Chapter 29

Mandibular and Maxillary Implant Overdenture Design and Fabrication

Carl E. Misch

The average total edentulous rate around the world is 20% of the adult population by age 65 years, although there is wide disparity from the countries with the highest and lowest rates.1 For example, from the 65- to 74-year age group, the total edentulous rate in Kenya and Nigeria was 4%, but the Netherlands and Iceland have rates of 65.4% and 71.5%, respectively. The edentulous rate in Canada was 47% at 65 to age 69 years and 58% from ages 70 to 98 years (with Quebec at 67% for those older than age 65 years compared with Ontario with a 41% rate).

A 1999 to 2002 survey found that total edentulism in the United States of both arches was present in almost 20 million people.2 As expected, older persons are more likely to be missing all of their teeth. Total edentulism has been noted in 5% of employed adults ages 40 to 44 years, gradually increasing to 26% at age 65 years and almost 44% in seniors older than age 75 years3 (Figure 29-1). Gender was not found to be associated with tooth retention or tooth loss after adjustments were made for age.
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FIGURE 29-1 Almost 20 million Americans are completely edentulous. After the age of 60 years, more than one third of the population has no teeth.

The maxillary arch may be completely edentulous, opposing at least some teeth in the mandible. This condition occurs 35 times more often than the reverse situation. At age 45 years, 11% of the population has maxillary total edentulism opposing at least some teeth, which increases to 15% by 55 years of age and then remains relatively constant.2,3 Therefore, an additional 12 million individuals in the United States have total edentulism in the maxillary arch, representing 7% of the adult population overall.

The percentages of one or two arch total edentulism translate into more than 30 million people or about 17% of the entire U.S. adult population.4 To put these numbers in perspective, 30 million people represent approximately the entire U.S. African American population, the U. S. Hispanic population, the whole population of Canada, or the total population in the United States older than 65 years of age.

Although the edentulism rate is decreasing every decade, the elderly population is rising so rapidly that the adult population in need of one or two complete dentures will actually increase from 33.6 million adults in 1991 to 37.9 million adults in 2020. The total numbers of edentulous arches were estimated at 56.5 million in 2000, 59.3 million in 2010, and 61 million in 2020.5 Complete edentulism, therefore, remains a significant concern, and affected patients often require implant dentistry to solve several related problems. If four implants were used to help support each complete edentulous arch, a total of 226 million implants would be required. Yet only 10 million implants in the United States were inserted in 2010 for all patient treatment.

The vast majority of completely edentulous patients are treated with complete dentures. Despite these numbers, almost 70% of dentists spend less than 1% to 5% of their treatment time on edentulous patients, leaving a great unfulfilled need for implant dentistry. However, the dental profession and the public are more aware of the problems associated with a complete mandibular denture than any other dental prosthesis.

The placement of implants enhances the support, retention, and stability of an overdenture. As a result, edentulous patients are very willing to accept a treatment plan for a mandibular implant overdenture (IOD). There is greater flexibility in implant position or prosthesis fabrication with a mandibular IOD. As a result, it is also an ideal treatment modality to begin an early learning curve in implant surgery and prosthetics. Therefore, one of the most beneficial treatments rendered to patients is also one of the best introductions for a dentist into the discipline of implant dentistry.

An increased awareness from the profession and patients has now rendered the mandibular IOD the treatment of choice for edentulous patients regardless of most clinical situations, bone densities, and patients' desires to restore an ever-growing number of patients.6–43 As a consequence, mandibular overdentures have become the minimum standard of care for most completely edentulous mandibles.38
Anatomical Consequences of Edentulism

There are many negative consequences for completely edentulous patients. They include continued bone loss of the jaws; soft tissue consequences that support the prostheses; facial esthetic consequences of bone loss; decreased masticatory performance, resulting in diet-related health issues; and psychological aspects of a total tooth loss (Box 29-1). Some of these issues are addressed in Chapter 1. Other related issues to overdentures are reviewed in this chapter.

Box 29-1

Consequences of Complete Edentulism

• Continued bone loss of jaws

• Negative soft tissue effects

• Negative facial esthetics

• Decreased masticatory performance

• Diet-related health effects

• Psychologic impact

Bone Loss

Wolff's law (1892) states that bone remodels in relationship to the forces applied.44 Every time the function of bone is modified, a definite change occurs in the internal architecture and external configuration.45 In dentistry, the consequences of complete edentulism and remaining bone volume were noted by J. Misch in 1922, where he described the skeletal structure of a 90-year-old woman without teeth for several decades46 (Figure 29-2).
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FIGURE 29-2 In 1922, J. Misch described the anatomical consequences of 90-year-old women without teeth.

Bone needs stimulation to maintain its form and density. Roberts et al. report that a 4% strain to the skeletal system maintains bone and helps balance the resorption and formation phenomena.47 Teeth transmit compressive and tensile forces to the surrounding bone. These forces have been measured as a piezoelectric effect in the imperfect crystals of durahydroxyapatite that comprise the inorganic portion of bone.48 When a tooth is lost, the lack of stimulation to the residual bone causes a decrease in trabeculae and bone density in the area, with loss in the external width and then height of the bone volume.49 There is a 25% decrease in width of bone during the first year after tooth loss and an overall 4-mm decrease in height during the first year after extractions for an immediate denture.50 In a longitudinal 25-year study of edentulous patients, lateral cephalograms demonstrated continued bone loss during this time span, with a fourfold greater loss observed in the mandible.51 In 1963, Atwood introduced five different stages of bone loss in an anterior mandible after tooth loss52 (Figure 29-3).
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FIGURE 29-3 In 1963, Atwood described five different stages of bone loss in the anterior mandible after the loss of teeth.52
Although the bone loss issue has been noted for a hundred years, the dental profession has most often overlooked the insidious bone loss that occurs after tooth extraction. The patient is often not educated about the anatomical changes and the potential consequences of continued bone loss. The bone loss accelerates when the patient wears a poorly fitting soft tissue–borne prosthesis. Patients do not understand that bone is being lost over time and at a greater rate beneath poorly fitting dentures. Patients do not return for regular visits for evaluation of their condition; instead, they return after several years when denture teeth are worn down or can no longer be tolerated. In fact, the average denture wearer sees a dentist every 14.8 years after having a complete denture. Hence, the traditional method of tooth replacement (dentures) often negatively affects bone loss in a manner not sufficiently considered by the dentist and the patient. The doctor should inform the patient that a denture replaces more bone and soft tissue than teeth, and every 5 years a reline or new denture is suggested to replace the additional bone loss by the atrophy that will occur (Figure 29-4).
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FIGURE 29-4 The patient should understand a complete denture often replaces more bone than teeth after the continued bone loss associated with the loss of teeth.

Preventive dentistry has traditionally emphasized methods to decrease tooth loss or the surrounding bone supporting a tooth. This bone loss around a tooth is often monitored by the millimeter, yet no therapy had been promoted and accepted by the profession to avoid the bone changes resulting from tooth loss. The bone changes after total tooth loss may be measured by the centimeter. Today the profession must consider the loss of both teeth and bone. The loss of teeth causes remodeling and resorption of the surrounding residual bone and eventually leads to atrophic edentulous ridges.

Almost every girl and woman past the age of 14 years is aware of osteoporosis after menopause. Diet and exercise are encouraged their whole lives to decrease this risk. Yet osteoporosis primarily affects bone density, not bone volume. The only place in the body bone volume is lost to an extreme is in the jaws after tooth loss. Yet nobody in the public and very few in the profession ever address this issue. It is malpractice if a dentist does not monitor the bone loss around teeth by the millimeter with a probe. Yet the centimeter bone losses of the edentulous regions are often ignored.53
Consequences of edentulous ridges with bone loss are associated with anatomical problems that often impair the predictable results of traditional dental therapy. Several of these anatomical problems are listed in Box 29-2. Loss of bone in the maxilla or mandible is not limited to alveolar bone; portions of the basal bone may also be resorbed (Figure 29-5), especially in the posterior aspect of the mandible, where severe resorption may result in more than 80% bone loss.54 The contents of the mental foramen or mandibular canal eventually become dehiscent and serve as part of the support area of the prosthesis.55 As a result, acute pain and transient to permanent paresthesia of the areas supplied by the mandibular nerve are possible. The body of the mandible also is at increased risk of fracture even under very low impact forces (Figure 29-6). The mandibular fracture causes the jaw to shift to one side and makes stabilization and an esthetic result most difficult to obtain during treatment of the fracture.

Box 29-2

Anatomic Problems of Edentulous Ridges

• Decreased width of denture-supporting bone

• Decreased height of denture-supporting bone

• Prominent mylohyoid and internal oblique ridges with increase in denture sore spots

• Progressive decrease in keratinized attached mucosa

• Prominent superior genial tubercles with increased denture movement

• Muscle attachments near crest of edentulous ridge

• Posterior elevation of prosthesis with contraction of mylohyoid and buccinator muscles during function

• Forward movement of prosthesis from anatomical inclination with moderate to advanced bone loss

• Thinning of surface mucosa with increased sensitivity to abrasion

• Loss of basal bone

• Paresthesia from dehiscent mental foramen and neurovascular canal

• Increased risk of mandibular body fracture from advanced bone loss
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FIGURE 29-5 A, The bone loss associated with loss of teeth may include both the alveolar bone, which was formed to house the teeth, and the basal bone of the jaws. This panoramic radiograph with the dentures in place demonstrates the advanced atrophy of the residual bone. B, Long-term complete edentulism can result in severe bone atrophy. This cephalometric radiograph demonstrates the body of the mandible is less than 5 mm high, and the superior genial tubercle is 10 mm above the crest of the ridge.
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FIGURE 29-6 Advanced atrophy of the mandibular body may result in fracture of the jaw.

The average denture patient does not see a dentist regularly. In fact, more than 10 years usually separates dental appointments of edentulous patients. As a consequence, the patient is unaware of the insidious loss of bone in the edentulous jaw. The bone loss that occurs during the first year after tooth loss is 10 times greater than in following years. In the case of multiple extractions, this often means a 4-mm vertical bone loss within the first 6 months. This bone loss continues over the next 25 years, with the mandible experiencing a fourfold greater vertical bone loss than the maxilla.56,57 During the long hiatus between dental visits after dentures are used to replace the dentition, the amount of resorption from initial denture delivery to the next professional interaction already has caused the destruction of the original alveolar process.

The anterior residual alveolar process also continues to resorb during this time frame, and the superior genial tubercles (which are 20 mm below the crest of bone when teeth are present) eventually become the most superior aspect of the anterior edentulous ridge. The more often a patient wears a denture, the greater the bone loss, yet 80% of denture patients wear their dentures day and night.

Soft Tissue Consequences

The loss of bone first causes decreased bone width. The remaining narrow residual ridge often causes discomfort when the thin overlying tissues are loaded under a soft tissue–borne removable prosthesis (RP). As bone loses width, then height, then width and height again, the attached gingiva gradually decreases. A very thin attached tissue usually lies over the advanced atrophic mandible or is entirely absent. The increasing zones of mobile, unkeratinized gingiva are prone to abrasions caused by the overlaying prosthesis. In addition, unfavorable high muscle attachments and hypermobile tissue often complicate the situation.

As the bony ridge resorbs in height, the muscle attachments become level with the crest of the edentulous ridge (Figure 29-7). The continued atrophy of the posterior mandible eventually causes prominent mylohyoid and internal oblique ridges covered by thin, movable, unattached mucosa. There is little to prevent the prosthesis from moving forward against the lower lip during function or speech. This condition is further compromised by the vertical movement of the distal aspect of the prosthesis during contraction of the mylohyoid and buccinator muscles and the anterior incline of the atrophic mandible compared with that of the maxilla.58 Yet these compromised tissues are the support and stability system of the denture (Box 29-3).
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FIGURE 29-7 The soft tissue consequences of bone loss often include muscle attachments at the crest of the residual ridge. In this mandible, the floor of the mouth is superior to the remaining bone, and the mentalis and buccinator muscles are level with the bone crest.

Box 29-3

Soft Tissue Consequences of Edentulism

• Attached, keratinized gingiva is lost as bone is lost.

• Unattached mucosa for denture support causes increased soft spots.

• Thickness of tissue decreases with age and systemic disease, which causes more sore spots for dentures.

• The tongue increases in size, which decreases denture stability.

• The tongue has more active role in mastication, which decreases denture stability.

• There is decreased neuromuscular control of the jaw in elderly adults.

Masticatory Function

The difference in maximum occlusal forces recorded in a person with natural teeth and one who is completely edentulous is dramatic. In the first molar region of a dentate person, the average force has been measured at 150 to 250 psi.59 A patient who grinds or clenches the teeth may exert a force that approaches 1000 psi. The maximum occlusal force in the edentulous patient is reduced to less than 50 psi. The longer patients are edentulous, the less force they are able to generate. Patients wearing complete dentures for more than 15 years may have a maximum occlusal force of less than 6 psi.60
As a result of decreased occlusal force and the instability of the denture, masticatory efficiency also decreases with tooth loss. Ninety percent of the food chewed with natural teeth fits through a no. 12 sieve; this is reduced to 58% in a patient wearing complete dentures.61 A study of 367 denture wearers (158 men and 209 women) found that 47% exhibited low masticatory performance.62 The 10-fold decrease in force and the 40% decrease in efficiency affect the patient's ability to chew. Lower intakes of fruits, vegetables, and vitamin A by women are noted in this group. Denture patients also take significantly more drugs (37%) compared with those with superior masticatory ability (20%), and 28% take medications for gastrointestinal disorders.63 The reduced consumption of high-fiber foods could induce gastrointestinal problems in edentulous patients with deficient masticatory performance. In addition, the coarser bolus may impair proper digestive and nutrient extraction functions.

Mandibular discomfort was listed in a study by Misch and Misch with equal frequency as movement (63.5%), and surprisingly, 16.5% of the patients stated they never wear the mandibular denture.64 In comparison, the maxillary denture was uncomfortable half as often (32.6%), and only 0.9% were seldom able to wear the prosthesis. Function was the fourth most common problem reported by these 104 denture wearers. In persons with dentures, 29% are able to eat only soft or mashed foods; 50% avoid many foods; and 17% claim they eat more efficiently without the prosthesis.64 The psychological effects of the inability to eat in public can be correlated with these findings. Other reports agree that the major motivating factors for patients to undergo treatment were related to the difficulties with eating, denture fit, and discomfort63 (Box 29-4).

Box 29-4

Negative Effects of Complete Dentures

• Bite force is decreased from 200 psi for dentate patients to 50 psi for edentulous patients.

• 15-year denture wearers have reduced bite force to 6 psi.

• Masticatory efficiency is decreased.

• More drugs are necessary to treat gastrointestinal disorders.

• Food selection is limited.

• Healthy food intake is decreased.

• The life span may be decreased.

• Reduced prosthesis satisfaction.

• Speech difficulty

• Psychologic effects

Advantages of an Implant Overdenture

The use of dental implants to provide support for an IOD offers many advantages compared with the use of removable soft tissue–borne restorations (Box 29-5). A primary reason to consider dental implants to replace missing teeth is the maintenance of alveolar bone. The most common position to insert implants for an overdenture is in the anterior mandible. After the implants are inserted, the anterior bone under an overdenture may resorb as little as 0.6 mm vertically over 5 years, and long-term resorption may remain at less than 0.05 mm per year.35,40 Stress and strain may be applied to the bone surrounding the implant. As a result, the decrease in trabeculation and volume of bone that occurs after tooth extraction is reversed. There is an increase in bone trabeculae and density when the dental implant is inserted and functioning. The overall volume of bone around the implants is also maintained. An endosteal implant can maintain bone width and height as long as the implant remains healthy.47 As with a tooth, periimplant bone loss may be measured in tenths of a millimeter and may represent a more than 20-fold decrease in lost bone structure compared with the resorption that occurs with removable prostheses.

Box 29-5

Advantages of Implant-Supported Prostheses

• Maintain bone

• Restore and maintain occlusal vertical dimension

• Maintain facial esthetics (muscle tone)

• Improve esthetics (teeth positioned for appearance vs. decreasing denture movement)

• Improve phonetics

• Improve occlusion

• Improve or regain oral proprioception (occlusal awareness)

• Increase prosthesis success

• Improve masticatory performance or maintain muscles of mastication and facial expression

• Reduce size of prosthesis (eliminate palate, flanges)

• Provide fixed versus removable prostheses

• Improve stability of removable prostheses

• Improve retention of removable prostheses

• Increase survival times of prostheses

• No need to alter adjacent teeth

• More permanent replacement

• Improve psychological health

• Improved health related to diet

• Improve maxillofacial prostheses

The features of the inferior third of the face are closely related to the supporting skeleton. When vertical bone is lost, the dentures only act as “oral wigs” to improve the contours of the face. The dentures become bulkier as the bone resorbs, making it more difficult to control function, stability, and retention. With implant-supported prostheses, the vertical dimension may be restored, similar to natural teeth. In addition, the implant-supported prosthesis allows a cantilever of anterior teeth for ideal soft tissue and lip contour and improved appearance in all facial planes. This happens without the instability that usually occurs when an anterior cantilever is incorporated in a traditional denture. The facial profile may be enhanced for the long term with implants rather than deteriorating over the years as can occur with traditional dentures.

The complete mandibular denture often moves during mandibular jaw movements during function and speech. In addition to the lack of retention from bone loss, a mandibular denture often moves when the mylohyoid and buccinator muscles contract during speech or mastication. The maxillary teeth are often positioned for lower denture stability rather than where natural teeth usually reside. With implants, the maxillary teeth may be positioned to enhance esthetics and phonetics rather than in the neutral zones dictated by traditional denture techniques to improve the stability of a lower prosthesis.

Occlusion is difficult to establish and stabilize with a completely soft tissue–supported prosthesis. Because the mandibular prosthesis may move as much as 10 mm or more during function, proper occlusal contacts occur by chance, not by design.65,66 An implant-supported restoration is stable. The patient can more consistently return to centric relation occlusion rather than adopt variable positions dictated by the prosthesis' instability.

Proprioception is awareness of a structure in time and place. The receptors in the periodontal membrane of the natural tooth help determine its occlusal position. Although endosteal implants do not have a periodontal membrane, they provide greater occlusal awareness than complete dentures. Whereas patients with natural teeth can perceive a difference of 20 microns between the teeth, implant patients can determine 50-micron differences with rigid implant bridges compared with 100 microns in those with complete dentures (either one or two).67 As a result of improved occlusal awareness, the patient functions in a more consistent range of occlusion.

With an implant-supported prosthesis, the direction of the occlusal loads is controlled by the restoring dentist. Horizontal forces on removable prostheses accelerate bone loss, decrease prosthesis stability, and increase soft tissue abrasions. Therefore, the decrease in horizontal forces that are applied to implant restorations improves the local parameters and helps preserve the underlying soft and hard tissues. An IOD provides improved retention and stability of the prosthesis, and the patient is able to consistently reproduce a determined centric occlusion.43
In a randomized clinical trial by Kapur et al., the implant group of patients demonstrated a higher level of eating enjoyment and improvement of speech, chewing ability, comfort, denture security, and overall satisfaction.68 The ability to eat several different foods among complete denture versus mandibular overdenture patients was evaluated by Awad and Feine.69 The IOD was superior for eating not only harder foods, such as carrots and apples, but also softer foods, such as bread and cheese. Geertman et al. evaluated complete denture wearers with severely resorbed mandibles before and after mandibular IODs. The ability to eat hard or tough foods significantly improved.70,71
Researchers at McGill University evaluated blood levels of 30 patients who had complete dentures and 30 patients with maxillary dentures opposing mandibular implant prostheses 6 months after treatment.72 Within this rather short period, implant patients had higher B12 hemoglobin (related to an iron increase) and albumin levels (related to nutrition). These patients also had greater body fat in their shoulders and arms, with decreased body fat in their waists. Beneficial effects such as a decrease in fat, cholesterol, and the carbohydrate food groups have been reported, as well as significant improvement in eating enjoyment and social life.73–75
The maximum occlusal force of a traditional denture wearer ranges from 5 to 50 lb. Patients with an implant-supported fixed prosthesis (FP) may increase their maximum bite force by 85% within 2 months after the completion of treatment. After 3 years, the mean force may reach more than 300% compared with pretreatment values.60 As a result, an implant prosthesis wearer may demonstrate a force similar to that of a patient with a fixed restoration supported by natural teeth.

Chewing efficiency with an implant prosthesis is greatly improved compared with that of a soft tissue–borne restoration. The masticatory performance of dentures, overdentures, and natural dentition was evaluated by Rissin et al., and the traditional denture showed a 30% decrease in chewing efficiency.61 The tooth-supported overdenture loses only 10% of chewing efficiency compared with natural teeth. These findings are similar with implant-supported overdentures. Geertman et al. reported similar results comparing chewing ability of conventional complete dentures with mandibular IODs.70,71 In addition, rigid implant-supported prostheses may function the same as natural teeth.

The stability and retention of an implant-supported prosthesis are great improvements over soft tissue–borne dentures. Mechanical means of implant retention are far superior to the soft tissue retention provided by dentures or adhesives and cause fewer associated problems. The implant support of the final prosthesis is variable, depending on the number and position of implants; yet all treatment options demonstrate significant improvement.

Phonetics may be impaired by the instability of a conventional denture. The buccinator and mylohyoid muscles may flex and propel the posterior portion of the denture upward, causing clicking, regardless of the vertical dimension.66 As a result, a patient in whom the vertical dimension already has collapsed 10 to 20 mm may still produce clicking sounds during speech. Often the tongue of the denture wearer is flattened in the posterior areas to hold the denture in position. The anterior mandibular muscles of facial expression may be tightened to prevent the mandibular prosthesis from sliding forward. The implant prosthesis is stable and retentive and does not require these oral manipulations. The implant restoration allows reduced flanges or palates of the prostheses. This is of special benefit to new denture wearers, who often report discomfort with the bulk of the restoration.

Patients treated with implant-supported prostheses judge their overall psychological health as improved by 80% compared with their previous state while wearing traditional, removable prosthodontic devices. They perceived the implant-supported prosthesis as an integral part of their body. For example, Raghoebar et al. evaluated 90 edentulous patients in a randomized multicenter study.76 Five years after treatment, a validated questionnaire targeted patient esthetic satisfaction, retention, comfort, and the ability to speak and eat with a complete mandibular denture, complete mandibular denture with vestibuloplasty, or mandibular two-implant overdenture. IODs had significantly higher ratings, but no significant difference was found between the two complete-denture groups.

For patients with the inability to afford a fixed implant prosthesis, the IOD is a significant improvement compared with their traditional denture. In a randomized clinical report, Awad et al. compared satisfaction and function in complete denture patients versus patients with two implant-supported mandibular IODs.11 There was significantly higher satisfaction, comfort, and stability in the IOD group. A similar study in a senior population yielded similar results.12 Thomason et al., in the United Kingdom, also reported a 36% higher satisfaction for the implant IOD patients than the complete denture wearers in the criteria of comfort, stability, and chewing.13
The success rate of implant prostheses varies, depending on a host of factors that change for each patient. However, compared with traditional methods of tooth replacement, the implant prosthesis offers increased longevity, improved function, bone preservation, and better psychological results.

Advantages of Implant-Supported Overdentures versus Fixed Prostheses

The IOD provides some practical advantages over the implant-supported complete fixed partial denture (Box 29-6). Fewer implants may be required when a RP-5 restoration is fabricated because soft tissue areas may provide additional support. The overdenture may provide stress relief between the superstructure and prosthesis, and the soft tissue may share a portion of the occlusal load. Regions of inadequate bone for implant placement therefore may be eliminated from the treatment plan rather than necessitating bone grafts or placing implants with a poorer prognosis. As a result of less bone grafting and number of implants, the cost to treat the patients is dramatically reduced.

Box 29-6

Implant Overdenture Advantages versus Fixed Prosthesis

• Fewer implants (RP-5)

• Less bone grafting required before treatment

• Less specific implant placement

• Improved esthetics

• Labial flange

• Soft tissue drape replaced by acrylic

• Improved periimplant probing (follow-up)

• Improved hygiene

• Reduced stress to implant system

• Nocturnal parafunction (remove prosthesis at night)

• Lower cost and laboratory cost (RP-5)

• Easy repair

• Laboratory cost decrease (RP-5)

• Transitional device is less demanding than a fixed restoration

The implant position is less specific for an overdenture compared with a FP. The cervical contours of the prosthesis are controlled by implant position in a fixed restoration. The implants have a greater demand for parallelism for a FP, especially when a cemented restoration is desired. The postoperative evaluation and hygiene of an IOD is easier than for a FP, especially when cervical ridge laps are used in the restoration.

The overdenture restoration is easier to repair because it is already readily removable. The FP may be difficult to remove when cement retained and even when screw retained takes considerable time and effort. The transitional restoration during fabrication of the final prosthesis is typically the complete denture the patient was wearing before treatment. A fixed restoration often requires an additional restoration to be fabricated during the treatment process.

The IOD may be removed at night to reduce the noxious effects of nocturnal parafunction. These cyclic forces increase the risk of biomechanical problems not only of the implants but also of the entire implant system, including the prosthesis occlusal material, the screws and cements that retain the prosthesis, the abutment screws, the crestal marginal bone, the complete bone–implant interface, and fracture of any of the prosthetic components or even the implants themselves.

An overdenture may be more esthetic than a FP, especially in the maxillary arch when the soft tissues of the face need additional support as a consequence of bone loss. Hygiene procedures are also not compromised when additional facial support is gained with a labial flange of the overdenture compared with the situation with a FP.

When cost is a factor, a two-implant–retained IOD may improve the patient's condition at a lower overall treatment cost than a fixed implant–supported prosthesis. A survey by Carlsson et al. in 10 countries indicated a wide range of treatment options.19 The proportion of IOD selection versus fixed implant dentures was highest in the Netherlands (93%) and lowest in Sweden and Greece (12%). Cost was cited as the number one determining factor in the choice.

In conclusion, the primary indications for a mandibular IOD relate to problems found with lower dentures such as lack of retention or stability, decrease in function, difficulties in speech, tissue sensitivity, and soft tissue abrasions. If an edentulous patient desires a RP, an IOD is often the treatment of choice. If cost is a problem for a patient who desires a fixed restoration, the overdenture may serve as a transitional device until additional implants may be inserted and restored.

Disadvantages of Implant Overdentures

Implant overdentures also have disadvantages compared with fixed prostheses (Box 29-7). This aspect of overdenture treatment should be reviewed with the patient to reduce patient complaints after treatment. Whereas an overdenture is a prosthesis, a fixed restoration is considered a body part. Patients with an IOD respond, “These are much better than my denture.” When patients have a fixed restoration, they often state, “These are better than my teeth.”

Box 29-7

Overdenture Disadvantages

• Psychological (need for nonremovable teeth)

• Greater crown height space required

• More long-term maintenance required

• Attachments (change)

• Relines (RP-5)

• New prosthesis every 7 years

• Continued posterior bone loss (RP-5)

• Food impaction

• Movement (RP-5)

A greater crown height space (CHS) is required for an overdenture. Hence, when abundant bone is present and implants are already inserted, a FP will have less issues of fracture or positioning teeth over a bar.

More maintenance is required for an overdenture. Attachments wear and need to be replaced, relines are necessary for RP-5 restorations, and denture teeth wear more rapidly on an IOD than a denture. As a result, a new IOD may need to be fabricated every 7 years.

A side effect of an IOD is food impaction under the prosthesis. The denture is border molded, so the muscles are in their contracted position. Otherwise, because the prosthesis is more rigid than a denture, sore spots develop during function. In the relaxed muscle state, food goes beyond the denture border. Then when the patient swallows, the food is pushed under the denture. Because the IOD moves less than a denture, the food remains under the IOD.

The majority of mandibular IODs used by the profession are supported by two implants anterior to the mental foramina and soft tissue support in the posterior regions (Figure 29-8). Yet posterior bone loss occurs four times faster than anterior bone loss.51,52 In a completely edentulous patient, the eventual paresthesia and mandibular body fractures are primarily from posterior bone loss. Dental implants placed in the anterior mandible help retain a lower denture and are a benefit over a complete denture. But the posterior bone loss will continue and may eventually lead to significant complications.77–79 The anterior implants allow improved anterior bone maintenance, and the prosthesis benefits from improved function, retention, and stability. However, the lack of posterior support in two- and three-implant overdentures allows continued posterior bone loss.
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FIGURE 29-8 The majority of mandibular implant overdentures use two independent implants anterior to the mental foramina with soft tissue support in the posterior regions.

A primary concern for RP-5 overdentures (soft tissue support in the posterior regions) compared with RP-4 or fixed restorations (restorations completely supported, retained, and stabilized) should be the continued bone loss in the posterior regions. Not only does the posterior bone resorb faster than the anterior bone, but the implant prostheses with posterior soft tissue support may also accelerate posterior bone resorption two to three times faster than in a complete denture wearer.80 Therefore, the short-term benefit of decreased cost for RP-5 overdentures may be offset by the accelerated bone loss that is a primary consideration, especially in the younger edentulous patient (Figure 29-9).
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FIGURE 29-9 A 25-year-old postoperative panoramic radiograph of implants placed in the anterior mandible to support a mandibular implant overdenture. The maxillary arch has almost no residual bone, the posterior mandibular bone loss has exposed the mental foramina, and severe atrophy has occurred to the mandibular body. The anterior mandible has maintained the bone volume during this time frame.

Patients wearing complete fixed implant–supported prostheses show little to no posterior bone loss and usual occurrences of bone apposition. For example, studies by Davis et al.,81 Reddy et al.,82 Wright et al.,83 found that prostheses completely supported by implants in the edentulous mandible actually may increase the posterior bone volume (even though posterior implants are not inserted) (Figure 29-10). Misch has noted a similar condition of posterior and anterior bone maintenance with complete implant-supported overdentures even though no implants were positioned behind the mental foramina (Figure 29-11). He observed even grafts of iliac bone to the jaws, which usually resorb without dental implant insertion within 5 years, are instead stimulated and maintain overall bone volume in both the anterior and posterior regions while also maintaining implant integration. Therefore, the next progression in the implant philosophy is to convert all mandibular implant and soft tissue–supported restorations to a completely implant-supported prosthesis (fixed or removable).
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FIGURE 29-10 Davis et al., Wright et al., and Reddy et al. found that full-arch implant–supported prostheses may prevent posterior bone loss and even may cause some gain in bone volume even though implants are not inserted in the posterior regions.81-83 This 25-year-old fixed implant prosthesis has maintained anterior and posterior bone in the mandible.
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FIGURE 29-11 A 25-year-old postoperative radiograph of a RP-4 mandibular implant overdenture with bone maintenance in the anterior and posterior bone regions.

In conclusion, the profession should treat bone loss after tooth extraction in a similar fashion as bone loss from periodontal disease. Rather than waiting until the bone is resorbed or the patient complains of problems with the prostheses, the dental professional should educate the patient about the bone loss process after tooth loss. In addition, the patient should be made aware that the bone loss process can be arrested by a dental implant. Therefore, most completely edentulous patients should be informed of the necessity of dental implants to maintain existing bone volume and improve prosthesis function, masticatory muscle activity, esthetics, and psychologic health.

From a bone volume conservation standpoint in the jaws, completely edentulous patients should be treated with enough implants to completely support a prosthesis whether the patient is partially or completely edentulous. The continued bone loss after tooth loss and associated compromises in esthetics, function, and health make all edentulous patients implant candidates. As a result, complete implant–supported restorations should be the restoration of choice.

As a consequence of continued posterior bone loss with a two- or three-implant overdenture, the recommendation is to consider a RP-5 prosthesis as an interim device designed to enhance the retention of the prosthesis. These restorations should not be considered as an end result for all patients. Instead, a regular evaluation of each patient's performance paired with patient education should enable the transformation to a RP-4 or FP-3 restoration.

Financial considerations have been identified as the reason for the selection of a limited treatment, which may consist of two or three implants to support the overdenture.13,24 These RP-5 restorations may be used as transitional devices until the patient can afford to upgrade the restoration. When a partially edentulous patient cannot afford to replace four missing first molars, the dentist often will replace one molar at a time over many years. Likewise, the dental implant team can insert one or two additional implants every few years until finally a complete implant–supported prosthesis is delivered. The ultimate goal of bone maintenance with a complete implant-supported prosthesis may be designed in the beginning of treatment even though it may take many years to complete.

The advantage of developing a treatment plan for long-term health, rather than short-term gain, is beneficial to the patient. As such, if finances are not an issue, the dentist should design a prosthesis that is completely supported, retained, and stabilized by implants. If cost is a factor, a transitional implant-retained restoration with fewer implants greatly improves the performance of a mandibular denture. Then the dentist may establish a strategy for the next one or two steps to obtain the final complete implant-supported restoration.

Review of the Literature

Chapter 23 provides a review of the literature related to implant survival for mandibular overdentures. Articles related to the fabrication and maintenance of the restoration are also available. For example, Naert et al. reported greater than 97% implant survival with mandibular overdentures and noted that complications were more related to overdenture technique.20 Later reports confirmed these results and stated that less maintenance was required for the bar-clip attachment system compared with individual implants.32 Splinted and unsplinted Brånemark implants were compared for mandibular overdentures in three groups: magnets, ball, or clip and bar.33 Prosthesis retention was rated as good in all three groups. More complications were found for independent ball attachments, separate attachments (balls or magnets) were less retentive than bars, and bars had the fewest maintenance requirements.

Mericske-Stern evaluated 62 mandibular overdentures with two implants (connected or independent) or four implants.21 Implant survival rates were similar to those in other studies. The most common complication was the need to replace the prosthetic retentive plastic components. A prospective study of 127 patients by Johns et al. yielded survival rates similar to those for FPs, with higher survival rates in the mandible than in the maxilla.83 The most common complication was reactivation or fracture of retentive clips during the first year. Wright et al. compared bar designs for overdentures and found that removable prostheses presented similar problems regarding clips and retention.36 Hemmings et al. also compared the maintenance of fixed and removable prostheses.27 Overdentures needed more postinsertion maintenance during the first year. However, for all the successive years (in a 5-year study), the FPs had greater complication rates. In contrast, Walton and McEntee reported three times more maintenance and adjustments for removable prostheses compared with FPs.84
Chan et al. reported high levels of maintenance on IMZ bar and clips in mandibular overdentures.34 Davis et al. compared stud and magnet retention for four implant-supported mandibular overdentures and found no statistically significant difference between the two groups.28 Bergendal and Engquist reported on 32 two-implant mandibular overdentures splinted with a bar and clip or ball attachments in function for 7 years with a 100% success rate.35 Problems with the retentive systems occurred in the early years, which correspond to the development period for the authors. Bilhan et al. evaluated maintenance requirements associated with 59 mandibular overdentures during the first year of service in 2011.29 Twenty-five overdentures used ball attachments, 18 used Locator type attachments, and 16 patients had a bar connect the implants. Only 33.9% of the IODs had no prosthetic complications. The most common complications were ulcerations, fracture of the denture base, dislodged attachment clip, and screw loosening. The fewest complications were found in the three-implant overdentures connected with a bar.

Therefore, reports seem to concur that the mandibular overdenture modality is successful, with the concern that retentive components may be the weak link of the system. In general, splinted implants with an attachment system for the prosthesis have fewer prosthetic and maintenance issues than individual implants and attachments. However, early learning curves for the restoring dentist resulted in a higher prosthetic complication rate regardless of the prosthesis design.

Overdenture Treatment Options

Traditional overdentures must rely on the remaining teeth to support the prosthesis. The location of these natural abutments is highly variable, and they often comprise past bone loss associated with periodontal disease. For a mandibular implant-supported overdenture, the implants may be placed in planned, specific sites, and their number may be determined by the restoring doctor and patient. In addition, the overdenture implant abutments are healthy and rigid and provide an excellent support system. As a result, the related benefits and risks of each treatment option may be predetermined.

Fewer than 10% of dentists regularly treat edentulous patients. Fewer than 6% of dentists have a supervised learning curve for IODs, and fewer than 15% have taken courses after graduation specifically related to this treatment option. Therefore, the vast majority of dentists use the training gained in dental school for dentures and limited clinical experience to treat overdenture patients. As a result, most dentists attempt to restore all patient conditions with the same overdenture approach with limited implant number and individual implants because this is perceived as the easiest treatment option (which is also associated with the lowest fee). This is a mistake that often leads to an increase in complications.

In 1985, the author presented five organized treatment options for implant-supported mandibular overdentures in completely edentulous patients. The author reported less than 1% implant failure and no prosthesis failure over a 7-year period with 147 mandibular overdentures (IOD) when using the organized treatment options and prosthetic guidelines presented in this chapter.18 Kline et al. reported on 266 implants for mandibular splinted implant-supported overdentures for 51 patients with the Misch protocol.85 An implant survival rate of 99.6% and a prosthesis survival rate of 100% were reported.

The IOD treatment options range from primarily soft tissue support and implant retention (RP-5) to a completely implant-supported prosthesis (RP-4) with rigid stability and retention gained primarily from overdenture attachments. The prostheses are supported by two to five anterior implants for these five treatment options. There are four RP-5 options that have a range of retention, support, and stability. The RP-4 restoration has a rigid cantilevered bar that completely supports, stabilizes, and retains the restoration (Figure 29-12). These five options are presented in detail in Chapter 21. This chapter is designed to discuss the methods for the restoration of the IOD.
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FIGURE 29-12 Five prosthetic options are designed for the mandibular overdentures. Four options are RP-5 (posterior soft tissue support), and one option is RP-4 (prosthesis completely supported by implants and connecting bar).

The overdenture options presented in this chapter err on the side of safety to reduce the risk of implant failure and prosthetic complications. The initial treatment options are presented for completely edentulous patients with division A (abundant) or B (sufficient) anterior bone, treated with division A anterior root form implants of 4 mm or greater diameter. Modifications related to posterior ridge support and arch form also are discussed. After discussion of these standardized conditions, anterior bone volume conditions of moderate atrophy (division C minus height [C–h]) are presented.

Overdenture Movement

To develop a mandibular IOD with reduced complications, the final prosthesis should be predetermined related to the necessary retention, support, and stability required for the restoration. Retention of the restoration is related to the vertical force necessary to dislodge the prosthesis.58 The amount of overdenture retention is related to the number and type of attachments. Support is related to the amount of vertical movement of the prosthesis toward the tissue. Stability of a prosthesis is evaluated with horizontal or cantilevered forces applied to the restoration. The stability of the IOD is more related to implant (and bar) position, and support is primarily related to implant number and bar design in the posterior region.

The patient's complaints, anatomy, desires, and financial commitment determine the amount of implant support, retention, and stability required to predictably address these conditions. Because different anatomical conditions and patient force factors influence these factors for an IOD, not all prostheses should be treated in the same manner. In other words, the two-implant overdenture should not be the only treatment plan offered to a patient. One should emphasize that most mandibular overdentures should be designed to eventually result in a RP-4 prosthesis, as previously discussed.

The most common complications found with mandibular IODs are related to prosthetics and an understanding of retention, support, and stability of the prosthesis. When a fixed restoration is fabricated on implants, it is rigid, and cantilevers or offset loads are clearly identified. Rarely will a practitioner place a full-arch fixed restoration on three implants, especially with excessive cantilevers because of implant positioning. However, three anterior implants with a connecting bar may support a completely fixed overdenture, solely because of attachment design or placement. The restoring doctor thinks the three-implant overdenture has less prosthetic occlusal load but does not realize that an overdenture that does not move during function is actually a fixed restoration. Therefore, an overdenture with no prosthesis movement (PM) should ideally be supported by the same number, position, and design of implants as a fixed restoration.

Many precision attachments with varying ranges of motion are used in IODs. The motion may occur in zero (rigid) to six directions or planes: occlusal, gingival, facial, lingual, mesial, and distal.86,87 A type 2 attachment moves in two planes and a type 4 attachment in four planes. An IOD may also have a range of movement during function. It should be understood that the resulting overdenture movement during function may be completely different from the one provided by independent attachments and may vary from zero to six directions depending on the position and number of attachments even when using the same attachment type.18 For example, an O-ring attachment may allow six directions of movement. However, when four O-rings are placed on a bar, the PM during function or parafunction may have no directions of movements (Figure 29-13). Therefore, attachment and PM are independent from each other and should be evaluated as such. An important item for the IOD treatment plan is to consider how much PM the patient can adapt to or tolerate on the final restoration.
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FIGURE 29-13 Prosthesis movement (PM) for overdentures is often different than “attachment” movement categories. In this RP-4 overdenture bar, O-rings (a class 6 attachment movement) and Hader clip (a class 2 attachment movement) support a rigid overdenture. The PM is PM-0.

An important aspect of overdenture PM is also related to the height of the attachment connection. There are two crown height dimensions for RP-5 overdentures: (1) the occlusal plane to the height of the attachment rotation and (2) the height of the attachment to the level of the bone (Figure 29-14). The occlusal plane to attachment height is a force magnifier to the overdenture with any lateral or cantilevered force. When an attachment is connected to an implant directly, the crown height above the attachment is greater than when the attachment is placed on a bar. If you double the crown height, the force is increased 200%. Hence, the individual implant attachment has a greater crown height above the attachment and greater lateral force to the prosthesis. Therefore, the overdenture is less stable.
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FIGURE 29-14 There are two crown height space aspects for an implant overdenture. The occlusal plane to the attachment is a crown height force magnifier to the overdenture. Any lateral or offset load will be magnified in relation to the crown height above the attachment.

When the attachment is placed on a bar, the stability of the prosthesis is improved because less lateral force is applied to the prosthesis (because the crown height above the attachment is reduced). Hence, whenever possible, the implant should be connected with a bar and an attachment placed on top of the bar. Rotation of the prosthesis should be as far off the bone as practical. However, there should be 3 mm or more of acrylic space between the attachment and the denture teeth. This allows adequate dimension to decrease prosthesis fracture or dislodgement of teeth.

The second CHS is the attachment to the bone height. The greater the attachment-to–bone height, the greater the force placed on the implant abutment screw, marginal bone, and implant–bone interface with any lateral load. When the attachment-to–bone height is greater than 7 mm, the implants should be splinted together to decrease the risk of complication of the implant system.

Classification of Prosthesis Movement

The classification system proposed by the author in 1985 evaluates the directions of movement of the implant-supported prosthesis, not the overall range of motion for the individual attachment; therefore, the amount of PM is the primary concern.18 An overdenture is by definition removable, but in function or parafunction, the prosthesis may have a range of movement from 0 to 6. The dentist should determine the amount of PM the patient desires or that the anatomy may tolerate.

If the prosthesis is rigid when in place but can be removed, the PM is labeled PM-0 regardless of the attachments used. For example, O-rings may provide motion in six different directions. But if four O-rings are placed along a complete arch bar and the prosthesis rests on the bar, the situation may result in a PM-0 restoration (see Figure 29-13).

A hingelike PM permits movement in two planes (PM-2) and most often uses hingelike attachments. For example, the Dolder bar and clip without a spacer or Hader bar and clip are the most commonly used hingelike attachments.88,89 A Dolder bar is egg shaped in cross-section, and a Hader bar is round. A clip attachment may rotate directly on the Dolder bar. A Hader bar is more flexible because round bars flex to the power of 4 related to the distance between the abutments, and other bar shapes flex to the power of 3. As a result, an apron often is added to the tissue side of the Hader bar to limit metal flexure, which might contribute to unretained abutments or bar fracture.90 A cross-section of the Hader bar and clip system reveals that the apron, by which the system gains strength compared with a round bar design, also limits the amplitude of rotation of the clip (and prosthesis) around the fulcrum to 20 degrees, thus transforming the prosthesis and bar into a more rigid assembly (Figure 29-15). Therefore, the Hader bar and clip system may be used for a PM-2 when posterior ridge shapes are favorable and soft tissue is firm enough to limit prosthesis rotation.
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FIGURE 29-15 A Hader bar and clip attachment may be used for an implant overdenture (IOD). The apron below the round bar restricts the rotation of the clip. An IOD with a Hader clip may rotate 20 degrees around a bar when the bar is perpendicular to the midline of the mandible.

It should be noted that for these systems to function efficiently, the hinge attachment needs to be perpendicular to the axis of prosthesis rotation so the PM also will be in two planes (i.e., PM-2). If the Hader or Dolder bar is at an angle or parallel to the direction of desired rotation, the prosthesis is more rigid and may resemble a PM-0 system (Figure 29-16). As a consequence, the implant system may be overloaded and cause complications such as prosthetic screw loosening or fracture, implant crestal bone loss, and even implant failure. A Hader bar-clip system is an ideal low-profile attachment for a RP-4 prosthesis with PM-0. Usually, these clips are placed on the bar in different planes of rotation around the arch.
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FIGURE 29-16 A Hader bar and clip is a class 2 attachment system. However, when the clips are placed parallel or at an angle to the desired prosthesis movement (PM), the prosthesis is rigid. In this case, two implants are not enough to support a PM-0 implant overdenture. Screw loosening, bone loss, and implant failure resulted.

A prosthesis with an apical and hinge motion is PM-3. An example is a Dolder bar with a space provided over the bar. As a result, the prosthesis moves toward the tissue and then rotates. A PM-4 allows movement in four directions, and the PM-6 has ranges of PM in all directions. The most common overdenture attachments for a PM-6 is independent O-rings or Locator attachments (Figure 29-17).
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FIGURE 29-17 The most common implant overdenture attachment for independent implants or PM-6 prosthetic movement is an O-ring or Locator attachment. The Locator attachment is lower profile and has the male portion in the denture and the female component of the attachment in the mouth.

The Hidden Cantilever

The hidden cantilever applies to that portion of the RP that extends beyond the last implant or connecting bar.18 If the RP does not rotate at the end of the implant or bar to load the soft tissue, a hidden cantilever exists. For example, if a cantilevered bar extends to the second premolar but forces on the second molar of the restoration do not result in movement of the restoration (down in the back and up in the front), the cantilever really is extended to the second molar position. Therefore, the cantilever length is measured to the point of PM, not to the end of the bar and attachment system (Figures 29-18 and 29-19). The teeth on the final overdenture restoration usually do not extend beyond the first molar. This helps prevent a hidden cantilever from extending beyond this position. Removable prostheses with hidden cantilevers can result in marginal bone loss and even implant failure (Figure 29-20). In many of these cases, the attachment system does not wear because the RP is PM-0, but prosthetic and abutment screws and marginal bone are more at risk.
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FIGURE 29-18 The hidden cantilever is that portion of the removable prosthesis that extends beyond the connecting bar, which does not rotate. If the prosthesis rotates at the first molar position and the bar extends to the premolar, the true cantilever length is the first molar position.
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FIGURE 29-19 A, Four anterior implants with a cantilevered bar of 10 mm. Hader clips in four different rotation positions are placed around the arch. B, The implant overdenture with four Hader clips with different paths of rotation. Hence, the prosthesis movement is PM-0, and the hidden cantilever extends to the second molar.
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FIGURE 29-20 A panoramic radiograph with four anterior implants connected with a cantilevered Hader bar. A PM-0 resulted in significant bone loss of the patient's distal right implants.

Overdenture Attachments

Among the multitude of attachments offered to the profession, the author has elected to use proven, simple, predictable, and cost-effective devices, limited to a minimum of hardware. The more sophisticated the attachment, the more complex the fabrication and maintenance procedures.

An ideal overdenture attachment should have several features to decrease clinical complications. An overdenture attachment permits movement during function or removal from the mouth.86,89,91 As a result, all overdenture attachments wear and become less retentive. The portion of the attachment in the prosthesis, not the portion connected to the superstructure or implant, should be designed to wear and be replaced. Hence, plastic or silicone components are often used in the prosthesis, which engage metal components that are found attached to bars or implants in the mouth.

The replacement of the attachment in the prosthesis should not use a chairside, cold-cure acrylic procedure because it may lock the prosthesis to the implant and bar and add considerable time, risk, and frustration every time the attachment is changed. A metal encapsulation unit within the prosthesis, which retains a plastic or rubberlike device, eliminates most unpredictable aspects of the attachment replacement.

Ideally, the overdenture attachment should offer the possibility of controlling the degree of retention. A loose attachment used at initial delivery ensures PM and decreases screw loosening during the first few months. A gradual increase in retentive capability may be achieved later by replacing the component within the encapsulator by a more retentive one. Likewise, if more retention is required in the future, a stiffer element, which is held by the same encapsulator, easily solves the problem. The more stiff component also may be necessary as the metal portion of the attachment wears from long-term use.

The ideal overdenture attachment is able to be replaced by the patient. Because all attachments wear, the patient will return to the dentist to have the attachment replaced. The time to make an appointment, clean a treatment room, talk to the patient, replace the attachment, and reclean the room costs the restoring dentist hundreds of dollars. The attachment may be changed at a hygiene appointment to eliminate these additional costs. If the patient maintains his or her hygiene appointment schedule and an attachment prematurely wears, it may be mailed to the patient and replaced by the patient.

An ideal overdenture attachment has the male component in the mouth and the female in the prosthesis. The male can be more easily cleaned while in the mouth, and the more difficult component to clean may be performed with direct vision and access out of the mouth. When the female component is part of the implant or connecting bar, if any plaque or food accumulates within the component, the overdenture does not seat completely, and there is a loss of retention, and the occlusion of the prosthesis is also affected. Hence, the O-ring attachment system has become popular because it has a range of different retention strengths, has a metal encapsulator, can be changed or replaced by a layperson, and has the male component in the mouth. The O-ring post may also be fabricated with the same metal as the connecting bar, which reduces the overall initial costs (Figure 29-21).
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FIGURE 29-21 Two implants connected with a bar and two male components of the same material for the O-ring attachment system.

O-Ring Attachment System

The O-ring attachment system is composed of an elastic O-ring, a metal encapsulator, and a metal post. It may be used as an independent unit or part of a connecting bar that joins the implants together (Figure 29-22).
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FIGURE 29-22 An O-ring attachment has a resilient O-ring gasket (top right), a metal encapsulator (top left), and a male post (middle).
O-Rings

O-rings are doughnut-shaped, synthetic polymer gaskets that possess the ability to bend with resistance and then return to their approximate original shape. In part, this feature results from a three-dimensional network of flexible elastomeric chains. The O-ring attaches to a post with a groove or undercut area for the O-ring. The O-ring is compressed radially between two mating surfaces consisting of a post and a metal encapsulator into which the O-ring is installed.92 The O-ring has been used primarily in removable prosthetics as a retentive device.93 The O-ring has seen a resurgence in popularity with overdentures supported by endosteal implants and is widely available in a variety of implant systems.92
The O-ring originally was made of natural rubber. The latex was heat treated with sulfur (vulcanization) to improve its properties. The resultant polymer, known as polyisoprene, is still used in the industry today. The advantages of O-rings are ease in changing the attachment, the wide range of movement, low cost, different degrees of retention, and possible elimination of the time and cost of a superstructure for the prosthesis.

All O-ring applications are categorized in terms of relative motion. In situations that require few or no moving parts or movement, the O-ring is classified as static (e.g., gasket or washer). In situations involving reciprocation, rotation, or oscillating motion relative to the O-ring, it is classified as dynamic. The dynamic movement of the O-ring allows one of the most resilient or mobile types of attachments.

O-rings may allow motion in six different directions. However, if a superstructure connects the implants, the range of motion decreases. If the O-ring is placed on a complete arch bar in four different sites and the prosthesis rests on the superstructure bar, the restoration may have PM of 0 (PM-0) (Figure 29-23). Two O-rings placed on a bar perpendicular to the midline may have two to six directions of PM, depending on the resilient depression of the O-rings, whether a spacer is over the post head, or space is over the connecting bar (Figure 29-24).
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FIGURE 29-23 When O-rings are positioned around an arch and connected with a bar, the prosthesis movement (PM) may be PM-0.
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FIGURE 29-24 When O-rings are positioned on a bar perpendicular to the midline, the implant overdenture may rotate in two to six directions depending on whether space exists over the post or connecting bar.

Metal Encapsulator

A metal or plastic encapsulator permits the easy replacement of the O-ring after wearing or damage. This eliminates the need for chairside cold curing of a new attachment in place. Virtually every O-ring encapsulator has an undercut region that houses the O-ring, called the internal cavity. The O-ring volume must be larger than the internal cavity. As a result, the O-ring is compressed into position in the encapsulator and prevents the ring from moving or rolling while in place, which prematurely damages and wears the ring. The overall size of the encapsulator is larger than the O-ring and should be placed with the O-ring on the O-ring post during fabrication of the prosthesis to ensure adequate room (2 mm or more of acrylic is present for the volume of the restoration) (Figure 29-25).
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FIGURE 29-25 The metal encapsulator of the O-ring should fit within the contours of the implant overdenture, so at least 2 mm of acrylic exists around this structure.

In general, the use of soft metals such as aluminum, brass, bronze, or gold should be avoided for the metal encapsulator. Stainless steel is recommended because it prevents damage to the encapsulator. Rounding of all corners of the encapsulator is recommended to prevent cutting or nicking of the O-ring during insertion or operation.

O-Ring Post

The O-ring post usually is made of machined titanium alloy when used as an independent attachment or a Delrin post that is waxed and cast in precious metal along with the connecting superstructure bar joining root forms (Figure 29-26). The post has a head, neck, and body. The head is wider than the neck, and the O-ring is compressed over the head during insertion. Under the head of the post there is an undercut region called the neck or groove, which the ring engages after it stretches over the head. The body of the post is connected to the implant abutment or superstructure bar.
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FIGURE 29-26 The O-ring post may be a Delrin material, which is waxed as part of the connecting bar and will burn out and allow the same metal as the bar to be used as the O-ring post.

The inside surface of the O-ring rides against the post neck or groove. The internal diameter (hole diameter) of the O-ring must be smaller than the post neck and fit snugly in the groove diameter. The O-ring inside diameter will be stretched to 1% to 2% (not to exceed 5%) when in place against the post neck.94 If not, the O-ring will roll or wobble and increase wear and tear of the attachment. Overpolishing of a cast post neck region may unwittingly cause this complication.

The O-ring attachment system needs 5 mm or more height, the greatest of any attachments for overdentures. In addition, a space of 1 to 2 mm above the O-ring post is suggested to ensure that the ring seats completely over the post head of the post. This space also prevents the post from penetrating or fracturing the restoration over the head and allows apical movement for a partial soft tissue–supported RP (RP-5).

The height requirements of the O-ring attachment present several disadvantages. A decreased CHS may require a lower-profile attachment (Figure 29-27). A denture tooth, O-ring, post, bar, and hygiene clearance often require at least 12 to 15 mm of CHS to allow sufficient room for the acrylic base of the restoration to resist fracture. In addition, the higher the freedom of movement of a stress-relief attachment (required for all partial soft tissue–supported prostheses), the greater the moment of force on the attachment. Because the rotation point of O-rings is at the neck of the O-ring post, the point of rotation is not as high as first perceived. However, if the prosthesis is made incorrectly and places lateral forces on the post, the lever arm of the post height can increase the force to the bar, screws, implants, and bone.
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FIGURE 29-27 The O-ring on a connecting bar has a higher profile than most attachments. As a result, denture or denture base fracture may occur if inadequate crown height space is available.

Size

O-rings and posts may come in a variety of diameters depending on the space available within the volume of the prosthesis. The larger the diameter of the O-ring system, the easier it is to place the O-ring within the encapsulator. Troubleshooting retention complications is also easier, and greater retention is possible with a larger-diameter system. Typically, three sizes of O-rings are used in implant prostheses (small, medium, and large).

O-Ring Hardness

O-ring hardness is measured with a durometer, which measures surface resistance to the penetration of an indentation point. The resultant numerical rating of hardness ranges from 0 to 100 in a Shore A Scale.94 The softest O-rings are usually 30 to 40, and the hardest are 80 to 90. Color is not indicative of hardness. In fact, most O-rings are black. Sometimes, however, for production coding or cosmetic reasons, nonstandard colors are desired. Replacement of carbon black with tinted fillers (i.e., clay, calcium carbonate, or silicates) may result in undesirable alteration of working and physical properties. Increased wear and complication rates result.

O-Ring Materials

The U.S. Food and Drug Administration has issued guidelines for O-rings used in medicine.94 The elastomeric materials meeting these requirements include silicone, nitrile, fluorocarbon, and ethylene-propylene. The materials are available from a variety of industrial manufacturers.95–102
Silicone is composed of a group of elastomers made from silicone, oxygen, hydrogen, and carbon. Silicones are known for their retention of flexibility and low-compression set characteristics. Silicones are also fungus resistant, odorless, tasteless, and nontoxic. However, poor tensile and tear strength, low abrasion resistance, and high friction characteristics preclude silicones from effective O-ring use in most implant dynamic situations. In addition, silicone is not compatible with petroleum-based products such as petroleum jelly.102,103 Ethylene-propylene is a co-polymer of ethylene and propylene, sometimes combined with a third co-monomer. Similar to silicone, this elastomer performs poorly when exposed to petroleum-based products.

Nitrile is one of the more widely used elastomers for implant O-ring use. Nitrile combines excellent resistance to petroleum-based products, silicone greases, water, and alcohols, with a good balance of desirable properties such as high tensile strength and high abrasion resistance.102 Fluorocarbon also combines excellent resistance to petroleum products with outstanding chemical resistance. Fluorocarbon-based compounds approach the ideal for a universal O-ring material.103
Surface treatment of O-rings with lubricants helps protect them from abrasion, pinching, and cutting during performance. External lubrication also helps seat the O-rings easily into the metal encapsulator with minimal twisting or damage and maximal assembly speed. In all cases requiring O-ring lubrication, a lubricant should be selected that is compatible with the O-ring compound and the oral environment. Nitrile O-rings may be lubricated with petroleum jelly or petroleum-based ointments. Petroleum-based products will damage silicone O-rings, so a water-based lubricant (e.g., KY-Jelly [Johnson & Johnson]) that has a glycerin component should be used.

Troubleshooting O-Rings

O-rings typically fail in their application because of the combined adverse effects of stress and environmental elements (i.e., friction, heat, and swelling).104–106 Such environmental factors may be compounded by incorrect O-ring size, improper laboratory technique, installation damage during final component assembly, and failure to properly maintain or lubricate the O-ring.

Extrusion and Nibbling

Extrusion and nibbling occur with forced extension of part of the O-ring into the clearance gap of the metal encapsulator. The problem is identified by O-ring diameter enlargement or many small bites (nibbles) taken from the internal diameter of the O-ring, which results when O-ring materials are too soft, oral fluids degrade the O-ring, or the O-ring is too large for the metal encapsulator. The clinical solution for this problem is to use a harder O-ring material or install a properly sized O-ring.

Spiral Failure

A spiral failure results when certain segments of the O-ring slide while other segments simultaneously roll (Figure 29-28). At a single point on its periphery, the O-ring gets caught on an eccentric component or against the metal encapsulator wall, causing twisting, spiraling, or surface cuts. Problem sources include an uneven surface or finish of the post by the laboratory, inadequate lubrication, or excessive O-ring material softness. The suggested solutions are evaluation of the post to ensure that it is not out of round, increasing O-ring hardness, and making sure the patient uses a lubricant daily.
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FIGURE 29-28 Spiral failure of an O-ring exhibits a series of deep spiral cuts on the surface.

Abrasion

Abrasion may occur in dynamic O-rings involved in reciprocating, oscillating, or rotary motion. This failure pattern can be identified by a flattened, worn surface on the inner diameter of a cross-section of the O-ring. The most common cause is bruxism by the patient or lifting and seating of the overdenture as a nervous habit. Another source of the problem includes a rough metal surface on the post (acting as an abrasive). The suggested solutions are to use the recommended metal finishes; change to a more abrasion-resistant O-ring material; or eliminate abrasive contamination, which may be found in the diet (e.g., the abrasive particles found in chewing tobacco).107
Compression Set

Compression set failure produces flat surfaces on both sides of the cross-section of the O-ring (Figure 29-29). The most common cause of this type of failure is parafunctional clenching on the prosthesis. Other problem sources include selection of an elastomer with poor compression set properties or excessive “squeezing” or biting of the prosthesis into place to seat the restoration. The suggested solution is to make sure the prosthesis is removed at night or to reduce the O-ring hardness, which reduces the compression required to insert the prosthesis.
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FIGURE 29-29 Compression set failure is demonstrated as flat surfaces on the top and bottom of the O-ring.

Installation Damage

Installation damage is one of the most common types of O-ring complications. This failure mode is marked by short cuts, notches, or a skinned or peripherally peeled surface (Figure 29-30). The problem sources include sharp edges on the encapsulator from poor laboratory technique, sharp edges on the O-ring post head, too large an O-ring for the encapsulator, twisting or pinching of the O-ring into the encapsulator, attempting to insert the O-ring with a sharp instrument, too small an O-ring for the post, or lack of O-ring lubrication during installation. The suggested solutions include installing properly sized O-rings, using a blunted insertion instrument, and using lubrication during assembly.
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FIGURE 29-30 A common source of O-ring failure occurs during the installation of the O-ring. Sharp instruments should not be used for this intent.

Hader Bar and Clip

Helmut Hader developed the Hader bar and rider system in the late 1960s, and this system was unchanged for almost 30 years. English, Donnel, and Staubli modified the system in 1992 to form the Hader EDS system.90,108 Whereas the EDS bar is only 3 mm high, the original was 8.3 mm in height. The total height of the Hader bar and clip assembly may be as low as 4 mm rather than the 5 to 7 mm required for an O-ring system (Figure 29-31). Therefore, a greater moment of force is placed on the bar during rotation, and clearance is required under the denture base. However, the increase in CHS above the attachment may make the prosthesis less stable to lateral loads for PM-2 type prostheses (Figure 29-32).

[image: image31.jpg]



FIGURE 29-31 The Hader bar (mid distal) is a lower-profile attachment than the O-ring (mesial and distal attachments).
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FIGURE 29-32 The Hader clip and metal encapsulator is a class 2 attachment that may be used in a PM-0 to PM-2 system, may be low profile, and have three different retention clip strengths. The Hader clip and bar may have a lower profile, so it may be used in situations of reduced crown height space (CHS). However, when the low-profile system approach is used in situations of a larger CHS, the prosthesis may be less stable to any lateral loads.

The clips have three different retention strengths and a 20-degree clip rotation, which greatly improves the flexibility of the system for a range of patient needs or desires. In addition, a gold-plated stainless steel housing maintains the clip, which reduces the need to cold cure new attachments in place. This is a significant advantage. The gold plating minimizes the color bleeding through the prosthesis. The Hader bar and clip is a type 2 attachment and may be used for PM-0 or PM-2 treatment plans.

The standard or EDS Hader bar has a round superior aspect and an apron toward the tissue below. The apron acts as a stiffener to improve the strength of the bar and limit its flexibility. Round bar designs flex in relation to X4. In other words, a bar twice as long flexes |2 | × |2| × |2| × |2| = 16 times more. Other bar shapes flex to X3 or |2| × |2| × |2| = 8 times more. This is a considerable improvement. The height of the apron or stiffener is related to the amount of clearance between the bar and gingiva.

The clip rotation compensates for the resilience of the posterior soft tissue, which is usually 0.5 to 1 mm in the mandible. Highly mobile tissue, more often seen in the maxilla, requires a greater range of clip movement. For a bar and clip to rotate, several important design features must be considered. For example, the bar should be aligned perpendicular to a line bisecting the angle between the posterior arches and should be parallel to the plane of occlusion86 (Figure 29-33).
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FIGURE 29-33 When the Hader bar is perpendicular to the midline and parallel to the occlusal plane, a PM-2 system is created.

The Hader bar and clip may also be used for a PM-0 IOD. Bidez et al. performed a finite element analysis of Hader bars on four abutment designs with stiffener heights of 1, 2, and 3 mm, with three different cantilever lengths (10, 15, and 20 mm) and of three dental alloys, gold (type IV), 85% gold, and cobalt–chromium–molybdenum109,110 (Figure 29-34). With a 1-mm stiffener height, increasing the cantilever length from 10 to 20 mm raised the maximum stresses at the superior aspect of the bar to the coping junction by 111%. Cantilever length was more significant than the stiffness of the alloys tested, and predictions of failure occurred. Although 2- and 3-mm stiffeners improved the results, a 20-mm cantilever reached the fatigue level established for the study within an estimated 5 to 10 years. Therefore, the recommendation is that when a cantilever is used with a Hader bar system, it should be less than 10 to 12 mm with a stiffener height of 3 mm.
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FIGURE 29-34 A Hader bar and clip may be used for an implant overdenture with PM-0 for a RP-4 prosthesis. Studies by Bidez and Misch and by English evaluated the cantilevered Hader bar at 10, 15, and 20 mm, with 1-, 2-, and 3-mm stiffiner heights.115,116
Mandibular Implant Site Selection

Anterior rather than posterior retention and stability for an overdenture prosthesis offer several advantages. An axiom in removable partial denture design for a class IV Kennedy-Applegate partial edentulous arch (bilateral posterior teeth missing and anterior missing teeth across the midline) is to gain rigid prosthetic support in the anterior region. When the prosthesis has poor anterior and good posterior stability, it rocks back and forth during function. This rocking action applies torque to the abutments and increases stresses on the overdenture components and bone–implant interface. Hence, the retention and stability of the prosthesis should be primarily from the anterior region of the mouth.

This concept is fortunate because almost always implants in the mandible are inserted in the anterior region of the jaw. It should be noted, however, that in maxillary overdentures, implants are often inserted into posterior regions (after sinus grafts) when there is inadequate bone in the anterior region of the mouth. This often causes an unstable restoration and may even be worse than the complete denture.

Overdentures with posterior movement gain better acceptance than removable restorations with anterior movement. The anterior denture teeth are most often slightly anterior to the edentulous ridge. As a result, although the prosthesis is more stable with anterior implants, horizontal or vertical forces to the mandibular anterior teeth cause the prosthesis to rock down in the front (and up in the back). The range of movement is limited by the implants because there is no bone under the anterior teeth. In the posterior regions, the posterior denture teeth may be positioned over the bone (over the ridge or buccal shelf of bone), which is often parallel to the occlusal plane. As such, when posterior vertical bite forces are applied, the posterior PM is limited to the movement of the tissue. Therefore, anterior forces to the IOD should be resisted by implants or bars, but posterior forces may be directed on a soft tissue area, such as the mandibular buccal shelf.

The greatest available height of bone in an edentulous mandible is located in the anterior mandible between the mental foramina. This region also usually presents optimal density of bone for implant retention, stability, and support of the prosthesis. Therefore, the IOD treatment options presented are designed for anterior implant placement between the mental foramina because the prostheses movement will be more limited and the available bone volume and density are more favorable than when implants are inserted more posterior.

The available bone in the anterior mandible (between the mental foramina) is divided into five equal columns of bone serving as potential implant sites, labeled A, B, C, D, and E, starting from the patient's right side18,111 (Figure 29-35). Regardless of the treatment option being executed, all five implant sites are mapped at the time of treatment planning and surgery. There are four reasons for this treatment approach.

1. The patient always has the option to obtain additional implants and prosthesis support and stability in the future if all five sites were not initially used for implant support. For example, a patient may receive adequate retention, stability, and support for an IOD with four implants. However, if the patient desires a FP in the future, these four implants may fall short of the new prosthetic requirements. If the implant surgeon did not plan an additional implant site during the initial surgery but instead placed the four implants an equal distance apart, the additional interimplant space may not be available without removing one of the preexisting implants.

2. A patient may desire a completely implant-supported restoration (e.g., RP-4 or FP) but cannot afford the treatment all at once. Three implants in the A, C, and E positions and an IOD may be provided first. After all, the IOD offers considerable advantages over a complete denture. Two more implants may be added in the B and D locations later, and a completely implant-supported overdenture or fixed restoration may then be fabricated (Figure 29-36).

3. If an implant complication occurs, the preselected option sites permit repeatable corrective procedures. For example, if implants were placed in the A, B, D, and E positions and an implant fails to achieve rigid fixation, the failed implant may be removed and an additional implant placed in the C position at the same time. This saves an additional surgery and eliminates the time required for bone grafting and healing before another implant could be reinserted (Figure 29-37).

4. The fourth reason the five implant sites are repeated for each treatment option is for the experience of the restoring dentist. In overdentures supported by natural teeth, the dentist is forced to choose the best remaining teeth to support the restoration. These remaining teeth have a wide range of clinical conditions and locations. As a consequence, each tooth-supported overdenture is slightly different in regard to retention, stability, and support. In implant dentistry, healthy predictable abutments in preselected locations and the range in the number of implants permit the restoring dentist to obtain more similar clinical results for each treatment option selected. Hence, a more predictable predetermined treatment may be established for each patient, depending on psychologic need, anatomical conditions, and financial restraints.
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FIGURE 29-35 The anterior mandible is divided into five equal columns of bone between the mental foramina: A, B, C, D, and E.
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FIGURE 29-36 A, This patient wore a three-implant overdenture for several years. She then decided to improve the overdenture support, stability, and retention. The implant sites B and D could be added later because all five implant sites were initially planned. B, A hybrid fixed prosthesis was fabricated after the two additional implants were placed.
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FIGURE 29-37 A, A panoramic radiograph of implants in the A, B, D, E position. B, A postoperative panoramic radiograph of the removal of implant B and insertion of implant C (and uncover of A, D, E). C, An overdenture option 4 with a RP-5 prosthesis was fabricated.

Screw-Retained Superstructures

There are five treatment options for mandibular IODs. Overdenture options 1 to 4 have posterior soft tissue support, primarily from the buccal shelf region as with traditional mandibular dentures. Therefore, the clinical techniques for overdentures include the classic formulas for denture fabrication. Because the majority of mandibular overdenture options have screw-retained connecting bars, the fabrication of passive screw-retained restorations is addressed.

The overdenture bar may be retained by cement or screws. A primary advantage of a screw-retained prosthesis is when the abutments are less than 5 mm in height. Cemented restorations require enough surface area and resistance form to provide predictable fixation to prevent uncementation. Therefore, conditions with short abutments are an indication for a screw retention system. Several conditions result in shorter abutment height, including (1) CHS and (2) overdentures.

The CHS is measured from the crest of the ridge to the occlusal plane. In the posterior regions of the mouth, the CHS is less than the anterior regions because it is closer to the hinge of the temporomandibular joint. The opposing landmarks in the posterior regions (i.e., maxillary sinus and mandibular neurovascular canal) limit the bone height for implant insertion. As such, osteoplasty to increase CHS may be contraindicated. For fixed restorations, when less than 8 mm of CHS is available, a screw-retained restoration is recommended, unless an osteoplasty to increase crown height is performed.

Overdentures require more CHS than fixed restorations. Denture teeth may lose retentive form when hollow ground to fit over attachments. Acrylic needs bulk for strength and 3 mm or more of space is desired. Implant abutments are usually 2 mm above the tissue. The connecting bar copings and attachments require 3 to 7 mm of height, depending on type and design. Clearance under a bar requires at least 1 mm of space for hygiene (Figure 29-38). A screw-retained abutment reduces the crown height requirement and permits additional bulk of acrylic for strength for the overdenture. As a result, a minimum of 12 mm of CHS from the gingiva to the occlusal plane usually is required for an overdenture (Figure 29-39).
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FIGURE 29-38 Panoramic radiograph of a two-implant overdenture (IOD) and connecting bar. The occlusal plane (yellow line) to crest of bone (red line) is only 5 mm. Fracture of the IOD and denture tooth “pop off” were common complications.
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FIGURE 29-39 The mandibular overdenture requires at least 12 mm between the soft tissue and the occlusal plane to provide sufficient space (15 mm from bone level to occlusal plane) for the bar, attachments, and teeth.

Overdenture Treatment Options

There are five treatment options for a mandibular overdenture (OD 1–5) (Figure 29-40). These alternative treatments are presented in Chapter 23 and should be reviewed, along with Chapter 28 on principles of screw-retained prostheses, before reading this chapter. In addition, Chapter 33 on maxillary dentures opposing an implant prosthesis should be understood to establish the correct occlusal vertical dimension (OVD) and position of the posterior teeth (medial-positioned lingualized occlusion).
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FIGURE 29-40 A, There are five treatment options for a mandibular implant overdenture. Two implants in the B, D position may be independent (OD-1) or splinted together (OD-2). B, Three implants may be used, splinted together with a bar (OD-3). C, Four implants with a cantilevered bar (OD-4) or five implants and a cantilevered bar (OD-5) may have a RP-5 or RP-4 restoration. C–h, Division C minus height bone class; OD, overdenture option; PM, prosthesis movement class. (From Misch CE: Misch Implant Institute manual, Dearborn, MI, 1984, Misch Implant Institute.)
The doctor and staff can explain to the patient the amount of support each treatment option can provide by comparing them with the support system of a chair. Treatment option OD-1 is similar to a one-legged chair. A one-legged chair can support your weight but provides very little stability. Treatment options OD-2 or OD-3 are related to a two-legged chair. The prosthesis provides some vertical support but can still rock back and forth and provides limited stability in the posterior regions. Option OD-4 with four implants is compared with a three-legged chair. This system provides improved support and has improved stability. However, it can be rocked one way or the other under lateral forces. A four-legged chair provides the greatest support and stability and is similar to OD-5, which is maximum for prosthesis support and stability because it is a RP-4 design.

Overdenture Option 1

The first treatment option for mandibular overdentures (OD-1) is indicated primarily when cost is the most significant patient factor. However, it is important to note the patient's desires should also be minimal, and the bone volume in both the anterior and posterior regions should be abundant (division A or B). The posterior ridge form should be an inverted U shape, with high parallel walls for good to excellent anatomical conditions for conventional denture support and stability (Box 29-8). The problem associated with the existing denture should relate primarily to the amount of retention, not stability or support. In addition, the opposing arch should be completely edentulous and restored with a traditional complete denture.

Box 29-8

Patient Selection Criteria

OD-1



• Opposing a maxillary full denture

• Anatomical conditions are good to excellent (division A or B anterior and posterior bone)

• Posterior ridge form is an inverted U shape

• Patient's needs and desires are minimal, primarily related to lack of prosthesis retention

• Edentulous ridge not square with a tapered dentate arch form

• Cost is the primary factor

• Additional implants will be inserted within 3 years

Under these more ideal intraoral conditions, two implants may be inserted in the B and D positions (Figure 29-41). The implants remain independent of each other and are not connected with a superstructure. The overdenture attachment primarily improves retention and gives little additional support or stability to the prosthesis. The stability of the restoration is slightly improved in the anterior section by the implants, and the posterior inverted U shape regions from the ridge form are required to improve this factor.
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FIGURE 29-41 Overdenture option 1 consists of two independent implants. These are best inserted in the B and D positions to limit the forward rocking of the restoration during function.

The support of the OD-1 restoration is provided primarily from the buccal shelf in the posterior and the ridge in the anterior, similar to a traditional denture. The IOD must be RP-5 with preferably a PM-3 or more, which means it must be able to rotate and load the posterior soft tissue regions of the mandible (Figure 29-42). The most common type of attachment used in OD-1 is an O-ring or Locator design (see Figure 29-17). The implant support mechanism is poor because stress relief of the attachment is permitted in any plane. In other words, the stability and support of the prosthesis are gained primarily from the anatomy of the mandible and prosthesis design, which is similar to a complete denture.
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FIGURE 29-42 A RP-5 prosthesis must rotate during function on the anterior implants, so the prosthesis may load the soft tissues of the posterior mandible.

In the past, most two-implant overdentures positioned the implants immediately anterior to the mental foramen in the A, E position. Positioning of the implants in the B and D position is a much better prosthetic option in OD-1 than positioning in the A and E regions (Figure 29-43). Kennedy-Applegate class 1 patients (with bilateral distal extensions and anterior missing teeth) often are restored with an anterior FP and a class 1 removable partial denture. This eliminates the unfavorable rocking leverages that exist when replacement denture teeth are anterior to the fulcrum line.112 Independent implants in the A and E positions are implant locations in the first premolar region, which is more posterior to the anterior fulcrum line of the anterior teeth, and allow a greater amplitude of rocking of the restoration (Figure 29-44). When using B and D implants (which is similar to the natural canine positions), the anterior movement of the prosthesis is reduced.
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FIGURE 29-43 Independent implants in the A and E positions allow a greater anterior rocking of the restoration and place greater leverage forces against the implants.
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FIGURE 29-44 A, Independent implants in the A and E position are distal to the incisal edge of the anterior teeth. B, As a result, anterior tipping of the implant overdenture during function is common.

The patient's primary advantage with treatment option OD-1 is reduced cost. The two implants are usually the fewest implant number, and no connecting bar reduces the prosthetic appointments and the laboratory costs. The existing prior denture may even be adapted with an intraoral rebase and pickup procedure around the implants and attachments. This further reduces the fee. On occasion, the connecting bar for the other treatment options may not be passive, and additional complications may ensue. Because this option does not have a connecting bar, there may be fewer bar-related complications. In addition, hygiene procedures are facilitated with independent implants.

The two independent implant retention system often has more prosthetic-related complications. There are several reasons the complication risk is increased. The implants should be perpendicular to the occlusal plane because the goal is to allow the posterior regions of the overdenture to rock downward and load the soft tissue over the mandibular buccal shelves for support. The hinge rotation should be at 90 degrees to the rotation path; otherwise, one side is loaded different than the other. In addition, because only two implants sustain the occlusal load during function or parafunction, minimization of the forces to the implant components and crestal bone by placing them in the long axis of the implant body and perpendicular to the occlusal plane is ideal.

The two independent implants should be positioned at the same occlusal height parallel to the occlusal plane. If one implant is higher than the other, the prosthesis will disengage from the lower implant during function and rotate primarily on the higher implant. This situation will accelerate the wear of the O-rings or attachments. In addition, because the higher implant receives the majority of the occlusal load, an increased risk of complications may occur, including abutment screw loosening, marginal bone loss around the implant, and implant failure.

The implants should be equal distance off the midline. If one implant is more distal (farther from the midline), it will serve as the primary rotation point or fulcrum when the patient occludes in the posterior segments. As such, the more medial implant attachment will wear faster, and the more distal implant will receive a greater occlusal load (Figure 29-45). When the patient bites in the anterior region, the more anterior implant acts as the fulcrum, and the posterior attachment more rapidly wears.
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FIGURE 29-45 A, When one implant is placed more anterior than the other, the more distal implant is the fulcrum when chewing in the posterior region, and the more anterior implant is the fulcrum for movement when the patient incises food. This causes instability, wearing of the attachments, and loosening of the O-rings from the implant bodies. B, A panographic radiograph of two independent implants in the A and E positions at two different occlusal planes and not parallel to each other. C, When two independent implants are in the A and E positions, not parallel to each other, equal distance from the midline, and at the same occlusal height, the attachments will more rapidly wear and need to be replaced more often.

The two implants in this treatment option should be parallel to each other. The path of insertion of the prosthesis should also be similar to the path of insertion of the attachments. When the implants are not parallel, the first attachment to engage wears less, and the second attachment rubs along the side of the male and increases the wear rate (Figure 29-46). When the path of insertion of the restoration is different than the attachments (as when a facial undercut below the crest exists), the attachments will wear prematurely. The facial undercut will direct the path of insertion of the restoration (Figure 29-47).
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FIGURE 29-46 A, Two independent implants should be at the same height, equal distance off the midline, and parallel to each other. When the implants are positioned as in this photo, one implant (not two) becomes the dominant fulcrum and increases the risk of overload complications. B, The attachments rapidly wear when the implants are not parallel to each other. This is especially important when force factors are higher than usual. The patient's occlusal plane also should be modified to allow a bilateral balanced occlusion on a RP-5 overdenture.
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FIGURE 29-47 When an anterior undercut is present, it determines the pathway of insertion of the restoration and should be similar to the pathway of the insertion into the attachment.

It should be noted that the edentulous residual ridge may be square, ovoid, or tapering. The dentate arch form is also divided into square, ovoid, and tapering categories and may be different than the ridge form. When a tapered dentate arch form is supported by two independent implants in a square residual ridge form, the anterior teeth are cantilevered anteriorly from the implant retentive system. More implants are required in this dentate–ridge form combination to help stabilize the prosthesis, and the OD-1 option will have a considerable disadvantage.

The literature indicates that individual implants have more prosthetic complications than when they are joined together with a bar. As a consequence of additional maintenance risks, independent implants should be used less frequently than implants joined together with a bar. Attachments in a connection bar may be placed by the laboratory in similar horizontal, vertical, and axial planes much easier than the surgeon placing the implants.

It is emphasized the available mandibular bone should be division A or B bone for independent implants. The connecting bar used for OD-3, OD-4, and OD-5 raises the attachment farther from the tissue so the CHS from the incisal edge to attachment is less and the prosthesis is more stable to lateral forces (Figure 29-48).
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FIGURE 29-48 A, A panoramic radiograph of two independent implants in a division D mandible. B, One implant failed, and the mandible fractured through the failed implant site.

The opposing arch for an OD-1 mandibular treatment option should be a traditional complete denture. The bite forces are reduced when the patient is completely edentulous before treatment. The maxillary denture has some movement during function and acts as a stress reliever. The instability of the maxillary denture and mandibular OD-1 overdenture is shared. The support requirements of the posterior regions of the mandible are reduced when opposing a complete denture. Hence, the opposing arch should be a complete denture when OD-1 is the treatment option (Figure 29-49).
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FIGURE 29-49 A mandibular two-implant overdenture should oppose a complete denture. Otherwise, instability and sore spots are common complications related to the implant overdenture.

The OD-1 is used as a treatment option when patients understand that a connecting bar or additional implants are beneficial but financial constraints require a transition period of a few years before placing additional implants. The ultimate goal in the treatment plan is to convert OD-1 patients to a RP-4 or FP with more implant support and stability before the loss of the posterior bone in the mandible occurs behind the foramina. As soon as the patient can afford two more implants, the implants should be placed in the A and E position, and all four A, B, D, and E implants should be connected with a bar that may be cantilevered to the posterior and help reduce the posterior bone loss.

If an additional implant may be inserted (after the A, B, D, E), it may be positioned in the C position or if bone height and width distal to one mental foramen are adequate, the additional implant may be positioned in one of the first molar regions. With implants in the A, B, C, D, E positions or A, B, D, E and molar positions, the connected implants and cantilevered bar will result in a RP-4 or fixed restoration and will help maintain posterior bone. The bar may be cantilevered to provide posterior support with four or more implants because of the greatly improved anteroposterior distance (A-P spread) between splinted implants and the increase in implant number.

Prosthetic Steps

Two independent implants are used most commonly when cost is a primary factor. Under these conditions, the dentist often transforms the patient's preexisting prosthesis into an IOD. When this is the treatment goal, the dentist first evaluates the existing restoration for proper vertical dimension of occlusion and bilateral balance when opposing a maxillary denture. When within clinical guidelines and esthetics are acceptable, the process may continue.

The two independent implants most often use an O-ring attachment or Locator system (Figures 29-50 and 29-51). After healing, the dentist removes the permucosal extensions and inserts the premanufactured titanium alloy O-ring or Locator abutments into the implant bodies. The abutment for attachment replaces the permucosal extension. The attachments should be parallel to each other and at the same height. The taller the abutment, the more the lateral stability of the prosthesis. However, at least 2 mm of acrylic should be present between the teeth and borders of the denture around the encapsulator of the attachment.
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FIGURE 29-50 The O-ring has a metal encapsulator (top), a resilient O-ring or plastic component (middle), and a male O-ring abutment for attachment (bottom).
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FIGURE 29-51 A Locator has an encapsulator (top), a resilient male component within, and a female component in the abutment for attachment.

The abutments for attachments are provided in different heights (Figure 29-52). The abutment should be at least 2 mm above the tissue and 2 mm below the denture teeth so adequate thickness of acrylic is present (Figure 29-53). The attachment and encapsulator are placed into the implants. The abutments are then tightened with a torque wrench at 20 to 30 N-cm (depending on the manufacturer) (Figure 29-54).
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FIGURE 29-52 The abutment for attachment is provided in different heights.
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FIGURE 29-53 The abutment should be 2 mm or more above the tissue.
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FIGURE 29-54 A torque wrench is used to tighten the abutment screw.

A marking transfer stick applies dye to the top of the attachments (Figure 29-55). The denture is placed over the implants and marks the intaglio aspect of the prosthesis. The denture is hollowed out in the region of the attachments. The B and D positions are relieved from the intaglio side of the prosthesis so the restoration may fit over the attachment option without interference (Figure 29-56). One attachment system is tried in at a time and then both at the same time to confirm that the OVD and occlusion are similar to the preexisting condition. The dentist then places the metal encapulator and O-ring over each attachment post and evaluates the prosthesis again. When removed, the metal encapulator should not tip or be misplaced.
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FIGURE 29-55 A dye stick marks the top of the attachment.
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FIGURE 29-56 The intaglio surface of the denture is relieved so it may fit over the abutment, attachment, and metal encapsulator.

When the occlusion and fit is similar as before, the encapsulators are inserted, and the denture try-in is repeated (Figure 29-57). A hole is then placed through the lingual aspect of the denture to allow excess acrylic to escape and to allow a light-cured acrylic to be used for the pick-up procedure (Figure 29-58).
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FIGURE 29-57 A, An encapsulator and attachment. B, The encapsulator and attachment are inserted into the implants.
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FIGURE 29-58 A, A hole is prepared through the lingual aspect of the implant overdenture next to the receptor site. B, The lingual hole allows excess acrylic to escape and permits a light cure acrylic to pick up the resilient attachment and encapsulator.

At this point, a decision is made to either perform a pick-up technique of the attachment directly in the denture or to perform a reline procedure of the denture base. When the denture fulfills the criteria of support on the buccal shelf and posterior stability from the lingual flange, a pick-up procedure may be performed. One attachment is picked up at a time. The intaglio aspect of the restoration is evaluated after the attachments are picked up with the light-cured acrylic. Any voids are filled with resin (Figure 29-59).
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FIGURE 29-59 A, When the denture is adequate, a resin pick-up of the encapsulator and resilient attachment may be performed. B, The acrylic pick-up procedure is evaluated, and any voids are filled in with additional acrylic.

When the borders of the denture are insufficient, a reline procedure is performed. The borders of the denture are reduced 2 mm or more. The dentist applies adhesive to the border and uses dental compound or a polyether impression material to border mold the periphery of the restoration similar to a custom impression tray for a complete denture.

The dentist then makes holes on the lingual aspect of the prosthesis site around each O-ring site. These holes serve as a release access for excess impression material. The encapulator or closed-tray impression transfer is placed into the implants (Figure 29-60). The dentist then makes a final impression of the lower arch with polyether or addition silicone, using the existing prosthesis as the customized tray (Figure 29-61). Polyether is an impression material rigid enough to hold the encapsulators and O-rings within the impression when it is removed from the mouth. The O-rings should have the least retention, rather than using one with a higher Brinell index, to make this process easier.
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FIGURE 29-60 The encapsulator and attachment (or impression transfers) are positioned into the implant abutments.
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FIGURE 29-61 The denture is used as a closed custom tray and picks up the attachment (or transfers) in the impression.

Analogs of the male O-ring posts are inserted into the impression, and then it is poured in dental stone (Figure 29-62). The laboratory rebases the lower denture and incorporates the metal encapsulators into the rebase (Figure 29-63). A relief of 2 mm over each O-ring post is then made to ensure that the encapsulator base does not rotate on the head of the post during processing of the denture.
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FIGURE 29-62 A, Implant abutment analogs are inserted into the encapsulators (transfers) within the denture reline impression. B, The impression is poured in dental stone.
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FIGURE 29-63 A, The encapsulator and attachments are inserted into the abutment analog. B, The denture base is relined and includes the metal encapsulators.

The dentist inserts the final IOD restoration, making sure the O-rings only retain the restoration. The support of this restoration is on the buccal shelves of the mandible in the posterior section and the crest of the ridge in the anterior section. The lateral stability in the posterior region is gained primarily from the lingual flanges of the prosthesis. The bilateral balanced occlusion helps stabilize the prosthesis during parafunction.

Overdenture Option 2

The implants in OD-2 are also positioned in locations B and D, but in this option, they are splinted together with a superstructure bar without any distal cantilever (Figure 29-64). Reduced loading forces are exerted on two anterior implants when splinted with a bar compared with individual implants.88,113 The second treatment option for a mandibular overdenture (OD-2) is selected as the initial option more often than OD-1. The anatomical needs and patient desires are similar to the first option, OD-1.
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FIGURE 29-64 Treatment option 2 has implants in the B and D positions, and a bar joins the implants. Attachments such as an O-ring or a Hader clip, which allow movement of the prosthesis, can be added to the bar. The attachments are placed at the same height at equal distances off the midline and parallel to each other.

Even when one implant is farther distal than the other, the bar is designed to position the attachments for added retention an equal distance off the midline parallel to each other at the same occlusal height and in a similar angulation (Figure 29-65). The ideal distance between the implants is in the 14- to 16-mm range or B and D positions. It should be noted implants placed closer than the B, D position will result in reduced prosthesis stability during function, whether they are connected or independent units.
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FIGURE 29-65 A, When O-rings are used for OD-2, the attachments are placed parallel to each other and at the same occlusal height. B, The O-ring attachments are positioned equal distance off the midline even though one implant may be more distal than the other.

The connecting bar should not be cantilevered to the distal from the two implants (Figure 29-66). When a bar is cantilevered off the anterior implants, there is not enough A-P distance between two implants to counter the effect of the cantilever. An increased risk of prosthetic and abutment screw loosening exists with the cantilever (Figures 29-67 and 29-68).
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FIGURE 29-66 The connecting bar between implants B and D should not be cantilevered to the distal.

[image: image70.jpg]



FIGURE 29-67 Implants in the B and D position and a connecting bar that is cantilevered to the distal. The Hader clips in the prosthesis do not allow prosthesis movement. Hence, this is a PM-0 implant overdenture and will cause repeated biomechanical complications.
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FIGURE 29-68 Two implants connected with a bar with no anteroposterior distance and poor biomechanics for a bilateral cantilever.

The implants should not be positioned in the A, E position even when connected with a bar. The A, E position is most often the first premolar and may even be in the second premolar position (depending on sex and race) (Figure 29-69). When the implants are joined with a straight bar, the connecting bar is lingual to the anterior ridge. The overdenture flange is often too bulky and may even lie over the submandibular duct (Figure 29-70). This prosthesis design may affect speech. The denture teeth are anterior to the residual ridge and therefore act as a lever on the bar, and the prosthesis is not stable.
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FIGURE 29-69 This patient had an overdenture constructed on the two first premolar teeth. The bar became uncemented on the patient's right side and then acted as a cantilever on the patient's left premolar. This situation is similar to implant positions A and E because the mental foramina are most often between the premolars or distal to the second premolar.
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FIGURE 29-70 When a straight bar connects the A and E implants, it is often positioned lingual to the residual ridge and may even lie over the submandibular duct in the floor of the mouth.

The connecting bar between A and E implants flexes five times more than when the bar connects B and D implants; therefore, screw loosening is more of a risk114 (Figure 29-71). When a curved bar is used to position it more anterior, the prosthesis often rides along the sides of the bar and limits PM. If the prosthesis rests against the sides of the curved bar, the PM may even be reduced to PM-0 (Figure 29-72). This places a much greater vertical and lateral load on the implant system. There are greater lateral forces on the A, E implant position, which may increase screw loosening (Box 29-9). If the patient has implants already inserted into the A and E position, the best treatment option is to insert another implant in the C position and connect the three implants with a bar.
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FIGURE 29-71 A bar splinting the A and E positions will flex five times more than a bar connecting implants in the B and D positions. As a consequence, screw loosening risk is increased. Implants in positions A and E should not be splinted together. Instead, an implant in the C position should first be inserted.
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FIGURE 29-72 A, A radiograph of implants in the A and E positions that were splinted together with a bar. The prosthesis screw became loose on the A implant, which resulted with a long cantilever on the E implant, which then failed. B, The curved bar adapted so close to the lateral sides of the bar that the implant overdenture had PM-0.

Box 29-9

Disadvantages of Splinted Implants in the A and E Positions (First Premolar to First Premolar)

• Implants joined with straight bar are lingual to ridge

• Difficulty with speech

• Anterior tipping of overdenture

• Five times greater bar flexure than B and D positions

• Implants are joined with anterior curved bar

• Greater bar flexibility (nine times the B and D positions)

• Increased screw loosening

• Increased moment forces on anterior aspect of prosthesis

• Attachment of curved bar may prevent prosthesis movement

• Bite force is higher than for B and D positions

• Greater lateral load from prosthesis to implants than B and D positions

Patient selection criteria for OD-2 treatments include the following:

1. The patient's opposing arch is a complete denture.

2. Anatomical conditions for a traditional mandibular denture are good to excellent.

