Prostho Lecture no. 8
27/3/2012
Design Principles for Removable Partial Denture

The objective of partial denture designing is to control the denture's movement (in an acceptable range) without exceeding the physiological tolerance of the oral tissues that are going to bear the prosthesis.
Different forces that are going to act on RPD:
1. Vertical forces of mastication, these forces can reach to a magnitude that equals the patient weight, even more! 

2. Horizontal forces, of two sources:
a. A force that comes from a vertical force acting on inclined planes, this will cause the prosthesis to shift to the right or left, anteriorly or posteriorly.
Lack of stability will happens if the force was not resisted.

b. A force that comes from the surrounding soft tissues (cheeks, tongue and lips).

3. Dislodging forces that come from the sticky food acting on the occlusal surfaces. These forces have a small magnitude but still important (1 to 2 KG).
The prosthesis should have enough retention to oppose these forces.
Forces that act on RPD are going to be transferred by the minor connector (which is below the artificial teeth) to the components on the same side and on the other side.

The denture design is Bilateral which means that forces acting on one side are going to be transferred to the other side.
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These forces are going to be transferred to the oral tissues, in complete denture ( oral mucosa and underlying bone. In partial denture ( oral mucosa and underlying bone (in soft tissue borne RPD), and to the remaining teeth and underlying bone (in teeth borne RPD).
There is difference in compressibility between (oral mucosa and underlying bone) and (remaining teeth and underlying bone).
Just to remind you: 

Kennedy classification
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Kennedy class 1, kennedy class 2 and some major cases of kennedy class 4 are ( tooth-tissue borne RPD.

Kennedy class 3 is a ( tooth borne RPD by definition. There is a rigid tooth anteriorly and a rigid tooth posteriorly. The movement of prosthesis between these two teeth will be limited and will not achieve enough movement to compress the soft tissues. The soft tissue loading comes after compressing the soft tissues, compressing the soft tissue should comes through movement of the RPD, complete denture or any prosthesis. If the movement is limited ( soft tissues loading is not going to happen even if you cover everything.

· If there is a tooth and it is mobile that it does not prevent the movement of RPD so ( it can load the adjacent tooth.
· If there is a rigid tooth ( the adjacent tooth is not going to be affected.
The same thing is going to happen in a bigger degree when we are talking about tooth-tissue support. The tooth is standing in the face of the force preventing any movement of the RPD, then all the force is going to be transferred to that tooth.
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If the force that is transferred to the tooth is beyond its physiological tolerance, then we might have a problem and the tooth will be lost.
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Page 4 in the slides:
This is a RPD replacing missing posterior teeth, it is purely tooth supported. We have an abutment anteriorly and posteriorly.
Sometimes we can make a fixed bridge and the connection is going to be between the canine and the molar, but biomechanically we can argue that RPD is going to be more acceptable.

· Biomechanically what is the difference between RPD and fixed bridge?
            RPD has the capacity to transfer the force to the other side.
The primary abutments are the teeth adjacent to the edentulous space.
The secondary abutments are a little bit far away from the edentulous space.
In the fixed bridge we can use the secondary abutments but they have to be adjacent to the primary abutments.
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But in the case of RPD I am more free to put the secondary abutment anywhere, it does not have to be adjacent to the primary abutment. 
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[image: image7.emf]If I use the molar as secondary abutment, there is an advantage over using the lateral incisor which is the long lever arm.
The major connector is going to act as long lever arm. The long lever arm is going to magnify the force exerted by the secondary abutment.
When the patient is biting then the denture has a tendancy to rotate in clockwise direction. This tendancy is going to be resisted by the clasp arm on the other side. Clasp arm does not produce a big force because it is flexible, it is going to act on the tooth in an upward direction, even though it is strong enough to resist this movement.
If the rotation is on the other side, the clasp assebly on the other side is going to prevent this counter-clockwise rotation and the rest will prevent it also. The rest is a strong component and can transfer the force to the tooth in its strongest direction.
If I am going to use the secondary abutments In a fixed bridge, the mechanical advantage is much less than in the case of RPD. This effect is what we called cross arch stabilization.
· Cross Arch Stability: A prosthetic design which utilizes teeth or implants on both the left and right sides of an arch to prevent dislodging or rotation of the dental prosthesis.
Stability is resistant to horizontal movement and the rotational tendancy.

If the force acting on RPD is vertical and seating in nature, then the fulcrum of rotation (which is the part that does not move and it is the nearest rigid contact to the force) is the rests which are the first rigid contacts closest to the load of application.

If the force acting on RPD is dislodging (unseating) then the fulcrum will be the farthest point from the source.
The movement of RPD is always rotational. Its movement is not like a ball, when you through a ball, it is free to move in trasitional movement but if it hits something then the movement will be rotational. That’s why the movement of RPD is rotational, there is always something to hit with intraorally.
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  This is another kind of RPD. There is no posterior abutment. The force transferred to the RPD usually comes from the artificial teeth. The force acting on the rests is negligible because the surface area of the rest is very small.
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In this case in the picture, if there is a vertical force acting on the RPD, the fulcrum of rotation will be the nearest rigid point which is in this case the rest on the 1st premolar. It is going to act as a pivot (محور الدوران), but because there is another rest on the other side, this pivot is going to be transferred into axis.
· Pivot, the point of rotation in a lever system.
· Axis of rotation, line around.
If there is clasp on the other side, and the patient bites on the prosthesis which will result in sinking of the prosthesis within the soft tissues, the clasp will move upward. If the clasp was on the left 1st premolar, is it strong enough to resist this kind of force? NO.
If the force was 10 KG then the clasp should resist 10 KG to prevent moving upwards. It will deflect before carrying this amount of load ! This deflection is going to load the tooth upwards in a weak direction, the clasp itself is not strong enough to prevent this movement, then we will have destruction to this tooth. This is what we called indirect support, the vertical force is going to be resisted by components on the other side of the fulcrum line. 
When sticky foods displace the saddle in an occlusal direction the tips of the retentive clasps engaging the undercuts on the abutment teeth provide the only mechanical resistance to the movement. The saddle thus pivots about the clasp tips.
[image: image11.emf]If the design is modified by placing a rest
 on an anterior tooth, this rest (indirect retainer)

 becomes the fulcrum of movement of the saddle

 in an occlusal direction causing the clasp to move

 up the tooth, engage the undercut and thus resist

 the tendency for the denture to pivot.
Indirect retainers do not prevent displacement towards the ridge. This movement is resisted by the occlusal rest on the abutment tooth and by full extension of the saddle to gain maximum support from the residual ridge.
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[image: image12.emf]Dislodging force that is acting on RPD if we have sticky food and the patient is opening the mandible, then the mandibular movement is going to dictate the direction of dislodging force. If the condyle stays in its place during opening of the mandible, the dislodging force acting on the upper teeth will be downward and posteriorly.
The force on the mandibular teeth
Will be upwards and anteriorly, but
this is not a pure functional kind

of movement. The condyles are 
going to translate, we do not open 
in the terminal hinge movement
range. The direction of mandibular 

opening is not well determined. It can be to the right, left, anteriorly, posteriorly so it is a little bit deviated from the vertical downward movement. The direction of dislodging force acting on the prosthesis is a little bit variable, it is not always vertically downward. Even though, when we do the surveying, we do it on the zero tilt, this will give us the undercuts according to the common path of dislodgment. If the common path of dislodgment is dictated by the forces acting on the RPD ( this is a little bit wrong. Even though, the zero tilt undercuts are the retentive undercuts.
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This is an RPD, if there is dislodging force acting on the left side of it, the fulcrum of rotation is the farthest contact ( the clasps on the other side.
What is the thing that will resist this kind of dislodgment? The clasps on the equilateral side.

If the clasp and the fulcrum of rotation are at the same vertical level, then the clasp (on the left side in the picture) will move vertically upwards. The relative location between the dislodging clasp assembly and the clasps assembly on the other side which are acting as the fulcrum of rotation, will determine the direction of the dislodgment, even though the forces that act on the artificial teeth are not purely vertical. Usually, the clasps assembly in the RPD is more or less at the same location in relation to the occlusal plane. So we can consider the zero tilt as our reference when we are talking about the retention of the clasps arms, because of the bilateral nature of RPD.
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You have to refer to the slides

The dislodging force is the yellow arrow, the fulcrum will be the clasps arms on the other side. In geometric, the fulcrum will make the clasps arms move to a plane that is perpendicular to a line passing from the fulcrum to the moving part. Also, this fulcrum will make it move in another plane, the junction between the two planes is the red arrow. The clasps arms are going to move vertically upwards because they are located more or less at the same vertical location of the clasps arms at the other side.
You do not chew food on both sides, so the dislodgment will affect only one side. So the forces acting on RPD are on one side at anytime.
Sometimes I change the tilt, some undercuts areas that resulted from the zero tilt will not be undercuts anymore on the new tilt. I can put minor connectors in these areas or reciprocal clasps arms, the components that I put in these areas will be functionally retentive; retentive during function.
The retention that happens during insertion and removal is not functional, this is something that is going to happen once, twice or three times a day.
If the reciprocal arm is in an undercut according to the zero tilt, that does not mean that the retentive arm should be in an undercut according to the zero tilt, it could be according to the alternative tilt.
Page 11 in the slides:

You have to refer to the slides
This is a seating force (the yellow arrow), it will result in the rotation of the prosthesis clockwise around the fulcrum which is between the two rests at the right side, the clasps arms on the other side will try to prevent this movement, the clasps arms on the other side will move in a direction dictated by the relative location to the fulcrum line. They are a little bit cervical about 2 mm cervical in relation to the rests, this will deviate the direction of movement a little bit instead of being vertical, the deviation will be 2 to 3 degrees. So if we consider the zero tilt when we design these clasps arms, they are going to be efficient as cross arch stabilizing potential. 3 degrees error is not that important.
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You have to refer to the slides

This is about guiding planes

Guiding planes: are surfaces that are prepared on the natural teeth, they are going to be in a contact with proximal plates and will determine the path of insertion.
The force acting on the prosthesis is unilateral. The fulcrum of rotation is the most rigid part anteriorly. There is a difference in the occluso-cervical height (h) between the part that is going to move and the fulcrum of rotation, they are horizontally close to each other. The vertical height and the distance (d) are going to dictate the movement of the plate. If the height increased and the distance decreased, the plate will move more to the adjacent tooth and will prevent the dislodgment.
If the (h) decreased and the (d) increased, the ability of the proximal plate to prevent the dislodgment will be reduced.
[image: image15.emf] We can calculate the theta Ө, it will give us an indication about how retentive the proximal plate-guiding plane contact will be.
When the technician do the frame work, it will not be fit 100% , there will be a little space, this space would be 50-100 micrometer and sometimes that's what all is needed so the plate can get out without contact with the adjacent tooth.
RPD is going to move in different planes according to different fulcrum lines.
The compressibility of the teeth within the periodontal ligaments is much less than the oral mucosa itself. Thickness of the periodontal ligaments is about 0.25 mm and the thickness of oral mucosa is about 2.00 mm. the periodontal ligament is richer in fibers than the oral mucosa. In the case of distal extension RPD, any loading of the oral mucosa is going to happen with compression of the tissues and movement of the RPD, if this movement is going to be prevented by a rigid connection with a tooth, then the tooth will move with each loading to the oral mucosa, this movement might be harmful to the tooth. 
The vertical load will be transferred to the teeth by the rests and the horizontal load will be transferred by the minor connectors and the clasps. If the components that are in contact with the vertical surfaces (minor connectors and clasps) become more cervically, then the load that is going to be transferred to the tooth will be less, the tooth will tolerate the load more in this case.

Sometimes we do the guiding planes buccally and lingually to make the survey line go down more, then the clasps arms will become more cervically and they will load the teeth in a more favorable direction. 
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There are different classes of lever system:

Class 1: the fulcrum is between the effort and resistant.

Class 2: the resistant is in the middle.
Class 3: the effort is in the middle.

We want to reduce the resistant. It is the bad guy. 

If the resistant is in the middle, then this is not a good lever system.

The best lever system to use in the intraoral prosthesis is class 3.
The fulcrum and the resistant are given by the oral tissues.

We can do class 3 in case of tooth borne partial denture but in tooth-tissue borne partial denture it is not that easy.
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Path of insertion and function of guiding planes

If there is force acting on RPD upwards in this case, then the RPD will move out of its place easily. The force usually is a little bit inclined. 
The force should be analyzed into vertical and horizontal components. The horizontal will lead to a contact and a friction will result. The friction force is the function of vertical force on the surface and the friction coefficient. The friction force will be in the opposite direction of the intended movement so it will be downward. The red block in the picture will rotate and will cause another friction on the other side. The two (–Fy) if they are more than the (Fy) then the denture will not dislodge. If they are less the denture will start to dislodge, and this dislodgment will be prevented by the clasps arms on the other side. So the proximal plate-guiding plate contact will reduce the load on the clasps arms. In reality the proximal plates will not do anything, the clasps arms will take the loading, because there are some conditions that should be achieved like the height should be big, the distance should be small and the fit of the plate with the guiding plane should be small like 0.1 mm! The technician will do a big misfit! That’s why the proximal plates will not do anything.   
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If the guiding plane is inclined and there is a dislodging force (on the right side of the picture) then, this part will be more engaging and will try to prevent this dislodgment. The other side will be dislodged easily even if it is in a perfect fit, so it needs a clasp to prevent this. 

The guiding planes are vertically parallel to the analyzing rod on the alternative tilt but horizontally they are in different planes, because they are in different planes then they are going to prevent the horizontal movement of the prosthesis in 3 dimensions and they are going to give us more or less out path of insertion. The guiding planes should not look in the same direction in order to be efficient. 
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In this case, the guiding planes are efficient in determining the path of insertion. Here we have a guiding plane and two minor connectors which are in contact with other guiding plane surfaces. The horizontal distance between them is very small so they are really efficient in determining the path of insertion. The denture is not allowed to rotate. In this case, this rigid contact is not required because this is a distal extension partial denture, the denture base will not be allowed to move vertically downward so soft tissues loading is not going to happen and the entire load will be transferred to the teeth.
We do high preparation guiding planes in tooth born RPD and low preparation in distal extension.
Reciprocation 
We get it from the reciprocal clasps arms. 

Two kinds of reciprocation:

1. Delay reciprocation which happens when the denture is fully seated. Without it the tooth will move lingually by time.
2. Instantaneous reciprocation. We can use the minor connector because it will make contact before the denture is fully seated. It extends below the survey line that’s why it makes contact before being fully seated. We use this reciprocation in periodontally involved teeth. 
The height of the minor connector should be the same as the action distance which is the vertical distance through which the retentive clasp arm is going to be in contact with the tooth. If I want to increase the action distance I may prepare the tooth to have a longer minor connector on the other side.  
Done by: ❿ Farah Tsey ❿ 

                    ФЭРЭХЬ ЦЕЙ 

For your info:


A lever (رافعة): is constructed from a beam attached to ground by a hinge, or fulcrum.
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