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Section 33 - Posterior Palatal Seal: Denture Retention
(Handout)
I. Introduction

Complete dentures may suffer from a lack of proper border extension, but none are more important than the posterior limit and the posterior palatal seal on maxillary complete dentures. The posterior border is terminated on a surface that continues and is movable in varying degrees and not at a turn of tissue as are the other denture borders. 

Deficiencies of the distal border may be in the length of the denture base, or the depth of the posterior palatal seal or both. These errors may lead to inadequate retention due to the lack of peripheral seal. (Millsap 1964).

The purpose of this seminar is to discuss the factors associated with complete denture retention, the importance of the posterior palatal seal, its location, design, placement of and processing influence. 

II. Historical review

1883: Ames and the Greene brothers introduced atmospheric pressure as a means of denture retention and recommended the use of functional denture borders as opposed to passive borders in the fabrication of complete dentures.

1886: Wilson described adhesion as the primary determinant in denture retention.

1907: Green brothers " Modeling compound"

1920: Hall revived interest in the use of atmospheric pressure as a retentive factor by interpreting and demonstrating the functional denture borders.

1948: Stanitz used a lab model to suggest that atmospheric pressure is in equilibrium with fluid pressure exerted on molecules within a capillary tube with a liquid level in a container as well as the attraction of two glass slabs. These models explained how fluid film contributed to denture retention. 

1951: Craddock described the gripping action of the buccinator muscle on the buccal flange of the mandibular denture and also coined the term "pear shaped pad".

1962: Stamoulis believed that atmospheric pressure combined with intimate tissue contact and peripheral seal comprise the most critical retentive forces.

1964: Fish discussed determinants of retention and differentiated between tissue, polished, and occlusal surfaces and how each permits the dentist to incorporate mechanical, biologic, and physical factors of the denture retention.

Denture retention: (definition) The resistance in the movement of a denture away from its tissue foundation especially in a vertical direction. A quality of a denture that holds it to the tissue foundation and /or abutment teeth. GPT-7

What are five factors of retention? ( Blahova, Hardy, Jacobson) 

· Adhesion

· Cohesion

· Interfacial surface tension

· Atmospheric pressure

· Mechanical locking into undercuts ( NPGDS denture syllabus).
Describe the difference between adhesion and cohesion: ( Blahova, Hardy, Jacobson)
 

 

Interfacial surface tension: is a resistance to separation by the film of liquid between the denture base and supporting tissues. It combines the actions of adhesion and cohesion and is similar to capillary action. 

When is interfacial surface tension most effective? When the salivary film is very thin, there is a perfect adaptation of the denture base and the soft tissues are firmly attached to underlying bone and not distorted.

What effect does distance between the denture base and the mucous membrane have on retention and what is it called? Blahova pg 232. "Capillary attraction".

 

 

Explain why viscosity is the only factor in denture retention that is dependent upon time and what can the patient do to overcome such occurrences? Blahava Pg 233

 

Peripheral seal and atmospheric pressure: The peripheral seal is attained by positive contact of the entire perimeter of the denture base to the resilient tissues that outline the basal seat. How many pounds of atmospheric pressure are needed to dislodge a denture? 

 

14.7 psi. Jacobson part I pg 7.

 

How did Jacobson describe this phenomenon? (film thickness pg 8)  

 

Hardy described the factors governing denture retention. briefly, give examples of each. pg 387.

· Physical factors?

· Physiologic factors?

· Psychological factors?

· Mechanical factors?

· Surgical factors?

 What is REALEF mean and how does this contribute to denture retention?

Resilient and like effect.

Anatomic landmarks and muscles affecting denture borders.

What are critical anatomic areas that influence maxillary denture retention, stability and support?

Maxillary arch Mandibular arch
1. Hamular notches – retention Buccal shelf - support 

2. Soft palate – retention Retromolar pad - support

3. Posterior palatal seal - retention Retromylohyoid space - stability 

4. Hard palate – Support, retention Sublingual fold - stability

5. Buccal vestibule – retention, stability

Hamular Notch: if not extended properly can cause a lack of retention. It is formed by the pterygoid hamulus of the sphenoid bone, the pyramidal process of the palatine bone, and the maxillary tuberosity. This trough is the lateral indication for completing the posterior palatal seal. Its displacement relates to the action of the pterygomandibular raphe. What tendon/muscle is frequently active in this region? Tendon of the tensor levator palatini muscle behind the hamular notch and vertical tendinous slips of the internal pterygoid muscle. 

What effect of the Masseter muscle have on the denture base? The muscle activity will effect the mandibular denture base contour on the posterior lateral aspect.

What are the intersection of muscles of facial expression that comprise the modiolus? Jacobson/Krol Part II Pg 169

 How does the buccinator muscle contribute?

The superior fibers of the buccinator muscle act to seat the maxillary denture, the middle fibers control the bolus of food and the inferior fibers contribute to mandibular denture stability.

 

Lingual vestibule: It may not be possible to achieve a border seal without a correct lingual flange, which is divided into three areas. What are they? See denture syllabus pg 17 & Jacobson/krol pg 14.

 

Stability is increased when extending the lingual flanges into the vestibules as far as possible. These flanges present "favorable inclined planes" which help maintain the mandibular denture in place.
1. Anterior lingual =sublingual crescent area. Influenced mainly by the genioglossus muscle (retention) which raise and protrude the tongue.

2. Middle vestibule =mylohyoid area: (stability) Mainly influenced by the mylohyoid muscle, which acts to raise the floor of the mouth.

3. Distolingual vestibule =lateral throat form or retromylohyoid fossa. Bounded anteriorly by the mylohyoid muscle, laterally by the pear shaped pad, posterolaterally by the superior constrictor, posteromedially by the palatoglossus muscle and medially by the tongue.

The posterior limit of the mandibular denture is determined mainly by what two muscles? Palatoglossus and the superior constrictor.
If a patient present with a chief complaint of a sore throat what might be the contributing factor?

Superior constrictor
Posterior Palatal Seal
 I. Purpose of the posterior palatal seal
The posterior palatal seal is located at the posterior border of the denture. It has been defined as 

an area of soft tissue along the junction of the hard and soft palate on which pressure, within physiologic limits of tissues, can be applied by a denture to aid in its retention. * Summarize the functions of the posterior palatal seal. Millsap, Ettinger
1. To make the sunken distal border less noticeable to the tongue 

2. Aids in compensating for dimensional changes in curing

3. The proximity of the tissue contact prevents food from getting under the denture base

4. Firm contact with the tissue of the soft palate reduces the tendency to gag

5. The thickened area provides added strength across the denture

6. To provide retention

II. The location of the posterior palatal seal and identifying structures
Describe the vibrating line and its location? Laney, Naylor Pg 419
"The vibrating line is the imaginary line across the posterior part of the palate marking the division between movable and immovable tissues of the soft palate and can be identified when the movable tissues are active".

Why is the location of the vibrating line or the "ah" line critical and what muscle plays a major part in its movement when the patient says "ah"? Naylor pg 419 (Levator veli palatini)

Saying "ah" will cause the cause the soft palate to lift. The vibrating line is not a line but an area. This area is used to form the post palatal seal.

Movement of the vibrating line in the midline involves a thin, firm, tendon like band. Name this tendon and what it supports. Laney Pg 1183. 

 

The line usually forward of the vibrating or the "ah’ line is called the? Valsalva line. When the patient attempts to blow air through the nose what occurs? ( soft palate drops from the air pressure)

Describe the fovea Palatinae: Naylor pg 420

 

Can the fovea palatinae be used to accurately locate the posterior palatal seal area? 

 

 Hardy attributed some denture failure to improperly locating the hamular notches. Describe the technique he used.

" He suggested the use of a "T" burnisher to identify the notch since the instrument will drop into the notch and identify it without question".

The posterior border and the posterior palatal seal are two of the most critical areas for maxillary denture retention. What classification will help designate the shape of the soft palate and describes the amount of posterior tissue that will accept the posterior palatal seal? Millsap pg 666

· House’s Palatal Throat form:

· Class I: 5-13mm distal (more than 5mm of movable tissue available) Ideal for retention

· Class II: 3-5mm distal (1-5mm of movable tissue available) Good retention

· Class III: 3-5mm anterior (less than 1mm of movable tissue available) Poor retention 

· Class III difficulties are in tissue movement, typically present in high vaulted patients, and because of the small area for the posterior palatal seal.

 III. Designs of the posterior palatal seal
Describe six of the most common Posterior palatal seal configuration described by Winland and Young. See Ettinger pg 198.

1. A bead posterior palatal seal

2. A double bead posterior palatal seal

3. A butterfly posterior palatal seal

4. A butterfly posterior palatal seal with a bead on the posterior limit

5. A butterfly posterior palatal seal with the hamular notch area cut to half the depth of a #9 bur

6. A posterior palatal seal constructed in reference to House’s classification of palatal forms;

How did Silverman place the posterior palatal seal on the maxillary cast?

The cast was scored as follows: A pencil line was scribed from the hamulus to hamulus midway between the anterior and posterior flexion lines. A groove was made in the cast along the line to a depth of 1-2mm. A shallow scratch mark was placed on the anterior flexion line, and the posterior flexion line was scored to a depth one half that of the midscore line. The entire seal area was scraped so that the anterior segment on the cast sloped from the scratch mark anteriorly to the deepest portion at the midline. The depth of the cast scraping diminishes from the midline to the posterior vibrating line.

What was the effect of the scraping? To allow the seal area on the denture to slightly displace the soft palate with a convex surface. 

Which posterior palatal seal configuration may be used in conjunction with the classified throat form? Naylor pg 490

 IV. Techniques used to achieve the posterior palatal seal (Laney)
 

1. Functional Impression – Class III; to compensate because there is so much movement 

2. Arbitrary (semi functional) – Combination of both techniques

3. Empirical – Scoring cast

Describe the technique that Millsap used for recording the posterior palatal seal area.

1. Use of Iowa wax or Korecta Wax No. 4.

2. Mark landmarks with indelible pencil and reinsert impression

3. Palpate seal area.

4. Apply wax and insert at moderate pressure and allow to cool for seven minutes without pressure, then apply moderate pressure for five minutes.

5. Check to see wax is touching in all areas, add as needed.

6. Trim to indelible pencil line.

Distortion of acrylic resin
What were Johnson’s findings as to the distortional opening of the posterior palatal seal? 

In test groups of small flat and large V-shaped palate, the distortional opening of the postpalatal periphery decreased as the size and thickness of thew denture base was increased. Distortional openings along the posterior palatal border of U-shaped and V-shaped palates were greatest at the midline and extended laterally two thirds of the distance from the midline to the hamular notch.

What did he recommend? That the postpalatal seal should be deeper in the central part of the palate and extend to the hamular notch to compensate for acrylic distortion

During processing of the denture what may contribute the most to acrylic distortion? 

Heat activation and cooling. It is assumed that the gypsum materials, the metal flask and the positive pressure all combine to compensate for polymerization shrinkage. The magnitude of the remaining linear shrinkage is attributed to thermal changes, which occur after the plastic assumes the physical properties of a solid. Linear shrinkage is estimated about 0.44% and by volume has been stated to be up to 8%. (varies according to author)

Cure Cycle: 165 F for 8 hrs. 2nd stage at 212 F for 1hr. bench cool 1 hr. soak room temp water ½ hr.

Monomer boils at 213.4F = porosity. If temperature rises too quickly what may occur to the thin areas of the denture base? Denture syllabus 

( Stone acts as a heat sink by pulling the heat away from the thin denture base areas. The thin areas of the denture base never reach activation temperature of 157 F.

Abstracts
33-001.  Blahoua, Z. and Neuman, M. Physical Factors in the Retention of Dentures. J Prosthet Dent 25: 30-5,1971.
Purpose: Presents a model of mechanisms involved in denture retention.
Discussion: None of the physical factors for retention can be totally explained. However, they all commonly and intricately participate at the moment of dislodgment. Retention is enhanced by he elasticity of the mucous membranes of the basal seat area and by a good border seal which keeps space between denture and mucosa as small as possible.

Physical factors that influence retention:

1. adhesion (the bond between mucosa membranes and the denture) and cohesion (the molecular bond between saliva or water) were claimed negligible.

2. Negative atmospheric pressure under the denture was not valid because of imperfect seal and the presence of saliva.

3. The authors claimed capillary action was the most important. The narrower the space between the denture and mucosa, the more retention occurs.

4. Viscosity of saliva was responsible for initial retention; as quality over time increases, retention decreases. It also helps prevent dislodgment of the denture.

The Model: Biting or sucking forces deform elastic tissue under the denture which when deformed allows for capillary action retention. As tissues return to natural state and saliva increases, retention begins to fail. It is necessary for a denture, from time to time, to be pushed back against (deform) the mucosa membrane to maintain retention.

33-002. Nikoukari, H. A study of posterior palatal seals with varying palatal forms. J Prosthet Dent 34: 605-613, 1975.
Purpose: The study was designed to measure the dimension and displacement patterns of the posterior palatal seal in different palatal shapes. The effects of different materials on the displacement of tissue in the posterior palatal area were also evaluated. 
Methods and Materials: Three patients with differing palatal shapes (deep, medium, and flat) were selected. Impressions were made of the maxillary arch with plaster of Paris to provide a record of the palate in an almost nondisplaceable position. Permanent bases were made on the casts by adapting baseplate wax; flasking and processing heat cured clear acrylic resin. The distal extension of the bases was determined by having the patients say "Ah" and marking the posterior limit of movement of the palatal tissue. The anterior extent and depth of the posterior palatal seal was determined by palpation with a ball burnisher. The bases were used to make impressions of the posterior palatal seal area with ZOE paste, low-fusing modeling compound (green) and Korecta wax #4. The impression materials were applied in varying amounts as indicated by the amount of displacement of the tissue in the burnisher palpation trials. The impressions were boxed and poured in stone and two additional pours were made of the bases without the impressions of the posterior palatal seal area. One of these served as a reproduction of the original cast and the other one had the posterior palatal seal cut into it using an arbitrary method as described by Neill and Nairn. Measurements of the casts were made using a penetrometer. 
Results: The results indicated that the tissue displacement caused by ZOE was less than that of the other two materials in all three types of palatal shape. The compound had the highest displacement readings and the Korecta wax was second for all three palate types. The arbitrary method showed that the highest readings were located on the posterior border of the posterior palatal seal area, whereas, in the other methods there were midway between the anterior and posterior borders. This discrepancy was due to the rounding of the impression material adjacent to the vibrating line and lack of more distal support. 
Conclusions: It was concluded that the best posterior palatal seal can be achieved by using green modeling compound or Korecta wax #4. The posterior border only should be scraped on the cast to account for the rounding effect described. No apparent changes of tissue displacement were found in different palatal shapes. The width of the posterior palatal seal area was found to be greatest in the patient with the flat palatal shape and the least in the patient with the deep palatal shape. It was also found that the flat palatal shape has a vibrating line located farther posteriorly. This agrees with earlier studies of Swenson and Terkla that the direction of the vibrating line varies according to palatal shape. The higher the vault, the more abrupt and forward is the vibrating line. In a mouth with a flat palatal vault, the vibrating line is usually farther posteriorly and has a gradual curvature, affording a broader posterior palatal seal area.

33-003. Silverman, Sidney I. Dimensions and displacement patterns of the posterior palatal seal. J Prosthet Dent 25:470-488, 1971.
Purpose: To test the hypothesis that retention and stability of a complete maxillary denture will be increased by extending the posterior denture border beyond the vibrating line.
Materials and Methods: 92 dentures were examined for a period of two years after completion. The findings describe the degree and frequency of modification of denture length and the condition of the soft palate morphology during the reexamination period. The clinical procedure for making the impression is given in the article. After the impression is made, the hamular processes are marked as is the anterior flexion line. This line is marked twice, once with abrupt vigorous burst of saying ah and once more with brief burst of soft speech saying ah. On the master cast a shallow scratch mark was made on the anterior flexion line and a scratch mark half as deep was made on the line more posterior. The depth of the cast scrapping diminished from the midline to the posterior vibrating line. The cast were measured in many respects
Results: No significant difference was found between the interhamular process distance and the sagittal distance or in any other correlation. The data indicate only that there is a second flexion line that can be clinically observed and recorded posterior to the fovea-oriented flexion line and that patients can tolerate and use prostheses that are extended to this second posterior flexion line.
Conclusion: Complete maxillary dentures can be extended for an average distance of 8.2 mm dorsally to the vibrating line. The impression technique described in the article is critical to its success.

33-004. Hardy, I.R. and Kapur, K.K. Posterior border seal - Its rationale and importance. J Prosthet Dent 8:386-397, 1958.
Purpose:  Evaluate the factors governing complete denture retention.
Factors Governing Retention:

A. Physical

1. Adhesion and cohesion- perpendicular dislodging forces.

2. Interfacial surface tension and atmospheric pressure- lateral torque and horizontal dislodgment forces. Cannot be used to achieve retention alone, due to failure in cases of xerostomia and patients with thick ropy saliva.

B. Physiologic

1. Physical condition

2. Degree of tissue tone

3. Quality and quantity of saliva

4. Condition of mucosa and submucosa

5. Neuromuscular control

6. Ridge characteristics

7. Ridge relationship

C. Psychologic

1. Intelligence

2. Expectation

3. Apprehension or fear of embarrassment

4. Gagging

D. Mechanical

1. Occlusion

2. Leverage

3. Contour of denture bases

E. Surgical

1. Implant dentures

2. Ridge extension

Posterior Palatal Seal: The posterior palatal seal creates a partial vacuum that will not operate continuously, but only when horizontal and tipping forces are in place. The vacuum is unlikely to do any damage to do any damage to the supporting or border tissues. Excessive border seal destroys the supporting tissues due to heavy pressure and the interference with vascular supply.
A. Advantages

1. Provides a close contact of the denture with the mucous membrane which prevents food from getting underneath the denture.

2. Diminishes or eliminates gagging.

3. Supplies sunken distal borders which are less conspicuous to the tongue.

4. Supplies a thick border to counteract denture warpage.

B. Techniques

1. Functional- final impression is border molded in the PPS area with soft stick compound or wax, performed by the patient.

2. Semifunctional- border molding is done by the dentist.

3. Empirical- PPS is developed on the cast by grooving the cast to the desired depth.

C. Methods

1. Proper impression poured. Cast trimmed and a single thick pink base plate wax is adapted to the cast into the border roll area, labially and buccally. A hard occlusion rim is adapted to this base. 

2. Patient uses an astringent mouthwash to remove saliva and instructed to say "Ah". A mark is done at the point were there is little or no movement of the soft tissue, invariably it will include the fovea palatini. It has the disadvantage that it will often deprive the dentist of the use of ...

33-005. Galzier, Stephen, BS, Firtell, David N. and Harmon, Larry L. Posterior peripheral seal distortion related to height of maxillary ridge. J Prosthet Dent 43:508-510, 1980.
Purpose: To determine the relationship of dimensional change in the region of the posterior peripheral seal to maxillary ridge height. Also to determine the effect porcelain and acrylic teeth might have on distortion of acrylic resin in the same area. 
Materials and Methods: An original cast with an initial ridge height of 4 mm was designed. Additional master casts were made increasing the ridge height 1.5 mm each time up to 12.5 mm. Seven sets of four cast each were made. Two sets received porcelain teeth and two sets received acrylic teeth. The denture bases were processed and separation between the cast and denture bases was measured with an optical micrometer. 
Results: The results are charted in two tables in the article.
Conclusion: A statistically significant positive relationship exist between ridge height of a cast and dimensional changes in the posterior peripheral seal region of its denture base. As the ridge height increases so does the dimensional change in posterior peripheral seal region. There was no relationship between the use of porcelain or acrylic teeth and any dimensional change in the posterior peripheral seal region.

33-006. Laney W. and Gonzalez J. The maxillary denture: its palatal relief and posterior palatal seal. JADA 80:1182-1187, 1969. 
Purpose: To examine the need for palatal relief in a maxillary denture and to examine the fabrication of the posterior palatal seal.
Methods & Materials: The article presents the opinions and clinical experience of the authors, as well as reviewing the anatomical considerations of a maxillary denture.
Discussion: The relief of the palate and the posterior palatal seal should be evaluated by the dentist and should not be left up to the laboratory technician. According to the authors, most maxillary dentures do not require relief. The posterior palatal seal must be properly placed and designed to enhance border seal and increase stability. This phase of denture fabrication is extremely important to the success of the denture and the health of the patient. 
     The posterior border of the denture is borne by the palatine aponeurosis. The hamular notch is formed by the pterygoid hamulus, the pyramidal process of the palatine bone, and the maxillary tuberosity. The tensor veli palatini muscle is active in the area posterior to the tuberosity, and its medial extension onto the lateral palate may be affected by the vertical tendonous slips of the internal pterygoid muscle.
     Limited elasticity over the anterior part of the hard palate and in the area of the anterior palatine foramen may contribute to the denture producing paresthesia, pain, or a burning sensation. If palatal relief is desired, it should be kept to a minimum.
     A technique of scribing the master cast by transferring the posterior border of the denture is described. The use of tin foil to provide relief is described. A functional as well as arbitrary seal are mentioned. Scribing the cast no more than two thirds of the displacement of the clinical palpated area is recommended. 
Conclusion: The posterior palatal seal is an essential feature in the retention of the maxillary denture. When properly placed, it enhances border seal and increases stability. 

33-007. Millsap, C. The posterior palatal seal area for complete dentures. DCNA: Nov 1964; 663-673.
Purpose: Review the anatomy and the physiology to accurately determine the posterior limit for the palatal seal.
Discussion: The purpose is to allow movement against the yielding tissue and maintain a posterior border seal as the denture moves with torque producing forces. Other purposes include: compensates for dimensional changes, prevents food from getting beneath the denture, reduces gagging, adds strength, and less noticeable to the tongue.
Anatomy: Anterior soft palate contains the palatine aponeurosis and is lined by non-keratinized tissue. The submucosa is loose and contains mucous glands. The palatine aponeurosis is formed by the expanded tendons of the tensor palatine muscles covered with a thick layer of glands.
Location of:  Locate the hamular notch with a mirror by sliding over the tuberosities and mark with an indelible pencil. The vibrating line is located at the junction of the movable and immovable soft palate. It is not always symmetrical and is thinner in the midline. Mark with an indelible pencil. The vibrating line is always on the soft palate.
Palatal Throat forms:

	
	I-low, flat vault in the hard palate.
II-a medium width posterior palatal seal.
III-high vault in the hard palate.


Techniques for recording:

	
	a.  Use of Iowa wax or Korecta Wax #4.
b.  Mark landmarks as noted above and reinsert impression.
c.  Palpate seal area.
d.  Apply wax and insert at moderate pressure and allow to cool for seven minutes.
e.  Check to see wax is touching in all areas, add as needed.
f.  Trim to indelible pencil line.


33-008. Winland, RD and Young JM. Maxillary complete denture posterior palatal seal: Variations in size, shape and location. J Prosthet Dent 29:256-261, 1973.
Purpose: To review the various types of posterior palatal seals and their construction as taught in our dental schools.
Discussion: A questionnaire was sent to 53 dental schools in the United States and Puerto Rico. There were 47 responses completed and returned.
     Included in the questionnaire were questions about the type and method of constructing a posterior palatal seal in their maxillary complete dentures.
Conclusions: Although there was much variety, it was found that most schools taught the butterfly cast technique and constructed their posterior palatal seal by scraping the cast. There was also variation as to when the posterior palatal seal was developed, from as early as the final impression, to as late as the final processing of the denture.
     Also during final impressions, modeling plastic was used predominantly to functionally place soft glandular tissues in the posterior palatal seal area. 
     Most of the dental schools used Swenson’s Complete Dentures (Boucher).

The authors state that no matter what technique was used, the most important thing to remember was seal, ie. to seal out air and food, and to seal in partial pressure.

33-009. Avant, W. E. A comparison of complete denture bases having different types of posterior palatal seal. J Prosthet Dent 29:484-493, 1973. 
Purpose: The purpose of the study was to determine if a posterior palatal seal is necessary for complete denture retention and if altering the type and location of that seal affects retention. 
Methods and Materials: An apparatus was designed to test the retention of complete dentures by applying a vertical dislodging force extraorally to a rod attached to the denture base. The force was measured using a push-pull dynamometer. Three men and two women were chosen as subjects for the study. Each had relatively firm ridges and no posterior undercuts. A master cast was made from a plaster final impression. The master cast was duplicated four times using reversible hydrocolloid. The master cast had no posterior palatal seal inscribed and the duplicated casts had four different types of posterior palatal seals inscribed. 
     Cast A had a V-shaped groove across the palate about 2mm anterior to the vibrating line extending through the pterygomaxillary notches. Cast B had a V-shaped groove as in cast A and also grooves forming a loop on both sides of the median palatine raphe. Cast C had an angle-shaped groove carved across the palate and through the pterygomaxillary notches. The groove was deepest (1.0 to 1.5mm) at the vibrating line and played out completely as it sloped anteriorly. It was widest on each side of the palate on each side of the palate between the tuberosity and the raphe and narrowest at the median raphe and pterygomaxillary notches. The tissue was palpated with a ball burnisher to determine the outline for the anterior border. This method has been described by Swenson. Cast D was prepared in a manner similar to cast C except that an arc-shaped groove was used and a V-shaped groove placed in the deepest part of the arc-shaped groove.
     Identical denture bases were constructed on the five casts. The rod was attached to the denture bases by means of wires that had been placed in the bases with a jig to insure that the wires were in the same position in each denture base. Each patient was tested wearing each of the five bases to determine the amount of force required to dislodge the base. Each denture base was tested five times. 
Results: A posterior palatal seal is necessary for optimum retention of maxillary complete dentures. Each type of seal that was tested increased retention effectively. The posterior palatal seal used on cast C was the most effective for three of the five patients and a very close second for the other two.
Conclusions: A posterior palatal seal is necessary for optimum retention. Altering the type of palatal seal affects retention. Each type of seal used in the study increased the retention effectively. No one type of posterior palatal seal that was tested proved to be superior in all subjects. However, the angle-shaped posterior palatal seal was the most effective of the four designs tested. 

33-010a. Jacobson, T. E. and Krol, A. J., A contemporary view of the factors involved in complete denture retention, stability, and support.Part I: Retention. J Prosthet Dent 49:5-15, 1983.
Purpose: Evaluate the principles, factors and their interactions, that enable us to analyze and select procedures that lead to denture fabrication.
Definition of Properties: Retention is the resistance to displacement of the denture base away from the ridge. Stability is the resistance to horizontal and rotational forces. Support is the resistance to vertical movement of the denture base toward the ridge.
Definition of Retention Factors:

	
	1. Adhesion- attraction between unlike forces.
2. Cohesion- attraction between molecules of the same material.
3. Interfacial surface tension- refers to the forces involved in maintaining the attraction of two intimately contacted objects, by virtue of a thin fluid film in between them. Also defined as the force that maintains the surface continuity of a fluid.
4. Gravity- self-explanatory.
5. Intimate tissue contact-close adaptation of the denture base to the underlying soft tissues.
6. Border seal-involves the intimate contact of the denture borders with the surrounding tissues.
7. Atmospheric pressure- physical factor of hydrostatic pressure due to the weight of the atmosphere on the earth.
8. Neuromuscular control-refers to the functional forces exerted by the muscles of the patient, that can affect retention. Older patients have more difficulty in adjusting to new dentures, due to the progressive atrophy of their neurological systems.


Clinical Observations: Measurements made above sea level showed a decrease in denture retention. With a 70% decrease in atmospheric pressure, a 50% decrease in retention was noted. The presence of dissolved gases or air in saliva, serves to decrease the effectiveness of the atmospheric pressure. Therefore the presence of perforations in a PPS, reduces the retention of the denture.

Clinical Implications: 

	
	1. Impression material with adequate flow properties should be used to avoid uneven pressure during impression making.
2. A slight generalized pressure on the soft tissues is desirable.
3. Elimination of full arch relief spacers in the tray.
4. Use of nonperforated trays can lead to inaccurate recordings.
5. Recovery of abused oral tissues obtained by not allowing patients to wear their prostheses for a minimum of 48 hrs prior to impression taking.


Anatomical Influences on Maxillary Denture Retention: Highly tapered palatal vaults and the retrozygomatic space (buccal space), represent a problem in maintaining border seal.
Anatomic Influences on Mandibular Denture Retention: The mandibular denture presents the major problem with regard to retention. Reasons include : movable floor of the mouth, which causes difficulty in establishing border seal, and lack of ideal ridge height and conformation, which minimizes denture stability.
     Adequate seal can be obtained by gently compressing the tissues of the lateral wall of the retromylohyoid fossa lingual to the retromolar pad and tucking the distolingual flange laterally against the mucosa overlying the superior constrictor muscle superiorly and the loose connective tissue of the mandible inferiorly. 
    The contour and inferior extension of the lingual flange are dependent on the action and anatomy of the mylohyoid muscle. The most difficult region in which to obtain a border seal is the anterior lingual border. The mylohyoid muscle acts anteriorly as well as posteriorly to raise the floor of the mouth. The superior fibers of the genioglossus muscle attach to the superior genial tubercles and function in depressing the body of the tongue. Activation of the inferior fibers serve to protect the tongue.
Conclusion: Some techniques recommend the extension of the anterior lingual flange sublingually. The flange is extended inferiorly to contact the highest level if the floor of the mouth. The flange can then be extended posteriorly to contact the sublingual folds and therefore establish a seal when the tongue is at rest.

     Another technique involves adding additional softened border- molding material to the inner surface of the previously molded anterior lingual area and reseating the custom tray.

33-010b. Jacobson, T. E. and Krol, A. J. A contemporary review of the factors involved in complete denture retention, stability, and support. Part II. Stability. J Prosthet Dent 49, 165-172, 1983.
Purpose: Discuss the factors that contribute to denture stability.
Relationship of Denture Base to Tissues:
	
	A. Mandibular lingual flange:  The most desirable feature of the lingual slope of the mandible is that it approaches 90 to the occlusal plane. The extent of the contact of the lingual flange with the lingual ridge slope is thereby dictated by the functional mobility of the floor of the mouth. Any flange extension below the mylohyoid ridge must incline medially away from the mandible, to allow for the mylohyoid muscle contraction. 
B. Residual ridge anatomy:

	
	
	1. Residual height and conformation- large , square, broad ridges offer a greater resistance to lateral forces than do small, narrow tapered ridges.
2. Arch form- square or tapered arches tend to resist rotation of the prosthesis better than ovoid arches.
3. Palatal vault- a steep vault may enhance stability by providing greater surface area of contact, and long inclines approaching a right angle to the direction of the force.


Relationship of the External Surface and Orofacial Musculature:
	
	A. Influence of orofacial musculature:  The basic geometric design of the denture base should be triangular. To direct a seating action on the mandibular denture, the tongue should rest against a lingual flange, inclined medially away from the mandible and somewhat concave. The degree of inclination depends on the balance of the muscular forces of the tongue as opposed to the mylohyoid and superior constrictor muscles. Generally, the buccal and labial flanges of the maxillary and mandibular dentures should be concave to permit positive seating by the cheeks and lips. The primary muscles of the lips and cheeks are the orbicularis oris and buccinator muscle, respectively.
B. Importance of modiolus:  The modiolus or tendinous node is an anatomic landmark near the corner of the mouth that is formed by the intersection of several muscles of the cheeks and lips. These include the orbicularis oris, buccinator, caninus, triangularis, and zygomaticus muscles. None of these muscles have more than one bony attachment, so they depend on the modiolus for isometric contractions. The denture must be designed as to permit the modiolus to function freely. 
C. Techniques:  Neutral zone- theory that states the belief that muscles should functionally mold not only to the border but to the entire polished surface.


Theories of Occlusion:
	
	A. Semianatomic or anatomic teeth:  Is thought to minimize localized stress concentration and lateral dislodging forces by ensuring multiple points of contact, to distribute functional occlusal forces.
B. Lingualized occlusion:  Provide limited range of excursive balance and a directing of forces to the lingual side of the lower ridge during working-side contacts. Such concept may minimize horizontal stress and control the leverage induced by eccentric tooth contacts.
C. Neuromuscular:  Patients are instructed to chew in centric relation contacts, bilaterally.


Tooth Position and Occlusal Plane: Anterior and posterior teeth should be placed as close as possible to their original in the mouth. A mandibular occlusal plane that is too high can result in reduced stability, because the lateral tilting forces are magnified as the plane is raised. An elevated occlusal plane prevents the tongue from reaching over the food table into the buccal vestibule. Various anatomical landmarks should be used to determine an acceptable level of the occlusal plane, such as: Stensen’s duct and the retromolar pad.
Conclusion: Severe retrognathic or prognathous ridge relationship can be remedied only to a limited extent through prosthetic treatment. The stability factor involves tissue, occlusal, and polished surfaces of the denture.

33-010c. Jacobson, T.E. and Krol A.J. A contemporary review of the factors involved in complete dentures. Part III: Support. J Prosthet Dent 49:306-313, 1983.
Purpose: Study the relationship between the denture base and the supporting tissues.
Nature of Supporting Tissues:
	
	A. Soft tissues:  Ideally soft tissues should be firmly bound to cortical bone, containing a resilient layer of submucosa, and be covered by keratinized mucosa. Keratin is a scleroprotein present in the stratum corneum and is the end product of epithelial degeneration. Excessive trauma to the mucosa beneath a denture base can lead to abnormal tissue changes such as development of parakeratin, localized hyperkeratosis, and epithelial ulceration or necrosis. The fatty and glandular tissue work as a "hydraulic cushion".
B. Bone factor:  The bone factor appears to be related to local anatomic and physiologic variations within and between individuals. At the present time bone factor can only be determined by comparing the patient’s response to bone stress( extractions, surgery) or by radiographic observation.
     Tension placed on bone on areas of bone attachment tend to preserve the quality of the bone and sometimes results in bone deposition. Cortical bone is more resistant to resorption than cancellous or medullary bone. Sharpey’s fibers ensure tension on bone, minimizing the resorptive changes otherwise be the normal response of bone to pressure. Therefore a keratinized masticatory mucosa firmly bound to underlying cortical bone through a variable zone of connective tissue and submucosa with associated muscle attachments that provides the ideal denture-bearing tissue.


Anatomic Considerations:

	
	A. Mandibular considerations: The primary stress bearing areas of the mandible must include the pear-shaped pad and the buccal shelf. The pear-shaped pad is the most distal extent of the keratinized masticatory mucosa of the mandible. The junction of the retromolar pad and the pear-shaped area demarcate the extension of the denture base. The pear-shaped area is associated with the muscle attachments of the buccinator , superior constrictor, and temporal muscle. The muscle attachments and the overlying mucosa provide a stress-bearing area. The other regions of the mandible are not usually essential in providing denture support.
B. Maxillary considerations:

	
	
	1. Keratinized masticatory mucosa overlies a submucosal layer everywhere except at the midline suture.
2. The submucosa contains fatty and glandular tissue.
3. Dense connective tissue traverse the mucosa, except the midline raphe which has little or no submucosa.
4. The cortical bone of the hard palate (palatine process and the horizontal processes of the palatine bones), resists resorptive changes.
5. The tensor veli and the levator palatini may provide the source of tension that counteract the pressure resorption.
6. The crest of the ridge has a layer of thick keratinized tissue, dense fibrous connective tissue between mucosa and bone that acts as a resilient liner. The underlying bone is cancellous bone which is subject to resorptive changes.
7. The remaining facial slopes of the maxillary ridge are not essential in the denture support.


Relief Regions: Tissues susceptible to resorption should not be subjected to functional pressures:

	
	1. most maxillary and mandibular ridge crests,
2. regions of thin mucosa directly over hard cortical bone, these include; midline raphe, tori, exostoses, and the mylohyoid ridge,
3. regions of mucosa overlying neurovascular bundles such as the incisive papilla, and the mental foramen.


Practical Considerations: A truly mucostatic or pressure free impression is virtually impossible to achieve. The fluid impression material contained in a rigid tray inevitably causes some tissue compression. According to Pascal’s laws of hydrostatics, the pressure exerted on a confined fluid will transmit evenly throughout the fluid. Unfortunately, the fluid in oral tissues is not confined, the tissue fluids can move freely in response to stresses placed on them.
     Selective pressure impressions provide equal distribution of pressure to the supporting tissues during function. It has some disadvantages so, the ideal technique for impression taking should incorporate both pressure-free and selective-pressure procedures.
Conclusion: Selection of the regions that should provide primary and secondary support depends on the anatomic variations unique to each patient. 

33-011. Chen, M. Reliability of the Fovea Palatini for Determining the Posterior Border of the Maxillary Denture. J Prosthet Dent 43:133-137, 1980.
Purpose: To investigate the reliability of the fovea palatini as anatomic landmarks for determining the posterior border of the maxillary denture.
Methods and Materials: 101 subjects were screened for the study. 72 of these had fovea palatini located one on each side of the palate. The vibrating line (determined by the "blow method") and the fovea palatini of the 72 patients with "ideal" fovea palatini were marked with an indelible pencil. The distance between these two marks were then measured by two observers. Each operator made three measurements on each patient. The measurements made by each operator on each subject were averaged separately and used as data in compiling the statistical analysis for the study.
Results: Among the 72 "ideal" subjects, 18 had fovea palatini whose location coincided with the vibrating line. None of the subjects had fovea palatini located anterior to the vibrating line and remaining 54 were posterior to the vibrating line. The difference in the mean values recorded by the two observers was 0.05mm. The authors concluded that this difference was probably not important from a clinical standpoint since existing techniques and instruments for determining the vibrating line do not permit precision greater than 0.5mm.
Conclusions: 

	
	1. The nose blowing method appears to be an accurate method for locating the fovea palatini and the vibrating  line.
2. Seventy percent of the subjects had two fovea palatini. 
3. When present, the fovea palatini of 25% of subjects lay directly on the vibrating line. 
4. In 7% of subjects, the fovea palatini were located within 1-2 mm posterior to the vibrating line, in 18.8%   within 2-3 mm, in 27.1% within 3-4mm, in 16% within 4-5 mm, in 4.9% within 5-6 mm, and in 1.4% more     than 6 mm posterior to the vibrating line.
5. The fovea palatini are unreliable guides for locating the center portion of the posterior border of the      maxillary denture.


33-012. Firtell, D. et al. Posterior Palatal Seal Distortion Related to Processing Temperature. J Prosthet Dent 45:598-601, 1981.
Purpose: The objectives of this study were (1) to determine the effect of processing temperature on the accuracy of fit of a complete maxillary denture and (2) to determine the accuracy of a special acrylic resin processed in boiling water and it to polymethyl methyacrylate processed by conventional procedures.
     Retention forces are at a maximum when the distance between the denture surface and supporting tissue is at a minimum. The greater the heat obtained during processing, the greater will be the shrinkage and the resultant strain within the processed material. A lower temperature than suggested standard may produce less distortion of the denture base.
Methods & Materials: A maxillary cast will minimal undercuts was duplicated 33 times. Three de3nture bases were then processed at each temperature from 135 F to 180 F in 5 degree increments for a total of 30 denture bases. 3 denture bases were processed using a special acrylic that was cured at 212 F for minutes. After denture recovery and storage in a humidor, the casts were trimmed and dried, and the distance between each cast at its denture base was measured at the midline with an optical micrometer with a tolerance of 0.005 inches. 
Conclusion: It has been noted that a difference in 4 degrees C in the processing temperature could make a difference of 60 degrees C within the acrylic resin. Shrinkage and distortion can be reduced by decreasing the amount of monomer. Processing conventional heat-cured acrylic resin at temperatures at or below that recommended by the manufacturer produced no significant distortion of the material at the posterior peripheral area. When the processing temperature was raised above the recommended temperature of 163 degrees F, the distortion at the posterior peripheral seal became significant. the special acrylic, designed to be processed at 212 degrees F, showed significantly less distortion than conventional acrylic processed at or below conventional temperatures. However, the overall strength can be debated. There is a possibility that a low processing temperature can produce weakened materials because of the formation of shorter molecular chains. the increased distortion in denture bases processed at higher temperatures is thought to be associated with more rapid polymerization.

33-013. Johnson, D.L. and Duncanson, M.G.  The plastic postpalatal denture seal. Quint Int 18:457-462, 1987.
Purpose: To determine the effect that variations in palatal form, size, and denture thickness have on distortion observed along the peripheral border in the palate of a maxillary denture. 
Materials and Methods: Master cast were made for five test specimens; flat, medium U shaped, medium V shaped, large U shaped, and large V shaped. Two additional smaller sizes for each shape were also made for a total of 15 master cast. Three different thicknesses of denture bases were produced on the master cast. The distortion along the posterior palatal edge of the cast beginning at the midline and measured every three millimeters was recorded. 
Results: None of the individual variables displayed a high degree of correlation with the posterior palatal openings. More distortion was evident in thin maxillary dentures as opposed to thick ones. Distortion along the posterior palatal border showed that flat contours produced openings extending across the arch from hamular notch to hamular notch. U shaped and V shaped palatal openings tended to terminate in the area of the junction of the middle and crestal third of the posterior palatal periphery.
Conclusion: A postpalatal seal that is deeper in the central part of the palate and extends to the hamular notch is recommended for U and V shaped palate forms. Extending the seal at least to the crest of the hamular notch or beyond is recommended for flat palate forms.

33-014. Barco MT, et al. The effect of relining on the accuracy and stability of maxillary complete dentures- An in vitro and in vivo study. J Prosthet Dent 42: 17-22, 1979.
Purpose: To determine if heat-cured maxillary denture base after relining is more accurate than upon its removal from the flask. Also, if an improvement in fit of the order that is achieved by the relining procedure is reflected in the stability of the denture in function.
Discussion: An in vitro, as well as in vivo study was conducted here. 
     There was an increased distortion of heat-cured denture bases with teeth as compared to those without teeth. The rationale here is that the teeth are held firmly in place by the gypsum investment, and the polymerized acrylic resin of the base locks to the teeth. When thermal shrinkage of acrylic resin occurs, the teeth are held into place, and this probably induces complex stresses in the denture base. When the denture is deflasked, relaxation occurs, which results in distortion of the base. When no teeth are present, the resin shrinks against the master cast.
     The lab data clearly showed that a better fitting denture can be made by relining the heat cured denture with an autopolymerizing resin prior to delivery. This study did not show a significant reduction in the amount of denture movement after relining(although there was some), this may be due to the small sample size of five patients.

It was possible to reduce the size of the posterior palatal seal without jeopardizing the stability of the denture. 

33-015. Ettinger:, R.l., Scandrett, F.R. The Posterior Palatal Seal. A review. Aust Dent J 25: 197-200, 1980.

The posterior palatal seal area is described and its anatomical borders are defined. The methods used to achieve a seal are (1) scraping the cast, (2) a selective loading impression technique, and (3) a physiological impression technique. Each method is described and its problems are discussed. The authors believe that the physiological impression technique using wax requires the least amount of skill and experience to master competently.
Posterior palatal seal defined- an area of soft tissue along the junction of the hard and soft palate on which pressure, within the physiologic limits of the tissues, can be applied by a denture to aid in its retention.
Functions of the Posterior palatal seal- (1) to provide retention, (2) to prevent food from getting under the denture base, (3) to diminish gagging, (4) to make the sunken distal border less conspicuous to the tongue, and (5) to supply a thick border to counteract denture warpage due to dimensional changes during the curing process.
Techniques (1) Scraping cast technique- done chairside, it is an educated guess by the clinician (2) selective loading technique- depends on making an impression of the edentulous maxilla under constant load and taking into account the varying tissue densities of the mucosa, effective but requires skill and experience. (3) Physiologic technique- uses a mouth temperature impression wax to create the posterior palatal seal, advantages are that it can be developed in steps and that it can be corrected.
Conclusions- the most common problem associated with lack of retention of the maxillary complete denture is a faulty posterior palatal seal. Many dentures do not cover the tuberosities, nor do they extend into the pterygomaxillary notches, while others are extended too far posteriorly past the vibrating line. 

A careful examination of the patient’s tissues helps to delineate the anatomical boundaries of the posterior palatal seal area so that an adequate seal can be established.

33-016. Sykora, O., Sutow, E.J. Posterior palatal seal adaptation. Influence of processing technique, palate shape and immersion. J Oral Rehabil 20:19-31, 1993.
Purpose: To compare the dimensional change of a newer continuous-injection technique with a standard trial-pack technique as determined by measuring the posterior palatal border opening. 
Methods and Materials: Ten high and ten flat maxillary casts made from masters moulds poured in dental stone. Ten of the acrylic resin bases (high vault, n=5; flat vault, n=5)were process by the standard trial-pack technique (TPT) using a commercial product designed for this purpose. The other group of 10 acrylic resin bases was processed by a continuous-injection technique (CIT). Measurements were made after deflasking, trimming and polishing, and after immersion in room temperature water for 1 h, 1 day and 1 week.
Results: Results showed that the flat vault had larger openings for both processing techniques, except for the trial-pack technique at deflasked locations 1L and 0.
Conclusion: It was concluded that the continuous-injection technique showed smaller dimensional changes compared with the standard trial-pack technique, and that these changes were influenced by palate shape and immersion in water.

33-017. Naylor, W.P. and Rempala, J.D. The Posterior Palatal Seal - Its Forms and Functions (I and II). Quintessence of Dental Technology, 10: 417-422 and 489-492, July/August 1986.
Purpose: The authors provide insight and instruction in the evaluation of throat form, design and preparation of the Posterior Palatal Seal.
Discussion: The posterior palatal seal (PPS) is generally regarded as an important contributor to maxillary complete denture retention. A well designed and properly placed PPS serves several functions.

	
	1. Helps maintain the peripheral seal.
2. Prevents the ingress of air and food which could dislodge the denture.
3. Helps compensate for dimensional changes that occur during the curing of the acrylic resin.
4. May reduce gagging by maintaining firm contact with the tissues of the soft palate.
5. Increases the thickness of the acrylic resin at the posterior border and strengthens the denture.
6. May make the distal border of the denture less noticeable to the tongue by applying pressure to the tissues of the palate.


The development of an appropriate design for the PPS requires an assessment of the palatal throat form, tissue displaceability, and the role of individual anatomic landmarks in establishing a denture seal. The following steps can act as a guide to diagnose the PPS deign. 

	
	1. Determine the palatal throat form. House Class 1, 2 or 3.
2. Assess and note any unusual anatomical features.
3. Evaluate the status of key anatomical features, i.e. hamular notches, fovea palatine, etc.


Posterior palatal seal preparation is an integral part of the maxillary complete denture fabrication requiring assessment of physiological and technical parameters. In the case of patients with either a House Class 1 or 2 throat form, the clinician may have a choice for the placement of the area of greatest depth. A patient with a House Class 3 has limited options because it is the least favorable of the three classes because of limited space for the placement of the PPS.

It is important to point out that there is no single PPS design for all patients.
