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Preface

The 13th edition of Prosthodontic Treatment for Edentulous Patients seeks to maintain our commitment to guiding dental students, dentists, and prosthodontists to make the best-informed clinical decisions while optimally managing the needs of edentulous patients. As practicing dentists and clinical educators, we continue to seek educational formats that reconcile established clinical protocols with research developments, while never losing sight of the ultimate beneficiaries of our professional skills—our patients. The latter have become increasingly aware of their right to receive efficacious and effective dental therapies, and hence a text that brings context and understanding to a participatory partnership between patient and dentist.

Choosing an eclectic approach to our synthesis of optimal care knowledge for caring for this special patient cohort, we invited leading international educators and scholars to join us in articulating the strongest case possible for understanding the edentulous predicament and its management. We are confident that the end result reflects an approach that never loses sight of the biological underpinnings of each patient’s unique situation. Moreover, the best current management of the edentulous predicament is now seen in a far broader and more rational context than past descriptions. This is because the educational and research focus in prosthodontics has continued to grow and evolve in the past near-decade since we published the 12th edition. Advances in dental materials and increased objectivity in the understanding of limitations of mechanical analogues for the masticatory system had already facilitated significant progress in the discipline. However, the single most compelling catalyst for change has been the technique of osseointegration. This ushered in an exciting new therapeutic era, especially for prosthetically maladaptive patients. As a result, compromised denture stability and retention are now being confidently addressed in a far more versatile and predictable manner.

An entirely new implant-related protocol can now be employed to address the edentulous predicament, given the spectrum of changes that have been catalyzed by commercially pure titanium implants combined with traditional surgical protocols employing delayed loading. Three decades of clinical experience and research have demonstrated the potential of different biomaterials with roughened surfaces, immediate loading, and various surgical techniques for host site improvement. Time and even better research in patient-mediated concerns—particularly economic benefits—will ultimately determine to what extent the complete denture may be eclipsed by the implant-supported prosthesis. In the meantime, there is little doubt that both techniques can address the needs of the edentulous individual.

Both patients and dentists have already benefited enormously from this enriched spectrum of treatment possibilities. This edition therefore continues to emphasize osseointegration’s unique and adjunctive role in patient treatment, but without losing sight of the truism that basic principles of complete denture construction are now more necessary than ever. Our entire editorial team remains convinced that our professional and educational mandate is to continue to take full advantage of currently available alternative treatment choices. However, we also remain committed to managing edentulous patients in the context of established and traditional prosthodontic principles.


George Zarb, John A. Hobkirk, Steven E. Eckert and Rhonda F. Jacob
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Chapter 1
The Edentulous State
John A. Hobkirk and George Zarb


Historical Context and Current Considerations
Although the face represents only a small proportion of the surface of the body, it embodies our social identities and is one of the major vehicles for interpersonal communication. Facial appearances that depart from culturally acceptable concepts of attractiveness have been shown to be disadvantageous to the individual; this is especially the case when those deviations are significant. They reflect inherited characteristics on which may be superimposed the effects of disease or trauma, the most common of which are probably untreated or poorly treated edentulism. Negative changes in facial appearance are often perceived by the persons affected, as well as those around them, as negative changes to the individuals themselves. Therefore when we treat edentulous patients, we are managing not just their oral biomechanics but more importantly their individuality (Fig. 1-1). Success demands not only technical expertise but also empathy with the patient’s fears and aspirations.
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Figure 1-1 A to D, Characteristic facial and circumoral changes associated with a dentate young woman in her 20s. Parts A to D are in stark contrast with those observed in an aging woman who has been wearing dentures for several decades (E to H). The denture’s three surfaces (G)—intaglio or fitting, polished, and occlusal—were established separately by the dentist. They were integrated to replace the missing teeth and the severely reduced supporting tissues as an integral part of routine prosthodontic protocol. Optimal esthetic support combined with adequate renewed function usually can be achieved for most edentulous patients with complete dentures.
This text seeks to provide an understanding of the edentulous state and its clinical management. It recognizes that tooth loss causes adverse anatomic, esthetic, and biomechanical sequelae, a predicament compounded by the resultant demise of the periodontal ligament with its support and sensory functions for which the residual ridges are a poor substitute.

For a long time, prosthodontic therapy focused mainly on the technical and clinical expertise required to fabricate complete dentures. This approach helped nurture the development of new materials and knowledge about overlapping considerations in esthetics, occlusion, and patients’ expectations. Strong convictions also emerged about the inherent merits of complete denture treatment, and dentists all over the world presumed that their endeavors would virtually match the gold standard of the healthy intact natural dentition. Subsequent experience revealed the inability of treatment with complete dentures to match this standard. Nevertheless they considerably improved the lot of many who were edentulous or suffering from mutilated dentitions. The majority of patients appear to have benefited from this approach, as compromised oral health and appearance were managed with extractions and complete denture replacements. Regrettably, these successes resulted in partial and sometimes entire dentitions being needlessly sacrificed as complete denture treatment was all-too-often regarded as a preferable alternative to expensive periodontal and restorative therapy. Nonetheless, clinical experience suggests that the skills and ingenuity of complete denture fabrication contributed to a predictable and satisfactory quality of life for most edentulous patients. The passage of time also permitted dentists to refine the requisite technical skills and to develop scientifically based rationales for their use. As a result, treatment with complete dentures became, and indeed remains, an integral and important part of dental education and practice.

In a public-health context, complete denture prosthodontics is a relatively routine and inexpensive treatment method that offers scope for virtually universal application. As a clinical teaching and professional activity, it also demands knowledge of applied basic sciences, biomaterials, occlusion, and esthetics. In fact, the basis for most of the esthetic clues or decisions currently used to improve the appearance of the natural smile is an extension of the complete denture esthetic principles described in Part IV of this text (Fig. 1-2). Above all, it offers dentists the challenge and satisfaction of managing patients’ behavioral and age-related concerns and infirmities. It is not, however, a panacea for the edentulous predicament.
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Figure 1-2 Four patients representing different age groups (50 years and older). The pretreatment (A, C, E, and G) and posttreatment (B, D, F, and H) pictures reflect the sort of esthetic clues or decisions routinely used by dentists in complete denture prosthodontics to improve their edentulous patients’ natural smile.
It has been demonstrated that within a population the decision of patients to become edentulous reflects not only their levels of caries and periodontal disease but also the effects of several nondisease factors such as attitude, behavior, dental attendance history, the characteristics of their health care system, and cost concerns associated with a low socioeconomic status. Indeed some authors have argued that tooth loss does not even bear a close relationship to the prevalence of dental disease, although this viewpoint is probably excessively polarized. It is nevertheless reasonable to conclude that edentulism is due to various combinations of dental disease together with cultural, financial, and attitudinal determinants, as well as previous dental treatment.

The heterogeneous etiology of edentulism has been tackled on several worldwide fronts by the dental profession. Recent reviews of tooth loss and edentulism in various countries have shown that in several countries, edentulism has declined and is predicted to continue to do so. At the same time, the number of partially dentate individuals is likely to increase in the short term. Although these observations may be used to imply the need for a reduced dental educational commitment to treatment of edentulous patients, some very compelling points must be underscored:
1 Documented evidence reveals that despite projections of declining edentulism, the unmet need for complete denture treatment will remain high even in industrialized countries and may even increase in some.
2 Predictions from several surveys of healthy elderly populations indicate that a high percentage of older people will be edentulous. The effective demand for prosthetic care for this expanding population cohort is therefore likely to increase.
3 The impact of longevity on edentulism has not been fully ascertained, although it is recognized that the treatment of the elderly long-term edentulous patient can be considerably more challenging than that of the younger recently edentulous individual. This will confront dentists with a significant increase in the number of edentulous patients requiring difficult treatment.
4 Many of the skills required for successful treatment of the edentulous patient are important to other areas of patient management.

Irrespective of precise future population needs, the psychological and biomechanical consequences of tooth loss must never be overlooked. Most patients regard tooth loss as a form of mutilation and as a strong incentive to seek dental care for the preservation of a healthy dentition and socially acceptable appearance. Dentists, on the other hand, also regard tooth loss as posing the additional hazard of an even greater mutilation: the destruction of part of the facial skeleton with the accompanying distortion of soft tissue shape and varying degrees of functional inadequacy (see Fig. 1-1, E to H)
Biomechanical Support for the Natural Dentition
The edentulous state represents a loss of the integrity of the masticatory system, which is frequently accompanied by adverse functional and esthetic sequelae. These are varyingly perceived by the affected patient, ranging from feelings of inconvenience to severe handicap. Many also regard total tooth loss as equivalent to the loss of a body part. Consequently, the required treatment must address a range of biomechanical problems that involve a wide spectrum of individual tolerances and perceptions.

The natural or prosthetic dentition and its supporting mechanism are the most visible, accessible, and frequently treated parts of the masticatory system. This is made up of closely related morphological, functional, and behavioral components whose interactions are affected by changes in the dentition’s support mechanism when natural teeth are replaced by prosthetic ones. An understanding of the many subtleties associated with the transition from a dentate to an edentulous state requires a comparison of the support mechanisms for natural teeth and complete dentures (Fig. 1-3).
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Figure 1-3 The transition from a dentate to an edentulous state requires an understanding of the entirely different support mechanisms available for natural teeth and complete dentures. The natural dentition (A and B) is supported and retained via an area of 45 cm2 of periodontal ligament. This attachment mechanism, which evolved quantitatively and qualitatively for its specialized role, is substituted for by a compromised one when a patient becomes progressively more edentulous both in the maxilla (C to E) and mandible (F to H).
The masticatory apparatus is involved in the trituration of food in which the teeth and their supporting tissues play key roles. The attachment of teeth in sockets is but one of many important modifications that took place when the earliest mammals were evolving from their reptilian predecessors. The success of this modification is indicated by its rapid adoption throughout the many different groups of emerging Mammalia. Teeth function properly only if adequately supported, and this support is provided by the periodontium.

The periodontium attaches the teeth to the bone of the jaws, providing a resilient suspensory apparatus resistant to functional forces. It is comprised of the hard connective tissues (cementum and bone) and soft connective tissues (the periodontal ligament and the lamina propria of the gingiva), which are covered by epithelium. It also allows the positions of the teeth to change in response to stress. The periodontium is regarded as a functional unit and is attached to the dentin by cementum and to the jawbone by the alveolar process. The periodontal ligament and the lamina propria maintain continuity between these two hard tissue components, providing the means by which forces exerted on the tooth are transmitted to the bone that supports it, while the periodontium also allows the positions of the teeth to change in response to stress.

The two principal functions of the periodontium are support and positional adjustment of the tooth, together with the secondary and dependent function of sensory perception. The edentulous patient is deprived of this functionality.

The physiological occlusal forces exerted on the teeth are intermittent, rhythmic, and dynamic in nature, and are controlled by the neuromuscular mechanisms of the masticatory system. Reflex mechanisms with receptors in the muscles, tendons, joints, and periodontal structures regulate mandibular movements and the functional forces that are transmitted to the periodontal structures.

The greatest forces acting on the teeth are normally produced during mastication and deglutition and are essentially vertical in direction. Each thrust is of short duration, and for most people, chewing is restricted to short periods during the day. Deglutition, on the other hand, occurs about 500 times a day, and tooth contacts during swallowing are usually of longer duration than those occurring during chewing. Loads of a lower order but longer duration are produced throughout the day by the tongue and circumoral musculature. These forces are predominantly in the horizontal direction. Estimates of peak forces from the tongue, cheeks, and lips have been made, and lingual forces appear to exceed buccolabial forces during activity. During rest or inactive periods, the buccal and lingual forces may be of similar magnitude.

During mastication, biting forces are transmitted via the bolus to the opposing teeth whether or not they make contact. These forces increase steadily (depending on the nature of the food fragment), reach a peak, and abruptly return to zero. The magnitude, rise time, and interval between thrusts differ between individuals and depend on the consistency of the food, the point in the chewing sequence, and the individual’s dental status. The direction of the forces is principally perpendicular to the occlusal plane in normal function, but the forward angulation of most natural teeth leads to the introduction of a horizontal component that tends to tilt the teeth medially, as well as buccally or lingually. Upper incisors may be displaced labially with each biting thrust, and these tooth movements probably cause proximal wear facets to develop.

In healthy dentitions, teeth are in occlusion during deglutition, occasionally while masticating and during the clenching and grinding associated with parafunction. It has been calculated that within a 24-hour period the teeth are subjected to the functional forces of mastication and deglutition for a total of some 17.5 minutes (Table 1-1). More than half of this time is attributable to jaw-closing forces applied during deglutition. These values indicate the tolerance threshold of the normal healthy supporting tissues. However, it must be emphasized that the collective forces acting on a prosthetic occlusion are unlikely to be controlled or attenuated as effectively as they appear to be by the natural dentition. Consequently, the time-dependent responses of tissues supporting complete dentures are likely to be different from those seen around natural teeth.


TABLE 1-1

CALCULATION OF TOTAL TIME DURING 24 HOURS WHEN DIRECT FUNCTIONAL OCCLUSAL FORCE IS APPLIED TO THE PERIODONTAL TISSUES




	Chewing
	 
	Actual chewing time per meal
	450 sec


	Four meals per day
	1800 sec


	One chewing stroke per sec
	1800 strokes


	Duration of each stroke
	0.3 sec


	Total chewing forces per day
	540 sec (9 min)


	Swallowing
	 
	Meals
	 
	Duration of one deglutition
	1 sec


	During chewing, three deglutitions per min, one third with occlusal force
	30 sec (0.5 min)


	Between Meals
	 
	Daytime: 25/hr (16 hr)
	400 sec (6.6 min)


	Nighttime: 10/hr (8 hr)
	80 sec (1.3 min)


	Total
	1050 sec = 17.5 min




From Graf H: Bruxism, Dent Clin North Am 13(3):659-665, 1969.


Biomechanical Support Mechanisms for Complete Dentures
The basic challenge in the treatment of edentulous patients lies in the differences between the ways natural teeth and their artificial replacements are supported. The previous section emphasized the superbly evolved quantitative and qualitative aspects of periodontal ligament support for a functioning dentition. This has an approximate area of 45 cm2 in each arch, viscoelastic properties, sophisticated sensory mechanisms, and the potential for bone remodeling to cope with the diverse directions, magnitudes, and frequencies of occlusal loading. In contradistinction, the tissues pressed into service to support complete dentures are inherently unsuited to this role.
Mucosal Support and Masticatory Loads
The mean area of mucosa available for denture support has been calculated to be 22.96 cm2 in the edentulous maxillae and approximately 12.25 cm2 in an edentulous mandible. These figures, particularly in the mandible, are in dramatic contrast to the 45-cm2 area of periodontal ligament available in each dental arch (see Fig. 1-3). It also must be remembered that the denture-bearing area (basal seat) becomes progressively smaller as the residual ridges resorb. Furthermore, the mucosa itself demonstrates little tolerance or adaptability to denture wearing, a disadvantage worsened by the presence of systemic diseases such as anemia, hypertension, or diabetes, as well as nutritional deficiencies. Indeed, any disturbance of the normal metabolic processes may lower the upper limit of mucosal tolerance and initiate inflammation.

Reported masticatory forces using complete dentures are much smaller than those produced by the natural dentition, which is of the order of 200 N. Although maximum forces of 60 to 80 N have been reported for complete dentures, the average loads are probably much less than these. Indeed maximal bite forces appear to be five to six times less for complete denture wearers than for persons with natural teeth. Moreover, the forces required for mastication vary with the type of food being chewed. Patients with prostheses frequently limit the loading of supporting tissues by selecting foods that do not require masticatory effort that exceeds their tissue tolerance.
The Residual Ridges
The residual ridge consists of denture-bearing mucosa, the submucosa and periosteum, and the underlying bone. When the alveolar process is made edentulous, the alveoli that contained the roots of the teeth become filled with new bone, forming the residual alveolar processes. These become the residual ridges and are the foundation for dentures, a role for which they are ill-suited.

The loss of teeth and their periodontal support results in the removal of an important sensory mechanism and a change in the loading pattern of the alveolar bone from tensile to compressive with forces being predominantly vertical as well as horizontal. The edentulous ridge also has a considerably smaller surface area than that of the preceding periodontal ligaments, and the denture-supporting tissues demonstrate very little adaptation to their new functional requirements. This is in marked contrast to the frequently remarkable adaptive range of the dentate masticatory system.

Following teeth loss, the alveolar ridge is subject to ongoing resorption, which results in its gradual reduction and virtual disappearance (Fig. 1-4). This process apparently occurs at an exponentially reducing rate and is typically most rapid in the anterior mandible. The loss of bone does not occur evenly over the surface of the ridges, and so with time, their shapes and size become altered. The rate of bone resorption also varies markedly from person to person and is not predictable at an individual level. Little is known about which factors are most important for the observed variations Two concepts have been advanced concerning the inevitable loss of residual bone: one contends that as a direct consequence of loss of the periodontal structures, the latter’s organizational influence on adjacent bone is altered and variable progressive bone reduction occurs. The other maintains that residual bone loss is not an inevitable consequence of tooth removal but depends on a series of poorly understood factors.
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Figure 1-4 A, The overall reduction of the edentulous residual alveolar ridges. The a refers to bone height following extractions, while the b shows the bone level several years later. B, The bone reduction may be generalized or uneven but appears to be inevitable and variable. C to H illustrate the range of clinical and radiographic changes seen in two different edentulous mouths. Note that potential denture-bearing support can be compromised even further as a result of the presence of a congenital anomaly (I) or by an oncological surgical intervention (J). (A, Modified from Tallgren A: The continuing reduction of the residual alveolar ridges in complete denture wearers: a mixed-longitudinal study covering 25 years, J Prosthet Dent 27[2]:120-132, 1972.)
Clinical experience strongly suggests a definite relationship between the presence of a healthy periodontal ligament and the maintained integrity of alveolar bone (Fig. 1-5). This accounts for a strong professional commitment to the preservation and protection of any remaining teeth to minimize or avoid advanced residual ridge reduction. The tissue support for complete dentures is conspicuously limited in both its adaptive ability and inherent capability of simulating the roles of the periodontium. These disadvantages are compounded by the movement of complete dentures in relation to the underlying bone during function. This is related to the resiliency of the supporting mucosa and the inherent instability of the dentures during functional and parafunctional movements. Because these recurrent movements and the forces that produce them can cause damage to the supporting tissues, almost all “principles” of complete denture construction have been formulated so as to minimize them. Although unproven, it is tempting to conclude that the recurrent functional movements of removable prostheses may be a major factor contributing to residual ridge reduction.
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Figure 1-5 A and B, The contrast between alveolar bone sustained by a healthy periodontal ligament and the resorption-vulnerable residual ridges that have been “periodontally deprived” for several years. C, Periodontal disease also leads to a similar result, a process that is even more dramatic once such teeth are extracted. D, In contrast, implant placement in the mandible aims at preserving what is left of the residual ridge and presumably reducing the risk of even further bone loss in the posterior ridges, a result of a prosthesis design that is more favorable for adverse occlusal stress distribution. The masticatory system’s potential for self-inflicted enamel wear and tear (the body’s hardest substance) is underscored in parts E to H.
Two physical factors are involved in denture retention that are under the control of the dentist and are technique driven. One is the optimal extension of the denture base; the other is the maximally intimate contact of the denture base to its basal seat.

Muscular factors can be used to increase the retention (and stability) of dentures. The actions of the buccinator, the orbicularis oris, and the intrinsic and extrinsic muscles of the tongue can be harnessed by the dentist to achieve this with appropriate impression techniques. Furthermore, the design of the labial, buccal, and lingual polished surfaces of the dentures and the forms of the dental arches must be considered when balancing the forces generated by the tongue and the perioral musculature. As the form and size of the denture-supporting tissues (the basal seat) change, harnessing muscular forces in complete denture design becomes particularly important for denture retention.

Wearing dentures may have an adverse psychological effect on some patients, and the nervous stimuli that result may influence salivary secretions and thereby adversely affect retention. Eventually, most patients seem to acquire an ability to retain their dentures by means of oral muscle control. This muscular stabilization of the prostheses is probably also accompanied by a reduction in the physical forces used in retaining the dentures. Clearly, the physical forces of retention can be improved and reestablished, up to a point, by careful and frequent attention to the status of the dentures. Periodic inspection, including relining procedures, will help prolong the usefulness of the prostheses.
Natural and Prosthetic Dental Occlusion: Functional and Parafunctional Considerations
The masticatory system appears to operate best in an environment of continuing functional equilibrium. This depends on the interactions of the occlusion’s components—the dentition, the neuromuscular system, and the craniofacial structures—that are disturbed by the substitution of a complete denture for the teeth/periodontium.

The development and maturation of these components are interrelated so that growth, adaptation, and change actively participate in the development of an adult occlusion. Dentition development is characterized by a period of dental alveolar and craniofacial adaptability (Table 1-2), which is also a time when motor skills and neuromuscular learning are developing. Clinical treatment at this time may take advantage of such responsive adaptive mechanisms; for example, teeth can be guided into their correct alignment by orthodontic procedures.


TABLE 1-2

DEVELOPMENT AND ADAPTATION OF THE OCCLUSION





	Development
	Adaptation




	Developing dentition
	Extensive sensory input
Development of motor skill and neuromuscular learning
Dental, alveolar, craniofacial adaptability




	Healthy adult dentition
	Dental adaptation (wearing, drifting, extrusion)
Bone adaptation is reparative
Learned protective reflexes and function adaptation




	Deteriorating adult dentition
	Partial edentulism
Periodontal disease
Diminished dental reflex adaptation
Risk of maladaptive prosthesis-wearing experience




	The edentulous state
	Residual ridge reduction
Compromised reflex adaptability
Possible increase in parafunctional movements
Increased risk of maladaptive denture-wearing experience









[image: Image]





In a healthy adult dentition, dental adaptive mechanisms are restricted to wear, extrusion, and drifting of teeth. Bony adaptations are essentially of a reparative nature and are slow in their operation. Protective reflexes are learned so as to avoid pain and inefficiency in the masticatory system. If and when an adult dentition begins to deteriorate, the dentist frequently uses fixed or removable prosthodontic therapy in attempts to maintain a functional occlusal equilibrium. This period is also characterized by greatly diminished dental and reflex adaptation and by bone resorption. Obviously, the presence of tooth loss and disease plus the depletion of reparative processes pose major prosthodontic problems. Finally, in the edentulous state, few natural adaptive mechanisms remain. The prosthesis rests on tissues that will change progressively and irreversibly, and the artificial occlusion serves in an environment characterized by constant and predominantly regressive change.

The design and fabrication of prosthetic occlusions have led to fascinating controversies. Dental occlusion was studied first in the field of complete dentures and then in other disciplines. Early workers encountered enormous mechanical difficulties in constructing reasonably well-fitting dentures that would be both durable and esthetic. Quite inevitably, dentists had to be mechanically minded. Because anatomy was the first of the biological basic sciences to be related to prosthodontic services, its application dominated prosthodontic protocol. Later, histology, physiology, and bioengineering were recognized as playing essential roles in the treatment of edentulous patients. The emphasis on and application of these basic sciences lifted prosthodontics from the early mechanical art to the applied clinical science it is today.

The modern complete denture service is characterized by an integration of biological information with instrumentation, materials, and clinical techniques. Complete dentures are designed so that their occlusal surfaces permit multidirectional contact movements of the mandible. Orofacial and tongue muscles play an important role in retaining and stabilizing complete dentures. This is accomplished by arrangement of the artificial teeth to occupy a so-called “neutral zone” in the edentulous mouth, determined by the functional balance of the orofacial and lingual musculature.
Function: Mastication and Other Mandibular Movements
Mastication consists of a rhythmic separation and apposition of the jaws and involves biophysical and biochemical processes, including the use of the lips, teeth, cheeks, tongue, palate, and other oral structures to prepare food for swallowing. During masticatory movements, the tongue and cheek muscles play an essential role in keeping the food bolus between the occlusal surfaces of the teeth. The control of mastication within the narrow limits of tolerance of the mouth requires considerable sensory information because deviations from the normal path of mandibular movement can injure the tongue, buccal mucosa, and even the teeth and their supporting tissues. Here again, the reader’s attention must be drawn to the importance of the correct positioning of the artificial dental arches when making complete dentures. It is important that the teeth are placed within a zone defined by the functional balance of the musculature involved in controlling the food bolus if the denture is to be minimally displaced and the bolus positioned between the occlusal surfaces of the teeth.

The comminution of much twenty-first century food does not demand a vigorous masticatory performance. Mastication has other functions however. It is necessary for a full appreciation of the flavor of foods and is therefore indirectly involved in the excitation of salivary and gastric secretions. Because mastication results in the mixing of food with saliva, it facilitates not only swallowing but also the digestion of carbohydrates by amylase. Although this is of minor importance while food is in the mouth, it is responsible for the continuation of carbohydrate digestion in the stomach, a phase that can account for as much as 60% of total carbohydrate digestion. Although data on the importance of chewing on the various stages of digestion are limited, it has been concluded that masticatory efficiency as low as 25% is adequate for complete digestion of foods. Patients do not however compensate for a smaller number of teeth by more prolonged, or a larger number of, chewing strokes—they merely swallow larger food particles. Nevertheless, loss of teeth can lead to a diminished masticatory efficiency, and there is evidence of this restricting dietary choice with resultant systemic effects. Thus while it appears that the importance of a good dentition or denture in promoting digestion and use of food has not been adequately demonstrated, food choices themselves may be restricted. Clinical experience suggests a relationship between the quality of the prosthetic service and denture wearer’s masticatory performance.

As mentioned previously, the maximal bite force in denture wearers is five to six times less than that in dentate subjects. Edentulous patients are clearly handicapped in masticatory function, and even clinically satisfactory complete dentures are a poor substitute for natural teeth.

Studies of patterns of mandibular movement in dentate patients and those using complete dentures have shown them to be similar; consequently prosthodontic treatment of partially dentate and edentulous patients could improve their chewing efficiency and masticatory muscle activity. This would be typically accompanied by a decreased duration of the occlusion phase and contribute to a lessening of elevator muscle activity.

Chewing occurs chiefly in the premolar and molar regions, and both right and left sides are used to a similar extent. The position of the food bolus during mastication is dependent on the consistency of the food, and the tougher the consistency the greater is the person’s preference for using the premolar region. This is apparent even in patients who have worn bilateral, soft-tissue–supported, mandibular partial dentures opposing complete upper dentures. Such findings demonstrate an obvious advantage that the patient accrues with the replacement of missing premolar and molar segments, especially as these patients do not chew predominantly in the segments where natural teeth are present.

The pronounced differences between persons with natural teeth and patients with complete dentures are conspicuous in this functional context: (1) the mucosal mechanism of support as opposed to support by the periodontium, (2) the movements of the dentures during mastication, (3) the progressive changes in maxillomandibular relations and the eventual migration of dentures, and (4) the different physical stimuli to the sensory motor systems.

Dentures move during mastication because of the dislodging forces of the surrounding musculature. These movements manifest themselves as displacing, lifting, sliding, tilting, or rotating of the prostheses. Furthermore, opposing tooth contacts occur with both natural and artificial teeth during function and parafunction when the patient is both awake and asleep. The denture-bearing tissues are thus constantly exposed to the frictional contact of the overlying denture bases.

Displacement of the supporting tissues under loaded dentures typically results in tilting of the prostheses and tooth contacts on the nonchewing side. In addition, occlusal forces on the dentures displace the soft tissues of the basal seat and allow the dentures to move closer to the supporting bone. This change of position under load induces an alteration in the relationship of the opposing dental arches.
Parafunctional Considerations
Nonfunctional or parafunctional habits involving repeated or sustained occlusal contacts can be harmful to the teeth or other components of the masticatory system. The profession lacks compelling epidemiological studies of the incidence of parafunctional occlusal stress in populations with both natural and artificial dentitions. Nevertheless, clinical experience indicates that tooth clenching is common and that parafunctional habits (Table 1-3) in the denture wearer may cause additional loading on the denture-bearing tissues with a consequent complaint of soreness.


TABLE 1-3

DIRECTION, DURATION, AND MAGNITUDE OF THE FORCES GENERATED DURING FUNCTION AND PARAFUNCTION





	 	Force Generated


	 	Direction
	Duration and Magnitude




	Mastication
	Mainly vertical
	Intermittent and light
Diurnal only




	Parafunction
	Frequently horizontal and vertical
	Prolonged, possibly excessive
Both diurnal and nocturnal
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The neurophysiological basis underlying bruxism (tooth grinding) has been studied experimentally both in animals and in human beings, and part of its mechanism can be explained by an increase in the tonic activity in the jaw muscles. It is a very complex area of research and bruxism has been shown to result from psychosocial factors (such as stress or anxiety) or to be a reaction to strong emotions (e.g., anger, frustration). It also may be associated with specific medical conditions (e.g., oral tardive dyskinesia, Parkinson’s disease) or with sleep parasomnia (e.g., bruxism, rapid eye movement [REM] behavior disorders, oromandibular myoclonus) or sleep disorders (apnea). It also may be found concomitantly with certain intraoral conditions such as pain, oral lesions, xerostomia, and discomfort associated with prostheses or occlusal problems.

The initial discomfort associated with wearing new dentures is known to evoke unusual patterns of behavior in the surrounding musculature. Frequently, the complaint of a sore tongue is related to a habit of its being thrust against the denture. The patient usually is unaware of the causal relationship between the painful tongue and its contact with the teeth. Similarly, patients tend at first to frequently occlude the teeth of new dentures. This is perhaps to strengthen confidence in retention until the surrounding muscles become accustomed to their presence or to provide some accommodation in the chewing pattern, experimental closure of the teeth being part of the adaptation process. A strong response of the lower lip and mentalis muscle has been observed electromyographically in long-term complete denture wearers with impaired retention and stability of the lower denture. It is feasible and indeed probable that the resulting tentative occlusal contacts may trigger the development of habitual nonfunctional occlusion.

The mechanism whereby pressure causes soreness of the mucous membrane is probably related to an interruption or a diminution of the blood flow in the small blood vessels in the tissues. These vascular changes could very well upset the metabolism of the involved tissues. The relationship between the incidence of parafunction in denture-wearing population groups and residual ridge reduction has not been investigated. However, it is tempting to consider, or even include, parafunction as a possible prosthetic variable that may contribute to the magnitude of ridge reduction.
Changes in Morphological Face Height and the Temporomandibular Joints
While the final stage of skeletal growth is usually accepted as occurring at 20 to 25 years of age, growth and remodeling of the bony skeleton continue well into adult life and account for dimensional changes in the adult facial skeleton. It has been reported that morphological face height increases with age in persons possessing an intact or relatively intact dentition. Nevertheless, a premature reduction in morphological face height can occur as a result of occlusal tooth surface loss, predominantly due to attrition and abrasion of the occlusal surfaces of the teeth. This reduction tends to be even more conspicuous in edentulous and complete denture-wearing patients because the widely used acrylic artificial teeth are less wear resistant than the natural dentition, and resorption of the ridges allows the dentures to move closer to the basal bone. In Table 1-3 the presumed range of changes that take place during the development and adaptation of the occlusion is summed up. It also underscores the resiliency of the masticatory system as it adapts to the effect of disease and attendant tooth loss.

Morphological changes in the maxilla and mandible occur slowly over a period of years and depend on the balance of osteoblastic and osteoclastic activity. The articular surfaces of the temporomandibular joints (TMJs) also are involved, and at these sites, growth and remodeling are mediated through the proliferative activity of the articular cartilages. Changes in morphological face height or the shapes of the jawbones due to tooth loss are inevitably transmitted to the TMJs. It is not surprising, then, that these articular surfaces undergo a slow but continuous remodeling throughout life. Such remodeling is probably the means whereby the congruity of the opposing articular surfaces is maintained, even in the presence of dimensional or functional changes in other parts of the facial skeleton.

Resorption of the residual ridges supporting complete dentures and the consequent reduction in the vertical dimension of occlusion tend to cause a decrease in total face height and a resultant mandibular prognathism. Indeed in complete denture wearers, the mean reduction in height of the mandibular process measured in the anterior region may be approximately four times greater than that in the corresponding maxillary process. Furthermore, longitudinal studies suggest that the rest vertical dimension of the jaws, which was once considered unrelated to the presence of teeth, is not stable and can change over time. These findings contradict the previously popular and convenient concept of a rest vertical dimension, which was fixed throughout the patient’s adult lifetime.

Complete dentures constructed to conform to clinical decisions regarding jaw-relation records are placed in an environment that retains considerable potential for change. Consequently concepts of reproducible and relatively unchangeable mandibular border movements may not apply as closely to edentulous patients as they do to persons with a healthy dentition. Nevertheless, it must be reemphasized that while jaw relations are not unchangeable, this does not invalidate the clinical requirement of using a centric relation record as a starting point for developing a prosthetic occlusion.

Concepts of centric relation (CR) of the upper and lower jaws have long been a dominant factor in prosthodontic thinking on occlusion (Fig. 1-6). CR is defined as the most posterior position of the mandible relative to the maxillae at the established vertical dimension. It coincides with a reproducible posterior hinge position of the mandible, and it may be recorded clinically with a high degree of accuracy. It is therefore regarded as a very useful reference or starting point for establishing jaw relationships in any prosthodontic treatment, particularly in complete denture fabrication. It also is conceded that in the natural dentition, most functional tooth contacts occur in a mandibular position slightly anterior to centric relation, a position referred to as centric occlusion (CO). The lack of natural teeth makes it impossible to record the centric occlusion position in the edentulous patient; therefore this cannot be used as a basis for establishing the occlusal scheme for complete dentures (Fig. 1-7). Consequently, a logical clinical protocol objective when fabricating complete dentures is to record the CR, which is not dependent on the presence of occluding teeth, and to then establish CO at this jaw relationship using the preferred vertical dimension of occlusion (VDO), CR and CO thus being coincident. It should be noted that the preferred VDO reflects an informed decision based on a range of clinically derived information.
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Figure 1-6 In A and B, the notion of a centric relation position may be best understood by studying mandibular border movements in both the sagittal and horizontal planes. A, The mandibular position in centric occlusion (CO) is depicted in 1, and centric relation or the most retruded position (B) in 2. Rotation, the terminal hinge movement (3) takes place between B and C, from which the translation phase of the posterior opening occurs to D, the maximum opening position (4). The most protrusive closure from D ends in E, maximum protrusion with tooth contacts, 5. The postural rest position (PR) and the habitual closure (H) are located well inside the borders. B, Envelope of motion (mandibular border movements) in the sagittal plane builds upon the previous illustration. C, The envelope of motion (mandibular border movements) as seen in the frontal plane. CO, Centric occlusion; CR, centric relation; MHO, maximum hinge-opening position; MO, point of maximum opening of the jaws; P, most protruded position of the mandible with the teeth in contact; Rest, postural rest position. (A, Modified from Mohl ND, Zarb GA, Carlsson GE et al, editors: A textbook of occlusion, Carol Stream, IL, 1988, Quintessence Publishing.)
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Figure 1-7 Overt facial changes, especially circumoral, also may be seen in elderly patients with an intact dentition (A) as well as edentulous ones (B).
In addition to its utility, the employment of CR has a physiological basis because unconscious swallowing in the vast majority of patients is carried out with the mandible at or near the centric relation position. The unconscious, or reflex swallow, and its frequency are important in the developing dentition because the activity of the adjacent muscles (the muscle matrix) strongly influences tooth positions and occlusal relations, whereas the position of the mandible is determined by its location in space during the act of unconscious swallowing. The contacts of the inclined planes of the teeth also aid in the alignment of the erupting dentition. During this developmental period most of the mandibular activities have not yet been learned, or at least not in their adult form. The occlusion of complete dentures is therefore designed to harmonize with the primitive and unconditioned reflex of the patient’s unconscious swallow. Tooth contacts and mandibular bracing against the maxillae occur during this process, suggesting that complete denture occlusions must be compatible with the forces developed during deglutition to prevent disharmonious occlusal contacts that could cause trauma to the basal seats of the dentures.

Nevertheless, it must be recognized that an integral part of the definition of centric relation—at the established vertical dimension—has potential for change. This is brought about by alterations in denture-supporting tissues and facial height, as well as by morphological changes in the TMJs. An appreciation of the dynamic nature of centric relation in denture-wearing patients, particularly in the context of an aging patient, recognizes the changing functional and adaptive requirements of the masticatory system. It also accounts for different concepts and techniques when designing an occlusion.
Temporomandibular Joint Changes
The numerous descriptions of TMJ function reflect the range of research methods used to study them. The basic physiological relationships between condyles, disks, and glenoid fossae appear to be maintained during maximal occlusal contacts and during all movements guided by occlusal elements. It is therefore logical that the dentist should seek to maintain or restore these basic physiological relations when treating a patient with complete dentures. The classic “envelopes of motion,” which define the border movements of the mandible are reproducible, and it is within these that all other movements occur. Researchers have concluded that the passive hinge movement tends to have a constant rotational and reproducible character. This reproducibility of the posterior border path is of tremendous practical significance in patients undergoing prosthodontic treatment, although it has largely been established only in healthy young persons. It also must be recognized that before becoming edentulous, many patients have had a mutilated dentition of varying severity over often extensive periods, during which resultant pathological or adaptive structural alterations or changes in the TMJs may have occurred. These considerations are, however, largely based on autopsy investigations and must therefore be regarded as unproven.

It also has been reported that impaired dental efficiency resulting from partial tooth loss, inappropriate prosthodontic treatment, or indeed its absence can influence the outcome of temporomandibular disorders (TMDs). This is thought to be particularly the case when arthritic or degenerative changes have occurred. The hypothesis has been advanced that degenerative joint disease is a process rather than a disease entity. This process involves joint changes that cause an imbalance in adaptation and a degeneration that results from alterations in functional demands or the functional capacity of the joints. However, because the onset of degenerative conditions is frequently encountered in adults, the group most likely to be edentulous, the treatment of such conditions is very much the concern of the dentist. Clinical experience and long-term studies indicate that a combination of adjunctive prosthodontic protocols (including the use of soft liners to restore the VDO) together with appropriate pharmacological and supportive therapy, are usually adequate to provide these patients with comfort. A reduction and stabilization of TMD signs and symptoms should nevertheless precede the fabrication of new complete dentures.

One of the difficulties in managing degenerative joint involvement is achieving joint rest. Because of the necessity for mastication and for the avoidance of parafunctional habits, voluntary or even enforced rest may be difficult to achieve; although here too the use of soft liners is regarded as a valuable adjunctive step that can be readily repeated.
Esthetic Changes
In most cultures it is thought highly desirable to appear to be dentate, and socially evident tooth loss is thus considered unacceptable. In addition, the edentulous state is typically associated with old age, and even when effectively treated, underlines to the patient their advancing years. These attitudes are so deeply ingrained that it is common for edentulous patients to have a great fear of being seen without their dentures even by their closest family members.

There is little doubt that tooth loss can adversely affect a person’s appearance and that the resultant changes may range from subtle to overt. Box 1-1 lists some of the conspicuous and clinically challenging features that frequently accompany the edentulous state. It must be emphasized that one or more of these items also are frequently encountered in persons with intact dentitions since the compromised facial support of the edentulous state is not the exclusive cause of such morphological changes (Fig. 1-8). In clinical practice, situations are frequently encountered in which factors such as a patient’s weight loss, age, and heavy tooth attrition produce orofacial changes suggestive of compromised, or absent, dental support for the overlying tissues.


Box 1-1

Morphological Changes Associated with the Edentulous State
Deepening of nasolabial groove
Loss of labiodental angle
Decrease in horizontal labial angle
Narrowing of lips
Increase in columella-philtral angle
Prognathic appearance
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Figure 1-8 A and B, For over 30 years, maladaptive edentulous patients have been very successfully treated with osseointegrated, implant-retained fixed prostheses, especially in the mandible. C to F, The clinical technique also proved to be equally efficacious, indeed meritorious, for maxillary prescriptions. In this patient, advanced anterior bone resorption that resulted from prolonged occlusal overload at this site precluded traditional location for edentulous maxillary implant locations. The patient in parts G to I had enjoyed a prolonged adaptive complete denture experience but requested a “cure” for his edentulism. This was achieved via provision of osseointegrated teeth root analogues to support and retain fixed prostheses.
Patients seek dental treatment for functional, esthetic, or cosmetic reasons and dentists have been quite successful in restoring or improving many a patient’s facial esthetics. Some individuals, however, fail to appreciate that aspects of their facial appearance for which they are seeking a solution are merely magnified perceptions or are unrelated to their edentulous predicament. Treatment with complete dentures, with its potential ability to modify facial contours, can raise hopes of a significantly altered appearance, sometimes with imagined benefits for the patient’s interpersonal relationships or career prospects. Often such aspirations are beyond the scope of prosthodontic care. In such circumstances, the dentist must be prepared to guide the patient with a referral where appropriate to an experienced specialist in the field of cosmetic surgery. This does, however, depend on the patient’s wishes being articulated or recognized from the outset. If this does not happen, then unrealistic expectations may only become evident after the dentures have been delivered, when it is more difficult to rescue the situation. Such events can cause the dentist considerable frustration. These issues underline the importance of the patient and clinician agreeing from the outset on treatment objectives, procedures, likely outcomes, and potential problems.

Such discussions can be aided by patients providing photographs of their pre-edentulous appearance, and relevant details from these photographs should be carefully analyzed and discussed with the patient. If this is not possible, photographs of siblings or of children who resemble the patient may be helpful. This process also can help identify whether the patient’s cosmetic desires exceed morphological or functional realities.
Behavioral and Adaptive Responses
While the clinician can design and fabricate the prostheses so as to optimize the patient’s appearance and create dentures that are as well supported and retained as circumstances will allow, success ultimately depends on the patient accepting their need for prostheses and learning to use them. This is a challenging matter for both patient and dentist, who must work together on the task, often for some time. It is also a process that should start at the onset of care so that the patient is mentally prepared for the challenge rather than experiencing profound disappointment at the delivery stage.

The process whereby an edentulous patient can accept and use complete dentures is complex, and the patient’s ability and willingness to learn to do so ultimately determine the degree of success of the clinical treatment. The process requires the interpretation of new sensory inputs by the central nervous system (CNS) and the acquisition of additional motor skills so as to use the dentures when speaking and eating. Much of this has to occur in the company of others and in the knowledge that any lapses will be extremely embarrassing. Helping a patient adapt to complete dentures can be one of the most difficult but also one of the most rewarding aspects of clinical dentistry.

Edentulous patients expect, indeed are often expected, to adapt to their dentures more or less instantaneously. That adaptation must take place in the context of the patient’s oral, systemic, emotional, and psychological states. Consequently, a real need exists for dentists to be able to understand a patient’s motivation in seeking prosthodontic care and to identify potential difficulties before starting treatment. Emotional factors are known to play a significant role in the etiology of dental problems. The interview and clinical examination are obvious ways to observe the patient and form the best treatment relationship. Successful management begins with identification of anticipated difficulties before treatment starts and with careful planning to meet specific needs and problems. Dentists must train themselves to reassure the patient, to perceive their wishes, and to know how and when to limit the patient’s expectations. An essential accompaniment of a denture design that is physically compatible with the oral complex is a good interpersonal relationship between dentist and patient. It is up to the dentist to explore the patient’s symptoms and tensions. The way the patient handles other illnesses and dental situations will aid in the prediction of future problems. It has been observed that the secure patient will adjust readily, cope with discomfort, and be cooperative.

Optimal denture control requires the interpretation of impulses from both exteroceptors and proprioceptors, which are probably affected by the size, shape, position, and mobility of the prostheses and the pressures they generate. The exact role and relative importance of mucosal stimuli in the control of jaw movements need clarification, but it has been clearly demonstrated that control of dentures by muscle activity is reduced if a surface anesthetic is applied to the oral mucous membrane. There have been a number of investigations of the ability of patients to identify three-dimensional shapes placed in their mouths (oral stereognosis) or to assemble simple three-dimensional test pieces as a measure of oral manipulative ability. These were intended to test the hypothesis that such abilities were related to skill in using dentures; however, the results have been equivocal.

Learning means the acquisition of a new activity or change of an existing one and often involves the acquisition of muscular skill, that is, the capacity to coordinate muscular activity to execute movement. In the light of current knowledge, however, it remains very difficult to apply learning theory concepts to the presumed process by which an edentulous patient develops the skills to use their prostheses.

The acceptance of complete dentures is accompanied by a process of habituation, which is defined as a “gradual diminution of responses to continued or repeated stimuli.” The tactile stimuli that arise from the contact of the prosthesis with the richly innervated oral cavity are probably ignored after a short time. Because each stage of the decrease in response is related to the memory trace of the previous application of the stimulus, storage of information from the immediate past is an integral part of habituation. Furthermore, stimuli must be specific and identical to achieve habituation. This is what probably prevents the transfer of habituation evoked by an old familiar denture to a new prosthesis, which inevitably gives rise to a different range of stimuli. Storage of information becomes more difficult in older age, which is why patients in this group often have difficulties becoming comfortable with dentures. In addition advancing age tends to be accompanied by progressive atrophy of elements in the cerebral cortex and a consequent loss in the facility of coordination.

A typical clinical adaptation problem is often encountered in the patient who has worn a complete upper denture opposing only a few natural anterior mandibular teeth. Such a patient usually finds it difficult to adapt to a complete lower denture, which commonly requires marked changes in the shape and activity of the tongue. The latter frequently responds to the loss of posterior mandibular teeth and alveolar bone by spreading laterally so as to contact the buccal mucosa. The insertion of a new denture introduces an altered environment for the tongue, requiring its intrinsic musculature to reorganize both its shape and learned activity patterns so as to conform to the reduced available space. This process is often accompanied by frequent displacement of the lower denture. Furthermore, the posterior residual ridges are exposed to new sensations from the overlying prosthesis. Pressures transferred through the denture base replace tactile stimuli from the tongue and frictional contact with food. In addition, control of the upper denture frequently must be relearned because the posterior part of the tongue is no longer required to counter the tipping effect on the denture of the few remaining mandibular teeth.

Patient motivation is also important in dictating the speed at which adaptation to dentures takes place, and it is consequently imperative that the dentist determines and cultivates the patient’s motivation in requesting treatment, seeking to foster it if lacking or absent.

It also has been reported that when a population including complete denture users was examined for depression most of the depressive symptoms were found in the age groups that included the greatest proportion of denture wearers. Awareness by the dentist of high-risk groups for depression within the patient pool may help explain difficulties in achieving patient satisfaction with dentures, facilitate recognition of a problem, and make possible suitable referral for diagnosis and appropriate treatment.

The absence of a yardstick to gauge a patient’s adaptive potential to wearing a prosthesis is one of the most challenging facets of treating edentulism. The success of prosthetic treatment is predicated not only on the dentist’s manual dexterity but also on the ability to relate to patients and to understand their needs. The importance of empathy and correct clinical judgment on the part of the dentist can hardly be overemphasized. The dentist’s ability to understand and recognize the problems of edentulous patients, to select the proper course of treatment, and to reassure them has proven to be of greatest clinical value.

Many health care professionals also may forget that although much research and attention have been devoted to the effects of various types of organ loss, such as mastectomies and hysterectomies, the edentulous state has received relatively little attention by psychologists. Only a few authors have acknowledged the fact that it is a serious emotional life issue, albeit not a life-threatening one. Furthermore, outcome measures of health care treatment are only partially defined by technical excellence and are not exclusively dentist determined. Patient perceptions and responses to health care measures are now regarded as an integral part of the clinical decision-making paradigm. It is therefore not surprising to
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	Diagnosis
	Evidence-based Treatment Choices
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	Edentulous in one or both arches
	A. Complete dentures, or B. Implant-supported overdentures, or C. Implant-supported fixed prosthesis
	Functional esthetic and perceptual consequences that are encountered on a time-dependent and escalating basis


	I. Without prior denture experience
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	II. With an adaptive complete denture experience
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	III. With a current history of maladaptive denture-wearing experience
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