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- Abstracts –

25-001. Krol A.J. Clasp Design for Extension Base Removable Partial Dentures. J Prosthet Dent 29:408-415, 1973.
Requirements of a properly designed clasp:
1. Support - against vertical forces
2. Bracing - against horizontal forces
3. Retention - resist forces in a occlusal direction
4. Encirclement - of more than half it's circumference
5. Reciprocity - equal and opposite forces by clasp arms
6. Passivity - at rest when seated

R.P.I. Concept
Mesial rest - point of rotation which exerts a mesial force on the tooth
Proximal plate - superior edge at bottom of guide plane to disengage during loading. Slightly lingual for reciprocation
I Bar - 2.5 mm from gingival margin, crosses at right angles in a .01" undercut at the greatest M-D prominence to permit it to disengage during function

Advantages of the R.P.I.
1. Proximal plate and I bar move away from the tooth during function to reduce torque
2. Mesial minor connector and proximal plate provide reciprocation and eliminate need for a lingual arm
3. I bar more esthetic
4. Minimal contact alters contour less, advantageous on caries prone individual 5. Mesial rest eliminates Class I lever

25-002. Kratochvil F. J. Influence of Occlusal Rest Position and Clasp Design on Movement of Abutment Teeth. J Prosthet Dent 13:114-124, 1963.
Aspects of occlusal rest position, clasp design and the tooth/mucosa junction of a distal extension RPD discussed:
1. The transition region from tooth to mucosa support requires careful consideration
2. Mesial rest on the most distal abutment provides more perpendicular support to the residual ridge
3. Mesial rest less likely to pinch the gingiva 
4. Mesial rest will tend to tip the tooth mesially and be reinforced by other teeth 
5. I bar causes less contour change and allows more natural gingival stimulation
6. I bar will cause less torquing on tooth when placed at M-D area of greatest circumference
7. Proximal plate contacts tooth and allows space at tooth-mucosa junction
8. Proximal plate is physiologically adjusted to prevent tooth and tissue impingement

25-003. Demer W.J. An Analysis of Mesial Rest-I-Bar Clasp Designs. J Prosthet Dent 36:243-253, 1976.
The components of the RPI clasping system are described and analyzed. Each component is discussed separately with attention given to the theory upon which the design of that component was based, its functional contribution to the system, and its potential pitfalls if used incorrectly.

25-004. Hosman, H.J.M. The Influence of Clasp Design of Distal Extension Removable Partial Dentures on the Periodontium of Abutment Teeth. Int J Pros 3:256-265, 1990.
Three removable partial denture designs were investigated to determine the effect of minor connector configuration on the periodontal health of abutment teeth. Twenty-five patients wore three removable partial dentures for 19 weeks each. The first RPD placed a tilting force on the abutment teeth; the second was stress releasing; and the third was designed to collect less plaque. Plaque accumulation, the condition of the periodontium, migration of the abutment teeth, deformation of the clasp arms, retention of the prosthesis, and patient preferences were assessed. The results demonstrated that the partial denture retentive design did not affect plaque formation. The prosthesis designed to place a tilting force on the abutment teeth appeared to cause the least mobility and migration of the abutments and had the greatest acceptance by patients.

25-005.  Thompson, W.D., Evaluation of photoelastic patterns produced by various designs of bilateral distal-extension removable partials dentures. J Prosthet Dent: Sep. 1977.
Purpose: Is to compare the forces exerted on the supporting structures of abutment teeth by seven removable partial denture designs using a photoelastic model.
Methods and material: A photoelastic model was used to observe and evaluate the effects of different direct retainer designs and occlusal rest positions on the apical movement of the abutment teeth after occlusal loading with a standardized force.
     Plastics were used to form the test model are: photoelastic plastics for the entire tooth, the periodontal ligament, and for bone. The seven RPD frameworks were fabricated of chrome-cobalt. 

Designs and Results: 

· Design No. 1: Mesial rests, buccal I-bars, and distal GP. Results were most favorable internal force distribution.

· Design No. 2: Distal rests and cast circumferential arms: results were severe stresses: 

· Design No. 3: Mesial rests and cast circumferential arms 

· Design No. 4: Distal rests, 18 g WW buccal arms, and cast lingual circumferential arms: results were severe stresses 

·  Design No. 5: Mesial rests, 18 g WW buccal arms, and cast lingual circumferential arms: Results were most favorable internal force distribution.

·  Design No. 6: Distal rests, buccal one-half T-bar arms, and cast lingual circumferential arms: results were severe stresses 

·  Design No. 7: Mesial rests, buccal one one-half T-bar arms, and cast lingual circumferential arms.

Summary: These experiments indicate that anterior positioning of rests provides a better mechanism for vertical load transfer due to the anterior axis of rotation. All undercuts were 0.010 in. The mesial rest with I-bar retainer is preferred because of less tooth contact, greater esthetic acceptability, and less interference with natural tooth contours. Designs with distal rest tend to move the clinical crown more distal and the root more mesial at the apex, resulting in horizontal forces in the bone and supporting structures.

25-006. Clayton, J.A. and Jaslow, C. A Measurement of Clasp Forces on Teeth. J Prosthet Dent 25:21-43,1971.
Purpose: To develop a method to measure forces that a clasp transmits to abutment teeth and to compare wrought wire and a cast I bar.
Methods & Materials: A transducer, using a resistance strain gage, measured the flexure of clasps and the forces exerted by the clasps on the abutment teeth.
Results: Clasp bar clasps were more flexible than the wrought wire clasps of equal length. All clasps tested exerted forces against the teeth when the RPD bases were at rest. The wrought wire clasps flexed a greater distance and exerted more force against the abutment teeth when the RPD was seated and removed from the model. The forces exerted by the clasps when the bases were moved were different from each other but followed a pattern. The force increased for both types of clasps as the bases were depressed and the wrought wire clasps exerted more force than the cast bar clasps. Wrought wire clasps may tilt the abutment tooth distolingually and the cast bar clasp may force the tooth mesiolingually.
Conclusions: The cast bar clasp design offers more flexibility than the 18 gage wrought wire clasp design of equal length. Curvatures in the wrought wire clasp design decrease the overall flexibility of the clasp. All of the clasp designs exerted force against an abutment tooth when the casting base was at rest. The wrought wire retentive clasp design exerted greater force against the abutment tooth than the cast bar type retentive clasp when the casting base was seated, at rest, and removed, and when the casting base was depressed, moved away from the ridge, and moved buccally.

25-007. Cecconi, B.T. Asgar, K. and Dootz, E. The Effects of Partial Denture Clasp Design on Abutment Tooth Movement. J Prosthet Dent 25:44-56,1971.
Purpose: Evaluate the effect of clasp design on abutment tooth movement
Materials & Methods: Acrylic model with Ivorine teeth and Silastic to simulate gingiva and PDL used to test four clasp designs. Three had distal rests and cast reciprocating arms with a variety of retentive clasps. The fourth was an RPI clasp assembly. Frameworks were loaded in four directions and abutment tooth movement measured.
Results: 
- The RPI clasp assembly caused significantly greater abutment tooth movement.
- Direction of movement was not altered by clasp assembly.
- When the abutment was on the load side, direction was mesial buccal, not distal as expected.

25-008. Eliason, C. RPA Clasp Design for Distal Extension Removable Partial Dentures. J Prosthet Dent 49:25,1983.
Purpose: To define the features of the RPA (rest, proximal plate, Akers clasp) clasp design.
Discussion: The mesial rest and proximal plate are designed identically to those of the RPI clasp. The difference is in the retentive arm. An Akers, or circumferential clasp arm is used.
     If a conventional Akers clasp is used, with the retentive arm coming off the proximal plate above the survey line and crossing the survey line in the middle of the tooth to engage the undercut, the releasing capability will be lost.
     With the RPA clasp system the circumferential clasp is placed so that the rigid portion of the clasp arm will contact the tooth only along its superior border at the level of the survey line.
Conclusion: 
1. The circumferential-type retentive arm is easier to grasp for removal of the prosthesis.
2. Simple in design. 
3. Avoids problems associated with large tissue undercuts, excess tissue surrounding the abutment tooth and high frenum attachments. 

25-009. Taylor, D, et al. Effect of Two Clasping Assemblies on Arch Integrity as Modified by Base Adaptation. J Prosthet Dent 47:120-125, 1982.
Purpose: To examine the effect on the mesial interdental contact of the primary abutment tooth in a Kennedy Class I removable partial denture when the clasp design is altered. An RPI clasp assembly was compared to an assembly incorporating circumferential clasp arms with a distal rest.
Methods & Materials: A test model was constructed by modifying a Columbia Dentoform model to represent a Kennedy Class I mandibular arch. Polysulfide Rubber base impression material was used to simulate resilient mucosal tissue on the edentulous ridges and periodontal ligament of teeth #'s 20 - 22, 27 and 29. Full gold metal crowns were fabricated on teeth #'s 20 and 21.
     Circuit tester leads were attached to each crown. As long as contact was maintained between the crowns the light on the circuit tester would remain on. As soon as contact between the two crowns was broken the light would go out.
     Testing was carried out under four loading-clasping variations: 
1. RPI clasping assembly with the load applied on the same side of the assembly, 
2. RPI clasping assembly with the load applied on the opposite side, 
3. distal rest-circumferential clasp assembly with the load applied on the side of the assembly, and 
4. distal rest-circumferential clasp assembly with the load applied on the opposite side.

Tests were performed in two sessions.
Session #1: Bases were under extended and relieved to limit adaptation of the bases to the residual ridges.
Session #2: An altered-cast procedure was used achieve maximum coverage and adaptation. Forty tests were run during each session, 10/each of the four load and clasping variations.

Results: The force required to cause a break in contact between the observed teeth when the removable partial denture had a distal rest and circumferential clasp and the load placed on the same side was significantly less than all other clasp-load conditions. During the 2nd session, no break in contact between the teeth was noted.
Conclusion: 
1. Altering clasp design can affect the way forces act on abutment teeth. 
2. An RPI clasp design causes less distal displacement of the primary abutment tooth than circumferential clasp arms with a distal rest under the same conditions. 
3. Forces applied on a mandibular distal-extension base will have a greater affect on the abutments on the same side of the arch than on crossarch abutments. 
4. The influence of changes in clasp design is minimized when the bases are well adapted to the basal seat and fully extended.

25-010. Brudvik, J.S. and Morris, H.F. Stress Relaxation Testing: Part III: Influence of Wire Alloys, Gauges, and lengths on Clasp Behavior. J Prosthet Dent 46:374-379,1981.
Purpose: Evaluate the effects of gauge, alloy and clasp length of a number of commonly used dental wires under conditions of load, deflection and permanent deformation. 
Discussion: ADA spec. #7, divides precious metal alloy wires into 2 groups based on gold content: Type I: 65% or higher gold and platinum(eg. PGP). Nonprecious alloy wires generally classified as stainless steels primarily for orthodontics. Cobalt-chromium-nickel (eg. Ti-wire) is a popular wire for retentive clasp arms. 
Materials & Methods: Bench top study of 2 gauges of precious metal wire and four gauges of nonprecious wire were evaluated using stress-relaxation testing. 
Discussion: .01 inch of retention appears to be adequate due to the minor rigid connectors and prepared guiding planes. Active clasp length also is important; if less than 10mm, then a gauge change is indicated to keep the force at the same level.
Circumferential wire clasps/design: bend in one plane only and keep it simple
Infrabulge wire clasps/design: will be longer than the circumferential one for the same tooth; L-bar also used for undercuts next to distal extension areas. Embrasure wire clasps and T-bar clasps not recommended. I-bar can contact a point or a surface. Circumferential or L-bar will touch the tooth on a line.
Summary: Wrought wire is superior versus cast clasps as far as breakage is concerned and have a greater range of adjustment. The relation of active clasp length to retention and to permanent deformation is important and should be incorporated into design philosophies and construction of RPD's.

25-011. Stone, E.R. Tripping Action of Bar Clasps. JADA 23:596-617,1936.
Purpose: To compare the effects of the tripping action of bar clasps to horizontal type clasps
Discussion: 
1. Definition: "Tripping Action": stumbling action which operates in many of the bar clasps, but not in the horizontal or diagonal circumferential clasps.
* tripping action is greatest when the arm of the bar clasp, under tension, approaches the   plane of the undercut at a right angle to its origin.
2. Comparative analysis between push (bar) and drag (horizontal) type clasps 
    a) push: maximum tripping action, greater retention 
    b) drag: no tripping action
3. Retention: the direct gripping or clutch action of the clasp, influenced by - tension, length, mass and x-sectional shape of the clasp arm, torsion, tripping action.
4. Stabilization: influenced by - width, thickness, x-sectional shape and tension of the clasp arms, the distance from the occlusal rest to the lowest point of that same clasp-bearing area toward the gingiva, the distance from each occlusal rest to the farthest point of the denture base, tripping action
5. Types of teeth which are greatly influenced by the tripping action:
     a) Short teeth where undercuts are hard to locate or lacking entirely (positive influence)
     b) Long, bell-shaped teeth with excessive gingival recession or excessive inclination (negative influence)
6. Two clinical cases were presented. 
Conclusion: The tripping action of bar clasps make them a more favorable clasp design choice in most clinical situations. The horizontal clasp should be used only in cases wherein malposed or tilted teeth and deep undercuts make it impractical to use the bar clasp. 

25-012. Aviv, I. et al. RLS-The Lingually Retained Clasp Assembly for Distal Extension Removable Partial Dentures. Quint Int. 21:221-223,1990.
Purpose: To describe a clasp assembly for distal extension removable partial dentures that takes advantage of surveyed lingual undercuts.
RLS: 1. Mesio-occlusal Rest
         2. A distolingual L-bar direct retainer, located on the abutment tooth adjacent to the residual ridge
         3. A distobuccal Stabilizer
Summary: The tip of the direct retainer is placed distal to the mesial occlusal rest to maintain the Class II lever effect, minimizing damage to the abutment teeth. A distobuccal reciprocating stabilizer disengages from the tooth as the denture base moves tissueward. 

25-013. Browning, J. D. Movement of Three RPD Clasp Assemblies under Occlusal Loading. J Prosthet Dent. 55:226-231, 1986.
Purpose: To apply a three-dimensional measurement technique to measure abutment tooth movement under occlusal loading as a function of clasp design.
Materials & Methods: Nos. 19, 20, 30, 31, and 32 were removed from a Dentoform to simulate edentulous spaces, a stone index made to dentiform teeth, and frameworks RPD frameworks fabricated in Ticonium. The only thing that differs is the clasp assembly on tooth #29:
1. Distal rest, lingual reciprocal arm and Bar clasp with 0.01 undercut at DB surface
2. Combination clasp with a rest on the disto-occlusal surface, a lingual reciprocal arm, and an 18-gauge wrought wire 
3. RPI:  Three cast loading platforms were fabricated to induce a dimple to allow loading in a perpendicular plane. An Instron testing machine was used to apply uniform loads, stereophotographs made at each load level, and results of each plotted in to a computer for analysis.
Summary of Results: Design of the clasp assemble seemed to affect the magnitude of movement of the abutment tooth adjacent to an extension base but not the direction of the movement. Distal rests moved more than other assemblies. The design of the clasp assembly did not seem to affect the magnitude of movement in the apical direction.
Conclusion: 
1. Clasp assemblies usually moved more than the corresponding abutment teeth.
2. When each prosthesis was loaded in the same position, the design of the clasp assembly did not generally affect the direction of movement.
3. Design of the clasp assembly did not affect the amount of apical movement.
4. The I-bar and wrought wire clasp assemblies caused the least amount of abutment tooth movement.

25-014.  Cherkas L. and Jaslow E. Saddle lock hidden clasp partial dentures. Comp Contin Educ Dent 12:746-752, 1991.
     This article presents a system of clasp design that uses only the proximal walls of abutment teeth for retention instead of buccal undercuts, thus eliminating facial clasps.
     The Saddle-Lock hidden clasp partial denture design relies on the more readily available concave surfaces of the proximal walls of abutment teeth for retention.
     The proximally retained extracoronal, infrabulge, Finish-Line Retainer is incorporated with all the necessary components of clasp partial design.

Fundamental Principles
     The tooth surfaces used for Saddle-Lock retention are the mesial and distal undercut planes adjacent to the saddle area. This cosmetically designed partial denture improves retention while eliminating unsightly clasp arms.
       Clasps, classified as infrabulge, approach the retentive area from a gingival aspect instead of from above the survey line, as is the case with most clasp designs.
     Conventional partial dentures, with buccal clasps, transmit lateral stress during insertion with the forces borne by the abutment tooth unaided by adjoining teeth. Saddle -Lock partial dentures transmit anterior and posterior forces that can be steadied by the adjoining teeth. This can be additionally reinforced by antagonistic guide planes and guide plates. 
     Through the use of the Retentoscope, clasps are placed in the exact location for ideal retention and biomechanics.

The Retentoscope:  A precision survey and design instrument indispensable to the Saddle-Lock partial denture design. The Retentoscope is capable of precisely measuring the depth of undercut to within tenths of a mm.

The Finish-Line Retainer: A Finish-Line retainer is a clasp that is an extension of the metal-acrylic juncture.
     The Finish-Line Retainer can also be classified as an infrabulge clasp because it approaches the undercut planes from a gingival direction.

Esthetics: Because the Saddle-Lock design uses only the proximal walls of abutment teeth for retention, the need for buccal clasps is eliminated. 
     Because the clasp emergence is back at the casting finish line, it has the necessary length for proper resiliency.
     The Saddle-Lock principle can be used with completely tooth borne removable partial dentures and with both unilateral and bilateral distal extension prostheses.

Tooth-Borne Design: Occlusal rests are placed on both anterior and posterior abutments adjacent to edentulous areas. 
     A guide plane is created in the occlusal one third of the proximal walls. This also lowers the undercut so that the retentive tip can be placed further apically.
     If the abutments are in good proximal contact with the adjacent natural teeth, stabilizing reciprocation is provided and no further preparation is necessary. If the abutment tooth is free standing or has a diastema between it and the adjacent tooth, a guide plane must also be placed on the opposite proximal surface. If a molar abutment is the last posterior tooth in the arch, the lingual clasp must be extended around the distal to the distobuccal transitional line angle to provide reciprocation.

Free-End Partial Denture Design: Saddle-Lock distal extension partial dentures require some additional chairside preparation of the abutment teeth. A well-defined mesial guide plane is critical to the success of Saddle-Lock free-end partial dentures. The preservation of natural tooth contact is consistent with the principles of Saddle-Lock design and the mesial guide plane is prepared without breaking contact between the adjoining teeth.
Conclusion: Saddle-Lock hidden-clasp design is a departure from conventional partial denture design.

25-014. Cerkas, L. and Jaslow, E. Saddle Lock Hidden Clasp Partial Dentures. Compend Contin Educ Dent. Compend Contin Educ Dent 12:746-752, 1991.
Purpose: To discuss the advantages of the saddle-lock design and how esthetics can be improved by the use of proximal walls and hidden clasps.
Discussion: Mesial and distal undercuts of abutment teeth are utilized for retention. Infrabulge clasps engage the retentive area from the gingival. Stresses are directed anterio-posteriorly instead of laterally upon insertion so the adjacent teeth add reinforcement. A Retentoscope precisely measures the abutment undercuts so insertion is balanced and effortless. The Finish-Line Retainer is an infrabulge clasp that extends from the metal-acrylic junction of the framework and engages the proximal undercuts from the gingival direction. The author calls the facial aspect of the tooth crown that is visible when a patient shows their teeth the optical facial. Clasps are extended just shy of the optical facial to achieve maximum resiliency of the clasp and the best esthetics. In the all tooth-borne design, guide planes are prepared in the occlusal third of adjacent teeth. If the abutment tooth is free-standing or the last tooth in the arch, a reciprocal arm is needed. In the distal extension design, the distal preparation is the same as above but a mesial guide plane is prepared not breaking the contact with the adjoining tooth. The saddle-lock design has no visible clasps giving the same look as precision attachments at a lower cost.
