth is governed by the actual ability of the potential natural abutments. In the implant-tooth fixed prosthesis, the implant, tooth, bone or the prostheses may contribute movement to the system.

The tooth movement ranges from 8 to 28 in a vertical direction under a 3 to 5 pound force, depending on the size, shape, geometry of the roots and the time elapsed since the last load application.  As the difference in vertical movement may be around 25 the initial occlusal contacts should account for this or the implant will be loaded more than the adjacent teeth. Therefore, thin articulating paper is used for the initial occlusal adjustment in centric relation occlusion under a light tapping force.  The implant prostheses should barely contact, and the adjacent teeth should exhibit greater contacts. only axial contacts should be present on the implant crown. A heavier centric relation occlusal force is then applied. me contacts should remain axial over the implant body, and may be of similar intensity on the implant crown and adjacent teeth.

When the occlusal adjustment is completed in centric relation occlusion, the lateral and protrusive movements may be evaluated. When opposing a fixed dentition, no posterior implants or teeth should contact in any excursive mandibular movement.   The horizontal movement of natural anterior teeth ranges from 64 to 108. An implant has a lateral movement range of 12 (dense bone) to 140 (in very soft bone). When a combination of non splinted anterior teeth and implants are present in the anterior region of the mandible or maxilla, the forces produced during mandibular lateral excursions should be distributed initially and primarily to the natural teeth.  If no anterior teeth are present in the direction of the excursion, two or more splinted implants should distribute the lateral force.

Bone Resorption

In an edentulous ridge with abundant height and width and little resorption, the implant may be placed in an ideal position for occlusion and esthetics. A cement retained restoration permits positioning the implant body directly under the primary occlude contact. An implant is best positioned in the middle of the remaining width of bone or slightly towards the more dense bone of the lingual plate.  As a result, the implant is placed under the central fossa region of the natural tooth. To load the implant body in an axial direction, the primary occlusal contact should be in the central fossa region, which permits posterior mandibular natural teeth opposing the maxillary implant to have the Mandibular buccal cusp as the primary contact. Mandibular implants opposing maxillary natural teeth must use the maxillary lingual cusp as the primary contact.


In conditions where the bone continues to resorb from the facial aspect to further decrease the bone width, the implant is often placed under the lingual cusp portion relative to the natural tooth in the mandible or the maxilla. The implant body is ideally placed perpendicular to the occlusal plane.  In the mandible, the buccal cusp is reduced in height to correspond to the central fossa, and the occlusal table is reduced from the facial aspect to permit axial loading of the implant body. In the maxilla, the implant crown should retain the offset buccal cusps for aesthetics. However, the mandibular occlusal table is modified to permit axial loading of the maxillary implant body and the maxillary occlusal table may be reduced lingually.

In the anterior maxilla, the labial concavities may cause the implant to be angled away from the labial bone and fiche abutment toward the facial crown contour. These implants are loaded on an angle, and an angled prosthetic abutment is needed. Larger diameter implants or more implants are needed to reduce crestal bone stress.

Thus, the implant body is placed in the middle of the edentulous crest of the bone, which is in the central fossa region or even more lingual. Due to this, the natural teeth occlusal concepts have to be modified, so that the primary occlusal contact is axial to the implant body, not the buccal cusp of the mandibular natural tooth.

Occlusal Stresses And Biomechanical Considerations

One of the principal objective in implant prosthodontics is reduction of occlusal loads and accordingly reduction of transmitted stresses to the supporting osseous structures . Utilising the three – dimensional finite element stress analysis method several endosseous implants were investigated for stress distribution and transmission within the implant and their osseous supporting structures . A representative blade shaped implant and four root shaped implants (TPS implant core –vent  implant, Nobelpharma implant and ISIS implant) were  investigated using a loading condition of 5 pounds vertical load and 8 pounds lateral load (a combination of 5 pounds vertical and 3 pounds horizontal loads). Principal stresses compressive and tensile were analysed both vertically and horizontally for all five implants. 

Based on these studies the following conclusions are drawn 

1. Root – shaped implants because of their cylindrical shape minimise transmission of stresses to supporting bone better than blade shaped implants.

2. Implant neck or prosthetic post diameter should be enlarged to implant fixture diameter whenever possible. Implant with narrow (or constricted)  necks or posts should be avoided.

3. Blade shaped implant should be redesigned to increase the neck diameter and central portion of the blade to minimise the transmission of stresses to supporting bone.

4. Alveolar crestal bone loss (saucerization). Which occurs around implant fixtures, appears to be directly related to transmission to the osseous tissues in this region of stresses that exceed  the tolerance of bone. 

Based on these findings and those of other researchers guidelines should be established for selecting the appropriate type of implant for a given patient. The physical and psychological state of the patient and his or her prosthodontic requirements may be very important in determining certain aspects of the loading condition and biting  forces. Since these factors are not easy to determine the biomechanical aspects of implant design and how the individual implant transmits stresses to its supporting bone must be considered when selecting an endosseous implant when placing the endosseous implant and when designing occlusion during the prosthetic phase of the implant treatment.    

Occlusal Considerations


The precusor signs of occlusal trauma on natural  teeth are usually reversible and include sensitivity, hyperemia or and increase in mobility. The presence of the periodontal  membrane on natural teeth significantly reduces the amount of stress to the bone, especially in the crestal region.


However the initial reversible signs and symptoms of trauma on natural teeth do not occur with endosteal implants. An  absence of soft tissue interface between the implant body and bone results with the greatest magnitude of force localized around the implant is not  reversible with out the surgicla intervention. And results in decreased implant support and increased sulcus  pocket depth. This leads to implant loss unless the density of the bone increases or the amount or duration of the force decreases.


Implants are subjected to repeated occlusal loading that can lead to microscopic stress fractures work hardening and fatigue. Implant components copings screws or cement can not adjust to these conditions and ultimately fracture. Forces from occlusion may result in subtle changes that are difficult to discern but may cause  more serious ling terms problems for survival as a result of bone or implant component complications.

Axial Implant Loading 

The direction of load to the implant body is a very critical factor. the primary force of occlusion should be directed to the long axis of the implant body and not the abutment post as this leads to less distribution of force to the surrounding crestal bone.  To achieve this goal during the planning phases the localixation and axis orientation of the implant should be determined according tot this principle and carried out during the surgical phase with the help of guiding stents. The following principle may be applied depending on whether the axis orientation of the implants is more to the buccal or to the lingual aspect:

· the centric stop should be located in the central fossa of the crown that is affixed tot he implant or the implant abutment should be located directly beneath the cusp (Graber, 1985).

· the implant should be positioned such that it represents an extension of the force vector of its antagonist. 

· the width of the  occlusal  surface should be considerably reduced compared to natural teeth and for bio mechanical reasons, occlusal contacts should be localized with in the diameter profile of the  underlying implant.

Angled Abutments

Are mainly used to improve the path of insertion of the prostheses. A 30º angled abutment loaded in the abutment long axis will transmit greater compressive and tensile stresses to the crest of the bone around the implant body compared to the same implant with and angled abutment loaded in the direction of the long axis of the implant body.  The greater the angle between the primary force and the implant body, the greater is the amount of crestal compressive and tensile stresses with a rigid fixed implant.  The lateral loads to the implant crestal region further increase when crown height increases or when present on the cantilevered portion of the prostheses.

Thus, whenever possible, the implant bodies should be primarily subjected to the vertical component of the occlusal load.  Horizontal or lateral forces magnify the amount of compressive or tensile stresses at the transosteal implant sites, and so should be reduced or eliminated, especially when the ratio of the crown height to implant length is greater than 1 or present on cantilevered prostheses.

PREMATURE CONTACTS 

Premature occlusal contacts results in localized loading of the opposing contacting crowns.  A premature contact provides minimal area to distribute the loads, and the stress is greatly increased.  All the occlusal forces is applied to one region rather than being shared by several abutments or teeth.  The premature contact may be on an inclined plane, giving a greater horizontal force to the load and increasing compressive and tensile crestal stresses.  Therefore elimination of premature contacts is especially important with habitual parafunction as the amount, duration and direction of force or the load increase.

OFFSET LOADS 

These are usually facial or lingual occlusal contacts, and not along the long axis of the implant body. Occlusal contacts are rarely placed over an occlusal access hole for a coping screw, because acrylic rapidly wears out and results with no contact.  Thus offset loads are commonly used when occlusal screws are used in the prostheses.


For aesthetic factors, in a screw retained prostheses, the implant body is placed more lingual than for a cemented prostheses.  The offset occlusal load is applied slightly facial to the implant body and parallel to its long axis.  A cement retained restoration may place the implant directly under the primary occlusal contact.  The crown may load the implant body in an axial direction, due to which fewer offset loads are present on cement retained prostheses than in screw retained restorations.  When offset contacts have an angled force, the distance of the offset contacts acts as a moment arm and magnifies the effect of the lateral force.


When two or more implants are placed to support a screw retained prostheses, the intermediate marginal ridges and pontics may have more medial primary occlusal contacts, often in the central fossa region instead of the usual mandible buccal cusp contact.  This eliminates the offset load between the implants, and the occlusal loads between the implant bodies are in a more axial direction.


Anterior implants with abutments for cement place the implant body under the incisal edge of the prostheses, whereas those for screw retained implants are often placed more lingual.  So the access hole is in the cingulum region.  Greater offset loads result during lateral excursions, as the incisal edge is more facial.  To decrease the effect of lateral force during mandibular excursions, natural teeth when present bear the greatest load.  If this is not possible, more than one implant should distribute the lateral load.


In brief, the principles followed are:-

1. Axial loads to the implant body produce less compressive and tensile stresses.

2. Horizontal loads produce an increase in both compressive and tensile stresses.

3. Premative contacts result in greater stresses, often on lateral inclines of cusps.

4. Screw retained prostheses often have implant bodies more lingual compared with cement retained prostheses, and results with greater offset loads.

I D E A L   O C C L U S I O N 

I

deal occlusion can be defined as an occlusion compatible with the stomatognathic system, providing efficient mastication and good aesthetics without creating physio-logic abnormalities as stated by Hobo in 1978.  Guichet34 in 1970 described standards for ideal occlusion as the following: 

Criteria 1 : Incorporate in the occlusion those factors which have to do with the reduction of vertical stress.

Criteria 2 : Provide for maximum intercuspation of the teeth with the condyles in centric relation. 

Criteria 3 : Provide for horizontal movement of the mandible from the centric related intercuspal position, until those teeth most capable of bearing the horizontal load come into function.

There is no one ideal occlusal pattern  for all individuals but an appropriate pattern can be found based on the above criteria.  Accepted ideal occlusal schemes include balanced occlusion,  mutually protected occlusion, and group function occlusion.

Balanced Occlusion

Balanced occlusion has all teeth contact in maximum intercuspation and during eccentric mandibular movements. It has been referred to as a fully balanced or bilateral balanced occlusion and said to be ideal for restoration with complete dentures. This occlusion is used frequently in osseointegration prosthetic treatment.

Balanced occlusion refers to simultaneous tooth contacts during eccentric movements according to Scaife and Holt in 1969.  It also occurs when lateral occlusal forces generated during the movements are shared by all teeth and temporomandibular joints as stated by Granger in 1954, and Kaplan, 1963.  The masticatory movement for balanced occlusion is based on the theory that forces are generates horizontally instead of vertically.  Masticatory  movement generated harmful lateral forces on teeth that are detrimental from a periodontal viewpoint.  To reduce lateral pressures, they should be distributed widely to limit the forces physiologically.  For these reasons, a maximum contact area in intercuspation and all eccentric movements is necessary.  This balanced distribution of forces is said to help maintain oral health.

Balanced occlusion is based on the three classic theories : Bonwill’s three points of occlusal balance according to Bonwill in 1858 , Spee’s curve of spee according to Spee in 1890 , and Monson’s spherical theory according to Monson in 1922.  

Lucia in 1961  described the failures of a balanced occlusion as follows :

1. The cusp -to-fossa relationships exists only in part of the molar contacts. The bicuspid cusps function in the opposing embrasures, making wedging and tooth drifting  possible.

2. There are large areas of tooth contact and broad occlusal surfaces.

3. In such a “tight” occlusion, slight changes produce a readily visible  discrepancy.

4. Errors in full –mouth balance are errors of commission, not omission.

5. When a restoration is fully balanced, incision is frequently difficult.

6. In order to produce a full balance, it may be necessary to increases the vertical dimension to a dangerous degree.

Occlusal surface wear due to excess contact area was thought to be the key cause of failure. Granger in 1962  described that occlusal surface wear does not occur when the occlusal surfaces are adjusted eliminating cuspal interferences during eccentric movements.  However wear was inevitable when the teeth remained in contact during movements.

A balanced occlusion in natural dentition with normal periodontium is difficult to find.  When seen, it is usually the result of advanced attrition.  For example, cross arch balance in balanced occlusion is effective for stabilisation of complete dentures. However,  the ill effects on natural dentition have been noted by Ramfjord and Ash in 1966 and Posselt in  1962.

Another criticism of balanced occlusion is that it is difficult  to fabricate. Granger stated that balanced occlusion fabricated on a fully adjustable articulator provides fully balanced contacts within functional movements, but the contacts are lost in extreme eccentric movements. A balanced occlusion is appropriate for edentulous patient treatment but is difficult to make on natural dentition. 

Mutually Protected Occlusion

In 1961 Stallard and Stuart supported a balanced occlusion as the optimum occlusion for oral rehabilitations. After many patients' treatments failed, they doubted balanced occlusion should be the ideal occlusion. They observed that the molars did not contact during eccentric movements but in maximum intercuspation, they contacted while the anterior teeth had no contacts. The molars were said to be responsible for bearing the vertical occlusal loads. Stallard found anterior teeth protect posterior teeth and posterior teeth protect anterior teeth.  The concept of a mutually protected occlusion was based on this observation.

A mutually protected occlusion occurs where the posterior teeth protect the anterior teeth in centric position.  The centric stops on the posterior teeth also help prevent excess loading transferred to the temporomandibular joint structures. The incisors protect the canine and posterior teeth during protrusive movement and the canines protect the incisors and posterior teeth during lateral movements. This is felt to be the ideal occlusion for natural dentition and vertical dimension is maintained by posterior teeth. Lucia  described advantages of a mutually protected occlusion as the following: “Minimum amount of tooth contact is involved and this makes penetration of the food better. A cusp-to-fossa relationship produces an interlocking of the upper and lower components, thereby giving maximum support in centric relation in all directions. The force is clearly closer to the long axis of each tooth. The arrangement of the marginal, transverse, and oblique ridges so that they have a shearing action, which makes for a much more efficient chewing apparatus.”

Anatomical evidence to support the canine as a key element includes the good crown-to-root ratio, the amount of hard, compact bone surrounding the tooth, and the location far from the temporomandibular joint, thus receiving less stress. The canine has many receptors in the periodontal ligament and it has been said that the canine controls lateral pressures by directing vertical masticatory movements. A mutually protected occlusion is contraindicated when the masticatory cycle is horizontal and the periodontium is compromised.

Another contraindication to a mutually protected occlusion is in the situation with a missing canine or a prosthetic canine Lucia  taught that when anterior teeth are strong, a mutually protected occlusion is used and a balanced occlusion is used when anterior teeth are missing.  Interim prosthetic treatment can use a balanced occlusion but the final prosthetic treatment should have a mutually protected occlusion.

In 1974, Dawson  stated when canines cannot be used, lateral movements have posted disclusion guided by anterior teeth on the working side, instead of the canines alone; he called this the anterior group function.  


Another disadvantage of a mutually protected occlusion is arbitrary amounts of posterior disclusion. Thomas in 1967  stated that when each cusp is waxed using cusp-fossa waxing, a cusp-to-cusp relation during lateral movement has 1 mm posterior disclusion. In 1961 Stuart and Stallard stated by avoiding cuspal interferences during eccentric movements, this created a minimum amount of disclusion to improve masticatory function.

The term mutually protected occlusion was changed to organic occlusion by Stallard and Stuart in 1961, then described by Thomas in 1967 . In organic occlusion, centric relation position and maximum intercuspation are coincident. The posterior teeth are in a cusp-fossa relation, one-tooth to one-tooth contact. Each functional cusp contacts the occlusal fossa at three points while the anterior teeth disclude by 25 microns. In protrusive movement, the maxillary four incisors guide the mandible and disclude the posterior teeth. In lateral movements, the lingual surface of the maxillary canine guides along the distal incline of the mandibular canine and also mesial ridge of the first premolar facial cusp. 

Group Function Occlusion

In 1929, Schuyler   introduced the fundamentals of group function occlusion. This type of occlusion occurs when all facial ridges of working side teeth contact the opposing dentition while the nonworking side teeth do not contact.  In 1954 Beyron  listed characteristics of this type of occlusion :

1. Teeth should receive stress along the tooth long axis.

2. Total stress should be distributed among the tooth segment in lateral movement.

3. No interferences occur from closure into intercuspal position.

4. Keep proper interocclusal clearance.

5. Teeth contact in lateral movement without interferences.  He felt that no one occlusion could serve as a general basis for every individuals


Characteristics of group function occlusion include 1) the theory of long centric, 2) the concept of all working side teeth sharing lateral pressures during lateral movements, and 3) the concept of nonworking side teeth free from contacts during lateral movements. Long centric is a 0.5-0.75 mm free space between maximum intercuspation and centric relation position without changing vertical dimension of occlusion.  

In group function occlusion, lateral pressures are distributed to all working side teeth, in contrast to a mutually protected occlusion where lateral pressures are directed only to the working side canine. Schuyler  felt all working side teeth should bear the lateral pressures during lateral movement by eliminating nonworking contacts.  

In group function occlusion, there are no tooth contacts on the non-working side. Schuyler observed masticatory movement and found that when the mandible is closed, the mandibular buccal cusps contact the facial ridges of maxillary lingual cusps and the cusps are not held in a stable position. Group function occlusion does not have the harmful effects as seen with a balanced occlusion and is not as difficult to fabricate as a mutually protected occlusion. Group function occlusion was felt to be a goal for occlusal adjustments and has easy application in short-span prostheses

In 1974, Dawson  described five concepts important for an ideal occlusion:

1. Stable stops on all teeth when the condyles are in their 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 posterior teeth in protrusive movements.

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

5. Noninterference of all posterior teeth on the working side with either the lateral anterior guidance or the border movements of the condyles.

Occlusion For Osseointegrated Prostheses


Since there is no cushioning effect between fixtures and bone, occlusal forces are transmitted directly to bone through the osseointegrated prosthesis. These forces are not limited to masticatory forces but also include impact forces.  

Cusp height can help improve masticatory efficiency, but exaggerated inclinations may cause cuspal interferences as stated by Belser and Hannam in 1985 . Since masticatory movement is usually a vertical movement, the cusp shapes and inclinations influence the movement. With steep cuspal inclinations, there is an increase in the Vertical element of mastication. With low cuspal inclinations, there is an increase in the lateral elements of masticators movements. 

Since normal mastication occurs vertically, making sharper cusps in a prosthesis can increase the shear strength. Chewing a tenacious food bolus creates a stronger lateral component, increasing the shear strength between mandibular and maxillary molars. Balanced occlusion was developed to increase the shear strength during mastication but has not always been effective clinically.

If the mandible moved strictly like an articulator, balanced occlusion would have adequate shear strength and masticatory efficiency. However, since the condyle disk assembly contains soft tissue elements, occlusal forces applied during mastication can cause mandibular deviation. A balanced occlusion creates cuspal interferences so to avoid this, incorporate disclusion into the occlusal scheme. In the mechanical engineering field, it is better to provide 5-10% free space between edges for better shear strength, similar to the space between cutting wee of scissors.  This analogy can be applied to disclusion in dentition.

Balanced occlusion can function well in complete dentures since the dentures are supported by movable tissue that has a cushioning effect for occlusal forces. Denture wearers with 0 to 30 degree cusp inclines show less disclusion compared to natural dentition. In osseointegrated prostheses, fixtures bear vertical forces better than horizontal forces so it is preferable to direct forces vertically. A single fixture can bear occlusal forces equivalent to a single rooted natural tooth. Usually there are no fixtures available in the posterior region to support horizontal loads. For this reason, disclusion is preferred in prosthetic restoration of posterior osseointegrated implants. Since more horizontal loads are generated in the anterior region, longer fixtures are used and restored with attachments to natural teeth.

These  guidelines attempt to decrease cuspal interferences and reduce horizontal or lateral stresses on the fixtures.

General occlusal scheme

The concept of occlusion suitable for osseointegrated prostheses is basically the same as the gnathologic occlusion.  In centric, all of the posterior teeth should have contacts, and anterior teeth should have a clearance of about 30 (m.  If the entire arches are restored with osseointegrated prostheses such as a fully bone-anchored bridge, it will be easier to establish such an occlusion.  In the mixed dentition, which is composed of natural teeth and osseointegrated bridgework, it becomes more complicated to obtain a good occlusion.  The natural tooth sinks approximately 30 (m during is function.  An osseointegrated bridge, which is supported only by the bone, does not sink.  Therefore, it is necessary to adjust the centric contacts of the osseointegrated fixed bridge slightly more open than the natural teeth.  Accordingly, in centric, the osseointegrated bridge should not contact with opposing teeth under the soft bite pressure.  Under strong bite pressure, the bridge should contact after the natural tooth intrudes approximately 30 (m.  The osseointegrated bridge begins to contact after the contact of all the natural posterior teeth.  If the osseointegrated bridge is adjusted to contact at soft bite pressure under the hard bite pressure, all the occlusal load will be borne only by the bridge and will overload the bone structure.  In order to avoid the overloading of the occlusal surface he osseointegrated prosthesis should not have plane-to-fossa tripodal contact, is preferred.  During eccentric movement, in order to minimize horizontal loading the concept of disclusion is generally recommended.  Canine-guided occlusion is not recommended for the osseointegrated prosthesis because it generates excessive occlusal forces into the single implant fixture, which is placed in the canine area.  In order to distribute the stress over the entire fixture, anterior group function is recommended.

Therefore, anterior group function and posterior disclusion are recommended for osseointegrated prostheses. The amount of disclusion observed at the mesiobuccal cusp tips of the mandibular first molars while the condyle moves 3 mm from the centric are as follows.

1) The average amount of disclusion in protrusion is 1.1 = 0.6 mm.

2) The amount of disclusion on the nonworking side is 1.0 = 0.6 mm.

3) The amount of disclusion on the working side is 0.5 = 0.3 mm.

These numbers can be used to determine the amount of disclusion necessary for osseointegrated prosthesis.

Classification of osseointegrated prostheses

Osseointegrated prostheses can be classified as follows:

1) Fully bone anchored bridge

2) Overdenture

3) Freestanding bridge

A. Kennedy class I

B. Kennedy class II

C. Kennedy class III

D. Kennedy class IV

4) Bridge connected to the natural teeth

5) Single tooth replacement

Occlusion for fully bone anchored bridge

The fully bone anchored bridge is used for edentulous cases.  It is very-successful for the mandibular arches because there are no anatomic limitations for placing fixtures between the right and left mental foramen.  Usually, four to seven fixtures are installed in this area, and the prosthesis is connected bridges can be extended to a maximum of 15 to 20 mm posteriorly.

It is not easy to make a maxillary fully bone anchored bridge because there are anatomic limits made by the nasal and sinus floor.  Also, bone structure is poor in the maxilla.  If the maxillary bone is available, usually six to seven fixtures can be installed between the mesial of the first premolars, and a fully bone anchored bridge can be screwed on the fixtures.  It can be extended posteriorly a maximum of 10 mm.

The occlusion recommended for a fully bone anchored bridge is the mutually protected occlusion.  In centric, it is necessary to have a 30 mm clearance at the anterior region and to have centric stops on posterior teeth.  In order to eliminate harmful horizontal stress, the disclusion should be employed.  To avoid the localization of the stress, anterior group function must be used.  The anterior guidance should be made slightly flatter than that of the natural teeth to avoid overstress of the fixture.  This produces a smaller amount of disclusion.

Occlusion for overdentures

An overdenture is often used for the maxillary edentulous case.  Even though the patient has poor bony structures at the maxillary canine area, one can quite often find bone for a fixture installation.  Usually it is possible to place fixtures in this area, and by connecting two fixtures, it can support an overdenture.  The function of the overdenture makes this prosthesis suitable for the maxillary arch because it gives good phonetic function, facial support, and esthetics.  The mandibular overdenture is usually used for the patient who cannot afford many fixtures.

The occlusion recommended for the overdenture is the fully balanced occlusion with lingualized occlusion in the case of an edentulous maxillary overdenture and a mandibular fully bone anchored bridge, in centric a small clearance is recommended in the anterior teeth, while the posterior teeth contact simultaneously.

Occlusion for freestanding bridges

Kennedy class I – bilateral case

For the Kennedy class I situation, both sides of the arch are restored by osseointegrated bridges, and they maintain the vertical height.  As mentioned earlier, the osseointegrated prosthesis does not sink during function.  The clearance of anterior teeth should be smaller than the one given to natural teeth.  The amount of disclusion required for this case is the same as in the natural dentition because anterior guidance is provided by the natural dentition.

Kennedy class II – unilateral case

The Kennedy class II situation is ideal for the osseointegrated freestanding bridge because the contralateral side of the arch will maintain the vertical height, while the other side is restored by the osseointegrated bridge.  In centric, the posterior osseointegrated bridge should have 30 (m open contacts, while anterior teeth also have 30 (m openings, and it begins to contact under strong bite pressure.  In the Kennedy class II situation, because the anterior teeth are natural teeth, they can bear the occlusal load safely.  The amount of disclusion suggested for this case is the same as for a natural dentition.

Kennedy class III

The Kennedy class III situation is also ideal for osseointegrated implants because vertical height is maintained by natural teeth.  In centric, the osseointegrated bridge only contacts under strong bite pressure.  Eccentric movement is guided by the natural dentition.  The amount of disclusion suggested for this case is the same as for a natural dentition.

Kennedy class IV

The Kennedy class IV case requires an anterior freestanding bridge, and it is another indication for the osseointegrated bridge.  Anterior eight-unit fixed bridges can be supported by four fixtures, without creating a fulcrum.

In a Kennedy class IV case, posterior disclusion is guided by the osseointegrated bridge.  In order to minimize the horizontal load introduced to the implant site, group-function occlusion is preferred.  During lateral movement, posterior teeth on the working side can help bear the horizontal load while the nonworking side is discluded.  During protrusive movement, an osseointegrated bridge will guide the mandible and produce posterior disclusion.  In order to minimize the load induced to the fixtures during protrusive movement, anterior guidance should be flatter than the natural dentition.  The amount of disclusion suggested for this case is as follows protrusive 0.8 mm; nonworking side 0.4 mm; working side 0.0 mm.

Because an anterior fixed bridge does not sink like natural teeth, the clearance of anterior teeth must be greater than the one given to natural anterior teeth (> 30 (m).

Connection for natural teeth

When single fixtures are used to restore the bridge, in order to prevent loosening of the screw by the rotation of the bridge, the mesial end of the bridge must be connected to natural teeth.  As mentioned earlier, the natural tooth is depressed during its function, while the osseointegrated implant is not.  If the osseointegrated implant prosthesis and natural teeth are connected rigidly, under the occlusal loads, the implant receives the majority of the stress and is overloaded.  To avoid this, a non-rigid connector is often used.  The female (keyway) is placed on the distal end of the retainer supported by the natural tooth; the key connected to the osseointegrated bridge is engaged into the keyway.  Thus, the natural tooth can be depressed freely without interference of the osseointegrated bridge.

However it was found that the natural tooth depressed permanently and produces the gap between key and keyway.  When the natural tooth is depressed, the key and keyway are sometimes locked; then the natural tooth is depressed permanently.

In order to avoid this phenomenon, some suggested the use of the telescopic crown to connect the osseointegrated bridge.  However it was found again that the cement connecting the outer crown to the inner crown was broken down and the cement washed out, producing plaque accumulation.

At present, the use of an rigid connector between the osseointegrated bridge and the natural tooth is suggested, rather than a nonrigid connector.  This may result in the ankylosis of the root of the abutment tooth, creating resorption of the root or absorption of the alveolar bone.  This progresses more slowly.

Occlusion for single tooth replacement

Single tooth replacement is often indicated for the maxillary anterior region.  It is contraindicated for the molar area because the strong load induced on the restoration often loosens the screw.  In centric for anterior teeth, it must have a clearance of 30 (m; for a premolar it should contact only under heavy load.  

During eccentric movement the anterior restoration should contact with opposing teeth in order to create anterior group function.  This eccentric contact is essential to prevent the extrusion of opposing teeth.  For premolars, the restoration must disclude during eccentric movement and avoid lateral stress.

Method to obtain proposed disclusion

Disclusion of the posterior teeth is created by the angle of hinge rotation and the cusp-shape factor.  Posterior disclusion occurs when anterior guidance is steeper than the condylar path.  The mandible then rotates around the hinge axis during eccentric movements.  This is called the angle of hinge rotation.  However, when the cusp inclination of the molars is parallel to anterior guidance, there is no posterior disclusion, even though anterior guidance is steeper than the condylar path and produces the angle of hinge rotation.  The posterior teeth will disclude only when the cusp inclination of the molar is parallel to the condylar path and anterior guidance is steeper than the condylar path.  Thus, the shape of the cusp has great influence on the disclusion of posterior teeth.  If the shapes of the posterior cusps are less steep than the condylar path, the posterior teeth will disclude even though anterior guidance is parallel to the condylar path it is important to remember that the cusp inclination, together with the angle of hinge rotation, contributes to posterior disclusion.

Two methods for obtaining the proper disclusion to the prosthesis were introduced by Hobo.  They are the computerized method and the manual method.  In the first, a specially programmed computer (Anteroputer, J Morita Corp) is used to calculate the adjustment values for the incisal table from the output data of the condylar path obtained by computer pantograph.  The second method, also called the twin-table technique uses two incisal tables to create molar disclusion.  It is a relatively simple technique and does not require any special equipment.  The following procedures provide a brief description of the technique.

1. Measure the condylar path using either a pantograph or interocclusal records.  Set the condylar adjustment; the working condylar path on the articulator should be adjusted so that the working condyle moves straight outward along the hinge axis.  This provides harmony between anterior guidance and condylar guidance.

2. Make the maxillary study cast with a removable anterior segment.  Mount the study cast to the articulator.  Remove the maxillary anterior segment; then move the articulator through eccentric movements to eliminate interferences, which prevent an even, gliding motion (fully balanced occlusion).  If there are insufficient tooth structures, add wax to produce proper contact.  This makes the cusp-shape factor harmonize with the condylar path.

3. Use a flat incisal table and mold a chemically-cured resin by moving the incisal pin through eccentric movements.  This is called the incisal tables without disclusion.

4. Eliminate interferences using the study cast as the guide intraorally, then complete the preparation.  Take an impression, and when the working cast is made, make the maxillary cast with a removable anterior segment.  Mount the working cast on the articulator, remove the anterior segment from the maxillary working cast, and then use “the incisal table without disclusion” to wax the posterior occlusion through eccentric movements.  This forms the cusp-shape factor, which makes the molar cusp inclination parallel to the condylar path.

5. After completion of the posterior waxing, place one 3 mm spacer behind one condyle in the articulator to simulate a lateral position.  Place the spacer the same as the thickness of predetermined disclusion (for natural dentition, 1 mm) on the mesiobuccal cusp tip of the mandibular first molars on the nonworking side and the other spacer (for natural dentition, 0.5 mm) on the working side.  This simulates a lateral movement with disclusion.  Close the articulator.  Make a resin cone between the incisal pole and the incisal table.  This establishes the angle of hinge rotation for the predetermined amount of disclusion during lateral movement.  Repeat the procedures for the other side.

6. Next, place the 3 mm spacer behind the right and left condyles in the articulator to simulate a protrusive position.  Use the proper thickness of spacers (for natural dentition, 1.1 mm) on the mesiobuccal cusp tips of the right and left mandibular first molars to simulate a protrusive movement with disclusion.  Make a resin cone between the incisal pole and incisal table.  This creates the angle of hinge rotation for precetermined amount of disclusion during protrusive movement.  The amount of disclusion suggested for various types of osseointegrated prosthesis were previously described.

7. Connect the three cones with additional resin to form walls.  Add more resin and then move the articulator through eccentric movements to complete the three-dimensional incisal table.  This completes “the incisal table with disclusion”.

8. Use the incisal table with disclusion and reposition the anterior segment on the maxillary cast.  Complete the anterior waxup by moving the articulator through eccentric movements.  This establishes the angle of hinge rotation, and the posterior restorations will provide a predetermined amount of disclusion.

The final prosthesis made by the two methods results in a restoration with a predictable amount of posterior disclusion and an anterior guidance in harmony with the condylar path.

Occlusal restorative materials

Materials that are used for restoration of occlusal surfaces of osseointegrated prosthesis are resin, porcelain, and gold.  Osseointegrated implants do not have a periodontium; therefore, to absorb the impact force, resin has been recommended for occlusal restorative materials.’ Resin has high elasticity and is an ideal material to absorb the occlusal stress.  Artificial resin teeth can be used for construction of the fully bone anchored bridge and overdenture.  Resin teeth have adequate strength and they provide good results.  However, if occlusal surfaces of bone-anchored bridges are veneered with composite resin, they fracture easily and break down within a year.  The strength of the composible resin veneer is not adequate to resist the stress factor when utilizing an osseointegrated implant.

Porcelain veneering is used widely for the single tooth replacement and freestanding bridge.  It has adequate strength to resist occlusal stress.  When an opposing arch has a natural dentition, this material will abrade tooth structure.  Porcelain has no elasticity; therefore, when this material is used as the occlusal restorative material, it does not absorb the stress like the artificial resin tooth.

Another material employed for occlusal restorative material of the osseointegrated implant prosthesis is gold.  Gold has high strength and certain elasticity.  It is much softer than porcelain and does not abrade the opposing tooth structure.  It can be processed very precisely.  The disadvantage of gold is its unesthetic color.

When porcelain or gold is employed as the occlusal restorative material of the osseointegrated implant prosthesis, it is essential to provide disclusion during eccentric movement.  In this manner, the undersirable horizontal stress can be avoided.  Only in centric should the posterior teeth contact, and the anterior teeth should have some clearance.  By minimizing the size of the centric contact surface, impact occlusal force can be reduced.

Occlusal design and material

According to the Dentist’s Desk24 Reference many implant failures can be attributed to improper occlusal design which can concentrate stresses in the bone and lead to rapid bone resorption. Certain rules were recommended in the DDR to establish proper occlusal design in implant prosthodontic:

1. Cusp design and crown alignment should be made so that stresses are directed along the long the long axis of the implant. Lateral stresses should be avoided or at least minimized.

2. The width of the occlusal tale of the implant crown should be minimized. When ever possible the occlusal table should be no wider than the width of the implant root.

3. Cusp height should be minimized to decrease lateral stresses that may be applied to the implant . the occlusal table should be relatively flat providing only centric function.

The alignment of the crown with implant root is a definite prosthodontic requirement in order that occlusal loads are directed along the long axis of the implant. Studies of stresses in a variety of implants and their supporting tissues have indicated the harmful effects of lateral loading of implant fixtures. The stresses transmitted to the supporting bone in these studies were excessive compared to the stresses generated as a result of vertical loading.  Lateral loads generated high levels of stresses in the osseous structures at the alveolar crest loads that exceeded the tolerance of bone and so may be responsible for bone resorption at the cervical region around implants.

Another criterion  for establishing correct occlusal design deals with minimum width of implant crowns.  According to the DDR the occlusal table should be no wider than the implant root again to minimize occlusal loads on the implant fixture. Equal with of the occlusal table of an implant crown and of the implant root permit optimal transmission of stresses along the fixtures.  A wide occlusal table on a narrow implant root transmits concentrated stresses through the implant fixtures to the supporting osseous structures which are barmed and may undergo resorption.

Cusp height is another factor in establishing proper occlusion in implant prosthodontics. Cusp height or cusp angle is closely related to the width of the occlusal table. The guidelines of the DDR stated that cusp height should be minimized to provides only centric function thus decreasing lateral stresses that may be applied to the implant fixtures and their supporting osseous tissues in natural dentition and in fixed prosthodontics proper cusp height and inclinations are determined be the proper contact of cusp to fossae (triangular elevation of cusps to triangular marginal ridges of central grooves). As the cusp height and angle are reduces wider occlusal contact areas are created as centric stops and lesser lateral guidance and stress are produced . since osseointegrated implant fixtures functions differently from natural teeth which have periodontal ligaments the dentist must design occlusal surfaces with minimal cusp heights and minimal occlusal table widths.

Several statements have made in the literature regarding the use of resin as the occlusal material of choice in implant prosthodontics.  The authors suggested using resins because they absorb shock and thus reduce stresses on the implant fixtures and their supporting osseous structures.  Skalak explained,  “A stiff prosthesis is preferable over a flexible one in the superstructure which is supported by osseointegrated implants and will distribute loads more effectively to the supporting abutments. The use of a shock-absorbing material such as acrylic resin in the form of artificial teeth on the surface of the denture can provide adequate shock protection to the stiff and close connection of an osseointegrated implant to the supporting bone.

In an osseointegrated implant supporting a metal bridge with no softer material interspersed strong impact forces can be grate a sufficiently great peak force to fracture the supporting bone. To reduce such peak forces energy should be diffused by  a layer of softer; material placed in the path of the force transmission. Resin in the form of plastic teeth has a much lower modulus of elasticity than metals and provides internal damping to reduce the implant forces. In the natural dentate state shock absorption is achieved through the periodontal ligaments and the occlusal surfaces are either enamel or a comparably hard or stiff restorative material. Recent publication  on the biting forces of patients with osseointegrated implant –supporting prostheses report that the biting forces in these patients are significantly greater than those of patients  with complete dentures are twice as great as those of patients with cantilevered fixed partial dentures and are comparable to those of subjects with natural dentition although with greater chewing frequency.  In the dentulous or the edentulous state the limiting factor for the biting forces is the innate self-protective character of individual tissues and specifically the proprioceptive mechanism which includes periodontal sensibility to position movement and resistance to force endings (mechanoreceptors)  are sensitive to mechanical stimuli and are able to discriminate  between forces of different magnitudes and directions.  Biting forces must be within the capacity of the supporting structures to tolerate  thus it is reasonable to assume that in dentulous subjects periodontal membrane sensibility helps keep occlusal forces within the tolerance of the supporting structures of teeth. In the edentulous state in the absence of periodontal sensibility a comparable limiting factors for biting forces transmitted through complete dentures would be the tolerance of the mucosal to these forces thus biting forces of denture wearers would be smaller than those of persons with natural teeth . In patients who had implant supported  prostheses (in the absence of periodontal and mucosal sensibility) an increase of biting forces was recorded and this increase may jeopardise the longevity of the implants if excessive stresses are transmitted to the crestal alveolar bone. 

A N T E R I O R    G U I D A N C E

T

he orbit of the incisal point during mandibular eccentric movements is referred to as anterior guidance; it ranges from 2.0 to 5.0 mm in length . The incisal point orbit during protrusive movement is called the protrusive incisal path and reflects the lingual concavities by the maxillary incisors. The lingual surface of a maxillary incisor has both a concavity and a convexity with the latter referred to as the cingulum clinically. The mandibular incisal edges should contact the maxillary lingual surfaces at the transition from a concavity to a convexity in centric relation position.  The concavity represents a uniform shape. The orbits during right and left lateral movements are called lateral incisal paths referred to as canine guidance.  

Condylar Path And Anterior Guidance Relation

Anterior guidance is determined by the vertical and horizontal overlap of anterior teeth and guides mandibular movement . The mandible is similar to an inverted tripod, two posterior legs represent the right and left condyles and the third leg represents the anterior teeth as stated by Guichet in 1970; three-dimensional mandibular position is controlled by these three elements. Anterior guidance is determined primarily by the lingual surfaces of maxillary anterior teeth and controls posterior disclusion during eccentric movements as stated by Boderson in 1978. Various methods describe how to establish anterior guidance but all are qualitative in nature with few quantitative studies reported by Weinberg , Schuyler   and Lee. As a result, anterior guidance has been determined by trial-and-error clinical procedures by Dawson in 1974.

Determination of amounts of disclusion

Amount of disclusion for osseointegrated implant

1. For an overdenture and a balanced occlusion, use 0 mm for DISCL-PROR, 0 mm for DISCL-LAT (NW), and 0 mm for DISCL-LAT(W).  (BAL)

2. For a fully bone anchored prosthesis in an edentulous patient and a mutually protected occlusion, use 1.0 mm for DISCL-PROT, 0.8 mm for DISCL-LAT(NW), and 0.3 mm for DISCL-LAT(W). (DISCL(1)).

3. For a freestanding fixed partial denture replacing all anterior teeth with natural posterior teeth are present and a group function occlusion, use 1.0 mm for DISCL-PROT, 0.4 mm for DISCL-LAT(NW), and 0 mm for DISCL-LAT(W).  (GROUP).

4. For a freestanding fixed partial denture replacing molars with natural anterior teeth present and a mutually protected occlusion, use 1.1 mm for DISCL-PROT, 1.0 mm for DISCL-LAT(NW), and 0.5 mm for DISCL-LAT(W).  (DISCL(2)).

After posterior disclusion is determined by the standards just described. the incisal table of the articulator is adjusted to meet these values. Since posterior disclusion is not determined solely by anterior guidance other factors are also related such as the cusp shape component. For example. if the cusps are convex, this helps posterior teeth disclude during eccentric movements if the cusps are flat or concave, there is a tendency for grinding-type contacts instead of disclusion. This factor should be incorporated when determining posterior disclusion.

In lateral movement, the average hinge rotation of the condyle is 0.5º which produces approximately 0.5mm posterior disclusion on both the working and non-working sides.  The difference between this number and the measured data for posterior disclusion during lateral movement, 0.5 (measured data) minus 0.5 (hinge rotation) equals 0 mm for the cusp shape component on the working side; 1.0 (measured data) minus 0.5 (hinge rotation) equals 0.5 mm for the cusp shape component on the non-working side.  Therefore, the cusp shape component contributes to posterior disclusion on the non-working side but not on the working side.

Customized Anterior Guide Table

The customized anterior guide table is used only when the anterior teeth are being restored.  If the anterior teeth are not being restored, the teeth themselves act to guide the front end of the ariculator when the posterior teeth are being fabricated.

If both the anterior and posterior teeth are to be completely fabricated on a fully adjustable articulator, the condylar guidances must all be set before the custom guide table is macle.  An articulator that is correctly programmed in this manner gives a reliable duplication of mandibular excursions on the casts.  The condylar pathways can be recorded three dimensionally by the functionally generated path technique at the site of the teeth themselves rather than by recording condyle movements and then interpolating tooth movement from the condyle paths.

If posterior teeth are to be fabricated later on a service adjustable articulator, the customized anterior guide table can be fabricated with arbitarity set condyle paths.  A setting of 20O horizontal and 15O lateral will ensure posterior disclusion with even a flat anterior guidance.  Unless, there is severe remodelling of the condyle and enconence to flatten the condylar path, the arbitary settings will result in posterior disclusion because healthy joints will almost  always be found to be sleeper.

Casts must be mounted on the articulator with a face bow, and the condylar paths must be set before the customized anterior guide table is fabricated.

Use of the customized anterior guide table is one of the most reliable and practical procedures we can use in restorative dentistry.  If is only logical however if the anterior guidance that is being duplicated is correct in the mouth.

R E M O U N  T      P R O C E D U R E S

R

emount procedure is a term that describes the final procedure -needed to refine the occlusion on a prosthesis. Use a remount record to reposition the prosthesis on an articulator and complete occlusal adjustments to enhance the accuracy of occlusion.  In complete denture treatment, remount procedures help reduce soreness and restore the proper occlusal contacts since the occlusal pattern influences mandibular movement.

It is impossible to avoid all errors during clinical and laboratory procedures such as distortion of impression materials, dental labstone, interocclusal records, alloys, and resin materials.  With osseointegration prostheses, each adjustment requires removal of the prosthesis and all gold screws. This can be time consuming and can be avoided if occlusal adjustment is done on the articulator prior to delivery. 

The adjustment procedures help distribute occlusal contacts, reducing occlusal interferences as stated by Laurell and Lundgren in 1987. By distributing the contacts, the forces are better distributed especially on cantilevered segments of fully bone anchored prostheses where local forces can be great . Based on these reasons, it is best to do remount procedures and adjust and refine the occlusion indirectly.

Remount Procedure For Fully Bone  Anchored Prostheses

Remount procedures for fully bone anchored prostheses are similar to freestanding fixed partial dentures. A remount impression is not necessary since the fully bone anchored prosthesis is a single unit. Connect abutment replicas to the fully bone anchored prosthesis and secure with gold screws. Use a base-former and submerge the retentive tips of the abutment replicas into a smooth mix of stone. Make a facebow record to mount the maxillary remount cast and a remount interocclusal record to mount the mandibular cast.  Follow all procedures for gig aqua—in the laboratory and clinic.

INTRAORAL EXAMINATION

Occlusal examination

After completing remount procedures, connect the fully bone anchored prosthesis to the abutments intraorally with the gold screws. On the patient follow similar procedures done on the articulator to check for interferences in centric relation and eccentric positions. Manipulate the mandible carefully in the following manner.

1. Do not push the mandible forcibly in a posterior direction. Guide the mandible to brace the condyle in the temporomandibular fossa, anteriorly and superiorly. Instruct the patient to maintain this position.

2. Have the patient slowly close their mouth until initial light contact is made. The operator should check the premature contact area.

3. Have the patient close completely and note the movement direction as the mandible slides into maximum intercuspation.

After locating premature contacts, place an occlusal registration strip and verify the contact. Mark the contact wit occlusal paper and adjust the tooth contact.

Adjustments for eccentric movements are done in a similar manner as done on the articulator. Adjust cuspal interferences in lateral positions in the following manner.

1. Instruct the patient to open the mouth slightly. Guide the mandible laterally to a position where the tips of the canines directly opposing each other.

2. Instruct the patient to make light contact then close completely into maximum intercuspation.

3. Identify interferences from the lateral positions.

Adjust cuspal interferences in protrusive movement.

1. Instruct the patient to protrude the mandible, then guide it into an edge-to-edge position.

2. Instruct the patient to make light contact in the edge-to-edge position, then slide into maximum intercuspation.

3. Identify interferences from the protrusive movement.

The last step is to check for simultaneous contacts from rest position into centric relation. As one requirement of an ideal occlusion, snake certain no interferences are present in normal closure, especially when adopting the occlusion on an osseointegrated prosthesis. 

R E V I E W    O F    L I T E R A T U R E

I

n 1983, Richard Skalak attempted to analyse the macroscope stress distribution and load transfer mechanisms where close apposition of bone to titanium implants occurred at the microscopic level.  He concluded that;

1. The close apposition of bone to titanium implant is an essential feature that allows a transmission of stress from implant to the bone without any appreciable motion or abrassion.  The absence of any intermediary fibrotic layer allows transmission of stress without any change to the bond between bone and implant.

2. The use of a threaded screw provides a form of interlocking with the bone on a macroscopic scale that allows full development of the strength of the bone in shear or compression. Unlike a smooth, cylindrical implant which may require an adhesive bond.

3. The distribution of a vertical or lateral load applied to a fixed partial denture depends on the number, arrangement and stiffness of abutment fixtures used as well as the form and stiffness of the fixed prosthesis itself.  In general, a stiff fixed prosthesis will distribute loads to several fixtures more effectively unlike the cantilevered ends of a fixed partial denture where loading on the first screw nearest the cantilevered end may be increased.  Moderate overchanges may be tolerated if the fixtures are sufficiently strong.

4. A tight connection of the fixed partial denture to fixtures provide a combined structure that act in concert with the bone to provide a greater strength than that of the fixture or jaw bone alone.

5. The osseointegrated implant provides a direct contact with bone and therefore transmit any stress waxes applied to the fixtures.  Thus, it is advisable to use a shock – absorbing material such as acrylic resin in the form of acrylin resin artificial teeth in the fixed partial denture.  This allows for the development of a stiff and strong sub structure with adequate shock protection on its outer surface.

In 1984  J . B . Brunski and J. A. Hipp studied the in vivo forces on dental implants.  Methods are presented for measuring vertical force components or bridged titanium dental implants in dog mandibles.  These methods have included custom-made strain-gauge transducers, plus hard-wiring and telemetric schemes for data collection.  The essential components of the measurement system are described, and typical bite force data are illustrated.

In 1984 M.  Arcan and F. Zandman described a method to evaluate in vivo qualitative occlusal strain and stress analysis on dental implants. A method to evaluate in vivo dental occlusal relationships by measuring strains and stresses, memorized in a thin water during occlusion, is presented.  The method is based on the property of some polymers to memorize mechanical birefrigence (the photo-plastic phenomenon) ; it provides and records static and kinematic patterns related to the sequence of contacts during occlusion.  This sequence determines the intensity levels of contacts according to impressions on the memorizing sheet.  The method consists of observing and measuring, with an optical instrument, birefringence patterns appearing on a special memory sheet upon which a patient has occluded according to specific instructions.  Two ways may be considered: the strain analysis and the stress analysis approach.  The goal of the strain analysis approach is mostly clinical: to help attain harmonization of the static and kinematic occlusal patterns by detecting and eliminating prematurities and interferences through a step-by-step improvement of the strain uniformity.  Other clinical uses include: Relating occlusal strain patterns to traumatic occlusion, bruxism or other functional disturbances.  Diagnosing pain-dysfunction syndrome of supporting tissues in subjects with removable complete or partial dentures.  Substantiating the comparative effect of supporting implants in combination with natural teeth in bridges, etc.  The goal of the stress analysis approach is both clinical and theoretical, providing help in understanding the temporo-mandibular mechanical relationship.

In 1987 D. Lundgren et al discussed the occlusal force pattern during mastication indentitions with mandibular fixed partial denture supported on osseointegrated implants. The occlusal force pattern during chewing and biting was studied in eight edentulous patients whose dentitions had been restored with mandibular bilateral posterior two-unit cantilever fixed prostheses supported on osseointegrated titanium fixtures and occluding with complete maxillary dentures.  The chewing pattern was comparable to that reported for subjects with complete healthy dentitions or with tooth-supported cross-arch fixed partial dentures.  However, during chewing and swallowing the voluntary capacity of the jaw-closing muscles was used to a much greater extent.  Contrary to reports for cantilevers in tooth-supported cross-arch unilateral posterior two-unit cantilever fixed partial dentures occluding with natural teeth, the posterior cantilever segments in the present fixture-supported cantilever prostheses occluding with complete dentures regularly exhibited the largest local forces.  Despite this, material failures of this type of fixed prostheses are rare, as demonstrated in long-term follow-up studies.

In 1989, B. Rangert,  T.  Jemt and L  Jorneus carried out a study on the forces and moments on Branemark implants. The placement of fixtures (implants) in relation to the geometry of a prosthetic restoration has a great influence on the mechanical loading of the implant.  Based on theoretic consideration and clinical experiences with the Branemark System, this article gives simple guidelines for controlling these loads.  The emphasis is on design rules that can be used in clinical practice.  With the Class I lever as a reference, various clinical implant prosthesis situations are discussed and evaluated.

In 1989, R.J. Chapman explained the principles of occlusion for implant prostheses.  A recently developed computerised device referred  to as the T-scan which uses both time and force to quantify occlusal contacts in used .The occlusal design for implant prostheses removable and fixed have been  described. Bilateral balance is prescribed for implant retained mandibular prostheses and opposing maxillary denture. If maxillary denture is also implant retained can be guidance is recommended . For an implant retained fixed prostheses bilateral simultaneous contact is most important . Lateral disclusion factors should be  prescribed when implant s are used as abutments and remaining  natural teeth can   tolerate  stresses of occlusion . When this is not so anterior disclusion ever canine  areas should be developed . The length of the cantilever should not be more than 20mm as it will minimize torque to the most posterior implant abutment. 


The T-scan accomplishes the follows goals of implant prosthodontic occlusion :-

1. Bilateral simultaneous contact at the time of insertion 

2. Smooth even working contacts with n0 interfering contacts in retruded or no intercuspal position.

3. Equality of force of the final contacts .

4. Records of monitoring occlusal contacts over time for bilateral simultaneous contact and force distribution .

In 1991,  M. W.  Parker reviewed the occlusal consideration sin restorative dentistry.  The major topics include the assessment and treatment of occlusal wear, the controversies surrounding treatment position of the mandibular condyles, occlusal  considerations in osseointegrated prostheses, the two-way relationship between occlusal factors and temporomandibular disorders, design criteria and longevity studies in resin-bonded, fixed-partial dentures. 

In 1992, B. R. Lang and M. E. Razzoog discussed the lingualized integration for edentulous implant patients.  The interface of bone and soft tissue to dental implants has been extensively documented, while the influence of biomechanics and the occlusal interface continues to be overlooked.  Yet that same occlusal interface may ultimately be the prime factor in the lifetime survival rate of dental implants.  What is lacking, for the practitioner, is a clear concept of the occlusal rehabilitation which is required and appropriate for the totally edentulous implant patient.  Lingualized integration represents an occlusal scheme using specific tooth molds designed to improve the likelihood of maximum intercuspation and an absence of deflective occlusal contacts, provide cusp height for selective occlusal reshaping, and achieve a natural and pleasing appearance.  Factors in the articulation and arrangement of the posterior teeth to assure the attainment of the fundamental goals of comfort, function, and appearance in occlusal rehabilitation for edentulous implant patients are included.

In 1992, B. Keough explained the occlusal consideration in periodontal prosthesis.  The objectives in establishing a physiologic occlusion for periodontal-prosthetic patients are: (1)  the minimization of lateral forces on the teeth and (2)  the direction of occlusion is not an objective for this type of patient; rather, stability, with freedom of movement, is the goal.  This paper gives an indepth discussion of these objectives and provides an additional look at dental implant therapy and occlusion.

In 1992, Bruggenkate et al discussed the various indications for angled implants. As angulation problems due to anatomic limitations may exist the use of angled  bone fit ITI implants were described. An ITI bone fit implants system includes an angled two part hollow cylinder implant. Indications for their used include a single tooth replacement  in the maxilla, a distal extension edentulous maxillae, and alignment problems resulting the shape of the jaw. 

In  1992,  H. J. A. Meijer et al innertogated the stress distribution around dental implants by the use of a two dimensional model of the mandible with two  implant. A vertical load of 100N was imposed on abutment s or the bar  connection. The stress was calculated for a number of substructure under different loading method. The length of the implant and height of the mandible were also varied. A model with solitary abutments showed a more uniform distribution of the stress when compared with a model with connected abutment. The largest compressive stress was also less in the model without the has using shorter implants did mot have a large influence on the stress around the implants.  When the height of the mandible was reduced a substantially larger stress was found in the bone around the implant because of al larger coverall deformation of the lower jaw.

In 1993, James De Boer discussed the edentulous implants an emphasised that the occlusal contacts of the final fixed restoration are affected significantly by implant position. Lateral occlusal forces, and may lead to abutment screw fracture. They may be due to either excessive lateral occlusal pressure or  a malposed implant that requires  non axial loading during normal function.


In 1993,  W.  Schulte and D.  Lukas used the Periotest to monitor osseointegration and to check the occlusion in oral implantology.  This paper reports on Periotest, its technique’s history, and its possible applications.  Periotest is a new diagnostic method, developed by an interdisciplinary research group embracing dentists, physicists, mathematicians, and computer engineers.  Periotest will-apart from periodontal questions-mainly assist oral implantology.

In 1993, T. R. Katona  et al evaluated the force moment systems on single maxillary anterior implants . The effects of incisal guidance fixture orientation and loss of bone support was studied.  An engineering model of maxillary single anterior implants was developed to calculate the force-moment systems resulting from occlusal contacts.  Analysis of a clinical example showed that flattening the incisal guidance and/or placing the implant in a more upright position reduced the moment and the labial component of the force but increased the intrusive component.  The calculations are applicable to the design of implants and may help in the long-term evaluation of clinical success.

In 1993,  H. W. Denissen et al described the occlusion for maxillary dentures opposing osseointegrated mandibular prostheses.  This paper presents a combination of several occlusal concepts designed to contribute to the successful use of maxillary dentures in opposition to osseointegrated mandibular prostheses.  To ensure a positive outcome when designing such an occlusion, three factors must be considered:  patient satisfaction, maxillary anterior bone preservation, and mandibular arch shortening.  It is recommended that for centric occlusion the molars have a lingual contact occlusion, the premolars have a buccal contact occlusion, and the anterior teeth have an open occlusal relationship.  For an eccentric occlusion, a balanced articulation is favoured instead of mutually protected occlusion.

In 1994,  J. V. Reitz described lingualised occlusion  is implant dentistry. Occlusal requirements for implant prosthodontics, as well as the advantages and disadvantages of two occlusal schemes are discussed.  Based on the requirements of fixed reconstruction, the concept of lingualized occlusion with anterior guidance is presented as an ideal occlusal scheme for many implant cases. It embodies the established requirements for fixed implant prosthesis, eases fabrication, and simplifies intraoral adjustment procedures.

In 1994, C. E. Misch and M. W. Bidez discussed  an implant protected occlusal on a biomechanical rationale. The clinical success and longevity of endosteal dental implants are controlled, in a large part, by the mechanical milieu within which they function.  The occlusion is a critical component of such a mechanical environment.  “Implant-protected occlusion” refers to an occlusal schema that is often uniquely specific to the restoration of endosteal implant prostheses.  Implant orientation and the influence of load direction, the surface area of implants, occlusal table width, and protecting the weakest area are blended together from a biomechanical nationale to provide support for a specific occlusal philosophy.

In 1995, D. Wismeijer et al discussed  the occlusal concepts when making implant supported and implant retained mandibular over dentures.  The dentate or edentulous conition of the maxilla plays a significant role in this respect.  If the maxilla is edentulous, balanced occlusion is indicated.  In a maxillary Kennedy class I or II situation, either group function or balanced occlusion is advocated depending on the characteristics of the opposing dentition.  When a complete dentition is present in the maxilla or in the case of a Kennedy class III or IV situation, mutually protected occlusion or group function is recommended depending on the length, position, and number of implants.  It is stressed that detailed preimplant placement diagnosis and treatment planning are essential to obtain a high standard of treatment with overdentures supported and retained by implants.

In  1996, J. A. Hobkink et al studied the influence of occlusal scheme on masticatory force using implant stabilized bridges.  The objectives of this study were to determine the effects on masticatory forces of using implant stabilized mandibular bridges with occlusal schemes providing either balanced or unbalanced articulation.  The investigation was carried out in a group of six subjects who had dentate, or restored dentate maxillary arches and who used implant stabilized mandibular prostheses.  Peak masticatory forces, chewing frequency and load rate were determined when chewing bread, carrots and nuts.  The mean peak masticatory force varied markedly from subject to subject, and, together with the masticatory load rate were lowest when eating bread and highest when chewing nuts, with values for chewing carrots between the two.  There was not detectable difference in mean peak masticatory force or load rates associated with chewing bread with the two occlusal schemes: however, these were lower with balanced occlusion when chewing nuts and carrots.  The ranking of subjects in terms of mean peak masticatory force and load rate was consistent and peak load rates of up to 2000 N/sec were recorded.  Chewing frequency was relatively consistent for a particular subject irrespective of the foodstuff.

In 1996, Sertgoz and Guvener carried out a study of finite element analysis of the effect  of cantilever and implant length on stress distribution in a implant supported fixed prostheses . They concluded that in all cases , maximum stresses are concentrated at the most distal bone/ implant interface located on the loaded side of the terminal implant . Increasing cantilever length results in greater stress values.

S U M M A R Y    A N D   C O N C L U S I O N

T

hat there are inherent differences between natural and artificial occlusion should be clear . Force exerted on one tooth or on a series of teeth on the teeth on the denture have a  direct effect on the entire prosthesis . Natural teeth are well-suited to withstand forces of ;occlusion because of  the unique configuration of the periodontal ligament. Non vertical forces applied to natural teeth may not be detrimental to the supporting apparatus .

The principles of occlusion for osseointegrated prostheses include the following :

1. Vertical dimensions of occlusion must be established by accepted techniques 

2. Anterior guide.

3. Centric relation, myocentric occlusion maxillary intercuspation, multiple simultaneous bilateral  contact s for stability.

4. Contacting movements canine or group function on working side .

The design of occlusal surface may vary with the design of the oral rehabilitation. If a mandibular tissue integrated prosthesis opposes a maxillary complete denture the occlusion is more likely to be balanced bilaterally. Where  two tissue integrated prostheses oppose one another canine protected or group function would be accepted. The loading of and osseointergrated implant is determined by the type of dentition and occlusal scheme of the opposing arch. A tissue borne removable prosthesis delivers much less strain to opposing fixed partial dentures than does  a full complement of natural teeth  Thus a tissue integrated prosthesis opposing natural teeth or a fixed restoration must be protected by using material s and a design that damp the occlusal load. The fabrication of conventional tooth-to- bone fixed and removable bridges follow principles of occlusion traditionally related to periodontal ligament support: how ever because osseointegrated implants rely on direct  contact with bone with no intervening connective tissue the traditional concepts may not apply. It of therefore important to keep an open mind as more is learned about the principles of osseointegration. 

Implants are alloplastic devices that transmit occlusal stress. Candidates for implantation require a routine occlusal evaluation The opposing arch is checked for the curve of Spee  and Wilson and for the presence of supraerupted  or tipped  teeth. The patient is checked for sufficient intermaxillary space; adequate vertical height is needed for proper retention of an implant supported  prostheses. To improve the prognosis lateral forces on the implant must be minimized, for example by establishing anterior guides or group function occlusion with posterior implants. If implants are to oppose a complete denture bilaterally balanced occlusion is usually desirable. The dentist should select rigid materials to restore full arch maxillary implants. O rings used most commonly in over denture application can absorb  some of the occlusal shock.

Optimal occlusion should insure a stable myocenric functional pattern of the masticatory system that avoid undue strain or injury to any structures. It should be self-perpetuating inevitable change in occlusion with function and age should be favorable to occlusal development.


Davis said that the issue of maintenance and follow up care are critical, “Only with frequent post reconstruction occlusal  referrals can the operator be sure of eliminating all stressful occlusal disharmony”.
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