prosthodontics 4th lecture 
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Last time we talked about anatomy and physiology of edentiolous patient's jaw , and movements of tissues that are related to impression making procedure .

Today we are going to talk about physics and biomechanics during impression making procedure . 

When we make an impression we load the tray with the impression material . impression materials that are used for primary impression usually have a high viscosity like : silicon putty , alginate materials , and impression compound .

Impression materials that are used for the secondary impression relative to the primary impression materials are with low viscosity . like zinc oxide eugenol , plaster acrylics , poly ether ,poly sulfides .

What happens when we take an impression , the tray will become close to the tissues , this will make point contacts between the impression material and tissues  , this contact while seating the tray will develop pressure on tissues to derive the excess material out of the space between the tray and tissues .

In order to make the tray seated correctly , the excess material must goes outside at the peripheries . for example if we are using the impression compound for the primary impression , and it has already started its setting (we have to push harder to derive the excess material out the peripheries . so if the material is hard , the seating will be harder .the forces that we apply on the tray during impression making will be distributed on the  tissues and the head of the patient (in case of the upper impression).

When we exert force on the tissues , it will undergo compression and it will become thinner .

At the reagions of lining mucosa which is not closely attached to the bone will be displaced . like when we blows the balloon , and it will move which will change the shape of tissues during taking the impression (so the resulted model will not have the same 3 dimensional configuration as when we look at the oral cavity normaly (in a pressure free situation ).

The external pressure usually is higher at the center of the tray (at the middle point) because the material will going to go out at the peripheries . the pressure at periphery is zero (zero means the reference atmospheric pressure ) , because the peripheries are opend to the outside ,like pressure at the door is zero because it is open , but the highest pressure is at the middle point because it is the most far area away from the escape way . and because the pressure is highest at the middle , the tissues will be compressed there the most .

In the case of upper impression , reagions at the middle of the palate at the rugae area has the highest pressure because it is the most far from the periphery or the escape way .

In the upper special tray , it has higher pressure than in the lower special tray ,we can imagine that the lower special tray is like Japan , it is an island surrounded by the sea , but the upper special tray is like Russia ;most of its reagions are away from the sea . which mean that we have to develop higher pressure in the upper impression to derive the material away so that the tray can be fully seated .

At peripheries , the pressure is close to zero.

Another situation to explain the idea : imagine there is a fire in the room and there is only one door ,then the pressure is more in the middle of the room ,because all people want to escape out , but toward the door, the pressure becomes near zero because people are exiting . this is like the upper impression ,but if there was a lot of doors everywhere in the room( a lot of escapes( low pressure will be developed like in the case of the lower impression.

Special trays are:
-Spaced trays: we put a wax spacer on the mold before constructing the tray( but usually, we don't put wax at peripheries there will be a close contact between the space and tissues( because at peripheries the pressure is zero.

 - Close fitting trays: that adheres to the tissues everywhere.

Factors that control the amount of pressure that is exerted inside:

1/ force that is exerted on the tray by us (if we press more on the tray, the pressure on the tissues will be higher)

2/ viscosity of the material (the higher the viscosity of the material, the more pressure needed) because the viscosity will increase the resistance of the material to flow from inside to the outside which will need extra pressure from inside to the outside

3/the type of special tray. Close fitting tray (closer to the tissue)( we need more pressure than in case of spaced tray. In spaced tray, we have enough space for easy escape of the material, however, the close fitting tray has limited space, so it is difficult to escape and then we need more pressure.
The response of the tissues to the pressure exerted on them:

Tissues of the oral mucosa not like rubber which has elastic reaction behavior

مثل المغيطة-<  اذا بنشدها بتطول واذا أزلنا الضغط بترجع للحجم الأصلي                              
But the reaction of oral mucosa is viscoelastic rxn. Which means it is a time dependent rxn 

يعني اذا ضغطنا الtissue بتطول وكل ما زاد وقت الضغط بتطول أكثر
See the curves on slide 46
Tissue response in relation to the time:

At the beginning, the thickness is 100% of the original thickness, applying the load will decrease the thickness of tissues( if we keep the load more time, then the compression of tissues will increase continuously but at a slower rate with time.

Because usually the impression taking inside the mouth takes time for the setting of material to occur( this will keep deforming of tissue( compressing them until the final set of the material, once we remove the impression, the pressure will be removed and sudden rebound of tissues will occur, initially, it is elastic rxn, and we have a time dependent recovery (until tissues return to its original thickness: it need more than 10 min. and this  depends also on the age of patient (younger patients( have more elastic fibers in tissues and the elastic phase(recovery) will be more and the rate of recovery also will be more).

Viscoelastic behavior depends on many things:

Elastic fibers undergo elongation and shrinkage, and these fibers exhibit friction between them while elongation and shrinkage.
Fluids also affects the viscoelastic behavior, it will moves out the tissues and then return inside tissues when the pressure is removed, and this fluid movement is faster in younger patients so the recovery phase in younger patients is more and faster. Also the amount of elastic fibers are more in younger patients than in old patients.

As a general rule, any patient want to construct a complete denture is advised by the dentist to try to remove the old denture outside the mouth as much as he can, at least for 24 hrs before the primary and secondary impressions and before the bite registration before the try in and before the insertion( this is to ensure a complete recovery of tissues (not abused or compressed) to be in the original configuration.  

In some cases, patients can't remove the denture before coming to the clinic (they want to be with a good appearance in front of people, they want to eat….etc. so they don’t remove it)( in this case we can use " tissue conditioner" to relief the denture, because tissue conditioner will be milder on the tissue than the denture acrylic material, because it is softer. But still we want the patients  to remove the denture as much as they can to achieve better recovery of tissues.

Impression technique for mucous membrane:

 We have to care about the pressure exerted because if the tissues are compressible, they will deform (rigid parts will not change the shape of the impression).

 Impression procedures can be divided according to the pressure exerted into:
1/ mucostatic procedures

2/ mucocopmpressive procedures: it will compress the mucosa, so we use a high pressure while mucostatic procedures need a low pressure to be exerted (stress free situation). This depends on the amount of pressure that is exerted, the more the pressure exerted( the more towards the mucocopmpressive procedures and vice versa.

Usually, we don’t have impression procedures without exerting a pressure, always we have a kind of pressure (see slide 48).

If we take an impression with a highly viscous material and we used a closed fitting tray( mucocompressive technique.
While if we take the impression with a spaced tray and low viscosity material( mucostatic procedures.

The amount of pressure applied on the tray depends on:

1/ viscosity of the material (affected by the type of the material, the time of loading the tray in the mouth after the initial setting rxn start to occur, for example, the impression compound when it becomes cold after starting the setting rxn( it need a higher pressure) other materials like alginate, plaster( they have to be mixed with water, and if we decrease the powder to liquid ratio( pressure needed become less because we decrease the viscosity).

2/ distance from the escape way (in the upper larger distance of the escape way( needs more pressure than in the lower. 

3/ the type of the special tray (close fitting tray needs more pressure than in the spaced tray.

Using close fitting tray (/ mucocompressive procedures

Using spaced tray ( mucostatic procedures

Space tray with high viscosity impression material( tissues in the middle are compressed more than in the periphery because in the middle, the pressure will be more.

To equalize the pressure exerted on the upper tray (making similar pressure in the middle and the peripheries) (to make equal escape of the material) we apply a force on the tray (beding force) put in place where we expect the pressure to be higher so the impression material will escape equally (see slide 53)
Pressure exerted on oral mucosa is 2 types:

1/ hydrostatic pressure (the force exerted on the tissues caused by a pressure with the impression material itself (move uniform)).

2/ direct mechanical pressure (come from contact of the tray to tissues) at some areas, the impression material will be washed away and they will be in contact with tray and that will exert a localized pressure at that area. (We don’t like this type of pressure because it is not uniform and this will cause problems in the future like ulcers and pain).

If we take a primary impression with a high viscosity material ( impression towards mucocompressive) like the compound, and we made a close fitting tray( this will keep the same pressure applied for primary impression in the secondary impression to keep the tissues in their compressed situation + we use a relatively high viscosity impression material.

يعني اذا اعتمدنا من البداية mucocompressive procedure في ال primary impression
عن طريق استخدام مادة viscous لازم نكمل ال secondary impression كمان بال mucocompressive procedure باستخدام close fitting tray حتى يضل عنا
Equal and high pressure بالمرتين و تبقى ال tissue compressed

And the hydrostatic pressure in the secondary impression will be more than in the primary impression.

لكن السؤال الذي يطرح نفسه--------<  متى نفضل عمل ال mucocompressive procedure؟
When we have highly incompressible areas e.g. at median palatine raphe, torus palatinus, mandibular torus or bone nodules covered by a thin layer of mucus membrane.

In the primary impression (usually, no contact between the tray and tissues because the tray is widely spaced)

If we used the compound material, it will compress regions that are covered by thick mucus membrane ( these areas will be contacted first by the special tray when it is seated.

However, the regions that are not compressible( we usually tag it on the primary model by a wax spacer before we constrict the special tray. In this way, we will make contact elsewhere, where the tissues are compressible.

In those areas that are non-compressible, there will be a space between it and the tray( this will allow more seating of the tray in the other areas( in this way, we can distribute the load more uniformly than in case if we make a mucostatic impression technique in which the tissues are recorded in a stress free situation.

Highly incompressible areas( mucocopmpressive technique will be more useful because it will load the compressible areas and make contact with them before the non-compressible areas come to contact with the denture.
If the denture is compressed by the same force like while we make the impression ( we will have contact everywhere. 

If we compress more ( the force will be concentrated more at the incompressible areas. But all the other areas are necroted(?) first?

مثال: اذا كنا طالعين رحلة و 20 واحد نومهم ثقيل (صعب ايقاظهم) وفي الصباح الدكتور اجا يصحينا، فمين يصحي أول؟ اللي نومهم ثقيل ولا خفيف عشان نطلع سوا؟ اللي نومهم ثقيل، فاللي نومهم ثقيل مثل المناطق التي لا تعطي rxn force عند ضغطهم مثل ال  non-compressible area واللي نومهم خفيف مثل ال median palatine raphe, torus palatines والمناطق اللي incompressible فقط عند الاصطدام فيهم--<  على طول rxn   
فيجب البدأ بعمل loading للمناطق ال compressible area قبل المناطق الأخرى.
If we make mucocompressive impression technique in cases we have incompressible areas( at rest these areas will have space between the denture and it. Any space between the denture and the tissue( we call it "relief". This relief is an indirect relief because it occurs indirectly through the impression making procedure.

Another king of relief that is made after construction of denture inside the patient's mouth( direct relief, by adding material that determine regions with high pressure (like at the median palatine raphe we have high pressure) so we can drill this region using the bur to make the direct relief.
So we can deal with the incompressible areas by either direct or indirect relief.

In cases of tissues that are highly compressible like the "flabby tissue"( at these regions we have very thick mucus membranes, that occur when it traumatized and the bone beneath it resorts and the compressed tissues resorb, at the flabby areas, if we compress them( they will be compressed excessively, and when we compress them, they will not give us resistance. 
مثال ذلك: مثل الإنسان الميت (ما منصحيه عشان يطلع رحلة) فعند ال flabby tissues --<
Just keep them as they are, because they will not help us to carry any load.

So if we compress them during impression making procedures when we put the denture( it will remove the denture out its place. So flabby areas will not give stability or support the denture (support: resistance against vertical loads), so at these areas we take the impression as they are, we prefer the surgical removal of them to make the thickness of mucosa is uniform before construction of the denture, if we don’t want to make surgery, then we have to leave them as they are (to be mucostatic at these areas) because usually our impression is a mixture of both: mucostatic at some areas and mucocompressive at other areas. This is called "selective pressure technique" (to compress some areas and keep another areas relieved) like the relief at medial palatine raphe and compressing other areas.
Usually before construction of the special tray, we add wax spacers at the working cast( then we will have some space between the tray and tissues (for the regions that we want to have it as they are like the flabby areas) only anteriorly we add it, while posteriorly we leave contact with tissues.

Lingual tissues posteriorly, they are related to the myelohyoid muscle( it is a thin sheet of muscle so during the primary impression making procedure, this muscle will be pushed downward, so to make this muscle with a free movement during the secondary impression making procedure( we put a wax spacer at that area to keep the tray away to allow the muscle to move freely, and this is the selective pressure technique.

By all means, there should be a contact between the tray and the tissue, if the tray was spaced everywhere( so we will overseat it, that’s why the spaced tray using the spacer (a sheet of wax) present on the model everywhere( we open windows to allow contact between the tray and tissues at these areas( they are called "stoppers", they act to prevent overseat of the tray, we leave a contact between the tray and the tissue at peripheries (this is another seating mechanism).

Leaving the wax spacer inside the tray during the border molding to keep the tray in position while we are molding the borders( after the border molding, we will have a contact between the tray and the peripheries more that was present initially, and then we can remove the wax spacer.

In the close fitting tray, the seating mechanism is much more secure than the spaced tray, because we can seat it in position.

By selective pressure technique, we have spacers somewhere, but we have close contact at other areas( this will give the seating mechanism of the tray.

Reaction of mucous membranes to pressure depends on:

1/ thickness of the mucous membranes

2/ resistance of the mucous membranes (more collagen fibers in the mucous membrane, then we will have less resistance).

3/ pressure of the undergoing bone (if at a region close to the bone, then we are supported by the bone( then the mucous membrane has only to compress, while if we are far away from the bone( mucous membrane can be displaced without resistance).

If we exert a high hydrostatic pressure on during impression making procedure then the mucosal shape changing will be related to the compressibility of different areas.

Usually, we will not have even distribution of pressure over the denture 100%, unless the patient bite with a force equal to the pressure exerted during the impression making procedure.

In the mucocompressive procedures, if the patient bite force was high( then the regions that are highly incompressible will be forced highly but if the patient bite was low( then regions that are highly compressible will be forced more. But this is better than the mucostatic procedures where the highly incompressible areas they will bealways loaded more and mucosa covering them will be more susceptible of trauma.

General guidelines to achieve successful impression:

1/ the tissues of the mouth should be healthy before we start taking the impression.

2/ impression should extend to include all the basal seat within the limits of the health and functions of supporting and limiting tissues, which means that we prefer the denture bearing area to be as large as possible, but without interference with the movement of the surrounding tissues. Because overextended impression is a common mistake (for example, we have to consider about the shallowest depth of the sulcus not the deepest, because the shallowest depth will give the tissues freedom to move.

Some people use the butox injection to paralyze the mentalis muscle to decrease the lip movement but this is temporary because it will removed after month, so we have to consider the movement during making the impression.

3/the borders should be in a harmony with the anatomical and histological limitations of the oral structures.

4/ the physiological type of border molding procedure should be performed by the dentist or by the patient under the guide of dentist.

 )نجعل المريض يحرك لسانه وخدوده و ...........الخ)   
5/proper space for the selective impression material should be provided within the impression tray ( regions we use a spacer for, are that compressed and displaced during impression making procedure in case we want them to be decompressed like the lingual area of the lower denture to allow free movement of myelohyoid muscle, regions that are highly incompressible like median palatine raphe also we use a spacer for them to allow more seating at the other areas and regions that are highly compressible like flabby tissues. However, the regions that can provide resistance and support( we don’t use a spacer for them and we can apply a higher pressure on them.

6/ selective pressure should be placed on the basal seat during making the impression.

7/ the impression must be removed from the mouth without damage to the mucous membranes of the residual ridges. (in some cases we have several bilateral boney undercut( in these cases if we make impression, the tray will "t3aleg" inside the patient's mouth and if we want to remove it, this will traumatize the patient's mouth, so we can use elastic impression material in these cases that can get out from these undercuts without pain and without trauma of the tissues. (in some cases, we have mild undercuts, still we use rigid impression material in these cases, because these undercuts are soft tissue undercuts and the tissue can be compressed a little bit to allow the tray to be removed without any trauma.

8/ a guiding mechanism should be provided for correct positioning of the impression tray in the mouth. (in close fitting tray( it is always well guided because we have contact everywhere while in the spaced tray we keep the wax spacer inside the tray during border molding(we just remove the spacers before taking the impression with the impression material at the end( to reinforce the seating mechanism by the border molding before we can take the spacer away without malposition of the tray.

9/ tray and impression material should be made of dimensionally stable materials (we don’t want the dimensions to be changed after the removal of the tray because this will give different dimensions in the cast) and the tray should be rigid because if the tray was compressible while taking the impression( the tray will be displaced (deformed back and the impression will be distorted).

Usually, we have to pour the impression as fast as we can (e.g. even if the impression material was made of A silicon (addition silicon) it is dimensionally stable for 2 weeks, but we can't guarantee that the tray will not change its dimensions, like the light cure acrylic resin, during the first 24 hrs ( it will change its dimensions due to release of residual stresses 

مثل الحيطان يعني الحيطة بعد سنة نشاهد فيها شقوق لأنها بتريح ونفس الشي الtray لما تريح-< فال
Impression will be distorted

Even if the impression material and the tray are dimensionally stable, but the greenstick is thermoplastic material, during changes of temp. between the day and night( it will be released and has some distortion (so we always consider the minimal dimensionally stable material among the used material) and the safest thing is to pour the impression as fast as we can.

But with the A silicon, we have to wait for 1hr before pouring, because it release H2 bubbles (to avoid having bubbles in the model).

10/ the external shape of the impression must be similar to the external form of the completed denture (reflection of sulcus also must be recorded within the impression).
Slide 59( upper flabby tissues( we have to go away from them by adding spacers and sometimes using "bending holes" to decrease the pressure applied on them.

Slide 60( lower flabby tissues( they are mobile tissues, the first line of treatment is surgical removal, but if the patient's condition does not allow to do the surgery( take them in a mucostatic impression situation (don’t compress them).

Slide61( palatal torus( if surgery is not performed( we use mucocompressive technique and we use spacers (not because it will be compressed, it will never compressed) but we use spacers to allow the tray to seat more and compress the other areas (to convert the load to other areas) because if we use the mucostatic technique( the denture will move like "seso" as fulcrum, and the denture will dislodge 

اذا عض المريض على جهة اليمين-< بتفلت جهة اليسار
We use spacers to compress other areas not to relief it.

Slide62( torus mandibularis( so the impression technique is mucocompressive in this area, posteriorly the flooe of the mouth is highly compressable and by primary impression it will be distended, so we place wax spacers on the bony bulges of the torus mandibularis to allow the free movement of myelohyoid muscle during border molding and secondary impression and to allow more seating of other areas.
Impression making

Slide63( this is the stock tray seated inside the patient's mouth( then we fix it posteriorly and load the handle anteriorly( here we can see the relation between the flange and the ridge ( 2-5 mm space) everywhere between the flange and the ridge, we can enlarge the tray by adding wax or we may not, but if we added wax( we don’t have to put it in hot water because the wax will melt, we do that when we take impression with alginate (powder mix with water) ( loading on tissues, and at regions that are hard to be reached by the tray we make preloading and we ensure that the material is filling the vestibules everywhere and we start the border molding movements.

In the upper lip( upward( outward( downward.

In cheeks( at the angel of the mouth( ant. And post.

Asking the patient to open his mouth widely and moving to the right and left to make the choronoid process move and carve the impression material in its area, and the wide mouth opening also will activate the pterygomandibular raphe ( to stretch it).
Closing the mouth( activate the masseter muscle that is related to the impression surface at the buccal vestibular area.

After the full seating of the material( we remove it( then we use the copia pen to measure inside the patient's mouth the depth of the sulcus from a reference point like incisive papilla and determine the reflex( this line will appear on the primary model. (this will be a reference when we construct the special tray).

In the case of spaced tray(we use a wax spacer on the primary model( we open windows at the wax spacer (which is called" stoppers")( so that the acrylic material of the secondary impression will be in a contact with the model in that area. To prevent overseating of the tray( keeping the wax spacer within the tray( then border molding using greenstick or cold cure acrylic (?) or polyether material. If we use polyether material, we have to put adhesive material (because the polyether does not stick) on the tray, then we seat tray inside the patient's mouth and we make the border molding movements.

Now the tissues can be border molded easier than in the primary impression because the tray is close fitting and the peripheries of the tray are sticked with the tissues (cheeks, lips, and tongue) and they can move freely.

 Then we remove the wax spacer and take the impression( after that(  we make beeding and boxing ( then we pour the impression to get the secondary model.
 The reflection of tissues in the model is very important because it tells us about the thickness of the flange at that area.

After the border molding, we remove the impression and make demarcation for the depth of the sulcus. Our special tray must be shorter than the line drawn by 1 mm (1mm shorter is enough with a real patient unlike what we do in the lab to be shorter by 2mm).
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