Chapter 31

Occlusal Considerations for Implant-Supported Prostheses

Implant-Protective Occlusion

Carl E. Misch

The clinical success and longevity of endosteal dental implants as load-bearing abutments are controlled largely by the mechanical setting in which they function. The treatment plan is responsible for the design of the prosthesis along with the position and number of the implants. The most common complications of implant prostheses relate to biomechanical factors, such as porcelain fracture, unretained prostheses (cement or screw), abutment screw loosening, early implant failure after loading, and implant component fracture1–4 (Figure 31-1). In addition, after achievement of rigid fixation with proper crestal bone contour and gingival health, the mechanical stress or strain beyond the physical limits of hard tissues is a primary cause of bone loss around loaded implants.5–13 This bone loss may affect the quality of health of the implant when the probing depths are greater than 5 mm. Anaerobic bacteria are more likely to be present in these greater pocket depths and contribute to biological complications. In addition, an increased pocket depth is more prone to shrink and may result in a longer-looking crown or loss of interproximal papillae or may even expose the implant crest module (Figure 31-2).
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FIGURE 31-1 A, A missing lateral incisor with bone loss and the soft tissue drape compromised. B, An implant fracture after bone loss compromised the implant and adjacent tooth site.
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FIGURE 31-2 A, Two central incisor implant crowns with poor interproximal esthetics. B, The corresponding radiograph demonstrates crestal bone loss.

After successful surgical and prosthetic rehabilitation with a passive prosthesis, noxious stresses and loads applied to the implant and surrounding tissues result primarily from occlusal contacts. Complications (prosthetic or bony support) reported in follow-up studies underline occlusion as a determining factor for success or failure.13,14 Yet the choice of an occlusal scheme for implant-supported prostheses is broad and often controversial. The occlusal scheme is especially important during parafunctional activity of the jaws because the magnitude and duration of the parafunctional occlusal stresses are greater than functional stress. It is also more important when the implant foundation is not ideal in number or location to the implant–bone interface because the area of load is reduced.

Almost all implant occlusal concepts are based on those developed with natural teeth and are transposed to implant support systems with almost no modification. This approach has some justification. Complete denture wearers are reported to exhibit mandibular movement and velocity different from patients with natural dentitions. However, Jemt et al. found that after fixed implant reconstructions are placed into previous edentulous patients, the displacement of the jaw during mandibular opening and function is similar in velocity and movement to that in patients with natural teeth.15 Gartner et al. also demonstrated similar habitual chewing for implant patients and patients with natural teeth.16 During maximal occluding forces, electromyograms demonstrated that the implant patient group activated similar working and nonworking muscles as patients with natural dentition. Therefore, it appears logical to derive implant occlusion from occlusal principles for the natural dentition. However, several conditions indicate that implant prostheses are at greater biomechanical risk than natural teeth. As a result, some of the occlusal concepts for implants should be modified from concepts for the natural dentition.

Natural Tooth versus Implant Support Systems

Compared with an implant, the support system of a natural tooth is better designed to reduce the forces distributed to the tooth or restoration and the crestal bone region. The periodontal membrane, biomechanical design, elastic modulus of material, the nerve and blood vessel complex of the tooth, occlusal material, and surrounding type of bone blend to decrease the risk of occlusal overload to the tooth system. The implant system (prosthesis, cement or screw retention, abutment screw, marginal bone, implant–bone interface, and implant components) has higher stresses in comparison17 (Box 31-1).

Box 31-1

Implant System Has Greater Biomechanical Stress

1. Prosthesis

2. Cement or screw retention system

3. Abutment screw

4. Marginal bone

5. Implant–bone interface

6. Implant components

The presence of a periodontal membrane around natural teeth significantly reduces the amount of stress transmitted to the bone, especially at the crestal region.18 The displacement of the periodontal membrane dissipates the energy to the fibrous tissue interface (periodontal ligament) surrounding natural teeth and acts as a viscoelastic shock absorber, serving to decrease the magnitude of stress to the bone at the crest and to extend the time during which the load is dissipated (thereby decreasing the impulse of the force).19 The force transmission is so efficient and within ideal strain conditions for bone that a thin layer of cortical-like bone (cribriform plate) forms around the tooth. When the tooth is lost, the cortical plate lining disappears, demonstrating that this is not an anatomic structure but is a result of an ideal strain interface to the bone. Compared with a tooth, the direct bone interface with an implant is not as resilient. No cortical lining is present around the implant because the energy imparted by an occlusal force is not dissipated away from the crestal region but rather transmits a higher intensity force to this marginal contiguous bone interface (Figure 31-3).

FIGURE 31-3 A weight dropped onto a platform supported by a spring results in the spring absorbing some of the stress and reduction of the impact force (top). A similar weight dropped onto a rigid platform results in a greater impact force (bottom).
An implant receives a greater impact force than a natural tooth because it is not surrounded by a periodontal complex. The fact that the implant is more rigid actually means that the implant system receives greater force and is more at biomechanical risk than a natural tooth. Remember that the implant system includes the occlusal porcelain on the crown (which may fracture), the prosthesis may fracture, the cement or screw that retains the prosthesis may debond or loosen, the abutment screw that contains the components may loosen, the crestal marginal bone may be lost from pathologic overload, the complete implant–bone interface may result in mobility and failure, intermediate to late periimplantitis may result in poor esthetic outcomes, and the implant components may result in fracture (Box 31-2).

Box 31-2

Consequences of Biomechanical Overload

1. Porcelain fracture

2. Prosthesis fracture

3. Uncemented or unretained restoration

4. Screw loosening (abutment)

5. Early crestal bone loss

6. Early implant failure

7. Intermediate to late implant bone loss

8. Periimplant disease (from bone loss)

9. Poor esthetic result (from tissue shrinkage after bone loss)

10. Intermediate to late implant failure

11. Component fracture

An analogy of the difference in impact force between an implant and a tooth is hitting a nail with a steel hammer (a rigid structure) compared with a rubber hammer (a mobile structure). The more rigid hammer transmits a higher intensity force and drives the nail farther into the wood rather than having the energy partially dissipated through deflection of the rubber hammer.

The mobility of a natural tooth can increase with occlusal trauma. This movement dissipates stresses and strains otherwise imposed on the adjacent bone interface or the prosthetic components. After the occlusal trauma is eliminated, the tooth can return to its original condition with respect to the magnitude of movement. Mobility of an implant also can develop under occlusal trauma. However, after the offending element is eliminated, an implant does not return to its original rigid condition. Instead, its health is compromised, and failure of the entire implant system is usually imminent.

A lateral force on a natural tooth is dissipated rapidly away from the crest of bone toward the apex of the tooth. A healthy, natural tooth moves almost immediately 56 to 108 microns (primary tooth movement) and pivots two thirds down toward the tapered apex with a lateral load19–20 (Figure 31-4). This action minimizes crestal loads to the bone. An implant does not exhibit a primary immediate movement with a lateral load. Instead (with a greater force), a more delayed secondary movement of 10 to 50 microns occurs, which is related to the viscoelastic bone movement.21 In addition, this movement does not pivot (as a tooth) in the apical third of an implant but instead concentrates greater forces at the crest of surrounding bone. Therefore, if an initial lateral or angled load (e.g., premature contact) of equal magnitude and direction is placed on an implant crown and a natural tooth, the implant system (crown, cement or screw retention, abutment screw, marginal bone, implant–bone interface) sustains a higher proportion of the load.
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FIGURE 31-4 The natural teeth have horizontal movement that ranges from 56 to 108 microns. The horizontal movement of teeth varies, depending on their location. The anterior teeth move more than the posterior teeth. As a result, an anterior single implant surrounded by anterior teeth is more at risk of premature contacts after tooth movement than a posterior single-tooth implant. (Redrawn from Shillinburg HT, Holo S, Whitsett LD, et al: Fundamentals of fixed prosthodontics, ed 3, Chicago, 1997, Quintessence.)
The width of almost every natural tooth is greater than the width of the implant used to replace the tooth (Figure 31-5). The greater the width of a transosteal structure (tooth or implant), the lesser the magnitude of stress transmitted to the surrounding bone.17 Molars have greater dimensions than premolars (greatest bite forces in molar region), and the maxillary molars have greater root surface area than the mandibular counterparts to compensate for the difference in surrounding bone density and form. The size of the implant is often a polarized opposite of the natural teeth. The size of the implant often is decided by the existing bone volume rather than the amount and direction of force. Hence, the greatest-size (surface area) implants are often inserted into the anterior mandible followed by the anterior maxilla, the posterior mandible and the smallest-size implants are often inserted into the posterior maxilla.
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FIGURE 31-5 The natural tooth width is almost always greater than the implant to replace it.

The cross-sectional shape of the natural tooth at the crest is biomechanically optimized to resist lateral (buccolingual) loads because of the bending fracture resistance (moment of inertia) of the tooth and the direction of occlusal forces. Hence, mandibular anterior teeth are greater in size in the faciolingual directions (to resist protrusive forces), and canines have different cross-sections than other anterior teeth and sustain lateral loads in more directions. In contrast, implants are round in cross-section, which is less effective in resisting lateral bending loads; consequently, increases in stress concentration occur in the crestal region of the jaws.

The elastic modulus of a tooth is closer to bone than any of the currently available dental implant biomaterials. On the other hand, titanium is more than 10 to 20 times more stiff than cortical or trabecular bone. The greater the flexibility (modulus) difference between two materials (metal and bone or tooth and bone), the greater the potential relative motion generated between the two surfaces upon loading.17 In addition, the greater the elastic modulus difference, the greater the stress concentrations where they first meet (the crest of the ridge). Hence, under similar mechanical loading conditions, implants generate greater stresses and strains (especially at the crest) to the bone compared with a natural tooth.

The precursor signs of a premature contact or occlusal trauma on natural teeth are usually reversible and include hyperemia and occlusal or cold sensitivity.22 This condition often results in the patient's seeking professional treatment to reduce the sensitivity and usually is treated by occlusal adjustment and a reduction in force magnitude, which concomitantly decreases stress magnitude. This treatment most often reduces the hyperemia and the symptoms associated with this condition. If the patient does not have an occlusal adjustment, the tooth often increases in mobility to dissipate the occlusal forces. If an occlusal adjustment is performed, the tooth mobility will often decrease. Hence, the early warning signs and symptoms of excessive biomechanical load on natural teeth are often reversible and designed to protect the stomatognathic system. If the patient still fails to seek professional treatment for the increased mobility, the tooth may migrate orthodontically away from the cause of the occlusal stress.

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 in the greatest portion of the force being concentrated around the transosteal implant–bone region.17 The magnitude of stress may cause bone microfractures and place the surrounding bone in the pathologic loading zone, causing bone loss or leading to the mechanical failure of prosthetic or implant components (e.g., porcelain fracture, abutment screw loosening).23 Unlike the reversible signs and symptoms exhibited by natural teeth, implant bone loss or unsecured restorations most often occur without any warning signs. Abutment screw loosening most often occurs within the first year of loading and is a symptom of biomechanical stress beyond the limits of the system. Marginal bone loss around the implant occurs without symptoms and is more likely during the first year. The loss of crestal bone around the implant is not reversible without surgical intervention and results in a decreased implant support and increased sulcus depth around the abutment. As a result, unless the density of bone increases after loading or the amount or duration of force decreases, the bone loss condition may progress until implant failure because the implants cannot move orthodontically away from the offending force.

The natural teeth and their periodontal ligament provide proprioception and early detection of occlusal loads and interferences. As a result, an occlusal premature contact greater than 20 microns may alter the path of mandibular closure to decrease the noxious elements of the premature, angled force.24,25 In addition, the jaw of a dentate patient almost stops before the food is penetrated and the maximum chewing force is applied. This is why a piece of bone in meat may shear off a cusp tip because the jaws did not reduce their velocity before the contact with the piece of bone. Implant prostheses do not have as much occlusal awareness as teeth during function. As a result, the bite forces used in mastication and parafunction can be of greater magnitude, and the path of closure is not altered with a premature contact.

Several studies confirm that teeth have more occlusal awareness and less force applied compared with an implant system. For example, Trulsson and Gunne compared three patient groups holding a peanut between the teeth for 3 seconds and then biting through the peanut.26 The natural teeth group had no problem holding the peanut or biting through it afterward. The denture group of patients experienced greater problems holding the peanut without its falling or becoming dislodged. The implant group had no problem holding the peanut in place. However, the implant and denture patients bit through the peanut with a force fourfold greater than the natural dentition group. The four times higher force in the implant patients is generated to the implant system, not the soft tissue of the denture group. Hence, the decrease in proprioawareness of implant patients can lead to a higher bite force during functional or parafunctional loading.

The proprioceptive information relayed by teeth and implants differs in quality awareness. Teeth deliver a rapid, sharp pain sensation under high pressure that triggers a protective mechanism. However, implants deliver a slow, dull pain that triggers a delayed reaction, if any.27 Implant occlusal sensitivity is uncommon; if it occurs, it signifies more advanced complications.

Radiographic evidence of occlusal trauma on teeth includes an overall increase in the periodontal membrane space and an increased radiopacity and generalized thickness of the cribriform plate around the tooth (not just localized at the crest).24,25 No generalized radiographic signs are apparent around an implant under excess occlusal force except at the crestal region, which demonstrates bone loss (but may be misdiagnosed as “biological width” or periimplant disease).10
The natural tooth can show clinical signs of increased stress such as enamel wear facets, stress lines, lines of Luder (in amalgam fillings), cervical abfraction, and pits on the cusps of teeth (Figure 31-6). An implant crown rarely shows clinical signs of increased biomechanical stress other than fatigue fracture. As a result, fewer diagnostic signs are present to warn the practitioner to reduce the stress on the implant support system.
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FIGURE 31-6 A natural tooth with occlusal trauma may exhibit a number of clinical signs, including mobility, enamel wear, stress lines or pits, and cervical abfraction. This patient is missing a canine. As a result, the premolar and molar participate in group function. Both of these teeth have cervical abfraction as a result of increased stress.

Of all the opposing occlusal surfaces in the mouth, enamel opposing enamel has the most total volume wear (the sum total of both occluding surfaces).28 The enamel on a tooth will wear when repeated lateral forces or premature contacts are introduced on the system and may reduce the magnitude and angle of force for the premature contact. In comparison, a porcelain occlusal implant crown does not wear as rapidly or as much when a lateral premature contact is present.

The tooth slowly erupts into occlusion and is present in the mouth from childhood. The surrounding bone has developed in response to the biomechanical loads. Note there is no organized cribriform plate around the deciduous or permanent tooth until it is loaded. The permanent teeth are gradually introduced a few at a time while other teeth are present and bear the load. Hence, periodontal tissues organize gradually to sustain increasing loads, including those brought to bear by an attached prosthesis. The only progressive bone loading around an implant is performed by the dentist in a much more rapid time frame and intense magnitude of load.

When implants or teeth are subjected to repeated occlusal loads, microscopic stress fractures, work hardening, and fatigue may result. Fatigue fractures are related to the amount of stress and the number of cycles of load.17 The cementum and bone around a tooth root are able to repair the micro damage. Unlike the natural tooth system, the implant components, coping screws, or cement cannot adjust or repair to these conditions and ultimately fracture. The implant needs to perform its service for scores of years, which increases the cycles in the fatigue curve and the risk of long-term complications. As a result, forces from occlusion may result in subtle changes but may cause more serious long-term problems for survival as a result of bone or implant component complications compared with natural teeth.

The dentist uses mobility ratings to evaluate the quality of a natural abutment. A tooth with a Miller index mobility of 0 is considered “stronger” than a tooth with mobility of 2. Implants exhibit no clinical mobility compared with teeth. Phrases such as “solid as a rock” were used originally to describe their rigid fixation. As a result, the dentist may consider the implant a stronger abutment than a tooth, especially when the literature has implied that distal cantilevers off four anterior implants can be used to restore an entire arch.29
When considering stress factors, mobility is an advantage. The natural tooth, with its modulus of elasticity similar to bone, periodontal ligament, and unique cross-sections and dimensions, constitutes a near perfect optimization system to handle biomechanical stress. In fact, the stress is handled so well that bacteria-related disease is the weak link. An implant system handles stress poorly (capturing the stress at the crest of the ridge), with an elastic modulus more than 10 to 20 times that of surrounding bone, and is unable to increase mobility without failure, so that conditions related to biomechanical stress are the weakest link in the system. As a result, ways to decrease biomechanical stress are a constant concern to minimize the risk of implant system complications (Table 31-1).

TABLE 31-1

Tooth versus Implant Biomechanics

	Tooth
	Implant

	1. Periodontal membrane

a. Shock absorber

b. Longer force duration (decreased impulse of force)

c. Distribution of force around tooth

d. Tooth mobility can be related to force

e. Mobility dissipates lateral force

f. Fremitus related to force

g. Radiographic changes related to force reversible

2. Biomechanical design

a. Cross-section related to direction and amount of stress

b. Elastic modulus similar to bone

c. Diameter related to force magnitude

3. Sensory nerve complex in and around tooth

a. Occlusal trauma induces hyperemia and leads to cold sensitivity

b. Proprioception (reduced maximum bite force)

c. Less functional bite force (higher maximum bite force functional)

4. Occlusal material: enamel

a. Enamel wear, stress lines, abfraction, and pits

5. Surrounding bone is cortical

a. Resistant to change
	1. Direct bone–implant

a. Higher impact force

b. Short force duration (increased force impulse)

c. Force primarily to crest

d. Implant is always rigid (mobility is failure)

e. Lateral force increases strain to bone

f. No fremitus

g. Radiographic changes at crest (bone loss); not reversible

2. Implant design

a. Round cross-section and designed for surgery

b. Elastic modulus five to10 times that of cortical bone

c. Diameter related to existing bone

3. No sensory nerves

a. Occlusal trauma induces hyperemia and leads to cold sensitivity

b. Occlusal awareness of two to five times less

c. Functional bite force four times higher

4. Occlusal material: porcelain (metal crown)

a. No early signs of force

5. Surrounding bone is trabecular (may be fine)

a. Conducive to change
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An example of the higher biomechanical risk to the system is porcelain fracture on fixed prostheses. Whereas a crown on a natural tooth has a porcelain fracture risk of 3%, fixed prostheses supported by natural teeth have a 7% to 10% risk. On the other hand, in 2009, Kinsel and Lin found that porcelain fracture of implant crowns was as high as 34.9% of patients with bruxism compared with 17.2% of those without bruxism30 (Figure 31-7). In other words, implant patients are at higher risk of complications than those with natural teeth even if they are not bruxers. When the individual crown data were evaluated, men (with higher bite forces) had 13.1% of their implant crowns fracture compared with 6.4% of crowns in women. Clearly, the biomechanical load to the implant system is a greater risk for complications than natural tooth restorations.
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FIGURE 31-7 Porcelain fracture may occur more than two to three times more often on implant crowns compared with natural teeth.

No controlled clinical studies have been published comparing the various theories of occlusion on teeth, let alone on implants. Implant survival rates (not quality of health) reported by different practitioners are often within similar ranges even though the restoring guidelines differ. The myriad of variables in a patient population make case series studies of different implant occlusal philosophies impossible to conduct. These statements are not meant to decrease the importance of occlusion and a quest for accurate and precise relationships but instead attempt to encourage the profession to further develop this understanding.

Rather than addressing occlusal concepts or issues that result in early implant loss, crestal bone loss, and other prosthetic complications, a risk factor analysis is of benefit. For example, smoking is a risk factor for health. Not all smokers develop health problems from smoking, but the profession considers smoking a risk factor. Likewise, uncontrolled diabetes is a risk factor for periodontal health. That certain patients with diabetes have no periodontal disease does not negate diabetes as a risk factor. In a similar fashion, risk factors for implants and their related prosthesis must include biomechanical stress: the greater the stress, the greater the risk of complications. Therefore, conditions that decrease biomechanical stress should be established for treatment plans and occlusal designs in implant dentistry. For example, implant prostheses with extended cantilevers have some success; however, an increased risk of biomechanical complications exists.31
Biomechanical parameters are excellent indicators of the increased risk because they are objective and can be measured. The dentist can determine which condition presents greater risk and by how much the risk is increased. Hence, the occlusal concepts developed in this chapter by the author stem from biomechanical risk factors.32,33 In other words, if a clinical condition creates an increased biomechanical stress to the implant–prosthetic system, the dentist should implement mechanisms to decrease the stress.

Implant-Protective Occlusion

A proper occlusal scheme is a primary requisite for long-term implant prosthetic survival, especially when parafunction or a marginal foundation is present. A poor occlusal scheme increases the magnitude of loads and intensifies mechanical stresses (and strain) to the implant system. These factors increase the frequency of complications of the prosthesis and bone support. Crestal bone loss may lead to anaerobic sulcus depths and periimplant disease states. These conditions may also cause tissue shrinkage and loss of interdental papillae and poor esthetic conditions. All of these complications may be caused by biomechanical stress as a result of occlusal loads (functional or parafunctional).

The implant-protective occlusion (IPO) concept refers to an occlusal plan specifically designed for the restoration of endosteal implants, providing an environment for reduced biomechanical complications and improved clinical longevity of both the implant and prosthesis.32,33 The biomechanical rationale for this concept was published by the author after long-term clinical evaluation and biomechanical studies (and was originally called medial-positioned, lingualized occlusion).34 This concept was specifically designed for fixed prostheses in either partial or complete edentulous patients. Clinical considerations for this concept are drawn from basic prosthetic concepts, bone biomechanical principles, and finite element analyses to reduce noxious occlusal loads and establish a consistent occlusal philosophy.

A primary goal of an occlusal scheme is to maintain the occlusal load that has been transferred to the implant system within the physiologic and biomechanical limits of each patient. These limits are not identical for all patients or restorations. The forces generated by a patient are influenced by ranges of parafunction, masticatory dynamics, implant arch position and location, arch form, and crown height. The treatment plan philosophy for dental implants varies greatly and depends on these several parameters. The implant dentist can address these force factors best by selecting the proper position, number and implant size, increasing bone density when necessary by progressive bone loading, and selecting the appropriate occlusal scheme using stress-relieving design elements.

Implant and natural tooth position, number, size, and prosthesis design produce a myriad of possible combinations. However, consistent occlusal patterns may be established. The following guidelines are used to restore fixed implant–supported prostheses. A slightly different occlusal concept of the author is presented for complete dentures or removable prosthesis type 5 (RP-5) implant overdentures (implant and soft tissue support) and is called medial-positioned, lingualized occlusion (see Chapter 33).

The IPO principles for fixed prostheses address several conditions to decrease stress to the implant system, including existing occlusion, implant body angle to occlusal load, cusp angle of implant crowns, mutually protected articulation, cantilever or offset loads, crown height, crown contour, occlusal contact position, timing of occlusal contacts, and protection of the weakest component (Box 31-3).

Box 31-3

Implant-Protective Occlusion

• No premature occlusal contacts or interferences

• Mutually protected articulation

• Implant body angle to occlusal load

• Cusp angle of crowns (cuspal inclination)

• Cantilever or offset loads

w
Occlusal Considerations for Fixed Implant Prostheses

Existing Occlusion

Maximal intercuspation (MI) is defined as the complete intercuspation of the opposing teeth independent of condylar position, sometimes described as the best fit of teeth regardless of the condylar position.24 Centric occlusion (CO) is defined as the occlusion of opposing teeth when the mandible is in centric relation (CR).25 This may or may not coincide with the tooth position of MI. Its relationship to CR (a neuromuscular position independent of tooth contact with the condyles in an anterior, superior position) is noteworthy to the restoring dentist. The potential need for occlusal adjustments to eliminate deflective tooth contacts as the mandible closes in CR and the evaluation of their potential noxious effects on the existing dentition and the planned restoration is important to evaluate.

Correction of the deflective contacts before treatment pre​sents many advantages and may follow a variety of approaches depending on the severity of the incorrect tooth position: selective odontoplasty (a subtractive technique), restoration with a crown (with or without endodontic therapy), or extraction of the offending tooth. The existing occlusion is best evaluated with facebow-mounted diagnostic casts on an articulator mounted with an open-mouth bite registration in CR. (This process was addressed in Chapter 16.)

Controversy exists as to the necessity to have MI harmonious with CO (CR occlusion). A vast majority of patients around the world do not have such a relationship, yet they do not exhibit clinical pathology or accelerated tooth loss. Therefore, it is difficult to state that these two positions must be similar. However, it is important to evaluate the existing occlusion and the mandibular excursions to consciously decide whether the existing situation should be modified or be maintained. In other words, dentists should determine whether they are going to ignore or control the occlusion of the patient (Figure 31-8).
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FIGURE 31-8 The patient has mild bruxism (minimum tooth wear). The engram position of teeth wear indicates in the left excursion the mandibular first premolar occludes with the maxillary cuspid. The implant crowns for the posterior missing teeth should not have lateral forces. The cervical abfraction of the premolar and slight increase in mobility indicates that there is an increased biomechanical risk.

Many dentists begin to evaluate the occlusion of the patient when the final implant prosthesis is delivered to the patient. However, this time frame is often too late to properly restore the patient (Figure 31-9). The underlying question that helps determine the need for occlusal correction before restoration of the implant patient is the observation of negative symptoms related to the existing condition. This may include temporomandibular joint (TMJ) conditions, tooth sensitivity, mobility, wear, tooth fractures, cervical abfraction, or porcelain fracture.24,25 The fewer and less significant the findings, the less likely an overall occlusal modification is required before restoration of the patient. However, to properly assess these conditions, the dentist must not ignore them before treatment.
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FIGURE 31-9 A, A maxillary first molar is replaced with an implant. The lateral forces should be applied to the anterior teeth during mandibular excursions. B, The implant crown is seated, and the right mandibular excursion is evaluated. The premolars exhibit a slight working interference on the buccal cusps. The maxillary premolars have slight gingival recession and initial cervical abfraction regions below the cementoenamel junction. The excursive force is reduced when the posterior teeth do not interfere during excursions. Therefore, the buccal cusp inclines of the premolars should be reduced. If the incisal edge of the canine continues to wear in the future, the occlusal contacts will need to be modified further when the posterior teeth contact during excursions.

As a general rule, the more teeth replaced or restored, the more likely the patient is restored to CO. For example, if a completely edentulous mandible is to be restored with an implant-supported fixed prosthesis, CO provides consistency and reproducibility between the articulator and the intraoral condition. The slight changes in occlusal vertical dimension (OVD) and its relationship to the position of anterior implant abutments to the direction of force may be studied and implemented on the articulator without the need to record a new occlusal vertical position on the patient. On the other hand, when one anterior tooth is being replaced, the existing MI position is often satisfactory to restore the patient even though a posterior interference and anterior slide into full interdigitation may be present (with little clinical variance from the ideal conditions). However, in a partially edentulous patient, the existing occlusion should be evaluated to determine if noxious conditions are present.

Premature Occlusal Contacts

A fundamental biomechanical formula is stress equals force divided by the area over which the force is applied (S = F/A).17 Therefore, during either maximum intercuspation or CO, no occlusal contacts should be premature, especially on an implant-supported crown. Premature occlusal contacts often result in localized lateral loading of the opposing contacting crowns.35 Because the surface area of a premature contact is small, the magnitude of stress in the bone increases proportionately (i.e., S = F/A). All of the occlusal force is applied to one region rather than being shared by several abutments and teeth. In addition because the premature contact is most often on an inclined plane, the horizontal component of the load increases the shear crestal stresses and the overall amount of stress to the entire implant system. The occlusal porcelain, the abutment screw, and the cement retaining the crown are all at increased risk because shear loads render more complications.

This is a general criterion for natural teeth, but the concept is much more important on implant prostheses with their higher impact force and less occlusal awareness for the several reasons previously addressed. Myata et al. evaluated premature contacts on implant crowns in monkeys (Macaca fascicularis).11 The crestal bone was histologically evaluated on implant crowns with 100 microns, 180 microns, and 250 microns of premature contacts for 4 weeks.12 The crowns with 100-micron premature contacts had little bone changes. The 180-micron group demonstrated a V-shaped pattern of bone loss for several millimeters. The 250-micron implant crowns for 4 weeks had a large V-shaped defect around the implants that extended for more than two thirds of the implant body (Figure 31-10). The implant is rigid, and the premature implant load cannot be released by increased mobility or occlusal material wear as with a natural tooth.
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FIGURE 31-10 A, An implant crown with a 100-micron premature contact for 4 weeks displayed little crestal bone change. B, An implant crown with a 180-micron premature contact for 4 weeks had 2 to 3 mm of crestal bone loss. C, An implant crown with 250-micron premature contact for 4 weeks had marginal bone loss of more than two thirds of the implant length.

Isidor et al. evaluated excessive premature contacts on implants in monkeys over a 20-month period on eight integrated implants.13 Implant failure occurred in six of eight implants between 2 and 14 months. The implants that did not fail had greater bone density and crestal bone loss with osteoclastic activity within the threads of the implants (Figure 31-11). The premature contact on an implant system contributes to a higher risk of early abutment screw loosening, porcelain fracture, early loading failure, and crestal bone loss.
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FIGURE 31-11 A, Three fourths of integrated implants with premature occlusal contacts failed from 2 to 14 months after loading. B, The implants that did not fail had crestal bone loss. C, The implants that did not fail had osteoclastic activity within the threads. (From Isidor R: Histological evaluation of peri-implant bone at implants subjected to occlusal overload or plaque accumulation, Clin Oral Implants Res 8:1–9, 1997.)
The elimination of premature occlusal contacts is especially important when habitual parafunction is present because the duration and magnitude of occlusal forces are increased. The elimination of premature contacts is more critical than in natural teeth because of the lack of proprioception and the implant inability to move and dissipate the forces. Because of increased proprioception, an initial premature occlusal contact on a tooth often affects the closure of the mandible to result in an MI position different from CO. A premature contact on an implant crown does not benefit from such protective features; as a result, the implant system is at increased risk. Therefore, occlusal evaluation in CO and MI and adjustment as necessary in partially edentulous implant patients are more critical than in natural dentition because the premature contacts can result in more damaging consequences on implants compared with teeth.36
Implant Body Orientation

Forces acting on teeth and dental implants are referred to as vectors (defined in magnitude and direction).17 Occlusal forces are typically three dimensional, with components directed along one or more of the clinical coordinate axes. The primary forces of occlusion can be resolved into a combination of components in any given plane. The same magnitude of force can have dramatically different effects on the implant system, solely because of the direction of the applied load. This is especially noted on implant support systems because they are more rigid.

The teeth are designed primarily for long-axis loads. The natural tooth roots in the majority of the mouth are perpendicular to the curves of Wilson and Spee. Although chewing is in an elliptical “tear drop” pattern, when the teeth finally contact, the forces are in the long axis of the roots, especially during power biting (Figure 31-12). The apical movement of teeth is minimal compared with their lateral movement. The maxillary anterior teeth receive a lateral load. The consequences of a lateral force to a tooth are reduced because of the increased tooth mobility, which decreases the effects of the lateral force component of a load.
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FIGURE 31-12 The natural teeth occlude perpendicular to the curves of Wilson and Spee.

Implants are also designed for long-axis loads. Two-dimensional finite element analysis by Binderman in 1970 evaluated 50 endosteal implant designs and found that all designs sustained stress contours concentrated primarily at the transosteal (crestal) region.37 In addition, less stress was observed under a long-axis load compared with angled loads. Since then, two- and three-dimensional finite element analyses by several authors have yielded similar results38–51 (Figure 31-13).
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FIGURE 31-13 A three-dimensional finite element analysis of an implant with a long-axis load. The stresses are mainly at the crestal region and primarily have compressive forces.

An axial load over the long axis of an implant body generates less overall stress and a greater proportion of compressive stress compared with an angled force to the implant body. When an implant body is loaded along its long axis, a 100-N force results with an axial force component of 100 N, and no lateral force component is observed. Therefore, the implant body should be positioned perpendicular to the curves of Wilson and Spee, just as with natural teeth.

Most anatomical variations of the bone (e.g., bony concavities) are located on the facial aspect and influence implant body inclination. An implant body may be positioned with a 15-degree angle to avoid the facial concavity and therefore is positioned at 15 degrees to the occlusal load. This angled implant may be restored during prosthetic reconstruction with a 15-degree angle abutment. From the level of the crest of the ridge to the occlusal plane, the implant abutment looks similar to one in an axial implant body. Hence, the laboratory technician and restoring dentist often treat the angled implant and axial implant in similar fashion. However, in the 15-degree angled implant body, the load to the facial bone increases by 25.9% compared with an axial load32 (Figure 31-14). If the implant surgeon places the implant body with a 30-degree angulation, the buccal force component of any occlusal load will result in a 50% increase of the load applied to the facial bone.32
[image: image18.jpg]Crestal moment load 0 0 0
Axial force component 100N 9%IN 866N
Buccal force component 0 259N 500N





FIGURE 31-14 An implant loaded in the long axis does not increase the buccal force component of the load (far left). A 15-degree angle increases the buccal force component by 25.9% (middle). A 30-degree angle load increases the force by 50%. When the forces are applied along the long axis of an implant body, stresses are concentrated on the crestal region (far left). The intensity of the stress is not increased as a result of the position of the implant. The implant body in the center is 15 degrees off the long axis. With an angled abutment of 15 degrees, the implant restoration is similar to the previous situation. However, now 25.9% greater stress is on the crestal bone; all other factors are similar. The implant body on the far right is 30 degrees off the long-axis load. With a 30-degree angled abutment, the crown may appear similar. However, the abutment screw, abutment–implant connection, and implant–bone interface are subject to a 50% increase in stress on the facial aspect of the system. (From Misch CE: Contemporary implant dentistry, ed 2, St Louis, 1999, Mosby.)
Hence, the risk of crestal bone loss is increased with an angled implant.52,53 In addition, the greater force is applied to most of the implant system. The occlusal porcelain may be loaded in the long axis with the angled abutment, but the abutment screw loosening and implant component fracture risks increase in direct comparison to the load applied to the bone. Therefore, although the restoring dentist may place a 30-degree angled abutment and restore the case similar to the axial implant, the conditions and risks of early loading failure, crestal bone loss, and loose abutment screws are dramatically different (Figure 31-15).
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FIGURE 31-15 As the angle of the implant body load direction increases, the stresses to the entire crown implant–bone system increase. B, Buccal; L, lingual. (From Misch CE: Contemporary implant dentistry, ed 2, St Louis, 1999, Mosby.)
Force Direction and Bone Mechanics

The noxious effect of offset or angled loads to bone is exacerbated further because of the anisotropy of bone. Anisotropy refers to the character of bone whereby its mechanical properties, including ultimate strength, depend on the direction in which the bone is loaded and the type of force applied. For example, cortical bone of human long bones has been reported as strongest in compression, 30% weaker in tension, and 65% weaker in shear54 (Figure 31-16). Porcelain, titanium components, and cements are also weakest to shear components of a load. Therefore, IPO attempts to eliminate or reduce all shear loads to the implant system because the bone, porcelain, titanium components, and cement are weakest to shear loads.
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FIGURE 31-16 The strength of the bone before fracture depends on the type of force applied to the bone. Bone is strongest to compression forces, 30% weaker to tensile forces, and is only 35% as strong to shear loads. Therefore, whenever possible, bone should be loaded with compressive loads. (From Misch CE: Contemporary implant dentistry, ed 2, St Louis, 1999, Mosby.)
Any occlusal load applied at an angle to the implant body may be separated into normal (compressive and tensile) and shear forces. As the angle of load to an implant body increases, the amount of compressive and tensile forces is modified by the cosine of the angle. Hence, the force is slightly reduced. However, the angled component of force is a shear force, and the shear force is the amount of force times the sign of the load, which considerably increases the load. The force the bone observes is the sum of the compressive, tensile, and shear forces. For example, a 100-N force applied at 12 degrees off-axis will increase the total force to the bone by 100 N × cosine 12 degrees = 97.81 N + 100 N × Sine 12 degrees = 20.79 N. The total force is 97.81 N + 20.79 N = 118.60 N (or almost a 20% increase in total force).The greater the angle of load to the implant long axis, the greater the compressive, tensile, and shear stresses (Figure 31-17).
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FIGURE 31-17 A 12-degree angled force increases the force to the implant system by 18.6%.

In finite element analysis, when the direction of the force changes to a more angled or horizontal load, the magnitude of the stress is increased by three times or more.51,52 In addition, rather than a primarily compressive type of force, tensile and shear components are increased more than 10-fold compared with the axial force. In a photoelastic block with implants inserted, the strain contours in the bone may be observed (Figure 31-18). The axial-loaded implants have less strain in the system (left side and lower right of figure). The angled implant has more strain lines indicating greater loads (right upper implant).
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FIGURE 31-18 A photoelastic study of opposing implants in a maxilla and mandible. One of the maxillary implant bodies is angled in relation to the direction of load. The number of stress contour lines in the material is similar for the three implants with a long-axis load. The stress contour lines are increased for the angled implant body.

An angled load to the implant long axis increases the compressive forces at the crest of the ridge on the opposite side of the implant, increasing the tension component of force along the same side as the load. The greater the angle of force to the long axis of the implant body, the greater the potentially damaging load at the crest of the bone. For example, three-dimensional finite element analysis demonstrates that a vertical load on an implant with 100% bone contact may have compressive stress of 4000 psi (27.6 MPa) and almost no tensile stress at the bone-to-implant crest interface.51 With a load at a 45-degree angle on the same implant design, the compressive stress may increase to 14,000 psi (96.6 MPa), and on the opposite side, tensile stress may increase to 4000 psi (27.6 MPa). Hence, the compressive stresses are tripled, and the tensile stress increases 1000-fold with a load from a 45-degree angle.

The stress contours in the bone simulant of the three-dimensional studies resemble the clinical pattern of early crestal bone loss on implants. Therefore, not only does the magnitude of stress increase under angled loads, but it also evolves into a more noxious shear component, which is more conducive to bone loss and screw loosening.39 The greater the angle of the force, the greater the shear component. Bone is 65% weaker to shear load. Hence, the amount of the force increases, and the strength of the bone decreases. It has been reported that angled occlusal forces decrease the ability of successful bone repair on natural teeth. It may also impair successful bone remodeling around an implant.55
Not only is the bone weakest to shear loads, but forces applied at an angle to the bone also further affect the physiologic limit of compressive and tensile strengths of bone.54,56 A force applied at a 30-degree angle may decrease the bone strength limits by 10% under compression and 25% with tension (Table 31-2). A 60-degree force reduces the strength 30% under compression and 55% under tension. Therefore, not only does the crestal bone load increase around the implant with angled forces, but also the amount of stress the bone may withstand (i.e., the ultimate strength) decreases in shear, tension, and compression. The greater the angle of load, the lower the ultimate strength of bone. Therefore, IPO attempts to eliminate lateral or angled loads to an implant-supported prosthesis because the magnitude of the force increases and the strength of the bone decreases.

TABLE 31-2

Cortical Bone Strength Related to Angle of Load

	Type
	Strength (mPa)
	Direction of Load

	Compression
	193
	Longitudinal

	
	173
	30 degrees off axis

	
	133
	60 degrees off axis

	
	133
	Transverse

	Tension
	133
	Longitudinal

	
	100
	30 degrees off axis

	
	60.5
	60 degrees off axis

	
	51
	Transverse


From Reilly DT, Burstein AH: The elastic and ultimate properties of compact bone tissue, J Biomech 80:393–405, 1975.

Barbier and Schepers histologically evaluated implants loaded in the long axis versus off-axis loading in dogs.57 The long-axis–loaded implants had lamellar bone at the interface. Lamellar bone is mineralized and organized and is called load-bearing bone in orthopedics. The off-axis–loaded implants had woven bone at the interface. Woven bone is bone of repair. It is less mineralized, unorganized, and weaker than lamellar bone (Figure 31-19). Hence, the greater strains in the bone with off-axis loading may cause the bone to repair and places it at a higher risk of overload and resorption.
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FIGURE 31-19 A, A long-axis load to an implant found lamellar bone at the interface. B, An off-axis load to an implant found woven bone (bone of repair) at the interface, indicating higher strain conditions than ideal. (From Barbier L, Schepers E: Adaptive bone remodeling around oral implants under axial and nonaxial loading conditions in the dog mandible, Int J Oral Maxillofac Implants 12(2):215–223, 1997.)
In conclusion, the microstrain of the crestal bone is increased with an angled load and may shift from an axial load within physiologic limits to an angled load in the pathologic overload zone and, as a consequence, result in bone loss. The greater force, especially in shear, is generated to the entire implant system. The occlusal porcelain is weaker to shear and may fracture, the cement that retains the prosthesis is weakest to shear and may become unretained, the abutment screw more likely becomes loose with shear loads, the crestal bone region may resorb, and implant components fracture more often with higher shear loads. Therefore, when shear forces are increased with an angled load to the implant system, an attempt should be made to reduce the negative effect of angled loads.58
The primary component of the occlusal force therefore should be directed along the long axis of the implant body, not at an angle or following an angled abutment post (Figure 31-20). Angled abutments should be used only to improve the path of insertion of the prosthesis or improve the final esthetic result. The angled abutment, which is loaded along the abutment axis, transmits a significant moment load (i.e., tending to rotate or rock the implant) to the entire implant system.
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FIGURE 31-20 An implant body ideally should be positioned perpendicular to the occlusal plane and along the primary occlusal contact. These maxillary posterior implants are placed over the opposing mandibular buccal cusps and are not vertical but perpendicular to the curves of Wilson and Spee.

Prosthetic Angled Loads

Greater crestal bone strains with angled forces have been confirmed with photoelastic and three-dimensional finite element analysis methods. Whether the occlusal load is applied to an angled implant body or an angled load (e.g., premature contact on an angled cusp) is applied to an implant body perpendicular to the occlusal plane, the results are similar (Figure 31-21). A biomechanical risk increases to the implant system.
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FIGURE 31-21 When an angled load is placed on an implant body, the compressive stresses on the opposite side of the implant increase and the tensile and shear loads on the same side of the implant increase. Because bone is weaker to tensile and shear forces, the risks to the bone are increased for two reasons: (1) the amount of the stress increases, and (2) the type of stress is changed to more tensile and shear conditions. F, Force.

The implant surgeon may place the implant body ideally, perpendicular to the occlusal plane, yet the restoring dentist then may load the implant crown at an angle. Similar noxious forces are increased in shear, and a decrease in bone strength occurs to the crestal bone, an increase of shear loads on implant components, and the abutment screws. Hence, an angled implant body or an angled load on the implant crown increases the amount of crestal stresses on the implant system, transforms a greater percentage of the force to shear force, and reduces bone, porcelain, and cement strength. In contrast, the surrounding implant system stress magnitude is least, and the strength of bone, porcelain, and cement is greatest under a load axial to the implant body and perpendicular to the occlusal plane. All of these factors mandate the reduction of angled forces to the implant system (Figure 31-22).
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FIGURE 31-22 The force applied to an implant body with an angled load or angled direction of force is increased in direct relation to the force angle. The major increase of force is a result of the offset angle of the load.

Most implant bodies inserted at an angle of greater than 12 degrees to the occlusal plane require an angled abutment. The surgeon and restoring dentist should understand that angled abutments are fabricated in two pieces and are weaker in design than a two-piece straight abutment without an angle. Because less metal flanks the abutment screw on one side of an angled abutment, it therefore is at more risk of fracture or is less able to be reduced in width for ideal crown contours. Furthermore, a larger transverse load component develops at the abutment screw and crest of the ridge as a result of angled loads and increases the risk of abutment screw loosening. In a study by Ha et al., the angled abutment was compared with a straight abutment for screw loosening in the anterior maxilla. The angled abutments showed more screw loosening with cyclic loading than the straight abutments.59
Solutions to Angled Loads

When lateral or angled loads cannot be eliminated, a reduction in the force magnitude or additional surface area of implant support is indicated to reduce the risk of biomechanical complications to the implant system. For example, if three adjacent implants are inserted with the first in the long axis to the load, the second at 15 degrees, and the third implant at 30 degrees, the surgeon may decrease the overall risk by (1) adding an additional implant in the edentulous space next to the most angled implant, (2) increasing the diameter of the angled implants, or (3) selecting an implant design with greater surface area. Of the three options, increasing the implant number is most effective to reduce overall stress to the system.60 In addition, a greater number of implants also has more retention for the restoration.

The restoring dentist may reduce the overload risk by (1) splinting the implants together, (2) reducing the occlusal load on the second implant and further reducing the load on the third implant, and (3) eliminating all lateral or horizontal loads from the most angled implant and completely eliminating them in all posterior regions.

The anterior mandible (with a force magnitude similar to the anterior maxilla) often has the implant body positioned perpendicular to the occlusal plane and restored with a straight abutment. In the anterior maxilla, even under ideal conditions, the implant should be angled away from the labial bone and results with the abutment toward the facial crown contour. An angled prosthetic abutment is required, and these implant bodies are more frequently loaded at an angle. In fact, maxillary anterior teeth are usually loaded at a 12- to 15-degree angle to the occlusal plane (Figure 31-23).
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FIGURE 31-23 Maxillary anterior implants most often are placed at an angled load to the lower anterior teeth. As a result, the amount of the load should be reduced. Fortunately, the anterior teeth bite force is reduced when the posterior teeth do not occlude. However, clenching patients may develop a considerable anterior bite force. Occlusal contact reduction, larger-diameter implants, increasing implant number, splinting implants, and night guards are possible solutions.

The natural dentition reduces the increased stress to the maxilla by increasing the size of the roots compared with mandibular incisors and increasing the mobility of the tooth. Therefore, in the maxilla, a larger-diameter implant or a greater number of implants are indicated to minimize the crestal bone stress on each abutment, especially in patients exhibiting severe bruxism. Ridge augmentation may be necessary before implant placement to improve implant position or facilitate the use of a wider-diameter implant. IPO aims at reducing the force of occlusal contacts, increasing the implant number, or increasing the implant diameter for implants subjected to angled loads.

Posterior Crown Cusp Angle

The angle of force to the implant body may be influenced by the cusp inclination of the implant crown in similar fashion as an angled load to an implant body. The posterior natural dentition often has steep cuspal inclines, and 30-degree cusp angles have been designed in denture teeth and natural tooth prosthetic crowns (Figure 31-24). The greater cusp angles are often considered more esthetic and may even incise food more easily and efficiently.61 To negate the negative effect of an angle cusp contact, the opposing teeth need to occlude at the same time in two or more exact positions on the ipsilateral cusp angles of the crowns (Figure 31-25). This is not possible in a clinical setting.
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FIGURE 31-24 Natural teeth often have cusp angles of 30 degrees. Therefore, if a premature contact occurs on a cuspal incline, the direction of load may be 30 degrees to the implant body if the implant crown duplicates a natural tooth cusp angle.
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FIGURE 31-25 When opposing crowns occlude, the three cuspal inclines must hit at the same time to result in a long-axis load.

The occlusal contact along only one of the angled cusps result in an angled load to the implant system even when it is not premature to other occlusal contacts (Figure 31-26). The magnitude of the force is minimized when the angled occlusal contact is not a premature contact but instead is a uniform load over several teeth or implants. However, the angled cusp load does increase the resultant tensile and shear stress with no observable benefit. Hence, no advantage is gained, but the biomechanical risk is increased (e.g., increased abutment screw loosening, porcelain fracture, and unretained restoration).
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FIGURE 31-26 The mandibular buccal cusp incline is occluding with the lingual incline of the maxillary cusp. An occlusal contact on a cusp angle transmits an angled load to the implant body.

The occlusal contact over an implant crown therefore should be ideally on a flat surface perpendicular to the implant body. This occlusal contact position usually is accomplished by increasing the width of the central fossa to 2 to 3 mm in posterior implant crowns, which is positioned over the middle of the implant abutment. The opposing cusp is recontoured to occlude the central fossa of the implant crown directly over the implant body (Figure 31-27). In other words, the laboratory technician should identify the middle of the implant body and then make a central fossa 2 to 3 mm wide over this position parallel to the curves of Wilson and Spee (Figure 31-28). The buccal and lingual contour of the crown may then be established (reduced on the buccal for the posterior mandible and the lingual for the posterior maxilla). The opposing tooth may require recontouring of an opposing cusp to help direct the occlusal force along the long axis of the implant body.
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FIGURE 31-27 A posterior implant crown should have a wider central fossa perpendicular to the implant body and parallel to the occlusal plane. The opposing tooth occluding cusp should be modified to occlude with the widened central fossa.
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FIGURE 31-28 The laboratory technician usually will place the implant abutment under the central fossa of the implant crown.

Mutually Protected Articulation

Anterior, compared with posterior, bite force measurements and electromyographic studies provide evidence that the stomatognathic system elicits significantly less force when the posterior segments are not in contact when the anterior teeth occlude.62,63 For example, the maximum bite force in the posterior regions of the mouth (with no anterior occlusal contact) is 200 to 250 psi. The maximum bite force in the anterior region (with no posterior occlusal contact) is 25 to 50 psi. This difference results from a biological response and a mechanical condition when the posterior teeth do not contact. Almost two thirds of the temporalis and masseter muscles do not contract when posterior teeth do not occlude.62 In addition, the TMJ and teeth complex form a class 3 lever condition (i.e., the nutcracker).25 As a result, the closer the object is placed toward the hinge (TMJ), the greater the force on the object. In addition, the greater lateral mobility of the anterior teeth compared with the posterior teeth (108 microns vs. 56 microns) also decreases the consequences of the lateral forces during excursions.

Many occlusal schemes for natural teeth opposing each other suggest the use of anterior teeth to disocclude the posterior teeth during excursions (i.e., incisal guidance steeper than the condylar disc assembly).63–69 This has been called mutually protected occlusion because the posterior teeth protect the anterior teeth in CO, and the anterior teeth protect the posterior teeth in mandibular excursions. This occlusal design is based on the concept of using the maxillary canine as the key of this occlusion scheme to avoid lateral forces on the posterior teeth.69 In CO, the anterior teeth contacts are shared and protected by the occlusal contacts of the posterior teeth. When the canine separates the posterior teeth in right or left lateral excursions, the term canine or cuspid protected occlusion may be used.

If healthy anterior teeth or natural canines are present, the mutually protected occlusion scheme allows those teeth to distribute horizontal (lateral) loads during excursions while the posterior teeth disocclude during excursions (e.g., canine guidance or mutually protected articulation) (Figure 31-29). The posterior teeth are protected from lateral forces by the anterior guidance during excursions, and the anterior teeth have lighter forces in excursions because the posterior teeth do not contact. In other words, when lateral or angled forces are applied to the anterior teeth, the magnitude of the stress is increased. However, when mutually protected occlusal philosophies are applied, the consequences of the lateral forces are reduced.
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FIGURE 31-29 In all mandibular excursions, the anterior teeth should disocclude the posterior teeth.

The mutually protected articulation concept is used in IPO. In protrusive mandibular movements, the central and lateral incisors disocclude the posterior teeth. In lateral excursions, the canine (and lateral incisor when possible) disocclude the posterior teeth. In CO, the posterior and canine teeth occlude. When the centrals and lateral incisors are natural, they may also occlude in CO (or MI). When the anterior teeth are implants, they may not occlude in centric, especially when the opposing dentition is also implant supported.

Group function (or unilateral balance) has been suggested with periodontal bone loss on the remaining teeth. The concept was to share the lateral loads during excursions with more teeth. For example, in this philosophy, a mandibular excursion to the right contacts as many anterior and posterior teeth on the right as possible. This is not indicated in IPO. The lateral posterior forces increase the moment loads to posterior implants. The posterior contacts during excursions also have greater forces to the posterior implants because more muscle mass contracts and the occlusal contacts are closer to the TMJ (class 3 lever). In addition, the posterior lateral loads increase the force to the anterior teeth or implants during the excursions. As a result, both the anterior and posterior implant components receive a greater force (Figure 31-30).
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FIGURE 31-30 A, This patient was restored in group function. B, The posterior maxillary right two implants fractured. C, The posterior mandibular right two implants fractured. D, The maxillary anterior implants lost integration.

In a study by Jemt et al., when implant-supported restorations were used in the maxilla opposing natural dentition, the velocity of the mandible during excursions was greater with group function than when incisal guidance was present.15 Hence, the force to the implant system was greater with group function. It is interesting to note that Kinsel and Lin reported that group function in patients with implant-supported prostheses had a porcelain fracture rate of 16.1% and occurred in 51.9% of implant patients.30 When anterior disclusion was the occlusal scheme in excursions, the fracture rate on implant crowns was 5.3%, and this complication affected 15.9% of patients (more than a threefold difference).

The steeper the incisal guidance, the greater the force on the anterior teeth or implants. Therefore, the anterior guidance of an implant prosthesis with anterior implants should be as shallow as practical. According to Weinberg and Kruger, for every 10-degree change on the angle of disclusion, there is a 30% difference in load70 (Figure 31-31). A 10-degree force on the anterior implants with a 68-psi load will increase to 100 psi when the incisal guidance is 20 degrees and will further increase to 132 psi if the incisal guidance is 30 degrees. As a consequence, the impression by these authors is the incisal guidance should be less than 20 degrees. However because the condylar disc assembly is usually 20 to 22 degrees, the incisal guidance should be greater than this amount to separate the posterior teeth.25 When the incisal guidance is less than the angle of the eminentia of the TMJ, the posterior teeth will still contact in excursions. Hence, in most patients, an incisal guidance of at least 23 to 25 degrees is suggested in IPO.
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FIGURE 31-31 For every 10-degree change on the angle of disclusion, there is a 30% difference in load. (From Weinberg LA, Kruger G: A comparison of implant/prosthesis loading for clinical variables, Int J Prosthodont 8:421–433, 1995.)
The increase in load that occurs from the incisal guidance angle is further multiplied by the crown height above the initial occlusal contact (the vertical overbite) because it acts as a lever while the mandible slides down the incline plane (Figure 31-32). An ideal vertical overbite in prosthetics has been reported to be 5 mm and often is more, especially in Angle's class II, division II patients. However, especially in parafunctional patients, incisal guidance should be as shallow as possible in implant prostheses (23–25 degrees) and the vertical overbite reduced to less than 4 mm, yet the posterior teeth should disocclude in the excursions (Figures 31-33 and 31-34).
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FIGURE 31-32 The anterior load during excursions is increased from the centric occlusal contact (far right) to the incisal edge (far left).
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FIGURE 31-33 The vertical overbite in implant prosthesis should be reduced to 4 mm or less. When implants oppose each other, there is no occlusal contact between the canines in centric occlusion.
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FIGURE 31-34 A, A full-arch maxillary and mandibular implant prosthesis with a vertical overbite of 3 mm. B, The incisal guidance is 25 degrees, so the posterior teeth separate in any mandibular excursion.

A clinical condition that sometimes causes confusion is the occlusal scheme for a single-tooth implant replacing a maxillary canine. A missing maxillary canine is indicated for a single-tooth implant crown. The lateral incisor is the weakest anterior tooth, and the first premolar is often the weakest posterior tooth. Hence, these abutments are not great candidates for a three-unit prosthesis, especially because lateral forces would be placed on the premolar.

The proprioceptive mechanism of the natural canine in excursions blocks approximately two thirds of the activity of the masseter and temporalis muscles and decreases the bite force when posterior teeth disocclude.62 An anesthetized canine has more muscle mass that contracts in both clenching and in the lateral excursion compared with the same patient before anesthesia.71 Hence, the natural canine periodontal ligament nerve complex helps decrease the force in excursions.

The anesthetized natural canine has been compared with the proprioawareness of an implant.72 There is a proprioawareness transmitted through the bone from an implant but a reduced amount compared with a natural tooth. A mutually protected occlusion is still a benefit when a single-tooth canine implant is restored. In other words, a greater decrease in lateral forces occurs when a natural anterior tooth root is involved in the excursion compared with an implant crown, but an implant crown also can decrease the force and is better than a pontic in the canine position. In addition, the class 3 lever mechanism of the canine position still is able to reduce the force in excursions when the posterior teeth do not contact.

No occlusal contact occurs on the single-tooth canine implant crown during mandibular excursions to the opposite side. During protrusion, no contact on the canine implant crown is ideal. If a contact is necessary, it is adjusted so a light bite force has no occlusal contact on the implant crown. Under a heavy bite force in protrusive movements, the canine implant crown may contact.

The occlusion during the working excursion toward the canine implant crown is of particular concern. The dentist should make an attempt to include a natural tooth in the lateral excursion because teeth have greater proprioception than implants. To create a mutually protected articulation scheme that includes a lateral incisor is preferable because this tooth is farther from the TMJ. Hence, with a light working lateral excursion, the lateral incisor occludes first and moves 97 microns (when in health), and then the canine implant crown engages and helps disocclude the posterior teeth. During a heavy bite force excursion, the lateral incisor and implant crown contact with similar magnitude (Figure 31-35). However, in Angle's skeletal class II, division 1 patients, the first premolar may need to be included in the excursion process, rather than the lateral incisor, because the horizontal overjet may be excessive.
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FIGURE 31-35 A, A maxillary right canine is replaced with an implant. This patient is an Angle's class II, division 2 patient and therefore has a deep vertical overbite. A steep incisal guidance places greater force than a shallow incisal guidance, which may be why the canine tooth fractured after endodontic therapy. B, The right mandibular excursion is evaluated first with a light and then a heavy bite force. Ideally, the lateral incisor should contact first and then the canine. Therefore, the first premolar contact should be eliminated to decrease the force to the implant.

In summary, all lateral excursions in IPO opposing fixed prostheses or natural teeth use anterior teeth or implants whenever possible to disocclude the posterior components. The resulting lateral forces are distributed to the anterior segments of the jaws, with an overall decrease in force magnitude. This occlusal scheme should be followed whether or not anterior implants are in the arch. However, if anterior implants must disocclude posterior teeth, natural teeth (whenever possible) are first used during the initial primary tooth movement. When multiple anterior teeth are missing, two or more implants splinted together (when possible) should help dissipate the lateral forces.

Cantilevers and Implant-Protective Occlusion

A cantilever may be considered a class 1 lever.17 For example, if two implants are 10 mm apart and are splinted with a cantilever of 20 mm, the following mechanics result: the mechanical advantage of the cantilever is 20 mm/10 mm, or 2. Therefore, whatever force is applied to the cantilever, a force twice as great will be applied to the farthest abutment from the cantilever. Whereas the force on the cantilever is a compressive force, the force to the distal abutment is a tensile and shear force. The load on the abutment closest to the cantilever (which acts as a fulcrum) is the sum of the other two components and is a compressive force (Figure 31-36). Hence, in this example, a 100-N force on the cantilever equals a 200-N tensile or shear force on the most distal abutment and a 300-N compressive force on the abutment (the fulcrum) next to the lever.
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FIGURE 31-36 A cantilever on two implants may be considered a class 1 lever. When the implants are 10 mm apart, with a 20-mm cantilever, a mechanical advantage of 2 is created. Therefore, the load on the cantilever will be multiplied by 2 on the far implant, and the implant close to the cantilever receives the total stress of the two loads.

Because cement and screws are weaker to tensile loads, the implant abutment farthest from the cantilever often becomes unretained, resulting in the fulcrum abutment's bearing the entire load. Because the implant is more rigid than a tooth, it acts as a fulcrum with higher force transfer. It is a higher risk to cantilever from an implant than a tooth (Figure 31-37). As a consequence, crestal bone loss, fracture, and implant failure are often imminent after the distal abutment becomes no longer connected to the prosthesis. In summary, cantilevers increase the amount of stress to the implant system.
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FIGURE 31-37 A, A tooth is more mobile than an implant. Therefore, an implant as a fulcrum transmits more tensile and shear load to the distal abutment from the cantilever than a tooth. B, The cantilever to the mesial caused the cement to seal to break in the distal molar. Hence, the fulcrum implant carried all the load, and the implant failed.

The greater the force on the cantilever, the even greater the forces on the implants because the cantilever is a force magnifier. Hence, parafunctional loads are particularly dangerous for biomechanical overload. The greater the length of the cantilever, the greater the mechanical advantage and the greater the loads on the implants. The shorter the distance between the implants, the greater the mechanical advantage and the greater the force on the implant system (Figure 31-38). The cantilever force also varies as a result of implant number.73,74 Cantilevers are known to cause more biomechanical occurrences of implant and prosthesis component failure, particularly failure of prosthesis retaining screws or uncemented prostheses. A clinical report by Lundquist et al. also correlated long cantilevers with increased crestal bone loss around implants.75
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FIGURE 31-38 A, A panoramic radiograph of a maxillary and mandibular implant fixed prosthesis. The mandibular restoration is cantilevered from implants positioned between the mental foramina. B, A lateral cephalogram demonstrates that the anteroposterior (A-P) distance of the implants is about 6 mm. The prosthesis is cantilevered more than four times the A-P distance. The posterior occlusal load is magnified more than four times to the anterior implants, and the most distal implants receive the total sum of the loads. In addition, the opposing arch is implant supported and with less proprioception and higher bite forces than natural teeth. All of these risk factors make this mandibular restoration less predictable. The cantilever should be reduced, the posterior occlusal contacts should be reduced, an anterior contact occlusal night guard should be worn, and preventive changes of the prosthetic screws should occur every few years.

The goal of IPO relative to cantilevers is to reduce the force on the pontics of the lever region compared with that over and between the implant abutments. To reduce the amount of force that is magnified by the cantilever, the occlusal contact force may be reduced on the cantilevered portion of the prosthesis. A gradient of force type of load that gradually decreases the occlusal contact force along the length of the cantilever is beneficial. In addition, no lateral load is applied to the cantilever portion of the prosthesis (whether it is in the posterior or anterior region). Although the functional forces of occlusion during mastication may not be significantly altered by this technique, parafunctional forces (which are the most damaging) are significantly reduced with a gradient of force occlusal adjustment.

Crown Height and Implant-Protective Occlusion

The implant crown height is often greater than the original natural anatomical crown even in division A bone. If the implant is loaded on the long axis, crown height does not magnify the force (Figure 31-39). However, crown height is a force magnifier (vertical cantilever) when any lateral load, angled force, or cantilever load is applied17 (Figure 31-40). A crown height with any of these conditions acts as a magnifier of stress to most of the implant system (cement or screw retaining the crown, abutment screw, marginal bone, and implant–bone interface). The greater the crown height, the greater the resulting crestal moment with any lateral component of force, including those forces that develop because of an angled load. Angled abutments loaded in the direction of the angled abutment with an increase in crown height are subject to similar greater crestal moment loads because of the lateral load to the implant body and the increased lever effect from the crown height.
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FIGURE 31-39 Crown height does not magnify the stress to the implant system when the force is applied in the long axis of the implant body.
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FIGURE 31-40 A cantilever load on an implant results in six different moments applied to the implant body. An increase in crown height directly increases two of six of the moment forces.

A 30-degree angled load to an implant body, the implant crown with a 30-degree load, or a 30-degree cusp angle contact results in a similar condition: 50% of the occlusal load is transformed into a horizontal or shear component to the implant system. However, the angled load on an implant crown is at greater risk to the crestal bone than the angled implant body because the crown height acts as a vertical cantilever. Therefore, whatever load is applied to the occlusal table (or cusp angle) is magnified by the crown height. For example, a 12-degree angled load of 100 N on the implant crown results in 21 N of additional load as a lateral force component. However, if the crown is 15 mm high, the final load to the crest of bone and abutment screw is 21 N × 15 mm = 315 N-mm moment force (Figure 31-41). Therefore, the doctor should be aware the noxious effects of a poorly selected cusp angle, or an angled load to the implant crown will be magnified by the crown height measurement.
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FIGURE 31-41 The crown height directly increases the effect of an angled force. For example, a 100-N load at a 12-degree angle increases the lateral or shear force component by 21 N. A crown height of 15 mm increases the 21-N force to a 315–N-mm moment force.

If a load perpendicular to the curves of Wilson and Spee is applied to an angled implant body, the increase in load is not magnified by the crown height. The angled implant will increase the force components but will not be magnified by the crown height. Hence, the angle of load to the occlusal surface is more important to control than the angle of the implant body position.

Axial loading of the implant is especially critical when the crown height increases, intensity of force increases, or the duration of force increases (i.e., parafunction). Remember, the crown height is not a force magnifier (lever) when there is no cantilever or lateral load. A long-axis load of 100 N is similar to the implant system, whether the crown height is 10 or 20 mm. Occlusal schemes and crown occlusal anatomy should incorporate axial loads to implant bodies and, when not applicable, should consider mechanisms to decrease the noxious effect of lateral loads. Because horizontal or lateral loads cause an increase in the amount of tension and shear forces to the implant system, these loads should be reduced within the occlusal scheme, especially in mechanical systems that increase the magnitude of the biomechanical load.

Posterior Implant Crown Contour

A buccal or lingual cantilever in the posterior regions is called an offset load, and the same principles of force magnification from class 1 levers apply. In other words, the greater the offset, the greater the load to the implant system. Offset loads may also result from buccal or lingual occlusal contacts and create moment forces, which increase compressive, tensile, and shear forces to the entire implant system (Figure 31-42).
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FIGURE 31-42 A cantilever occlusal contact to the facial or lingual is called an offset load. Cantilever or offset loads increase the force by the length of the lever and increase the shear component of the force. A posterior implant most often is placed under the central fossa of the implant crown. A buccal cusp contact is an offset or cantilever load. The ideal occlusal contact is over the implant body. B, Buccal; F, force; L, lingual. (From Misch CE: Contemporary implant dentistry, ed 2, St Louis, 1999, Mosby.)
Wider root form implants can accept a broader range of vertical occlusal contacts while still transmitting lesser forces at the permucosal site under offset loads. Narrower implant bodies are more vulnerable to occlusal table width and offset loads. Therefore, in IPO, the width of the occlusal table is related directly to the width of the implant body.33
The laboratory technician often attempts to fabricate an implant crown with occlusal facial and lingual contours similar to that of natural teeth. When out of the esthetic zone, the posterior implant crown should have a reduced occlusal width compared with a natural tooth. A wide occlusal table favors offset contacts during mastication or parafunction. The narrower occlusal contour of an implant crown also reduces the risk of porcelain fracture. A facial profile similar to a natural tooth on the smaller-diameter implant (e.g., 10-mm tooth versus 4- to 6-mm implant) results in cantilevered restorative materials. This cantilever crown contour is often designed as a ridge lap pontic of a fixed partial denture (Figure 31-43). The facial porcelain most often is not supported by a metal substructure because the gingival region of the crown is also porcelain. As a result, shear forces result on the buccal cusp on the mandibular crown or lingual cusps in the maxillary crown and are more likely to increase the risk of porcelain fracture. This risk is compounded further by the higher impact force developed on implant abutments compared with natural teeth. The extended crown contours not only increase offset loads but also often result in ridge laps or porcelain extension at the facial gingival margin of the implant abutment (Figure 31-44). As a result, home care in the sulcular region of the implant is impaired by the overcontoured crown design. The dental floss or probe may reach under the ridge lap to the free gingival margin, but it cannot enter the gingival sulcus. Hence, daily hygiene is almost impossible to perform. The narrower posterior occlusal table facilitates daily sulcular home care. Thus, a narrow occlusal table combined with a reduced buccal contour (in the posterior mandible) facilitates daily care, improves axial loading, and decreases the risk of porcelain fracture. However, in the esthetic zone, the ridge lap design may be necessary to restore the implant rather than removing it, bone grafting, and replacing the implant.
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FIGURE 31-43 The diameter of the implant is smaller than the posterior natural tooth. When the crown contour is similar to a tooth, a facial cantilever is necessary, which often has a ridge lap design (as a pontic in a fixed partial denture).
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FIGURE 31-44 A, A posterior mandibular implant in the second premolar position. A posterior implant (in the position of the second premolar (in this case) often is inserted under the central fossa position. B, The implant body is narrower than the natural tooth. When the laboratory fabricates an implant crown the same size as the missing tooth, a facial ridge lap crown often results so as to restore the complete tooth contour. The ridge lap crown does not allow sulcular hygiene or facial probing. A ridge lap crown contour was made by the laboratory to restore the full contour of the missing teeth. C, In situ, the crown appears as a crown on a natural tooth, but the cervical aspect is not in the esthetic zone. Hence, offset loads, porcelain fracture, and abutment screw loosening risk are increased. D, The ridge lap was eliminated and the buccal contour reduced. (Note there was no metal work to support the cantilevered porcelain.) E, The modified crown in situ. Daily hygiene is improved and biomechanical risk reduced. The second premolar implant crown restores the function and occlusal aspect of the missing tooth. The esthetic facial cervical region is compromised to improve hygiene and force resistance because this region is not seen during function, speech, or smiling.

Mandibular Posterior Crowns

The posterior mandible resorbs lingually as the bone resorbs from division A to B. As a result, endosteal implants are also more lingual than their natural tooth predecessors. The division C–h and D mandibular ridge shifts to the buccal compared with the maxillary arch. However, endosteal implants typically cannot be inserted because the available bone above the mandibular nerve is inadequate for endosteal implants (Figure 31-45).
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FIGURE 31-45 The posterior maxillary and mandibular edentulous arches resorb lingually as bone volumes change from division A to B to B minus width to C minus width. The mandibular posterior arch resorbs facially as the edentulous site becomes C minus height and D bone volume.

The mandibular implant crown should be reduced from the buccal and the maxillary crown reduced from the lingual. Thus, the “stamp cusp” offset load is reduced. The reduced buccal contour in the posterior mandible is of no consequence to cheek biting because the buccal horizontal overjet is maintained (and increased). The lingual contour of the mandibular implant crown is similar to a natural tooth (Figure 31-46). This permits a horizontal overjet to exist and push the tongue out of the way during occlusal contacts (just as natural teeth). As with the natural tooth, the lingual cusp has no occlusal contact.
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FIGURE 31-46 A, A mandibular implant in the first molar position. B, The first molar crown in situ. The lingual contour is similar to the natural tooth. The buccal contour is reduced in width.

In the posterior mandible, as the implant diameter decreases, the buccal cusp contour is reduced. This decreases the offset length of cantilever load. The lingual contour of the crown remains similar regardless of the diameter of the implant. The lingual contour permits a horizontal overlap with the maxillary lingual cusp, so the tongue is pushed away from the occlusal table during function. The lingual cusp is not occlusal loaded (as with natural teeth) (Figure 31-47).
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FIGURE 31-47 The wider the implant body, the wider the occlusal table width of the implant crown. As the mandibular bone width decreases, the implant body may decrease in width. The lingual contour of the implant crown remains similar regardless of the width of implant. The buccal contour is reduced as the implant diameter decreases. A narrow ridge in an esthetic zone may require bone augmentation so that a wider implant may be used to support an implant crown, which appears as a natural tooth. B, Buccal; CF, central fossa; L, lingual.

During mastication, the amount of force used to penetrate the food bolus may be related to occlusal table width. For example, less force is required to cut a piece of meat with a sharp knife (narrow occlusal table) than with a dull knife (wider occlusal table). The greater surface area of a wide occlusal table requires greater force to achieve a similar result. Hence, the wider the occlusal table, the greater the force developed by the biological system to penetrate the bolus of food. However, these functional forces are typically less than 30 psi. The real culprit in biomechanical forces relate to parafunction because forces 10 to 20 times greater may be generated.

Maxillary Posterior Crowns

In the esthetic zone (high lip position during smiling), the buccal contour of the maxillary implant crown is similar to a natural tooth. This improves esthetics and maintains the buccal overjet to prevent cheek biting. But just as with the natural teeth, there is no occlusal contact on the buccal cusp. Ideally, when maxillary posterior implants are in the esthetic zone, they are positioned more facial than the center of the ridge. The lingual contour of a maxillary implant crown should be reduced because it is out of the esthetic zone and is a stamp cusp for occlusion (which is an offset load) (Figure 31-48).
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FIGURE 31-48 A, A maxillary posterior implant in the esthetic zone is positioned slightly more to the facial position than the central fossa. B, The facial contour of the maxillary first molar implant crown is contoured similar to the adjacent teeth. C, The lingual crown contour of the maxillary first molar implant crown is reduced, compared to the natural tooth.

The ideal functional position for the maxillary posterior implant is under the central fossa when the cervical region is not in the esthetic zone. Hence, the lingual cusp is cantilevered from the implant similar to the buccal cusp of the posterior mandible. Therefore, the reduced lingual contour reduces the offset load to the lingual (Figure 31-49).
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FIGURE 31-49 Posterior maxillary implants most often are positioned under the central fossa when the cervical region is not in the esthetic zone. The posterior maxillary lingual contours of implant crowns usually are reduced for improved hygiene and less offset loads to the implants.

The maxillary dentate posterior ridge is positioned slightly more facial than its mandibular counterpart because the teeth have a maxillary overbite. When the maxillary teeth are lost, the edentulous ridge resorbs in a medial direction as it evolves from division A to B, division B to C, and division C to D (see Figure 31-45). As a result, the maxillary permucosal implant site gradually shifts toward the midline as the ridge resorbs. Sinus grafts permit the placement of endosteal implants in the posterior maxilla even in previous division D ridges. However, because of resorption in width, the maxillary posterior implant permucosal site may even be palatal to the opposing natural mandibular tooth.

In the esthetic zone, many of the crown contours are made to resemble the natural tooth as close as possible. However, out of the esthetic zone, in the posterior regions of the mouth, the crown contour should be different than a natural tooth. The implant body buccolingual dimension is smaller than the natural tooth. The center of the implant most often is placed in the center of the edentulous ridge. Because the crest of the ridge shifts lingually with resorption, the implant body is most often not under the opposing cusp tips but rather near the central fossa or even more lingual and in the maxilla may even be under the lingual cusp of the original natural tooth position (Figure 31-50). Most often the laboratory fabricates a posterior implant crown that is similar in size to a natural tooth, with a cantilevered facial contour. In addition, the occlusal contacts are often on the “stamp cusp” of the mandible (buccal cusps). However, these “stamp cusps” are often offset loads (buccal cantilevers) (Figure 31-51).
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FIGURE 31-50 The implants in the second premolar and first molar are positioned under the lingual cusps. The laboratory made the buccal crown contour similar to the missing teeth. Hence, a facial offset load is present. The cantilever force should not be compounded by occlusal loads in the central fossa from a mandibular buccal cusp.
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FIGURE 31-51 In the maxillary posterior region, the implant may be positioned under the lingual cusp. The laboratory often cantilevers the facial crown profile, to make it appear as a natural tooth.

When the maxillary posterior teeth are out of the esthetic zone, the crown may be designed for a crossbite (Figure 31-52). The lingual overjet prevents tongue biting, the buccal overjet (from the mandibular tooth) prevents cheek biting, the implant is axial loaded by the lingual cusp of the mandible, and hygiene is improved (Figure 31-53).
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FIGURE 31-52 When maxillary posterior implants are placed in division B to D bone volumes out of the esthetic zone, the implant crown often is restored in posterior crossbite. The maxillary lingual horizontal overjet prevents tongue biting, the mandibular buccal overjet prevents cheek biting, and the primary occlusal contact is in the central fossa over the implant body. B, Buccal; L, lingual.
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FIGURE 31-53 A, The maxillary first and second molar implant was placed under the lingual cusp position of the natural tooth. B, The maxillary molar implant crowns are restored in crossbite because they are out of the high smile esthetic zone.

Some authors encourage the placement of implants in the posterior jaws to be staggered to improve biomechanical resistance to loads.76 This concept is most effective when narrower implants are positioned in wider ridges, so the staggered position is increased. However, increasing the diameter of the implants and splinting them together to decrease crestal loads is more efficient than offsetting an implant. Unavoidable, less ideal implant orientations should be accommodated through adjustments in occlusion, increasing implant diameter or number of implants placed to reduce the overall load magnitude applied to any one implant, as well as the resultant interfacial stress and strain profiles.

In summary, restorations mimicking the crown contour and occlusal anatomy of natural teeth often result in offset loads (increased stress and risk of associated complications), complicated home care, and an increased risk of porcelain fracture. As a result, in nonesthetic regions of the mouth, the occlusal table should be reduced in width compared with natural teeth (Figures 31-54 and 31-55).
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FIGURE 31-54 A mandibular first molar implant crown. The lingual contour is similar to the adjacent teeth, but the lingual cusp tip is not loaded. The buccal contour is reduced compared with the adjacent teeth.
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FIGURE 31-55 A, Implants in the esthetic zone (replacing a canine and premolar in this photo) are placed more facial so that the crown emergence may appear natural without using a facial ridge lap crown. B, Implants are used to restore the maxillary canine and first premolars. Natural tooth crowns restore the second premolar and first molar. The canine and first premolar have a reduced lingual contour compared with the crowns on natural teeth.

Posterior Occlusal Contact Positions

The ideal number of occlusal contacts in different occlusal schemes varies. For example, Peter K. Thomas' occlusal theories suggest that there should be a tripod contact on each occluding cusp (stamp cusp), on each marginal ridge, and in the central fossa with 18 and 15 individual occlusal contacts on a mandibular and maxillary molar, respectively77 (Figure 31-56). Other occlusal contact schemes indicate the number of occlusal contacts for molars may be reduced to five or six contacts, including the dominant cusp (stamp cusp) of the buccal cusps in the mandible and the lingual cusps in the maxilla, the marginal ridges, and the central fossa.
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FIGURE 31-56 The ideal number of occlusal contacts varies in the literature. As many as 15 to 18 tripod occlusal contacts have been designed.

Most laboratory technicians wax or bake the occlusal surface and do an occlusal adjustment with the opposing casts until the unrestored natural teeth are in occlusion. No thought is given to how many contacts should be present or where they should occlude. Hence, it is almost impossible for the dentist to control the number and locations of occlusal contacts.

Occlusal contact position determines the direction of force, especially during parafunction. A cantilevered load is a force applied on the mesial or distal from the implant, which acts as a fulcrum. An offset load is a force applied to the buccal or lingual and increases the stress to the implant system. An occlusal contact on a buccal cusp of a mandibular premolar and molar or lingual cusp in the maxilla is usually an offset load when the implant is positioned under the central fossa because the occluding cusp is cantilevered from the implant body (Figure 31-57). In addition, the angle of the cusp tip also introduces an angled load to the implant body.
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FIGURE 31-57 An offset load to the implant body increases the stress to the implant system. A buccal cusp occlusal contact in the posterior mandible or lingual cusp contact in the maxilla is an offset load to the implant. B, Buccal; Fn, buccal cusp contact; Fi, central fossa contact; L, lingual.

The most common implant body position for a posterior implant is in the middle of the buccolingual dimension of the bone. The surgeon begins the osteotomy in the middle of the ridge, and the implant diameter maintains 1.5 mm or more of bone on each side. The center of an edentulous ridge more often corresponds to the central fossa of a posterior crown in either arch. On occasion, it may correspond to the natural tooth lingual cusp region but less often is under the buccal cusp in either arch.

The marginal ridge contacts are also a cantilever load on the single-tooth implant crown because the implant is not under the marginal ridge but may be several millimeters away. If the implant body is 5 mm in diameter and replaces a 12-mm molar in the mesiodistal dimension, a marginal ridge contact may create a magnified moment load equal to 3.5 mm times the amount of the force. Hence, a 100-N load will be multiplied to a 350–N-mm force on the marginal ridge (Figure 31-58).
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FIGURE 31-58 The ideal occlusal contact on a single-tooth implant crown is directly over the implant. A marginal ridge occlusal contact is an offset load similar to the lingual cusp in the posterior maxilla.

The mesiodistal dimension of the molar crown often exceeds the buccolingual dimension, so the marginal ridge contact may contribute more to the biomechanical risk. In addition, the laboratory often creates an all-porcelain marginal ridge completely unsupported by the metal substructure, which places a shear load on the porcelain. The shear loads further increase the risk of porcelain fracture. The moment forces on marginal ridges also may contribute to forces that increase abutment screw loosening. Therefore, marginal ridge contacts on individual implant crowns or the most mesial or distal splinted crown should be avoided whenever possible.

The marginal ridge occlusal contact is not a cantilevered load when located between two implants splinted to each other. In addition, the metal framework that splints the implants supports the porcelain in the marginal ridge region and minimizes the risks of fracture. The splinted crowns decrease occlusal forces to the crestal bone, reduce abutment screw loosening, decrease the force to the cement interface, increase retention of the crowns, and reduce the force to the bone–implant interface. Hence, adjacent implant crowns should most often be splinted together, and the occlusal contact position may be extended from the most mesial to most distal implants (minus the marginal ridges at each extreme) (Figure 31-59).
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FIGURE 31-59 When the implants are splinted together, the occlusal contacts ideally should be in the central fossa, over the implant bodies, and in a zone extending between the implants. The marginal ridges between the implants may also have a secondary occlusal contact.

A posterior screw-retained restoration often requires cantilevered occlusal contacts. The occlusal screw hole rarely is loaded because the obturation material easily wears or fractures. As a result, the occlusal contacts of screw-retained crowns are not often directed over the top of the implant but are offset several millimeters away. This results in a higher moment load to the implant system, yet the occlusal access hole is the best position for the occlusal contact.

The average number of occlusal contacts found on natural posterior teeth of individuals never restored or equilibrated by a dentist and with no occlusal-related pathologic condition has been observed to average only 2.2 contacts (Figure 31-60) with a range of one to three occlusal contacts per tooth.78 If the tooth had an occlusal restoration, the occlusal contact number was reduced to an average of 1.6 occlusal contacts. The number of occlusal contacts on a natural tooth apparently may be reduced to one to three contacting areas without consequence. Therefore, a more simplified occlusal approach than often taught is logical. Hence, if the ideal occlusal contacts per tooth should have minimum offset loads to the implant body, the central fossa is the logical primary occlusal contact position when the implant is positioned in this region.
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FIGURE 31-60 A to C, An average of 2.2 occlusal contacts (range, 1–3) usually is found on natural posterior teeth.

The central fossa of an implant crown should be 2 to 3 mm wide in posterior teeth and parallel to the occlusal plane. The ideal implant body position for function is most often directly under the central fossa in the mandible and maxilla. The ideal primary occlusal contacts therefore will reside within the diameter of the implant within the central fossa. Secondary occlusal contacts should remain within 1 mm of the periphery of the implant to decrease moment loads. Marginal ridge contacts usually should be avoided unless implants are splinted together. When the implant is positioned closer to a stamp cusp (buccal in the mandible and lingual cusp in maxilla), the cusp angle is flat and the contact is over the implant (Figure 31-61).
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FIGURE 31-61 A, The occlusal contact position is ideally directly over the implant. When under a cusp tip, the cusp angle is more flat. B, The implant crowns are reduced from the lingual compared with the natural tooth molar crown.

On occasion, when a maxillary posterior tooth is in the esthetic zone, the implant may be 1 to 2 mm to the facial aspect of the midcrest (when bone is abundant) to be closer to the buccal cusp in order to improve the esthetic emergence of maxillary implant crowns. Under these conditions, the central fossa is positioned more facial, the lingual contour of the crown is reduced, and the occlusal contact is over the lingual aspect of the implant body (which is under the central fossa).

Timing of Occlusal Contacts

The most common method a dentist uses to determine the timing of occlusal contacts at the prosthesis delivery is to ask the patient, “How does the bite feel? Is the crown too high?” Jacobs and van Steenberghe evaluated occlusal awareness by the perception of an interference.79,80 When teeth oppose each other, an interference is perceived at approximately 20 microns.24,25 An implant opposing a natural tooth detects an interference at 48 microns; therefore, it is more than twice as poor. An implant crown opposing an implant crown perceives the interference at 64 microns, and when a tooth opposes an implant overdenture, the awareness is 108 microns (five times poorer than teeth opposing each other). Mericske-Stern et al. measured oral tactile sensitivity with steel foils.81 The detection threshold of minimal pressure was significantly higher on implants than on natural teeth (3.2 vs. 2.6 foils). Similar findings also were reported by Hammerle et al. in which the mean threshold value for implants (100.6 g) was 8.75 times higher than that of natural teeth (11.5 g).82 An occlusal adjustment performed by occlusal awareness—“How does the bite feel? Is the implant crown high?”—is a poor indicator for hyper contacts compared with a crown on a natural tooth. As a consequence of decreased quantity and quality of occlusal awareness, a premature occlusal contact may remain on an implant crown after occlusal adjustment.

Controversy has been ongoing regarding whether a rigidly fixated implant may remain successful when splinted to natural teeth.83,84 Because the implant has no periodontal membrane, concerns center around the potential for the “nonmobile” implant to bear the total load of the prosthesis when joined to the “mobile” natural tooth. The mobility of potential natural abutments joined to implants may influence the treatment more than almost any other factor. However, the biomechanical concern for the difference in tooth movement and implant movement should not be restricted to situations in which these entities are directly connected within the same prosthesis. When an implant is placed in a partially edentulous arch, many similar biomechanical elements are present, whether the teeth are splinted to the implant or are independent.

Vertical Movement

The sudden, initial (primary) tooth movement ranges from 8 to 28 microns in a vertical direction under a 3- to 5-lb load, depending on the size, number, and geometry of the roots and the time elapsed since the last load application.19,20 This tooth movement has been called “primary” tooth movement and is a result of the movement within the periodontal complex. An implant has no initial or primary vertical tooth movement. An implant with a heavy bite force may move apically up to 5 microns. When the initial tooth movement occurs, secondary tooth movement is present during a greater load and reflects the viscoelastic property of the surrounding bone. The vertical secondary tooth movement is minimal and may approach 3 to 5 microns for a natural tooth (Figure 31-62).
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FIGURE 31-62 The physiologic vertical movement of a natural tooth is 28 microns with a light force (F). An implant has up to 5 microns of vertical movement but requires a heavy occlusal load.

The secondary tooth movement is similar to the bone–implant movement. In other words, the initial axial movement during a light bite force of an implant has no initial, sudden movement. Contrary to the teeth that move immediately, even with light loads, implants only move under a heavy occlusal load and even under these conditions have almost no mobility. The implant may move up to 5 microns after additional force causes the bone to deform, with little correlation of movement to the implant body length.21 In fact, the mobility of implant “secondary” movement is more related to bone density than any other factor.

When teeth oppose each other, the combined intrusive movements of the contacting elements may be 56 microns (28 + 28 microns). When a tooth opposes an implant, the initial combined intrusive movement is only 28 microns (28 + 0 microns). In other words, when implant prostheses oppose natural teeth, the difference in movement between teeth in the rest of the mouth and the implants causes a condition with greater loads to the implant.

Under a light load, the total combined implant movement when implant crowns oppose each other may remain at 0 microns compared with 56 microns in the rest of the mouth. Therefore, although the occlusal contact design for the natural teeth may be ideal under a light load, premature-like occlusal contacts may exist on the implants, especially with a greater bite force. Because the initial difference in vertical movement of teeth and implants in the same arch may be as much as 28 microns, the initial occlusal contacts should account for this difference, or the implant will sustain greater loads than the adjacent teeth.

The dentist should first evaluate the existing occlusion before implant reconstruction and ideally eliminate occlusal prematurities on teeth before the final evaluation of the occlusion on the implant reconstruction. A decision is then made whether an MI or CO is desired before implant placement.

At the delivery of the implant prostheses, any premature contact on the implant restoration should be eliminated. It is interesting to note that a coating of petroleum jelly on the articulating paper will help release the dye and allow more precise occlusal contact identification on the teeth and implant restoration (Figure 31-63). After this step, the dentist uses thin articulating paper (less than 25 microns thickness) for the initial implant occlusal adjustment in occlusion under a light tapping force (Figure 31-64). The implant prosthesis should barely contact during this light bite force, and the surrounding teeth in the arch should exhibit greater initial occlusal contacts. In other words, only light axial occlusal contacts should be present on the implant crown.
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FIGURE 31-63 Petroleum jelly applied to articulating paper helps release the dye and makes the occlusal marks more specific.
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FIGURE 31-64 A light occlusal force is applied first to the implant and teeth. The first molar implant crown has less initial contact than the teeth.

After the equilibration with a light bite force is completed, the patient applies a heavier occlusal force and grinds on the articulating paper (Figure 31-65). A plastic articulatory paper is a benefit, so the “paper” will not tear during the heavy bite and grind force on the teeth (e.g., 20 micron, Accufilm; Parkell, Farmingdale, NY). The occlusal contact point on the implant crown should remain axial over the implant body and may be of similar intensity on the implant crown and the adjacent teeth. When greater bite forces are used, all of the occlusal elements react similar under the heavy occlusal load. Hence, to harmonize the occlusal forces between implants and teeth, the dentist evaluates a heavy bite force occlusal adjustment because it depresses the natural teeth, positioning them closer to the less depressed implant position, and therefore permits equal sharing of the occlusal load.33
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FIGURE 31-65 The first molar implant crown is evaluated with a heavy bite force during grinding movements (especially in a parafunction patient). The implant crown in this patient needs to be adjusted because the occlusal markings on the lingual cusps and marginal ridge are offset loads.

When all posterior teeth in one quadrant of the same arch are implant supported, the same occlusal timing is suggested. Under a light bite force, the occlusal contacts between the anterior and posterior teeth on the other side are slightly heavier in CO than the implant prosthesis. Under a heavy bite force in occlusion, similar contacts are created around the arch. To evaluate these occlusal contacts, a full-arch articulating paper is required (Figure 31-66).
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FIGURE 31-66 To equilibrate the occlusion when multiple implants and natural teeth are in an arch, a full-arch articulating paper is required.

When implant prostheses oppose each other on one side of the mouth, the heavy bite force occlusal adjustment must account for a 56-micron difference in vertical movement between the opposing implant crowns and the rest of the natural teeth. Hence, the light bite force occlusal adjustment should again be performed with a full-arch-size articulating paper, and the implant–implant section should barely contact, but the tooth—tooth anterior and posterior sections have more occlusal contact. Under a heavy bite force in occlusion, similar occlusal contacts are present on both sides of the arch.

It is interesting to note that in a report on porcelain fracture associated with implant crowns, Kinsel and Lin found when the opposing dentition was a denture to an implant prosthesis, no fracture was reported.30 An opposing natural tooth had 3.2% implant crown fracture and a crown on a natural tooth 5.7% fracture, and when an implant crown opposed another implant crown, a 16.2% fracture rate was reported. Hence, the heavy bite force occlusal adjustment becomes more critical when both arches are involved with implant prostheses.

A complete-arch implant-supported prosthesis in one arch opposing complete natural teeth does not require a difference in a light and heavy bite force occlusal evaluation. Likewise, when implants support both maxillary and mandibular prostheses, a light and heavy bite force difference in occlusal timing is not required.

Horizontal Movement

The initial lateral movement of healthy anterior teeth ranges from 68 to 108 microns before secondary tooth movement, or two to four times more movement than their apical movement20 (see Figure 31-4). Horizontal (lateral) implant movements are not immediate and with heavier forces range from 10 to 50 microns21 (Figure 31-67). Therefore, anterior teeth exhibit even greater differences in lateral movements compared with implants than posterior teeth. Hence, one follows a similar equilibration scenario when anterior implants and teeth are not connected and disocclude the posterior dentition during mandibular excursions.
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FIGURE 31-67 When a gradually increasing load is applied to a tooth (top left) and an implant (top right), the range of movement is completely different. The tooth (bottom left) moves immediately under very little force (primary tooth movement). As the force intensity is increased gradually, the tooth gradually moves (secondary tooth movement). The primary tooth movement results from the periodontal ligament. The secondary tooth movement results from bone–tooth movement. The implant follows a gradual movement as the force gradually increases. The movement is similar to secondary tooth movement. The occlusal adjustment of implants and teeth in the same arch should compensate for the primary tooth movement, which is sudden and ranges from 56 to 108 microns in a horizontal dimension. The light occlusal contact evaluates the primary tooth movement. The heavy occlusal contact equilibration evaluates the secondary tooth movement and accounts for the slight implant movement.

When anterior teeth disocclude the posterior teeth in excursions, the lateral tooth movement of the posterior teeth (56–73 microns) does not have to be accounted for because no lateral force exists. Because anterior teeth and implants have lateral movement during mandibular excursion that results in greater discrepancies, the occlusal adjustment in this direction is more critical to the implant system. The dentist first uses light force and thin articulating paper to ensure that little to no implant crown contact occurs during the initial occlusal or lateral movement of the teeth. Then the dentist uses a heavier force during CO and excursions to develop similar occlusal contacts on anterior implants and natural teeth (Figure 31-68).
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FIGURE 31-68 A, The occlusal equilibration of an anterior implant crown is made first with a light occlusal contact in centric occlusion (CO) and during mandibular excursions. B, The anterior implant crown then is equilibrated under a heavy bite force in CO and during mandibular excursions. The difference between primary tooth movement and implant movement is greater in the anterior regions of the mouth.

To compensate for the difference in 100 microns of horizontal movement between maxillary anterior implants and anterior teeth, two modifications are required. The first is to enameloplasty the facial incisal contact of the mandibular incisal edge. The patient is told the height of the tooth is not reduced, only the facial incisal edge. Very often, when maxillary anterior tooth is lost, the opposing mandibular incisor shifts to the facial and makes the implant position and occlusal adjustment more critical. The second modification is often the lingual contour of a maxillary anterior crown is more concave than a natural tooth to accommodate the heavy bite force occlusal adjustment (Figure 31-69).
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FIGURE 31-69 The lingual surface of a maxillary anterior implant crown often has a concave appearance to accommodate for the occlusal contact differences compared with the adjacent natural teeth.

The concept of a heavy bite force occlusal adjustment is underestimated by some practitioners. A comparison of the importance of this concept may be made with the restoration of a single posterior natural tooth with a crown. Can a restoring dentist insert a crown from the laboratory without an occlusal adjustment? Despite accurate impressions, bite registrations, face-bows, and full-arch mounted casts, the crown most always requires some occlusal adjustment. Why?

The laboratory cannot equilibrate the occlusion accurately on the working casts. The technician taps two stone casts together to evaluate the occlusal contacts. The stone dies do not move 28 to 108 microns. As a result, the occlusal adjustment in the mouth compensates for the primary and secondary tooth movement. When a heavy bite force occlusal adjustment is not performed at the delivery of an implant crown, the dentist may not be aware that the implant may be overloaded similar to a new crown on a natural tooth that has not been equilibrated in the mouth.

The proposed heavy bite force occlusal adjustment does not encourage tooth migration or changes in tooth position because regular occlusal contacts still occur. The teeth opposing implants are not taken out of occlusion. Brief occlusal contacts on a daily basis maintain the tooth in its original position (similar to the rest of the mouth). In addition, because most teeth in a skeletal class I occlusion occlude with two opposing teeth (with the exception of the mandibular central incisor), the opposing teeth positions are even more likely to remain in the same positions. In other words, the two opposing natural teeth to an implant crown still have occlusal contacts on the adjacent natural teeth to the implant. However, teeth do move over time. Unlike teeth, implants do not extrude, rotate, or migrate under occlusal forces. As such, the restoring dentist may vary the intensity of the force applied to an implant without causing the implant to change its position readily in the bone. On the contrary, natural teeth do exhibit mesial drift, and slight changes in occlusal position do occur over time.

No occlusal scheme will prevent mesial drift and minor tooth movement from occurring. In addition, enamel may wear approximately 30 microns each year. Therefore, an integral part of the IPO philosophy is the regular evaluation and control of occlusal contacts at each regularly scheduled hygiene appointment. This permits the correction of minor variations occurring during long-term function and helps prevent porcelain fracture and other stress-related complications (abutment screw loosening) on the implant prostheses.

Similar biomechanical considerations can be discussed for implants joined to natural teeth and a similar scenario is used for the occlusal equilibration. A light force and thin articulating paper are used, and the implant crown exhibits minimum contact compared with the natural abutment crown in occlusion. A gradient of force is designed on the pontics. A heavy bite force then is used to establish equal occlusal contacts for all the natural teeth and the entire prosthesis, whether implant or natural tooth supported. When possible, lateral forces on the implant abutments are discouraged even in the anterior regions of the mouth.

Design to the Weakest Arch

Any complex engineering structure typically will fail at its weakest link, and dental implant structures are no exception. Thus, all treatment planning decisions for IPO should be based on careful consideration of (1) identifying the weakest link in the overall restoration and (2) establishing occlusal and prosthetic schemes to protect that component of the structure.

The amount of force distributed to a system can be reduced by stress-relieving components that may dramatically reduce impact loads to the implant support. For example, the soft tissue of a traditional completely removable prosthesis opposing an implant prosthesis is displaced more than 2 mm and is an efficient stress reducer. Because the opposing prosthesis is not rigid, the resulting lateral loads are not as great. In addition, the amount of force the patient may generate is significantly reduced as a consequence of edentulism. The maximum bite force of a long-term denture wearer may be less than 6 lb/in2. As a result, the occlusal concept may be selected to favor the complete removable denture, which is the weakest arch. A common implant treatment plan for an edentulous patient consists of a traditional soft tissue–supported complete maxillary denture opposing a mandibular implant-supported restoration. The occlusal scheme of choice is a bilaterally balanced occlusion, with a medial positioned lingualized tooth setup and raised posterior plane. Whether the mandibular restoration is a fixed prosthesis type 1 (FP-1), FP-2, FP-3, RP-4, or RP-5, the occlusal scheme follows these guidelines.

Bilateral balanced occlusion often provides contacts for all centric and eccentric occlusal movements and is a popular occlusal scheme for soft tissue–supported removable prostheses to improve denture stability, especially during parafunction. However, tt
The weakest component philosophy also applies to occlusal contacts in the regions of the implant bodies in the presence of cantilevers or offset-loaded areas. Heavier occlusal contacts are applied over the implant bodies and gradually reduced toward the cantilever to reduce the magnification of the compressive forces from the most distal cantilevered contact and the tensile and shear forces on the most anterior implant abutment. Reduced occlusal forces with an absence of lateral contacts during excursions are recommended on posterior cantilevers or anterior offset pontics whenever possible. This minimizes the moment forces on the abutments and decreases the loads on terminal implant abutments (Figure 31-70). If the implants for both arches cannot be loaded in an axial position, bone density, implant surface area, and prosthesis type determine the area to be protected. The maxillary implants are most likely to be protected with the axial load (Figure 31-71).
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FIGURE 31-70 Posterior implants in opposing arches are positioned under the respective central fossae when the facial cervical regions are not in the esthetic zones. The maxillary lingual cusp is reduced in width, and the mandibular buccal cusp is reduced. The primary occlusal contact is often over the maxillary implant when the bone is less dense or fewer implants are splinted together or the implant sizes are less than the mandibular implant support. B, Buccal; L, lingual.
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FIGURE 31-71 A, Full-arch maxillary and mandibular implant prostheses. The vertical overbite is 3 mm, and there is no occlusal contact from the mesial of each maxillary canine to canine in centric occlusion (CO). B, In CO, the implants are loaded in their long axis. When this is not possible in both arches, the maxillary implants are favored for long-axis loads.

To follow the weaker component theory, when cantilevered pontics are in both arches, they should ideally oppose each other. However, posterior cantilevers in the maxillary arch are less indicated than in the mandible. When maxillary posterior implants support cantilevered anterior teeth and mandibular anterior implants support cantilevered posterior teeth, the occlusal scheme cannot minimize forces on both. In this scenario, the weaker component is usually the anterior maxilla, and reduced force in the region would be appropriate. Mandibular cantilevered pontics opposing maxillary implants is better than the reverse situation. A detailed laboratory prescription indicates implant crown contours and primary occlusal contacts for the implant prosthesis (Figure 31-72).
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FIGURE 31-72 A laboratory sheet developed by Peter Dawson and Carl Misch permits the doctor to communicate the implant crown contour and primary occlusal contacts. A separate form for maxillary and mandibular posterior implant crowns helps the laboratory technician design the prosthesis. A-C, Maxillary crowns. D, Mandibular crowns.

Summary by Bone Volume

Division A Bone

In a posterior edentulous ridge with abundant height and width and little resorption, the implant may be placed in a more ideal position for occlusion and esthetics. The most common implant placement in the mandible corresponds to a central position in the residual ridge. The implant osteotomy begins in the center of the crest and gradually is increased to the optimal width indicated in relation to the recipient bone. Facial concavities are avoided, and the thinner facial cortical bone is protected to limit surgical complications such as labial dehiscence. As a result, the implant frequently is placed under the central fossa region of the former natural tooth. To load the implant body in an axial direction, the primary occlusal contact should be the central fossa region in division A bone.

When the posterior ridge is abundant in width in the maxilla and the cervical region is in the esthetic zone, the implant may be positioned 1 or 2 mm from the center of the ridge toward the facial bone. This position is used when the facial margin of the crown is in the esthetic zone to enhance the emergence profile. In this situation, the palatal portion of the implant platform is still located under the central fossa, and the occlusal load is placed on the central fossa. If the cervical region of the maxilla is not in the esthetic zone during a high lip position, the implant should be positioned in the center of the ridge to minimize the lingual cusp cantilever.

In either arch, the stamp cusp (buccal in the mandible and lingual in the maxilla) is a cantilevered load and should not have occlusal contact. This also pertains to the marginal ridges for single-tooth implants.

After the socket of the tooth heals, bone resorption occurs at the expense of the facial plate, and the implant most often is positioned under the central fossa with a modified buccal contour anatomy in the mandible. The dentist reduces the buccal aspect of the occlusal table width to promote axial loading in nonesthetic regions. This buccal contour increases the horizontal overjet during occlusion with the maxillary molar without esthetic or cheek-biting consequences. The central fossa of the mandibular implant crown is increased to 2 to 3 mm in width. When opposing a natural maxillary molar, the primary contacting cusp becomes the maxillary lingual cusp contacting the mandibular central fossa of the implant crown, with the mandibular buccal cusp of decreased height and width. Hence, all contacts are situated medially compared with those on natural teeth. The lingual contour of the mandibular implant crown is similar to the original natural dentition (and the adjacent teeth), complete with horizontal overlap to the maxillary lingual cusp to prevent tongue biting during function. No occlusal contact occurs on either the buccal or the lingual cusps so as to eliminate offset loads during parafunction.

The esthetics in a maxillary implant reconstruction should not be compromised by a facial reduction of the occlusal table width. Just as with the natural teeth, the maxillary buccal cusp receives no occlusal load. However, the lingual cusp in the maxillary arch is not in the esthetic zone. In maxillary premolar and first molar regions out of the high smile lip esthetic zone with abundant bone width, the implant is placed under the central fossa of the crown, and occlusal contact occurs with the central fossa and opposing mandibular buccal cusp of the natural tooth. Thus, for maxillary implants opposing mandibular natural teeth, the mandibular buccal cusp acts as the primary tooth contact. The dentist reduces the posterior maxillary crown only from the lingual aspect, compared with a natural maxillary molar, to reduce the occlusal table width. Such a reduction increases the lingual overjet when the teeth are in occlusion, which is of no consequence relative to esthetics or tongue biting.

For maxillary and mandibular implants opposing each other, the facial cusp of the maxillary crown is required for esthetics. The other contours of the opposing crowns are reduced in width to minimize the occlusal table width and axially load the implants. When axially loading both arches is not possible, the weakest arch is favored. This usually is the maxilla because of lesser bone density. In conclusion, whenever possible, occlusal contacts should be avoided on the areas of an implant crown that are not supported directly by an axially positioned implant. Alternatively, several additional implants should be used to dissipate the force.

Division B Bone

In division B bone, maxillary and mandibular implants are positioned more toward the lingual cusp of the original natural tooth position. As a result, the buccal aspect of the mandibular crowns is further reduced to avoid offset occlusal contacts. The primary occlusal contact on an opposing natural posterior maxillary tooth is the lingual cusp, which is reshaped to load the implant axially. The buccal cusp of the mandibular implant crown is located toward the original central fossa of the natural tooth. The medially positioned division B mandibular implant crown may have a central fossa, but it is more lingual than the original position. The lingual contour of the crown is similar to that of the original natural tooth and with proper horizontal overlap with the opposing natural tooth to prevent tongue biting.

The mandibular posterior implant on occasion may be angled lingually to avoid the undercut of the submandibular fossa. As a result, an angled abutment and a straight lingual emergence are used to minimize the lingual volume of the restoration. Under these conditions, augmentation of the mandibular division B ridge may be required when stress factors are moderate to improve the implant position and prosthetic guidelines.

In a division B maxillary bone situation, the implant is placed more toward the palatal cusp region of the original natural tooth. The maxillary occlusal table cannot always be reduced from the facial aspect for esthetic reasons; therefore, the buccal cusp is offset facially but left completely out of occlusion (as with natural teeth) in CO and during all mandibular excursions. The buccal cusp of the opposing natural tooth is recontoured in width and height to reduce offset loads to the opposing crown on the maxillary implant. The palatal cusp angle is reduced and a flat area, parallel to the occlusal plane, over the implant abutment is designed in the implant crown. The primary occlusal contact in CR occlusion is the maxillary palatal cusp over the implant body and the central fossa region of the mandibular natural tooth. Bone augmentation for the placement of wider implants is more indicated in the maxilla than the mandible because of the less dense bone and the prosthetic needs to replace an esthetic buccal crown contour.

In the presence of division B bone in both edentulous arches, the maxillary and mandibular prostheses are similar to that described in the previous scenario. However, placement of axial loads on both arches usually is not possible, and the weakest implant related to bone density, width, or prosthesis type (fixed vs. removable) determines the axial load requirements because it is the most vulnerable arch.

Division C and D Maxillae

On occasion, the maxillary ridge atrophy from division A to C or D bone results with the maxillary ridge under the position of the maxillary lingual cusp tip. A sinus graft restores the available bone height but does not reposition the resorbed residual ridge. As a consequence, the implant may be inserted under the lingual cusp of the maxillary tooth.

When mandibular natural teeth oppose maxillary implant crowns, the buccal cusps of natural mandibular teeth (or crowns on implants) should be recontoured to minimize offset loads in CR occlusion. The dentist then may retain the maxillary buccal cusp for esthetics but reduce the functional occlusal table.

In posterior esthetic regions of the maxilla (cervical high lip line during smiling), a wider occlusal table is required for proper facial contours and esthetics. Bone grafting to increase width may be required in these esthetic zones along with placement of a larger-diameter implant to permit restoration of the proper cervical and buccal contours with emergence profiles for esthetics and maintenance. Ideally, the dentist positions the implant platform between the buccal cusp and central fossa position, with a facial emergence similar to an anterior implant position.

Nonesthetic areas such as the distal half of the first molar and the second molar may often be restored in crossbite when these conditions exist to improve the direction of forces. The implant ideally is placed in these cases directly over the lingual cusp of the mandibular tooth. Occlusal contacts over the implant body are located in the maxillary widened central fossa of the crown. The maxillary lingual horizontal overlap is designed for protection from tongue biting. The mandibular buccal cusp is more buccal than the maxillary buccal cusp for protection from cheek biting.

Conclusion

The implant body should be loaded in an axial direction. In a division A maxillary ridge the implant can be placed between the central fossa region and buccal cusp of the natural teeth. The buccal cusp of the natural tooth in the mandibular arch is the dominant occluding cusp. The palatal contour of the maxillary posterior implant crown is reduced to eliminate offset loads. The position of the maxillary buccal cusp should remain similar to that of the original tooth for proper esthetics and should remain out of occlusion in CR and all mandibular excursions. When further resorption occurs and the ridge evolves into division B to C bone, the maxillary palatal cusp may become the primary contact area, situated directly over the implant body. The palatal cusp angle is reduced, and a contact area is created directly over the implant abutment. Hence, the occlusal contacts differ from those of a natural tooth.

In mandibular division A bone, the implant is located under the central fossa, but in division B, the implant is located closer to the lingual cusp region of the preexisting natural tooth. In other words, mandibular endosteal implants are always positioned more medial than the original buccal cusp of the natural tooth. All occlusal contacts are in a widened central fossa and often more medial than those on natural mandibular teeth.

In the edentulous maxilla, a full-arch prosthesis may be fabricated in one section. However, the dentist may elect to place two rigid attachments (Pin Des Marets) distal to the canine. This maintains the biomechanics of an arch, yet the prosthesis may be removed in three sections to facilitate the management of uncemented restoration or porcelain fracture. The anterior lateral forces generated during excursions should be distributed to the anterior teeth only. However, the one-piece rigid structure does distribute a reduced force to some posterior implants. Seven to 10 maxillary implants most often are required for a 12-unit fixed prosthesis opposing a fixed dentition on teeth or implants with moderate to severe stress factors. Posterior implants are more critical in the maxilla to eliminate posterior cantilevers and increase the anteroposterior implant distance, which further decreases stress to the maxillary anterior implants.

Summary

Any complex engineering structure typically will fail at its weakest link, and dental implant structures are no exception. Thus, all treatment planning decisions for IPO should be based on careful consideration of (1) identifying the weakest link in the overall restoration and (2) establishing occlusal and prosthetic schemes to protect that component of the structure.

The local occlusal considerations in implant dentistry include the transosteal forces, bone biomechanics, basic biomechanics, differences in natural teeth and implants, muscles of mastication and occlusal force, and bone resorption. The incorporation of these factors leads to an occlusal scheme (IPO) developed by the author.

In this chapter, clinical considerations are drawn from basic prosthetic concepts, bone biomechanical principles, and finite element analyses to reduce noxious occlusal loads and establish a consistent occlusal philosophy. The IPO concept addresses several conditions to decrease stress to the implant system, including implant body angle to occlusal load, cusp angle of crowns, ub protected articulation, cantilever or offset distance, crown height, crown contour, the timing of occlusal contacts, and protection of the weakest component. The implant body should ideally be loaded in the long axis of force (perpendicular to the occlusal plane). The occlusal contact in posterior regions should be over the implant (most often in the central fossa of the crown). Mutually protected occlusion should eliminate all lateral forces to the posterior implant restorations. Cantilevers should be eliminated in the complete edentulous maxilla and partially edentulous patients of either arch. When crown heights are greater than 15 mm, the cantilevers in the edentulous mandible should be reduced. The timing of occlusal contacts in partially edentulous patients should form the natural teeth. The weakest component in the system should be protected from occlusal forces. This chapter blends experience and biomechanical principles for a consistent approach to occlusal considerations.
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