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Section 51 - Restorative Contours
(Handout)
Clinical longevity of any prosthesis is directly related to achieving proper restorative contours. This involves close attention to detail between periodontal and prosthodontic principles during the fabrication of the prosthesis.

If not done properly, iatrogenic problems may occur such as "food traps" from open contacts, overhangs, or plunging cusps. This leads to more inflammation, bleeding, plaque accumulation, and potential bone loss.

If certain principles of placement of subgingival margins and interproximal embrasures are not closely adhered to, an overcontoured restoration may act as a nidus in the rapid failure of the prosthesis.

contour n (1662): an outline, especially of a curving or irregular figure: the line representing this outline; the general form or structure of something adj (1844) following contour line or forming furrows or ridges along them; made to fit the contour of something, vt (1871) to shape the contour of; to shape as to fit contours; to construct in conformity to a contour (GPT 6)

emergence profile: the contour of a tooth or restoration, such as a crown on a natural tooth or dental implant abutment, as it relates to the adjacent tissues (GPT 6)

HISTORY: Theories of axial contours that are still controversial today (Tjan)
What are the three main theories of axial contour?

· 1961 - Food Deflection Theory (Wheeler): proposed that convexities should be created in the cervical third of artificial crowns and that these convexities were to deflect food away from the gingiva

· 1962 - Muscle Action Theory (Herlands et al and Morris): used the rationale of muscular molding and cleansing, rather than food impaction to explain the observable clinical phenomena found around the natural and artificial crowns. Plaque Retention Theory: (an axial contour design based on the Muscle Action Theory)
· 1969 - Anatomic Theory (Kraus et al.): anatomic or biological concept of a tooth contour which stimulated natural, healthy, self protecting teeth.
PHYSIOLOGICAL DESIGN CRITERIA FOR FIXED DENTAL RESTORATION

Physiologic contours (Eismann)
The dental profession no longer subscribes to a stereotyped concept of tooth form, but there is a close relationship between form and function.

It is the function of the occlusal form to generate the least amount of stress in the supporting tissues, and the function of the axial form of teeth to protect and stimulate the marginal periodontium.

1. A thorough periodontal evaluation is indicated in the planning stages prior to fabrication of the prosthesis

2. Definitive periodontal treatment should be completed , including correction of the gingival architecture

3. Periodontal maintenance during treatment and interim periods

Axial contours must be related to the gingival architecture, the adjacent and opposing teeth, and to adjacent musculature to promote continuing gingival health.

Several researchers focused on these gingival contours and provided these insights:
Perel : Mandibular teeth on six mongrel dogs were studied, and isolated areas of the teeth had vertical preparations made to undercontour the crown, while another surface had overcontoured acrylic placed 2mm beyond the normal curvature of the tooth. There was no contact of the acrylic with the gingiva.

Results: Overcontour produced inflammation, undercontour did not. Perel questioned the need for a deflecting supragingival contour as it made the gingiva more inflammed
Yuodelis: Review of literature and clinical cases, felt the cervical bulge overprotects the microbial plaque. Greater degree of bulge equals more plaque, the flatter the contour the less plaque retained

The final restoration (especially after periodontal therapy and a lengthened clinical crown) should not follow the original anatomic crown, but should recreate the original contours of the root. 

Parkinson: Did a study on fifty restorations (25 cast metal and 25 PFM). Found that there was an increase in faciolingual dimension, and that the plaque index was significantly higher for both the PFM and full cast metal crowns versus control teeth.

The less axial accentuation of prominences on full crown restorations, the less the quantity of plaque. 

Ehrlich: Involved forty two patients (250 teeth), and buccolingual measurements were made at both height of contour and gingival margin of the tooth, the dies, provisional and final restorations. (Unlike the above three researchers, in which measurements were only made at the height of contour )

Results: Author feels increase of buccolingual width 0.7 to 1.0 mm is clinically acceptable by the surrounding tissues. (If irritation occurred it could be part from crown margin and not buccolingual width.) The multiple measurements made may provide the dentist and lab a method to control the buccolingual width of the final restoration. 

Placement of gingival margins - there cannot be a perfect margin (Eissmann)
1. Margins should be placed on tooth surfaces which are fully exposed to cleansing action

2. The contour of the restoration must afford an optimum cleansing action

3. The margin should form the smoothest possible transition from restoration to tooth structure.

The key to successful margin placement is to minimize plaque retention.

Margins must not be placed at or near the alveolar crest
The epithelial attachment forms an organic seal against the environment of the oral cavity. This seal must be maintained by allowing not less than 2mm of root surface between the restoration and the alveolar bone for the reformation of an epithelial attachment.

Several researchers focused on subgingival contours, margins and gingival esthetics:

Wagman: Emphasized the importance of a proper subgingival contour. He believed that in order to promote a knifelike free gingival margin, the subgingival contours should be slightly convex, and not exceed one half the thickness of the gingiva at the height of its attachment, whether the gingival attachment occurs at the CEJ or at some point on the root of the tooth..

Jameson: Reviewed current methods of gingival response to restorative procedures, and did a study which showed an increased crevicular fluid measurement and increased inflammation with subgingival margins. Concurred with previous observations of avoiding overcontouring in cervical and interproximal areas, making adequate tooth reduction interproximally, following the fluting areas in furcations, and attention to detail when handling delicate gingival tissues.

Goodacre: Discussed methods of optimizing gingival appearance and health before treatment and minimizing gingival trauma during treatment.

Recommended partial veneer crowns to avoid contact with gingiva, minimizing trauma from rotary instruments (shoulder margin showed least gingiva trauma), careful placement of retraction cord, well fitting provisional and definitive restorations., and continued follow-up of oral hygiene.

Board Question: Which chemical in retraction cord caused unacceptable levels of gingival injury? (Zinc Chloride)

Stein and Kuwata: Described the part of the axial contour that extends from the base of the gingival sulcus past the free margin of the gingiva as the emergence profile. 
The emergence profile extends to the height of contour producing a straight profile in the gingival third of the axial surface. (15% are actually concave) 

Interproximal tooth contact (Eissmann) 

1. Contribute to the stability of the dental arch

2. Prevent impaction of food (interproximally)

3. The occlusogingival length of the contact may affect food retention

4. Cosmetic and phonetic considerations may influence design of contact
Researchers reviewing the interproxmal embrasure also called the interdental space

Skurow: Adequate tooth preparation to accommodate the necessary restorative materials within the embrasure space in essential. A well contoured provisional is a predictable way to establish and adequate and healthy embrasure zone. Lists some signs and symptoms of interproximal embrasure problems (ie. swelling, open contacts etc.)

Takei: In restorative dentistry, it is important to recreate an interproximal area (the interdental gingiva is composed of the facial and lingual papilla and an interconnecting area called the gingival col) that will minimize the long facial-lingual col area. This will make the area more cleansable and decrease plaque accumulation.

Linkow: Discusses the necessity of proper contact areas. The most important function of the proximal contact is the protection of the interdental papilla. Anterior teeth require narrow or point contacts, the bicuspids require broader contacts because the crests of the papilla broaden, and the widest contacts are in the molar region. Improper contact areas may cause displacement of the teeth, a lifting force on the tooth, rotation of the teeth, deflective occlusal contacts, and horizontal or vertical food impaction.

Boner: The interdental space can be divided into three anatomical groups 

The epithelial tissue (first line of defense -keratinized is less permeable to bacterial toxins), connective tissue (second line of defense- the more organized collagen bundles, the more resistance to spread of inflammation), and osseous tissue (third line of defense- a narrow septum is more likely to result in horizontal bone loss)

The type of preparation is determined by the amount of bone available. If the vertical component is inadequate then a crown lengthening should be performed. Any interdental area that does not pose anesthetic problem should be restored in metal rather than porcelain (metal can be more finely contoured)

Physiologic pontic contour - design with the following boundaries (Eissmann)
1. The edentulous space

2. The opposing occlusal surface

3. The musculature of the tongue

4. The musculature of the cheek or lips

Three concepts of pontic contouring are covered

1. Saddle: maximum comfort and support, unacceptable from a hygienic principle

2. Modified saddle: compromise, a more obtuse embrasure than ridge lap

3. Ridge lap pontic: minimal tissue contact with an acceptable cosmetic value and proper cheek support, questionable lingual design (little support to the tongue due to sudden change in curvature)

Once a commitment for tissue contact is made for cosmetic, phonetic or contour reasons, the form of tissue contact should be planned. It is often advocated that this surface should be convex.

There were three accepted designs for the edentulous mandibular molar region:

1. Sanitary-contoured pontic the standard concept for pontic design "physiologically -contoured" pontic
2. Sanitary pontic - favorable among periodontally-oriented practitioners

3. Saddle pontic - violates requirements for hygiene 

Furcation Involvement -usage as abutments for fixed restorations (Hurzeler)

Preprosthodontic and prosthodontic procedures for preparing molars with grade III furcations and use as abutments for a fixed prosthesis are described 

TEN RULES FOR DEVELOPING CROWN CONTOURS IN RESTORATIONS
(Burch)

1. Faciolingual crown dimensions no more than 1mm larger than the faciolingual width at level of the CEJ. Possible exception - mandibular molars and second premolars.

2. Facial contours are found in gingival third of the crown an should not bulge more than 1/2 mm beyond CEJ

3. Lingual contours , greatest convexity at gingival third and should not protrude more than 0.5mm lingual

4. Proximal contact points are in the occlusal third of the crown,. Maxillary molars may be at level of junction of occlusal third and middle third, Proximal contact points are buccal to the central fossa line except for maxillary molars founds at middle third.

5. Proximal surfaces between marginal ridges and CEJ are flat or slightly concave bucco-lingually.

6. Axial transitional line angles are straight between the proximal contact point and the CEJ.

7. Marginal ridges should be the same height. The facial 1/2 of any tooth is wider than the lingual. Lingual embrasures are always larger than buccal embrasures when viewed occlusally.

8. Crown margin - Gingival relationship: margin should be coronal to gingiva except for esthetics, crown length ,root caries, root sensitivity, and existing restorations.

9. Thickness of restoration subgingivally - inadequate contour may not provide adequate support for the gingival unit.

10. Crown margin -Bone relationship: do not encroach on biologic width

ESTHETICS AND CONTOURS

Golden Proportion: In its simplest form it is the proportion between a larger part and a smaller part. When the ratio between B and A is in the golden proportion, then B is 1.618 times larger than A. Thus the proportion of the smaller to the greater is same as the proportion of the greater to the whole.

The widths of the incisors are in golden proportion to each other as seen from the front.

Abstracts
51-001. Tjan, A.H.L., Freed, H. and Miller, G.D. Current controversies in axial contour design. J Prosthet Dent 44:536, 1980.

Purpose: A review of theories of axial contour design.

Food Deflection Theory:

WHEELER- Proposed that convexities should be created in the cervical third of artificial crowns and these convexities were deflect food away from the free gingiva.

MORRIS- Noted that the position of the gingival margin in part is determined by the lingual or buccal tooth surface prominence. He placed an emphasis on accessibility and oral hygiene measurement.

HERLANDS et al- Questioned the rationale of the food deflecting contour concept. He found that these crowns were overcontoured causing gingival inflammation as well as the following:

1. Impaction mechanism requires certain physical conditions, substances being impacted must be fairly firm, there must be a propelling force directing it towards an easily accessible area or cul-de-sac.

2. Maximum bulge in a natural crown contour is 0.5 mm, this is considered as inadequate protection against food impaction.

3. Complete lack of contour is often observed when a tooth prepared for full coverage is left uncovered for an extended period of time, but the surrounding gingiva is usually healthy.

4. Gingival sulci are not an easily accessible cul-de-sac.

5. An outward current of serum will flush foreign matter from the gingival sulcus, the flow of which is increased by heavier muscular action and firmer food particles.

6. Embrasure contours are possibly even more important than buccal or lingual contours.

MUSCLE ACTION THEORY

HERLANDS et al and MORRIS- Introduced the theory. they used the rationale of muscle molding and cleansing, rather than food impaction, to explain the observable clinical phenomena found around natural and artificial crowns. the theory promotes constant cleansing and molding action by the muscles of the cheeks, lips and tongue.

PEREL- Studies revealed:

1. Undercontouring of axial surfaces did not produce any significant changes in healthy gingiva.

2. Overcontouring of axial surfaces produced inflammation and hyperplastic changes in the marginal gingiva.

YUODELIS et al- Questioned the food defection theory. They stated that microbial plaque is the primary etiological factor in both caries and periodontal disease.

1. There is little in our modern diets that could injure the free gingival margin.

2. Propreceptive response usually provides adequate protection for the free gingiva during mastication.

3. The potential impact of food as the crushed bolus passes over the axial contoue of the teeth is usually dissipated by the time the food reaches the gingiva, since it tis directed by the cheeks, lips and tongue into a position of deglutition.

4. Most human dentition have little clinical bulge and show no deleterious effect on mastication.

5. The dentition of lower species of animals do not provide this theoretic protection, since any buccal or lingual bulges are usually subgingival.

PLAQUE RETENTION THEORY

· Axial conour design is based on the muscle-action theory.

· Crown contour should not harbor any plaque traps and promote self-cleaning.

ANATOMIC THEORY

· Anatomic or biologic concept of tooth contour, a contour which simulated natural, healthy and self prtecting teeth.

· the facial and lingual convexities form the height of contour of tooth crowns, which are located at the gingival third of each tooth and are approximately 0.5 mm wider than the adjoining CEJ. (Exception- lingual of mandibular molars and second premolars.)

MARGIN PLACEMENT

WAGMAN- Subgingival contour should be made convex facially and lingually. Proper contour to maintain "knife-like" shape of the free gingival margin. The degree of these convexities should not exceed 1/2 of the thickness of the gingiva at the height of the attachment.

ROSS- If the subgingival contour is made flat and does not sopport the gingiva, the free marginal gingiva will tend to form a "roll" around the tooth. A margin placed coronal to the CEJ, the subgingival contour should be made convex. Below the CEJ, should be made flat.

SPUROW AND LYTLE- Interproximal embrasure as a yardstick of periodontal health in a patient with virgin teeth. Emphasized the importance of creating proper embrasure space for the health of the interdental papillae.

STEIN, KUWATA AND PRESSWOOD- "Emergence Profile" 
51-002. Eissmann, H.F., Radke, R.A. and Noble, W.H. Physiologic design criteria for fixed dental restorations. DCNA Vol 15, 3:543-568, 1971.
Purpose: To explore the contours of axial tooth surfaces in relationship to their environment so that they may function physiologically.
Discussion: 

I. Physiologic contouring: No longer does the profession subscribe to a stereotype concept of tooth form, but, rather, to an interrelation of form and function. As it is the function of the occlusal form to generate the least amount of stress in the supporting tissues, it is the function of the axial form of teeth to afford protection and stimulation to the investing tissues or, more specifically, the marginal periodontium.

    Periodontal Considerations: 

1. A thorough periodontal evaluation of the patient as the first step in planning a fixed prosthesis.

2. The correction of periodontal disease including the correction of unfavorable gingival architectures.

3. The maintenance of a favorable environment during restorative treatment and interim periods.

II. Placement of gingival margins: The junction between restoration and tooth structure will always form a crevice which may shelter bacteria and thereby become a site for the retention of bacterial plaque. Therefore:

1. Margins should be placed on tooth surfaces which are fully exposed to a cleansing action

2. The contour of the restoration must afford an optimum cleansing action.

3. The margin should form the smoothest possible transition from restoration to tooth structure. 

III. Interproximal tooth contact: The function of these interproximal contact areas is fourfold.

1. They contribute to the stability of the dental arch.

2. Prevent the impaction of food substance into the interproximal area.

3. The occlusal-gingival length of the contact areas may influence food retention. An effort should be directed to contour an embrasure space gingival to the contact area which affords adequate room for the interdental papilla.

4. Cosmetic and phonetic considerations also may affect the design of interproximal contact areas. A patient with a high cosmetic requirement should be provided with tooth contacts extending from incisal embrasure to interdental papilla to avoid unsightly embrasures.

IV. Pontic contour: The task is to design within the following boundaries:

1. The edentulous ridge.

2. The opposing occlusal surface.

3. The musculature of the tongue.

4. The musculature of the cheek or lips.

A tooth substitute is desired which provides comfort and support to the adjacent tissues; conformity to the food flow pattern; conveniently hygienic contours; and a cosmetic value, if indicated.

Three concepts of pontic contouring are illustrated.

1. The saddle: Offers maximum comfort and support to the adjacent tissues, it is unacceptable from a hygienic principle.

2. The ridge-lap pontic: Offers minimal tissue contact with an acceptable cosmetic value and proper cheek support. The lingual aspect of this design should be questioned, however. A sudden change in curvature to avoid ridge contact offers little support to the tongue, and, in cases of a short distance between ridge and opposing occlusion, a trap-embrasure is formed by an acute angle between pontic and tissue. 

3. The modified saddle: A compromise. The tissue contact area has been increased over the ridge-lap-type to gain a more favorable angle by which the lingual wall departs from the ridge-thus, a more obtuse embrasure is formed.

As with subgingival margins of restorations, tissue contact of pontics is a compromise. The physiologic success of a pontic will be due to:

1. A favorable contour and consistency of the gingiva.

2. The smallest area of tissue contact in relation to the most obtuse embrasures.

3. The lack of definite convex or concave curvatures of pontic and ridge.

4. A gentle, positive approximation of tissue and pontic in the area of contact.

5. The choice of highly glazed, high fusing porcelain as the tissue contact material which will maintain the smoothest possible surface for an indefinite period.

Summary: A rationale is suggested for the contouring of axial surfaces of fixed dental restorations so that they may function harmoniously with associated oral tissues. These restorations will then contribute to a state which can be maintained with relative immunity to disease.

51-003. Perel, M. Axial crown contours. J Prosthet Dent 25:642, 1971.

The relationship between axial tooth contours and the surrounding marginal gingiva was studied on six dogs and observed over 9 weeks.

Procedures producing undercontours and overcontours, on buccal and lingual crown surfaces, were performed. Clinical and microscopic observations were made with respect to the marginal gingiva and the crevicular areas:

1. Undercontouring of axial surfaces did not produce any significant changes in gingival health.

2. Overcontouring produced inflammatory and hyperplastic changes in the marginal gingiva. These changes were seen clinically and microscopically at 4 weeks.

51-004. Ehrlich, J., Yaffe, A. and Weisgold, A.S. Faciolingual width before and after tooth restoration: A comparative study. J Prosthet Dent 46:153, 1981.

Purpose:  To compare the data between the facial-lingual width of restored teeth and the same unrestored teeth.
Methods & Materials: 

1. Forty-two patients were selected at random, of different ages and both sexes.

2. Each patient had a complete periodontal examination with full mouth radiographs, and photographs. 

3. All patients were considered to have adequate periodontal health at the time of tooth preparation and insertion of restoration.

4. Plaque control was clinically acceptable, and there was no bleeding upon probing the sulcular area.  

5. Diagnostic casts were made; (1) prior to tooth preparation, (2) prepared teeth, (3) provisional restorations, and (4) completed restorations. 

6. Teeth were measured twice, first at the gingival margin and second at the "height of contour". All measurements made with a Boley gauge and recorded to the nearest 0.1 mm.

7. The restorations were made into porcelain-fused-to-metal crowns and acrylic resin veneer crowns.

Discussion: 
1. Most of the restored teeth in this study increased in buccolingual width, and no undercontour was found: it is apparent that undercontouring of restorations is not a common finding.

2. The increase in buccolingual width reported in this study did not result in overt gingival or periodontal disease.

3. The study suggests that increases in the buccolingual dimension of approximately 0.7 to 1.0 mm may be accepted clinically by the surrounding tissues.

4. It was not the purpose of the study to determine the maximal increment in the buccolingual dimension of the final restoration that might induce gingival changes
Conclusion:  The results of this study indicate that measurements of the natural teeth, dies, and provisional restorations can provide the dentist and the laboratory a method to control the buccolingual width of the final restoration

51-005. Morris, M L. Artificial crown contours and gingival health. J Prosthet Dent 12:1146, 1962.

Purpose: Current philosophies teach that artificial facial and lingual contours should protect the gingival crevice from food impaction. This article presents a rationale for not producing overcontoured crowns because it causes and does not prevent gingival inflammation.
Causes of gingival imflammation: Impaction is the act of being packed or wedged. The propelling force which moves a bolus of food on the teeth is either the cusp or the muscular pressure of the lips and cheeks or tongue. Natural crown contours with a maximal surface of 0.5mm are inadequate protection against an impaction mechanism. The ineffectiveness of natural contours of crowns against the impaction mechanism is further emphasized by the fact that the gingival margin is tucked apically under the bulge of the crown to receive protection. The philosophies of food impaction and muscular action are effected by crown shape, bone shape and gingival position.
Embrasure contours: Embrasure contours are more important than facial or lingual contours. Dramatic, rapid gingival response occurs when an overcontoured crown is made.
Tooth preparation and crown carving: The health of the tissue around dental restorations depends on the choice of the retainer, the preparation of the tooth and the contour of the crown. Sufficient space for the restorative material can be accomplished with an adequate tooth preparation without overcontouring the margin which causes gingival inflammation. The preoperative shape of the embrasures should be reproduced provided the embrasures contain healthy papilla. Proximal surfaces that are apical to the contact area are usually flat and in many instances concave.
Pontic: Temporary cementation of restorations for up to 2 months is recommended for judging crown contours and need for recontouring gingiva.
Conclusions: The rationale of muscular molding and cleansing rather than that of food impaction, more adequately explains clinical phenomena and is a more accurate guide for the construction of gingivally tolerated crowns.

51-006. Burch, J.G. Ten rules for developing crown contours in restorations. DCNA 1971;15:611-618.

Purpose: To discuss the relationship between crown contours, and the occlusal surface and cervical portion of individual teeth.
Methods and materials: Article is a combination of a review article and the author’s opinions.
Discussion: The ten rules for developing contours are:

1. Faciolingual crown dimensions- no more than 1mm larger than the faciolingual width at the CEJ. Possible exception: mandibular molars and second premolars.

2. Facial contours- all facial contour crests are in the gingival third, and should not bulge more than one-half mm beyond CEJ

3. Lingual contours- greatest convexity at gingival 1/3 except mandibular molars and sometimes mandibular second premolar, where greatest convexity is found in the middle 1/3 of crown.

4. Proximal contact points- in the occlusal 1/3 of crown. Maxillary molars may be at the level of the junction of occlusal and middle thirds. Proximal contact points are buccal to the central fossa line, except for maxillary molars which are in the middle 1/3.

5. Proximal surfaces- between the marginal ridge and the CEJ, the proximal surface is flat or slightly concave buccolingually as well as occlusocervically.

6. Axial transitional line angles- straight between the proximal contact point and the CEJ, with the exception of the lingual line angles of maxillary molars, where there may be a slight convexity.

7. Marginal ridges- should be the same height for adjacent teeth. The facial ½ of any tooth is wider than the lingual. Lingual embrasures are always larger than buccal embrasures when viewed occlusally.

8. Crown margin- should be supragingivally except due to esthetics, crown length to gain adequate retention, root caries, root sensitivity, existing restorations.

9. Thickness of restoration subgingivally- inadequate contour may not provide for adequate support for the gingival unit.

10. Crown margin/Bone relationship- do not encroach on the biologic width.

51-007. Yuodelis, R.A, et al. Facial and lingual contours of artificial complete crown restorations and their effect on the gingiva. J Prosthet Dent 29:61, 1973.

Purpose: to evaluate the purpose of the cervical bulge found in teeth and its effect on protecting the gingiva from the traumatic effects of mastication.
Discussion: In the authors opinion, this cervical bulge overprotects the microbial plaque, and this can be clinically demonstrated by utilizing disclosing solution. He states that to promote accessability of oral hygiene, final fixed restorations should not follow the original anatomic crown but should recreate the normal contours of the root portion. 
     By flattening the facial and lingual contours, this would reduce unnecessary bulges, and facilitate cleansability to the gingival third of fluted and furcation areas of teeth. 
     This is especially true in teeth that have undergone periodontal therapy. 

51-008. Parkinson, C. F. Excessive crown contours facilitate endemic plaque niches. J Prosthet Dent 35:424, 1976.
Purpose: To study the facial – lingual width and the plaque indices of crowned teeth and to compare the data to that for unrestored contralateral teeth.
Materials and Methods: 25 cast metal crowns and PFM’s were evaluated. Measurements of the facial – lingual width at the height of contour were made on the sample teeth as well as the contralateral tooth. Assessments of soft deposits were made according to the plaque index system proposed by Silness and Loe.
Results: A significant difference in the plaque accumulation was found in the samples. More plaque was found on the teeth with restorations than with out. The restorations were wider than the contralateral control teeth.
Conclusion: The creation of restorations with facial – lingual width greater than natural tooth convexities must be considered another parameter to promote plaque.

51-009. Wagman, S. S. The role of coronal contour in gingival health. J Prosthet Dent 37:280, 1977.
Purpose: To evaluate the role of coronal contour in gingival health.
Discussion:

A.  Subgingival contour

1. The contour of the clinical crown of a tooth begins at the gingival attachment, regardless of its relation to the cement-enamel junction.

2. The first contour of the tooth coronal to the gingival attachment and the free marginal gingiva form the gingival crevice.
3. The subgingival contour has considerable effect upon the free marginal gingiva and the gingival crevice. It is flat and does not support the gingiva, then the free marginal gingivae tend to form a roll around the tooth, and the gingival crevice is almost parallel to the long axis of the tooth. This provides a ledge upon which the plaque accumulates.

4. When the crown is overly thick because of excessive bulk, the free marginal gingivae are crowded, circumferential fibers are torn, and the gingival tissues pushed beyond their physiologic limits of accommodation.

B. Facial and lingual contours:

1. The tone of the musculature of the lips, cheeks, and tongue makes it impossible

2. for the intraoral tissues to follow sharp angles or abrupt convexities or concavities. For this reason, the crowns of teeth must present facial and lingual surface contours that have gradual curvature from the tip of the cusps or incisal edges to the gingivae. This is also true for the tooth-tooth relationship in a mesio-distal direction.

C. Interproximal contour:

1. The faciolingual width of the contact area must be related to the faciolingual width of the interproximal papilla. The interproximal surfaces of adjacent teeth must not impinge on or crowd the papilla.

2. If the faciolingual width of the contact area is wider than the papillla, an overhang is created which will permit plaque accumulation.

3. When gingival recession results form periodontal disease, the gaping interproximal spaces created by the loss of interproximal tissues must be closed toward the papilla without impingement.

4. Gingival recession has the effect of creating wide, thick, and flat interproximal papillae. When viewed in an apical direction, from the occlusal surface, the interproximal spaces and the contact areas require that the faciolingual widths be narrow at the occlusal surface and at the papillae in the middle third of the clinical crown.

5. The surfaces of the teeth in the interproximal areas should flare from the gingiva to the occlusal surface and from the inside outward. When teeth are splinted it is most important that the gingival end of the interproximal connector be kept narrow enough faciolingually so that probing form the facial and the lingual surfaces will permit contact and cleansing of the undersurface.

Conclusion:
1. Total clinical crown contour is related to gingival health.

2. Undercontour is better than overcontour where clinical judgement is vague.

3. The facial and lingual surface contours should have gradual curvatures in all directions to facilitate the rubbing and cleaning function of the lips, cheeks, and tongue.

4. The interproximal contour of the adjacent teeth, contact areas, and the teeth in relation to the papilla must provide easy access for the patient to perform oral hygiene.

5. The subgingival convexity of a tooth or a restoration should extend facially or lingually no more than ½ of the thickness of the gingiva. This protects the gingival crevice and promotes knifelike free gingival margin, important in plaque control.

51-010. Skurow, H. M. and Lytle, J. D. The interproximal embrasure. DCNA 15:641, 1971.
Purpose: Identify problems related to the interproximal embrasure and space during treatment procedures.
Discussion: Regardless of the restoration planned. Adequate tooth reduction and a proper provisional is the most predictable way to establish a healthy embrasure zone. An over- contoured restoration due to inadequate reduction will create an inflammatory response of the periodontium and the resultant change in the quality of the embrasure tissues.

Interproximal embrasure signs and symptoms are listed.

1. Swollen papillae, acute inflammation

2. Open contacts permitting food impaction

3. Blunted interdental papillae

4. Loss of stippling and pink coral color consistent with health

5. Malpositioned teeth

6. Unfavorable crown to root ratio

7. Overcontoured restorations

8. Obliteration of the embrasure space

9. Radiographic evidence of crestal bone involvement

Summary: The interdental space must be kept free of bacterial plaque and restorative materials to create an environment that will retain a state of periodontal health.

51-011. Takei, H.H. The Interdental Space. DCNA 24: 169, 1980.
Discussion: The interdental area is the primary site of dental disease, both periodontal disease and caries. Both diseases are microbial in origin and result from growth and accumulation in the interdental area.
     Interdental area is composed of contact area, interproximal embrasure, and the interdental gingiva. The embrasure is created by proximal surfaces of adjacent teeth. The interdental gingiva has a facial and a lingual papilla and an interconnecting area known as the gingival col. The gingival col is a concave depression that conforms to the shape of the contact area. It is covered by thin non-keratinized epithelium. The underlying connective tissue contains gingival fibers and the transseptal fibers that help maintain the integrity of the gingiva around the tooth.
     Initial contact of erupted teeth is best described as a contact point. As the arch stabilizes and the teeth complete eruption, the contacts become broader and flatter. Functions of the contact area are to maintain a stable arch by buttressing the teeth together and preventing food impaction. If the contact is too narrow, food impaction can occur. If it is too broad, the gingival col becomes longer and is more susceptible to periodontal disease. If the contact is too close to the gingiva, it can impinge and lead to poor cleansing and poor health. If the contact area is too high occlusally, a space exists above the gingiva leading to food impaction.
     Interproximal contours should minimize plaque retention areas optimize ease in cleansing. A common error is to make the contact area too wide which leads to lack of space for an occlusal embrasure and adequate marginal ridge. Tilted teeth alter the contacts in any of the ways previously described. 

51-012. Jameson, L.M. and Malone, W.F.P.  Crown contours and gingival response. J Prosthet Dent 47:620-624, 1982.
Purpose: Review of the current methods of evaluating gingival response to restorative procedures and material, the design theories of crown contours, and the guidelines for gingival margin placement.

Methods of evaluationg gingival response:
- Subjective indices: color, texture, and bleeding on probing. (prone to the dentists perception)

- Crevicular fluid flow 
     1. crevicular fluid flow is elevated with an increase in inflammation
     2. fluid flow can be evaluated prior to overt clinical signs.

Design theories of crown contours:
· Protective deflective contour theory: proposes that exaggerated contours be incorporated into artificial crowns to prevent sulcular food impaction.

· Natural teeth exhibit a tooth profile that is straight and continues to the height of contour as they emerge from the gingival sulcus. This will require sufficient tooth reduction in the gingival third.

· Overcontouring is probably more detrimental to the health of the gingival than undercontouring.

· Hyperplastic tissue is the most frequently noted gingival response to an undercontoured restoration.

· Fluted design must be incorporated in the final crown contour of the furcation exposed abutment to facilitate accessibility for oral hygiene instrumentation.

Guidelines for gingival margin placement:
· Renggli and Regolati: compared plaque scores, those with subgingival margins found to have more inflammation.

· Greatest increase in gingivitis, pocket depth, and loss of attachment occurs with subgingival margins.

· Margins placed at the level of the free gingival margin result in an insignificant increase in gingivitis.

· Closer a subgingival crown margin is placed to the base of the gingival sulcus, the more severe the gingival inflammation.

· Must be significant width and breadth to the attached gingivae.

· Retraction cord placement must avoid attachment displacement and prolonged exposure to vasoconstrictor. Care should be exercised with electrosurgery to avoid contact with bone, cementum, and the cementoenamel junction.

· Provisional restorations should incorporate satisfactory contour design, surface smoothness, and marginal adaptation.

51-013. Boner, C. and Boner, N.  Restoration of the interdental space.   Int J Perio and Rest Dent 3:30-45, 1983.
Purpose: To understand the anatomy and biology of the interdental area and how it influences the restorative considerations in treatment.
Discussion: The interdental tissue is comprised of epithelium, connective tissue and osseous floor. Non-keratinized tissue found below the contact area of two teeth is referred to as the col and is low and broad in the posterior region and high and narrow anteriorly. Ten Cate believes that the underlying connective tissue influences the epithelium and views the health of the interdental area as "slightly disturbed". The non-keratinized cells are loosely adhered and in a low grade inflammatory state which makes it more permeable to bacterial toxins. This area of non-keratinized tissue should be limited by minimizing the contact of epithelium and adjacent teeth and reducing periodontal pockets. 
     Underpreparation of teeth interproximally does not leave adequate room for restorative materials and often encroaches on the tissue space. With closely approximated teeth, more reduction with a chamfer bevel is needed especially at the mesial and distal line angles. This will increase the amount of keratinized tissue at the entrance to the embrasure and make the region more accessible for plaque control. In some cases, orthodontic separation of crowded teeth or extraction may be indicated. Provisionals should be designed with the restoration of gingival health in mind. Maximum space should be provided for tissue health and cleaning accessibility without sacrificing esthetics, phonetics, restoration strength or creating a food trap. The embrasure space of the final restorations is best kept in metal to allow more precise contouring and should satisfy all of the aesthetic, functional, biologic, and maintenance requirements. A concavity extending from the interdental area to the cusp tip following the line angle opens the entrance to the embrasure and narrows the buccal-lingual width of the col. The lingual mesial-distal dimension should be wider than the buccal. These features should also be incorporated in the pontic design. 
Conclusions: By thoroughly planning the design of a restoration, not only function and esthetics are restored but the health of the interdental area is preserved.

51-014. Linkow, L. Contact areas in natural dentitions and fixed prosthodontics. J Prosthet Dent 12:132-137, 1962.
Purpose: To discuss the necessity of proper contact areas in restorations and in natural dentition.
Discussion:
A.  Protective responsibility of contact points - Each tooth assumes the responsibility in support that a brick assumes as part of an archway. This arrangement relieves the supporting bone of much responsibility and lessens the mass of bone that would otherwise be required.

B. Restorative contact points - Frictional movement occurs between the interproximal surfaces during physiologic movement of the teeth, and in time the contact areas become broad. With a flatter contact surface between teeth, this would not be likely to occur, therefore, the opposing interproximal surfaces of restorations must be hard in order not to flow, flatten, wear, or become abraded.

C. Results of improper contact areas

1. Displacement of teeth buccally, lingually, mesially, or distally.

2. Exert lifting force on the tooth when placed too high occlusally.

3. Disturb the axial relationship of the teeth, resulting in trauma,

4. Cause injury to the investing structures by excessively opening or closing the contact and interproximal embrasures.

5. Disturb the coordination of the lingual inclined planes and cups, causing deflective occlusal contacts.

6. Cause vertical or horizontal food impaction.

D.  Importance of proximal contact - The most important function of the proximal contact is the protection of the interdental papillae. Anterior teeth require narrow or point contacts, bicuspids require broader contacts because the crests of the papillae broaden in this region and the widest contacts are required in the molar region.
       If the embrasures are too wide the periodontal attachment is exposed to injury and if the embrasures are closed, they cause impingement and strangulation of the gum tissues when these surfaces are flattened buccolingually.

E. Role of marginal ridge and triangular groove - The proximal marginal ridge, triangular groove, and contact area act in unison to divide the food.

F. Food impaction - Food impaction may occur in two directions, (1) vertical, occurring from occlusal forces, (2) horizontal, by the action of the tongue, lips, cheeks and results from poorly contoured interproximal surfaces. Lower fixed partial dentures usually collect more food than upper dentures, particularly in the molar region. The egg-shaped lower pontics produce a concavity next to the cheek directly in line with the buccinator muscle. Food collects in this concavity, and patients experience difficulty in its elimination.

G. Measuring contact points - Before cementation of a fixed partial denture, the widths of the contact areas should be tested with a ligature. If the contacts are misplaced or insufficiently tight, the restoration should be reinvested and the contacts corrected. 

H. Opposing contact areas

1. Steep plunger cusps on one or more of the castings, can create a separation of the contact areas.

2. Marginal ridges of the fixed partial denture as well as the natural dentition must always be at the same occlusal level and must maintain the correct occlusal anatomic form.

3. Cantilever fixed partial dentures can produce open contact areas. Masticatory pressure on the pontic causes an open contact the abutment tooth and the adjacent natural tooth. Correction can only be made by supporting the pontic on both sides.

4. Unworn cusps in the natural dentition or severely inclined cusps of a fixed partial denture can produce separation of the contact areas of opposing teeth and cause food impaction.

51-015. Goodacre, C.J.  Gingival esthetics. J Prosthet Dent 64:1-12,1990.

Purpose:  A discussion of ways to achieve gingival health and esthetics in fixed prosthodontics.
Discussion:  The goal of gingival esthetics is to maintain normal healthy gingival appearance around restored teeth by optimizing gingival health before treatment and by minimizing soft tissue trauma during treatment. Gingival contact should be avoided whenever possible through the use of partial veneer crowns, supragingival margins, or with colorless metal ceramic restorations with margins located at the gingival crest. 

When subgingival margins are required, attention must be paid to:

1. Achieving optimal preprosthetic gingival health.

2. Minimizing gingival trauma from rotary instruments during tooth preparation.

3. Careful use of gingival retraction cord.

4. Sulcus inspection following impression making to remove any residual impression material.

5. Well fitting , properly contoured, and smooth provisional and definitive restorations. 

6. Postplacement follow up and reinforcement of adequate oral hygiene.

51-016.  Hurzeler, M.B. and Sturb, J.R.  Combined therapy for teeth with furcation involvement used as abutments for fixed restorations.   Int J Prosthodont 3:470-476,1990.
Purpose: To describe the preprosthodontic and prosthodontic procedures for preparing molars with degree 3 furcation for use as abutments for a fixed prosthesis.
Discussion: One of the most significant anatomic factors of furcation involvement is the root trunk. Short root trunks have the highest incidence of furcation involvement. A fifteen year long term study by Hirschfield and Wassermann showed that 1/3 of teeth with furcation involvement were lost.
     Tunnel preps of mandibular molars with furcation involvement have been given unfavorable prognosis because of caries potential, but Hellder's study showed 75% caries free and in function.
     Farrar described root amputation over 100 years ago. Langer's study revealed 38% failure rate probably due to lack of regular recall program. Ehrlich followed 58 patients for 10-18 years, 67 teeth received root resection or root separation, 6 failed from recurrent caries and 4 from periodontal disease. Carnevale showed 93% success rate restored with metal ceramic fixed restorations.

Procedure: 

1. Endodontic therapy- Retreatment of RCT and to preserve healthy tooth structure.

2. Operative- amalgam restoration

3. Surgery- full thickness flaps, root amputation: maintain mesial buccal root of maxillary molar for esthetic and technical reasons, but maintaining palatal root has the best prognosis. Mucoperiosteal flaps are positioned to obtain complete closure.

4. Post Surgery-surgical site is left to heal for 8 weeks

5. Prosthodontic-fabricate a provisional resin veneered metal restoration to be worn for nine months. Final restoration -PFM with metal margin

6. Maintenance- proper oral hygiene with regular recall 
