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(57) ABSTRACT 

Thermoforming of plastic sheets over a model includes 
varying the thickness in the area that is stretched over the 
model so that when it thins it becomes more uniform in 
thickness. The plastic sheet is fabricated in a substantially 
uniform thickness but with a preformed a complex profile or 
3D area that partially builds in part of the area that would be 
stretched so that it thins much less than a flat sheet. Com 
binations of these elements may also be made. 
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STRAIGHT N CLEARTHERMOFORMING 
PLASTC 

RELATED APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/628,812 filed on Nov. 17, 
2004; and also claims the benefit of U.S. application Ser. No. 
11/153,794 filed on Jun. 15, 2005 (GAC-1980); and also 
claims the benefit of U.S. application Ser. No. 11/281,086 
filed Nov. 17, 2005 (GAC-1980-1). 

BACKGROUND OF THE INVENTION 

0002 Plastic sheets for dental devised have been used for 
decades. They are heated used an electric grid and then when 
lowered to the model, a vacuum draws the plastic precisely 
to the model of the teeth. Indications for use are indirect 
bonding of orthodontic appliances, orthodontic retainers, 
mouth guards for sports, and aligners for correcting minor 
malocclusions. One of the biggest drawbacks is that as that 
the plastic thins as it is stretched over the plaster model of 
the teeth causing it to fail quicker, either in occlusion or 
because of the vacuum force drawing so hard at the outset. 
This failure can cause hours of extra labor to create a new 
aligner, as the teeth will have moved since the last impres 
sion was taken and the model made, and the doctor or lab 
must go through the whole process again, Also, it delays the 
treatment and can lead to relapse if the patient doesn’t return 
immediately. Generally, these sheets are made with a medi 
cal grade plastic that severely limits the range of plastic 
choices. It is this common problem that this patent seeks to 
COrrect. 

DESCRIPTION OF THE BACKGROUND ART 

0003 FIG. 1 shows the round sheet of plastic with the 
three dimensional form. This form is designed to work with 
advanced equipment such as the BioStar or Drufamat. With 
even thickness and the arch partially formed, it allows less 
than half the distortion as flat sheets experience. 
0004 FIG. 2 shows the application in a square sheet 
configuration design to be used with the Raintree Essix 
manual system thermoformer. Again, the formed target area 
has uniform thickness while being in 3D. 
0005 FIG.3 shows the plastic as it heated to the desired 
temperature. Unlike current available plastic, it flattens 
rather than slumps greatly reducing the stretching experi 
ence with the current sheets available and increasing its wear 
toughness. 
0006 FIG. 4 shows the application with the application 
centered over the target mold for vacuum. 
0007 FIG. 5 shows a formed tray that can be made 
without chill spray, reducing the cost of fabrication. 

BRIEF SUMMARY OF THE INVENTION 

0008 Failed appliances have long annoyed doctors and 
patients and this patent proposes to eliminate most of it. 
0009. The narrow range of medical plastics eliminates 
use of some of the major “tough' plastics that have evolved. 
Rather, we propose to make the current medical grade 
plastics more acceptable. 
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0010 This invention provides three solutions: 
0011 1. Varying the thickness in the area that is 
stretched over the model so that when it thins it 
becomes more uniform in thickness. 

0012. 2. Making the plastic uniform in thickness but 
preforming a 3D area that partially builds in part of the 
area that would be stretched so that it thins much less 
than a flat sheet. 

0013 3. Doing both so that the average draw keeps the 
thickness after forming nearly uniform. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0014. It is known in the profession that there are two 
main plastics available that have good forming characteris 
tics. One, polystyrene, has excellent clarity and stiffness but 
poor wear resistance. The other, polyvinylchloride (PVC) 
has much greater wear resistance but is cloudy after forming 
and less aesthetic. These are available from Raintree Essix 
of Metairie, La. and Great Lakes in Buffalo N.Y. These same 
companies also offer the main desktop thermoforming 
machines, the BioStar and the Raintree Essix. One is a 
digital solution and the other analog, respectively. The 
choice is made regarding the Volume that is used. 
0015 The doctor takes an alginate impression of the 
patient’s malocclusion. It then is filled with stone or plastic 
to make a positive model of the dentition. Depending on the 
thermoformer, a rectangular or round sheet of plastic, from 
0.020" to 0.040" thick, is mounted in the chamber. The 
model is placed in the bed, the bottom of which is a vacuum 
chamber. At the top is a heating coil. When the machine has 
reached its ideal temperature, it heats the plastic until it 
slumps and then lays the slumped plastic over the model. 
The vacuum kicks on and pulls the plastic tight over the 
plaster model So it becomes a negative of the positive model. 
As discussed in USP (Dann patent) indicates a chill spray is 
used to quickly set the form so it doesn't begin to plastically 
deform during the cooling process. 
0016. The problem is that the plastic has deformed as 
much as 2" deep over the area where the model was, which 
is an area of about 7" by 3/4". Since the plastic had a fixed 
thickness to start, it has thinned to as much as 50% its 
original thickness. Many have tried to solve this by going to 
the stronger PVC material but some patients are uncomfort 
able with its aesthetics and it doesn’t have the spring of PS. 
Others have tried thicker original sheets but the thicker 
sheets lose the spring characteristic along the edges that help 
hold the plastic in the mouth. Also, it can be too thick in 
areas where there is less stretch, Such as lower anteriors, and 
disrupt the bite, creating an overbite. 
0017. This application offers the following solutions: 
0018. This invention provides three solutions: 
0019 1. Varying the thickness in the area that is 
stretched over the model so that when it thins it 
becomes more uniform in thickness. 

0020 2. Making the plastic uniform in thickness but 
preforming a 3D area that partially builds in part of the 
area that would be stretched so that it thins much less 
than a flat sheet. 
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0021 3. Doing both so that the average draw keeps the 
thickness after forming nearly uniform. 

0022. By varying the thickness to improve wear resis 
tance; the plastic is extruded instead of rolled so that one can 
vary the thickness by area of the sheets. Extruding machines 
are known to be capable of working easily with Polystyrene 
plastics. The PVC would be unnecessary, as the higher 
translucency of Polystyrene would be most desired by the 
patient while the wear resistance would be ideal. 
0023 The next solution works for both plastics by cre 
ating as the sheet is extruded, a 3-D area about 4" to 1.5" 
that is preformed in the shape of a wide arch so that during 
forming, the plastic will be stretched less than 50%. This 
concept has been tested at Glenroe Technologies and they 
have found less than 25% loss of thickness. This means a 
thinner plastic can be used, creating less overbite at the end 
of treatment and less mid-treatment emergency visits when 
the tray fails. 
0024 Finally, using a combined extrusion and stamping 
process, the first two processes can be combined to produce 
an ideal sheet that is thicker in the area of 3D preforming. 
While this process will be more expensive, it allows greater 
security for the professional and the patient that treatment 
results will be realized without failure, even if just used as 
a retainer. Surveys show that 25% of retainers and all 
activators are made this way and it is estimated that 3 million 
are made each year worldwide. 
0025. It is already known that an arch is between 5.5 and 
7" long, that it is no more than 1.5 cm deep, and the sheet 
sizes for the varied machines is well documented. It is then 
just a matter of creating the 3D sheets in the prescribed area 
of the sheet where the activation will typically occur. Testing 
has shown that rather than slumping, the plastic will flatten 
when ready and hit the model at its dictated thickness. 
0026. It is anticipated that due to cost, one version will 
solely have the 3D affect and the other the 3D and thickness 
affect. It is also anticipated that the cloudy PVC will be 
unnecessary although it will be made available. 
0027 Many doctors form several plastic appliances at the 
same time should there be a failure at the onset. In a sense, 

May 31, 2007 

much of this is futile as if it is used as an active appliance, 
the teeth will have moved during the term. For retainers, this 
is okay but eliminating this duplication can save many 
millions of dollars in labor and plastic. 
0028 More importantly, makers of active appliances, 
Such as Align Technologies Invis Align, rely on the aligners 
to be durable enough to make it through the phase of 
treatment that they have programmed. If an aligner fails, 
then the patient must return to the doctor, who will have to 
take a progress impression and model, and it will have to be 
sent in for a mid course correction and reanalyzed by the 
computers in order to make a new complete set of trays. 
Although the doctor is insured to a limited amount of 
corrections, it takes a lot of time and can lead to longer 
treatment of the patient, many times months longer. The 
doctor and Invis Align cannot increase their fees so it is a loss 
to them, and the patient will be frustrated with the relapse 
and increased treatment time. 

0029. This application is limit to discomfort of failed 
treatment, lower the cost to doctors and labs, and promote 
better results and prosperity for all involved. 

What is claimed is: 
1. A plastic sheet for thermoforming of dental devices 

comprising a sheet having at least two areas of different 
thickness to compensate for slump during thermoforming, 
and wherein at least one area is more resilient than at least 
one other area of the sheet. 

2. A plastic sheet for thermoforming of dental devices 
comprising a preformed dentition structure. 

3. A plastic sheet as in claim 3, having generally uniform 
thickness. 

4. A plastic sheet as in claim 4 comprising polystyrene. 
5. A plastic sheet as in claim 5 wherein the sheet more 

than 80% translucent after thermoforming. 
6. A plastic sheet for thermoforming over a model, 

comprising a sheet that is thicker where the plastic stretches 
over the model and is formed in a 3D prototype so that the 
weakened area during formation is stretched less than 25%. 
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